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THE SINOR SYNTHETIC FUELS REPORT is published by J.E. Sinor

Consultants Inc. as a multi-client service and is intended for the sole use

of the clients or organizations affiliated with clients by virtue of a relation

ship equivalent to 51 percent or greater ownership. THE SINOR SYN

THETIC FUELS REPORT is protected by the copyright laws of the United

States. No part of the report may be copied, stored in an electronic data

retrieval system, or transmitted to third parties unless expressly

authorized by J.E. Sinor Consultants Inc.

We welcome your comments concerning THE SINOR SYNTHETIC

FUELS REPORT.

J. E. Sinor Consultants Inc. has provided alternative energy consulting

and reporting services since 1985. The company's experience includes

resource evaluation, process development and design, technical evalua

tions, expert witness testimony, marketing studies, environmental plan

ning, and economic analysis.

For additional information concerning company qualifications, capabilities

and experience, please contact:

J.E. SINOR CONSULTANTS Inc.

Suite 1

6964 North 79th Street

Post Office Box 649

Niwot, Colorado 80544

USA

Telephone (303) 652 2632

Facsimile (303) 652 2772

The Sinor Synthetic Fuels Report is published quarterly in January, April, July, and Oc

tober by J.E. Sinor Consultants Inc., 6964
North 79th Street, Suite 1, Niwot, Colorado, USA

80544, (303) 652 2632.
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GENERAL

GOVERNMENT

COMMERCE DEPARTMENT FINDS THAT OIL

IMPORTS ENDANGER U.S. NATIONAL

SECURITY

The United States Department of Commerce

(DOC) on December 30, 1994 issued a finding
that the level of oil imports, now over 50 percent

of total United States demand, threatens to im

pair national security. The study found that

"growing U.S. reliance on oil imports threatens

the country's security by making it vulnerable to

interruptions in foreign oil
supplies."

Furthermore, the study found that "unresolved

regional conflicts in the Persian Gulf... could lead

to hostilities... [with] an increasing likelihood of

hostilities in that region beyond the year
2000."

The DOC recommendations include a preference

for natural gas, energy efficiency, renewables,

and alternative fuels. The Department found that

the potential costs to the national security of an

oil import adjustment, such as an import tariff,

outweigh the potential benefits.

President Clinton was required to respond to the

DOC finding within 90 days, and ordered the

Department of Energy (DOE) to prepare a set of

options for discussion. An early draft of DOE's

proposals for action included:

- Allowing export of Alaska North Slope

Crude

- Reduced royalties for deep water areas

in Gulf of Mexico

- Allowing expensing of geological and

geophysical costs

- Limiting financial responsibility under the

Oil Pollution Act of 1990

- Creating a petroleum development invest

ment corporation

Royalty relief for onshore heavy oil wells

Ensuring open access to California

crude pipelines

Limit applicability of the Environmental

Protection Agency's risk management

rule

Allow state control of underground injec

tion

Preclude use of "non-use
value"

damages

Carry out executive order 12844 to pur

chase alternative fuel vehicles

####

GAO AND DOE REVIEWS CALL FOR

CHANGES AT NATIONAL LABORATORIES

The United States General Accounting Office

(GAO), as part of a general management review

of the Department of Energy (DOE), with assis

tance from a panel of experts, reviewed the

operations of the DOE's national laboratories and

DOE's management of them.

DOE's laboratories have combined annual

budgets of about $6 billion and over

50,000 employees. Most of the laboratories were

established during or just after World War II as

part of the Manhattan Project, which developed

the world's first atomic bombs. The laboratories

have since expanded their missions to encom

pass civilian research and development in many

disciplines-from high-energy physics to ad

vanced computing--at facilities located

throughout the nation. The laboratories support

DOE programs and address national needs in

science and technology. DOE owns the

laboratories but contracts with universities and

private-sector organizations for their manage

ment and operation.
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Results in Brief

GAO states that DOE's laboratories do not have

clearly defined missions that focus their con

siderable resources on accomplishing the

Department's changing objectives and national

priorities. As the manager of this important

research and technology network, DOE has not

coordinated these
laboratories'

efforts to solve

national problems but has managed each

laboratory on a program-by-program basis. As a

result, DOE has underutilized the
laboratories'

special talents to tackle complex, cross-cutting

issues, and the laboratories may not be prepared

to meet future expectations. Although govern

ment advisory groups have recommended in the

past that DOE redefine the
laboratories'

missions

to meet changes in conditions and national

priorities, DOE has not acted on these recom

mendations. DOE recently developed a Strategic

Plan intended to integrate its missions and

programs in five major areas, but questions

remain about the Department's ability to lead the

laboratories into the future, says GAO.

DOE and other agencies conduct as many as

400 reviews annually at some laboratories, ac

cording to laboratory sources. One laboratory
manager calculated that there was more than

one oversight review a day in his program.

Laboratory managers are concerned about the

time required to prepare for oversight reviews

and the loss of the best
researchers'

time during
reviews. Another manager told GAO that he

spends as much as 40 percent of his working

time on oversight matters.

Matter for Congressional Consideration

GAO concluded that if DOE is unable to refocus

the
laboratories'

missions and develop a manage

ment approach consistent with these new mis

sions, the Congress may wish to consider alterna

tives to the present DOE-laboratory relationship.

Such alternatives might include placing the

laboratories under the control of different

agencies or creating a separate structure for the

sole purpose of developing a consensus on the
laboratories'

missions.

DOE Task Force Review

Separate from the GAO review, DOE had estab

lished its own commission to review the opera

tions of the national laboratories and this commis

sion released its own recommendations (the

"Garvin report"). The task force report calls for

the
"corporatization"

of the national laboratories.

This would detach them from direct supervision

by DOE and allow them to operate like industrial

corporations, but under the control of a

government-appointed board of trustees.

The task force suggests that legislation that

places special restrictions on the laboratories

should be repealed, and that funding should be

allocated by Congress as separate line items for

each of their four main missions, national

defense, energy, basic research and environ

ment. It also recommends a gradual reduction in

federal funding, claiming that the new structure

would make the laboratories between 20 and

50 percent more efficient.

The task force's report paints a picture of

10 laboratories filled with competent people and

good equipment but overburdened with

hundreds of supervisory staff, hundreds of

thousands of pages of unnecessary documenta

tion and auditors "descending daily, often by the
dozen"

to pursue requirements laid down by the
DOE or Congress.

The task force said it is concerned about what

appears to have been a significant decline in

DOE funding for fundamental research over the

past 3 years, with the prospect of still deeper

cuts to follow. The department should sustain

and strengthen its support of fundamental

science.

The task force stated that the industrial competi

tiveness activities at the national laboratories are

unfocused and lack a firm policy foundation. In-
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dustrial competitiveness, broadly defined, has no
place as a stand-alone mission of the

laboratories.... 'The idea that the laboratories

are, or could become, cornucopias of relevant

technology for a broad range of industries is a
myth."

####

ENERGY POLICY & FORECASTS

IMPROVED TECHNOLOGY LEADS EIA TO

LOWER ENERGY PRICE PROJECTIONS

"Improved technology will limit projected price

increases for most
fuels,"

said the Energy Infor

mation Administration (EIA), in releasing the An

nual Energy Outlook 1995 (AE095). The report

contains forecasts to the year 2010 based on

results of the National Energy Modeling System

(NEMS).

EIA projects faster penetration over the next

15 years of new technology, such as 3-D seismol

ogy and horizontal drilling and completion tech

niques that will both increase the amount of

economically recoverable oil and gas resources

and reduce production costs. Similarly, tech

nological advances in the coal mining industry,

such as longwall mining, contribute to higher

productivity and reduce production costs. The

combined effects of these factors result in lower

prices relative to last year's forecast.

Meanwhile, a shift away from energy intensive

manufacturing toward the service industries and

efficiencies attained through initiatives under the

Climate Change Action Plan (CCAP) contribute

to slightly lower estimates of energy consump

tion than in last year's forecast.

Across all primary fuels, the AE095 projects

lower price levels for 2010 than those forecast

recently. Higher projected crude oil production

by the Organization of Petroleum Exporting
Countries (OPEC) causes the 2010 world oil

price forecast to drop to $24 per barrel (1993

dollars), or 16 percent lower (in real terms) than

last year's world oil price forecast. Technological

advances in exploration and drilling also result in

a lower forecast for the 2010 natural gas

wellhead price. At $3.39 per thousand cubic feet,

the 2010 wellhead price forecast is about

5 percent below last year's price forecast. The

2010 minemouth price of coal shows the most

dramatic change from the prior fuel price

forecasts, dropping to $22.77 per ton, or

28 percent below the 1994 forecast price.

Although lower prices often tend to boost con

sumption, the lower price forecasts in AE095 are

not accompanied by higher demand relative to

the AE094 forecasts. Total primary energy con

sumption grows only to 104 quadrillion BTU by
2010, compared with the 1994 forecast of

105 quadrillion BTU (including renewable fuels)
as a result of the dampening effects of CCAP,

changes in the mix of output the economy is ex

pected to produce, and equipment efficiency im

provements.

Delivered energy prices rise even more slowly

than field prices, because the average costs of

transmission and distribution decline over most

of the projection period.

####

TECHNOLOGY

IGT'S RENUGAS BIOGASIFICATION

PROCESS BEING COMMERCIALIZED

The RENUGAS process involves the pressurized

fluidized-bed gasification of biomass to produce

either an industrial fuel gas or a chemical syn

thesis gas, depending on air- or oxygen-blown

operation. The research that led up to the

RENUGAS process began at the Institute of Gas

Technology (IGT) in 1977. The aim of this work

was to develop a thermochemical gasification

process specifically for biomass feedstocks.

In the RENUGAS process (Figure 1) biomass is

fed into a single, fluidized-bed gasifier vessel that
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FIGURE 1

IGT RENUGAS PROCESS
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operates at 300 to 500 psig. Inert solids in the

vessel form the stable fluidized bed into which

the biomass is fed. All of the biomass ash is

carried overhead with the product gases. By

using a deep single-stage bed of inert solids, the

RENUGAS process is able to achieve high car

bon conversion and low oils and tars production.

IGT has licensed its RENUGAS technology to

Enviropower, Inc., of Tampere, Finland, and the

Pacific International Center for High Technology

Research, Honolulu, Hawaii.

IGT has tested the process in a 12-ton per day
process demonstration unit with a variety of

feedstocks, including maple wood chips,
whole-

tree chips, highway clippings, refuse-derived fuel,

bark and paper-mill sludge, and Hawaiian sugar

cane bagasse. The RENUGAS process achieved

carbon conversions of over 95 percent for most

of the biomass tested. The parameters the

researchers studied were gasification tempera

ture and pressure, feed moisture, feedstock type,

steam input, inert fluidized-bed media,
fluidized-

bed height, and superficial gas velocity.

Commercialization of the RENUGAS technology
is being advanced in three current projects:

scaleup to a 100-ton per day demonstration

gasifier being constructed in Hawaii by the

Pacific International Center for High Technology
Research (PICHTR); a research program being
conducted byWestinghouse Electric to validate a

hot gas cleanup system for operation of the

RENUGAS gasifier with a gas turbine; and a

feasibility study for a 70 to 80 megawatt com

bined cycle powerplant using an air blown

RENUGAS gasifier with alfalfa stems as the

feedstock.

At last fall's EPRI Conference on Gasification

Powerplants, R. Carty et al. described IGT's

progress toward commercialization in those

three current programs.

1-4
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Hawaiian Demonstration Unit

Phase 1, underway, calls for designing, construct

ing, and operating a Biomass Gasification Facility
(BGF) at the Paia sugar factory on the island of

Maui in Hawaii; assessing the environmental im
pact of its operation; and developing a facility for
continued research and demonstration of

biomass gasification and evaluation of commer

cial applications for the product gas. Construc

tion of the 100-ton per day gasification plant was

completed in late 1994. Follow-up phases will

focus on upgrading of the product gas for use in

a combustion turbine-electrical generator

(Phase 2) and catalytic conversion of the product

gas into a liquid transportation fuel (Phase 3).

The total cost of Phase 1 will be nearly

$10 million.

In Phase 2, the team will add a hot-gas clean-up

system and a gas-turbine generator. The

Phase 2 plant is intended to sell net electrical

production to Maui Electric on a commercial

basis.

Phase 3 calls for catalytically converting gas

produced by the BGF into methanol fuel. The

Phase 2 gasification system will be modified by
the addition of an on-site oxygen plant to enable

the production of methanol using a slipstream of

the synthesis gas produced by the BGF. Gas

cleanup and conditioning strategies needed to

produce a synthesis gas for methanol production

are being developed currently under the

auspices of the United States Department of

Energy's (DOE's) biofuels program.

Hot Gas Cleanup Program

In support of the DOE's Biomass Power

Program, a Westinghouse Electric led team con

sisting of IGT, Gilbert/Commonwealth, and the

PICHTR is conducting a 30-month research and

development program. The program will provide

validation of Hot-Gas Clean-Up (HGCU) technol

ogy with a pressurized fluidized-bed, air-blown,

RENUGAS biomass gasifier for operation of a

gas turbine.

It has been determined that a tar cracking reactor

will be necessary for HGCU filter element protec

tion.

FeasibilityAnalysis of a 70-80 Megawatt

Facility

Northern States Power Company (NSP),

Minnesota's largest electric utility, is leading a

team that includes IGT, Tampella Power Corpora

tion, Westinghouse Electric, and a group led by
the University of Minnesota in conducting a

feasibility study of the technical and economic

aspects of a biomass-fueled electric power gener

ating system. The study is centered around the

existing Minnesota Valley Generation Plant,

belonging to NSP, in Southwestern Minnesota.

There are about 3 million acres of crop land in a

50-mile radius of the plant.

The concept consists of using alfalfa as a

feedstock for a facility having both a powerplant

and a coproduct processing facility. The alfalfa is

brought to the plant in conventional large

(1 ,200 pounds) bales either directly from the field

or from remote storage sites. At the plant site,

the material is separated into a stem fraction for

electricity generation and a leaf fraction to be

used as a concentrated protein meal for an

animal feed supplement.

The powerplant system that is being evaluated is

a 75-megawatt combined-cycle powerplant using

the air blown RENUGAS process with a Tampella

Power Corporation designed gasifier system with

alfalfa stems as the biomass feedstock.

####

ENVIRONMENT

CARBON AND ENERGY TAXES SEEN AS

INEFFECTIVE WAY TO ACCOMPLISH

ENVIRONMENTAL GOALS

Speaking at the Handelsblatt Conference on

Carbon/Energy Taxes in Cologne, Germany last
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December, R. Skinner of the International Energy

Agency (IEA) noted that the energy sector is cur

rently facing policy pressure from two important

directions:

- Concerns about climate change from

greenhouse gases, most of which

originate from the energy cycle

- Structural policy reform aimed at improv

ing economic efficiency

Skinner suggests that policy initiatives designed

to meet international obligations under the United

Nations Climate Convention will need to take into

account recent changes in structural policies,

designed to improve the international competitive

ness of economies. When viewed in this context,

the implementation or increase of energy and car

bon taxes may be a second-order consideration.

One message delivered by Skinner is that reform

or removal of certain existing interventions,

rigidities, subsidies and energy-related trade bar

riers, may result in emissions reductions. There

fore, before adding more interventions out of con

cern for the risk of climate change, governments

might look at the environmental effects arising

from past interventions.

To be effective in reducing carbon emissions, car

bon taxes would have to be internationally ap
plied and substantial-so much so that their im

plementation is problematic from the start.

All OECD countries tax energy. Countries tax dif

ferent fuels at different levels for different

reasons. Most tax energy to raise general

revenues. Some revenues are earmarked for

specific purposes, such as road and bridge con

struction and maintenance. The current burden

of taxation on energy products is the legacy of

decades of varying fiscal, political and

socioeconomic decisions by governments repre

senting the whole political spectrum. Taxing

energy is a non-partisan activity of all govern

ments.

There is a clue in the existing burden of taxes on

energy as to why a small, additional energy or

carbon tax may not be effective in achieving any

new social objective: governments tax energy

because it is administratively convenient to do so

and because demand is relatively inelastic. Un

like with tobacco products, revenues can go on

being raised (within politically tolerable limits)
without significantly eroding the tax base.

A hypothetical carbon tax ($100 per tonne)
results in different, relative price increases be

tween regions and fuels. Applied to gasoline it

would amount to 21 percent of the current con

sumer price in North America, 8 percent in

Europe and 6 percent in Japan. It is clear that

$100 per tonne represents little to Japanese and

European motorists who are already relatively

heavily taxed. Similarly for electricity, where the

price signal would be least (4.5 percent) for

Japanese householders and greatest

(30 percent) for North American industrial

electricity consumers.

The IEA has tested carbon taxes with its energy,

econometric model. The model explicitly con

siders the existing capital stock of fossil fuel-

using equipment (for generating electricity,

vehicles, aircraft and so forth) and takes into ac

count rates of turnover in that stock. Modeling
shows that carbon taxes would have to be very

large to achieve substantial reductions in carbon

dioxide emissions. Inter-fuel substitution is criti

cal: if non-fossil fuel alternatives are not available

or constrained, taxes must be higher than other

wise.

For a real-world example, Skinner mentions

Greece, which imposed a gasoline tax increase

equivalent to a $300 per tonne carbon tax.

Gasoline demand still increased in 1993, but

leveled out in the first half of 1994. Was this due

to the tax increase or other factors? In some

markets diesel demand is increasing because of

the rising popularity of diesel vehicles, in part at

tributed to the low rate of taxation on diesel fuel.

In any case, motor fuel demand is relatively
in-
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elastic and is a major source of C02 emissions.

Moreover it is one of the fastest growing-

worldwide.

tion to further tax increases and pricing

strategies, in order to significantly deflect this

growth in emissions.

Skinner concludes that governments will need to

examine other approaches besides, or in addi-

####
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COMING EVENTS

1995

MAY 1-4, VANCOUVER, BRITISH COLUMBIA, CANADA--oynci! on Alternate Fuels. Alternate Energy '&,
phone 703 276 6655

MAY 8-1 2, HOUSTON, TEXAS-International Energy Agency Conference on Strategic Value of Fossil Fuels.

phone 202 331 0415

MAY 14-17, BANFF, ALBERTA, CANADA-The Petroleum Society of OM 46th Annual Technical Meeting.

phone 403 237 51 12

MAY 15-19, TUSCALOOSA, ALABAMA-lnternational Unconventional Gas Symposium, fax 205 348 6614

MAY 16-18, AMSTERDAM, THE NETHERLANDS-Power-Gen Europe, phone 713 963 6237

JUNE 4-6, QUEBEC CITY, CANADA-Seventh Canadian HydrogenWorkshop, fax 416 978 0787

JUNE 5-8, HOUSTON, TEXAS-ASME Turbo Expo 95, International Gas Turbine Institute, phone 404 847

0072

JUNE 19-21
, CALGARY, ALBERTA, CANADA-International Heavy OH Symposium, phone 403 262 4792

JUNE 20-22, LAXENBURG, AUSTRIA-lnternational EnergyWorkshop, fax 43 22 367 1313

JUNE 27-29, WASHINGTON, D.C.-Svmposium on Greenhouse Gas Emissions and Mitigation Research.

phone 919 541 7979

JUNE 27-29, MORGANTOWN, WEST VIRGINIA-Advanced Coal-Fired Power Systems, phone 304 285

4750

JULY 31 -AUGUST 4, ORLANDO, FLORIDA-30th Intersocietv Energy Conversion Engineering Conference.

fax 509 375 3614

AUGUST 9-10, MORGANTOWN, WEST VIRGINIA-Fuel CeHs '95, phone 304 285 4750

AUGUST 22-25, LONDON, UNITED KINGDOM-Greenhouse Gases: Mitigation Options, phone 44 242 680

753

SEPTEMBER 10-15, OVIEDO, SPAIN-Eiohth International Conference on Coal Science, fax 348 529 7662

SEPTEMBER 11-15, PITTSBURGH, PENNSYLVANIA-12th Annual Pittsburgh Coal Conference.

phone 412 624 7440

SEPTEMBER 27-29, SINGAPORE-Power-Gen Asia, phone 713 963 6237

OCTOBER 8-12, MINNEAPOLIS, MINNESOTA-lnternational Joint Power Generation Conference.

fax 201 882 1717

OCTOBER 8-13, MAKUHARI, JAPAN-16thWorld Energy Council Congress
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COMING EVENTS

OCTOBER 16-18, REGINA, SASKATCHEWAN, CANADA-Sixth Saskatchewan Petroleum Conference.

phone 306 787 9328

OCTOBER 17-19, MORGANTOWN, WEST VIRGINIA-Advanced Turbine Systems, phone 304 285 4750

OCTOBER 25-27, SAN FRANCISCO, CALIFORMA-1 4th EPRI Conference on Coal Gasification Power

Rants, fax 415 855 2041

NOVEMBER 6-9, CANNES, FRANCE-International Gas Research Conference, fax 31 2 399 81 70

NOVEMBER 6-11, CARACAS, VENEZUELA-Third International Congress on Energy. Environment and

Technological Innovations, fax 582 693 0629

NOVEMBER 20-24, VICTORIA, AUSTRALIA-lnternational Symposium on Energy. Environment and

Economics

DECEMBER 5-7, ANAHEIM, CALIFORNIA-Power-Gen Americas, phone 713 963 6237

1996

JANUARY 28-FEBRUARY 1
, DALLAS, TEXAS-19th Annual Energy Sources Technology Conference

MARCH 4-6, NICE, FRANCE-Third International Conference on Carbon Black, phone 207 781 9800 (USA)

APRIL 14-17, SUN CITY, SOUTH AFRICA-11th International Symposium on Alcohol Fuels, fax 27 021 705

6266
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OIL SHALE

PROJECT ACTIVITIES

OIL SHALE MINING ACCOMMODATES

ENVIRONMENTAL CONCERNS IN BRAZIL

A recent issue of Petrobras News highlighted the

environmental restoration activities being carried

out in conjunction with the oil shale mining ac

tivities for the Petrosix project.

Brazil boasts some of the world's largest oil shale

resources, topping 5 billion barrels. Most of

these deposits are found in the I rati Formation,
which lies in the Southern and Central-Western

states of Sao Paulo, Parana, Santa Catarina, Rio

Grande do Sul, Goias, and Mato Grosso do Sul.

Petrobras has set up an operational unit in Sao

Mateus do Sul, Parana State-the Shale In

dustrialization Unit, or SIX-to research and ex

ploit this source of hydrocarbons.

In 1972, Petrobras started up the Irati Prototype

Plant, using the Petrosix Process developed by
the company to extract shale oil. The prototype

plant also tested equipment and gathered data

that helped in designing the project's industrial

plant.

Startup of operations at the Industrial Module in

December 1991 fully consolidated Petrosix tech

nology. Today the Sao Mateus do Sul plant

processes 7,800 metric tons of bituminous shale

a day, producing 3,870 barrels of shale oil,

123 metric tons of fuel gas, 50 metric tons of li

quefied shale gas, and 75 metric tons of sulfur.

Sao Mateus do Sul shale is found in two layers:

one is 6-meters thick and displays an oil content

of 7 percent; the other, 2.5-meters thick, has an

average oil content of 10 percent, ^oth are

mined by the open-pit method.

Petrobras has been enforcing on-site environmen

tal protection measures since 1972, restoring

degraded areas with fresh plant cover and re

introducing local wildlife.

Working with universities and research centers,

Petrobras technical staff has developed rehabilita

tion methodologies for mined-out areas, thus

guaranteeing the return of native forests or of

conditions suitable for farming and ranching.

Over 200 hectares of mined-out areas have al

ready been restored.

In Sao Mateus do Sul, excavations go down

40 meters. At each stage, shale is removed and

the soil is reconstituted through replacement of

its original layers, leaving it ready for replanting

native forest species, or properly prepared for

farming or ranching activities.

Under agreements with the Universidade Federal

do Parana, Petrobras studied the reconstruction

of plant cover for farming, grazing, and forest ex

traction purposes, through a planned alternating

series of crops and forage, proving that it is pos

sible to use rehabilitated land for crops or graz

ing.

Working with nature's own ally in replanting

mined-out areas, Petrobras installed 25 bee-hives

to boost pollination, helping ground-cover grow

faster and protect degraded areas.

The results of this experiment have been excel

lent: 300 kilograms of honey were produced

during the spring of 1993, ranked as top quality

by the Parana Technology Institute.

Also concerned with helping family settlements

on the land, in Sao Mateus do Sul Petrobras is

working on development of farming and ranching

technologies that will underwrite self-sustainable

small holdings, thereby helping slow rural emigra

tion.

Working with the Forest Studies and Research

Institute in Piracicaba, Sao Paulo State, as well

as with the Agrarian Sciences Department of the

Universidade Federal do Parana, Petrobras has

reforestation studies under way, along with

research into crop development in rehabilitated

areas.
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A farming and ranching model in Sao Mateus do

Sul tests these developments on-site, producing

milk and growing bush-tea and maize. These

projects are carried out on a partnership basis,
with Petrobras supplying the land and the seeds,

while farmers are responsible for actual labor and

own the final products. Petrobras stores all

productivity data for study purposes. Additional

4-hectare plots are scheduled for allocation to

similar experiments that will focus on potatoes,

beans, and other staples.

The results of all these Petrobras projects under

taken in Sao Mateus do Sul in partnership with

research centers and universities is made avail

able to local farmers at Field Days, an event

where farmers and agronomy students tour

rehabilitated areas to learn about these tech

niques and their results.

For grazing lands, the first results of a survey still

underway show an increase of 25 percent in milk

production over traditional grazing lands in this

region. This excellent performancewas achieved

by planting legumes and grasses with high nutri

tional values, which may be teamed with arboreal

legumes.

Noah's Ark

Capybaras, guans, ducks, deer, and a host of

other exotic animals and birds native to the Sao

Mateus do Sul region-some seriously threatened

by extinction-today find a safe home through the

Noah's Ark Project. Set up by Petrobras in

July 1987, it today guarantees the survival of

many unique species.

The purpose of this project is to study the biologi

cal behavior and breeding habits of native

animals and to re-introduce them into

rehabilitated areas, thus averting their extinction

in this region.

The breeding center set up in Sao Mateus do Sul

shelters various bird and mammal species, some

of which-like the wild duck and paca~are grow

ing increasingly rare. The Noah's Ark Project has

been based on a plant-life survey, the installation

of nurseries, and reforestation of the area with

native species. All this is designed to return the

area to its unspoiled state, as found prior to min

ing operations, and to ensure that newly intro

duced animals will quickly feel at home.

But reforestation followed by the re-introduction

of wildlife is not enough. Within the framework of

its Environmental Protection Program, Petrobras

is also implementing an environmental education

drive among the local community in Sao Mateus

do Sul, heightening its awareness of the need to

respect and preserve local ecosystems.

The interaction of plant life, atmosphere, soil, and

particularly the subsoil are all reflected in water

quality. This topic is being studied in depth at the

Master's level at the Parana Pontificia Univer

sidade Catolica. The wide diversity of biota in the

lake ecosystems of rehabilitated areas attests to

the appropriateness of the procedures imple

mented through these projects.

By harmonizing mining and industrial production

with respect for the environment, Petrobras offers

an outstanding example of how mineral deposits

can be worked without permanently degrading
nature.

The Petrosix Process

Operational simplicity is the principal characteris

tic of the Petrobras-designed technology for ex

tracting oil from shale (see Figure 1). Sized to 6

to 70 millimeters, ore is fed continuously into the

upper part of a retort, feeding by gravity in a

uniform, controlled manner and passing through

the drying, heating, retorting, and cooling zones.

In the retorting zone, the temperature reaches

some 500C, causing decomposition of the

shale, to form oil and gas.

The heat for the retorting process is provided by
a high-temperature gas stream (hot recycling)

that enters the retorting zone and blends with

another gas stream (cold recycling) injected into

the base of the retort, in order to recover the heat

of the retorted shale.
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FIGURE 1

FLOWCHART FOR THE PETROSIX PROCESS
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In the heating and drying zones, the rising gas

mass heats up the shale and then cools itself,

resulting in the condensation of steam in the form

of droplets that are borne out of the retort by the

gases. This gas stream is then channeled to the

cyclones and electrostatic precipitator, where the

heavy oil is collected, along with the solid par

ticles carried out during the process.

Once free of oil-mist, the gas runs through the

compressor and is divided into three streams:

one returns to the bottom of the retort (cold

recycling); after heating, another also returns to

the retort (hot recycling); and the third, known as

product gas, goes to the condenser for recovery

of the light oil. Gas leaving the condenser is

piped to the gas treatment unit to produce shale

fuel-gas, recovering the liquefied petroleum gas

and sulfur.

The retorted shale is removed by a hydraulic seal

ing system, cooled, and then returned to the

mine.

####

CORPORATIONS

SPP/CPM OIL SHALE PROJECTS MARKED

TIME IN 1994

In their Annual Report for 1994, Southern Pacific

Petroleum and Central Pacific Minerals

(SPP/CPM) noted that little change occurred in

the status of their oil shale projects during 1994.

In the Chairman's Report, I. McFarlane recounted

that the year started on a discouraging note with
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the price of oil at around $14 per barrel-the

lowest level in a declining trend which started at

$26 per barrel in October 1991 . However, by the
end of the year, price had again improved to

around $18.50 per barrel indicating that a new

upward price trend may be established. The

company thus entered 1995 on a more optimistic

note.

The price of oil is of course regarded by
SPP/CPM's potential co-venturers as a major fac

tor in assessing the economic attractiveness of

the development of the Stuart deposit in

Queensland. Here the focus is on the long-term

price level which is widely considered to be

toward $25 to $28 per barrel. At these levels,

SPP/CPM's estimates indicate that the Stuart

project could be a major development with an

excellent rate of return. However, casual day-to

day fluctuations do have a significant impact on

the psychology of oil companies in their decision

making. The downtrend since 1991 has undoub

tedly had a negative influence on potential co-

venturers. McFarlane said that several of them

have indicated that they wished to defer a deci

sion regarding participation in Stuart until the

long-term oil price trend was more clearly estab

lished.

The recent apparent change toward a more up

ward oil price trend seems to be of importance.

Underlying factors which are of significance in

clude the fact that the demand for oil in Asia, for

which Stuart is well placed, is expected to grow

rapidly. (See Figure 1
.)

Project Planning

During 1994 SPP/CPM concentrated on improv

ing the economic attractiveness of Stuart at full

production by focusing on two areas. The first

was modifying the upgrading plant to produce a

range of refined petroleum products such as

gasoline, kerosene, diesel and liquefied

petroleum gas. Estimates are that expanding the

upgrading plant to include elements of a refinery

can be achieved at a cost of about only

30 percent of building a new grass-roots refinery

with the same product slate. This would provide

a healthy increase in the overall rate of return on

investment. Figure 2 illustrates that modification

and also shows an inexpensive route to produce

high quality turbine fuel.

The second area of focus was expansion of the

market area to Asia. The rapid growth of the

Asian market for petroleum products along with

industrialization of this area appears to be a

major economic development in the world over

the next 25 years. Gladstone, which is a deep
water port, is well situated to serve this area with

petroleum products or crude oil as the demand

grows. As shown in Figure 1
, the distance from

Gladstone to Japan is half that of the Middle East

to Japan. Also, from the aspect of marketing

product, the tanker haulage distance from Sin

gapore, the major refining port in Asia, to Tokyo

is about the same as that from Gladstone to

Tokyo. While the immediate marketing area is

Queensland and neighboring Pacific Islands, the

long-term growth will be in Asia.

Discussions With Potential Co-Venturers

According to McFarlane, discussions with poten

tial co-venturers regarding financing and par

ticipation in Stage 1 of Stuart found general

agreement with the development program and

technology. However, at the senior management

or board level, there is still concern with the

fiasco resulting from attempts to develop the

United States shales about 12 to 15 years ago.

McFarlane says they are now beginning to notice
a more positive approach among several com

panies. SPP/CPM feels that with modification of

the project to produce refined products economi

cally, with expansion of the marketing horizon to

Asia, and with improving trends in oil prices, they
will be able to attain the initial support required.

Stuart Project Summary

The Stuart Oil Shale Project is presently owned

by SPP (50 percent) and its affiliate, CPM

(50 percent).

It is near the industrial city of Gladstone on the

Central Queensland Coast and consequently has
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FIGURE 1

ASIA PACIFIC MARKET GROWTH TO 2010
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the benefit of existing infrastructure and a

seaport with easy access to Asian markets.

The resource is estimated to contain the equiv

alent of 3.0 billion barrels of shale oil in situ and

plans for its development have progressed logi

cally over the past years. Plans and progress in

clude:

- The development of a staged expansion

plan commencing with a relatively small

commercial demonstration plant

(Stage 1) and progressing through two

subsequent stages to full production at

84,000 barrels per day.

The development of a mining plan

designed to take advantage of the

highest grade oil shale in early mining,

thereby mitigating against the lack of

early economies of scale.

A second generation process for the

treatment of Canadian oil sands (Taciuk

Process), adapted for application to oil

shale, has been selected.

The extensive study and optimization of

design and costs of the project sup
ported by bulk process trials in Canada,

mining studies in Australia and upgrad

ing studies in the United States.
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FIGURE 2

POSSIBLE MARKETING OPTIONS FOR STUART PROJECT
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The successful completion of all matters

relating to environmental approvals for

Stage 1 and the acquisition of the land to

be affected by Stage 1 .

Bechtel Corporation has offered a con

struction contract with performance

guarantees.

The Australian Federal Government has

legislated to allow a limited exemption

from gasoline excise tax for Stage 1 and

has agreed, in principle, to classify it as a

Research and Development Project, with

consequent taxation incentives.

- The Queensland Government is ex

pected to assist in the areas of infrastruc

ture and royalties.

On-going discussions are scheduled in relation

to both technical and economic evaluation, and

management and staff continue to work toward

satisfactory joint-venture arrangements in accor

dance with the timetable set by those with whom

discussions are taking place.

Rundle Oil Shale

Esso Australia Resources Limited is operator of

the Rundle Project, in which SPP/CPM jointly
maintains a 50 percent interest.
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The processing and analysis of the data collected

during the 1993 Rundle Geophysical Program

was continued by Curtin University during 1994,
with preliminary results showing potential for

some good seismic resolution of subsurface

structure and some good correlation of down-

hole logs to geology interpreted from both 1993

and earlier drill core.

As part of the on-going environmental baseline

studies of the Rundle deposit region, further work

took place on the Narrows, mapping depositional

patterns for the last 50 years and identifying
longer term mechanisms responsible for

changes to these patterns. Additionally, an en

vironmental studywas commenced to update the

conceptual project design in light of the new

regulatory requirements. Both of these studies

are being coordinated through staff at univer

sities in Brisbane.

Research by Commonwealth Scientific and In

dustrial Research Organization (CSIRO) on

process systems for improved control of combus

tor emissions is now complete and will be

evaluated further at the next stage of project

design. Some further research work by CSIRO is

continuing on hydrogen production for shale oil

upgrading.

The recent work program by Exxon Research

and Engineering Company on upgrading Rundle

oil is being completed and the report is being
compiled.

The Rundle joint venture has applied for a

Mineral Development License over the deposit

(February 1995).

Yaamba Joint Ventures

The Yaamba joint ventures comprise both mag

nesite and oil shale at the Yaamba and Herbert

Creek deposits in Central Coastal Queensland.

Work continued on both projects during the year.

SPP/CPM, directly and through an associated

company, holds a 16.66 percent interest in these

resources in conjunction with Peabody Minerals

Pty. Ltd. and Acacia Resources Ltd.

During the year the structure of joint-venture

ownership changed as Acacia Resources ac

quired the 41 .67 percent interest previously held

by the Shell Company of Australia Ltd. Acacia

Resources also replaced Peabody Minerals as

Manager of the joint ventures.

The oil shale resources at Yaamba and Herbert

Creek were maintained on limited expenditure.

Other Oil Shale Interests

SPP/CPM's other oil shale interests in Australia

comprise the oil shale deposits at Condor,

Nagoorin, Nagoorin South, Lowmead and

Duaringa.

Work in these oil shale resources was continued

during the year. Field work was undertaken in all

of the deposits to monitor both environmental

aspects and local infrastructure developments,

as well as conduct a limited review of the base

ment rocks prior to rationalizing the tenements to

resource areas only.

Research programs on the enthalpy characteris

tics of the shale are being carried out in conjunc

tion with the University of Technology, Sydney
and various other resource programs on the

mineralogy of the shale and potential uses for

overburden and waste shale are being carried

out through the University of Wollongong and

various other research institutions, including
CSIRO.

The Companies have entered a phase of convert

ing their resources from Exploration Permits to

Mineral Development Licenses, an intermediate

and more secure form of tenure between Explora

tion Permit and a Mining Lease.

####
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GREENVALE MINING AND ESPERANCE

MINERALS CONTINUE OIL SHALE

INTERESTS

Greenvale Mining N.L, of Double Bay, New

South Wales, Australia, in association with its af

filiated company, Esperance Minerals N.L, con

trols the Alpha oil shale deposit plus several

other oil shale interests in Queensland, Australia.

Recent quarterly and annual reports filed by the

companies discuss their current status.

Alpha Oil Shale Deposit

The Alpha oil shale deposit is 50 percent owned

by Esperance Minerals N.L. and 50 percent

owned by Greenvale Mining N.L.

Recently, an evaluation of carbon residue studies

was undertaken at the Center for Advanced

Energy Research at the University of Kentucky.

The companies have been evaluating the poten

tial of spent shale as a source of activated car

bon, useful as a medium for gas and liquid ad

sorption and filter material. Use of the spent

shale as an activated carbon would bring con

siderable cost benefits to exploitation of the Al

pha resource.

The torbanite sample used was a typical Alpha

torbanite with an expected oil yield of more than

400 liters per tonne at zero moisture. Two cannel

coal samples were analyzed and these had es

timated oil yields of between 50 and 100 liters per

tonne at zero moisture.

Calculations indicate that the torbanite produces

230 kilograms of activated carbon per tonne of

torbanite compared to the coals which produce

440 kilograms per tonne of coal. These figures

take into account the loss of carbon during the

spent shale-activated carbon transition. Based

on the petrography, it is expected that the tor

banite has a higher porosity and therefore higher

adsorption capacities than the coals.

Previous pyrolysis data showed that the torbanite

produced a product mix containing bitumen

(58 percent of the oil), gasoline (14.3 percent),

diesel (19.5 percent) and kerosene (7.3 percent).

Using these figures, the two dominant products

from the Alpha torbanite would be as shown in

Tablet.

The Company is persevering in retort studies

aimed at determining optimum feed rates and oil

product characteristics.

A. Hutton of Wollongong University, the

Company's consultant for Alpha Resources, com

piled a summary paper of the Alpha resource in

which the history of the deposit was outlined, the

geology of the deposit was summarized and the

research and development projects discussed.

TABLE 1

POTENTIAL PRODUCTS

FROM ALPHA TORBANITE

Weight per Retail

Tonne Tor Value

Product banite (kq) (Aus $)

Bitumen 300 105

Activated Carbon 230 345-1,300
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This summary paper will be made available to in

terested parties.

Nagoorin and Lowmead Oil Shale Deposits

The participants in the joint venture are as fol

lows:

- Esperance Minerals N.L, 25 percent

- Greenvale Mining N.L, 25 Percent

- Southern Pacific Petroleum N.L.

(Operator), 25 percent

- Central Pacific Minerals N.L., 25 percent

At Lowmead a total of 202 stream sediment

samples was collected and each was analyzed

for gold, copper, lead, zinc, tungsten, tin and rare

earths. An application for the renewal of the Ex

ploration Permit was made to the Department of

Minerals and Energy.

At Nagoorin, baseline research studies into the

enthalpy characteristics of the Nagoorin Shale

were continued at the University of Technology in

Sydney.

It is the
Directors'

belief that it is in the
shareholders'

interest to keep the above-

mentioned large deposits with approximately

3,500 billion barrels of oil in situ.

####

TECHNOLOGY

SOLVENT SWELLING OF GREEN RIVER

KEROGEN STUDIED

A paper by J. Larsen and S. Li of Lehigh Univer

sity, published in Energy & Fuels, reports their

work on the effect of exposing kerogen from

Green River oil shales to a variety of solvents.

Their ultimate goal is to develop the techniques

necessary for characterizing the macromolecular

structure of kerogen and to use that characteriza

tion to gain insight into the geochemical process

of kerogen maturation. Many techniques for

characterizing macromolecules are available.

One of the simplest methods is solvent swelling,

which has had some success when applied to

coals.

They started their studies with kerogen isolated

from Green River oil shale for two reasons: (1) a

significant amount of structural work has been

done on this shale and (2) a mild procedure for

its isolation has been developed. The structure

model by Siskin, shown in Figure 1
, was used in

the work reported here.

To apply solvent swelling to kerogen, one first

needs to isolate the kerogen. An ideal isolation

method will recover all organic components

without altering their structures. Kerogens can

be isolated by both physical and chemical separa

tion methods. Chemical methods are more effec

tive and most commonly used. Among them,

HF/HCI demineralization is the classical and the

most effective one. The use of aqueous caustic

followed by acid demineralization to avoid the

use of toxic HF has been demonstrated to be al

most as effective as HF/HCI demineralization.

Another procedure utilized ammonium sulfate to

dissolve the carbonate rock and disrupt the

organic-clay interactions. Results have

demonstrated that aqueous ammonium sulfate

(pH approximately 5-6) treatment could remove

85 percent of the shale minerals with 95 percent

recovery of the organic matter.

Solvent Swelling

Solvent swelling has been used extensively to

study coal macromolecular structure. While

quantitative interpretation of the results is often

problematical, it is experimentally simple and has

yielded significant insight into coal macro

molecular structure and coal-solvent interactions.

When brought into contact with a solvent, a

cross-linked macromolecular system will absorb

the solvent and swell. At equilibrium, the free

energy change for dissolution of the solvent in
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FIGURE 1

MODEL OF KEROGEN IN GREEN RIVER OIL SHALE
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the macromolecule is exactly balanced by the

elastic restoring force of the network. The elastic

restoring force is entropic and depends on the

average length of the macromolecular chains be

tween cross-links (branch points).

Results

Kerogens were isolated from Green River oil

shale by using both (NH4)2S04 and HF/HCI

demineralization methods. The elemental

analyses, yield of kerogen and the amount of

bitumen extracted are given in Table 1 .

The volumetric expansion of the kerogen was

determined by measuring the height of a column

of kerogen in a 6-millimeter glass tube before and

after immersion in a large excess of the swelling

solvent. The solvents used for the swelling

measurements are listed in Table 2.
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TABLE 1

ELEMENTALANALYSES OF KEROGEN, AMOUNT OF

KEROGEN ISOLATED, AND AMOUNT OF BITUMEN

IN GREEN RIVER OIL SHALE

%Bitu- % Kero

Sample %C %H %Ash umen aen

(NH ) S04 72 h
HF/HCL 2 h

40.3 5.2 41.9 27.9

40.7 5.8 38.2 28.2

HF/HCL, 8 h 59.1 7.7 17.0 6.4 26.1

HF/HCL, 48 h 73.3 9.4 5.2 6.1 26.5

Figure 2 (page 2-13) contains a plot of the swell

ing ratio (0v) for Green River kerogen plotted

against the swelling
solvents'

solubility

parameter. The swelling ratio is the volume of

the solvent-swollen kerogen at equilibrium

divided by the original volume of the dry
kerogen. Swelling measurements for each

sample were continued until there was no further

volume change over several days, demonstrating
that equilibrium had been reached.

The first striking feature of the data is the high

swellings possible even with material which is

42 percent mineral matter. The presence of the

mineral matter does not seem to hinder swelling

at all. Figure 2 shows the swelling in 10 solvents

of the kerogen demineralized by four different

methods. In eight out of the ten cases, the

greatest swelling was observed with the sample

having the largest mineral matter content. This

makes it unlikely that the mineral matter is
cross-

linking the organic matter in the demineralized

kerogen. If it were, surely the sample containing

5.2 percent mineral matter should swell more

than the sample containing 42 percent mineral

matter. Because the opposite is observed, it is

unlikely that the mineral matter in the demineral

ized kerogen serves to cross-link the kerogen.

According to Larsen and Li, hydrogen bonds

play a small role in the self-association of this

kerogen and in its interactions with solvents.

Several good hydrogen-bonding solvents are

poor swelling solvents. In general, solvents

capable of forming strong hydrogen bonds (e.g.,

THF and pyridine) behave similarly to non-polar

solvents having similar solubility parameters.

Polar solvents behave similar to non-polar sol

vents. Aromatic and nonaromatic compounds

behave similarly. Chlorine-containing solvents

show anomalously high swellings when com

pared to all of the other solvents. Many of these

solvents are dense and the kerogen floats on

them. This makes measurement of the swollen

volume difficult and Qv measured with these sol

vents is subject to more uncertainty than with the

other solvents.

Kerogen isolated by any of the methods used

seems to roughly follow regular solution theory.

Regular solution theory predicts that there should

be a maximum in the plot of swelling versus

solubility parameter and that maximum should

occur at the solubility parameter of the polymer,

in this case the kerogen. Figure 2 shows rough

agreement with this prediction.
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TABLE 2

SOLVENTS USED FOR SWELLING KEROGEN

No. Solvent (cal/cm3)1/!

1 n-Pentane 7.0

2 n-Heptane 7.4

3 Methylcyclohexane 7.8

4 Cyclohexane 8.2

5 o-Xylene 8.8

6 Toluene 8.9

7 Benzene 9.2

8 Tetralin 9.5

9 Chlorobenzene 9.5

10 1 -Methylnaphthalene 9.9

11 Carbon disulfide 10.0

12 o-Dichlorobenzene 10.0

13 Nitrobenzene 10.0

14 Biphenyl 10.6

15 Propionitrile 10.8

16 Nitroethane 11.1

17 Acetonitrile 11.9

18 Chloroacetonitrile 12.6

19 Nitromethane 12.7

20 Pyridine 10.7

21 Tetrahydrofuran 9.1

22 Carbon tetrachloride 8.6

23 1 ,1 ,2-Trichloroethane 9.6

24 1 ,2-Dibromoethane 10.4

25 2-Propanol 11.5

26 Ethanol 12.7

27 Acetone 9.9

28 Dimethyl sulfoxide 12.0

####

NEW RETORTING TECHNOLOGY REPORTED

An article in Oil, Gas and Petrochem Equipment

reports a new oil shale retorting technology

(United States Patent 5,360,537).

It reportedly retorts oil shale at 185 percent of Fis

cher Assay by using acetic acid as a molecular

catalyst to promote the water-gas shift reaction

without the necessity of having high-pressure

hydrogen. This reaction of CO and steam to
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FIGURE 2
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INTERNATIONAL

NEW SHALE OIL FACILITY REPORTED IN

CHINA

A note in Oil and Gas Journal says that a new oil

shale processing plant with a capacity of

2,400 barrels of oil per day is in the final stage of

construction near Fushun, China. Oil shale

removed as overburden from the large coal

deposit in that area has long been processed to

make shale oil as a byproduct.

####

MOROCCO OIL SHALE SCHEDULED FOR

TESTS IN ISRAEL

produce hydrogen during retorting is declared to

produce a hydrogen-saturated crude oil having
11.4 percent hydrogen content in a

7:1 carbon-to-hydrogen ratio equal to light Saudi

crude. The patent claims this crude can be

refined by any refinery. The economics are also

improved because large quantities of amines,

anilines, and xylidines can be recovered and sold

as byproducts. Another claimed salable product

from the oil shale retort method is cement.

Information on the oil shale retort technology can

be obtained from Georgia Oil & Gas Company,

Inc., 4527 Iris Drive, New Port Richey,

Florida 34652.

According to a report in Modern Power Systems,

Israel and Morocco have signed an energy

cooperation agreement concerning the exploita

tion of oil shale. Morocco has oil shale deposits

and Israel has developed the technology to con

vert the shale into energy.

Under the terms of the deal, studies will be

carried out by the Israeli oil shale development

company PAMA, using 100 tons of Moroccan

shale.

####

####
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OIL SANDS

PROJECT ACTIVITIES

SUNCOR OIL SANDS GROUP SAW BIG JUMP

IN EARNINGS IN 1994

Suncor Inc. notes in its 1994 Annual Report that

earnings from the Oil Sands Group rose to

$90 million in 1994 from $59 million in 1993

(Table 1).

In 1992 Oil Sands Group commenced a process
of significant change to reliably increase produc

tion. This required a small investment to increase

upgrader capacity to an average of

68,000 barrels per day and conversion to a truck

and shovel mining system. In 1994 Oil Sands

Group delivered record-setting production which

averaged 70,700 barrels per day. This 18 percent

increase in sales volumes, less additional variable

operating costs, improved earnings by
$49 million over 1993.

Higher natural gas costs which more than

doubled in the year caused increased expenses.

These increases were partially offset by a further

reduction in the workforce and other efficiency in

itiatives. Overall, there was a net increase in ex

penses of $8 million.

Efforts have also been directed at enhancing

revenue through the expansion of the Oil Sands

Group's product mix. For example, diesel fuel,

which sells at a premium to light sweet crude oil,

had an 85 percent increase in volumes in 1994

over 1993 levels.

The product mix improvement, along with a

weaker Canadian dollar relative to the United

States dollar, was more than offset by lower

world oil prices, resulting in an average price in

the year of $22.31 per barrel compared to $22.49

in 1993. Combined, these factors reduced earn

ings by $3 million.

Royalty expenses in 1994 increased $7 million

primarily due to higher volumes. The Crown

royalty component is normally determined as the

greater of 5 percent of revenues or 30 percent of

the sum of revenues minus allowed operating

and capital costs. Suncor's royalties are cur

rently at the 5 percent rate. Suncor does not ex

pect to pay the 30 percent rate until the end of

the decade, although this depends on future oil

prices, production, operating costs and capital

expenditures. In 1992 the Government of Alberta

agreed to provide Suncor with an adjustment to

the Crown royalty between January 1, 1992 and

December 31, 1997 in conjunction with approved

TABLE 1

OIL SANDS GROUP EARNINGS

(C$ Million)

$ Millions (Unless Otherwise Stated)

Revenue

Production (thousands of barrels per day)
Average Sales Price ($/per barrel)
Earnings (loss)
Cash Provided from Operating Activities

Total Assets

Capital Expenditures

1994 1993 1992

571 487 491

70.7 60.5 58.5

22.31 22.49 22.99

90 59 (74)
195 112 103

857 779 721

103 116 65

3-1
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environmental spending. The maximum annual

payment reduction is 4 percent of gross

revenues. This benefit is expected to increase

1995 earnings by approximately $15 million over

1994 levels, subject to the factors noted above.

With the conversion to truck-and-shovel mining

largely completed in 1993, 1994 investing ac

tivities declined to $100 million compared to

$1 1 1 million the previous year. Partially offsetting
the truck-and-shovel investment decrease of

$67 million was higher environmental spending

and increased expenditures for production im

provements.

In 1995 capital expenditures are expected to in

crease to about $200 million. Over half of this

amount will be related to environmental spending

as construction of the sulfur dioxide reduction

project continues. The balance will be used to

maintain and improve production capabilities.

Outlook

Suncor's integrated oil sands business produces

an average of 68,000 barrels per day of light

sweet crude oil and other products (Figure 1).

Production involves a surface mining and extrac

tion operation, a bitumen upgrading process,

and a utility plant which produces steam and

electric power.

75

60

Q

8.

"5

C

8
3

O

45

30

15

FIGURE 1

SUNCOR PRODUCTION

52.0

,'! I:i !''":

111!
iiiiiiiillliiii.'.iii,
mm-

!j I III

..ii'f'.'iifh'

lillill
Ijiillll jjlj I {!;

Hi !

i,!'l . J|!!!| j! |i

70.7

60.6

iii

!::|i,:'|is>.,:|
'.'^.iM/'liiijii
"'!'i!"ir!

58.5
60.5

;:;::!i!ii:i;i ':

!!!!'i

mm

:':'i!:':.|ii!!'!ii:|

ill

iP'iiliitti

PP.
Illl'1

iii'!!!!

i

iiiiiiii

iiili

ill

m
!i'i-'!'i

III?'

II

ill I'liiii

i i! I H j III!

HI Mlt
iii!!!;

[.'! :.|

'III!.!

'

M ill iiil
II il! iiiij!

''lili'fi'li.!

IlillliHi!"!;!^

1990 1991 1992 1993 1994

SOURCE: SUNCOR

In 1992, Suncor conducted a strategic review of

the heavy oil business and Suncor's position

within it, including changing requirements with

respect to more stringent environmental air stan

dards. As a result, Suncor embarked on a

program to increase margins, acquire additional

leases and reduce plant-wide sulfur dioxide emis

sions by 75 percent.

Given the high fixed costs of the operation and

volatile commodity prices, Suncor concluded

that improving cash margins was contingent on a

combination of reliably increasing production,

lowering costs and increasing the value from

sales.

Figure 2 indicates considerable progress in im

proving margins during a period of lower prices.

Cash costs were reduced to $14 per barrel in

1994 from $16 per barrel in 1993 due to record

production and lower spending levels (Figure 3).

At current production levels cash costs will range

between $14 to $15 per barrel as spending to

maintain production reliability and integrity fluc

tuates from year-to-year depending upon the na

ture and timing ofwork required.

1995 cash costs are expected to be ap

proximately $14.75 per barrel, reflecting higher

sustaining capital expenditures for bitumen

production and upgrading reliability projects, as
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FIGURE 2

SUNCOR CASH MARGINS
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1994

well as increased maintenance costs for the new

truck-and-shovel equipment. Suncor now ex

pects that its $12 per barrel target will be

achieved in 1998 when production is increased

to over 80,000 barrels per day.

Sulfur Dioxide Reductions

Suncor has committed approximately

$175 million in capital investments (excluding
capitalized interest), starting in 1994, to improve

the oil sands operation's environmental perfor

mance. The completion of this project in 1996

will allow Suncor to meet its 1996 air license re

quirements.

The expenditure covers the installation of lime

stone flue gas scrubbing technology to reduce

sulfur dioxide emissions from the utilities plant.

This project, along with $15 million of new sulfur

recovery equipment installed in the upgrading

area in 1994, is expected to reduce total sulfur

dioxide emissions by at least 75 percent.

Regulatory approval for construction has been

received.

Future Expansion

By improving the plant's production reliability

and reducing costs, Suncor has paved the way
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for sustained growth in production levels, further

reductions in unit cash costs and increased cash

margins.

Over the next 3 years, Suncor plans to invest ap

proximately $250 million to expand oil sands

production to over 80,000 barrels per day. These

expenditures will position the plant for possible

further expansion in the future. The major part of

the production increase is expected to occur in

1997 after scheduled maintenance work. This

expansion will further reduce unit cash costs and

increase the cash margin.

Suncor currently operates on two leases which

are expected to be fully mined early in the next

century. In the last 3 years Suncor has acquired

additional leases and lots near its existing opera

tions. In the fall of 1994, Suncor announced that

its next mine site would be located on a lease

directly across the Athabasca River from its exist

ing processing plants.

Geological and engineering assessments of the

new mine site confirmed the quality of the mine

able bitumen resources on this lease and addi

tional leases purchased in 1992. Feasibility
studies during 1995 will determine mine and

facility design, infrastructure requirements and

cost estimates. Approval from Suncor's board of

directors and regulatory agencies are required

before site work can commence. Public consult

ation will occur and an environmental impact as

sessment will be completed.

Suncor estimates that it will spend up to

$200 million over the next 5 years preparing the

site for production, with most of the spending

occurring after 1997. The new mine is scheduled

for operation by the year 2000 and, together with

leases acquired in 1992, is expected to extend

production for an additional 50 years.

Environmental Reclamation

Oil Sands Group's regulator-approved reclama

tion plan includes tailings pond reclamation and

all surface reclamation at the site. The major

component of the plan relates to the tailings

ponds. Suncor is researching technologies

which reduce the volume of fine tailings and in

crease dry landscape reclamation areas. Suncor

is currently evaluating the economic viability and

technical feasibility of these technologies on a

demonstration scale. Suncor expects to have

fully tested and evaluated these technologies

within the next 3 years. The proposed reclama

tion plan is expected to be an integral com

ponent of the new mine development application.

Further research and testing could result in cost

revisions, including higher costs for alternative

techniques if this technology does not prove suc

cessful.

Site reclamation costs, including the above-noted

pond reclamation work, have been estimated and

are being recorded over the estimated remaining

life of the reserves by charges against earnings

on a unit of production basis. Oil Sands Group
estimates the total cost for reclamation of the site

will be approximately $180 million. This estimate

is primarily based on the current approved

development and reclamation plan which will ex

pire in 1995.

Oil Sands Group anticipates the necessary

operating license will be renewed in 1995.

####

SOLV-EX REVEALS PROJECT PLANS

Solv-Ex Corporation said it plans to build a

$125 million facility to produce oil and mineral

products from its oil sands lease in Alberta,
Canada. According to the company, the plant

will be designed to produce 10,000 barrels of

heavy crude oil per day together with

64,000 metric tons annually of smelter-grade

alumina. Solv-Ex said that its lease contains

about 1 billion barrels of recoverable oil.

The facility should produce oil at an operating
cost of about $7.25 per barrel, Solv-Ex said.
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The company said it plans to initially ship the oil

to market by truck, which will add an additional

$3.25 a barrel to its production cost.

The facility cost consists of estimates that it will

cost $100 million to build the oil extraction and

upgrading facilities, with an additional $25 million

needed to bring minerals extraction on line.

About 10,000 metric tonnes per year each of fer

rous sulfate and potassium sulfate will also be

produced.

Solv-Ex notes that the minerals in tar sands can

be worth more than the oil. They estimate the

operating cost for oil production will be $7.25 per

barrel, but if minerals profits were used to offset

the cost, it could be less than $4 per barrel.

In Solv-Ex's process sand is mixed with hot water

and steam at 200F to float the bitumen, which is

immediately removed before it can remix.

Mineral-bearing clay (about 10 percent of the

solids) is then separated from the sand by a

patent-pending process. Minerals are leached by
sulfuric acid at 90C and selectively precipitated

as sulfates by cooling. Alumina is obtained by

roasting the sulfates and recovering the S02 off

gas for acid production. Solv-Ex hopes to start

oil production by late 1996, and alumina produc

tion a year later.

####

CANADIAN OIL SANDS PRODUCTION SETS

NEW RECORDS

Statistics published by the Alberta Energy
Resources Conservation Board show that both

Syncrude and Suncor established new produc

tion records, on both a monthly and an annual

basis in 1994.

Suncor

in July, at 399,300 cubic meters (2.5 million

barrels). A record yearly total of 25.8 million bar

rels was achieved, for an average of

70,700 barrels per day.

Syncrude

Syncrude had one off month, in April (Figure 2,

page 3-7). However, a new monthly record was

achieved in June, with an average for the month

of 35,900 cubic meters per day (226,000 barrels

per day). Total for the year was almost 70 million

barrels of synthetic crude oil, again a new record.

In January 1995, the company also set another

record for January shipments. Some 6.3 million

barrels were shipped, handily beating the old

record of 5.7 million set in January 1992. Unit

operating costs during January 1995 were about

C$12.00 per barrel, over C$3.00 less than the

same month in 1 994.

Several other records were set during 1994. Oil

sand mined and delivered to extraction exceeded

140 million tonnes, easily surpassing the old

record of 130 million tonnes, set in 1993. In addi

tion, almost 84 million barrels of bitumen were

produced, compared to just under 80 million in

1993.

In 1995, the company plans to produce almost

74 million barrels.

Since starting production in 1978, Syncrude has

shipped 764 million barrels of syncrude (to the

end of January 1995).

####

CORPORATIONS

ELAN ENERGY BUYS AMOCO'S ELK POINT

PROPERTIES

Synthetic crude oil production at Suncor ran at

high levels for the entire year (Figure 1,

page 3-6). A new monthly high was established

ELAN Energy Inc. has purchased Amoco Canada
Petroleum Company's Elk Point heavy oil

properties in Alberta, Canada for $89 million.
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FIGURE 1

SUNCOR SYNTHETIC CRUDE OIL PRODUCTION 1991-1994
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ELAN says it plans to increase production from

the current level of 7,500 barrels per day. The

properties contain estimated reserves of

43 million barrels.

Amoco will buy the Elk Point crude from ELAN at

market prices for 5 years.

####

GOVERNMENT

BLM PLANS SLIDING-SCALE ROYALTY

RATES FOR HEAVY OIL

The United States Bureau of Land Management

(BLM) has proposed a rule to allow slkJing-scale

royalties for heavy oil of less than 20API gravity
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FIGURE 2

SYNCRUDE SYNTHETIC CRUDE OIL PRODUCTION 1991-1994
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(see Table 1). Ordinarily, oil produced from

federal leases is subject to 12.5 percent royalty.

This action is being proposed as a way to en

courage operators of federal heavy oil leases to

place marginal or uneconomical shut-in oil wells

back in production, and provide an economic in

centive for implementing enhanced oil recovery

projects.

Comments on the proposal are sought by

May 30, and the final rule may be issued several

months after that.

many heavy oil leases remain only marginally

economic and are vulnerable to future drops in

oil prices.

The United States Department of Energy
modeled the proposed BLM royalty rate reduc

tion and found it would be revenue neutral to all

oil producing states except California, which has

most of the nation's heavy oil reserves.

The proposal is expected to increase recoverable

reserves in California by around 72 percent to

228.5 million barrels from 132.8 million barrels.

BLM said relief is warranted for heavy oil wells

due to their high production costs. BLM said

The increase in recoverable reserves should ul

timately result in a 35 percent increase in federal
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TABLE 1

PROPOSED HEAVY OIL

ROYALTIES

Weighted Royalty
Average Rate

Gravitv m

6 0.5

7 1.4

8 2.2

9 3.1

10 3.9

11 4.8

12 5.6

13 6.5

14 7.4

15 8.2

16 9.1

17 9.9

18 10.8

19 11.6

20 12.5

revenues, royalties and individual and corporate

taxes, and a 49 percent increase in California

state revenues from heavy oil.

The reduced royalty would not apply if the

average price for West Texas Intermediate were

more than $28 per barrel for 6 months.

####

ENERGY RESEARCH COUNCIL

ESTABLISHED IN ALBERTA

Industry, the research community and govern

ment have joined together to strengthen the co

ordination of energy-related research in Alberta,

Canada. Alberta Energy Minister P. Black an

nounced in April that a 13-member Energy
Research Council will act as the coordinating

mechanism.

The Council members are volunteers and will

serve for terms of 1
,
2 or 3 years. All have con

siderable expertise in various areas of energy

research, especially oil sands.

The Energy Research Council will work with the

Oil Sands and Research Division of the Energy

Department, which promotes research and com

mercial application of research relating to oil

sands, heavy oil, hydrogen, coal and other

energy resources. The Oil Sands and Research

Division was created in the Department restructur

ing and incorporates the activities of the former

Alberta Oil Sands and Technology Research

Authority.

The Council's specific duties include advising on

preparation of an overall plan for a research and

development program, and advising on priorities

for funding allocations. It will also advise on the

major terms and conditions to be used in

developing agreements with governments,

agencies, private corporations, research and

development organizations and other bodies.

####

OIL SANDS ORDERS AND APPROVALS

LISTED

The recent orders and approvals in the oil sands

area issued by Alberta, Canada's Energy
Resources Conservation Board are listed in

Table 1 (next page).

####

ENERGY POLICY & FORECASTS

TEXACO URGES INCREASED ROLE OF

HEAVY OIL IN WORLD ENERGY MARKETS

Current world economic, political and industry
trends present an excellent opportunity to elevate

the importance of heavy oil as an energy
resource over the next decade. However,
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TABLE 1

SUMMARY OF OIL SANDS ORDERS AND APPROVALS

Order Number Date Descriotion

Expires/
Rescinds

App 701 6D 19 Dec 94 Experimental Oil Sands Schemes

C.S. Resources Ltd.

Pelican Lake Area

31 Jan 94

App 3950J 21 Dec 94 Commercial Oil Sands Schemes

Imperial Oil Resources Ltd.

Cold Lake Sector

31 Dec 2015

App 5742E 9 Dec 94 Commercial Oil Sands Schemes 31 Dec 201 1

Consolidates Apps 2337 and 5199

Amoco Canada Resources Ltd.

Wolf Lake Sector

App 7632 9 Dec 94 Commercial Oil Sands Schemes

Suncor Inc.

Mildred Lake Area

App 4765

App 6280B 7 Dec 94 Primary Recovery Schemes

Texaco Canada Petroleum Inc.

Frog Lake Sector

App 71 64E 1 5 Dec 94 Primary Recovery Schemes

AEC Oil and Gas Co.

Frog Lake Sector

App 7285A 9 Jan 95 Experimental Oil Sands Schemes

Texaco Canada Petroleum Inc.

Frog Lake Sector

App 661 9C 3 Jan 95 Primary Recovery Schemes

C.S. Resources Ltd.

Pelican Lake Area

31 Jan 96

App 7550A

App 7689

10 Feb 95 Commercial Oil Sands Schemes

Syncrude Canada Ltd.

1 0 Feb 95 Primary Recovery Schemes

PanCanadian Petroleum Ltd.

Lindbergh Sector

31 Dec 2025
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Order Number Date

App 6867A 8 Mar 95

TABLE 1 (Continued)

Description

Experimental Oil Sands Schemes

UMATAC Industrial Processes

Mildred Area

Expires/
Rescinds

31 Dec 97

App 5742F

App 6292F

App 6984E

App 7689A

App 7700

27 Mar 95 Commercial Oil Sands Schemes

Consolidates Apps 2337 and 5199

Amoco Canada Resources Ltd.

Wolf Lake Sector

1 4 Mar 95 Primary Recovery Schemes

Norwest Oil & Gas Corp.

St. Paul and Lindbergh Sector

3 Mar 95 Primary Recovery Schemes

PanCanadian Petroleum Ltd.

Frog Lake Sector

8 Mar 95 Primary Recovery Schemes

PanCanadian Petroleum Ltd.

Lindbergh Sector

8 Mar 95 Primary Recovery Schemes

PanCanadian Petroleum Ltd.

Lindbergh Sector

31 Dec 2011

achieving the full potential of this prolific resource

will be a slow, demanding process, stated I. Bijur

of Texaco Inc.

Speaking at the 1995 UNITAR International Con

ference on Heavy Crude and Tar Sands held in

Houston, Texas in February, Bijur said, The

economic viability of developing heavy crudes

largely will be determined by continuing tech

nological innovations, the sharing of research

and the formation of alliances between industry

and producing
states."

Noting that expansion in world economies is in

separably linked to growth in energy demand,

Bijur said that the key drivers of economic

expansion-a burgeoning world population; the

adoption of free market mechanisms and

privatization efforts; and technological gains-

particularly in developing nations, provide a nur

turing environment for energy markets to estab

lish a more appropriate balance among the

grades of crude the world consumes.

Turning to the first of these drivers, world popula

tion is projected to grow by nearly 860 million, or

15 percent, over the next 10 years. Most of that

increase will be in the developing world

(Figure 1), especially in Asia, while the population

of many industrialized nations will grow only

slightly. By the end of the next decade, eight out

of ten people will live in what we now call the
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FIGURE 1

POPULATION GROWTH BY AREA

(1995-2005)

Developing 93%

860 Million People

Industrial 6%

FSB 1%

SOURCE: BIJUR

FIGURE 2

WORLDWIDE

CRUDE OIL PRODUCTION

Light/Medium Oil

55 MMBPD

Heavy Oil

6 MMBPD

61 Million BPD

SOURCE: BIJUR

developing world, and they will be major con

sumers of energy.

With population and GDP on the rise, world oil

demand-virtually stagnant during the early

nineties-is once again growing. With the popula

tion in the developing countries expected to in

crease by 800 million people over the next

decade, even without any increase in per capita

consumption, this will lead to major increases in

oil and energy demand.

Heavy crudes traditionally are at a competitive

disadvantage to less expensive, easier-to-refine

light crudes, and contribute minimally to the inter

national crude oil stream (Figure 2), relative to

their potential resource base.

There are effectively no global resource limita

tions for oil. Restricting ourselves simply to con

ventional crude oil, there are roughly 1 trillion bar

rels of proved reserves (Figure 3). These

reserves alone are sufficient to last almost

50 years at current rates of production. There

are probably another 600 billion barrels or more

of conventional crude that are yet to be dis

covered, and virtually limitless, untapped

resources of non-conventional, extra-heavy

crude, bitumen and oil shale deposits.

Now, where does heavy oil fit into this picture?

The answer to that question will depend on tech

nological innovation.

For years, industry analysts have predicted that

heavy oil would become increasingly important in

meeting world oil demand. This simply has not

occurred. New and emerging techniques aimed

at reducing the costs of producing and refining

heavy crude are of pivotal importance to its fu

ture viability.

"In order to have the greatest positive impact on

the economic viability of heavy crude, technol

ogy must not operate in a vacuum. Industrywide

heavy oil research must be consolidated, shared,

focused and
leveraged,"

said Bijur. "Cooperation

also must exist between industry and producing

states-especially those with significant under

developed heavy oil reserves. Reasonable

economic terms and conditions must exist if

heavy oil investments are to be competitive with

those available elsewhere in the world energy
arena."

These actions, Bijur concluded, will not only es

tablish a more appropriate balance among the

grades of crude the world consumes, but will
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FIGURE 3

WORLD PROVED CRUDE OIL RESERVES

(Billion Barrels)
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also help guarantee secure, plentiful supplies of

affordable energy well into the next millennium.

####

ALBERTA STUDY SEES DOUBLING OR

TRIPLING OF OIL SANDS PRODUCTION IN

THE FUTURE

The Alberta Chamber of Resources and the

Canadian National Task Force on Oil Sands

Strategies says that production from oil sands in

Alberta could rise from today's level of

400,000 barrels per day to 800,000-1 .2 million bar

rels per day by 2025. This will require

US$18 billion to $21 billion over the next 30 years

but likely will not include huge new grass-roots

projects, say the authors of the Task Force

report.

Future investment and production growth will

come through staged development that builds on

the current plants of Suncor Inc. and Syncrude

Canada Ltd.

Oil sands operations provide 20 to 25 percent of

Canada's petroleum needs today and could

provide 75 percent by the year 2025-with the

expenditure of C$20-$25 billion. When we realize

that the oil sands industry is only 30 years old

and it took $20 billion to build current facilities, it

adds credibility to the Task Force plan for a

major push to develop expanded oil sands

facilities.

The Canadian Government requested the study

last year to find ways to increase development of

the country's oil sands to help replace declining
reserves from conventional sources.

Canada's output of light- and medium-crudes is

declining to the point where, by 2010, oil sands

production will equal conventional production.
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The oil that can be recovered economically from
the Canadian oil sands is estimated at 300 billion

barrels. That slightly exceeds the proven oil

reserves of Saudi Arabia, which is the world's

largest producer of conventional crudes.

Venezuela has nearly as much recoverable heavy
oil in its Orinoco Belt.

According to E. Newell, president of Syncrude

Canada Ltd., "It's time to awaken the sleeping
giant!"

Newell says that tapping the oil sands has

become one of the world's best-kept secrets and

one of Canada's greatest success stories. The

oil sands cover an area rivaling the size of Scot

land or Belgium and the deposits are roughly
equal to a third of the world's known petroleum

reserves. Yet the industry remains dogged by
the myth that it is an expensive research experi

ment. This despite years of profitability, tech

nological achievements, contributions to society,

and an ever-increasing impact on Canadian oil

production. This skeptical perception of the oil

sands vastly underestimates the future economic

potential of this resource. Many people, if they

have ever heard of Suncor and Syncrude, think

of huge white elephants born in a time when

government was investing all sorts of money in

uneconomic mega-projects. Yet Syncrude, for

example, has been profitable in every year of its

operation.

Speaking at the UNITAR Conference on Heavy
Crude and Oil Sands, held in Houston, Texas in

February, Newell said he was excited about the

Task Force report because it should send a

strong signal to policy-makers that a special

focus on the oil sands is in the best public inter

est.

There is, in fact, only one major, relatively un

tapped source of petroleum left in North

America-the oil sands. This gives Canada a

clear economic advantage in the form of the tech

nological mastery of the oil sands.

The scope of jobs, wealth creation, and

economic benefits that flow from the oil sands

industry is enormous, says Newell. As an ex

ample, Syncrude had contracts last year with

over 2,400 suppliers and vendors, who, in turn,

subcontracted work to many other
small- and

medium-sized businesses.

Since 1986, oil prices have been weak and

volatile and the industry has responded by

dramatically reducing its operating costs. Oil

sands developments are again ready to be re

stored to their proper role in the overall

economic scale of things, says Newell, but it will

still require two basic changes.

The first is an improvement in the Canadian

economy coupled with greater responsibility in

government spending. This lowers the "cost of
capital"

which is important to capital-intensive in

dustries such as the oil sands.

The second need is for a stable, generic set of fis

cal terms which recognize the nature of the in

vestment required to build oil sands plants and

which provides a fair sharing of the value created

between the developer and governments. Cur

rently, each oil sands operator has a different set

of tax and royalty terms.

The oil sands are in transition from being a sig

nificant supply to becoming Canada's major

source of crude oil. There is enough to supply

Canada for hundreds of years, with enough left

over to expand exports to the United States and

to provide a secure long-term energy supply

source for countries on the Pacific Rim.

Countries such as Japan, Taiwan, China, and

Korea are already looking at the oil sands as a

potential long-term, stable, crude oil supply and

all of these countries have recently made invest

ments in the oil sands.

####
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ECONOMICS

COST ESTIMATE MADE FOR THE

DEVELOPMENT OF TRINIDAD'S TAR SANDS

A technical paper by U. Maharaj and H. Sukhu

presented at the Sixth UNITAR International Con

ference on Heavy Crude and Tar Sands held in

February in Houston, Texas reviews the process

ing options for tar sands in Trinidad.

The country of Trinidad and Tobago has 2 billion

barrels of bitumen contained in surface and near

surface deposits. The largest deposit containing

about one-half the total, is located in the

southern part of the Island of Trinidad, (see

Figure 1), within leases owned by the Petroleum

FIGURE 1

LOCATION OF TRINIDAD TAR SAND DEPOSIT

SOURCE: MAHARAJ AND SUKHU
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Company of Trinidad and Tobago (PETROTRIN).

The resource is actually a sandstone reservoir

spanning an areal extent of 12.84 square

kilometers. About half the deposit crops out at

surface while the other half is near surface at

sub-sea depths no greater than 210 meters.

The shallow depth and high bitumen viscosity
mitigate against traditional steam injection

processes. Current technologies dictate a sur

face mining type process to exploit shallower por

tions of the deposit. Generally, thermal

processes yield synthetic crude oil, while

aqueous and solvent extraction processes yield

asphalt. No decision has been taken to date on

the type of project to be undertaken, say Maharaj
and Sukhu.

Characterization of the Lower Morne L'Enfer

bitumen is shown in Table 1 . A comparison to

the Athabasca and Utah bitumens is also shown.

Evaluation of Extraction Processes

Chemical characterization data and laboratory

evaluations were utilized to determine the

suitability of solvent, aqueous and thermal extrac

tion processes to recover the bitumen contained

within the Morne L'Enfer tar sands. Batch-scale

pyrolysis was done to more accurately determine

recoveries by thermal processing.

A number of solvents were evaluated to deter

mine solubility parameters for the bitumen.

These data indicate that several locally available

solvents have good solubilizing powers for the

Morne L'Enfer bitumen. Platformate with a

higher aromatic content than naphtha, conden

sate and kerosene is the best solvent, with

solubilities similar to toluene and xylene. If

recoveries of 95 percent bitumen can be

achieved, it is estimated that 0.81 barrels per

tonne from good grade tar sand would be real

ized.

TABLE 1

CHEMICAL CHARACTERISTICS OF DIFFERENT BITUMENS

Trinidad Athabasca

0.991-1.010

Utah

Density at 15C,
kg/m3

1.010-1.062 0.976-0.990

Viscosity at 85C, centipoise 20,000 110-170 2,665

Ash, wt.% 0.80-0.88 0.44-0.65 0.2-1.3

Nickel, mg/kg 103-155 49-87 67-81

Vanadium, mg/kg 215-301 151-200 <5

Microcarbon Residue, wt.% 12.5-16.5 11.0-14.7 8.1-9.9

Carbon, wt.% 82.3-83.8 82.3-83.9 83.3-86.4

Hydrogen, wt.% 10.0-10.4 10.0-10.8 11.0-11.6

Nitrogen, wt.% 0.86-1.04 0.33-0.68 1.1-1.4

Oxygen, wt.% 1.60-3.48 0.84-1.42 0.5-4.1

Sulfur, wt.% 2.48-2.98 4.43-4.38 0.3-0.6

Asphaltenes, wt.% 19.0 12.6 8.5-16.9

Nature Water wet Water wet Oil wet

unconsoli poorly con consolidated

dated solidated
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In the water extraction processing of tar sands to

recover the bitumen, it is necessary to have the

bitumen viscosity low enough to allow efficient

beneficiation. A viscosity of 1 ,000 centipoise was

indicated as optimum and can be achieved by
heat and the addition of diluent. The viscosity for

the extracted bitumen is much higher than for

Athabasca, but similar to Sunnyside. Viscosity
reduction via heat or diluent addition would be

required. The temperature required to achieve a

viscosity of 1 ,000 centipoise was extrapolated to

be 107C. If a hot water extraction process is to

be implemented, it is likely that diluent addition

would be required.

Previous work to evaluate thermal processing in

dicated that pyrolysis was a technically viable op
tion. Good grade samples of the resource indi

cated average recoveries of 11.5 percent by
weight (equivalent to 121 liters per tonne or

0.76 barrels per tonne) of a
16.7

API crude oil.

Further research is required to optimize thermal

process conditions, say the authors, but their

work suggests that any of the emerging thermal

processes based upon fluidized beds, screw reac

tors and the rotary kilns would be technically ap
plicable. The fact that there is substantial coke

production upon pyrolysis would favor those

processes which utilize coke combustion to

provide heat energy to sustain the reaction.

Conclusions

Experimental results show that the solvent,

aqueous or thermal extraction processes would

all be technically applicable to recover the

bitumen contained within the Lower Morne

L'Enfer deposit. For the aqueous extraction

processes, the high bitumen viscosity and clay

content of the rock imply that heat, diluent and

caustic would be required. This would translate

to a higher cost operation. The mineralogy of the

clay material also suggests that wet tailings dis

posal would be a problem in aqueous extraction

processes and would be costly to handle. There

fore, it is believed that this type of process would

not find commercial application to the Trinidad

deposit.

Reserve estimates of the bitumen-in-place of the

Lower Morne L'Enfer deposit indicate 950 million

barrels. A plant using solvent or thermal extrac

tion and processing 37,000 barrels per day of

bitumen would produce 30,000 barrels per day of

Synthetic Crude Oil (SCO) or 35,000 barrels per

day of asphalt, assuming recoveries of 80 and

95 percent respectively. If one-half of the deposit

is recoverable by a surface mining/extraction

type process, then such a plant would operate

for at least 45 years.

Thermal processing will produce SCO while sol

vent extraction will produce asphalt. The choice

of project will be dictated by both the supply cost

and the market prices for SCO and asphalt pre

dicted over the project life. Preliminary
economic evaluations were done for a thermal

process (the Taciuk Process) and for a solvent

extraction process. The input assumptions used

here are shown in Table 2 (next page). This

analysis yielded supply costs of US$19.70 per

barrel to produce SCO and US$15.50 per barrel

for asphalt. Given current technological develop
ments in tar sands mining and processing, and

projections for product prices, the authors con

clude that a project producing either SCO or as

phalt would provide future opportunities for the

country of Trinidad and Tobago.

####

INTERNATIONAL

THERMAL RECOVERY OF HEAVY OIL

GROWING IN CHINA

Chinese production of heavy oil by thermal tech

niques is seen as an important contribution to the

country's future energy supplies. A speech by
Z. Yongyi at the Opening Plenary Session of the

Sixth International Conference on Heavy Crude

and Tar Sands held in Houston, Texas in

February gave a brief introduction to the develop
ment of heavy oil in China. China has a large

heavy oil resource, scattered in different parts of

the country. It is estimated that heavy crude ac-
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TABLE 2

SUPPLY COST OF SYNTHETIC CRUDE OIL

vs ASPHALT

(at 30,000 Barrels/Day)

Thermal Solvent

Process Extraction

API, Product 37.5 4.5

Initial Capital 1,344 397

Sustaining Capital 542 156

Operating Cost 3,377 3,559

Post Operating Cost 135 142

Total Supply Cost 5,398 4,254

Total Supply of

Product,
106

Barrels 274 274

Supply Cost of

Product/Barrel 19.70 15.50

counts for 20 percent of China's total petroleum

reserves. China's current proven geological

reserve of heavy crude is 8.4 billion barrels and

70 heavy oil fields have been discovered in 12 oil

and gas bearing basins. China has a relatively

short history of heavy oil development, starting

from 1982. However, development over the last

decade has been significant, says Yongyi. Four

heavy oil production bases (Liaohe, Xinjiang,

Shengli and Henan) have been established.

There are 7,500 thermal recovery wells, including
6,200 steam huff-and-puff wells and over

200 steam driven well patterns in these bases.

The percentage of heavy crude in China's total oil

output is increasing (Figure 1). In 1994,

77.61 million barrels of heavy crude, or 8 percent

of the country's total oil output, was thermally

produced.

The development of heavy crude in China has

benefited from state-of-the-art equipment and

expertise from other countries as well as interna

tional technological cooperation programs.

High-efficiency steam generators were intro

duced for steam huff-and-puff in the early 1980s,

resulting in the development of heavy crude

reserves which had been considered un

recoverable.

Over the years China National Petroleum Cor

poration has established a long-term relationship

of technical exchange and cooperation with a

number of foreign organizations including
AOSTRA and ARC of Canada, PDVSA and In

tevep of Venezuela, IFP of France, the Research

Institute of Romanian Oil Company, Texaco and

Chevron of the United States etc. There have

also been two Sino-Canada Heavy Oil Sym

posiums jointly with AOSTRA. The third Sino-

Canada Heavy Oil Symposium will be held this

year in Beijing, China. The Seventh UNITAR Con

ference on Heavy Crude and Tar Sands will be

held in Beijing in 1998.

RIPED

Research Institute of Petroleum Exploration and

Development of CNPC (China National
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FIGURE 1

ANNUAL PRODUCTION OF

HEAVY OIL BY

THERMAL RECOVERY IN CHINA
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Petroleum Corporation), called RIPED for short,

is the research center of the Chinese petroleum

industry.

The Thermal Oil Recovery Department at RIPED

is mainly engaged in the research of theoretical

and engineering problems pertaining to thermal

oil recovery. It consists of three research divi

sions: reservoir engineering, the heavy oil

recovery laboratory and production techniques

for thermal recovery. RIPED-TORD is respon

sible for research tasks mainly in the following six

categories:

- Tracking of the world heavy oil produc

tion technologies.

- Comprehensive study and developing a

plan for national heavy oil production.

- Heavy oil field project design and pilot

design of thermal processes for various

types of reservoir.

Development and application of numeri

cal simulation software for thermal

recovery.

New technology and method research

for heavy oil recovery.

Fundamental research of oil recovery

methods.

####

THERMAL MINING PROPOSED FOR

SIBERIAN OIL FIELD

At the International Conference on Problems of

Complex Development and Production of Hard-

Accessible Oils and Natural Bitumens held in

Kazan, Tatarstan last October, a paper by
V. Tabakov and A. Gorbunov of the All-Russian

Scientific Research Oil and Gas Institute sug

gested that thermal mining would be the best

approach for developing the Olenekskoe Oil

Field in Eastern Siberia.

Several modifications of the thermal mining tech

nology are currently applied at the Yaregskoe

(Yarega) Oil Field. The two-horizon system is

most widely used at present.

The technology combines both mining

advantages-dense well spacing (vertical, slightly
inclined and inclined wells) and hot-steam reser

voir stimulation, thus ensuring maximum oil

recovery. In three blocks of the Yaregskoe Oil

Field, which are at the final stage of development,

60 percent and even higher oil recovery is

achieved.

In Tabakov and Gorbunov's paper, first-stage ob

jectives were chosen for the application of the

thermal mining technique. The most effective

modifications of thermal mining were chosen,

and levels of possible hydrocarbon production

for different rates of putting oil mines in operation

were determined.
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Complex development of the Olenekskoe Oil

Field is shown to be feasible with the help of the

thermal mining technique on the basis of neigh

boring coal mines, in-field hydrocarbon process

ing, consumption of oil products by the en

terprises of the Northern Marine Shipping Route,
and consumption by other local users.

####

RESOURCE

DOE REPORT TO CONGRESS ASSESSES

U.S. TAR SAND RESOURCES

The United States Department of Energy (DOE)
was directed by the Energy Policy Act of 1992 to

submit to the House of Representatives and the

Committee on Energy and Natural Resources of

the Senate a study that "shall identify and

evaluate the development potential of sources of

tar sands in the United
States."

pertaining to the extent and nature of the

resource:

- The measured resource is defined as

that part of the bitumen resource that

can be deduced to exist using core and

log analyses.

- The speculative resource is defined as

that part of the resource that is

presumed to exist from reported tar

shows on
drillers'

lithological logs

and/or geological interpretations.

The bitumen accumulations considered in this

report are also divided into major and minor

deposits. Major deposits are those that are

believed to contain more than 100 million barrels

of bitumen-in-place while minor deposits are

those that are believed to contain between 10

and 100 million barrels of bitumen-in-place.

Deposits containing less than 10 million barrels

of bitumen-in-place are not included in the

resource estimation.

The DOE submitted its report in 1994. Some of

the findings are summarized in the following.

The United States Tar Sand Resource Base

For purposes of this report, the following defini

tion of tar sands was used:

- An in situ viscosity greater than

10,000 centipoise at reservoir conditions.

If viscosity data are unavailable, crudes

with a gravity of less than or equal to
10

API are included in the tar sand

resource base.

- If no viscosity or gravity data are avail

able, but the majority of the crude is not

mobile at reservoir conditions, the

deposit is considered a tar sand.

The estimates of United States tar sand

resources in this study are separated into two

categories denoting different degrees of certainty

The total U.S. tar sand resource is estimated at

61.9 billion barrels of bitumen-in-place, and oc

curs in 17 regions in parts of 11 states. Of this

volume, the measured resource amounts to

21.6 billion barrels of bitumen-in-place, and the

speculative resource is estimated at 40.3 billion

barrels of bitumen-in-place. Furthermore, the

major deposits (34 deposits) account for

60.9 billion barrels of bitumen-in-place or

98 percent of the total while just 0.1 billion barrels

of bitumen-in-place, or 2 percent, is contained in

19 minor deposits. Table 1 and Figure 1 provide

a breakdown of the total resource by state and

resource category.

More than 70 percent (45 billion barrels of

bitumen) of the total domestic bitumen resource

is located in the States of Utah, Alaska, and

Alabama. However, all of the 19 billion barrels of

bitumen resource found in Alaska and 4.6 billion

barrels of bitumen resource in Alabama are

speculative and subject to a large degree of un

certainty. Measured resources are concentrated
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TABLE 1

TAR SAND RESOURCES BY STATE AND CATEGORY

(Million Barrels of Bitumen)

Location Measured Speculative Total

Major Deposits (Greater than 100 Million Barrels)

Alabama 1,760 4,500 6,260

Alaska 19,000 19,000

California 1,910 2,560 4,470

Kentucky 1,720 1,690 3,410

New Mexico 130 220 350

S. Oklahoma 800 800

Texas 3,870 910 4,780

Tri-State
Area*

220 2,730 2,950

Utah 11,870 6,830 18,700

Wyoming 120 70 190

Subtotal 21,600 39,310 60,910

Minor Deposits (Between 10 and 100 Million Barrels)
Alabama 100 100

California 210 210

Utah 707 707

Subtotal 1,017 1,017

Total 21,600 40,327 61,927

Includes Kansas, Missouri and Oklahoma

in Utah and Texas, with over 70 percent

(16 billion barrels of bitumen) occurring in these

two states.

There are 13 deposits in the U.S. that have total

resources in-place exceeding 1 billion barrels.

However, deposits with high total resources are

not necessarily good candidates for develop
ment. Data on the bitumen richness of the

deposits indicates that deposits with an average

richness of over 800 barrels per acre-foot occur

in California, Utah, and Texas, and amount to

over 17 billion barrels in 1 1 formations. California

has over 4.3 billion barrels of bitumen resource in

six major deposits (Arroyo Grande, Basal Foxen,

Cat Canyon, Casmalia, Zaca-Sisquoc, and

Oxnard); Utah has over 12.7 billion barrels of

bitumen resource in four deposits (P.R. Spring,

Sunnyside, Circle Cliffs and San Rafael Swell);

Texas has 120 million barrels of bitumen

resource in one deposit (Hensel).

By combining the deposits with reserves exceed

ing 1 billion barrels and the deposits with over

800 barrels per acre-foot, there are five deposits

that meet both criteria. These deposits are:
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FIGURE 1

TAR SAND DEPOSITS OF THE U.S.

(All Values are Billion Barrels of Bitumen)
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- Basal Foxen and Cat Canyon (California)

- P.R. Spring, Sunnyside, and Circle Cliffs

(Utah)

(Table 2 provides a summary of the characteris

tics of these deposits.) Such extensive and rich

deposits, and others like them, are probably the

most attractive for development. However, it

must be kept in mind that recovery operations of

ten must contend with a variety of site-specific

factors, such as low formation permeability or

high bitumen viscosity, that may make a rich

deposit difficult to develop.

Recovery Technologies

Given the nature of U.S. tar sand deposits, only
about 15 percent of the U.S. tar sand resource is

amenable to surface mining recovery techniques.

Consequently, the recovery of bitumen from

most U.S. tar sand prospects will require the ap

plication of in situ extraction techniques, which

are generally more costly than the less tech

nologically sophisticated, more widely applied,

surface mining techniques. Due to the immobility
of the viscous bitumen, in situ recovery of this

resource always means thermal displacement of

the hydrocarbon. The heat generated for this
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TABLE 2

CHARACTERISTICS OF THE RICHEST TAR SAND DEPOSITS IN THE U.S.

Reservoir/Bitumen Properties

Resource In-Place (million bbls)
Avg. Richness (barrels of

bitumen/acre-foot)
Depth (feet)

Viscosity (cp)

Gravity (API)

Recovery Option

Basal Foxen Cat Canyon P.R. Spring Sunnyside Circle Cliffs

1,900 1,100 4,370 6,100 1,730

1,070 1,394 860 953 1,235

400-3,500 2,160-3,500 0-300 0-500 50-400

47,000 15,000 + 400,000-

1.000.000

100,000 ~

9.6 6 9 8 (-7)-2

in-situ in-situ surface surface surface

mining and mining and mining and

in-situ in-situ in-situ

process is provided either by steam or by com

bustion.

According to DOE, adaptations of the steam-

generated thermal in situ processes are likely to

be the focus of future laboratory and field experi

ments in the U.S. Two techniques, the Fracture-

Assisted Steamflood (FAST) process (use of

horizontal fractures to establish and maintain

communication between injector and producer)

and the Steam Assisted Gravity Drainage (SAGD)
process (use of gravity drainage as the primary

bitumen displacement mechanism) appear to be

the most promising.

Most bitumen recovery technologies have been

tested in Canada. Major Canadian and U.S.

deposits share some similar characteristics such

as viscosity, reservoir temperature, average

depth, porosity, and permeability. Technologies

that have been tested successfully in Canadian

oil sands can be expected to perform as well

technically on U.S. tar deposits. However, the

U.S. resource may not generally be sufficiently

rich (on the basis of barrel per acre-foot of

bitumen), or large (in terms of volumes of

resource in place at individual deposits) to en

sure economic production.

Economic Potential

At near-term oil prices ($20 per barrel, in

1985 dollars), DOE estimates that 0.4 billion bar

rels of hydrocarbon from tar sand can be

recovered (Table 3). At higher oil prices ($40 per

barrel), 2.4 billion barrels of hydrocarbon are

economic.

The estimates of tar sand reserves assume that

the recovered bitumen will be directed at a liquid

fuels market requiring a cost of $9.50 per barrel

to upgrade the bitumen to a refinery feedstock,

thus substantially lowering the actual acceptable

wellhead price. If the mined bitumen were

directed at the asphalt market, significantly more

reserves could be economic. For example, for

the asphalt market, 1 .5 and 5.0 billion barrels of

hydrocarbon would be economically recoverable

at $20 and $40 per barrel.

The report concludes that bitumen production

from tar sands may represent a supplemental
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TABLE 3

RECOVERABLE DOMESTIC TAR SAND RESOURCES

Crude Oil Price Surface Mininn Steam Total

($1985/Bbl) Liauid Fuel Asphalt Soak Liquid Fuel Asphalt

20 __ 1.1 0.4 0.4 1.5

30 0.9 2.0 0.6 1.5 2.6

40 1.6 4.2 0.8 2.4 5.0

Total (Technically
Recoverable Target) 4.9 4.9 1.0 5.9 5.9

domestic supply of liquid fuels in the future.

However, bitumen recovery from tar sands will

likely not be an economic option in the United

States in the near term, because: (1) current oil

prices cannot support and justify any develop
ment and production activities by the domestic

industry; and (2) the size of bitumen resource in

the U.S. is substantially less than that in Canada,

where most of the existing, successful commer

cial extraction of bitumen occurs. There could

be some potential for coproduction of hydrocar

bons and metals, but the economics of such

operations remains speculative.

####
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PROJECT ACTIVITIES

GREAT PLAINS WILL MAKE STRATEGIC

MOVE TO ANHYDROUS AMMONIA

PRODUCTION

With natural gas prices declining and fertilizer

prices rising, Dakota Gasification Company
(DGC) is making a strategic move for its future.

That future will see less reliance on the produc

tion of synthetic natural gas from lignite at the

Great Plains Synfuels Plant near Beulah, North

Dakota. DGC is moving ahead with a project to

increase anhydrous ammonia production from

27,000 tons per year to 350,000 tons at the syn

fuels plant. Final action came at the DGC board

meeting in mid-March with approval to purchase

an anhydrous ammonia plant in Iowa that had

been shut down. Morrison Knudsen Corporation

was awarded a contract for dismantling and

relocation of a 1,000-ton per day plant from Ft.

Madison, Iowa, to Great Plains. Work began in

March to dismantle and transport units of the

plant. The civil and structural work will take place

this summer and fall. Erection at the new site will

begin in January 1996 and be completed in time

for full production in the fall of 1996.

The increased production of ammonia will result

from the conversion of about 15 percent of the

synthesis gas to ammonia instead of to synthetic

natural gas.

Ammonia has a higher value than natural gas and

the United States market depends heavily on im

ported anhydrous ammonia.

Meanwhile, DGC also is investigating the produc

tion of another product-methanol- that would

also use synthesis gas. The methanol plant

would use M.W. Kellogg technology.

This is a second look at methanol. Five years

ago, plans to build a liquid-phase methanol

demonstration facility at the synfuels plant did

not work out. That project was part of the United

States Department of Energy's Clean Coal Tech

nology Program, intended to produce 500 tons of

methanol daily while using 10 percent of the syn

thesis gas.

DGC will focus on providing anhydrous ammonia

to the Great Plains region, including North

Dakota, South Dakota, Minnesota, Montana and

Manitoba, Canada.

Total cost of the ammonia project is $80 million.

Flue Gas Desulfurization System

In the meantime, construction is proceeding on

the $85 million environmental improvement

program at Great Plains.

The North Dakota State Department of Health in

1993 gave approval for DGC to use ammonia in a

new Flue Gas Desulfurization (FGD) system. The

new permit calls for coal lock vent scrubbers to

be installed and operational by March 1995, and

an FGD scrubbing system to be running by
March 1997.

A new permit was necessary because the plant

was never able to comply with the emissions stan

dards established in the original Health Depart

ment Permit to Construct.

The FGD system will remove at least 93 percent

of the sulfur dioxide from the plant's main stack

flue gases. DGC contracted with General Electric

Environmental Systems, Inc. for the FGD system,

the first of its kind in the world. The unique unit

will use anhydrous ammonia as the reagent,

producing a pure, granulated ammonium sulfate

fertilizer.

The system will use 120 tons of anhydrous am

monia per day, to produce about 170,000 tons of

the ammonium sulfate crystals annually.

Window of Opportunity Narrowing for

Great Plains

Last year's contract settlements with the pipeline

companies were to have given DGC time to posi

tion itself for the future. DGC faced the prospect

of its natural gas price being based on the

THE SYNTHETIC FUELS REPORT, APRIL 1995

4-1



COAL

market very soon. With the settlements an

nounced last spring, it looked like DGC would

have 7 years of breakeven or positive cash flow

operations before gas revenues had to rely upon

market prices.

However, since the settlements were announced,

DGC's window of opportunity has been getting

smaller for two reasons. Natural gas prices have

dropped dramatically from a year ago. Most

market analysts say the low prices will probably

be around for at least another 2 to 3 years.

Secondly, DGC was looking forward to approval

by the Federal Energy Regulatory Commission

(FERC) of the settlements starting last August.

This has not happened, and it now looks like this

will be a long process, possibly extending into

1997.

What that means is the pipelines have to pay

DGC a high price-well above market-while a

final FERC order is pending. Paying DGC more

than the market price until the settlement is ap

proved means that the monthly $6 million

demand payments for DGC contained in the

settlements will be reduced in the future. Con

sidering the current market price, the demand

payments could be down to zero in 3 to 4 years.

DGC not only has less time than expected to im

prove operations, but there also is less time for

the gas market to recover.

####

EASTMAN WILL DEMONSTRATE

LIQUID-PHASE METHANOL PROCESS AT

GASIFICATION COMPLEX

With funding from the Clean Coal Technology

Program, a joint venture between Air Products

and Chemicals and Eastman Chemical will

demonstrate the Liquid-Phase Methanol

(LPMEOH) process at Eastman's facility in

Kingsport, Tennessee. The project was

described by Eastman's S. Cook at the American

Chemical Society National Meeting held in

Anaheim, California April 2-7.

At Kingsport, coal is gasified and the resulting

synthesis gas purified to a high degree. This gas,

which consists chiefly of carbon monoxide and

hydrogen, is used to feed the chemical plants.

Methanol is produced in one plant by the Lurgi

low-pressure gas-phase process. The methanol

is combined with returned acetic acid to produce

methyl acetate. Acetic anhydride is produced by
the reaction of this methyl acetate with carbon

monoxide.

The syngas is produced by two high-pressure

gasifiers. High-sulfur coal is ground and fed to

these gasifiers as a water slurry with pure

oxygen. The hot gas is scrubbed with water to

reduce the temperature and remove ash. A por

tion of the crude syngas is routed to a water-gas

shift reactor to enrich the stream in hydrogen so

that the stoichiometry required for methanol syn

thesis can be attained. Hydrogen sulfide is then

scrubbed from the gas streams and converted to

elemental sulfur. After final purification in a

cryogenic "cold
box"

the syngas is pure enough

to serve as feed to the methanol and acetic

anhydride processes.

Cook notes that in a methanol plant, the reaction

between carbon monoxide, carbon dioxide, and

hydrogen is exothermic and, because of the

fixed-bed reactor design, heat control and

removal is of prime concern. If too much carbon

dioxide or carbon monoxide is present, the reac

tor can overheat and damage the catalyst.

Catalyst sensitivity to overheating is a chief

reason that a more forgiving reaction system has

been sought for syngas-based methanol produc

tion.

The basic characteristics of a liquid-phase reac

tor allow it to be cooled internally. By removing

this heat with an internal heat exchanger, steam

can be cogenerated and employed for various

process uses. In the liquid-phase reactor, an in

ert oil is used to slurry the methanol catalyst and

to carry away the heat of reaction. Because of

the efficient heat removal offered by the oil com

ponent, isothermal operation is possible, and per

pass conversion is not as limited as in a gas-

phase reactor. While the latter reactor must rely
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upon dilution with recycle gas to control the reac

tion and carry away the heat, the inert oil in the

liquid-phase reactor serves as a heat sink,

thereby protecting the active sites of the catalyst

from overheating. Added benefits resulting from

this configuration are that the H2/CO/C02
stoichiometry need not be controlled as closely.

The net result of this last feature is that the ex

pense and added complexity of a shift reactor

can be eliminated because, in most cases, syn

gas can be used directly.

The gasification complex in Kingsport provides

an ideal source of synthesis gas to test this

process, says Cook. In addition to providing

methanol for the carbonylation process, the

demonstration unit will be tested under a large

variety of operating conditions. This is possible

because smooth operation of the integrated

plants will not be completely dependent on the

output of the liquid-phase methanol plant. It will

therefore, be possible to ramp the output up and

down, coproduce dimethyl ether (DME), and

produce fuel-grade methanol for testing in on-

and off-site applications, such as powerplant

boilers, buses, and vans.

To illustrate how the new methanol process will

affect the overall configuration of the coal gas

facility, two schematic diagrams of the entire

complex are provided. The conventional,
gas-

phase methanol process is included in Figure 1,

while changes resulting from incorporation of the

liquid-phase process are summarized in Figure 2.

One final benefit of the LPMEOH process is that

catalyst replacement is less complex and can be

done on an on-going basis. Even though the

catalyst in a gas-phase methanol reactor can typi

cally operate for about two years before replace

ment is needed, the actual mechanics of replace

ment are a challenge. The catalyst itself is dif

ficult to handle in the large quantities involved,

and the reactor must be shut down, isolated and

FIGURE 1
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FIGURE 2

COAL-GASIFICATION/ACETIC ANHYDRIDE PLANT

WITH LIQUID-PHASE METHANOL
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opened up to carry out the task. This can result

in significant downtime.

####

SASOL ENTERS MIBK BUSINESS

Sasol Chemical Industries is entering the methyl

isobutyl ketone (MIBK) market as part of an ongo

ing program to expand its manufacturing opera

tions and diversify its product output.

The company is building a R37 million

($10.4 million) MIBK plant at Sasolburg, South

Africa, as part of a R820 million overall expan

sion. Basic engineering for the MIBK facility
began last June, and the facility should start up

by next January.

Sastech will manage the plant, which will have an

annual MIBK capacity of 15,000 tons. It will ex

port 80 percent of its production to Europe, the

Far East and the Americas.

Sasol exports about 80,000 tons of acetone a

year, and is thus vulnerable to worldwide fluctua

tions in the price of the commodity chemical. It

says the MIBK project will diversify its solvent

product line and strengthen the netbacks it gets

on acetone, the raw material used in MIBK

production.

Addition of MIBK will make Sasol a producer of

all three commercially traded aliphatic ketones,

acetone, MIBK and methyl ethyl ketone.

Sasol will be using a novel one-step German

process to make MIBK.

MIBK is a solvent used in inorganic compounds

in aqueous solutions, mineral oils, dewaxing
operations and paint formulations. It also can be

used as a feedstock for dyes, plastics, rubbers,
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pharmaceuticals, cosmetics, herbicides and an

tioxidants.

####

KENNECOTT SLOWS DOWN PURON

PROJECT

Kennecott Energy and Puron Corporation had

proposed a $400 million coal upgrading plant at

Kennecott's Cordero Mine near Gillette, Wyom

ing. Kennecott had also been considering a

similar facility at its Spring Creek Mine in Mon

tana.

In January Kennecott announced that it had

bought out Puron's interest in the partnership.

On February 1, the Wyoming Industrial Siting
Council (ISC) voted unanimously to grant the

project "fast
track"

status for its siting permit re

quest.

The proposed plant is designed to treat 12 million

tons per year of Wyoming coal to greatly reduce

its high water content, increase its BTU rating,

reduce sulfur content and significantly reduce

transportation costs with an eye to expanded

markets among distant utilities. The product

would be 6 million tons per year of high-energy
briquettes.

The permit was granted amid unanimous expres

sions of support from all parties to the permit

hearing, including local governments and the

school district. If the project goes into construc

tion, the ISC permit sets up a mechanism for dis

tribution of an estimated $3.5 million in direct Im

pact Assistant Payments to local governments

judged likely to be affected by the project.

With a "fast
track"

permit, Kennecott could begin

construction of the coal processing plant in the

spring of 1995 and
finish in the fall of 1996.

The state Environmental Quality Commission al

ready approved a 1 -square-mile pollution exclu

sion zone around the proposed plant site. If the

zone is approved by the United States Environ

mental Protection Agency (EPA), pollution from

the plant would not cause the EPA to impose

tougher air quality rules on the rest of the Powder

River Basin.

In March, however, Kennecott said it was slowing

down the project. Kennecott has been hurrying
in order to qualify for federal alternative fuel tax

credits, which are due to expire the end of the

year. The upgrading plant would have to be com

pleted by the end of 1996 to qualify for the tax

credit. But Kennecott says it is now uncertain

whether the Internal Revenue Service will rule in

time on whether the proposed product meets the

Section 29 criteria. Kennecott had hoped for the

ruling by the end of 1994.

The company had been counting on the tax

credit to offset additional costs generated by the

"fast
track"

process.

####

BRITISH COAL'S POINT OF AYR

LIQUEFACTION PLANT TO FINISH FINAL RUN

IN MAY

The tenth and final planned test run at British

Coal's 2.5-tonne-of-coal-per-day liquid solvent

extraction pilot plant near Point of Ayr in North

Wales is under way. The run, scheduled for

3,000 hours of operation, is due to be completed

in May. After that, unless a buyer emerges, the

plant is scheduled to be decommissioned and

torn down.

Earlier this year, the European Commission

agreed to provide a final increment of $1 .9 million

in funding to pay for remaining operations and

the development of a cost estimate for building a

300-tonne per day follow-on demonstration plant.

Total cost of the pilot plant project has been

about $70 million.

####
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GOVERNMENT

NEW COAL RESEARCH CENTER

ESTABLISHED IN AUSTRALIA

and the CRC for New Technologies for Power

Generation from Low-Rank Coal).

####

The Australian Government announced funding
in December for a new Co-operative Research

Centre (CRC) for Black Coal Utilization.

The government has made funds available for a

series of centers, which bring together the

research activities of industry, universities and

national laboratories on issues of national impor

tance.

Expenditure of approximately A$40 million on

black coal utilization is anticipated over the first

7 years. Industry will provide half, the Australian

Government $12 million and universities and

CSIRO the remainder.

The mission of the CRC is: to become a focus

for research in black coal utilization and for tech

nology transfer to the coal, power and metallurgi

cal industries. This will maximize the value and

environmental performance of Australian black

coal resources in overseas and domestic applica

tions.

The research is focused in five areas:

- Advanced characterization of coal

Behavior of inorganic material in coal

Behavior of organic matter

Environmental issues

Technology modeling,

transfer

evaluation and

These activities will be coordinated with current

Australian research on advanced power genera

tion, emissions control, and coal use in metal

lurgy, including the efforts of two other CRCs (the

Centre of Mining Technology and Equipment,

NRC SUGGESTS THAT DOE COAL PROGRAM

IS NOT CONFORMING WITH EPACT

The National Research Council (NRC) has issued

a new report, Coal: Energy for the Future,

prepared by an NRC Committee on the Strategic

Assessment of the U.S. Department of Energy's

Coal Program. The principal objectives of the

study were to assess the current Department of

Energy (DOE) coal program vis-a-vis the provi

sions of the Energy Policy Act of 1992 (EPACT),

and to recommend the emphasis and priorities

that DOE should consider in updating its

strategic plan for coal. The committee generated

strategic planning scenarios for the period to

2040.

It was assumed that coal would not be resource

limited during this period. Supplies of domestic

natural gas were taken to be adequate for current

uses, although prices will likely increase. Im

ported oil was also assumed to be available at a

price that is likely to be more uncertain, and will

probably increase faster than that of coal.

For the near-term-over the next 10 years- NRC

assumed that scenarios for coal use will remain

similar to those of today. Power generation will

continue to be the principal United States use of

coal, although the need for new baseload power

generation facilities will be low. The mid-term

(2006-2020) will likely be a transition period.

Power generation will remain the largest coal

use, with substantial demand for new generating

capacity. Interest in production of synthetic fuels

from coal will also likely increase significantly in

response to rising international oil prices. In the

long-term (2021-2040), the balance of coal uses

may well shift, with liquids and other clean fuels

from coal becoming increasingly important com

pared to power generation. The emphasis on

power generation will continue to be significant,
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but the need to minimize carbon dioxide and

other emissions will impose severe demands on

efficiency and emission control systems, result

ing in increased interest in other energy sources.

Trends in Coal Research and Development

(R&D)

Over the years, R&D has been conducted in the

United States on all stages of the coal fuel cycle,

from mining to end use, in both private and

public sectors. Coal R&D has also been under

taken overseas and has been pursued coopera

tively between the U.S. and other countries. The

pace of domestic R&D has been uneven, depend

ing on economic circumstances, perceived U.S.

vulnerability to energy interruptions, and the

reality of such energy problems as the 1973 Or

ganization of Petroleum Exporting Countries oil

embargo.

Trends in federal funding for coal-related

research and development since DOE's incep
tion are illustrated in Figure 1. The 1973 oil em

bargo and subsequent energy supply uncer

tainties of the 1970s led to a greater federal role

in energy technology development, with in

creased effort directed at more secure energy

supplies, as through greater reliance on plentiful

domestic coal. Efforts were focused especially

on developing more efficient, cost-effective, and

environmentally acceptable coal technologies.

The 1980 Energy Security Act established the

Synthetic Fuels Corporation to develop the

domestic non-conventional energy resources,

such as liquid fuels from coal and oil shale. This

increased federal interest was reflected in the

rapid growth of the coal R&D budget in the late

1970s, as Figure 1 shows.

The intense interest in and funding of federal

energy R&D during the 1970s was replaced by

the Reagan Administration with an emphasis on

decontrolling energy markets, relying more on

the free market and the private sector. There

were significant reductions in federally spon

sored fossil energy R&D, cancellations of syn

thetic fuels demonstration plants, and the even-

FIGURE 1
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tual phase-out of the Synthetic Fuels Corpora

tion.

The EPACT directs the DOE to establish

programs for developing environmentally accept

able coal-based technologies for a broad range

of applications, notably electric power generation

and the manufacture of liquid and gaseous fuels

and non-fuel products, such as carbons and

coal-derived chemicals. A number of the coal-

related provisions of EPACT emphasize the need

to ensure the availability of technologies for com

mercial use by 2010, reflecting both anticipated

requirements for coal-based power generation

and a desire to capitalize on earlier federal R&D

investment.

The NRC committee was asked to recommend,

in broad strategic terms, the emphasis and

priorities that DOE ought to consider in updating

its coal program and responding to EPACT.
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Major Recommendations

The committee recommends that the planning
horizon for DOE coal programs should extend

beyond the agency's current planning horizon of

2010 to the three time periods mentioned: near-

term (1995-2005), mid-term (2006-2020), and

long-term (2021-2040).

The committee recommends that within the DOE

coal program there be an increasing emphasis

on the production of clean fuels and other

carbon-based products over time.

Significant reductions have occurred in funding
for coal liquefaction and other advanced

research areas. In the opinion of the committee,

the DOE budget reductions for advanced

research are not commensurate with the increas

ing needs for lower cost, more efficient, and

more environmentally acceptable use of coal

through the next 50 years and beyond. The

decline in DOE activities is all the more serious,

given the decreasing private sector investment in

long-range research on coal-related tech

nologies.

The committee recommends that increased

resources should be devoted to advanced

research activities to support DOE's strategic ob

jectives for coal, with emphasis on needs iden

tified for mid- and long-term improvements in ef

ficiency, emissions reduction, and cost for both

power generation and fuels production.

The committee recommends that second- and

third-generation gasification-based systems

should be given the highest priority for new

powerplant applications. Work on all the ad

vanced systems should focus on acquiring the

cost, emissions control and efficiency informa

tion needed to select the most promising sys

tems for further development. The limitations of

critical components, such as heat exchangers,

turbines, and fuel cells, and the timing and proba

bility of technological success should be taken

into account.

The committee recommends that a critical as

sessment of hot-gas cleanup systems for ad

vanced IGCC and PFBC should be undertaken

immediately to determine the likely costs and the

ability to meet, within the next 3 to 5 years, all re

quirements for future high temperature (2,300F)
turbine operation and environmental accept

ability.

The committee also recommends that DOE sup

port of the current Clean Coal Technology (CCT)
Program should be continued, and the ongoing

program completed. The coal R&D program

should continue to cofund demonstrations of

selected advanced clean coal technologies

beyond those currently being demonstrated by
the CCT Program.

The committee recommends that an expanded

DOE role should be established to ensure the

timely availability of the most efficient and

economic gasification systems for future uses of

coal in power generation and the production of

clean gases and liquids. Specifically, the com

mittee recommends that DOE's program for coal

liquefaction technologies should be continued at

least at the fiscal year 1994 level, with the goals

of decreasing the cost of coal liquids and increas

ing overall efficiency.

The committee also says that an assessment of

strategies for coproduction of premium liquid

fuels with gasification-based power should be an

important component in planning a program for

the introduction of liquid fuels from coal.

In general, the committee recommends an ex

panded and more prominent role for systems

analysis in development of R&D strategies within

DOE's coal program.

####
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STATUS OF CLEAN COAL TECHNOLOGY

PROJECTS UPDATED

Some project updates from the United States

Department of Energy's (DOE) Clean Coal Today
follow.

Rosebud SynCoal Partnership. Advanced

Coal Conversion Process Demonstration

(Colstrip, Montana). Shipments of
"SynCoal"

product to utility and industrial customers for han

dling tests and test burns continue. Since opera

tions began, the plant has processed more than

580,000 tons of raw coal.

Air Products and Chemicals, Inc. Liquid

Phase Methanol Process (Kingsport,
Tennessee). DOE's draft environmental review

document was issued for public review. Design

of the liquid phase methanol process demonstra

tion is under way. Construction is expected to

begin in summer 1995.

Alaska Industrial Development Authority.

Healy Clean Coal Project (Healy, Alaska).

Design, engineering, fabrication and permitting

efforts are proceeding. The "General Construc
tion"

contract was awarded in December 1994.

Construction is expected to begin in spring 1995.

ENCOAL Corporation. Mild Gasification

Project (Gillette, Wyoming). The project's

operating phase has been extended to

September 1996. Approximately 5,600 hours of

operation on coal have been logged to date.

Some 33,300 barrels of liquid product and

30,400 tons of solid product (in blends ranging

from 15 to 92 percent) have been shipped to in

dustrial and utility customers, respectively, and

successfully burned. A 2-month maintenance

shutdown was completed in mid-February, and

the plant is back in operation.

Tampa Electric. Integrated Gasification Com

bined Cycle Project (Lakeland, Florida). A

groundbreaking ceremony was held on

November 2, 1994, and site preparation activities

are currently under way. Approximately

10 million cubic yards of earth (of an eventual to

tal of 12 million) have been moved. Gasification

and power block foundations have been poured.

Engineering is approximately 90 percent com

plete.

TAMCO Power Partners. Toms Creek IGCC

Demonstration Project (Coeburn, Virginia).

Project definition and preliminary design ac

tivities are under way. A power purchase agree

ment is being sought.

ThermoChem, Inc. Demonstration of Pulse

Combustion in an Application for Steam

Gasification of Coal (Gillette, Wyoming). An

alternative site for the demonstration project has

been proposed.

Sierra Pacific Power. Pinon Pine IGCC Project

(Reno, Nevada). The Final Environmental Im

pact Statement was released for public comment

in September 1994. A favorable Record of Deci

sion was issued by DOE in November 1994. By
December 1994, all permits required for plant

construction had been obtained, including is

suance of the state's Utility Environmental Protec

tion Act approval by the Public Service Commis

sion of Nevada. In January 1995, DOE approved

Sierra Pacific's request to move into the construc

tion phase of the project.

Wabash River Joint Venture. Wabash River

Coal Gasification Repowering Project (West

Terre Haute, Indiana). Plant construction con

tinues and is approximately 80 to 85 percent com

plete. Startup activities are scheduled to begin in

June 1995.

Clean Energy Partners L.P. Clean Energy
Demonstration Project. The Cooperative Agree

ment for this IGCC demonstration was signed by
DOE on December 2, 1994.

####
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ECONOMICS

ELECTRICITY FROM IGCC FOUND

COMPETITIVE AFTER 2000

The marketplace perception of Integrated

Gasification Combined Cycle (IGCC) technology
has grown to technical acceptance during the

1990s as many projects have been launched with

commercial guarantees. However, more than

half of these projects have required financial as

sistance to provide necessary economics in
first-

of-a-kind installations. This has led to a percep

tion that IGCC plants are not yet economical.

Therefore a study was made to collect and

analyze the available data for a Cost of Electricity

(COE) analysis on an industry-wide basis.

Results of the study were presented to the

13th EPRI Conference on Gasification Power

Plants in San Francisco, California last fall by
D. Todd and J. Joiner. A comparison with con

ventional coal plant technology (PCFGD) costs

established the following conclusions:

1990s IGCC

- Plant costs are higher

- COE costs are similar

- Credits for IGCC features can produce

lower capital costs and COE

2000s IGCC

- Plant costs are not higher

- COE costs are lowerwithout credits

A group of industry representatives from various

gasification suppliers, engineering-procurement

contractors and air separation companies

provided advice to the team of General Electric,

Fluor/Daniel, Destec and Air Products that per

formed this study.

Because IGCC technology has some advantages

in configuration versatility, operating flexibility

and environmental credits which do not show up

in a generalized study, a sensitivity check was

made using conservative values for credits as fol

lows:

- Repowering
- Byproduct utilization

- Use of lower cost coal

- Higher dispatch level

- Advanced turbines

Non-confidential cost estimates for IGCC

powerplants are available from a broad range of

published studies and for a limited selection of

projects in various stages of engineering and con

struction. The projects shown in Figure 1 are all

recent, dating from the late 1980s through the

early 1990s.

Cost of Electricity

Advanced IGCCs for post-2000 operation will util

ize the next generation Advanced Turbine Sys

tems (ATS) proposed by the United States

Department of Energy (DOE). These units are

proposed by various manufacturers with sig

nificantly improved efficiencies. For purposes of

the study, efficiency equivalent to a 58 percent

low heating value natural gas combined cycle

was used.

Cost of electricity calculations (Table 1,

page 4-12 and Figure 2, page 4-13) show that,

while IGCC /lant costs are currently higher, the

efficiency gains available with current technology
make up the difference to produce a similar cost

of electricity when considering a standard ap
plication. The sensitivity for various credits can

make a significant improvement in COE when

taken in aggregate. In addition, the post-2000

ATS IGCC systems show continued progress in

reducing cost of electricity.

Repowering credit is simply the result of the input
of lower plant cost and higher fuel per unit con

sumption. Byproduct credit assumes the sale of

sulfur only and depends on the coal sulfur con

tent as well as the local market. It does not in-
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FIGURE 1

RECENT IGCC PLANT COSTS

($/kW Overnight Construction Cost)
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Construction Costs:

Does Not Include IDC and Owners Costs

elude the differential for sale of slag versus dis

posal of solids which may become an even more

important factor.

Lower coal costs refer to the fact that the lead

IGCC projects in the United States will utilize coal

that costs 10 to 25 percent less than that used in

conventional plants. The study shows the effect

of a 10 percent lower coal cost on COE.

The 90 percent capacity factor case is a calcula

tion of the worth of a 5 percent differential dis

patch rate on the IGCC cost of electricity.

Conclusions

Todd and Joiner conclude that:

- Current IGCC plants cost more than con

ventional coal plants. Efficiency makes

up fori this extra cost over time to provide

an equal cost of electricity.

Applications for repowering, potential for

lower fuel cost or where environmental

constraints exist can push IGCC to the

most economical choice today by as

much as 15 percent in aggregate.

Future IGCC plants (post-2000) are likely
to use advanced gas turbine technology
which can carry an additional 7 to

8 percent COE advantage.

####

TECHNOLOGY

OPTIMIZED GASIFICATION COMBINED

CYCLE PROPOSED

In a paper presented at the Electric Power

Research Institute's 13th Conference on Gasifica-
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TABLE 1

COST-OF-ELECTRICITY TABLE-ADVANCED TECHNOLOGY

(Levelized $/MWH)

IGCC-Adv.

10% Low Coal

IGCC-Adv. IGCC-Adv. IGCC-Adv. Byproduct

IGCC IGCC-Adv. 10% Lower Byproduct Higher Credits

Advanced Repower Coal Price Credits Dispatch Repower

85% C.F. 85% C.F. 85% C.F. 85% C.F. 90% C.F. 90% C.F.

Fuel 12.23 12.60 11.12 12.23 12.23 11.46

O&M 7.96 7.96 7.96 5.88 7.71 5.63

Capital 30.58 28.50 30.58 30.58 28.88 26.91

Total 50.77 49.06 49.66 48.69 48.82 44.00

Delta Base -1.71 -1.11 -2.08 -1.95 -6.77

Notes:

Installation Year - 2000

20 Year Evaluation

Capital Cost Includes IDC and Owners Costs

C.F. = Capacity factor

tion Powerplants, held in San Francisco, Califor

nia last fall, M. van der Burgt and C. van Liere

proposed that by combining proven features and

equipment from presently available IGCC

processes it is possible to build a more efficient

electric powerplant with a lower capital cost per

kilowatt. The proposed plant is also less com

plex than the systems offered by most IGCC

process developers. They say it is possible to

build an IGCC powerplant with an efficiency of

50 percent (low heating value basis) at an es

timated capital cost of about US$1,300 per

kilowatt.

It was stated by van der Burgt and van Liere that

most of the proposals they made are not really

new. What is new, though, is the attempt to ob

tain a competitive IGCC by combining the best

features of various commercial processes. The

paper describes IGCC plants in which the expen

sive and complicated parts such as syngas

coolers and dry feed systems are eliminated.

Because IGCC plants have a poor partial load

performance, new concepts for energy storage

during low demand are proposed. The thus

"newly
designed"

IGCC is called the OGCC

(Optimized Gasification Combined Cycle).

Wet Versus Dry Coal Feeding

Dry coal feed systems have an efficiency ad

vantage in IGCC plants. However, there is no

doubt that pressurizing a coal slurry is greatly

preferable to lockhoppering of dry coal. Slurry
feeding is much simpler, relatively inexpensive

and does not suffer from a parasitic nitrogen con

sumption in lockhoppers.

4-12
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FIGURE 2

IGCC COST OF ELECTRICITY COMPARISON
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Gas Quenching

Quenching of the hot gas leaving a slagging

gasifier is required because the solid slag par

ticles which are entrained with the gas have to be

solidified before contacting relatively cool sur

faces in order to avoid sticking and hence fouling
of such surfaces. The authors propose a new

approach consisting of a two-stage coal gasifier

in which a wet coal feed is used as a quench

medium. Thus one gets all the advantages of a

dry coal feed to the gasifier and of a water

quench, where only a low cost syngas cooler is

required. In some cases the syngas cooler can

be eliminated entirely. The principle is illustrated

in Figure 1 , with both a nitrogen quench from the

Air Separation Unit (ASU) and a slurry quench.

No syngas cooler is needed. No coal drier is re

quired, although there is dry coal going to the

gasifier.

The proposed combination of coal water slurry

quenching, resulting in a dry coal feed to the

gasifier proper, and hot gas treating or only hot

gas filtering and flue gas treating make it so the

evaporated slurry water is not condensed.

Hence this configuration has many of the ad

vantages of an ISTIG plant. Preliminary calcula
tions indicate that the cost of such a plant may
be as low as US$1 ,300 per kilowatt.
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FIGURE 1

GASIFIER WITH WET COAL FEED AS QUENCH MEDIUM
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####

UPGRADED LOW-RANK COAL PROMOTED

FOR SLURRY FUEL

The production and utilization of Coal-Water Fuel

(CWF) is now a mature technology, with commer

cial use of CWF as a boiler fuel in Japan, China,

Italy, and Russia. However, development of CWF

technology has to-date been predicated on the

use of high-rank bituminous coal, and until now

the high inherent moisture content of low-rank

coal has precluded its use for CWF production.

Despite representing more than half of the

world's coal resources, and possessing excellent

combustion characteristics, low-rank coal has so

far been mostly ignored by CWF developers.

This omission is now being corrected by the initia

tion of a Low-Rank Coal-Water Fuel (LRCWF)
demonstration program in Alaska. The unique

feature of the Alaskan project is the integration of

Hot-Water Drying (HWD) into CWF technology as

a beneficiation process.

A paper prepared by W. Irwin and W. Willson for

the IEA-CLM Workshop on Coal Water Mixture,
held in Tsukuba City, Japan last fall, points out

the advantages of using low-rank coal. They say
that for the conversion of oil-fired units to CWF,
with the correct selection of feedstock a CWF

can be formulated that requires no auxiliary fuel,
has carbon utilization of over 99 percent, and

derating is only a fraction of that calculated from

available mathematical models. The evidence

suggests that because of the high reactivity and

small ash size, CWF produced from low-rank

coal can be used in existing oil-fired utility boilers

with little derating.
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Historical Perspective

During the early 1960s CWF combustion technol

ogy had been successfully demonstrated on a

commercial scale in coal-designed boilers in

several countries. Most of these demonstrations

were based on moderately loaded (60/40) coal-

water mixtures that did not require viscosity

breakers, or stabilizers.

However, developments in CWF technology
since 1973 have been predicated on highly
loaded (70/30) CWF. Without supporting

evidence of its cost superiority over moderately

loaded CWF, proprietary highly loaded CWFs

have become the defacto standard. The reason

for this may not be economic superiority, say Ir

win and Willson, but rather the desire for a

unique product identity, a major goal of most

CWF developers.

Initial development of CWF manufacturing

processes was centered exclusively around
high-

rank bituminous coals, essentially because their

good slurryability properties yielded high con

centrations. To ensure the latter, surfactant

chemistry became the basis for fuel formulation,

often to the exclusion of utilization considera

tions. Subsequent development of advanced

combustion technologies, say the authors, has

demonstrated the need to change the basis for

selecting feedstock coals.

In the past 10 years, the use of CWF has been

demonstrated in both pulverized coal and oil

designed boilers, as well as in the new genera

tion of pressurized fluidized-bed combustion and

IGCC (Integrated Gasification Combined Cycle)
plants.

The high moisture content of subbituminous and

other hydrophilic low-rank coal has until now

been a major constraint to its use as CWF

feedstock. Despite having excellent combustion

characteristics, and generally low sulfur contents,

these highly reactive coals have been largely ig
nored by CWF developers, even though they rep

resent more than half of the world's coal

reserves. However, the recent development of

an upgrading process (HWD) now allows the

range of CWF feedstock to be extended to in

clude these cheaper, and more abundant,
low-

rank coals. Results from extensive testing of a

wide range of low-rank coals show that the

viability of CWF is not dependent upon achieving

solids concentrations of 70 percent and above.

While 70 percent has become the norm for

bituminous CWF, low-rank CWF with concentra

tions around 60 percent, do not require the use

of costly chemical additives. Although the heat

ing value of LRCWF is often lower than its

bituminous CWF counterpart, unlike bituminous

CWF, it is nonagglomerating and thermally fri

able, thus its combustion characteristics promote

faster ignition and result in rapid and almost total

carbon burn-out (+99 percent). These features

allow higher flow rates to be achieved, make for

simpler burner design, and avoid operational

problems.

This combination offers the promise that low-rank

CWF will have both technical and economic supe

riority over its bituminous CWF counterpart.

The "Alaskan Low-Rank Coal-Water Fuel

Demonstration
Project"

is expected to be the

world's first commercial demonstration of the

production of low-rank CWF, and its utilization for

on-line generation of electricity. The CWF

feedstock will be drawn from Alaska's vast coal

resources which, at an estimated 5.5 trillion tons,

are probably the world's largest remaining un

tapped coal reserves. These feedstocks will in

clude subbituminous coal from the Beluga coal

field which lies close to tidewater. It is predicted

that on completion, the project will confirm the

economic superiority of subbituminous over

bituminous coal when used as CWF feedstock.

Irwin and Willson say that CWF offers a more in

tegrated and environmentally sound approach to

the cleaning, handling, and end-use of coal at

powerplants.

####
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ALCOHOL/COAL/WATER MIXTURES WOULD

ALLOW PIPELINE OPERATION IN COLD

CUMATES

At the IEA-CLM Workshop on Coal-Water Mix

tures (CWM) held in Tsukuba City, Japan last Oc

tober, a paper by E. Gorlov et al. of the Russian

Institute of Fossil Fuels reviewed the concept of

adding synthesis gas-based alcohols to CWMs.

The most prospective raw material for producing

CWM in Russia is the cheap brown coals of the

Kansk-Achinsk basin. However, unlike black

coal-based CWM with 60 to 75 percent coal con

centration, the CWM made from brown coal is of

low-calorific value due to the 30 to 40 percent

water content. Besides, CWM in Northern Russia

is limited because CWM is prone to gelation at

low temperatures.

To solve the problem, say Gorlov et al., it is

necessary to substitute a part of the water with a

component of a high calorific value and low freez

ing point. Aliphatic alcohols meet these require

ments.

However, addition of alcohol into CWMs compli

cates the technology because alcohols are of

lower density than water, so that special methods

to stabilize coal in an alcohol/water disperse

medium are required. As dispersing agents, high

fatty acids, soaps, high alcohols or esters on

their base can be used. In addition, a hydrocar

bon fraction such as kerosene is recommended

to be added. The combination of all these fac

tors allows the preparation of a CWM with a freez

ing point as low as -40C.

Data from the combustion of such

alcohol/coal/water mixtures indicated that, un

like conventional CWM, the fuel under considera

tion increases flame stability, enhances carbon

conversion, and decreases heat losses con

nected with moisture evaporation. As a conse

quence, boiler efficiency is increased from 75 to

82 percent, and the carbon conversion increases

from 95 to 98 percent.

The technology under development is based on

the usage of the whole technical mixture

(including the reaction water) resulted from al

cohol synthesis, without being purified. Alcohol

synthesis can be based on synthesis gas, ob

tained from coal fines gasification.

####

INTERNATIONAL

TEXACO SIGNS AGREEMENT FOR NINE

MORE GASIFICATION PLANTS IN CHINA

Texaco announced in February that its coal

gasification technology has been selected by
China's Ministry of Chemical Industry (MCI) and

China Petro-Chemical Corporation (Sinopec) to

retrofit nine existing fertilizer plants as part of that

country's plan to increase domestic fertilizer

production. The announcement was made in

Beijing during a signing ceremony with United

States Department of Energy Secretary
H. O'Leary.

The nine plants include six MCI and three

Sinopec facilities that will utilize the Texaco

Gasification Process. The Texaco process will

convert coal into synthesis gas that will be used

to produce more than 3 million tons per year of

chemical fertilizer.

The application of Texaco's technology in China

provides multiple environmental benefits and

more efficient utilization of that country's energy

resources. Texaco now has licensed more than

20 gasification facilities in China. (See Figure 1

and Table 1, page 4-18.) The cumulative environ

mental benefit will be an overall emissions reduc

tion of 20 million metric tons per year of sulfur

dioxide, nitrogen oxides, carbon dioxide and

leachable solid wastes.

The use of Texaco's technology will also allow

Sinopec to replace higher priced naphtha with

relatively low cost, abundant coal as a feedstock

and, in turn, allow it to utilize its naphtha to

produce higher valued products, such as

gasoline.

4-16

THE SYNTHETIC FUELS REPORT, APRIL 1995



COAL

FIGURE 1

CHINA GASIFICATION PROJECTS
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####

IGCC COMPLEX STUDIED FOR BRAZIL

According to Modern Power Systems a

proposed IGCC (Integrated Gasification Com

bined Cycle) powerplant in the Brazilian State of

Santa Catarina would have a capacity of

1,590 megawatts. However, the project is being
held up by the absence of provisional regulations

for independent power generators. The

proposed project, in the coal mining region of

Southern Santa Catarina, cannot go ahead until

the government signs the provisional order.

General Electric is trying to form a consortium to

finance the plant. Three regional utilities,

Centrais Eletricas de Santa Catarina, Centrais

Eletricas do Sul do Brazil and Companhia Ener-

getica de Sao Paulo have shown interest, along
with Skoda's Brazilian subsidiary.

The $2 billion project would comprise six IGCC

units and take 9 years to complete. Power from

the project will supply Santa Catarina which cur

rently receives electricity from sources outside

the state.

####
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TABLE 1

TEXACO GASIFICATION PROJECTS IN CHINA

Project Owner End Product

Ammonia

Location

Various

Feed

Coal

Startup

12-20. Multi-Plant MCl/Sinopec 1998-

(9 Plants) 2004

1 1 . Dalian Dalian Industrial Co. Ammonia Dalian V. Resid 1996

10. SCCP Shanghai Pacific Co. Town Gas Shanghai Coal 1995

9. SCCP Shanghai Pacific Co. Acetic Acid Shanghai Coal 1995

8. Bjoxo Beijing #4 Chemical Oxo Chemicals Beijing Heavy Oil 1995

7. Weihe Weihe Fertilizer Ammonia Shaanxi Coal 1996

6. Shougang Shougang Co. Town Gas Beijing Coal 1995

5. Lunan Lunan Chemical Co. Ammonia Shandong Coal 1993

4. Ningxia Sinopec Ammonia Ningxia V. Resid 1988

3. Daqing Sinopec Oxo Chemicals Daqing V. Resid 1987

2. Urumqi Sinopec Ammonia Urumqi V. Resid 1985

1 . Zhenhai Sinopec Ammonia Zhejiang V. Resid 1983

IGT WILL PROVIDE TURBINE FOR SHANGHAI

GASIFICATION PROJECT

NEW ZEALAND UNDERGROUND

GASIFICATION PROJECT UNDER WAY

The Institute of Gas Technology (IGT) in

February signed a Memorandum of Understand

ing with the Shanghai Coking and Chemical Plant

General (SCCPG) for the installation of a gas tur

bine to produce 70 megawatts of power at their

coalgas/chemical/electricity facility in Shanghai.

Early last year, IGT formed a joint venture with

SCCPG to market the U-Gas gasification technol

ogy in China. During the first phase, eight IGT

gasifiers were installed to produce fuel gas from

coal.

####

Energy International, Inc. and Williams Energy
Ventures have formed a joint venture to develop
an Underground Coal Gasification (UCG) project

in New Zealand. New Zealand companies in

volved in the project include the Electricity Cor

poration of New Zealand and New Zealand Dairy

Group subsidiary, Glencoal Energy.

A pilot project was carried out in 1994. This con

sisted of a 23-day test burn to determine the tech

nical feasibility of employing UCG on this New

Zealand coal and assess the economic feasibility
of a commercial UCG operation.
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A drill rig sank a 350-meter shaft into a coal seam
on a farm near the Huntly power station

(Figure 1). Compressed air pumped into the

seam caused partial combustion and the result

ing gas was brought to the surface, and flared.
No technical problems were uncovered; the coal
seam and surrounding geological strata were

amenable to the UCG process and both the

quality and quantity of produced gas appeared

promising.

A demonstration operation is planned to be

carried out in 1996 to establish the commercial

operating conditions and to confirm project

economics.

FIGURE 1

NEW ZEALAND UCG PROJECT
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PROJECT ACTIVITIES

ADDITIONAL METHANOL DISTILLATION UNIT

DUE AT NEW ZEALAND SYNFUELS

In 1994, Methanex Corporation built a

2,000 tonne per day methanol distillation unit at

its New Zealand Synfuels plant in Motunui, New

Zealand. A second 2,000 tonne per day unit is

now under construction and due to be com

pleted in June.

When the new unit is on-line, Methanex will have

100 percent flexibility in making either distilled

methanol or gasoline at the Motunui plant.

Built between 1982 and 1985, the plant was

designed to produce 570,000 tonnes of gasoline

per year but is now capable of producing over

750,000 tonnes.

Methanex also has a methanol plant situated in

the nearby Waitara Valley. This plant converts

natural gas from the Maui and Kapuni fields to

methanol. It has a production capacity of

520,000 tonnes of chemical grade methanol per

year.

The gasoline and methanol from the two plants is

piped toWestgate Port Taranaki. The gasoline is

either shipped to other New Zealand ports for

sale as 91 octane unleaded, sold for export, or

shipped by coastal tanker to the New Zealand

Refining Company at Marsden Point, north of

Auckland, for blending with conventional

gasoline and sale as a high octane fuel.

The chemical grade methanol is piped to the port

and from there is shipped to world markets.

Time chartered vessels enable Methanex to be

one of the most important methanol suppliers to

Japan, Korea, Taiwan and Australasia.

####

FUTURE OF MOSSGAS PROJECT IN SOUTH

AFRICA UNCLEAR

An article in European Chemical News (ECN) for

March 6-12 says that a major political debate is

under way in South Africa over what to do with

subsidized companies such as Sasol and

Mossgas.

ECN says some industry commentators have

been outspoken against the subsidies enjoyed

by Sasol, which are linked to the Central Energy
Fund. These are due to be phased out over the

next few years.

Mossgas-which produces around 9 percent of

the country's fuel-is at the center of even more

heated debate. Gas reserves are due to expire

soon and no decision has been taken as to what

should become of the company's vast infrastruc

ture.

The ECN report says the government has been

unable to decide whether to spend more money

on the company, or whether to privatize it. Many
different scenarios are being tested in the politi

cal arena. There is a public outcry by some

against a white elephant. Mossgas has cost a lot

and can not stand on its own. ECN says a

promising idea involves transforming the in

frastructure around Mossel Bay to develop an

ethylene cracker project based on the importa

tion of crude oil. The scheme is a resurrection of

similar plans studied by companies such as

Sentrachem, AECI and Enron over the last 5 or

6 years.

It was recently announced that Taiwanese

businessmen were proposing to develop
Mossgas into an $8 billion petrochemical

refinery, with the creation of a large number of

jobs.

According to ECN, the news of the proposed

deal came as a shock to the semi-government
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agency, the Industrial Development Corporation

(IDC) and Sentrachem, which had been conduct

ing studies into the future of Mossgas.

At the same time as a Taiwanese delegation

visited the country, the IDC announced the

completion of a prefeasibility study into a

planned naphtha cracker, to include polyethylene

and polypropylene units, to be completed in

2000.

####

by T. Sasaki et al. from Japan National Oil Cor

poration, Japan Petroleum Exploration Company
and Cosmo Research Institute Company
analyzed the Oxidative Coupling of Methane

(OCM) reaction as a way to produce transport

able liquid fuels from remote natural gas. The

OCM reaction, in which ethylene is the inter

mediate product, was chosen from the

standpoint of economic efficiency and feasibility
of practical use. A conceptual view of the newly

integrated
"ORIGINAL"

process was developed

on the basis of these findings and the process

was evaluated from the standpoint of economy.

TECHNOLOGY

IMPROVED PROCESS DEVISED FOR

OXIDATIVE COUPLING OF METHANE

At the American Chemical Society National Meet

ing held in Anaheim, California in April, a paper

A conceptual scheme of the new process
"ORIGINAL"

was developed for gasoline produc

tion as seen in Figure 1 .

This process incorporates OCM and pyrolysis

reactions. It also includes facilities for

oligomerization, product separation and methana-

tion. According to Sasaki et al., the following two

FIGURE 1
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"ORIGINAL"
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SOURCE: SASKIETAL.
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points characterize the new process. In general,

with conventional technology wholly recycled

gas including unconverted methane is fed to the

decarbonation unit to remove C02 and treated

recycled gas enters the methanator with new ad

ditional C02.

First, the new flowsheet shows recycled uncon

verted methane gas, hydrogen, C02 and CO are

split in two and are fed to a decarbonator and a

methanator respectively. Reduction of scale of

the decarbonation unit results in reduced plant

cost.

Second, the OCM reaction is proposed to be

carried out using a circulating fluidized-bed

design with a riser reactor (Figure 2). This reac

tor is used to combine the methane oxidative cou

pling step with the pyrolysis of ethane and higher

alkane components present in natural gas, to

provide an efficient method for total conversion

of natural gas to liquid fuel.

FIGURE 2

CIRCULATING

FLUIDIZED-BED REACTOR

t Product Gas

Oxygen

Bubbling

Fluidized Bed

Methane

SOURCE: SASKIETAL.

Economic Evaluations

The concept of the ORIGINAL process was

evaluated from the standpoint of process ef

ficiency. From the sensitivity analysis, it was

found that the methane conversion ratio is more

important than C2+ selectivity under the given

conditions. Therefore, plant costs in a high

methane conversion region were studied.

Under these conditions the investment cost for

ORIGINALwas found to be lower than for conven

tional designs, and amounted to $88 million for a

2,100-barrel per day facility.

####

OPPORTUNITIES SEEN FOR IMPROVING

NATURAL GAS TO LIQUIDS PROCESSES

A brief review of the best opportunities for tech

nological advances in natural gas to liquids

processes was given by I. Puskas at the

American Chemical Society National Meeting in

Anaheim, California in April. Generally, natural

gas can be converted to synthesis gas by three

different reactions.

- Steam reforming
- Carbon dioxide reforming
- Partial oxidations

Steam Reforming

Steam reforming is endothermic and requires a

catalyst.

Carbon Dioxide Reforming

This is used only in cases where a high carbon

monoxide concentration is wanted in the syn

thesis gas, such as in the Midrex process for

reduction of iron ore.

Partial Oxidation

The Shell synfuel plant in Malaysia uses partial

oxidation. Partial oxidation can also be con-
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ducted catalytically. The catalyst maintains the

reaction without a flame. However, says Puskas,

truly catalytic partial oxidations have been

restricted mostly to laboratory studies. Most of

the commercial "catalytic partial
oxidation"

processes consist of a sequence of non-catalytic

partial oxidation and catalytic reforming. Syn

thesis gas generation for copper smelters may

involve truly catalytic partial oxidation.

Combined Reforming

Steam reforming, carbon dioxide reforming and

partial oxidation supply synthesis gas with

greatly differing composition. The H2/CO ratios

from the three processes are >3, <1 and <2,

respectively. Combination of the various

processes can lead to the desired synthesis gas

compositions. Furthermore, combination of

steam reforming and partial oxidation also led to

the development of more energy-efficient reac

tors and processes.

In newer ammonia plants, the steam reforming

furnaces have been replaced by two reactors.

The first reactor is the Gas Heated Reformer

where about 75 percent of the methane is

reformed to synthesis gas around 700C and

600 psia. The heat for the reforming is supplied

by the effluent gases of the second reactor. This

latter one is an autothermal reformer which con

verts the residual methane of the first reactor ef

fluent by partial catalytic air oxidation.

The combined reforming concept is also ap

plicable to methanol synthesis if pure oxygen is

the oxidant in the second reformer. The Com

bined Autothermal Reformer currently under

development by Uhde GmbH appears attractive

for the next generation methanol plants, says Pus

kas.

If inexpensive carbon dioxide is available at the

site of the methanol plant, a combination of

steam reforming and carbon dioxide reforming

results in more favorable synthesis gas composi

tion and also in higher methane-based conver

sion efficiency to methanol. For these reasons,

natural gas sources with 10 to 30 percent carbon

dioxide content might be particularly favored for

methanol synthesis. Good methanol yield is

reported from the C02-containing gas fields of

New Zealand.

Comparative Economics and Opportunities

for Research and Development

Synthesis gas produced by reforming natural gas

can be converted to a variety of products. The

large capital requirement is the major obstruction

to the evolution of a natural gas-based synthetic

fuel industry. Other important factors are the

cost of the natural gas, the process efficiency,

and the market value of the fuel or chemicals

produced. Table 1 compares salient economic

features of the natural gas conversion tech

nologies, assuming 100 million cubic feet per day
natural gas usage. For the ammonia, methanol

and syncrude technologies, it can be assumed

that the capital cost requirements are ap

proximately the same, hence the production

volumes and the product heating values are

directly related to the economics of these

processes. The gasoline via methanol conver

sion has higher capital requirements because of

the extra MTG process step.

For syncrude synthesis, 80 percent methane-

based process efficiency is reported by Shell.

While this is a high value, advances in much

higher efficiency should be possible, says Pus

kas. Comparing methanol and syncrude, it is

apparent that methanol is a much preferred

product over syncrude because of its quantity.

However, this statement is valid only if methanol

can be marketed for chemical use. For the fuel

market, methanol and syncrude product values

are nearly equal on the basis of their heating
values.

To make the syncrude process viable, the

simplest possible process must be assembled,

requiring the lowest amount of capital. Further

more, search must go on to enhance the value of

the syncrude fractions. In Figure 1 a process

scheme is shown for staged coproduction of

methanol and syncrude. This seems feasible be

cause there is an overlap around 450 to 500 psi
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TABLE 1

COMPARISON OF CONVERSION TECHNOLOGIES

% Process Daily Production Quantities

Technology Efficiency Weiqht (tons) Heatina Gkcals

Ammonia (old) 69 3,357

Ammonia (new) 82 3,985 ~

Methanol 78 3,154 16.8

via combined reforming 85 3,437 18.4

Syncrude (Shell MDS) 80 1,414 16.2

Syncrude (possible) 88 1,557 17.8

Gasoline (via methanol) 76 1,317 14-15

FIGURE 1

MEOH-SYNCRUDE PROCESS

Gases

1 r

i k

Combined

Reforming

MeOH

Synthesis

Syncrude

Synthesis

1 \ r

MeOH Syncrude

SOURCE: PUSKAS

where syngas generation, methanol synthesis

and syncrude synthesis all could be ac

complished. With coproduction of methanol, the

quantity and the value of the products are in

creased.

Substantial reduction of the capital requirements

of the syncrude process may be possible by

making synthesis gas by an energy efficient com

bined reforming technology similar to that used

in the ammonia industry, with air as the oxidant.

In this case, the research challenge is the effi

cient and selective conversion of the nitrogen-

diluted synthesis gas.

Puskas concludes that natural gas conversion

technology to synthetic fuels offers good oppor

tunities for advances. Some approaches to

reduce the capital requirements and simul

taneously improve the process efficiency and

product values seem feasible. Development and

demonstration of these opportunities may lead to

commercially attractive natural gas conversion

even in the current oil price environment, if

natural gas is available at low cost.

####
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