
OILSHALE

COAL

OIL SANDS

NATURAL GAS

IIi<e siaioir
. SHELF

synitelic:;- Iruiel

reporlt

VOLUME 5 NUMBER 2

quar

J.E. SINOR CONSULTANTS INC.

APRIL 1998

Ertl :



 



OIL SHALE

COAL

OIL SANDS

NATURAL GAS

symlJieltic finelsi

report

VOLUME 5 NUMBER 2 APRIL 1998

quarterly

J.E. SINOR CONSULTANTS INC.



 



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

e-mail <jesinor@bouldernews.infi.net

Visit ourHome Page on the Internet at:

http://phidias.colorado.edu/sinor/

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.



 



CONTENTS

GENERAL

PROJECT ACTIVITIES

Westinghouse Reports Largest Solid-Oxide Fuel Cell Startup a Success 1

Air Products Begins Engineering of $50 Million Gas Unit 1

CORPORATIONS

Pure Energy Plans New Fuel Based On Methyltetrahydrofuran 2

Shell Making Big Move Into Renewable Energy 4

Ballard Expands Stationary Fuel Cell Business 4

GOVERNMENT

DOE Issues Draft Comprehensive National Energy Strategy 5

ENERGY POLICY AND FORECASTS

ElA's Annual Energy Outlook Revises Energy Demand Upward for Period to 2020 8

World Energy Council Projects $30 Trillion in 30 Years for Energy Projects 1 0

The End of Cheap Oil Said to Be Foreseeable 1 1

Economists Conclude That Energy Causes Economic Growth 14

ECONOMICS

F-T Success Will Require Combination of Favorable Factors 1 5

TECHNOLOGY

Variety of Transportation Fuel Additives From Syngas May Be Feasible 1 5

Lurgi to Sell German Synthesis Gas Technology 16

Fuel Cell Powerplants Will Be Suited for Variety of Fuels and Environments 1 8

Spanish Biomass Gasification Pilot Plant Makes Clean Gas 20

Entrained-Flow Gasification of Biomass and Coal Could Be Promising 23

Coal/Water Coprocessing Liquids Upgraded 24

New Hydrogen Technologies Serve Oil Refinery Needs 26

ENVIRONMENT

Powerplant Emissions Control in the U.S. to Shift Focus From S02 to NOx and PM 29

COMING EVENTS 33

OIL SHALE

INTERNATIONAL

Exploitation of Jordanian Oil Shales Would Benefit the Country 35

RESOURCE

Naval Oil Shale Reserves Transferred to BLM and Opened for Drilling 38

OIL SANDS

PROJECT ACTIVITIES

Fourth Phase of Development at Burnt Lake Confirms Economic Potential 40

CORPORATIONS

Suncor Increases Capital Spending for Project Millennium 40

Syncrude Growth Triggers $220 Million Pipeline Expansion By AEC 42

Koch Exploration Acquires Solv-Ex Leases, Plans Development 42

Canadian Natural Resources Expands Pelican Lake Holdings 43

Amber Energy Adds to Pelican Lake Holdings 43

Exxon, Corpoven Sign MOU for Venezuela Development 43

THE SYNTHETIC FUELS REPORT. APRIL 1998



 



Texaco Joins Italian Tar Gasification Project 44

ENERGY POLICY AND FORECASTS

Oil Sands Should Supply Over 50 Percent of Canadian Crude By 201 0
44

Canadian Heavy Oil ProducersWill Need More Integration in the Future 45

ECONOMICS

California Heavy Oil Profitable, Say New Economic Models 48

INTERNATIONAL

UK, Florida Setbacks Dampen Orimulsion Export Plans 50

COAL

PROJECT ACTIVITIES

Coal-Fueled Diesel Engine Given Go Ahead forAlaska 52

Feasibility Study Planned for Clean Coal Powerplant in Kentucky 52

NEDO Liquefaction Plant Completes 80-Day Run 53

Feasibility Study UnderWay for Commercial Coal Liquefaction Plant in China 53

CORPORATIONS

Covol Lists Projects and Prospects 53

ENERGY POLICY AND FORECASTS

DOE Strategic Plan Sees Large Market Share for Gasification in 2015 57

Future of Coal Could Be Constrained, Says Yeager 61

ECONOMICS

Copyrolysis of Coal with Coke-Oven Gas Improves Economics 62

TECHNOLOGY

New Process Revealed for Catalytic Liquefaction of Low-Rank Coal 64

Pelletized E-Fuel Reduces Fuel Costs and Emissions 66

UCG Could Be Used to Improve Coalbed Methane Production 67

Status of U.S. UCG Technology Reviewed 69

Methacoal Concept Proposed forWaste Disposal 71

INTERNATIONAL

Cost is the Keystone for IGCC Applications in China 74

NEDO Launches Briquette Project in Thailand 77

RESOURCE

IEA Predicts Fundamental Changes in International Coal Trade 78

NATURAL GAS

PROJECT ACTIVITIES

Methanex's Punta Arenas Plant Adds Two Methanol Units 81

Offshore Floating Production System for Methanol Looks Promising 82

CORPORATIONS

Statoil Lets Contracts, Looks to Tap North Sea Gas 85

Gas Utilization Research Forum Fosters Industry Cooperation 86

ECONOMICS

Crocco Sees Stabilization ofWorld Methanol Market 87

Shell Finds Scale-Up Key to Methanol Economics 90

TECHNOLOGY

Offshore Production Feasible for Gas-To-Liquids Technology 92

New Catalysts for Gas-To-Liquid Process Patented 94

New Technologies for Syngas Production are On theWay 95

Liquid Phase Methanol Development Reviewed 98

THE SYNTHETIC FUELS REPORT. APRIL 1998



 



Catalysts for Methane Production From Carbon Monoxide Compared
1 01

ENVIRONMENT

Fischer-Tropsch Fuels Cleaner Than Reformulated Diesel

THE SYNTHETIC FUELS REPORT. APRIL 1998

iii



 



GENERAL

PROJECT ACTIVITIES

WESTINGHOUSE REPORTS LARGEST

SOLID-OXIDE FUEL CELL STARTUP A

SUCCESS

According to Westinghouse, the world's largest

Solid-Oxide Fuel Cell (SOFC) power generating
system has been put into operation by the Dutch

utility NUON in Duiven/Westervoort. As part of

a cogeneration system, it will feed 100 kilowatts

of electric power into the utility grid plus hot

water into a district heating system.

NUON operates the system on behalf of the

funding consortium EDB/ELSAM, made up of

Dutch energy distribution companies, their

umbrella association EnergieNed and a Danish

electric power generating company. Through its

Novem agency the Dutch Government also

helped fund the project.

The SOFC electrical generating system was

designed and built at the Westinghouse Science

and Technology Center in Pittsburgh,

Pennsylvania. The SOFC technology was

developed with substantial support from the

United States Department of Energy's Federal

Energy Technology Center.

The atmospheric pressure SOFC stack has

1,152 air-electrode-supported tubular cells. The

system, running on pipeline natural gas, is

expected to approach 47 percent efficiency;

total fuel efficiency should be nearly 75 percent.

First started in December, the system was

officially accepted by EDB/ELSAM in

February 1998, following satisfactory completion

of the site acceptance test. It is expected to

operate in Westervoort over the next 2 years.

The 100-kilowatt SOFC unit has so far endured

three thermal cycles between its 1,000C

operating temperature and ambient

temperature. It has generated about

100 megawatt-hours of energy over a time

period approaching 1 ,000 hours. As the first

unit from Westinghouse to integrate a natural

gas reformer within the SOFC stack, the

100-kilowatt SOFC has extensive

instrumentation for gathering operating data.

Building on its experience with this unit, the

Westinghouse Science and Technology

Center's SOFC development group will

demonstrate next year at Southern California

Edison a pressurized SOFC stack coupled with

a gas turbine. In this dry (no steam) hybrid gas

turbine system, the SOFC supplants the normal

gas turbine combustor. The electrical

generating efficiency of such hybrid cycles is

projected to exceed 70 percent. This efficiency

is the highest ever projected for a fossil-fuel-

consuming electric power generation
system.

With measured nitrogen oxide emissions below

0.2 parts per million by volume and no

detectable carbon monoxide, sulfur oxides or

unbumed hydrocarbons (calculated from

100-kilowatt unit data), the Westinghouse SOFC

is also claimed to be the most environmentally

friendly fossil-fired option being developed for

electric power generation in the
21st

century.

The company expects SOFC systems based on

its technology will be offered commercially in

2001 or 2002 for applications limited initially to a

range of a few hundred kilowatts up to

10 megawatts and directed toward the

distributed power generation market rather than

large central power stations.

AIR PRODUCTS BEGINS ENGINEERING OF

$50 MILLION GAS UNIT

Air Products and Chemicals Inc. has begun

engineering a new $50 million synthesis gas

separation plant it will build, own and operate in

Geismar, Louisiana, to serve BASF Corporation,
Shell Chemical and other petrochemical and

refining customers in the area. When

completed in the second half of 1999, the

facility will produce 45 million feet per day of

hydrogen, carbon monoxide and synthesis gas.

The synthesis gas separation unit will be located

adjacent to a new 100-million pound per year
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acetylene plant BASF is building at its Geismar

site. The Air Products unit will process crude

synthesis gas from the acetylene plant into

hydrogen and carbon monoxide. Hydrogen,
carbon monoxide and synthesis gas not used by
BASF will be purchased by Air Products and will

be supplied to two new facilities Shell is building
nearby to manufacture its polymer product lines.

The plant will have additional capacity for future

facility expansions in the area and to supply

additional products to Air
Products'

hydrogen

pipeline, which runs along the Mississippi River

between Plaquemine and New Orleans,
Louisiana.

CORPORATIONS

PURE ENERGY PLANS NEW FUEL BASED

ON METHYLTETRAHYDROFURAN

In December Princeton University announced

that it had been awarded a patent for a new

non-petroleum substitute for gasoline called

P-Series. The announcement was made by
L.L Knickerbocker Company Inc. which holds a

38.3 percent equity interest in Pure Energy
Corporation (PEC), the company holding an

exclusive worldwide license to manufacture and

distribute the alternative fuel.

Developed by S. Paul of Princeton, P-Series

fuel is non-petroleum and as much as

70 percent renewable. It is a blend of ethanol,

natural gas liquids and a cosolvent. Both

ethanol and the cosolvent (methyl-

tetrahydrofuran) can be derived from renewable

resources such as cellulosic biomass. P- Series

is designed to operate in existing flexible-fuel

alcohol vehicles.

Pure Energy has filed a formal petition with the

United States Department of Energy seeking a

rulemaking that would designate P-Series as an

alternative fuel under the Energy Policy Act

of 1992.

Paul expects P-Series fuel to be cost-

competitive with gasoline. PEC is planning to

commercialize P-Series and is producing it at

pilot plants in Alabama and California, which are

run in conjunction with the Tennessee Valley

Authority and Arkenol Inc., a biorefining

company.

M. Andlinger, of New York-based PEC, says

P-Series will cost roughly as much as gasoline

and can be distributed through the petroleum

industry's current infrastructure. "It requires

none of the infrastructure changes needed for

alternative fuels currently on the
market,"

he

says.

Andlinger adds that P-Series reduces

greenhouse gas emissions by as much as

65 percent relative to traditional gasoline and it

lowers carbon monoxide and hydrocarbon

emissions by at least 25 percent.

PEC has bought its methyltetrahydrofuran

(MTHF) from Great Lakes Chemical

Corporation, the only United States

manufacturer, but is planning to use

biotechnology to produce its own MTHF.

Pure Energy, in affiliation with Arkenol and other

research and development entities, is

constructing a pilot facility to demonstrate

economic production of the fuel. Construction

design for the first full-scale facility is targeted

for completion by the first quarter of 1998. The

first commercial facility, expected to produce

30 million gallons of the fuel annually, is

planned for the year 2000.

Properties of Pure Fuel compared to other fuels

are listed in Table 1 .

PEC says it has begun initial scoping work with

Raytheon Engineers for a refinery that could

take a variety of waste biomass woodchips,

agricultural waste straw or bagasse, municipal

waste, or purpose-grown plants such as switch

grassand convert it to ethanol and MTHF.

The two components would comprise 70 percent

of P-Series; the remainder comes from natural

gas liquids (pentanes and higher). After the
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TABLE 1

PURE FUEL PROPERTIES COMPARED TO OTHER FUELS

Non-Oxygenated

Unleaded

Pure RFG II Commercial E-85

Properties

Energy Content (BTU/gal) 100,000 111,800 115,200 83,500

RVP(psi) 7.5 6.9 7.4 6.9

Octane (R+M)/2 90.2 91.7 89.6 96

API Gravity 50.4 59.7 59.3 49.3

Distillation Curve (F):

T10 136 139 131 164

T50 162 203 212 173

T90 168 300 332 174

HC Type (vol.%)
Renewables 68.6 3.7 0.0 85.6

Parafins 30.6 66.3 57.1 9.9

Olefins 0.1 5.8 6.1 0.9

Aromatics 0.7 24.2 36.8 3.6

Total Benzene Content 0.27 1.28 1.98 0.32

Elemental Composition (wt.%)
Carbon 67.1 84.3 86.8 54.0

Hydrogen 13.4 13.7 13.2 12.0

Oxygen 19.5 2.0 0.0 34.0

Sulfur (ppm) <9 100 -330 8

synthesis and natural gas liquids blending,
P-Series could be transported by existing fuel

distribution networks to gas stations.

A key part of the plan is the use of MTHF, a

commonly known compound, but one that is

only available as an expensive, highly purified

specialty chemical today. Typically, it is

produced from five-carbon sugars with a furfural

intermediate. Pure Energy says that an

alternative route involving six-carbon sugar and

a levulinic acid pathway shows promise. In

addition, the company is counting on economies

of scale in producing large volumes of lower-

purity MTHF, thereby reducing the cost from

dollars per gallon to under $1 .

PEC is also counting on new biomass

technology from Arkenol. Arkenol has

developed a concentrated acid hydrolysis

method for ethanol synthesis.
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SHELL MAKING BIG MOVE INTO

RENEWABLE ENERGY

Late last year Royal Dutch/Shell announced the

formation of a major division devoted to

pursuing business opportunities in renewable

energy.

H. Rothermund of Shell was quoted by the Oil

and Gas Journal as saying "The industry needs
to be a partner in establishing sustainable,

climate-friendly, energy systems. Its investment

decisions have to make sense in economic,

environmental and energy terms. Shell

supports sustainable development and it sees it

as a journey of continual change. Progress will

come with increased understanding of the

consequences of human activities, as we see

and seize opportunities for modifying
them."

Coming from the world's largest petroleum

company, statements like this appear to mark a

fundamental change in attitude.

To initiate its new division, called Shell

International Renewables (SIR), Shell says it will

make history's largest investment in renewable

energy. SIR will invest more than $500 million

over the next 5 years, split equally between

solar and biomass projects and forestry.

Shell believes fossil fuels will continue to be

important, but their use will reach a plateau by
2020. By this time, renewables will have

become significant.

Shell believes it will succeed in renewables

because it has been involved in that sector for

some time: since 1973 in development of

photovoltaic cells and since the early 1980s in

forestry.

Solar Power

SIR hopes to secure a 10 percent share by 2005

of the rapidly expanding solar power market,

which it estimates to be worth $1 billion per

year. SIR has two photovoltaic cell

manufacturing plants: Shell Solar Energy BV in

The Netherlands and Showa Solar KK, a joint

venture in Japan owned 75 percent by Shell and

25 percent by Siemens GmbH.

Biomass/Forestry

Shell has forestry projects involving eucalyptus

and pine plantations in Chile, Uruguay,

Paraguay, New Zealand and the Republic of

Congo.

The company's total land holding for forestry
amounts to 200,000 hectares, of which

120,000 hectares are planted. Annual planting

amounts to 10,000 hectares.

Shell has been developing its forestry
techniques for 15 years, to the point where it

claims it can grow eucalyptus trees at a rate of 5

to 6 meters per year.

BALLARD EXPANDS STATIONARY FUEL

CELL BUSINESS

In December Ballard Generation Systems, a

subsidiary of Ballard Power Systems Inc.,
signed a Memorandum of Understanding with

GEC ALSTHOM NV (Paris, France) to bring
manufacturing and marketing expertise into the

company for Proton Exchange Membrane

(PEM) fuel-cell stationary powerplants.

In the proposed transaction, GEC ALSTHOM

will invest US$39 million for a 21 .4 percent

interest in Ballard Generation Systems which

will enable the company to establish an initial

production facility in Canada to manufacture

250-kilowatt fuel-cell stationary powerplants.

In addition, Ballard Generation Systems and

GEC ALSTHOM will jointly invest

US$37.25 million to form a new company for the

manufacturing, sale and distribution of PEM

fuel-cell powerplants in Europe.

The proposed transaction is subject to the

completion of formal documentation and

regulatory approvals.
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Ballard Power Systems Inc. also recently
received a US$500,000 follow-on order from

Matsushita Electric Works Ltd. (Osaha, Japan)
for the supply of low pressure,

"ambient"

Ballard

fuel cells. The fuel cells will be integrated by
Matsushita into prototype portable power

systems targeted at the under 1 -kilowatt leisure

and emergency power supply market. The

order is a follow-on from Ballard's first

$340,000 order from Matsushita which was

announced in October 1996.

"In the last 4 years we have made significant

advances in developing Ballard fuel cells

operating at ambient pressure. Ambient fuel

cells have application in low-power generation

configurations and are particularly suitable for

portable applications that require quiet, clean

and efficient
power,"

said F. Rasul, Ballard's

president. "Ambient pressure fuel cells

complement Ballard's pressurized fuel cells

which are targeted at high power transportation

and stationary
applications."

GOVERNMENT

DOE ISSUES DRAFT COMPREHENSIVE

NATIONAL ENERGY STRATEGY

In the past 5 years the Clinton Administration

has pursued an energy policy based on a

legislative and regulatory framework last revised

in the early 1990s. Now, says the United States

Department of Energy (DOE), it is time to take

stock of the Nation's energy progress, identify
the most substantial challenges that remain,

calibrate energy policy goals to the new century

and propose long-term solutions. Consequently,
as it does periodically, the DOE has revised and

re-issued a proposed new Comprehensive

National Energy Strategy. This document, now

in draft form, is intended to guide United States

energy policy for the future.

The proposed Comprehensive National Energy

Strategy is based on a framework of goals,

objectives and strategies. Five specific goals

have been identified and are outlined below.

Goal I, Energy Efficiency

Improve the efficiency of the energy

system
making more productive use of

energy resources to enhance overall

economic performance while protecting the

environment and advancing national

security. Under this goal three objectives are

defined:

Objective 1. Support competitive and

efficient electric systems. This entails:

Enacting legislation to promote the

establishment of a competitive electric

system with improved environmental

performance.

Increasing the efficiency by 70 percent

for new coal-fired plants and 50 percent

for new gas-fired plants and significantly

reducing environmental emissions from

aggregate fossil fuel-fired generation by
2010.

Increasing the efficiency of existing

federal hydropower facilities by 2010.

Objective 2. Significantly increase energy

efficiency and the use of clean alternative

fuels in the transportation, industrial and

buildings sectors by 2010. Strategies to

achieve this include:

Developing more efficient and fuel-

flexible technologies.

Promoting the use of clean alternative

fuels.

Promoting development and use of more

efficient transportation technologies.

Objective 3. Increase the efficiency of

federal energy use. This entails:
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Improving the efficiency of energy use in

federal buildings by 30 percent between

1985 and 2005.

Reducing petroleum use in federal

transportation.

Providing federal technical support and

leadership in adopting energy-efficient

and renewable technologies.

Goal II

Ensure against energy disruptions

protecting the economy from external threat

of interrupted supplies or infrastructure

failure. Two main objectives are proposed to

reach this goal.

Objective 1. Reduce the vulnerability of the

United States economy to disruptions in oil

supply. Strategies include:

By 2005 stop and reverse the decline in

domestic oil production.

Maintain readiness to address threats

and disruptions to world oil supplies.

Diversify sources of oil available to world

oil markets.

By 2010 develop technology options to

help reduce expected oil consumption by
1 million barrels per day.

Objective 2. Ensure energy system

reliability, flexibility and emergency

response capability. This can be

accomplished by:

Promoting the reliability and flexibility of

electricity generation, transmission and

distribution.

Promoting the reliability and flexibility of

domestic oil refining, transportation and

storage.

Promoting the reliability and flexibility of

natural gas transportation and storage.

Goal III

Promote energy production and use in ways

that reflect human health and environmental

values. This can be done by meeting the

following objectives:

Objective 1. Increase domestic energy

production in an environmentally

responsible manner. This can be done by:

Supporting policies to allow the United

States natural gas supply to grow by up

to 6 trillion cubic feet by 2010.

Using advanced technologies to recover

more oil from reservoirs without

significant environmental degradation.

Maintaining a viable nuclear energy

option.

Objective 2. Accelerate the development

and market adoption of environmentally

friendly technologies. Proposed strategies

include:

Increase efforts to deploy climate-

friendly technologies in the near term.

Initiate sectoral consultations with United

States industry to promote expanded

voluntary efforts to reduce greenhouse

gas emissions.

Design a domestic greenhouse gas

emission trading system that will help
meet binding emission targets in the

most cost-effective way.

Participate in negotiations with

developing countries regarding their

commitments to reduce greenhouse gas

emissions.

Promote international joint efforts to

reduce greenhouse gas emissions.
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Goal IV

Expand future energy choices pursuing
continued progress in science and

technology to provide future generations

with a robust portfolio of clean and

reasonably priced energy sources. To meet

this goal the following objective was identified:

Objective 1. Maintain a strong national

knowledge base as the foundation for

informed energy decisions, new energy

systems and enabling technologies of the

future. This can be achieved by:

Developing science that supports

decision making on future energy

options, including the requirements of

new energy system concepts and their

anticipated effects on human health and

the physical environment.

Intensifying basic research on global

climate change and on long-term,
innovative systems for carbon cycle

management.

Conducting basic research that provides

the foundations for long-term energy-

technology breakthroughs.

Supporting a strong energy science

infrastructure.

Analyzing alternative energy systems

and needs for the future.

Developing long-term energy
technologies that increase energy

options, improve overall economics,

utilize resources more efficiently, and

reduce adverse impacts of energy supply
and use.

GoalV

economic, security and environmental

concerns. Meeting the following objective will

help meet this goal:

Objective 1. Promote development of open,

competitive international energy markets,

and facilitate the adoption of clean, safe and

efficient energy systems. This can be done

by:

Cooperating with foreign governments

and international institutions to develop
energy-sector laws, policies and

regulatory processes for setting

standards and enforcing regulations.

Promoting deployment of clean and

efficient energy systems.

Promoting international science and

technology collaboration.

Promoting foreign regional stability by

reducing energy-related environmental

risks in areas of United States security

interest.

Shared Commitment

It is obvious that the goals of the

Comprehensive National Energy Strategy
require a shared commitment if they are to be

achieved, says DOE. The various federal

agencies need to cooperate and coordinate

activities in pursuit of these goals. Similarly, the
several branches of government must share in

the belief that pursuit of these goals is a priority
when resource commitments are being made.

The commitment must extend beyond

government to the private sector, which will be

engaged through public/private partnerships,

built on the recognition that meeting these goals

is in the long-term interest of everyone involved.

Cooperate internationally on global issues

developing the means to address global

THE SYNTHETIC FUELS REPORT. APRIL 1998



 



GENERAL

ENERGY POLICY AND FORECASTS

EIA'S ANNUAL ENERGY OUTLOOK

REVISES ENERGY DEMAND UPWARD FOR

PERIOD TO 2020

Released in December, the United States

Energy Information Administration's (EIA)
Annual Energy Outlook 1998 (AE098) is the

first AEO with projections to 2020. Key issues

for the forecast extension are trends in energy

efficiency improvements, the effects of

increasing production and productivity
improvements on energy prices, and the

reduction in nuclear generating capacity.

Projections in AE098 also reflect a greater shift

to electricity market restructuring. Restructuring
is addressed through several changes that are

assumed to occur in the industry, including a

shorter capital recovery period for capacity
expansion decisions and a revised financial

structure that features a higher cost of capital as

the result of higher competitive risk. Both

assumptions tend to favor less capital-intensive

generation technologies, such as natural gas,

over coal or baseload renewable technologies.

Prices

Average world crude oil prices in AE098 are

projected to be similar to those in AE097

(Figure 1), $21 .48 per barrel (all prices are in

1996 dollars) in 2015, rising to $22.32 per barrel
in 2020. Worldwide demand for oil is expected

to reach 116.6 million barrels per day in 2020.

Because of higher assumed economic growth,

the AE098 projection of world oil demand in

2015 is 3 percent higher than the AE097

projection 106.2 million barrels per day
compared with 102.8 million barrels per day.

Oil production in the Organization of Petroleum

Exporting Countries (OPEC) continues to

expand to 2020 in the AE098 projections, but

OPEC production in 2015 is 7 percent lower

than was projected in AE097 (Figure 2).

Partially offsetting a lower outlook for Persian

Gulf production are recent offshore discoveries

FIGURE 1

FUEL PRICE PROJECTIONS.

1996-2020:

AE097 AND AE098 COMPARED

(1996 Dollars)

2010 2020

AEfm

Naturalgo* wellhead

(dollar*per thousand cubic feet)
O

IS96 2010 2020

I9HS

Crude oil

(dollar*per barrel)

HYo 2020

AE09S

Coalminewumlh

(dollarsper short Ion)

.

2010 2020

SOURCE: EU

in Nigeria and Algeria and capacity expansion in

Venezuela.

Higher expectations from non-OPEC oil

production in AE098, as compared with AE097,
maintain world oil prices at AE097 levels even

with higher world demand. Production in

Central and South America increases,

particularly in Mexico, Brazil, Colombia and

Argentina. In the oil-producing areas of the

Former Soviet Union, current production

increases through 2020, mostly due to the

development of the Caspian Sea oil fields.

The average wellhead price of natural gas in

AE098 is projected to increase to $2.38 per

thousand cubic feet in 2015 (9 percent higher

than the $2.18 in AE097), increasing to $2.54 in

2020. Higher price projections are the result of

a lower assessment of the expansion of the oil

and gas resource base, higher drilling costs as

indicated in more recent data, and higher

projected demand for natural gas.
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FIGURE 2

SOURCES OF WORLD OIL SUPPLY.

1996-2020:

AE097 ANDAE098 COMPARED

(Million Barrels per Day)

Non-OPECSouth and

Centra!America

2020

In AE098 the average mine-mouth price of coal

is projected to be $13.99 per ton in 2015,

12 percent lower than the $15.84 in AE097. By
2020 the price declines to $13.27 per ton as a

result of increasing productivity, a continued

shift to lower-cost Western production and

competitive pressures on labor costs.

AE097 represented increased competition in

electricity markets by incorporating the Federal

Energy Regulatory Commission actions on open

access, lower costs for gas-fired technologies

and early retirements of higher cost coal-fired

plants. In addition, AE098 assumes lower

operating and maintenance costs, lower capital

costs and improved efficiency for
coal- and gas-

fired generation technologies, lower general and

administrative costs, early retirement of higher

cost nuclear units, changes in financial

structure, and transition to competitive prices in

California, New York and New England.

Average electricity prices decline to $0,055 per

kilowatt-hour in 2020. Because of these

assumptions and lower coal prices, electricity

prices are 13 percent lower than in AE097-

$0,056 per kilowatt-hour in 2015 in AE098,

compared to $0,064 in AE097.

Consumption

Total United States energy consumption is

projected to increase from 94.0 to

118.6 quadrillion BTU (quads) between 1996

and 2020. In 2015 the AE098 projection is

4.7 quads (4 percent) higher than in AE097,

reflecting higher projected consumption levels in

all end-use sectors.

Transportation demand grows at an average

annual rate of 1 .6 percent through 2020 and is

2.6 quadrillion BTU (8 percent) higher in 2015

compared with AE097. in 2015 motor gasoline

demand is 10 percent (0.9 million barrels per

day) higher than was projected in AE097. In

AE098 jet fuel demand is 17 percent higher in

2015, reflecting an ongoing trend to more air

travel, combined with slower sales of the more

efficientwide-body aircraft.

In AE098 residential and commercial demand is

higher than in AE097 by a total of

1 .5 quadrillion BTU (4 percent) in 201 5, partly

as the result of lower projected electricity prices.

industrial sector demand is 2 percent

(0.6 quadrillion BTU) higher in 2015, with higher

expected growth in some of the more energy-

intensive industries partially offset by more rapid

efficiency improvements.

Natural gas consumption increases by an

average of 1 .6 percent per year with increased

demand in all sectors. Total gas consumption in

2015 is 0.5 quadrillion BTU (2 percent) higher

than in AE097, due to higher projected

consumption in the residential, commercial and

industrial sectors.

Although coal-fired generation loses market

share over the projection period, total coal

consumption increases from 20.9 to

25.6 quadrillion BTU between 1996 and 2020,
an average annual rate of 0.9 percent. About

90 percent of United States coal consumption is

used for electricity generation.
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Demand for petroleum products is projected to

grow by an average of 1.2 percent per year

through 2020. In 2020, 72 percent of petroleum
use is in the transportation sector, up from

66 percent in 1996. In 2015 total petroleum

demand is 7 percent higher than in AE097, due

primarily to higher travel and slower efficiency
increases in the transportation sector.

Production and Imports

United States crude oil production declines at an

average rate of 1.1 percent per year between

1996 and 2020 to a projected level of 4.9 million

barrels per day. Advances in oil exploration and

production technologies are insufficient to offset

declining resources. In 2015 projected world oil

prices are the same in AE098 as those in

AE097, and domestic crude oil production is

also the same at 5.2 million barrels per day. In

projections of total petroleum production,

increases in the production of natural gas plant

liquids partially offset the decline in crude oil

production.

Declining production and rising consumption

lead to increasing petroleum imports through

2020 (Figure 3). The share of petroleum

consumption met by net imports rises from

46 percent in 1996 (measured in barrels per

day) to 66 percent in 2020.

Carbon Emissions

Carbon emissions from energy use are

projected to increase by 1 .2 percent per year, to

1 ,956 million metric tons in 2020. Projected

emissions in 2015 are 5 percent higher than in

AE097 due to higher energy consumption and

lower penetration of renewables. About one-

third of the increase over AE097 is attributable

to increased electricity demand and the resulting
increase in consumption of natural gas and coal

for generation.

FIGURE 3

NET ENERGY IMPORTS BY FUEL.

1970-2020 (Quadrillion BTU)
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WORLD ENERGY COUNCIL PROJECTS

$30 TRILLION IN 30 YEARS FOR ENERGY

PROJECTS

According to the World Energy Council (WEC),

up to $30 trillion will be needed during 1990-

2020 to meet anticipated energy requirements.

WEC says this capital outlay will be required to

meet a forecast 70 percent increase in global

energy demand in the period.

This spending equates to 1 .5 times the world's

1990 gross domestic product and includes

$5 trillion that may be needed for environmental

protection and emissions abatement.

As quoted in the Oil and Gas Journal,

February 2, 1998, WEC said its studies show

there is enough capital potentially available to

meet this huge outlay. WEC set out in 1995 to

10
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examine global energy financing requirements

over 25 years. The organization concludes that

global capital resources will be adequate to

meet all potential investment finance needs,

provided that certain conditions are met.

However, WEC warns of a growing concern

that developing countries may not be able to

obtain all the financing they require for energy

investment.

This could either be because of inadequate

government resources or because governments

are unable or unwilling to make fundamental

changes required to attract private sector

investment.

Depending on the risks involved, returns on

capital invested in the energy sector will have to

be as high, if not higher, than other opportunities

if they are to attract private finance.

WEC said that unless the risk/reward ratio is

competitive, energy projects will suffer low

prioritization, delays and cancellation: "It is

estimated that more than 55 percent of

memoranda of understanding for energy

projects signed in developing countries

since 1990 have failed to secure financing, and

the energy projects involved have subsequently

failed to
materialize."

THE END OF CHEAP OIL SAID TO BE

FORESEEABLE

An analysis of the discovery and production of

oil fields around the world by C. Campbell and

J. Laherrere suggests that within the next

decade, the supply of conventional oil will be

unable to keep up with demand. This

conclusion contradicts oil industry reports, which

claimed 1 ,020 billion barrels of oil (Gbo) in
"proved"

reserves at the start of 1998. Dividing
that figure by the current production rate of

about 23.6 Gbo per year might suggest that

crude oil could remain plentiful and cheap for

43 more years or more, because official charts

show reserves growing.

According to Campbell and Laherrere, this

appraisal makes three critical errors, which they

detailed in an article in Scientific American,

March 1998, pages 78-83. First, it relies on

distorted estimates of reserves. A second

mistake is to assume that production will remain

constant. Third and most important,

conventional wisdom erroneously assumes that

the last bucket of oil can be pumped from the

ground just as quickly as the first, while, in fact,

the rate at which any well can produce oil

always rises to a maximum and then, when

about half the oil is gone, begins falling

gradually back to zero.

From an economic perspective, when the world

runs completely out of oil is thus not directly
relevant: what matters is when production

begins to taper off. Beyond that point, prices

will rise unless demand declines

commensurately.

Using several different techniques to estimate

the current reserves of conventional oil and the

amount still left to be discovered, the authors

conclude that the decline will begin before 2010.

Digging for the True Numbers

Three numbers are needed to project future oil

production:

Cumulative production

Estimate of reserves

Quantity of conventional oil that remains

to be discovered and exploited

Together they add up to ultimate recovery, the

total number of barrels that will have been

extracted when production ceases many
decades from now.

Cumulative production statistics are readily
available because companies meter the oil as it

flows from their wells. Most experts agree that

the industry had removed just over 800 Gbo

from the Earth at the end of 1997.

11
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Getting good estimates of reserves is much

harder, because almost all the publicly available
statistics are taken from surveys conducted by
the Oil and Gas Journal and World Oil. Each

year these two trade journals query oil firms and

governments around the world. They then

publish whatever production and reserve

numbers they receive, but they are not able to

verify them.

According to Campbell and Laherrere, the world

had at the end of 1996 approximately 850 Gbo

of conventional oil reserves substantially less

than the 1,019 Gbo reported in the Oil and Gas

Journal and the 1,160 Gbo estimated by World

Oil.

For the purposes of calculating when oil

production will crest, even more critical than the

size of the world's reserves is the size of

ultimate recovery. In order to estimate that,
analysts need to know whether, and how fast,
reserves are moving up or down.

According to most accounts, world oil reserves

have marched steadily upward over the past

20 years. Extending that apparent trend into the

future, one could easily conclude, as the United

States Energy Information Administration has,
that oil production will continue to rise

unhindered for decades to come, increasing
almost two-thirds by 2020.

Such growth is an illusion. One reason is that

several dozen governments opted not to report

declines in their reserves, perhaps to enhance

their political cachet and their ability to obtain

loans. A more important cause of the

expansion lies in revisions: oil companies

replaced earlier estimates of the reserves left in

many fields with higher numbers. Such

amendments seriously distort forecasts

extrapolated from published reports.

To judge accurately how much oil explorers will

uncover in the future, one has to backdate every
revision to the year in which the field was first

discovered. Doing so reveals that global

discovery peaked in the early 1960s and has

been falling steadily ever since. By extending

the trend to zero, a good guess at how much oil

the industry will ultimately find can be made.

Campbell and Laherrere estimate that the oil

industry will be able to recover only about

another 1 ,000 billion barrels of conventional oil.

This number, though great, is little more than

the 800 billion barrels that have already been

extracted.

Predicting the Inevitable

Predicting when oil production will stop rising is

relatively straightforward once one has a good

estimate of how much oil there is left to

produce, based on a technique first published in

1956 by M.K. Hubbert. Hubbert observed that

in any large region, unrestrained extraction of a

finite resource rises along a bell-shaped curve

that peaks when about half the resource is gone.

The
authors'

analysis reveals that a number of

the largest producers, including Norway and the

United Kingdom, will reach their peaks around

the turn of the millennium unless they

temporarily curtail production. By 2002 or so

the world will rely on Middle East nations,

particularly five near the Persian Gulf (Iran, Iraq,

Kuwait, Saudi Arabia and the United Arab

Emirates), to fill in the gap between dwindling

supply and growing demand. But once

approximately 900 Gbo have been consumed,

production must soon begin to fall. Barring a

global recession, it seems most likely that world
production of conventional oil will peak during
the first decade of the

21st

century, say
Campbell and Laherrere.

That prediction does not shift much even if the

estimates are a few hundred billion barrels high

or low. C. Hatfield of the University of Toledo,
for example, has conducted his own analysis

based on a 1991 estimate by the United States

Geological Survey of 1 ,550 Gbo remaining
55 percent higher than Campbell and

Laherrere's figure. Yet Hatfield similarly
concludes that the world will hit maximum oil

production within the next 15 years. An analysis

by J. Edwards of the University of Colorado,
based on one of the most optimistic recent

12
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estimates of oil remaining, 2,036 Gbo, suggests
that conventional oil will top out in 2020.

Other Factors

Factors other than major economic changes

could speed or delay the point at which oil

production begins to decline. Three in particular

have often been used to dismiss concerns about

future oil production with naive optimism:

First, some argue, huge deposits of oil

may lie undetected in far-off comers of

the globe.

Second, new technologies have steadily
increased the fraction of oil that can be

recovered from fields in a basin.

Last, economists like to point out that the

world contains enormous caches of

unconventional oil (the Orinoco oil belt

in Venezuela, tar sands and shale

deposits in Canada and the Former

Soviet Union) that can substitute for

crude oil as soon as the price rises high

enough to make them profitable.

In response to these arguments, Campbell and

Laherrere point out that theoretical advances in

geochemistry and geophysics have made it

possible to map productive and prospective

fields with impressive accuracy, and as a result,

large tracts can be condemned as barren. Much

of the deepwater realm, for example, has been

shown to be absolutely non-prospective for

geologic reasons. While advanced technologies

will buy a bit more time before production starts

to fall, most of the apparent improvement in

recovery factors is an artifact of reporting. As

oil fields grow old, their owners often deploy
newer technology to slow their decline. The fall-

off also allows engineers to gauge the size of

the field more accurately and to correct previous

underestimation in particular P90 estimates

that by definition were 90 percent likely to be

exceeded.

Theoretically, unconventional oil reserves could

quench the world's thirst for liquid fuels as

conventional oil passes its prime. But the

industry will be hard-pressed for the time and

money needed to ramp up production of

unconventional oil quickly enough, and such

substitutes for crude oil might also exact a high

environmental price. Thus, in view of these

potential obstacles, the
authors'

skeptical

estimate is that only 700 Gbo will be produced

from unconventional reserves over the next

60 years.

Meanwhile global demand for oil is currently

rising at more than 2 percent per year. The

Energy Information Administration forecasts that

worldwide demand for oil will increase

60 percent (to about 40 Gbo per year) by 2020.

The switch from growth to decline in oil

production will thus almost certainly create

economic and political tension. Unless

alternatives to crude oil quickly prove

themselves, the market share of the OPEC

states in the Middle East will rise rapidly. By
2010 their share will probably hit 50 percent,

and then the world could see radical increases

in oil prices. That alone might be sufficient to

curb demand, flattening production for perhaps

10 years. But by 2010 or so, many Middle

Eastern nations will themselves be past the mid

point. World production will then have to fall.

With sufficient preparation, however, the

transition to the post-oil economy need not be

traumatic. If advanced methods of producing

liquid fuels from natural gas can be made

profitable and scaled up quickly, natural gas

could become the next source of transportation

fuel. Safer nuclear power, cheaper renewable

energy, and oil conservation programs could all

help postpone the inevitable decline of

conventional oil.

The world is not running out of oil at least not

yet. What society does face, and soon, is the

end of the abundant and cheap oil on which all

industrial nations depend.
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ECONOMISTS CONCLUDE THAT ENERGY

CAUSES ECONOMIC GROWTH

Neoclassical economic theories have assumed

that energy plays a relatively minor role in the

economy. Energy has been treated simply as

an intermediate input produced by capital, labor
and land, which are considered the primary

factors of production.

Contrary to neoclassical economists, other

economists consider energy an important

component of economic inputs in the production

process. The question concerning the

relationship between energy and economy is as

controversial in the empirical literature as in

economic theories.

B. Cheng and D. Andrews of Southern

University discuss the relationship between

energy and Gross National Product (GNP), and

energy and employment for the period 1900-

1945 in the United States in an article in Energy

Sources, 20:35-44, 1998.

Discussion of the Empirical Results

Annual data on GNP, employment and energy

consumption for the period 1900-1945 in the

United States used in this study are compiled

from the Historical Statistics of the United

States: Colonial Times to 1970. The results of

this study indicate that causality unidirectionally

runs from energy to economic growth without

feedback. The finding of this study for the

period prior to the end ofWorld War II (WWII) is

contrary to many previous studies that use the

postwar data that identify causality running from

economic growth to energy in the United States.

This finding is also contrary to earlier studies

that detect no causal linkages between energy

and economic growth during the postwar period.

Evidently, the United States is in different

stages of development during the

1 900-1 945 period and the period after WWII;

consequently, the energy requirements for the

two periods were different. During the period

prior to the end ofWWII, the United States was

considered an industrializing country. Its energy

requirements for economic development were

extremely high. Therefore, increased energy

led to high economic growth. The economy of

the United States during the postwar period,

however, has been gradually transformed from

a product-oriented economy to a service-

oriented economy, and consequently, its

economic activity is not as energy intensive.

Further, the United States, after experiencing

the energy crisis in the 1970s is, no doubt, more

energy efficient. This suggests that the effect of

energy on economic growth seems to depend

much on the country's state of economic

development.

In addition, the test results on the relationship

between energy and employment indicate there

is no causal relationship between energy and

employment in the United States during the

1900-1945 period either. This finding upholds

the classical and neoclassical macro-economic

theory that markets adjust automatically toward

full employment in the long run.

Conclusions

In conclusion, for the industrializing countries in

general, energy is an important ingredient to

economic development. Production in

industries such as manufacturing, construction

and transportation requires an abundant amount

of energy. The United States was at the

industrializing stage of its economic

development during the 1900-1945 period; it

was well developed but not highly developed.

Energy was required both as a direct and as an

indirect input embodied in physical capital,

materials and labor. Consequently, an increase

in energy use boosted and propelled economic

growth.

Although these results should be interpreted

with caution, the findings of this study suggest

that for developing countries in general, and

newly industrializing countries in particular, a

policy of energy conservation may be

detrimental to the economy, say Cheng and

Andrews.
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ECONOMICS

F-T SUCCESS WILL REQUIRE

COMBINATION OF FAVORABLE FACTORS

According to SFA Pacific, as summarized in the

Chemical Marketing Reporter, Febru

ary 16, 1998, substantial progress has been

made in reducing the capital cost of a Fischer-

Tropsch (F-T) plant, which converts natural gas

to liquids via syngas. The prospects for further

cost reductions due to new syngas generation

and F-T conversion technologies are also

promising.

However, SFA points out that capital charges

still dominate liquid product costs, to the point

that competitive production of F-T liquids

requires some combination of low gas cost, high

crude oil prices and price premiums for

F-T products.

Among the most interesting future directions for

syngas generation and use, according to SFA,
will be flexible facilities capable of producing a

variety of industrial gases, downstream

chemicals and liquid fuels, and power in

variable quantities.

Though not feasible until the completion of

power industry deregulation, such coproduction

concepts offer economies of scale, high

operating factors and market flexibility that will

become attractive as deregulation advances.

Adding to the attractiveness of such facilities will

be their capability to use low value, or even

negative value feedstocks via gasification, the

analysis says.

Also analyzed in the SFA study is the production

of high-purity hydrogen for petroleum refining.

Given current refining trends additional

hydroprocessing to meet tightening
environmental standards, increased use of lower

quality crude oils, and higher levels of heavy oil

conversion to transportation fuels SFA expects

the amount of on-purpose hydrogen

manufactured for refinery consumption

increase annually by 6 to 10 percent.

to

The company says economics for hydrogen

production via steam reforming and gasification

confirm that most new hydrogen will be

produced via on-site steam reforming.

"Over-the-fence"

arrangements in which

industrial gas companies build, own and operate

hydrogen plants located near refineries also will

become more prevalent.

TECHNOLOGY

VARIETY OF TRANSPORTATION FUEL

ADDITIVES FROM SYNGAS MAY BE

FEASIBLE

New methods for increasing the cetane number

of diesel fuel were the subject of a talk given by
R. Quinn of Air Products and Chemicals at a

San Antonio, Texas, conference sponsored by

Energy Frontiers International in January.

Cetane number is a measure of ignition delay in

a diesel engine. It is referenced to:

n-hexadecane (cetane) = 100

Heptamethylnonane = 15

A typical diesel fuel has a cetane number in the

range of 45 to 55.

Having a diesel fuel with a higher cetane

number means:

Shorter ignition delay
Better fuel ignition quality

Lower emissions

Better cold starting

Lower smoke emissions during warmup
Higher compression engines possible

Highermiles-per-gallon efficiency

Lower C02 emissions
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As explained by Quinn, there are various

approaches to increasing the cetane number of

diesel fuel. These include:

Refinery conversion processes,

catalytic cracking, hydrocracking.

e.g.

Chemical cetane improvers such as

2-ethylhexyl nitrate and di-t-butyl

peroxide. These are used in blends of

<1 volume percent.

Compounds with high cetane numbers.

These are used in blends of 10 to

<100 volume percent.

Cetane numbers of 10 different substances are

given in Table 1 .

Syngas to Cetane Enhancers

Air Products is developing a one-step, Liquid

Phase Dimethyl Ether synthesis process

(LPDME). This involves using a mixture of a

commercial methanol synthesis catalyst and a

proprietary methanol dehydration catalyst in a

TABLE 1

REPRESENTATIVE CETANE NUMBERS

ComDound Cetane Number

Dimethyl Ether 55

Diethyl Ether 125

Dipentyl Ether 109

Dimethoxymethane 29

1 ,2-Dimethoxyethane 105

1 ,2-Dimethoxypropane 109

Methanol 5

Ethanol 8

1-Decanol 50

Ethyl Stearate 77

slurry bubble column reactor. In the process,

methanol is formed, then two moles of methanol

are combined, yielding 1 mole of DME and

1 mole ofwater.

Although DME is a promising diesel fuel, it is a

gas at room temperature. Air Products has

found ways to obtain liquid cetane enhancers

from feedstocks such as DME. An example is

1 ,2-dimethoxyethane (DMET). It has a cetane

number of 105. The question is: Can it be

manufactured cheaply enough?

DMET is obtained by oxidative coupling of

DME:

2 CH3OCH3+ Vz 02 = CH3OCH2CH2OCH3 + H20

The process is simple and inexpensive, as

shown in Figure 1 (next page). The properties

of DMET as a cetane enhancer are shown in

Table 2 (next page).

In summary, Quinn says that increasing the

cetane number of diesel fuel can be

accomplished by blending with certain high

cetane number compounds in the 10 to

<100 volume percent range.

Current efforts at Air Products are focused on

obtaining catalysts yielding higher conversion

and selectivity for oxidative coupling of DME to

produce "liquid
DME."

Cetane number and

lubricity testing of diesel fuel with such "liquid
DME"

compounds and other potential cetane

enhancers is being carried out at Southwest

Research Institute. This work includes the

evaluation of other characteristics of "liquid

DMEVdiesel fuel blends (toxicity, peroxide

formation, flash point, cloud point, etc.).

LURGI TO SELL GERMAN SYNTHESIS

GAS TECHNOLOGY

The Metallgesellschaft engineering subsidiary of

Lurgi has acquired a multipurpose process

16
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FIGURE 1

PRODUCTION AND SEPARATION OF FUEL ADDITIVES
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TABLE 2

DIMETHOXYETHANE AS A

CETANE ENHANCER

Diesel Fuel #1 Diesel Fuel #2

DMET Blend DMET Blend

Vol.% Vol.%

DMET CN DMET CN

0 46 0 37

15 47 45 69

25 50 50 71

35 59 75 76

45 79 100 105

gasification process from the Eastern German

secondary raw materials utilization center

Schwarze Pumpe, and has terminated its long-

running exclusive agreement with Shell. Lurgi

had been general licensee of the Shell SGP

process since the 1950s and claims to have

built 70 percent of worldwide syngas capacity

using the process.

As reported in European Chemical News,

February 16-22, 1998, the 20-year-old Schwarze

Pumpe process, which Lurgi will market under

the name Lurgi SVZ MPG, is technically and

economically more attractive and permits more

engineering flexibility. Lurgi's new technology
offers a number of production routes in addition

to partial oxidation, steam and combined

reforming, autothermal reforming and rich gas

reforming.

The process can be used with a wide range of

feedstocks, including gas, refinery residues, oil-

water emulsions, coal-water suspensions, tank

sludge and chemical production wastes, as well

as ash and slag content of 5 percent.
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FUEL CELL POWERPLANTS WILL BE

SUITED FOR VARIETY OF FUELS AND

ENVIRONMENTS

Ballard Generation Systems, a joint venture

between Ballard Power Systems and GPU

International, is focused on the

commercialization of fuel cell powerplants using

Ballard's PEM (Proton Exchange Membrane)
fuel cell technology for stationary power, or

power generation, applications. C. Chu, of

Ballard Generation Systems (BGS), et al.

discussed the company's commercialization

plan and significant recent events that have

moved the company closer to the market

introduction of PEM fuel cell powerplants at

Power-Gen '97 International Conference held

December 9-1 1 , 1997, in Dallas, Texas.

In the last year Ballard has taken significant

steps toward establishing a competitive fuel cell

business for stationary power applications.

These achievements include the creation of

market-oriented subsidiaries for stationary

power and transportation, along with

investments from premier companies in the

energy and transportation business. Beyond

these achievements, the company has received

significant endorsements from the marketplace

and has continued to make substantial progress

moving the technology forward on its

commercial path.

The company received substantial market

endorsement with the formation of BGS in 1996.

Ballard's leading fuel cell technology and GPU

International's (GPUI) market knowledge have

been combined to accelerate the development

and commercial introduction of the company's

fuel-cell powerplants. Under the terms of the

agreement, GPUI will invest US$23.25 million

over 2 years in return for a 19.3 percent interest

in the company and its fuel-cell powerplant

business.

Following a similar strategy, Ballard and

Daimler-Benz entered into a strategic alliance to

commercialize fuel cell engines for

transportation applications early in 1997. This

transaction was recently finalized and Daimler-

Benz has gained 25 percent ownership in

Ballard Power Systems. The companies have

jointly formed DBB Fuel Cell Engines (DBB), a

fuel-cell engine company focused on

transportation markets. This partnership

between Daimler-Benz and Ballard was

complemented by major commitments from

Ford and Chrysler within the last year to use

Ballard fuel cells in advanced-fuel-cell engine

designs.

Market Overview

As a result of utility restructuring, new markets

are expected to open up. In this emerging

environment, fuel cells should find significant

market opportunity. This utility restructuring is

the primary market catalyst for the BGS

business.

Three major trends will positively affect the

success of BGS's stationary power products,

including:

Primary customer demand

Energy company needs after

deregulation

Convergence of the electric, gas and

telecommunications industries

Primary Customer Demand - Power quality is

the most significant emerging market

opportunity, and is facilitated by both utility

deregulation and increasing customer demand

for functionality and independence. It is further

facilitated by the increasing use of sensitive

electronic equipment such as computers, which

currently rely on Uninterruptible Power Supply

(UPS) to filter (condition) the incoming electric

power from the electric grid as well as serve as

a cushion in the case of a power blackout. The

power quality market is dominated by the UPS.

Premium power is a form of power quality

service particularly suited to fuel cells. In a

premium power configuration, a fuel cell is

installed as the principal power supply to a

critical or sensitive load which could be all or
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some portion of a building's load. The electric

grid acts as the backup for the fuel cell, and

supplies the non-critical building loads. The

customer benefits because they have high

quality power (the local fuel cell generation) and

a high reliability backup (the grid), for those

loads with greatest sensitivity. Thus, they can

derive the best from both systems.

The United States market for power quality

mitigation equipment is expected to grow from

$2.0 billion in 1992 to approximately $5.6 billion

in 2002, with an 11 percent compound annual

growth rate. In 1992 commercial users made up

70 percent of this market. Estimates of the

world power quality market are in the range of

$4 billion for 1996, with similar growth rates.

Energy Company Needs Post-Deregulation -

In a post-deregulation market, energy

companies will require greater leverage from

new and existing assets, which will catalyze the

distributed generation market. As utilities

become more customer-oriented through

deregulation, it is reasonable to expect that such

opportunities to combine asset efficiency (i.e.,
an improved asset management model) with

increased customer awareness and value

recognition will be increasingly sought after for

investments in new assets.

Some electric utilities and industry experts view

fuel cell powerplants, and other distributed

generators, as a threat to their future business.

Many surveys have indicated that anywhere

from 30 to 50 percent of an existing utility's load

could be lost to new competition through

deregulation.

The BGS 250-kilowatt powerplant, however,

actually offers substantial benefits for power

producers and distributors. As the electric

industry transforms itself from a generation-

centric world into a customer-centric world, the

preferred provider will be the one that offers the

best customer-specific solution. The BGS

250-kilowatt powerplant allows power providers

to develop customized, differentiated services

for their customers. Beyond simply providing

energy service, with its high conversion

efficiency, negligible emissions and low noise,

the BGS powerplant can be incorporated as part

of a green marketing campaign and can

generate environmental credits.

Convergence of Industries - With the

deregulation of the telecommunications and gas

industries before it, the current deregulation of

the electric industry will provide an opportunity

for convergence of these three industries. In a

customer-centric industry, on-site generation will

sit at the confluence of these three industries

and could play the role of customer bridge for all

three industry customer connections. The only

fixed, or direct, customer connections for

electric service are through the distribution

company and from on-site generation. While

the distribution company will likely remain

regulated, and be available for use by all

competitors, on-site generation will likely not be

highly regulated and it is strategically located at

the nexus of the customer's electric,

telecommunications and gas interfaces. Energy
service providers and others will use on-site

generation to build their businesses around

strategic customer products and services.

Implications of convergence applications for the

BGS powerplant include 'shared
power.'

Shared

power is a concept whereby multiple BGS fuel-

cell powerplants are located in reasonable

geographic proximity and both end-users and

others can benefit from their deployment (e.g.,

mini or virtual distribution grids). Monitoring and

remote dispatch over a telecommunications

system would allow a distribution system, power

marketer or energy service company to use part

of the output of a fuel cell powerplant at a

hospital, for example, to provide peak shave or

backup power.

Product Development Progress

BGS has made significant strides in its product

development to meet these unfolding market

opportunities. The company recently marked its

most significant achievement since its inception

with the commissioning of its commercial

prototype natural gas-fueled PEM powerplant.

The prototype 250-kilowatt natural gas-fueled

powerplant measures 2.4x2.4x7.3 meters and

integrates all of the required system
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components fuel processing, power con

ditioning and cooling within a single package.

The high voltage stack operates between 500

and 700 volts, resulting in high efficiencies when

connecting the fuel cell power to the electric

grid. This stack also incorporates the use of

plastic components, significantly reducing its

cost and showing a clear path to reaching cost

targets for commercial production and sales.

The powerplant is the world's largest PEM

stationary powerplant and includes the world's

most powerful PEM fuel-cell stack.

During the next 1 8 months, the prototype will go

through a series of in-house performance tests

as the company prepares for the development

and manufacture of its next generation units for

field testing.
BGS'

field testing program is

planned to begin during 1999 and will be made

up of a number of units deployed with the

assistance of the company's strategic market

allies. Commercial sales are planned to begin

after the completion of the field testing program

and are targeted for 2001 .

In addition to the natural gas-fueled 250-kilowatt

powerplant, BGS plans to introduce extensions

of the product which will include operation on

other fuels. These other fuels will include

propane and anaerobic digester gas from waste

water treatment facilities. As BGS moves

toward the market introduction of its

250-kilowatt product, the company is also

evaluating additional market opportunities and

developing other products for a variety of

applications. BGS intends to offer a range of

products addressing a market defined as

1 -kilowatt up to 1 -megawatt in capacity,

providing customers with a broad array of

products to generate nonintrusive, distributed

fuel-cell power.

SPANISH BIOMASS GASIFICATION PILOT

PLANT MAKES CLEAN GAS

Biomass gasification can be classified or studied

depending on the gasifier type (moving,

fluidized bed, circulating, entrained, etc.),

operating pressure (in the gasifier), scale of

processing, and also the main gasifying agent

used. The typical gasifying agents are air (with

some moisture), steam and steam plus 02

mixtures. Depending on this gasifying agent,

the raw gas produced at the gasifier exit has a

different composition. Gasification with air

being well-known, J. Gil, of the University of

Saragossa, Saragossa, Spain, et al. discussed

biomass gasification with steam-oxygen

mixtures in an article in Energy & Fuels,

November/December 1 997, Volume 1 1 ,
Num

ber 6, pages 1109-1118.

Products from biomass gasification are gas,

condensates (water and tars, collected as liquids

but in the gas phase in the gasifier), and char.

Gas includes H2, CO, C02, CH4, steam and light

hydrocarbons (C2, C3).

In this process there are three main reactants:

biomass, steam and oxygen. To describe the

reacting system, two ratios have been selected:

(H20 + O^/biomass (here referred as

GR or R), (kg fed/h)/(kg daf fed/h)

H20/02, mol/mol

These two ratios are enough to know what is fed

into the gasifier. Besides those two parameters,

three other variables have been studied:

temperature in the bed of the gasifier (Tb or

Tbed). temperature in the gasifier freeboard and

addition of some amount of dolomite into the

gasifier bed (in the gasifier bed, mixed with the

silica sand) and mixed with the biomass fed into

the gasifier. In this paper, feedstock will be pure

biomass (without dolomite) and the stationary

bed or fluidizing solid will be only silica sand.

Gas Composition

H2 content in the raw flue exit gas ranges

between 14 and 30 volume percent. This H2
content decreases when GR increases or when

H20/02 decreases because as the 02 fed

increases, more H2 is burnt in the gasifier and

less H2 is found at the exit.
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The increase of the H2 content with the

temperature of the gasifier bed (Tbed) is well

understood because when Tbed is increased, the
rate of the biomass and tar cracking and

reforming reactions also increases, and such

cracking and reforming reactions produce

hydrogen. When the H20/02 ratio increases,
the amount of H2 produced also increases.

The CO in the exit gas ranges between 30 and

50 volume percent, dry basis. When (H20 +

O^/biomass and Tbed are increased, the CO

content clearly decreases. When the H20/02
ratio is decreased, the CO content also

decreases.

The amount of C02 in such a raw product gas is

between 14 and 37 volume percent dry basis.

When GR or (H20 + O^/biomass ratio is

increased and H20/02 is decreased, the C02
produced increases.

The CH4 in the exit gas, under the experimental

conditions used here, ranges between 5.0 and

7.5 volume percent dry basis and the C2
compounds between 2.2 and 3.8 volume

percent. The trends shown in these figures are

similar for CH4 and for C2 hydrocarbons.

CH4 and C2 hydrocarbons in the exit gas

decrease when the (H20 + O^/biomass is

increased or when H20/02 decreases, because

02 bums and H20 reforms (destroys) in-bed

some amounts of CH4 and C2. When Tbed is

increased, the rate of several reactions

(combustion, steam and dry reforming, cracking,

etc.) increases, which eliminates CH4 and light

hydrocarbons from the flue gas.

The H2/CO ratio in the exit gas is important for

further possible end uses of this gas. This

H2/CO ratio ranges between 0.28 and 0.75,
which is low for methanol or ammonia

production. Nevertheless, this ratio in this

process can be easily increased to 2.0 with a

downstream catalytic bed.

The Lower Heating Value (LHV) of the raw gas

depends on its composition, which in turn

depends on the H20/02 and GR ratios as has

been discussed in proceeding paragraphs. The

LHV values vary between 11 and 16
MJ/Nm3

dry gas.

When the H20/02 ratio decreases, the LHV

decreases because more 02 is fed, which bums

in situ some gas components. When GR (for a

given H20/02 ratio) is increased, the LHV

decreases by the same reason (more 02 is fed).

The steam content in the gas phase is quite high

in this process. It varies between 32 and

60 volume percent. It increases when the

H20/02 and GR ratios are increased. The

steam content in the gas at the gasifier exit

decreases somewhat with Tbed-

Gas Yield

The gas yield (on dry basis) varies between 0.85

and 1.2
Nm3

(dry gas)/kg biomass fed. It

increases with the (H20 + O^/biomass ratio.

The gas yield also increases with Tbed- Higher

H20/02 ratios give higher gas yields, but also

require more external heat supply (from an

external oven) or working with lower

temperatures in the bed.

An apparent thermal efficiency is defined as

energy in the product gas relative to energy in

the biomass fed. The approximate thermal

efficiency ranges between 60 and 97 percent.

This apparent thermal efficiency increases with

Tbed- Higher temperatures in the gasifier bed

allow higher thermal efficiencies. With O^feO/O^
= 2 a higher Tbed is obtained than when

0-bO/O^ = 3, this fact being due to the higher

amount of 02 fed in the first case when

0-feO/O^ = 2. On the other hand, the thermal

efficiency decreases with GR.

CharYield

Char is another main product from biomass

gasification, and its yield should be as small as

possible to get a good gasification process.

Char was collected in every experiment/test in

two points: in the gasifier bed (mixed with the

sand) and in the vessels located at the bottom

of the three cyclones. Nearly all char produced

was elutriated out of the gasifier because of its

low density. The amount collected in the
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cyclones was always much larger than the

amount collected in the gasifier bed.

Char yield decreases with the gasifying
agent-

to-biomass ratio. To get a char yield less than

10 percent, that is to say to get a good

gasification, the value for GR has to be higher

than 1.0.

Tar Content in the Raw Gas

Two types of tars were detected: phenolics and

non-phenolic aromatics. In the first fraction,

phenol and cresols are the most abundant. In

the second fraction, naphthalene, indene and

toluene are most abundant.

The tar content in the raw gas clearly decreases

with the gasifying-to-biomass ratio, as shown in

Figure 1 . To get tar contents less than

10 grams per Nm3, values for GR greater than

1 .0-1 .1 have to be used.

For 0-feO/O^ = 3, when Tbed is increased, the tar

content decreases. This effect is more

important at low (<1
.0)

values of GR. At high

(>1
.2)

values of GR the effect of Tbed does not

seem important.

In the gasifier used here (working without a

secondary flow inlet, with relatively low

freeboard temperatures, and with only silica

sand and without dolomite), it is difficult to get

tar contents below 5 to 10 grams per Nm3, dry
basis. This level of tar is a

"quite"

clean gas but

not a clean
"enough"

gas, says Gil. Several

applications of this raw gas could require its

upgrading or cleaning for tars, conclude the

authors.

FIGURE 1

TAR CONTENT IN THE GAS AT THE GASIFIER EXIT
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ENTRAINED-FLOW GASIFICATION OF

BIOMASS AND COAL COULD BE

PROMISING

The use of coal for large-scale power production

is a growing environmental concern. While

advanced concepts, such as the Integrated

Gasification Combined-Cycle (IGCC) system,

offer environmental benefits, the aim for

sustainable development and reduction of C02
production implies an electricity production

system which will be more and more based on

renewable energy sources. One of the most

promising renewable energy sources that can be

used is biomass, i.e., biomass waste materials

and/or energy crops. In The Netherlands more

than 15,000 kilotons (kt) per year of biomass

waste material is available for power production.

To accelerate the introduction of the renewable

energy source in a technically and economically
acceptable way, cogasification with coal in

large-scale conventional powerplants could be

considered.

R. Korbee et al. of the Netherlands Energy
Research Foundation (ECN) discussed

cogasification of biomass and coal in entrained-

flow-based IGCC systems for power production

at the
14th

International Pittsburgh Coal

Conference held in Taiyuan, Shanxi, China, in

September.

The aim of this study was to generate useful

information with respect to full-scale

installations from detailed system assessment

studies, well-defined, laboratory-scale

experimental simulations and modeling studies.

The main part of the experimental work was

concerned with the gasification process itself. A

careful simulation of the various stages, i.e.,
rapid heating, devolatilization/pyrolysis, volatile

combustion and char gasification, is essential

for a good understanding of general fuel

behavior in entrained-flow gasification and the

fate of mineral constituents.

At ECN two experimental facilities are available

to simulate the appropriate reaction conditions

with respect to temperature, gas composition

and particle residence time. The Atmospheric

Entrained-Flow Gasification and Combustion

simulator (AEFGC-simulator) is used for

simulations at ambient pressure, while the

Pressurized Entrained-Flow Gasification

simulator (PEFG-simulator) is designed for

operation up to 2.0 MPa.

To improve the current understanding of the

performance of both laboratory-scale simulators

and full-scale gasifiers, various numerical

models are under development. Together with

existing information on coal slagging and fouling
parameters (e.g., the PSI-Coal Slagging Advisor

package which ECN has available for the

prediction of mineral matter behavior in

conventional pf-boilers), the influence of cofiring

biomass on slag formation and possible

slagging/fouling problems at various locations in

the installation can be better anticipated.

Results

To evaluate whether a specific entrained-flow

IGCC process is in principle suited for

cogasification of coal and biomass, the

quality/composition of the total fuel must comply

with the constraints/fuel specifications imposed

by the coal gasification processes. The

cogasification of biomass is expected to be less

technically problematic in the case of wet-feed

systems; dry-feed systems generally need a

more extensive fuel pretreatment, and can

suffer from a reduced overall efficiency due to

increased nitrogen demands for the fuel feeding
system.

Because of the higher oxygen and hydrogen

content of biomass waste materials, compared

to coal, it is expected that during pyrolysis,

hydrogen-rich volatiles and hetero-atoms are

removed quickly, leaving a char with an H/C-

O/C ratio comparable with that of coal. From

the higher reactivity, it is expected that larger

biomass fuel particles can be fed to a specific

gasifier to achieve the same carbon conversion.

This supposition must, however, be

demonstrated experimentally.

In the case that an entrained-flow-based IGCC

process, originally developed exclusively for
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coal, is used for cogasification of coal and

biomass waste materials, problems could occur

as a result of specific biomass waste material-

based contaminants. Biomass waste materials

generally contain a higher weight percentage of

nitrogen, chloride and alkali metals, and a lower

percentage sulfur. Conventional coal-derived

fuel cleanup systems will probably be able to

separate the nitrogen- and chloride-based

contaminants from the fuel gas to such an

extent that downstream equipment and

environmental constraints will be complied with.

Because the ash content and composition of

organic waste materials differ from that of coal,

this can cause difficulties in the gasification

process (insufficient capacity ash discharge

system, decreased gasifier temperature), and in

the teachability and commercial applicability of

the produced slag particles. In case a

cogasification process produces a slag that

cannot be used commercially, but that has to be

processed or dumped, the process would not be

environmentally and economically feasible.

To be sure of the suppositions about

coal/biomass-derived fuel gas contaminants and

ash compositions, experimental work has to be

performed concerning fuel gas composition

measurements and ash/slag composition

analysis.

With regard to the availability and attractiveness

of Dutch biomass waste streams for

cogasification, two routes will be further

investigated: a) cogasification of biomass fuels

that can be processed with the coal (except for

the more intensive drying step), such as sludges

or paper pulp; and b) cogasification of wood-like

waste materials which require additional

pretreatment. The first route is considered to

have a relatively short time for realization and is

an example of the
"full"

integration scenario.

The first fuels for the category
"wood-like"

have

now been selected for testing: willow wood as a

clean fuel, and park wood as a more polluting

fuel, and preparatory tests are going on in the

atmospheric entrained-flow simulator. Exper

iments involving sewage sludge as a coflred

fuel also have been carried out.

Conclusions

Cogasification of biomass waste streams in

coal-based, entrained-flow IGCC systems can

be an attractive method to reduce C02
production as well as fuel cost. The overall

economic benefit, accounting for the additional

costs related to the implementation of such a

cofiring option is, however, yet unclear.

Therefore, more detailed studies with respect to

technology and economics are needed.

COAL/WATER COPROCESSING LIQUIDS

UPGRADED

Landfill disposal of plastics, tires and other

wastes is becoming increasingly costly while the

volumes of these wastes are growing. Most

plastics are not readily biodegradable and will

remain in the landfill for long periods. Because

federal and state laws are resulting in a

significant decrease in the number of sanitary

landfills, there is considerable interest in finding
new ways of handling these waste materials.

Several methods including pyrolysis,

gasification and catalytic liquefaction might deal

more effectively with waste plastics than simple

mechanical recycling or incineration, because

mechanical recycling often yields lower quality

products, while incineration produces

greenhouse gases. Therefore, there is current

interest in producing higher value products from

waste materials which are currently being
landfilled. One possibility is to pyrolyze the

waste materials first and produce a liquid which

could then be upgraded to more valuable

products. Another possibility is to coprocess

these materials with coal using technology
developed for the liquefaction of coal itself. In

either approach there is a need to apply

catalytic upgrading in order to produce higher

value transportation fuels from the raw liquids

which are produced in the first stages of the

process.

H. Joo et al. ofAuburn University are evaluating
methods to upgrade these primary products to
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naphtha-range fuels. They reported on a study
of the effects of catalyst loading, temperature

and residence time on the upgrading of several

raw liquids including a coal-waste coprocessing

liquid, a plastics pyrolysis liquid and a tire liquid,
at the 1997 Coal Liquefaction and Solid Fuels

Contractors Review Conference held in

Pittsburgh, Pennsylvania, last September.

Results and Discussion

Gas oil conversions are higher for the plastics

pyrolysis liquid than for the coal wastes, and the

reaction conditions are less severe. As

temperature and catalyst loading increase, gas

oil conversions increase. The gas oil

conversions approach 100 percent for the

plastics liquid. There is an optimum in the

naphtha percent in the reaction products due to

the tendency to react further to gases, as the

severity is increased. Maximum naphtha yield

is around 60 percent for the coal-waste

coprocessing liquid. Comparison of the gas oil

conversion for the coal-waste liquid and the

plastics liquid is shown in Figure 1 . The plastics

liquid is upgraded at less severe conditions than

the coal-waste liquid (400C versus 430C). In

addition, the maximum in naphtha percent is

obtained at a much lower space time at the

same temperature for the plastics liquid than for

the coal-waste liquid. The maximum in percent

naphtha is around 70 percent for both liquids.

The light fraction, with 94 percent naphtha, has

a boiling point distribution similar to that of

commercial gasoline. As the reaction time is

increased, the conversion of gas oil to naphtha

increases. As the catalyst loading increases,

the gas oil conversion becomes greater.

Increases in reaction temperature yield better

conversion of gas oil to naphtha, approaching

near to the boiling point of commercial gasoline.

Product Quality

An idea of the product quality of some of the

upgraded liquids from the hydrocracking

FIGURE 1

COMPARISON OF GAS OIL CONVERSION FOR COAL-WASTES

COPROCESSING AND RESIDUAL PLASTICS LIQUIDS AT 400C

f 400 *C

/c

J2

% 60-

5
c
o

O
7=

40-

O
10

CO

20-
/
/ oW\ gnmvmIk copcoowrtrtng SquhI

/ rUH*pito pyn*imH lq>id

>. /

s

0 ~i

0.

, ... _T
p.

, , ,

o as i.o 1

SOU** JOOETAL. V^t/V^M

THE SYNTHETIC FUELS REPORT, APRIL 1998

25



 



GENERAL

reactions was obtained from the Nuclear

Magnetic Resonance (NMR) analysis. The coal-

wastes coprocessing liquid upgraded at 430C

had a gas oil conversion of 96 percent and a

naphtha percent of 95 percent. Using NMR

correlations this liquid was 18 volume percent

aromatics, 78 percent paraffins and 4 percent

olefins. The isoparaffin index was 0.82 and

estimated Research Octane Number (RON) was

89.4. Elemental analysis gave the H/C ratio of

1 .73 and N <1 ppm. The relatively low

aromatics content and acceptable RON suggest

a beneficial liquid from an environmental

viewpoint. A gasoline range distillate product

from the sequential hydrotreating/hydrocracking
of the plastics liquid gave an aromatics content

of 13.8 percent, 82.5 percent paraffins,

3.7 percent olefins, 1 .80 H/C, isoparaffin index

of 0.84, 89.2 RON and N <0.3 ppm, also

suggesting favorable properties for trans

portation fuels.

NEW HYDROGEN TECHNOLOGIES SERVE

OIL REFINERY NEEDS

For the last several decades, the demand for

hydrogen in oil refineries has continually

increased as hydrogen production has moved

from an advanced technology to a standard

feature of integrated refineries. This demand is

expected to dramatically accelerate in areas of

the world with rapidly expanding economies,

through the end of the century and beyond.

Historically, hydrogen has been produced in

catalytic reforming as a byproduct of the

production of high-octane, aromatic compounds

used in gasoline. As catalytic reforming has

changed from fixed-bed, to cyclic, to

regenerative, hydrogen production has

increased. However, this increase has been

negated by new environmental regulations

impacting the composition of gasoline and

limiting aromatics.

J. Barba, of Foster Wheeler, et al. discussed

advances in hydrogen technology in an article in

Hydrocarbon Engineering, December/Jan

uary 1997/1998, pages 48-54.

These technologies include:

Byproduct hydrogen recovery

Steam Methane Reforming/Wet Gas

Scrubbing (SMR/WGS)

Steam Methane Reforming/Pressure-

Swing Adsorption (SMR/PSA)

Partial oxidation

Autothermal reforming

Byproduct Hydrogen Recovery

Byproduct hydrogen is recovered from suitable

streams within the refinery or from a number of

industrial facilities which are often located near

refineries.

The biggest advantage of byproduct hydrogen is

that it can usually be produced at low cost, due

to the moderate scope of the facilities required.

Its biggest disadvantage is reliability, especially

for sources outside the refinery.

Steam Methane Reforming/Wet Scrubbing

High-pressure steam methane reforming using

wet gas scrubbing to remove carbon dioxide

and methanation to eliminate carbon monoxide

was prevalent in the industry from the early

1960s until the mid 1970s.

The process can utilize a wide range of

feedstocks varying from natural gas and light

saturated refinery gases and increasing in

molecular weight up to heavy naphtha. The

choice of feedstock is determined largely by
economic factors and feedstock supply

considerations.

In a typical natural gas-based SMR/WGS plant,

the feed is pretreated to remove sulfur and any

other impurities that occur to protect the

reformer catalyst from poisons.
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After feed pretreatment the hydrocarbon is

mixed with steam and heated to a temperature

suitable for introduction to the catalyst tubes.

In the reforming furnace light carbons react with

steam to form hydrogen, carbon monoxide and

carbon dioxide. This reaction is usually carried

out at a temperature between 1 ,500 and 1 ,600F

over a nickel catalyst that is packed into tubes in

the radiant section of the reforming furnace.

The reforming furnace produces a synthesis gas

mixture containing H2, CO, C02 and residual

CH4. When wet gas scrubbing and methanation

are used to purify the product, the residual

methane in the synthesis gas together with

additional methane made by methanation

reduce the purity ofthe hydrogen produced. For

this reason, high steam-carbon ratios (5:1 to

7:1) are used.

After leaving the furnace, the gas is cooled to

approximately 650F, typically by raising steam,
and is passed through a high-temperature shift

converter, where the major part of the carbon

monoxide present reacts to form additional

hydrogen and carbon dioxide. After cooling the

gas stream to approximately 400F, the raw

hydrogen stream is cooled down, raising steam,

preheating boiler feedwater and removing much

of the unreacted steam as condensate. The

stream is then scrubbed to remove carbon

dioxide. The carbon dioxide can be recovered

as a byproduct or vented.

The hydrogen purity from a typical SMR/WGS

plant is 95 to 97 volume percent. The impurities

are methane and possibly nitrogen (if present in

the feedstock).

Much of the design and operation of the plant

revolves around protecting the reforming

catalyst and tubes. The high temperature

required by the process and the sensitivity of the

catalyst can make small variations significant.

Minor variations, such as unevenly distributed

heat in the tubes, or variations in the molecular

weight of the feedstock, can impact the

efficiency or life-cycle of the catalyst and the

reformer.

Many SMR/WGS plants built in the 1960s and

1970s are still in operation. SMR/WGS is not

usually specified in a new plant, except when a

large amount of byproduct carbon dioxide

relative to the hydrogen production rate is

required.

Steam Methane Reforming/Pressure-Swing

Adsorption

Pressure-swing adsorption technology was

introduced in the 1970s and by the mid-1980s,

most new hydrogen plants had PSA technology

incorporated for gas cleanup.

The front end ofthe SMR/PSA plant is similar to

a SMR/WGS plant. The reforming furnace is

typically operated at a lower steam-to-carbon

ratio for the SMR/PSA plant (3:1). This is

because high levels of impurities in the syngas

are of less significance in the SMR/PSA plant

because they are recycled as fuel to the furnace

from the PSA. PSA is a cyclic purification

process that uses beds of solid adsorbent to

remove impurities (CO, C02 and CH4) from the

gas stream.

The end product of an SMR/PSA hydrogen

generation plant is a high purity hydrogen

stream, typically 99.9 volume percent. This is a

significant advantage compared to SMR/WGS

because higher purity implies that less inert

material is fed to the consuming units, which

can then typically operate at higher throughput,

lower total pressure and with less purge.

Optimization of Steam Methane Reforming
Plant Designs

Steam reforming is now a highly developed

technology which has progressed a long way

along the experience curve. Nevertheless, new

concepts and improvements are periodically

introduced, for example, prereforming.

Energy management techniques such as

process synthesis (pinch analysis) have been

applied to SMR-based hydrogen plants. There

are two principle insights into hydrogen plant

design: first, that a large amount of high-grade

THE SYNTHETIC FUELS REPORT, APRIL 1998

27



 



GENERAL

heat is typically recovered as byproduct steam,

which may not be valuable, rather than being
used to drive the process itself; and second, that

there is a large amount of waste heat available

at low temperature due to condensation of

unreacted water vapor.

A major decision that the designer of an SMR

plant faces is how much byproduct steam will be

acceptable. There are several techniques that

can be used to reduce the amount of byproduct

steam produced, including:

Using maximum air preheating

Using tailgas preheating

Using prereforming (a process in which

heavy hydrocarbons are reacted to form

syngas and methane)

In addition to the process optimizations

discussed above, there has also been progress

toward optimizing the engineering and

construction of hydrogen plants. An exciting

development in this regard is the introduction of

a modular TERRACE WALL reformer. Under

the modular concept, the furnace radiant section

is fabricated as 10 modules, each with 20 tubes

with comfortably shipable overall dimensions

(15 feet by 15 feet by 50 feet approximately).

The modules are transported to site and erected

in less than 10 days using a bridge crane. The

convection section is shipped as an additional

module and the steam drum, steam piping and

steel will be modularized in future designs. The

field labor associated with constructing the

heater is drastically reduced in this manner.

This is of great significance especially in parts

of the world where appropriately skilled labor is

in short supply.

Partial Oxidation

Partial OXidation (POX) is a non-catalytic

process with the ability to handle a wide variety

of feedstocks (gases, liquids and solids). The

process is able to use heavier feedstocks, and

can therefore play a role in the disposal of high-

sulfur fuels such as petroleum coke or asphalt.

POX can also be used with light hydrocarbons

as typical feedstocks for steam reforming. For

gas applications, POX has similar capital costs

to SMR/PSA, but requires a high pressure

supply of oxygen which tends to make it a less

economically attractive option under normal

circumstances.

The POX process uses the reaction between

oxygen and a preheated, pressurized

hydrocarbon feed at temperatures ranging from

2,400 to 2,550F. This takes place in a gasifier,

producing a mixture of H2, CO, C02 and small

amounts of CH4. The high temperature of the

process minimizes methane production

compared to SMR, which is significant for gas

cleanup. As the gas leaves the gasifier, it is

quenched using water to cause solid impurities,

such as metals, to settle out. The gas is cooled

further, then scrubbed with a solvent to remove

H2S.

If maximization of hydrogen production is

desired, the gas stream is subjected to CO shift

conversion where carbon monoxide reacts with

steam to produce additional hydrogen. The

reacted gas is then treated to remove residual

carbon monoxide, typically using methanation.

When a relatively small part of the syngas is

used for hydrogen production, a membrane unit

normally proves to be a more convenient

method of extracting the hydrogen.

Autothermal Reforming

Autothermal reforming (ATR), also known as

catalytic partial oxidation, has feedstock

parameters similar to steam methane reforming.

In ATR a light feedstock is first heated and

purified. Then it is mixed with process steam

and sent to the ATR reactor which contains a

burner and a bed of reforming catalyst. The

final outlet temperatures tend to be lower than in

the POX process, 1 ,750 to 1 ,850F, because of

the use of a catalyst. The oxygen demand per

unit of syngas produced is lower than POX.

Gas leaving the ATR is processed in essentially
the same way as in the SMR process.
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Although an established alternative to existing

technology, ATR, like POX, requires an oxygen

supply, which makes it more suitable to plants

with existing oxygen production or inexpensive

sources of oxygen. When CO is the desired

output of the production plant and oxygen is in

good supply, ATR may be a viable alternative to

steam reforming.

Selection ofAppropriate Technology

The selection of the appropriate feedstock and

technology for a particular application is

essentially an economic decision, driven by the

cost of production per unit of hydrogen

produced. When evaluating the total costs of

producing high-purity bulk hydrogen, four factors
need to be considered: capital costs,

feedstock/fuel costs, oxygen costs and

byproduct recoveries.

Steam methane reforming has been the

standard throughout the industry for many years

due to its generally favorable economics. In

fact, more SMR plants for hydrogen production

have been built than either ATR, POX or PSA

due in large part to the economics of the

operation.

By example, POX and ATR plants only become

competitive when low-cost oxygen is readily

available, or in the case of the POX plant, if the

operation is needed to process heavier

feedstocks.

The relative total hydrogen costs for each option

are compared in Figure 1 .

ENVIRONMENT

POWERPLANT EMISSIONS CONTROL IN

THE U.S. TO SHIFT FOCUS FROM S02 TO

NOx AND PM

In 1997 the United States Environmental

Protection Agency (EPA) promulgated new

national air quality standards for Particulate

Matter (PM) and ozone. The potential impact

on the electric power generation industry was

analyzed by A. Leslie of Energetics Inc. at the

Power-Gen '97 Conference held in Dallas,

Texas, in December.

SOURCE: BARBAETAL.
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Before last year the national standards limited

PM with an aerodynamic diameter 10 microns

or less (PM10) to concentrations of

50 micrograms per cubic meter (urn3) annually
and 150

pm3

daily. The new standard limits

particulates with an aerodynamic diameter

2.5 microns or less (PM25) to concentrations of

15
pm3

annually and 50
pm3

daily. The EPA

also proposed maintaining the existing

standards for PM10. The ozone standard was

0.12 parts per million (ppm) over 1 hour. EPA's

new standard calls for no more than 0.08 ppm

over 8 hours, based on the 3-year average of

the annual fourth-highest daily maximum 8-hour

ozone concentration.

The EPA action represented its first update in

20 years for ozone and in 10 years for

particulate matter. The implementation of both

of the new standards became effective on

September 16, 1997.

New Standards

Over a period of time EPA will phase out the old

1-hour 0.12 ppm
"health-based"

ozone standard,

which was believed to inadequately guard

against adverse health effects, and replace it

with the new 8-hour
"concentration-based"

standard set at 0.08 ppm.

EPA plans to issue a so-called Implementation

Package, that has been designed to provide

states, local governments and the regulated

community guidelines about how to comply with

the standards. The new standards will not

require new controls until 2004 for ozone and

2005 for PM, and will not require compliance

determinations until 2007 or 2008, respectively.

Because the new particulate standard will

regulate PM25 for the first time, 5 years has

been allowed for the creation of a national

monitoring network and the analysis of collected

data to help develop State Implementation

Plans. In addition, 3 more years are allowed for

nonattainment areas to submit attainment plans,

several years for plan review and several more

to comply. No area will be designated as being
in nonattainment if it will meet the sulfur dioxide

reductions required by the 1990 Clean Air Act

acid rain provisions.

Combustion-related source categories, such as

coal and oil-fired power generation, emit

particulates directly as well as gaseous

precursors (e.g., S02 and NOx) that result in the

formation of small particulates. They also emit

significant quantities of ozone precursors

primarily NOx. Hence the new ozone and small

particulate standards are of potential issue to

the power generation industry.

Coal-fired powerplants also directly eject as

primary emissions small quantities of

particulates (fly ash) and small quantities of

particulates are formed from evaporative

cooling tower drift emissions. These emissions

are local and, because of the high deposition

velocities associated with larger aerodynamic

diameter particulates, do not transport long
distances.

NOx and S02 produce fine particulates and

ozone, and can also contribute to regional haze.

NOx and S02, although capable of immediate

impact to the area surrounding the source, can

be transported and become a concern in areas

far removed from the source.

Relationship of Powerplants to the

New Standards

EPA has estimated that United States

powerplants produced about 70 percent of all

S02 emissions, 33 percent of all NOx emissions

and 23 percent of primary emissions of PM10 in

the United States. Aside from other deleterious

impacts such as acidic deposition,

transformation products of S02 form a

significant fraction of PM25 particulates

primarily responsible for regional haze in the

Eastern United States. NOx contributes to

ozone formation as well as fine particulates.

Therefore, says Leslie, it is useful to review the

planning and analysis of electric power

generation that has been undertaken by EPA to

address ozone and particulate issues and

projections of the future impacts of powerplants.
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EPA has used the Integrated Planning Model

(IPM) of ICF Resources to model estimates of

future impacts in the Continental United States

of a variety of national and regional pollutant

emission control strategies. All existing power

generation units are addressed in the IPM

including nuclear and renewable energy units,

however air emissions from the latter are

ignored. Independent power producers and

other cogenerators selling wholesale power

listed in the North American Electric Reliability
Council database were included.

EPA analyzed a base case forecast and

included the influences of current deregulation

and competition on improving plant availabilities
and closings of uneconomic units. However, the

IPM modeling did not include any strategy
influenced by the new ozone and PM25
standards and their implementation as it might

unfold during the next decade. Results are

shown in Table 1 .

Table 1 shows that fossil fuel-fired emissions

in particular coal contribute the major portion

of forecasted fuel sources for electricity; other

sources basically remain flat or even decline.

Figure 1 shows the total electric generation and

estimated pollutant emissions of S02 and NOx

for the base case (both variables are fossil fuel-

driven). It is of interest to see that between

2000 and 2010, the decade in which new ozone

and particulate standards will be implemented,

the base case S02 emissions decrease slightly

(-2 percent), whereas NOx emissions increase

(+8 percent).

Leslie concludes that S02 emissions although

a precursor of small particulate formation and

regional haze do not appear to present

immediate regulatory concern with regard to the

new ozone and small particulate standards. At

first-cut it appears that the control at fossil fuel-

fired powerplants of NOx emissions (which are

associated with regional ozone formation and

transport issues) is most likely to be the

foremost concern. Direct particulate emissions

do not transport regionally and are effectively

controlled at their source. It has been shown

that transport between precursor emissions and

final ozone removal can extend from 100 to

500 miles.

Thus, in the context of the future

implementation of the new ozone and small

particulate standards, the primary potential
long-

term concern to future electric power generation

could be the impact of increased NOx emissions

TABLE 1

EPA BASE CASE FORECAST FOR ELECTRIC POWER GENERATION

1995 2000 2005 2010

Fuel Type

Coal, billion kWh 1,689 1,909 2,050 2,095

Oil/Gas, billion kWh 417 355 530 848

Nuclear, billion kWh 673 641 613 565

Other, billion kWh 360 365 367 369

Total, billion kWh 3,139 3,270 3,560 3,878

Pollutant

S02, million tons 15.9 10.2 10.4 10.0

NOx, million tons 7.5 6.0 6.4 6.5

31

THE SYNTHETIC FUELS REPORT, APRIL 1998



 



GENERAL

FIGURE 1

BASE CASE EMISSIONS
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on regional ozone levels in areas such as the

Northeast that could be classified as in

nonattainment with the new standards. S02
emissions do not appear to be of major concern

on first examination (although a possible

regional haze issue). EPA's implementation

schedule for the new ozone standards extends

over the decade and EPA's implementation

strategy could contain some elements of trading
if additional NOx reductions from powerplants

are found to be warranted.
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1998

April 13-14, Washington, DCEnvironmental Mitigation Technologies for the Energy Industry, Energy
Frontiers International, phone 703 276 6655

April 20-21, London, EnglandFuel Cell Technology, phone 44 171 691 9191

April 20-22, Cartagena, ColombiaAmericas Coal Conference, fax 44 (0) 171 779 8946, England

April 28-30, Lexington, KentuckyCoal Prep 98, phone 800 288 8606

April 28-May 1 , Reno, NevadaSixth Clean Coal Technology Conference, phone 202 586 7920

May 4-7, Dearborn, Michigan Society of Automotive Engineers International Spring Fuels and

Lubricants Meeting, phone 412 772 8540

May 4-7, Perth, AustraliaTwelfth International Conference on Liquefied Natural Gas, fax 61 6 247 1554

May 19-22, Beijing, China Seventh UNITAR International Conference on Heavy Crude and Tar Sands,
fax 403 439 2423, Canada

May 20, Washington, D.C. Annual Meeting of the United States Energy Association,

phone 202 331 0415

June 2-5, Nantes, France Third European Solid Oxide Fuel Cell Forum, http://www.edf.fr/DER

June 3-5, Brussels, Belgium World Conference on Refining, Vehicle Technology and Fuel Quality,
phone 44 (0) 1932 344 424, England

June 8-11, Hong Kong Ninth Global Warming International Conference, fax 630 910 1561, USA

June 8-1 1 , Wurzburg, Germany Biomass for Energy and Industry, fax 49 89 720 1291

June 14-16, Banff, Alberta, Canada Gas Conversion, Tar Sands and Synthetic Fuel Technologies,

Energy Frontiers International, phone 703 276 6655

June 14-18, San Diego, California The Air and Waste Management Association
91st

Annual Meeting,
phone 914 421 3278

June 17-19, Stanford University, California International Energy Workshop and Energy Modeling
Forum

June 21-26, Buenos Aires, Argentina
12th

World Hydrogen Energy Conference, fax 54 1 331 0223

June 23-26, Buenos Aires, Argentina Latin America Power '98, fax 713 963 6284, USA

July 21-23, Mexico City, Mexico The Mexican Natural Gas Industry in the
21st

Century,
phone 703 741 3945, USA

July 27-29, Trabzon, Turkey Second Trabzon International Energy and Environment Symposium,
fax 250 721 6051, Canada
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August 30-September 2, Interiaken, Switzerland Fourth International Conference on Greenhouse Gas

Control Technologies, fax 44 1242 680 758, UK

September 13-18, Houston, Texas
17th

Congress ofthe World Energy Council, fax 202 331 0418

September 20-25, Florence, ItalyWorld Renewable Energy Congress, fax 44 0118 961 1365, United

Kingdom

September 23-24, Dresden, Germany Gasification, the Gateway to a Cleaner Future,

phone 44 1788 578214

October 4-8, Madison, Wisconsin BioEnergy '98, phone 312 407 0177

October 12-14, Amsterdam, The NetherlandsCoaltrans 98, The World Coal Trade Conference,

fax 44 (0) 171 779 8946, England

November 1-4, Calgary, Alberta, Canada SPE/CIM International Conference on Horizontal Well

Technology, phone 403 237 5112

November 8-11, San Diego, California International Gas Research Conference, fax 773 399 8170

November 12-13, Houston, Texas National Petroleum Refiners Association Fuels and Lubricants

Meeting, phone 202 457 0480

November 16-19, Palm Springs, California 1998 Fuel Cell Seminar, phone 202 973 8671

November 29-December 2, World Trade Center, Dubai Gastech 98,
18th

International LNG/LPG

Natural Gas Conference, phone 44 281 444 1241

December 14-16, San Francisco, California Monetizing Stranded Gas Reserves, fax 713 952 9526

1999

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

International Symposium on Management and Use of

Coal Ash Products, phone 703 317 2400

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

July 5-8, St. Petersburg, Russia Hypothesis ill, Hydrogen Power (Thermal and Electrochemical)
Systems International Symposium

2000

June, Calgary, Alberta, Canada
16th

World Petroleum Congress

June 6-9, Nice, France
21st

World Gas Conference, fax 33 1 42 27 49 43
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INTERNATIONAL

EXPLOITATION OF JORDANIAN OIL

SHALES WOULD BENEFIT THE COUNTRY

Oil shale is the major indigenous fossil-fuel in

Jordan, yet it is not used at present. A multi

purpose process (consisting of electricity

generation, thermal water desalination, retorting,
chemical production and mineral extraction)

could achieve high utilization factors for both

the oil shale's chemical and energy potentials.

A strategy for this exploitation was discussed by
J. Jaber and S. Probert of Cranfield University,
United Kingdom, in an article in Applied Energy,
Volume 58, Number 2-3, pages 161-175, 1997.

Oil-Shale Reserves in Jordan

Jordan's vast oil shale deposits are located

predominantly in the Central and Northwestern

parts of the country as shown in Figure 1. In

general, the oil shale seam's vertical thickness

increases as one proceeds northward in Jordan

to reach, on average, 350 (plus/minus 50)
meters in the Yarmouk district near Irbid.

There are 24 known outcrops and near-surface

oil shale deposits in the Central region of

Jordan. These proven reserves have been

estimated to exceed 5x1
0i0

tonnes of oil shale

(equivalent to at least 5x1
09

tonnes of crude oil).

At the present national rate of energy

consumption (about 4x1
06

tonnes of oil

equivalent in the year 1995), these reserves

alone would be capable of meeting Jordan's

energy demands for the next millennium. The

most important oil shale deposits occur at Wadi

Maghar, Wadi Thamad, Attarat Urn Ghudran,

Juref Ed-Drawish, El-Lajjun, Sultani, Khan

EzZabib and Siwaga (see Figure 1). These

deposits have an average stripping ratio (i.e.,

ratio of the vertical thickness of the overburden

to that of the associated oil shale deposit) of

about 1:1, which is considered to be favorable

from a cost-of-extraction point of view.

Oil Shale Properties

Samples of oil shale even within a single seam

possess various compositions and properties,

each of which depends on the process of

formation of the deposit at that location. The

organic content, which is the main reason for

commercial interest, in oil shale may vary

between approximately 50 percent by weight or

more for rich shale and 5 percent for lean shale.

The oil shale deposits at El-Lujjun, Sultani and

Juref Ed-Drawish in Jordan have been well

surveyed: their mean physical and chemical

characteristics, together with those from some

other major deposits in the world, are shown in

Tabid.

The potential of an oil shale deposit, as an oil

source, depends on its organic matter content

and how much of this can be converted to oil in

a financially viable retorting process. The latter

is dictated by the C/H ratio or the amount of

hydrogen in the organic matter. On average,

the oil yield and the gross calorific value of

Jordanian oil shale are high (about 10 percent

byweight and 6 megajoule per kilogram. Based

on a Fischer Assay, the average oil yield lies

between 100 and 120 liters per tonne of

Jordanian shale.

Besides the organic matter, Jordanian oil shale

deposits contain metals (e.g., uranium,

molybdenum, vanadium, chromium, cobalt and

nickel) in low concentrations, as well as

aluminum and iron in higher concentrations. If

all these metals were to be recovered, their total

value would exceed that of the shale oil, which

lies between US$10 and US$12 per tonne of

shale (based on about 100 liters of crude shale

oil being derived from a tonne of oil shale and

US$20 being paid per barrel of oil). The

principal inorganic compounds in oil shale

deposits are calcium carbonate and silica.

Jordanian oil shales bear a strong resemblance

to Colorado (USA) shales. However, the higher

percentage of sulfur (on average 2.5 to

3 percent by weight of the raw shale or about
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FIGURE 1

LOCATIONS OF THE OIL SHALE DEPOSITS IN JORDAN
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9 percent of the organic content) requires the

use of special methods for processing to avoid

excessive pollution formation.

National Need for Oil Shale as an Energy
Resource

Unfortunately, Jordan possesses only relatively
small known reserves of conventional fossil
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TABLE 1

AVERAGE CHARACTERISTICS OF REPRESENTATIVE SAMPLES

OF OIL SHALES FROM DIFFERENT DEPOSITS WORLD-WIDE

Characteristic Brazil China Estonia France Jordan Morocco USA

Moisture Content
(%)*

5.3 13.0 8->10 7.0 2.5 10.0 6->10

Gross Calorific Value (MJ kg"1) 5.6 6.28 12.5 5.65 6.0 4.6 7.5

Ash Content
(%)*

79 71 45->60 75 55 64 67

Oil Yield
(%)**

7 7 19-21 13 8-12 7 10

Elemental Analysis of

Organic Matter (%)*:

C 68.0 55.4 77.4 55.0 73.0 46.2 80.5

H 10.5 9.2 9.6 6.5 8.6 8.4 10.3

0 15.0 32.2 11.2 30.7 8.0 40.4 5.8

N 3.0 1.8 0.3 1.3 1.4 2.4

S 3.5 1.4 1.5 6.5 9.0 5.0 1.0

'Average content by weight

**Average percentage by weight according to a Fischer Assay

fuels; its indigenous crude oil and natural gas

supplies satisfying only approximately 4 percent

in total of the current national annual primary-

fuel demand. Consequently, Jordan is almost

completely dependent on imported crude oil.

In 1995 the annual cost of imported-oil was

approximately US$4.75x108, representing about

10 percent of Jordan's gross domestic product.

Without the exploitation of indigenous oil shale,

the cost of imported oil will probably increase to

about US$1. 1 5x1
09

per annum by 2010, when

the annual rate of fuel consumption in Jordan

will have approximately doubled. Jordan has

already experienced temporary shortages of

mineral oil products on several occasions, the

last one being during the Gulf War in the early

1990s. Also, the rising cost of oil imports and

Jordan's increasing dependence on them have

already contributed significantly to trade-

balance problems, inflation, decline of real

income per capita and other economic and

social difficulties.

Developing indigenously available fossil fuel

resources such as oil shale is one solution to

Jordan's fuel shortage problem.

Proposed Oil Shale Plant

A prospective, financially attractive utilization of

oil shale could be a multipurpose production

process, leading to shale oil and gaseous fuels,

electricity generation, and water desalination, as

well as salable amounts of chemicals and

minerals.

In the first-stage, the oil shale is retorted to yield

the maximum amounts of shale oil and

hydrocarbon gases. Then in the second-stage,

shale oil and/or the raw oil shale are subjected

to another thermal decomposition (i.e., the

gasification) process to produce a high calorific

value gaseous fuel. The latter can be

processed further to produce high financial-

value chemical products or synthetic gas. The

produced gases are used to fuel the process
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and to generate electricity via a combined-cycle

gas turbine as well as drive a thermal water

desalination unit, which will supply the required

fresh water for the plant and neighboring
locality. Oil shale fine particles produced during
the preparation and crushing of oil shale, and

the spent shale from the retorting and

gasification processes, can be burnt in a

Fluidized-Bed Combustor plant for the same

purpose. The final product synthetic gases can

be conveyed to customers by pipeline.

Moreover, it may be financially viable to recover
some of the trace metals, which have become

concentrated in the spent shale and the ash can

be used as a raw material for civil engineering
and building projects. Such byproducts will

enhance even further the economic feasibility of
oil shale harnessing.

The proposed multipurpose production scheme

has the following advantages compared with

either retorting or the direct combustion of oil

shale alone:

It is financially attractive because it

facilitates achieving higher recovery

ratios for the organic matter and the

evolvement of valuable, high-quality
chemical products (e.g., benzene,
ethylene and thiophene).

The process is expected to be relatively

efficient with respect to energy

consumption and so the associated

adverse environmental impacts would be

less.

High calorific value gaseous and liquid

products can be produced.

The required plant can be located in any

part of Jordan, because the gaseous and

oil products as well as water may be

transported relatively easily by pipelines

or road trucks. However, the capital cost

for the associated facilities as well as

their energy use should be minimized.

This proposed scheme appears to be worthy of

further development for utilizing Jordanian oil

shale for power generation. However, it

requires a high capital investment, but it has

superior technical and economic performances

compared with the direct combustion or retorting

of the oil shale. Negotiations with multinational

companies for the establishment of a private oil

shale extraction and electricity generation plant

in Central Jordan (near either El-Lajjun or

Sultani) are under way. The preliminary

estimate for the required investment for such a

plant, with an installed capacity of

150 megawatts, lies between US$3x108and

US$3.5x108.

RESOURCE

NAVAL OIL SHALE RESERVES

TRANSFERRED TO BLM AND OPENED FOR

DRILLING

Late last year Congress transferred

56,577 acres of Naval Oil Shale Reserves from

the United States Department of Energy to the

federal Bureau of Land Management (BLM).

This action opens this tract for natural gas

drilling and maintains public access for

recreation and grazing.

Public Law PL1 05-85, November 18, 1997,
directs the Secretary of Energy to transfer to the

Secretary of the Interior administrative

jurisdiction over all public domain lands included

within Oil Shale Reserve Numbered 1 and those

public domain lands included within the

undeveloped tracts of Oil Shale Reserve

Numbered 3.

The Secretary of Energy shall also transfer to

the Secretary of the Interior administrative

jurisdiction over those public domain lands

included within the developed tract of Oil Shale

Reserve Numbered 3, which consists of

approximately 6,000 acres and 24 natural gas

wells, together with pipelines and associated

facilities.
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Notwithstanding the transfer of jurisdiction, the

Secretary of Energy will continue to be

responsible for all environmental restoration,

waste management and environmental

compliance activities that are required under

federal and state laws with respect to conditions

existing on the lands at the time of the transfer.

The Secretary of the Interior is directed to enter

into leases with one or more private entities for

the purpose of exploration for, and development

and production of, petroleum (other than in the

form of oil shale) located on or in public domain

lands in Oil Shale Reserves Numbered 1 and 3

(including the developed tract of Oil Shale

Reserve numbered 3). Any such lease shall be

made in accordance with the requirements of

the Mineral Leasing Act (30 U.S.C. 181)
regarding the lease of oil and gas lands and

shall be subject to valid existing rights.

The lease of lands by the Secretary of the

Interior under this section may include the

transfer, at fair market value, of any well,

gathering line or related equipment owned by
the United States on the lands transferred and

suitable for use in the exploration, development

or production of petroleum on the lands.

The cost of any environmental assessment

required pursuant to the National Environmental

Policy Act of 1969 in connection with a

proposed lease under this section is to be paid

by the Bureau of Land Management.

All moneys received during the period specified

in the following paragraph from a lease under

this section (including moneys in the form of

sales, bonuses and royalties, including interest

charges collected under the Federal Oil and

Gas Royalty Management Act of 1982) shall be

paid into the Treasury of the United States and

shall not be subject to distribution to the states.

Subject to a specific authorization and

appropriation for this purpose, such moneys

may be used for reimbursement of

environmental restoration, waste management

and environmental compliance costs incurred by
the United States with respect to the lands

transferred.

The period referred to in the paragraph above is

the period beginning on the date of the

enactment and ending on the date on which the

Secretary of Energy and the Secretary of the

Interior jointly certify to Congress that the sum

of the moneys deposited in the Treasury is

equal to the total ofthe following:

The cost of all environmental restoration,

waste management and environmental

compliance activities incurred by the

United States with respect to the lands

transferred.

The cost to the United States to originally

install wells, gathering lines and related

equipment on the transferred lands and

any other cost incurred by the United

States with respect to the lands.
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PROJECT ACTIVITIES

FOURTH PHASE OF DEVELOPMENT AT

BURNT LAKE CONFIRMS ECONOMIC

POTENTIAL

The Burnt Lake Thermal Project, sponsored by
Suncor Energy Inc. and Amoco Canada

Petroleum Company Limited, began in 1985

with the purchase of oil sands rights from Dome

on 48 sections.

The project has evolved since then as a result

of:

Changing oil prices

Economy of scale

Advance in technology

recovery process)

(drilling and

Phases I and II of the project demonstrated the

cyclic steam process. Phase III, which was

completed in 1993, demonstrated the cold flow

process. Currently, the fourth phase, which

began in 1994, is developing the Steam-

Assisted Gravity Drainage (SAGD) process.

K. Yeung of Suncor Energy Inc. discussed the

SAGD project at the Heavy OilHeavy Action

Conference held in Calgary, Alberta, Canada, in

December.

The SAGD process has been evaluated at the

Underground Test Facility in Athabasca and in

an Alberta Research Council laboratory study.

A joint Alberta Department of Energy/Suncor

numerical study of SAGD application in Burnt

Lake confirmed the economic potential of the

project.

The Burnt Lake IV SAGD evaluation consists of

two phases. Three well pairs were first drilled to

confirm technical and economic viability, with

the goal of gaining experience to optimize the

design for the second phase. In the next step

the project will be expanded to 2,000 cubic

meters per day.

The SAGD wells began producing last year.

Currently, all three producer wells are in

production. The production rates are close to

estimates. The observation well temperature

profiles correlate to distance from horizontal

wells. To date no sand problems have been

encountered.

The future plans for Burnt Lake IV are identified

as:

Continue to operate the three active

wells

Obtain long-term production forecast

Decide on timing and magnitude of the

project's expansion

The project still has to overcome some

challenges, including transportation and

marketing, cost cutting initiatives in drilling and

completion, facilities and production, and

environmental impacts.

CORPORATIONS

SUNCOR INCREASES CAPITAL SPENDING

FOR PROJECT MILLENNIUM

Suncor Inc. has increased planned 1998 capital

spending to C$1 billion from C$800 million.

Half of the planned increase will go to Project

Millennium which will expand Suncor's Northern

Alberta oil sands operation to 105,000 barrels

per day from 85,000 barrels per day.

Suncor recently let a contract to the Conoco-

Bechtel Coker Technology Alliance for Project

Millennium. With a capacity of 100,000 barrels

per day of fresh bitumen feed, the new coker

will be one of the largest cokers in North

America, Suncor claims.
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Project Millennium Highlights

Project Millennium is expected to cost

C$2.2 billion and increase production to

210,000 barrels per day by 2002. This figure

includes C$190 million for adjustments to the

existing units which will expand daily capacity to
about 1 30,000 barrels by 2001 .

Production increases will be in three stages.

The first planned increase to 105,000 barrels

per day has been under way since 1995. It

includes expansion of the fixed plants and

development of the Steepbank Mine. The

second stage of growth is designed to gradually
increase production to about 130,000 barrels per

day by 2001. The third and final stage is

expected to take production to 210,000 barrels

per day by 2002. (See Figure 1
.)

The current plan for Project Millennium calls for

an expanded mine, new mining equipment,

increased steam and utilities support and

twining of the bitumen extraction and upgrading

processes. More detailed plans are outlined

below.

Steepbank Mine

Acceleration and expansion of the Steepbank

Mine to the east and south will extend its life to

2026. Although no new oil sands leases will be

required for this project, other leases held by
Suncor could be developed to support the

operation well beyond that time. Additional

mine equipment will be purchased and a second

hydrotransport pipeline, which carries ore to the

extraction plant in a water-based slurry, will be

built over the Suncor Bridge on the Athabasca

River.

During 1998 Suncor will receive more than

C$50 million worth of haul trucks, cable shovels

and support equipment required to operate the

10 square kilometers of mine.

Although some mechanical structures and

buildings are still under construction, heavy
equipment is being called into service to

remove overburdenthe thick layer of clay, silt

and gravel covering the oil sand. The transport

FIGURE 1

DAILY PRODUCTION AT SUNCOR'S

NORTHERN ALBERTA

OIL SANDS OPERATION

250,000

Current 2001

Expansion

2002

of new and existing mining equipment began in

early January 1998 and will continue until the

end of the year.

Extraction

The existing primary extraction plant, where

bitumen separation occurs, will be modified to

increase throughput to process about half of

Millennium production. An additional primary

extraction facility will be built at the Steepbank

Mine site. Eventually, the new plant will be

modified to handle all primary extraction

processing. Secondary extraction, where froth

treatment occurs, will continue at the existing

location. The plant will be modified to handle

increased volumes. All fine tailings will be

reclaimed to a dry state using Consolidated

Tailings technology.

Upgrading

A second bitumen upgrading system will be built

alongside the existing plant. A new feature will
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be improved sulfur recovery from treated

product streams. Other new units will include

diluent recovery, coking and hydrotreating.

SYNCRUDE GROWTH TRIGGERS

$220 MILLION PIPELINE EXPANSION BY

AEC

AEC Pipelines L.P. has announced that it is

initiating an expansion of its Alberta Oil Sands

Pipeline (AOSPL) to accommodate additional

output from the Syncrude plant. The initial

phase of an extensive expansion plan will

increase pipeline capacity to 300,000 barrels per

day and will involve a 30-inch looping of the

existing 22-inch system.

AEC Pipelines is 70 percent owned by Alberta

Energy Company Ltd. Built in 1977, AOSPL

has been expanded over the years to its present

capacity of 238,000 barrels per day, in response

to increasing production levels at Syncrude.

The pipeline is currently operating at capacity.

The initial phase of expansion has an estimated

cost of $220 million, triple the pipeline's existing

rate base, and is expected to be in service as

early as 1999.

When the AOSPL expansion is fully completed,
the pipeline system will allow up to

950,000 barrels per day of crude oil to be

transported from Ft. McMurray to Edmonton.

This will be an important factor in the

development of oil production from the

Ft. McMurray area.

AEC's pipeline expansion came shortly after

Syncrude Canada announced plans to seek

regulatory approval to undertake a $3 billion

expansion of its upgrading facility (see The

Sinor Synthetic Fuels Report, January 1998,

page 3-2). Imperial Oil Ltd., a major

stakeholder in the project, (25 percent), supports

the proposal that is expected to cost the

company $750 million over the next 10 years.

As proposed, the expansion is expected to

increase Syncrude's synthetic crude oil

processing capacity from the currently approved

100 million barrels per year to 175 million

barrels per year by 2007. The project is part of

a long-term expansion program to more than

double Syncrude's crude oil production capacity.

KOCH EXPLORATION ACQUIRES SOLV-EX

LEASES, PLANS DEVELOPMENT

Koch Exploration Canada Ltd., Calgary, Alberta,

has acquired a 78 percent interest in

41 ,000 acres of leases in Northern Alberta

owned by Solv-Ex Corporation. The bid

involves Solv-Ex retaining a 12 percent stake,

United Tri-Star Resources Ltd. holding
10 percent, and Koch, as major shareholder,

having 78 percent.

The leases had been for sale since last fall,
when Solv-Ex filed for bankruptcy protection

(see The Sinor Synthetic Fuels Report,

October 1997, page 38). Koch paid $23 million

for their interest in the oil sands leases. The

estimated potential reserves for the leases is

1 .3 billion barrels of oil. The deal was approved

by courts in Calgary and Albuquerque, New

Mexico. Koch is now considering development

options for the oil sands leases.

Koch also entered into a deal with Geopetrol

Resources, Calgary, which earlier offered

$15 million for Solv-Ex properties. Terms were

not disclosed. Koch said it is considering
Solv-

Ex and Geopetrol bitumen extraction

technologies in preparing a development plan.

Potential production from this oil sands property
sale will become a part of Koch's overall

strategy to supplement feedstock requirements

for its Minnesota refinery.
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CANADIAN NATURAL RESOURCES

EXPANDS PELICAN LAKE HOLDINGS

In October Canadian Natural Resources Limited

entered into agreements to acquire certain

undeveloped oil sands leases from Koch

Exploration Canada Ltd. The leases cover a

total of 62 sections (39,680 acres) and are

located immediately south of Canadian

Natural's holdings in the Pelican Lake area of

Alberta, Canada.

This acquisition increases Canadian Natural's

land holdings in the Pelican Lake area to

137 sections (87,680 acres) and will provide

further opportunities to Canadian Natural for the

overall development of the significant oil

reserves it now controls in the Pelican Lake

area.

Canadian Natural also recently announced plans

for a jointly owned pipeline in this area capable

of transporting 150,000 barrels of blended crude

oil per day. Work will include looping with

68 miles of 20-inch line and modifying existing

terminals. Completion is scheduled for

May 1998.

AMBER ENERGY ADDS TO PELICAN LAKE

HOLDINGS

Amber Energy Inc. has acquired 100 percent

working interest in 102 section of Crown Oil

Sands Development Leases in the

Wabasca/Pelican Lake area of Alberta, Canada,
for $16,907,000. Amber now owns an average

98 percent working interest in 313.5 sections

(305.7 net sections) of contiguous Crown Oil

Sands Development Leases in the Pelican Lake

area.

Earlier last year the company acquired working

interest in 68 sections (53 net sections) of

Crown Oil Sands Development Leases in the

same area. Amber expects to drill six

stratigraphic test wells in the first quarter of

1998 and to begin drilling horizontal oil wells in

the fourth quarter of 1998 on this Pelican Lake

acreage.

EXXON, CORPOVEN SIGN MOU FOR

VENEZUELA DEVELOPMENT

Exxon and Petroleos de Venezuela S.A. affiliate

Corpoven have agreed to develop extra heavy
oil in the Hamaca area of Venezuela's Orinoco

heavy oil belt. Under the joint venture's

Memorandum Of Understanding (MOU), the

project will have two phases over its 35-year

term. Upgraded production of 80,000 barrels

per day of 8 to
10

API oil would begin in 2002,

with an expansion of 170,000 barrels per day
slated for 2007/2008. Over the project's life, up
to 2 billion barrels of the thick crude may be

produced. Initial capital investment is expected

to total $800 million. Exxon will have a

70 percent interest.

This pact follows a joint studies agreement

signed between the two firms in March 1997 to

address technical issues, define contract terms

and develop association language. Exxon and

Corpoven expected to submit documentation by
year-end to the Venezuelan Congress to gain

approval. Assuming all facets remain on

schedule, a joint venture agreement will be

completed and signed during the first quarter of

1998.

Key elements of the project include an upstream

development that utilizes horizontal wells and

"cold
flow;"

shared pipeline and terminal

facilities; use of Exxon's proprietary upgrading

process during Phase I; and a long-term

arrangement for linking the joint venture to

existing Exxon refining capacity. A final

decision on Phase ll's upgrading will be delayed

to account for technology advances and

commercial trends.
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TEXACO JOINS ITALIAN TAR

GASIFICATION PROJECT

Texaco has acquired a 24 percent interest in an

Integrated Gasification Combined-Cycle (IGCC)
plant under construction at an Anonima Petroli

Italiana (API) refinery in Ancona, Italy. Other

partners in the project, called API Energia SpA,
are API, which holds a 51 percent stake, and

Asea Brown Boveri (ABB) with 25 percent. The

276-megawatt powerplant is due to enter

service in 1999. It will utilize IGCC technology
with the gasifier licensed from Texaco.

The powerplant will bum around 7,700 barrels

per day of visbreaker tar, a heavy oil residue

from the refinery. Electricity from the plant will

be sold to the Italian utility Enel with up to

65,000 kilograms per hour of steam to be sold to

the API refinery. The project is expected to cost

$750 million to complete.

The API Energia power project is the first joint

investment in an IGCC facility under a

European marketing alliance established by
Texaco and ABB earlier this year.

ENERGY POLICY AND FORECASTS

OIL SANDS SHOULD SUPPLY OVER

50 PERCENT OF CANADIAN CRUDE BY 2010

During the first decade of the new century,

accelerating declines in conventional Canadian

crude oil production will be more than offset by

strong growth in production from Western

Canada's oil sands, one of the largest known

accumulations of hydrocarbons in the world.

The oil
sands'

share of total Western Canadian

crude oil production is expected to increase

from under 25 percent in 1995 to 40 percent of

a higher total volume of crude oil production in

2005, and to over 50 percent by 2010.

M. Meyers of Cambridge Energy Research

Associates (CERA) discussed developments in

Western Canada's oil sands at the Heavy Oil

Heavy Action Conference held in Calgary,

Alberta, Canada, last December.

After years of largely unfulfilled promise, plans

are being developed to invest billions of dollars

to more than double production from Western

Canada's oil sands, to over 1 million barrels per

day (mod) by 2010. In CERA's view the

convergence of several factors are responsible

for this surge of interest and activity:

Advances in bitumen production

technology

Harmonized fiscal and royalty regimes

Declining conventional crude oil

prospectivity

Imminent lease expiration

All this oil sands development activity will have

a profound effect on the volume and

composition of crude oil production in Western

Canada, says Meyers. CERA's outlook is for

liquid hydrocarbon productive capacity in the

Western Canadian Sedimentary Basin (WCSB)
to undergo a gradual increase from 2.4 mod in

1995 to a plateau of 2.7 to 2.8 mod from 2000

to 2010. Within this gradual increase,
significant changes in the productive capacity

mix will take place:

Conventional light/medium streams will

decline from 0.88 mbd in 1 995 to

0.20 mod in 2010.

Strong growth in heavy oil will continue,

from 0.47 mbd in 1995 to a 0.81 mbd

peak in 2002, before easing slightly to

0.75 mbd in 2010.

Total productive capacity from the oil

sands, including both surface mined and

in situ production, is projected to

increase from 0.42 mbd in 1995 to

0.68 mbd in 2002 and 1.15 mbd in 2010.
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The looming condensate shortage in Western

Canada signals an impending need for

investment in bitumen upgrading capacity within

Alberta if in situ bitumen production is to

continue to grow significantly beyond the levels

projected for 2000. Yet the only plant built in

Western Canada to upgrade in situ produced

bitumen, the financially troubled Bi-Provincial

Upgrader in Lloydminster on the

Alberta/Saskatchewan border, sets a precedent

investors are not eager to emulate.

Search forMarkets

WCSB crude oil production is currently

processed in Western and Central Canada and

in the Pacific Northwest, Rocky Mountains and

Mid-Continent regions of the United States.

CERA expects crude oil demand to grow slowly
in these markets as a result of maturing demand

for refined products and increased competition

in the Rocky Mountains and Mid-Continent

regions from United States Gulf Coast refineries

via refined product pipeline expansions. In

addition, changes in the crude oil pipeline

infrastructure are increasing the capacity to

import crude to the Mid-Continent and Ontario

from the United States Gulf Coast and Eastern

Canada, widening the array of feedstock options

for refiners. Hence Western Canadian

producers will be marketing the increased

production from the oil sands into a highly
competitive market.

The combination of increasing production from

the oil sands and limited plans for refinery

investment to increase the capacity to process

this production will result in market pressures for

a reduction in the value of bitumen blend and

synthetic crude relative to light, sweet

conventional crudes. For upgraded synthetic

crude, the pressures are unlikely to be

significant until 2001-2002, when Suncor's large

expansion and Shell Canada's mining/upgrading

projects are scheduled to startup.

According to CERA, for the next 3 to 4 years,

the light/heavy crude price differential in

Western Canada is likely to remain in the range

of $4.50 to $5.50 per barrel.

In recent years the spot value of upgraded

synthetic crude has increased in value relative

to light, sweet conventional crude. In CERA's

view this premium is likely to persist through

2001-2002, as growth in production of upgraded

synthetic erode from existing plants is likely to

be matched by capacity creep at refineries

configured to process this feedstock. However,

the scheduled startup in 2002 of large capacity

additions of upgraded synthetic crude is likely to

lead to discounting of upgraded synthetic crude

in this timeframe.

CANADIAN HEAVY OIL PRODUCERS WILL

NEED MORE INTEGRATION IN THE FUTURE

Western Canadian heavy-oil and bitumen

represent one of the largest hydrocarbon

resource bases in the world, and present a

wealth of business opportunities. Light- and

medium-oil resources are in the stable to

declining stages, and gas activity is controlled

primarily by a combination of prices and export

pipeline capacity. Despite the low oil prices of

the past decade, heavy oil has emerged as a

growth sector of the oil and gas industry.

Increasing heavy-oil production volumes and

declining supplies of light oil are causing the

North American refining industry to adjust

continuously to handling a heavier slate of

crudes.

G. Eynon of Ziff Energy Group discussed

Canadian heavy oil and bitumen supply and

demand at the Heavy Oil Heavy Action

Conference held in Calgary, Alberta, Canada,
last December.

Canadian Heavy-Oil and Bitumen Production

Canadian conventional heavy-oil and bitumen

production doubled over the past 10 years to

over 790,000 barrels of oil per day in 1997 due

mainly to the successful application of

horizontal drilling techniques. Synthetic crude

oil production from bitumen at the Syncrude and

Suncor plants is approaching 300,000 barrels of
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oil per day, and production from these plants is

expected to grow only modestly in the next

5 years. Total heavy-oil and bitumen supplies

will increase significantly, while light-oil supplies

will continue to decline slowly, says Eynon.

Heavy-Oil Prices

World oil prices are expected to remain

relatively flat in the near future, with the price of

West Texas Intermediate (WTI) at Cushing
maintained near $18.00 per barrel (1996 $US).

The economics of refinery production and the

availability of various crude types determine

light/heavy price differentials. Refineries report

that the average North American crude oil barrel

is becoming increasingly heavier. Markets for

heavy oils are served by a range of crude types,

including domestic Wyoming Sour, imported

Mexican Maya and Venezuelan Heavy, as well

as the variety of Canadian heavy and

bituminous crude oils.

Light and heavy crude prices generally move in

unison, though the spread between the two

varies. For the Canadian producer, the prices

are expressed as differentials between

Edmonton Light
(40

API) and Hardisty or Bow

River Heavy (about
25

API). The Edmonton-

Hardisty differential averaged C$5.25 over the

1987-1997 period. In 1997 there was a

significant reduction of heavy-oil prices and

widening of the light/heavy differential occurred,
although they still compare favorably on a

longer-term historical basis.

Canadian Resource Base

The Western Canada Sedimentary Basin

heavy-oil resource base is in the Lloydminster-

Fort McMurray-Peace River axis. Ultimate

recoverable reserves were estimated to be more

than 4 billion barrels in 1995, up from 1.5 billion

barrels in 1975. The National Energy Board

(NEB), in its report on Canadian Energy Supply
and Demand 1993-2010, estimated that

5.7 billion barrels of recoverable conventional

heavy oil (excluding heavy oil that can be

recovered only by thermal means, bitumen and

oil sands) has been discovered, with about half

remaining to be produced. The NEB estimates

that another 1.2 billion barrels of recoverable

heavy oil will be discovered, for a total amount

remaining to be produced of 4 billion barrels.

Various forecasts estimate reserve additions

over the next 10 to 15 years to be more than

2 billion barrels. Projecting the historical trend

of NEB resources estimates, ultimate

recoverable reserves of heavy oil and bitumen

will likely increase to 6 to 7 billion barrels by
2010 (see Figure 1).

Canadian Industry Activity

Drilling activity in conventional heavy-oil areas

increased substantially in recent years. Heavy-

oil drilling (measured as completed wells)

increased from 1.25 million meters in 1994 to

2.75 million meters in 1996, and represented

about 55 percent of total oil well drilling in 1996.

Total oil drilling activity is up by almost

40 percent in 1997.

Horizontal drilling, an integral and major part of

the growth, increased from 215 wells in 1991 to

1,150 wells in 1996 with a projected 1,500 wells

by year end 1997. Virtually all (92.5 percent)

horizontal wells were oil applications,

representing about one-sixth of all oil well

completions. Heavy oil accounts for

approximately 65 percent of all horizontal wells

drilled in Western Canada.

Costs

Overall finding and development costs for

Western Canada oil in total decreased

significantly over the period 1994-1996, from

C$6.54 to C$4.36 per barrel. Extremely high

success rates for both exploration (greater than

75 percent) and development (about 95 percent)

drilling are a major part of that efficiency.

Overall operating costs for conventional heavy
oil (excluding thermal operations) have

increased steadily from under C$4.00 in 1993,
to approximately C$5.90 per barrel in both 1995

and 1996. Operating costs vary considerably by
area, ranging from C$3.50 per barrel in

Southeast Alberta in 1996 to C$7.90 per barrel

in Lindbergh.
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FIGURE 1

WESTERN CANADA HEAVY-OIL RESOURCE BASE ESTIMATES
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Domestic Consumption Versus Exports

Markets for Canadian conventional heavy-oil

and bitumen production have changed

significantly over the past 10 years. Canadian

domestic consumption of heavy oil and bitumen

increased steadily up to 1993, and then leveled

off until 1997, when another significant increase

occurred. Canadian heavy-oil and bitumen

exports have increased steadily throughout the

period with stronger growth in recent years.

The mix of Canadian conventional heavy-oil

and bitumen exports to the United States has

changed somewhat over the past 10 years.

Bitumen did not increase significantly from 1987

to 1996, but was the major reason for the

increase in total exports in 1997. Exports of

heavy oil have continued to increase steadily

and significantly over the whole period, while

light oil has remained relatively fiat for several

years.

Markets for Canadian Crude Oil

The overall demand for crude oil in the United

States is growing steadily. Total United States

imports of crude oil were 5.9 million barrels in

1990, rising to 7.5 million in 1997. Canada has

developed an increasing market share of

11 percent in 1990, rising to 15 percent in 1997.

A recent analysis of export growth estimates

that total exports of heavy oil and bitumen will

be 740,000 barrels per day in 2000 and

770,000 barrels per day in 2010.

Conclusion

While heavy oil has become a legitimate sector

of Western Canadian oil and gas industry,

Eynon says that producers, as a group, lack a

full appreciation of the impacts of the midstream

and downstream sectors on their business.

Knowledge of pipeline transportation, refining
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and refined products marketing is a prerequisite

for improved performance. Lack of

understanding puts producers at a distinct

disadvantage relative to the competition in the

North American marketplace. Venezuelan

heavy-oil producers, in particular, are

increasingly vertically integrated and have a

growing control of their own destiny through

direct ownership of Midwest and Gulf Coast

refineries in the United States. Heavy-oil and

bitumen resources present the Canadian oil and

gas industry with a wealth of opportunities, but

success will require a more sophisticated and

integrated business expertise.

ECONOMICS

CALIFORNIA HEAVY OIL PROFITABLE, SAY

NEW ECONOMIC MODELS

In 1996 California produced 665,000 barrels per

day of
20

and lower API gravity oil,

representing about 85 percent of United States

heavy oil production.

Until recently the perception of heavy oil
(20

API gravity and lower) has been that heavy oil

production is uneconomic unless oil prices are

in the $30 per barrel range. However, new

technologies have reduced costs and improved

recovery.

G. Hobbs and R. Winkler of Ammonite

Resources Company discussed the economics

of California heavy oil in the

December 22, 1997, Oil and Gas Journal,

pages 91-98.

Recoverable reserves are still substantial in the

major San Joaquin Valley heavy oil fields, even

though many fields have been produced for

nearly 100 years and many have been under

thermal recovery for over 20 years. For the

major fields, operators expect ultimate

recoveries of 70 percent of Original Oil In Place

(OOIP), and even 80 percent in some cases,

given favorable economics. Currently the fields

have been depleted to about two-thirds of those

levels. Therefore, the major projects should last

for another 20 years or more.

Ammonite Resources generated economics for

a hypothetical thermal recovery project in the

San Joaquin Valley to place the economic

potential of thermal recovery investments in

context with those of conventional oil

development and to illustrate why today's

economic climate in the industry is improved.

Based on information from operators, Ammonite

developed three hypothetical economic models

(KRVirgin, KRHalfDep and Alpha) to represent

potential investments in typical 5-acre, nine-spot

pattern, California steam floods.

A fourth economic model (GOMOil) compares a

conventional oil development offshore in the

Gulf ofMexico to the heavy oil project.

The first two cases (Table 1) are modeled on

the Kem River field in the San Joaquin Valley.

The cases assume reservoir stratification, so

that depletion requires multiple steam floods,

resulting in long project lives of over 30 years.

The KRVirgin case models a steam flood from a

virgin reservoir. This requires new wells and oil

gathering and steam distribution pipelines, as

well as facilities for oil treating and storage,

water treating and disposal, steam generating,

and feedwater treatment. The 20, 5-acre-

pattem project assumes a 24 million barrel

ultimate oil recovery. This case is unrealistic in

that opportunities to invest in virgin heavy-oil

reservoirs are unlikely to be found in the future,

say Hobbs and Winkler.

The second Kem River case, KRHalfDep, has

the same scope as KRVirgin, except that

50 percent of original recoverable reserves are

assumed to have been previously produced.

This case, with a 12-million barrel ultimate

recovery, assumes all wells and gath

ering/distribution piping are newly installed, but

steam generating and oil and water-treating
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TABLE 1

Project Parameters

Project Life, years

Peak Production, bo/d

Gross Recovery Oil, 1,000 bbl

Gas, Mmscf

Equivalent, 1,000 BOE

Initial Capital, $1 ,000

Royalty
Initial Product Prices Oil, $/bbl

Gas, $/Mscf

Project Cash Flow $Million

Actual Value

Present Value at 10%

Present Value at 15%

Internal Rate of Return, %

Cash Flow Indices

Capital/BOE, $

Operating Expenses/BOE, $

Operating Expenses/BOE, 1996$
Actual Value, Profit/Capital

Actual Value, Profit/BOE

Present Value at 15% BOE

CASE ECONOMICS

(After Tax)

KRVirain KRHalfDeD Aloha GOMOil

38 29 26 20

2,750 1,750 1,850 3,400

24,036 12,018 12,982 10,301

24,036 12,018 12,982 12,018

16,400 7,800 9,030 48,000

1/8 1/8 none 1/8

14 14 14 18

~ -- 2

180.7 78.0 117.4 65.4

40.3 20.1 37.1 27.8

19.4 10.4 23.5 14.9

28.2 30.7 55.5 23.8

0.68 0.65 0.70 3.99

7.83 7.90 7.40 4.09

4.52 5.09 4.99 3.19

11.02 10.00 13.00 1.36

7.52 6.49 9.04 5.44

0.81 0.87 1.81 1.24

Note: Product prices and operating expense escalated at 3%/year.

facilities are assumed to already be available in

the field.

The third model, called Alpha, models an actual

22, 5-acre-pattem steam flood implemented in

the 1970s by a major operator. The Alpha case

updates the operator's original justification to

today's conditions. The reservoir is deeper and

thinner than Kem River, and prior operations

produced about 40 percent of recoverable oil.

Project investments included new steam

generators and some new wells, but otherwise,

existing wells with workovers and existing

production facilities with minor modifications

were adequate. Predicted ultimate incremental

oil recoverywas 13 million barrels.

For comparison, the GOMOil case illustrates the

economics of investing in a typical incremental

oil development in the Gulf of Mexico.

Recoverable reserves of 12 million Barrels of

Oil Equivalent (BOE) were assumed. The

model assumes an investment in a new

platform, development wells, production

facilities and pipeline connections to an existing

nearby platform.
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Base Cases

Table 1 summarizes the base case economics

for all four models.

The Alpha model economics are substantially
better than those for KRHalfDep even though

produced volumes and initial capital per barrel

recovered are about the same. This is because

of the faster production rate buildup and

accelerated oil recovery, shorter project life, no

royalty, and lower average operating costs.

For GOMOil, profitability and internal rates of

return are attractive, although lower than

KRHalfDep and Alpha. This is because the

much higher initial capital expense is not

entirely offset by the higher product prices and

more rapid reserve depletion.

The base case economics suggest that the

California heavy-oil thermal recovery industry
could offer attractive investment opportunities

under today's conditions.

The most significant sensitivity of thermal

recovery economics is to the future prices of oil.

The data indicate that $2 per barrel lower crude

prices would make all of these cases marginally

attractive at best, and a $4 per barrel reduction

would essentially eliminate the economic

viability of all three.

The thermal recovery projects and Gulf of

Mexico are sensitive to future gas prices in

opposite directions. In California, most steam

generation facilities, including cogeneration

plants, currently are gas fired, and this is

expected to continue. Therefore, in those case,
gas prices affect operating expense.

Heavy-Oil Future

According to Hobbs and Winkler, operators of

California thermal heavy-oil recovery projects

generally expressed enthusiasm for the

opportunities for growth of their own operations

and for their industry in general.

INTERNATIONAL

UK, FLORIDA SETBACKS DAMPEN

ORIMULSION EXPORT PLANS

Early in 1997 Orimulsion looked like it was

going to become an important new source of

income for Petroleos de Venezuela SA

(PdVSA). However, setbacks have occurred in

recent months when two major orders in the

United Kingdom and the United States were

either canceled or delayed indefinitely.

Bitumenes Orinoco SA (Bitor), the PdVSA unit

that oversees the production and marketing of

Orimulsion, had planned to sell 4 million tonnes

per year to National Power pic. in the United

Kingdom. However, the British utility in

September 1997 decided not to convert its

Pembroke power station in Southern Wales to

bum Orimulsion. (See The Sinor Synthetic

Fuels Report, January 1998, page 3-10.)

Earlier, Bitor lost another United Kingdom client

when PowerGen pic. shut down the two power

stations (Ince B and Richborough) which had

been modified to bum Orimulsion.

Also the State of Florida (United States) has

voted to delay the commercial use of

Orimulsion at Florida Power and Light's (FPL)
Manatee power station near Tampa. Bitor and

FPL had signed a 20-year agreement under

which the utility would purchase 4 million tons

per year of Orimulsion, but FPL cannot begin

burning Orimulsion until the state authorizes a

final go-ahead. (See The Sinor Synthetic Fuels

Report, January 1998, page 3-24.)

Projections Re-evaluated

According to an article in the January 5, 1998,
issue of Oil and Gas Journal, these setbacks

have forced Bitor to re-evaluate its ambitious

export projections.

The company, which exported 4.17 million tons

of Orimulsion in 1 996, planned to raise exports

to 14 million tons per year by 2000 and to
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32 million tons per year by 2006. (See The

Sinor Synthetic Fuels Report, October 1997,
pages 3-8, 3-9.) Sales to FPL and National

Power alone would have provided a market for

8 million tons per year. Those sales are now

uncertain.

But Bitor is still optimistic about Orimulsion's

future. The company continues to sell

Orimulsion in several international markets and

is planning and carrying out trials in others.

Bitor has contracts, or is conducting trial bums,
in Canada, China, Denmark, Italy, Japan and

the United States. It has commitments to

supply 800,000 tons per year to a new,

350-megawatt powerplant at Japan's Hokkaido

Electric Power (Shiriuchi Plant Unit 2), starting
in 1998. Bitor recently opened a new door in

the United States when Illinois Power began a

test bum at Unit 1 of its Hennepin coal-fired

power station near Chicago. (See 77?e Sinor

Synthetic Fuels Report, January 1998,

pages 3-24, 3-25.) It also is at various stages of

negotiations with other potential clients in

Bulgaria, Germany, The Netherlands, India,

Taiwan and Turkey.
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PROJECT ACTIVITIES

COAL-FUELED DIESEL ENGINE GIVEN GO

AHEAD FOR ALASKA

In August the United States Department of

Energy (DOE) gave final approval to

Arthur D. Little Inc. (ADL) to complete final

design and to initiate construction of a

6.4-megawatt-electric coal diesel engine and a

nominal 120-ton per day Low-Rank Coal-Water

Fuel (LRCWF) processing plant. The coal-fired

diesel project, selected under Round V of the

Clean Coal Technology Demonstration

Program, consists of the design, construction

and operation of an 18-cylinder diesel engine

modified to operate on Alaska subbituminous

coals.

The coal-fired diesel will be fueled with a coal

slurry prepared using an advanced coal drying
process to produce LRCWF. The LRCWF

process allows the dried coal to be micronized

and then slurried in water for injection into the

diesel engine. LRCWF also can be used as an

alternative to fuel oil in conventional oil-fired

industrial boilers.

The technology is expected to operate at low

NOx and S02 emission levels (50 to 70 percent

below current New Source Performance

Standards). The plant is expected to achieve

41 percent efficiency, with future plants

expected to achieve 48 percent efficiency

resulting in 25 percent lower C02 emissions

compared to conventional coal steam plants.

The DOE National Environmental Policy Act

process was completed with publication of an

Environmental Assessment in May 1997 and a

Finding of No Significant Impact in June 1997,
and all environmental permits have been

received.

Team members working with ADL include the

University of Alaska, Alaska Science and

Technology Foundation, Coltec Industries,
Usibelli Coal Mine Inc., Energy and

Environmental Research Center and

R.W. Beck. The total value of the agreement is

over $48 million, with DOE cost-sharing some

$24 million.

The University ofAlaska at Fairbanks is working
with ADL to install and operate the coal-diesel

engine and a retrofitted 5-megawatt-electric oil-

fired boiler on LRCWF at their campus in

Fairbanks.

According to C. Benson, of ADL, et al. key
project objectives are to develop commercial-

scale LRCWF production costs, determine

derating requirements and deratings of oil-

designed boilers fired with LRCWF and to

operate an LRCWF-fired diesel engine long
enough (6,000 hours) to establish operating and

wear characteristics.

The Pielstick diesel engine is manufactured by
Coltec Industries, formerly Fairbanks-Morse, in

Beloit, Wisconsin. Coltec will be modifying the

injectors, exhaust valves, and the piston ring
and lubricating oil system to accommodate

abrasive wear of the coal-water fuel. Coltec

plans to use hard sapphire inserts in the injector

tips, an advanced technology previously tested

on smaller diesel engines manufactured by
GE Locomotive and Cooper-Cameron Inc., to

reduce injector hole wear.

Fabrication of the engine started in

November 1997 and delivery is expected in

December 1998. ADL and the University of

Alaska plan on holding a formal groundbreaking

ceremony at the site in May 1998.

FEASIBILITY STUDY PLANNED FOR CLEAN

COAL POWERPLANT IN KENTUCKY

State of Kentucky officials are attempting to

secure funding for a $600,000 study to

determine the feasibility of constructing a clean

coal powerplant. The plant would bum the

state's high-sulfur coal to produce electricity and

coproducts such as synthetic fuel.
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The University of Kentucky's Center for Applied

Energy Research leads a consortium that

includes Golden Oak Mining, Blue Diamond

Coal Company, Cyprus Amax Coal Company,
East Kentucky Power Cooperative and the

Tennessee Valley Authority. The group had

hoped to raise enough money to begin the study

in January, but that did not happen. Kentucky
Governor P. Patton, however, has pledged an

unspecified level of state money for the study.

The plant would cost at least $500 million and

have a 400-megawatt generating capacity. It

would bum up to 2 million tons of high-sulfur

coal annually. The plant would be built in time

to take advantage of a projected electric

capacity shortfall in the region after 2005.

NEDO LIQUEFACTION PLANT COMPLETES

80-DAY RUN

A continuous run of 80 days has been achieved

as of January 1, 1998, by a 150-metric ton per

day coal liquefaction pilot plant operated by
Japan's New Energy and Industrial Technology
Development Organization (NEDO). According
to NEDO, this is a world record for coal

liquefaction. The oil yield was 59 percent, or

4.7 barrels per metric ton of coal, the remainder

being gas and residue.

In the Nedol process crushed coal is slurried

with a catalyst (about 3 percent of the mixture)

in a solvent - hydrogenated heavy oil obtained

from the process. The catalyst, finely ground

pyrite, permits liquefaction under the relatively

mild conditions of about 450C at 170 bar.

Gases are separated from the liquid and solid

residue, then the oil is distilled to obtain about

60 percent naphtha, with a boiling point

below 220C and 40 percent distillate that boils

at 220 to 350C. Heavy residual oil is heated

and vacuum-distilled from the residue, for use in

the process.

NEDO suggests that this technology has now

cleared the most important step toward its

practical use. The plant started operation using

Tanitoharum coal produced in Indonesia in

March 1997.

NEDO will continue tests with various types of

coal and plans to design a 5,000-metric ton per

day demonstration plant by March 1 999. The

cost goal is to produce liquid fuels for less than

$25 per barrel.

FEASIBILITY STUDY UNDERWAY FOR

COMMERCIAL COAL LIQUEFACTION PLANT

IN CHINA

Last fall Hydrocarbon Technologies Inc. (HTI)
signed an agreement with the Shenhua Group
Corporation Ltd. and the China Coal Research

Institute to undertake a feasibility study for

construction of a commercial direct coal

liquefaction plant in China. The commercial

plant would process 12,000 tons of Shenhua

coal per day to produce 50,000 barrels of oil per

day.

The agreement involves two phases. Phase I is

a prefeasibility study that involves processing

110 pounds of Shenhua coal per day in HTI's

bench-scale direct coal liquefaction unit. Bench

testing and base case economic analysis of the

12,000-ton per day planned facility were

completed in November 1997. In Phase II, HTI

will use its 5-ton per day pilot plant to confirm

process performance and validate process

economics.

CORPORATIONS

COVOL LISTS PROJECTS AND PROSPECTS

The Covol Technologies Inc. 7997 Annual

Report summarizes the company's projects

underway and prospects for the future.
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Covol Technologies Inc. has developed

Briquetting Technology to recycle waste

byproducts such as iron revert, coke breeze and

coal fines from the steel and coal industries into

marketable sources of fuel or raw materials in

the form of briquettes. The Briquetting
Technology employs pressure and chemical

agents to bind coal fines, coke breeze and

revert materials into briquettes. The coal and

coke briquettes are suitable for industrial and

commercial use and are comparable to run-of-

mine coal and formed coke. The revert material

briquettes are further processed in reducing

furnaces to reclaim iron and other materials.

The revert processed through use of the

Briquetting Technology is comparable to scrap

iron. According to Covol, its coal and coke

briquettes and reclaimed iron can be produced

and marketed at prices which are competitive

with run-of-mine coal, formed coke and other

sources of scrap iron. Moreover, the company
believes that the Briquetting Technology will be

attractive to steel and coal producers in

addressing the environmental issues

surrounding the disposal of waste byproducts

generated in the production process.

The company's fundamental business strategy

is to commercialize the Briquetting Technology
through investors, limited partnerships, licenses,

joint ventures and collaborative arrangements

with steel, coke and coal producers. Because of

the potential for tax credits in connection with

the production of synthetic fuels from coal fines

at briquetting plants placed in service by
June 30, 1998, the principal focus on the

company during fiscal year 1997 has been the

development and commercialization of the

Briquetting Technology with respect to coal.

The company will continue to focus on the coal

application through fiscal year 1998.

Research and Development

The company has devoted significant research

and development efforts to the refinement and

commercialization of the Briquetting
Technology. The company's research and

development expenses were approximately

$1.26 million, $1.04 million and $663,935 for

years ended September 30, 1995, 1996

and 1997, respectively. The company at the

present time is focusing its research and

development efforts principally upon its

synthetic fuel binderwith the intent of enhancing

the binding and other characteristics of the

binder and/or to further reduce binding process

costs. The company is also developing other

related technologies that could be implemented

in steel mills and other mineral industries.

Alabama Plant

The company, through Alabama Synfuel Ltd.

(AS #1), is currently constructing the Alabama

plant in Birmingham, Alabama. The plant will

manufacture synthetic fuel from coal and is

expected to have an annual capacity of

approximately 360,000 tons. The company

anticipates that the construction of the Alabama

plant will be completed by February 1998.

Birmingham Syn Fuel L.L.C. (BSF), a subsidiary

of PacifiCorp Financial Services Inc., has

agreed to purchase the Alabama plant.

Pursuant to a license agreement, BSF will pay

quarterly royalty payments on the product

produced and sold. The company also has

agreed to provide binder material to BSF for the

manufacture and production of synthetic fuel.

Utah Plant

The company, through Utah Synfuel Ltd.

(US#1), constructed the Utah plant in Price,

Utah. The Utah plant is a synthetic fuel

briquetting facility with a production capacity of

approximately 360,000 tons per year. Last

March the company, together with US#1,

finalized the sale of the Utah plant for

$3.5 million to Coaltech, which consists of AJG

Financial Services Inc. (24 percent), Square D

Company (75 percent) and Covol (1 percent).

US#1 granted Coaltech a nonexclusive sub

license of the Briquetting Technology. The sale

of the Utah plant resulted in a loss of

approximately $581 ,000.

Also under the Utah License Agreement, the

company has agreed to sell certain proprietary

binder material necessary to produce the
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briquettes to Coaltech at an established rate per

ton subject to annual adjustment based upon

the producer price index.

As part of the sale of the Utah plant, the

company and US #1 entered into a Supply and

Purchase Agreement with Coaltech. Under the

agreement, the company agreed to provide coal

fines to the Utah plant for processing into

synthetic fuel. Furthermore, US #1 agreed to

purchase from Coaltech the synthetic fuel at its

cost plus $1 per ton. Coaltech has the right to

market its synthetic fuel to a third party, with

US #1 having a right of first refusal to purchase

such synthetic fuel.

Since the Utah plant was first placed in service

it has experienced several problems, including
insufficient drying capability for the synthetic

fuel product, inadequate clean coal fines as a

feedstock for operations and inability to market

to end-consumers the synthetic fuel product

produced from the high ash feedstock.

The company removed the dryers that were

then a part of the facility and added a larger

dryer having the capacity to dry the output from

the Utah plant. This installation was completed

in May 1997. The company believes this

modification has remedied the drying problem.

In order to provide coal fines to the Utah plant,

the company entered into a Purchase

Agreement with Earthco to acquire the NEICO

coal fines. The estimated amount of clean coal

fines equivalent at the NEICO site is 2 million

tons. The NEICO fines require washing to

remove ash and to otherwise improve the

quality of the fines. Hence the company is

constructing a wash plant at the NEICO fines

site. The company estimates that the wash

plant will be operational in January 1998 and will

be able to process approximately 80 tons of

clean fines per hour. If the wash plant operates

at expected capacity, it will provide sufficient

quality feedstock to operate the Utah plant at its

capacity.

The company has experienced problems with

the marketing of the synthetic fuel product

manufactured at the Utah plant site. The

marketing problem is principally due to the high

ash content in the product which resulted from

the use of low quality coal fines. Most users of

the synthetic fuel product are not capable of

handling a product with high levels of ash. The

company expects that the marketing problems

for the product will be resolved once the quality

of the coal fines used in the processing of the

produce is improved. The company believes

this improvement will occur once the wash plant

is operational.

License Agreements

In December 1996 the company entered into

agreements with various third parties for the

licensing of the Briquetting Technology. In

order to qualify for Section 29 treatment, the

facilities that will be utilizing the Briquetting

Technology are required to be placed in service

no later than June 30, 1998.

PacifiCorp. In December 1996 PacifiCorp Syn

Fuel L.L.C (PacifiCorp) entered into binding
agreements with a third-party contractor for the

construction of six facilities in addition to the

Alabama plant. Each facility is designed to

manufacture approximately 360,000 tons

annually. The company entered into a License

Agreement with PacifiCorp for the use of the

Briquetting Technology at the six facilities

subject to the construction agreements.

PacifiCorp subsequently announced the

construction of three facilities, with the

construction of two single-line synthetic fuel

processing facilities located in Walker County,

Alabama, and a single-line facility located in

Tuscaloosa County, Alabama. In October 1997

PacifiCorp determined that it was not going

forward with the remaining three facilities for

which it entered into binding contracts in 1996.

Gallagher. In December 1996 AJG Financial

Services Inc. entered into binding contracts with

a third-party contractor for the construction of

four facilities in addition to the Utah plant. Each

facility has an estimated capacity of

360,000 tons annually. The company entered

into a License Agreement with Gallagher to

utilize the Briquetting Technology at the four

facilities. Gallagher has indicated to the
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company that it is developing the site for the

four facilities, has ordered the necessary
equipment and has otherwise proceeded with

the construction of the four facilities.

Pace Carbon Fuels L.L.C. In December 1996

Pace Carbon Fuels L.L.C, a joint venture

between C.C. Pace Resources and Carbon

Resources of Florida, entered into binding
contracts with a third-party contractor for the

construction of four facilities, having an

estimated annual production capacity of

approximately 600,000 tons per plant. In

December 1996 the company entered into a

License Agreement with Pace for the use of the

Briquetting Technology at these facilities.

Under the License Agreements the company will

receive an advance license fee of $1 .39 per ton

of rated-capacity payable upon completion of

the financing of the facilities. In addition, the

plants will generate quarterly royalty fees

measured by the amount of BTU of the project

produced and sold times a prescribed license

fee rate (subject to annual adjustment for

inflation). The company will also provide binder

material at the company's cost plus an agreed

upon mark-up.

Savage Mojave Plant. In November 1996 the

company entered into a agreement with Savage

Industries (Savage) whereby the company

agreed: (1) to license the Briquetting

Technology to a limited liability company, to be

formed by Savage and Flyash Haulers Inc., for

a monthly licensing fee based upon each ton of

qualified fuel produced, all relating to an

upgraded briquetting facility located in Laughlin,

Nevada; (2) to provide binder material on a

cost-plus basis; (3) to provide, upon request,

coal fines to the Mojave plant; (4) to provide

technical assistance to the Mojave plant; and (5)
to reimburse to Savage, from the monthly

license fees, an amount equal to 16 percent of

the cash capital required to upgrade the Mojave

plant. The plant has an estimated annual

capacity of 120,000 tons. Based on status

reports by Savage to the company, the

company expects to receive monthly license

fees starting early 1 998.

Pelletco Corporation. In September 1997 the

company entered into a License Agreement with

Pelletco Corporation for up to six synthetic fuel

projects with estimated annual capacity of

360,000 tons per plant. Pelletco had entered

into binding construction contracts for the six

projects prior to December 31 , 1 996. Under the

terms of the License Agreement, the net profits

from the projects will be shared equally by the

company and Pelletco. The company will also

provide binder material to the projects at the

company's cost plus an agreed upon mark-up.

A.T. Massey/Fluor Corporation. The

company has assigned two construction

contracts with Centeriine to Appalachian Synfuel

L.L.C., a wholly owned subsidiary of Fluor

Corporation, to build a double-line solid

synthetic fuel agglomeration facility located at

AT. Massey Coal Company Inc.'s Marfork Prep
plant site in Boone County, West Virginia. The

double-line facility is expected to have an

aggregate annual capacity of approximately

720,000 tons. In conjunction with the

assignment of the two contracts, the company

entered into a License Agreement with

Appalachian for the use of the Briquetting
Technology. Under the agreement, the

company will be paid an advance license fee of

$1 million. A quarterly license fee will also be

paid at a prescribed amount (adjusted annually

for inflation) for the BTU of product that is

produced and sold up to a prescribed amount of

production. The company also granted to

Appalachian the right to pay a lump-sum

payment for the facilities, in lieu of quarterly

license fees over the term of the agreement.

The company will provide binder to the facility
on a cost-plus basis. The agreement is subject

to other conditions including the payment of

$300,000 to Appalachian if the facilities are not

constructed.

Major Utility. The company has entered into a

non-binding letter of interest to sell one

synthetic fuel facility to Mountaineer

Synfuel L.L.C., a Delaware limited liability
company and a wholly owned subsidiary of a

major utility. The agreement is subject to

numerous conditions. Under the terms of the
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non-binding letter of interest, the company will

provide use of the Briquetting Technology and

the buyer, subject to entering into a definitive

agreement, will pay an advance license fee of

$1 million per plant upon completion of the plant

and purchase by buyer. The buyer will pay a

quarterly license fee determined by taking the

product of a prescribed amount (adjusted

annually for inflation) times the BTU of the

synthetic fuel product produced and sold during
the quarter. The company will also supply

binder material to the project on a cost-plus

basis.

Supply of Coal Fines

The company uses coal fines to produce

synthetic fuel briquettes. Accordingly, supply of

coal fines is essential to the feasibility of a

synthetic fuel briquetting facility, in selecting

sites for briquetting plants, the company

considers the availability of coal fines near the

plant site and attempts to secure sufficient coal

fines to operate its plants at capacity. In so

doing, the company generally attempts to

contractually arrange for the purchase of coal

fines prior to the construction of briquetting
facilities. In addition, the company may in

certain instances be contractually obligated to

provide coal fines to the purchaser of a

synthetic fuel facility.

K-Lee Supply Agreement. In September 1996

the company entered into a supply agreement

with K-Lee Processing Inc. and Concord Coal

Recovery Limited Partnership for a continuous

supply of coal fines to the Alabama plant.

Under the agreement the company is obligated

to purchase a minimum of 20,000 tons of coal

fines per month through December 1 ,
2001

,
at a

fixed price per ton during the first year (subject

to adjustment for moisture and ash content) with

an escalating price thereafter. This agreement

will be assigned by the company to BSF at the

closing ofthe sale ofthe Alabama plant to BSF.

NEICO Fines Purchase. In February 1997 the

company entered into a contractual agreement

with Earthco, to acquire the NEICO coal fines

and to conduct recovery and preparation

activities at a location near Wellington, Utah,

(approximately 6 miles from the Utah plant site).

The estimated quantity of clean coal fines at this

site is 2 million tons. Total obligations to

acquire the fines are approximately $5,500,000

between February 1997 and May 2002. Other

than relatively minor amounts used in startup

production at the Utah plant, these fines are

available for future production.

Black Diamond Enterprises Agreement. In

May 1997 the company entered into an

arrangement with Black Diamond Enterprises

Inc. (BDE) for the purchase of coal fines in

McDowell County, West Virginia. The fines will

require washing and will service the feedstock

needs of the synthetic fuel facility that is being
constructed near Northfork, West Virginia, under

the name Pocahontas Synfuel. The agreement

provides that BDE will supply washed coal fines

with certain specifications at a prescribed price

which includes a percentage of the net proceeds

received by the company from the project.

ENERGY POLICY AND FORECASTS

DOE STRATEGIC PLAN SEES LARGE

MARKET SHARE FOR GASIFICATION

IN 2015

In the wake of deregulation of the United States

power generation industry, competition is driving

electricity generators to low-cost, low-risk

powerplants. In such an environment,
higher-

cost, advanced, coal-based power systems may

not be competitive with low-capital cost natural

gas-fired facilities for baseload power

generation in the near future. The lack of a

near-term market application poses a serious

threat to the progress of gasification technology.

With a reduction in direct federal funding of

large-scale demonstration plants as the trend
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continues, an alternate approach to

commercialize gasification-based technologies

is being developed at the United States

Department of Energy/Federal Energy
Technology Center (DOE/FETC). This new

strategy employs gasification in niche markets

where, due to its ability to coproduce a wide

variety of commodity and premium products to

meet market requirements, it is an attractive

alternative. By obtaining operating experience

in industrial coproduction applications today,
gasification system modules can be refined and

improved leading to commercial guarantees and
acceptance of gasification technology as a cost-

effective technology for baseload power

generation when this market begins to open

domestically, sometime after 2005. The FETC's

strategy was detailed by J. Klara et al. of the

FETC at the Power-Gen International '97

Conference held in Dallas, Texas, in December.

Over the past several years, DOE/FETC has

been developing advanced coal-fueled

Integrated Gasification Combined-Cycle (IGCC)
systems for use as baseload plants in the

electric utility industry. IGCC systems are

extremely clean and much more efficient than

traditional coal-fired systems. A coal gasifier

replaces the traditional coal combustion in an

IGCC plant. The gasifier converts coal into a

synthesis gas (mixture of H2 and CO) that is

cleaned of impurities and used to produce

energy in a gas turbine. Waste heat from the

process is used in a steam turbine to generate

more electricity. The Brayton cycle gas turbine

operating in combination with the traditional

Rankine cycle steam turbine makes up this

combined cycle. Integrating gasifier technology
with a combined cycle in this way offers high

system efficiencies and ultra-low pollution

levels.

Current IGCC systems achieve 40 to 42 percent

system efficiencies. Over the next 2 decades,
IGCC systems could easily attain efficiencies in

the low- to mid-50s using advanced turbine

systems with higher capacity and efficiency in

combination with gasification and air separation

unit design improvements and advanced

bottoming cycles. Efficiencies of 60 percent

could be reached with the addition of fuel cells.

This compares well with efficiencies of at best

34 percent offered by existing Pulverized Coal-

fired plants with the Flue Gas Desulfurization

(PC/FGD).

In an IGCC system, 99 percent of the coal's

sulfur is removed by a combination of sorbent in

the gasifier and external desulfurization. In

addition, NOx is reduced by over 90 percent and

C02 is cut by 35 percent compared to

conventional PC plants. This environmental

performance matches or exceeds that of

alternative energy sources.

Other advantages of IGCC systems include

modularity, feedstock flexibility, low water use

(30 to 50 percent less than PC/FGD plants) and

marketable byproducts (including sulfuric acid or

elemental sulfur, ash and slag). In addition,

IGCC offers easy expansion of natural gas

combined-cycles to coal-based systems when

gas prices rise above $4 per million BTU by

retrofitting with a gasifier to supply coal-derived

fuel gas to the gas turbine.

Given the competitive pressures, many utilities

are unwilling or unable to assume the risks and

costs of building new generation facilities.

When utilities do build new plants, they are

increasingly turning to natural gas-based

systems and cheap low-sulfur, coal-fired

powerplants. This change has delayed

widespread use of IGCC for coal-fueled

baseload power generation until sometime after

2005. However, IGCC does have opportunities

in near-term niche markets.

Niche Markets

Energy firms that produce a variety of energy
products such as steam chemicals, fuels and

synthesis gas are poised to capture an

increasing volume of electricity sales in a

deregulated environment. Gasification systems

could prosper in this type of environment by

offering significant hedges against market and

regulatory risk. Gasification systems offer the
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flexibility to handle a variety of feedstocks (to

hedge against the risks of fluctuating feedstock

prices and high costs of hazardous waste

disposal) and the ability to produce multiple

products (to adjust to market conditions).

Gasification is the most environmentally friendly
system available, with air emissions that are

comparable to natural gas combined-cycle

systems.

IGCC's unique advantages have created a

significant market for gasification technologies

in industrial market applications. There is a

present day market emerging in the refining

industry and a large potential market in the coal-

based corporation market just over the horizon.

The product options offered by coproduction

helps reduce business risk by allowing the

company to adjust to the forces of the market,

producing the products that have the highest

value. Excess synthesis gas that is not

converted on-site can be sold or burned to

generate power and steam for plant use and/or

export. By employing gasification in a

coproduction application, system efficiencies

are enhanced to upward of 55 to 56 percent

when transportation fuels are produced.

Currently, IGCC applications convert refinery

residues to synthesis gas to fuel a combined

cycle and coproduce hydrogen for use in

upgrading transportation fuel quality. The

synthesis gas could also be used as a feedstock

for a variety of high value chemicals and

intermediates. Several trends are occurring

which could make IGCC the technology of

choice for many more refineries:

Refinery residue production is rising due

to an increased demand for higher

quality transportation fuels, while at the

same time environmental regulations are

becoming more stringent in an effort to

move refineries toward zero residues.

The deregulation of power generation,

both in the United States and in Europe,

is allowing independent power production

and its sale to the grid. This creates a

market for excess electricity production.

In the United States petroleum residues

are classified as a hazardous waste

under the Resource Conservation and

Recovery Act, thus, making residuals a

negative cost fuel for power generation.

In parts of Europe there is an immediate

need for additional baseload generation

capacity.

Barriers to Commercialization

The biggest problem IGCC faces in all market

applications is its high capital cost. Efforts to

reduce the capital cost are essential in order for

gasification to play a role in the energy market.

Capital cost estimates for IGCC range from

$1 ,000 to $1 ,500 per kilowatt compared to the

$400 to $600 per kilowatt capital costs projected

for natural gas combined-cycles. Because of

this difference in capital costs, the availability of

cheap natural gas and the falling price of

electricity as a result of deregulation, IGCC is

not competitive today in the baseload market.

AMarket-Driven Strategy for Gasification

Changing market conditions caused by utility

deregulation and increased environmental

regulations on other energy producers, have

caused DOE/FETC to refocus the IGCC

program's emphasis from solely electricity

production to the production of a suite of energy

and chemical products.

Additional emphasis has been placed on cost

reduction, feedstock flexibility, coproduction

opportunities and strategies for addressing

global warming. FETC's strategy consists of

four main areas: technology demonstration

projects, research and development activities,

systems studies and market assessments, and

educational outreach.

FETC's Strategic Plan for IGCC envisions that

by the year 201 5, gasification-based tech

nologies will have gained global acceptance
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and as a result will have penetrated worldwide

power generation markets, achieved widespread

use in the petroleum refining market and

attained, via coproduction, deployment in the

fuels and chemicals market. Gasification-based

processes will be the technology of choice by

being the low-cost leader and providing superior

environmental performance through modularity

of design and feedstock flexibility for easy

integration of multiple applications. Commercial

guarantees and financing will be readily

available, therefore, minimizing the need for

government incentives. This will result in

improved competitiveness of United States

industry and an enhanced United States energy

security through increased use of domestic

resources.

Klara et al. emphasize that the key to

commercializing technology is to demonstrate

on a commercial-scale its technical, economic

and environmental performance. DOE's Clean

Coal Technology Program, a cost-shared effort

with private industry, continues to be a

successful approach for moving technologies

from bench-scale to the marketplace. The

active IGCC projects and dedicated research

facilities, shown on the map in Figure 1 ,
will be

utilized wherever feasible to demonstrate

system integration, component scale-up,

product improvement, feedstock testing,

advanced gasifier designs and advanced air

separation concepts.
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FUTURE OF COAL COULD BE

CONSTRAINED, SAYS YEAGER

K. Yeager, president of the Electric Power

Research Institute, discussed coal's future in the

context of its technological threats and

opportunities in his address to the National Coal

Council Regular Meeting held in Tampa,
Florida, last November.

Because historically coal has underbid other

fuels for electric power production in the United

States, Yeager sees electricity and coal as one

interdependent business.

Technology is changing today at a rate and

pace in the electricity business that is

unmatched since the dawn of the first

electrification a century ago. Thus according to

Yeager, technology is the most important lever

in terms of determining the future of the electric
business.

Technology is changing the industry from its

traditional, tight-knit generation, transmission

and distribution industry to one which is

expanding into a variety of new businesses. So

rather than it being a $200-billion per year

industry, it is becoming a $1 -trillion per year

industry.

Yeager identifies four fundamental vectors of

change:

The ability to economically convert

energy to useful goods and services

from raw energy into final energy is

moving closer and closer to the

customer.

Power electronics, the ability to

electronically control the power grid, is

changing the fundamental dynamics of

how we manage the flow of electricity

and howwe operate the system.

The microprocessor is changing the

market for electricity by opening up an

array of new opportunities for electricity

to displace existing uses of energy.

Information technology is changing the

relationship between the supplier, the

user and everyone in between. The

technology itself is only a vehicle for

change.

As we look to the new century, the ability of

electricity to transform society on a global scale

is not only evident, but absolutely urgent and

necessary, says Yeager.

Therefore, the coal industry has to have a

commitment to expanding the access to

electricity, not as a proponent of electricity, but

because electricity is the most efficient vehicle

for converting raw energy into useful goods and

services, and/or bringing to the marketplace the

broadest array of energy sources. There is

plenty of room in there for all the fuels in the

world, including coal.

Ten thousand gigawatts of new generating

capacity will be built in the world by the middle

of the century, which is roughly 12 times the

current total capacity of the United States. That

is $10 trillion of capital investment, in round

numbers.

One of the factors that needs to be promoted,

says Yeager, is the fact that the carbon intensity
of our energy mix has been declining steadily

over the past century, largely because of the

opportunities of electricity to bring in clean fuel

sources with lower carbon/hydrogen ratios.

That trend has been under way at the rate of

about 1 .3 percent per year, and will continue

unabated into the future. Thus as we look to the

future, we can begin to envision by the end of

the century, an energy economy based on

electricity and hydrogen.

That has major implications for coal. The issue

is whether or not coal accepts that kind of future

and moves with it and moves its technology with

it, so that coal does not become a prematurely
endangered species in this set of energy
options.

It is also important to recognize the strategic

importance of coal as a world fuel.

THE SYNTHETIC FUELS REPORT, APRIL 1998

61



 



COAL

Conclusions

Yeager concluded with the following points:

First, the technology is changing at an

unprecedented rate in the business of electricity
and that technology change bears

fundamentally on the future of coal. Coal must

both adapt to that change and lead it where

possible.

Second, coal will remain an essential part of the

portfolio of the energy economy in the future on

a global scale. There are a multitude of

technological opportunities available to achieve

that.

The future will need coal among its energy

options, but in the next few years, that may not

be true, says Yeager. If coal is pushed too hard,
its future could be constrained prematurely, and

there are options that could take its place.

Third, technology is producing a steady decline

in carbon intensity. This will continue and has

implications on a century-long basis for coal.

Shorter term, Yeager believes this trend can

reinforce the importance of coal, if the coal

industry recognizes the need to use this

technology where the greatest payoff will be

realized.

Thus the future of controlling carbon depends

on how China, India, and other parts of the

world that are dependent upon coal, continue to

use that coal. According to Yeager, those

countries are where the coal industry should be

putting its energy in terms of technology
applications.

ECONOMICS

COPYROLYSIS OF COAL WITH COKE-OVEN

GAS IMPROVES ECONOMICS

Hydropyrolysis (HyPy) is the thermal

decomposition of coal under hydrogen pressure.

It has advantages of increasing the tar yield with

high contents of Benzene Toluene and Xylenes

(BTX), Phenol, Crysol and Xylenol (PCX) and

naphthalene, and of producing char with low-

sulfur content. However, it appears unprofitable

under the present energy market conditions to

operate industrial HyPy with pure recycled

hydrogen because of the use of the costly

hydrogen and the high investment costs. To

improve the economics of the hydropyrolysis

process by reducing the hydrogen cost, it has

been suggested to use cheaper rich-hydrogen

gas (such as coke-oven gas) instead of pure

hydrogen. Pyrolysis of Chinese Xianfeng lignite

has been carried out with Coke-Oven Gas

(COG). H. Liao et al. of the Chinese Academy
of Sciences, Taiyuan, Shanxi, China, reported

the results of this work at the
14th

Annual

International Pittsburgh Coal Conference and

Workshop held in Taiyuan, Shanxi, China, in

September.

The testing was carried out in a fixed-bed

reactor with a heating rate of 5 to 25C per

minute to a final temperature of 650C at a

pressure range of 0.1 to 5.0 MPa.

Results and Discussion

Pyrolysis under COG was carried out at

0.1 MPa, 3 MPa and 5 MPa pressures with a

given heating rate of 5C per minute and the

final temperature 650C. Increasing pressure
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enhances the coal conversion and water yields.

Increasing pressure also increases the yields of

oil, BTX, PCX and naphthalene, improving the

oil quality.

The effects of heating rate on product yields

were studied at 3 MPa COG with the heating
rate of 5, 10 and 25C per minute, respectively.

With increasing heating rate, the conversion,

the water, the oil yields and the yields of BTX

and PCX decrease. Decreasing heating rate is

more helpful to increase the yield of BTX than

PCX, indicating that decreasing heating rate

increases oil yields and improves oil quality.

The product yields from pyrolysis of Xianfeng
lignite under COG and hydrogen at 3 MPa are

summarized in Table 1 . Compared with HyPy
at the same pressure, the conversion and the oil

yields from pyrolysis of Xianfeng lignite with

COG are always low, but the yields of BTX and

naphthalene are almost equal to those from

HyPy. At the same hydrogen partial pressure,

the char, the oil yields and the yields of BTX,

PCX and naphthalene from copyrolysis of coal

with COG are significantly higher than those

obtained in pure hydrogen, although the water

content is also higher.

All of the results indicated that there are

interactions among the hydrogen, methane and

carbon monoxide in COG during the pyrolysis

even though at 650C and the presence of

methane appears to increase the oil yields and

improve the oil quality through an increase in

BTX, PCX and naphthalene contents.

Conclusions

The results reported show clearly the possibility

of using real COG instead of pure hydrogen as

the reactive gas for coal hydropyrolysis.

TABLE 1

COMPARISON BETWEEN YIELDS FROM CHINESE XIANFENG

LIGNITE PYROLYSIS WITH HYDROGEN AND COKE-OVEN GAS

Pyrolysis Yields H (2 MPa) COG (3 MPa) COG (5 MP

(wt.% daf coal)

Char 36.4 47.4 41.4

Tar 28.8 23.5 35.8

Water 13.6 23.8 26.7

Tar Composition Con. Yield Con. Yield Con. Yield

(Con. MK%, Yield wt.%, daf)
Benzene 2.98 0.86 7.04 1.65 5.88 2.10

Toluene 4.71 1.35 5.04 1.19 6.02 2.15

Xylene 6.08 1.76 4.74 1.11 5.90 2.11

BTX 13.77 3.97 16.82 3.96 17.80 6.36

Phenol 10.22 2.94 9.56 2.25 15.62 4.13

Crysol 16.07 4.63 13.12 3.08 15.62 5.58

Xylenol 7.30 2.10 6.56 1.54 7.63 2.73

PCX 33.59 9.68 29.24 6.87 34.79 12.45

BTX+PCX 47.36 13.65 46.06 10.83 52.59 18.81

Naphthalene 4.48 1.29 5.45 1.28 5.92 2.12
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The results indicate that there are no major

obstacles to using COG as a reactive gas in

coal pyrolysis. More advantages can be

obtained by the combination of pyrolysis with

COG and coking. The economics of the

process will be improved by reducing the

hydrogen cost and the investment for hydrogen

production, and it is possible to increase the

yields of the valuable chemicals by adjusting the

experimental conditions.

TECHNOLOGY

NEW PROCESS REVEALED FOR

CATALYTIC LIQUEFACTION OF LOW-RANK

COAL

It is well known that water deactivates

hydrotreating catalysts, such as MO-based

catalysts, under conventional coal liquefaction

conditions. Recently, for liquefaction at a lower

temperature than used in previous studies,

researchers at Pennsylvania State University

(PSU) discovered a surprisingly strong

promoting effect of water on catalytic

conversion of two United States subbituminous

coals using in situ generated Mo sulfide catalyst.

Using water and dispersed catalyst precursor

together could dramatically improve coal

conversion without any organic solvents at

temperatures (325to375C) that are much

lower than those used in conventional processes

(400 to 450C). However, adding water to

catalytic reactions in the 400 to 450C range

decreased coal conversion, although water

addition to the non-catalytic runs was slightly

beneficial in this high temperature range.

C. Song et al. of PSU reported on the effect of

water in solvent-mediated coal liquefaction runs

at the 14th Pittsburgh Coal Conference held

September 23-27 in Taiyuan, Shanxi, China.

Wyodak subbituminous coal from the United

States Department of Energy/Penn State Coal

Sample Bank (DECS-8) was used in these tests.

This coal contains 32.4 percent volatile matter,

29.3 percent fixed carbon, 9.9 percent ash and

28.4 percent moisture, on an as-received basis;

75.8 percent C, 5.2 percent H, 1.0 percent N,

0.5 percent S and 17.5 percent O, on a dry,

mineral matter free basis.

Effect ofWater Addition on Runs at 350C

Figure 1 presents the results for non-catalytic

runs using ammonium tetrathiomolybdate

(ATTM) with and without added water at 350C.

Relative to the solvent-free non-catalytic run,

the addition of water improved coal conversion

from 14.5 to 22.5 weight percent. The use of

ATTM increased the coal conversion from 14.5

to 26.7 weight percent. When a small amount

of water was added to the catalytic reaction at

350C, coal conversion increased dramatically

to 66.5 weight percent. This represents a more

than 100 percent increase from the catalytic run

without water and over 300 percent increase

from the non-catalytic run withoutwater.

The use of solvent, either a hydrogen donor

(tetralin) or non-donor (1-MN) affects coal

conversion. However, the strong promoting

effect ofwater on the catalytic runs using ATTM

can be observed not only in solvent-free runs,

but also in runs with either 1-MN or tetralin

solvents. These results reveal that using ATTM

and water together has a strong synergistic

effect on coal conversion at 350C, regardless

of the presence or absence of a solvent.

The addition of water caused substantial

increase in C02 yields both in solvent-free and

solvent-mediated runs. The researchers

determined that the majority of enhanced C02
yield was caused by chemical interactions

between water and the species in coal or coal

products, not by the Water-Gas Shift (WGS)
reaction.

The oils from liquefaction with added water

contain more phenolic compounds, which

suggests that water participates in the reaction

leading to phenols.
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FIGURE 1

EFFECT OF WATER ADDITION ON LIQUEFACTION

Runs at 350 1 without Org. Solvent

None/None None/H20 ATTM/None

Cataly$t/H20

ATTM/H20

SOURCE: SONG ETAL.

Effect ofWater Addition on Runs at 400C

In the absence of added water, use of ATTM

improved coal conversion substantially, which

was manifested by enhanced oil and asphaltene

formation. The use of ATTM for reaction

at400C afforded a high coal conversion,

85.4 weight percent, and a high oil yield,

45.8 weight percent. However, addition ofwater

to the catalytic run decreased coal conversion

to 62.1 weight percent and oil yield to

28.2 weight percent. This is in distinct contrast

to the trends for corresponding runs at 350C.

However, when tetralin is present, the negative

impact of water on catalytic reaction at 400C

reduced significantly. It is interesting to note

from the hydrogen consumption data that the

contribution from H2 gas is more than that from

tetralin in the catalytic run without added water,

but tetralin contributes more to hydrogen

transfer in the presence of added water.

Water addition significantly promotes C02
formation at 400C, similar to the gas formation

trends observed at 350C.

Effectiveness of TPL Conditions

Based on the above results,
Temperature-

Programmed Liquefaction (TPL) experiments

were conducted to assess the advantages of the

strong promoting effect of water at low

temperature. In the presence of added water

throughout the reaction process, it appears to be
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beneficial to use ATTM and the H-donor solvent

together. However, the overall conversion

levels and oil yields are not more than the

single-stage 400C runs without added water.

This is likely due to the negative effect of water

on the catalytic reactions or negative effect of

water on in situ generated Mo sulfide catalyst.

Consequently, the effect of hot water removal

as the inter-stage separation was examined.

According to Song et al., it is clear that hot

water removal after the reaction with ATTM at

350C is beneficial to the subsequent coal

conversion and oil formation at 400C. Based

on the above results, a new process was

proposed, characterized by TPL using dispersed

Mo catalyst precursor together with a proper

amount of water in the first stage at 325 to

375C, inter-stage hot removal of water and

other gases, followed by second-stage reaction

at 400 to 440C. The use of ATTM together

with water in TPL affects not only coal

conversion, but also the chemical compositions

of oil products, even when the oil yields are

similar between runs under different conditions.

Conclusions

At the low temperature of 350C, the main role

of water is to promote the formation of highly
active Mo sulfide catalyst. The Mo sulfide

generated with added water at 350C has much

higher surface area, 335 square meters per

gram (m2/g), and much higher porosity,

0.85 milliliter per gram (ml/g), than the Mo

sulfide from ATTM alone (54 m /g, 0.17 ml/g).

The results from this work seem to point to a

promising new direction for further research.

However, it must be noted that the results were

obtained in 25-milliliter microreactors and they
should not be compared on an absolute yield

basis with the data from large-scale tests.

PELLETIZED E-FUEL REDUCES FUEL

COSTS AND EMISSIONS

Electric utilities that bum coal are responding to

increasing competitive pressures by pursuing all

possible ways to reduce fuel costs, the primary

cost of generating electricity. One cost saving

measure is to supplement traditional coal

supplies with waste byproducts from other

industries, such as tires, sawdust, wood chips,

various types of sludge and food wastes.

Although these byproducts may be available at

little or no cost, coal burning facilities were

designed to handle coal that has different

chemical and physical properties than the

byproducts. However, by combining the waste

byproducts with coal and pelletizing them into a

coal-like fuel, these coal users can achieve a

fuel savings without the capital expense for

retrofitting existing coal handling and

combustion systems.

A. Akers, of CQ Inc., et al. reviewed the

economics and emissions reduction potential for

this type of pelletized fuel, specifically E-Fuel, at

Power-Gen '97 International Conference held in

Dallas, Texas, in December.

E-Fuel is a cylindrically shaped fuel,

approximately 0.50 to 0.75 inches in diameter

and approximately 1 .5 inches in length. It is

formed from a blend of coal and byproducts of

the manufacture of paper and plastic which is

fed into a pelletizing mill and compressed

through a die. Based on coal and byproduct

feedstocks, specifications of most stoker coal

customers can be met.

E-Fuel can be priced competitively compared to

existing coal fuel on a cents-per-BTU basis, and

can offer air emission reductions as well.

The benefits of E-Fuel over coal have been

demonstrated at Westvaco Corporation's paper

manufacturing facility located in Tyrone,
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Pennsylvania. With the installation of a

secondary fiber system, paper making
byproducts (sludge) increased from 20 tons per

day to 45 tons per day and a new waste stream

of low density polyethylene plastic waste was

generated at approximately 15 tons per day.

This presented the paper mill with two major

challenges:

The facility was considered a major

source of nitrogen oxides under the

Clean Air Act Amendments and was

required to reduce emissions.

Westvaco needed to significantly reduce

the off-site solid waste landfill costs due

to increased waste stream.

The use of E-Fuel was selected as their

compliance plan to address both concerns. Air

emissions were reduced to acceptable levels,
while Westvaco realized an annual savings of

approximately $336,000 through utilizing the

E-Fuel pellet technology, making the mill more

profitable.

Table 1 illustrates the reduced emissions, based

on actual stack tests performed in 1996, from

burning E-Fuel as compared to previous tests

while burning coal.

Westvaco Corporation has earned the American

Forest and Paper Association Environmental

and Energy Achievement Award for solid waste

management by reducing landfill disposal of mill

wastes by 90 percent as well as reducing fuel

costs by 30 percent and emissions by
44 percent.

Conclusion

Fuel users can save money by pelletizing fine

coal and combustible waste byproducts. By

offering a cost-savings alternative to the waste

producer, a fuel producer can generate a

sufficient return on investment to justify the

capital investment in a pellet fuel production

plant. Moreover, the fuel users do not need to

invest capital to retrofit existing coal handling or

combustion systems, but can benefit financially
from the competitive cost.

E-Fuel has been utilized to meet regulated air

emission levels with no major customer

investment. Its costs are competitive with coal

and it provides a reduction in S02 and NOx
emissions of approximately 25 percent.

UCG COULD BE USED TO IMPROVE

COALBED METHANE PRODUCTION

In the past 15 years Geotechnical Institutes in

The Netherlands have gained experience in the

utilization of coal in situ and related

environmental complications. Thus far, the

research has focused on Underground Coal

Gasification (UCG). UCG research has now

TABLE 1

EMISSIONS REDUCTIONS WITH E-FUEL

Emission Coal

0.027 Ib/MMBTU

2.35 Ib/MMBTU

0.42 Ib/MMBTU

E-Fuel Reduction

Particulate

so2

NOx

0.013 Ib/MMBTU

1.40 Ib/MMBTU

0.34 Ib/MMBTU

51.9%

40.4%

19.0%
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expanded to include applications in

improvement of CoalBed Methane (CBM)
production.

K-H.Wolf, of Delft University of

Technology, et al. discussed these applications

of UCG at the
14th

Annual International

Pittsburgh Coal Conference and Workshop held

in Taiyuan, Shanxi, China, in September.

The Geological Survey of The Netherlands and

Belgium initiated a CBM program at Peer,
Belgium. This field test indicated the presence

of generous amounts of methane gas.

However, production was difficult due to various

technical and geo-tectonical problems.

Therefore, CBM techniques, frequently used in

relatively shallow situated coal seams of

Cretaceous age, have to be adapted to the

complicated European thin and deep layered

Carboniferous coals. Here UCG knowledge can

be used to improve the production of deep coal

seams. To help coalbed methane extraction, at

greater depth and in the vicinity of a series of

production wells, an expanded high permeability

zone can be created by UCG. During coal

gasification the coal face is transformed to a

highly permeable lateral zone of several meters.

In addition, roof collapse and subsidence will

destabilize the overburden and create a highly
permeable rubble bed in the developed void. In

the higher positioned seams the effects of

subsidence will influence the stress patterns and

improve the permeability nearby and away from

the production wells. Enhancement of the gas

production rates will be the result, say

Wolfetal.

The authors proposed the following field

development scenario, which was designed to

improve the energy-gas production rate from

coals by the application of UCG-CBM. The

three phases are:

Phase I: The completion of in-seam wells,

consisting of one or more injection wells and

one production well.

Phase II: The coal is ignited and gasified with a

CRIP technique (Controlled Retraction of the

Injection Point) or with the aid of high lateral 30-

to 60-meter sweep efficiencies and controlled

roof collapse of the created voids. The coal is

replaced by ash and thermo-mechanically
altered overburden rock, which behaves like a

compacted permeable bed. Above the gasified

bottom coal the surrounding strata will endure a

change in stresses. During this stress reduction,
the fractures of the original cleat system will be

opened, repositioned and developed in quantity.

Depending on the lateral dimensions of the

gasified part of the bottom seam, the horizontal

and vertical permeability of the overburden will

be improved. Consequently, the gas/water

transport through the subsided part and in the

vicinity of the gasified coal face will be

enhanced.

Phase III: The UCG wells are adjusted for the

production of coalbed methane. Possibly a

partial re-arrangement in well configuration,

including the drilling of new direct wells, has to

be considered. Next, coalbed methane is

produced from the lateral parts of the gasified

bottom seam as well as from the overlying

stress adjusted coal seams.

Conclusions

In general UCG techniques will improve the

opportunities for the enhancement and

utilization of potential energy sources. With

regard to coalbed methane extraction

techniques, one main problem for deep coals is

the tightness of the formation, so production

enhancement will be a main topic in a future

program. Applied research topics for the

improvement of the combined use of the CBM-

UCG technique include:

Geological modeling

Coal compaction by dewatering and gas

extraction

Hydraulic fracturing

Overburden

subsidence

stress-reduction and

Geomechanical modeling
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Well lay-out, drilling/completion

Stimulation (hydraulic fracturing)

The main problems are connected with an

insubstantial knowledge of stress reduction in

coal seams related to coalbed methane

drainage improvement. Another issue to study
will be the cost reduction by multi-use of wells

by UCG and CBM.

STATUS OF U.S. UCG TECHNOLOGY

REVIEWED

During the past 25 years, there have been

significant developments in Underground Coal

Gasification (UCG) technology in the United

States. Government-funded programs have

focused on the development of two process

configurationsthe Controlled Retracting
Injection Point (CRIP) and the Steeply Dipping
Bed (SDB). B. Davis, of Energy International, et
al. discussed the status of both the CRIP and

SDB technologies along with developments in

processes for utilization of the UCG product gas

at the
14th

Pittsburgh Coal Conference held in

Taiyuan, Shanxi, China, in September.

The simplest and most common type of

underground coal gasification is the horizontal

UCG configuration wherein a reactor cavity is

burned across a horizontal coal seam between

two vertical wells, i.e., fixed injection and

production points in the forward gasification

mode; the gasification zone grows in the same

direction as the gas flow. UCG field tests in the

1970s utilized this basic configuration for

operations in horizontal coal seams.

The UCG cavities developed in field tests in the

United States were shaped as a tear-drop with

the wide portion centered around the injection

point. The linked vertical well module operation

is characterized with a loss of performance with

cavities greater than 25 meters. Failure was

largely attributed to the tendency of the process

to rise to the top of the coal seam bypassing
much ofthe coal.

CRIP

The CRIP reactor method is a modification of

the horizontal UCG configuration. The original

objective of this concept was to hold the

injection point in the coal at the base of the coal

seam to avoid oxygen bypass of the gasification

zone. As the process proceeds, the injection

point is drawn back pulling the oxidation zone

back to the base of the injection well reaction

zone. (See Figure 1
.)

The Lawrence Livermore National Laboratories

demonstrated this method first in laboratory
tests and then in field tests in Centralia,

Washington, in 1984-1985 and near Hanna,

Wyoming, (RM-1) in 1987-1988.

The Wyoming CRIP module operated for

90 days with much improved utilization of

oxygen and product gas quality. The rate of

gasification was greater than 100 tons per day.

The original objective ofthe concept was to hold

the injection point in the coal at the base of the

coal seam to avoid oxygen bypass of the

gasification zone. As the process proceeds, the

injection point is drawn back pulling the

oxidation zone back to the base of the injection

well reaction zone. The early configurations

utilized a linear reactor with no change in the

direction of gas flow with the only variable being
the distance from the reactor to a product well

completed in the bottom one-third of the coal

seam. The RM-1 test utilized horizontal

injection and production wells in a non-linear

CRIP configuration which holds the gas flow to

the bottom of the seam but also creates a

continually changing gas flow path by drawing
the gasification zone across the coal seam.

This method of operating is generally defined as
"streaming"

where the gasification zone grows

perpendicular to the gas flow path.

Energy International (El) has made some

significant improvements in the design and

operation of the CRIP module demonstrated at

the RM-1 site. The improvements are designed

specifically to improve process efficiency and

resource recovery for commercial operation.

These improvements include startup burner
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FIGURE 1

UNDERGROUND COAL GASIFICATION

CONTROLLED RETRACTING INJECTION POINT (CRIP)

Steam/

Oxygen

Fuel Gas or

Synthesis Gas

4-v

SOURCE: DAVIS ETAL.

design, process well completion, utilization of

3-d seismic and AutoCrip.

Steeply Dipping UCG

UCG-SDB was first developed by the Russians

and operated successfully for decades in SDBs

providing process fuel for industrial applications.

An improved configuration was developed and

demonstrated at a site near Rawlins, Wyoming,
in the 1979-1981 time period. The first Rawlins

test was conducted in 1979. Air injection was

used for 35 days to produce a low-heating-value

gas. The second test at Rawlins was conducted

in 1981 in a commercial-scale reactor and

achieved excellent results.

The 65-day test utilized steam and oxygen

injection. During the test, which gasified

8,360 tons of coal, a medium-heating-value

clean fuel gas was produced with:

An average heating value of 350 BTU

per standard cubic foot

Oxygen utilization superior to surface

gasifiers

Excellent control of the process

A wide range of process conditions

Compliance with all environmental

regulations
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Commercial-scale reactor

gasification rates demonstrated

and

Further improvements have been developed by
El during the timeframe from 1985 to the

present. The steeply dipping process has some
inherent advantages over the CRIP due to

reactor geometry and it also addresses a type of

coal resource not normally recoverable by
conventional mining operations.

Product Utilization

End-use options for the raw product gas have

undergone major advances in combined cycle

and Fischer-Tropsch technologies, making UCG

processes an attractive option for utilizing

domestic, non-recoverable coal reserves.

The raw product gas is similar to the product

gas from surface gasifiers such as the Lurgi.

Over the past 40 years, several facilities have

come on-stream utilizing highly cleaned fuel gas

from surface gasifiers to fire combined-cycle

power facilities and as chemical feedstocks for

chemicals and transportation fuels. Since the

1980s a number of commercial coal gasification

projects, which include dirty gas turbines, have

been undertaken and cosponsored by private

industry and by the United States Department of

Energy Clean Coal Technology Program.

Utilization of UCG-derived synthesis gas to

produce chemicals and liquid fuels is similar to

those methods employed for surface coal

gasification facilities such as Sasol and Great

Plains. Steps required to adjust the raw gas

compositions to meet the conversion process

requirements, in addition to those used for

combined-cycle fuel operations, will include

secondary reforming, adjustment of CO/H2 ratio

and acid gas removal.

METHACOAL CONCEPT PROPOSED

WASTE DISPOSAL

FOR

methanol-water, has been developed as a new

system for developing, transporting and using

coal in an environmentally acceptable manner.

R. Jimeson of RMJ Associates discussed the

Methacoal process, compared its characteristics

with coal-water slurries, and examined the use

of Methacoal in powerplants with particular

emphasis on the Methacoal Integrated

Combined Cycle (MICC) at the
14th

Annual

International Pittsburgh Coal Conference and

Workshop held in Taiyaun, Shanxi, China, in

September.

The Methacoal Process

Methacoal, produced by a proprietary process,

is a unique thixotropic suspension of particulate

coal in methyl alcohol. The methanol, which

can contain minor amounts of other low

molecular weight alcohols, may be prepared

from coal, lignite, natural gas or other

hydrocarbons such as solid waste and biomass.

Activated coal particles in Methacoal mixtures

range from 50 to 80 percent by weight. It is

stable enough to store, handle and pump

without maintaining some critical velocity and

turbulence. Additives are optionally introduced

to alter the fluid characteristics if desired. It will

not freeze, and it has unique flow and

combustion characteristics.

There are two major classes of Methacoal fuels:

Methacoal Transportation Fuels (MTF) and

Methacoal Combustion Fuels (MCF).

The MTF is an anhydrous or low-moisture

content Methacoal fuel. It is produced from low

moisture or dried coals or lignite using an

anhydrous or low-moisture methanol. MTF

moves extremely well in a pipeline and it is the

most favorable product if the user is remote

from the coal mine. When the new powerplant

is an MICC unit, MTF promotes maximum

efficiency. At the plant flash distillation

separates the MTF into two fuels: a clean

Condensate Liquid Fuel (CLF) for combustion
in a gas turbine and a Pulverized Carbonaceous

Fuel (PCF) which bums in a unique combustion

system generating steam for a turbine.

Methacoal, a new type of fuel composed of a

stabilized slurry of either coal-methanol or
coal-
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When a retrofitted furnace is only a short

distance away from the mine site, MCF is the

preferential fuel made at the source. The

blending of particulate material from any of the

coals or lignite with both methanol and water

produces MCF. The ratios of coal to methanol

to water may vary. Generally, methanol in the
range of 10 to 20 weight percent is sufficient to

achieve excellent combustion in most fireboxes

or furnaces. With the proper amount of

methanol even the difficult-to-bum, low volatile

anthracite found in China ignites readily. Thus,
MCF has the potential to replace residual or

distillate fuel oils in converted boilers, furnaces
or heaters.

Methacoal Transportation Fuel

The Methacoal production process is outlined in

Figure 1 .

In the MTF process, a portion of the coal is

gasified to produce carbon monoxide and

hydrogen. Under some conditions oil, natural

gas, garbage, municipal wastes, biomass or

possibly combinations of these serve as a better

source of hydrocarbon for the reaction. A

catalytic shift reaction adjusts the synthesis gas

composition to a molecular ratio that is

thermodynamically favorable for the production

of methanol.

The main fraction of coal enters a crusher that

reduces its size to less than 3/8 inch. Next, a

Parry dryer evaporates the moisture from the

coal. A fine and a coarse fraction emerges. A

grinder further reduces the dried coarse fraction

to minus 16 mesh. The exhaust gases from the

drier pass through bag collectors for dust

removal and gas cleaning. The recovered dust

enters the burners in the furnace section of the

Parry drier. Its combustion supplies the heat for

evaporation under controlled positive pressure.

At the slurry preparation plant, a fuel-grade

methanol and the dried fine particulate coal are

mixed to form a slurry feed. It enters Szego

roller mills. This device imparts energy to the

concentrated fluid, forces methanol into particle

fissures and establishes a stable coating on the

processed coal. The process serves to activate

and wet the surface of the coal particles, which

forms the stable suspension of the Methacoal

fuels. A pump moves the stable product to

storage tanks. Methacoal contains 50 to

75 percent by weight coal particles. Most of the

work has been with a 66 percent concentration.

Transportation Aspects ofMethacoal

The transportation of coal-water slurry is well

established in the United States.

While a turbulent flow is necessary to maintain

a slurry of coal in water, Methacoal moves

through a pipeline in plug flow with little wall

friction and no pipe erosion. In addition,
coal-

water slurry must be pumped above some

critical velocity to maintain an internal fluid

turbulence that keeps the coal constantly mixed

and suspended in the water. In contrast, it is

possible to pump Methacoal through pipes at

velocities ranging from zero to some maximum

velocity, limited only by power requirements. In

addition, contrary to a coal-water slurry,

Methacoal is a complete fuel because the slurry

medium is also combustible. Furthermore, it

has a typical concentration of coal greater than

found in coal-water slurries, 66 versus

50 percent, respectively. Because all the

material in Methacoal is fuel with a high

concentration of coal, the cost per unit of fuel

delivered is about one-half that of a coal-water

slurry.

From the storage tanks at the point of

production, centrifugal pumps move the MTF

through the pipeline to a destination. Coal-

water slurry pipelines use the more expensive

positive displacement pumps. MTF is also

transportable by rail, truck, barge and ship as an
alternative to the pipeline. Such flexibility in the

choice of modes and conditions of

transportation is not available for coal-water

slurries.

MTF can also be processed for numerous uses.

One example is its loading aboard ship for

export overseas. Another is its direct use as a

boiler fuel in powerplants. A third option is the

recovery of its methanol content for sale in the

open market and the combustion of the

72
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FIGURE 1

SIMPLIFIED DIAGRAM OF METHACOAL CONCEPT

Waste Heat

* I

IMICC - Methacoal Integrated Combined Cycle

JMTF - Methacoal TransportationFud

CLF- CondensatedLiquidFud
jPCF- ParticulateCarbon Fad

SOURCE: JMTtOtl
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remaining activated coal in any of a variety of

furnaces. The alcohols are marketable as fuel

for various engines, including fuel for gas

turbines, automobiles or direct methanol fuel

cells; an additive for gasoline; and a

replacement for propane or butane.

Furthermore, it is possible to recycle the

separated methanol to the MTF processing plant

at the mine site through a second pipeline

running parallel to the main line.

MICC Powerplants

The most efficient option is to separate the MTF

into a PCF and a clean CLF that is

predominately methanol. These individual

products serve as the fuels for an MICC

powerplant.

In an MICC powerplant the CLF bums in a gas

turbine-generator set to produce about one-third

of the total electricity from the plant. The

exhaust gases provide the combustion air to the

firebox of the MICC unit. The gas turbine

exhaust gases provide essentially all of the

preheated combustion air needed to bum the

PCF in the firebox of the boiler. Perhaps only a

gas integrated combined-cycle or a fluidized-

bed combustion powerplant has lower nitrogen

oxide emissions. For various powerplants

burning a coal from the same source, the sulfur

oxide concentration before scrubbing will be

considerably lower in MICC units. Their lower

fuel consumption per unit of electricity

generated and the zero sulfur content of its gas

turbine fuel results in this fortuitous condition.

Moreover, because of MICC's better efficiency,

its carbon dioxide emissions will be less than

that from all other coal-based facilities of

equivalent power.

Pulverized coal, lignite or residual oil-fired

powerplants typically emit ultra-fine particulates

of less than one-tenth of a micron. This

material contains hazardous heavy metals.

According to Jimeson, these undesirable

emissions are much lower or almost eliminated

in MICC units.

INTERNATIONAL

COST IS THE KEYSTONE FOR IGCC

APPLICATIONS IN CHINA

China, which produces 28 percent of the world's

coal and relies on coal for 70 percent of its

electricity generation, is recognized as the

largest marketplace for IGCC applications. As

China's demand for electricity increases rapidly

over the next decade, IGCC technology can:

Reduce coal consumption by one-quarter

to one-third over today's Pulverized

Coal(PC)/steam technology

Reduce S02 emissions by 99 percent

and NOx emissions by 90 percent

Reduce water consumption by 40 to

60 percent over a steam turbine system

of the same capacity

The first Chinese Integrated Gasification

Combined-Cycle (IGCC) demonstration project

is under way and others are in planning for

different applications in repowering, fuel

switching and multigeneration. However, the

high price of imported equipment, high financing
costs and the technical risk of first-of-a-kind

installation are barriers to IGCC development in

China.

T. Xiong of SUNIC Corporation discussed these

barriers at the Power-Gen '97 International

Conference held in Dallas, Texas, in December.

Foreign IGCC developers and their

governments are greatly interested in the

Chinese market for coal technologies,

particularly IGCC.

The United States Department of Energy,
European governments, the Asia Development

Bank and several IGCC developers have

supported the initial efforts on the Chinese

IGCC development directly or indirectly.

However, the original schedule for the first

IGCC project has been delayed and others are
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not being actively pursued due to some

technical issues and funding difficulties. It is

necessary to further evaluate a realistic

marketplace, identify development issues and

define a project strategy to promote the Chinese

IGCC program. Currently the major barriers for
Chinese IGCC development include:

A serious concern about Reliability,

Availability and Maintainability (RAM) of
IGCC technology

Uncertainty of economic benefit for an

IGCC project

Higher capital cost compared to the

conventional PC/steam units without

Flue Gas Desulfurization (FGD)
fabricated in China

Preferable financing conditions for

project funding

The capability of domestic

manufacturing for the major IGCC

equipment

The commercial success of IGCC in China will

depend on the resolution of these issues.

Economics

Economic incentive is the key to converting

market potential into a project, according to

Xiong. To investors and IGCC developers, the

most significant economic criteria are total plant

cost, cost of electricity and investment return

rate.

Because China needs to add a great amount of

new capacity of power generation, Total Plant

Cost (TPC) is the first criterion for acceptance of

IGCC in China. The current acceptable TPC of

an IGCC project in China must be below

$1,000 per kilowatt to compete with PC/FGD.

TPC includes costs for equipment and

materials, direct field installation, indirect field

efforts and contingency. Because the field costs

are mainly for labor, it usually takes a large

share (e.g., 30 percent to 40 percent) of the

TPC in the West. TPC can be significantly

reduced by 20 to 30 percent for Chinese IGCC

installation because of much lower labor costs.

If most equipment is fabricated by Chinese

manufacturers, TPC can be further reduced by
30 to 40 percent. Table 1 presents TPC

comparison of IGCC, PC and PC/FGD installed

in the United States and China.

The TPC of a Chinese IGCC is about 20 to

38 percent lower than that in the United States

and is comparable with conventional PC/FGD

steam units if most equipment is manufactured

in China.

Levelized Cost of Electricity (COE) is the most

important economic criterion for a power

generation project during its entire book life.

The six most important parameters impacting
COE are: capital cost, financing conditions

(loan interest rate and investment return rate),

fuel cost, operation and maintenance cost,

capacity factor and plant efficiency. Analyses

show that operation and maintenance costs are

a small portion of total COE and are not

sensitive to China due to low labor cost, and the

plant efficiency does not impact COE

significantly due to relatively low coal cost.

Capital cost, return rates and capacity factor are

the most sensitive parameters in determining
COE, while fuel cost has a relatively small

impact on the long-term levelized COE. To

meet with the grid Price Of Electricity (POE) in

most Chinese grid systems, COE should be

below $0,045 per kilowatt-hour (based on 8.3:1

of the currency exchange rate between the

United States dollar and Chinese Yuan).

Usually, a capital return rate of 15 percent is

acceptable for China and foreign investors for

power generation projects. For a plant with

higher capital cost, higher operating capacity
factor is required to achieve a certain return

rate. For a 500-megawatt Chinese IGCC plant

mainly employing domestically made equipment

(TPC of $974 per kilowatt), the annual operating
hours need to be above 4,000 hours and

5,700 hours to achieve 15 percent return for grid

POEs of $0.0602 per kilowatt-hour and

$0.0434/kWh, respectively. If equipment is

THE SYNTHETIC FUELS REPORT. APRIL 1998

75



 



COAL

TABLE 1

TOTAL PLANT COSTS (TPC) COMPARISON

China U.S.

Capacity, MW

TPC, $/kW
(net)*

Cost Ratio (China/U.S.)

IGCC

500
974/1,248*

61.5/78.8*

PC

600

840

63.6

PC/FGD

600

980

62.5

IGCC

500

1,583

100

PC PC/FGD

500

1,320

100

500

1,567

100

In end-1996 currency values at the currency rate of Chinese Yuan vs. USD
= 8.3:1

**Lesser numbers are based on equipment mostly made in China; greater numbers are

based on most equipment imported.

mainly imported, however, the plant needs to

operate about 1 ,200 hours more per year at full-

load to achieve the same return rate.

Another important factor impacting capital return

is the price ratio of coal and electricity. Higher

coal price requires higher POE to guarantee a

certain return. Therefore, higher price ratio of

electricity and coal is favorable for an IGCC

construction.

IGCC Repowering

A great number of Chinese aged steam

powerplants can be repowered using IGCC. As

an example, repowering of two 25-megawatt

PC/steam units are preliminarily analyzed.

Because most equipment of this IGCC system

can be supplied by Chinese manufacturers and

the old steam turbines and general plant facility
can be used, TPC of the IGCC repowering is

comparable with building a new 125-megawatt

PC/steam power unit and 15 percent lower than

the 125-megawatt unit with FGD to meet

environmental requirements. The IGCC

repowering unit will decrease the heat rate by
17 percent and reduce COE by 10 percent

compared with building the 125-megawatt

PC/steam unit with FGD. Therefore, repowering
aged coal-fired plants will provide a practical

market for IGCC in China.

Phased Construction and Fuel Switching

To reduce total investment requirement and the

overall risk of IGCC development, phased

construction is a favored approach. A

preliminary feasibility study for IGCC fuel

switching was conducted for an oil-fired

107-megawatt combined cycle unit using

imported distillate oil. Because fuel accounts

for a major portion of the total COE, utilizing

low-cost domestic coal dramatically improves

the economics. The net plant capacity can be

increased to 112 megawatts and the COE

calculated based on a capital return rate of

20 percent will be reduced by 20 percent.

Because the existing oil fuel system is still

usable, the dual-fuel IGCC system will enhance

plant availability and reliability.

Multigeneration IGCC

The versatility of IGCC provides a great benefit

for generating multiple products: electricity,

heat-steam, fuel gas and raw chemicals. A

preliminary feasibility study was conducted for

an IGCC project producing 136 megawatts of

electricity and 100,000 tons of methanol per

year. For comparison, an economic

assessment was also performed for an IGCC

plant generating electricity only with the same

plant cost, financing and other design and
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operation conditions. It is predicted that the

return rate for the multigenerating IGCC plant is

19.5 percent compared to 15.1 percent for the

IGCC plant generating electricity only.

It is clear that multigeneration can enhance the

economics of IGCC. Because the natural gas

supply is limited in China, coal gasification will

play an important role in producing town gas to

improve energy utilization efficiency and the

environmental situation for the nation.

Keys to Commercial Success of IGCC

in China

Technical and economic assessments indicate

tremendous and realistic opportunities for IGCC

technology in China and also the significant

challenges to commercial success.

The key for commercial success of IGCC in

China is to reduce its capital costs to be

comparable with the conventional PC/steam

technologies, and to offer a competitive price of

electricity. To promote commercial success of

IGCC in China, both the Chinese and foreign

IGCC developers should focus on the market

needs and take measures to achieve attractive

economic and environmental benefits. Several

recommendations for commercial success of

IGCC in China are as follows:

Implement preferred policies in

financing, load allowance and

environmental superiority to encourage

utilities to accept IGCC.

To enhance competitiveness of IGCC

with PC/FGD, it is favorable to build

IGCC plants in areas with more stringent

environmental requirements, while using

high-sulfur coal and high price ratio of

electricity to coal.

Develop diverse marketplaces for IGCC

applications: repowering, fuel switching

and multigeneration with significant

economic incentives.

Reduce the plant cost and capital

requirements by at least 20 to 30 percent

through collaboration between foreign

developers and Chinese manufacturers

to enhance domestic manufacturing

capability, and by providing preferred

financing from state and local

governments, international

organizations, and technology

developers.

Provide performance guarantees and

continue technical support to achieve

high RAM by technology developers.

Pursue flexible and ingenuous

cooperation between IGCC developers

and their Chinese partners: central and

local governments, utilities,

manufacturers and constructors. A

variety of cooperation structures need to

be developed.

NEDO LAUNCHES BRIQUETTE PROJECT IN

THAILAND

Japan's New Energy and Industrial Technology
Development Organization (NEDO) has come to

an agreement with the Ministry of Industry,

Thailand, to execute the Briquette

Manufacturing Facility Model Project as part of

the "Green Aid
Plan"

proposed by the Japanese

Ministry of International Trade and Industry.

The agreement was signed on December 18,

1997.

This is the first Briquette Manufacturing Facility
Model Project to be executed in Thailand. In

this project, low-grade coal (brown coal),

produced in abundance in Thailand, is used as

raw material. The purpose of this project is to

introduce briquettes as an inexpensive clean

fuel for home use throughout Thailand,

especially in provincial areas, and to decrease
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the direct consumption of lignite so as to protect

the environment.

RESOURCE

IEA PREDICTS FUNDAMENTAL CHANGES IN

INTERNATIONAL COAL TRADE

The international coal market has developed

over the last 25 years to a mature, stable

market largely free of government involvement.

However, while the coal market is widely
considered to be reliable and secure, there is

only limited understanding of the way in which

the market operates. The International Energy
Agency's (IEA) analysis of the operation of the

coal market is summarized in a new publication,

International Coal Trade The Evolution of a

GlobalMarket.

The purposes of the report are to provide

policymakers with an understanding of the

historical trends in the international coal market,

to describe and analyze how the market

operates currently, to suggest how the market

may develop, and to discuss major policy

influences on the development and operation of

the market.

Markets for Coal

According to IEA, there are essentially two

markets for internationally traded coal:

The steam coal market for power

generation and industrial steam uses,

where the most significant growth in coal

use is occurring, particularly in Asia.

This Asian growth outweighs reductions

in coal use in Europe; declining
indigenous production in Europe may

give rise to trade opportunities.

The coking coal market, where coal with

special qualities is used as a chemical

reductant as well as an energy source.

This market is growing more slowly than

for steam coal, reflecting the slow growth

in iron and steel production and changes

in technology away from the use of coke.

The coking coal market is stronger in

Asia (and in developing countries

generally) than in Europe, as heavy

industry migrates there, and trade in

coking coal is also buoyant.

Coal Market Offers Stable Supply and

Prices

World coal prices have declined in both real and

nominal terms over the last 20 years as

productivity has improved. Price increases are

limited by the capacity of United States

producers to enter the market when prices rise.

Coal reserves are widely distributed and the

existence of several major exporters ensures

that supply is stable. The scope for expansion

of exports from countries with low-cost reserves

and the potential entrance of new exporters,

tend to act against any long-term rising trend in

prices.

Change in the Market has been Dramatic

Despite its inherent stability and reliability, the

world coal industry and coal trade have

undergone dramatic change. The historical

development of the market can be viewed as a

rapid maturing of the coal market from a

number of unrelated domestic markets to a

single and highly competitive international

market, as outlined in Table 1 .

The impact of United States legislation on sulfur

emissions and lower rail freight rates arising

from deregulation remain key issues affecting

the outlook for the market. The Clean Air Act

Amendments have the potential of working to

limit surpluses available for export and of

changing the composition of coal qualities

offered for export through competition with

domestic demand for lower sulfur coal.

Another important, perhaps fundamental change

is the growing interest of Japanese utilities in

the operation of the spot market and the

possibility that it will become the reference for
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TABLE 1

CHARACTERISTICS OF STAGES IN THE
"MATURING"

OF THE COAL MARKET

Phase Market Characteristics

To early 1 970s Domestic suppliers to local markets

High government involvement/regulation

Specialist coal companies

Late 1 970s First acceleration of the international export market

Expanding seaborne trade

Specialist exporters

Strong position of coal trading companies in an emerging market

Industry performance standards set internationally

1 980s Second acceleration of the international export market

Security of supply dominant theme - based on bilateral relations

Dominance of contract market in Asia-Pacific

Tender market seen as "last
resort-

Japanese benchmark price influential

Coking/steam coal prices related

Mix of (small) specialist coal companies and larger energy corporations

1 990s Developing spot market in Asia-Pacific

Weakening of benchmark pricing

Breaking of steam/coking coal price nexus

Continuing emphasis on spot market in Europe

Growing confidence in energy market operation for security of supply

Supply side restructuring accepted as on-going

Growing dominance of multi-national suppliers

Declining importance of coal trading companies, at least in Europe,
with direct contracting between producers and consumers dominating

Next Steps? Further growth and confidence in the spot market

Convergence of benchmark and spot prices

Decline in premium for security of supply

Heightened awareness of supplier quality differentials

Pressure to devise responses to transport and transaction costs

- bilateral
"swaps"

between known or related companies

- development of multilateral swaps with quality guarantees

- constrained by objective quality assessment
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setting price in long-term contracts as is normal

practice in the European market.

Increased liberalization of the electricity market

in Asia and resulting competitive pressures are

likely to lead to growth in the spot market in the

Asia-Pacific region and may, in turn, lead to

innovations, such as coal derivative markets,

and to improvements in the efficiency of the

world coal market.

Significant change in the operation of the

European market is unlikely, but to the extent

change does occur in the European market, it is

likely to be in response to any change in the

balance of coal qualities made available for

export from the United States (i.e., availability
of a range of sulfur content) and feedback from

changes in the Asia-Pacific market.

On the supply side, IEA says the principal driver

for change in the operation of the Asia-Pacific

coal market will be the need to reduce costs in a

market which is likely to continue to result in low

prices. Lower production costs and higher

productivity are within the control of the industry
through improved management and

technological change. For exporters,

particularly for those countries with high export

exposure, the focus is likely to be on transaction

costs and seaborne freight costs. Transaction

costs are probably not considered significant, or

not amenable to change, assuming the

continuing dominance of long-term contracts

and benchmark pricing in the growing
Asia-

Pacific market. Nevertheless, as markets

outside Japan become more prominent, and the

influence of the benchmark price weakens,

transaction costs are likely to rise. Freight costs

are not directly open to influence from the coal

industry, yet interest in diversification,

particularly to Europe, may encourage greater

interest in ways of avoiding high transport costs

by innovative marketing methods.

On the demand side, continuing pressure on

electricity producers from market deregulation

and liberalization is likely to weaken the priority

attached to security of supply, and to strengthen

interest in minimizing fuel costs.

Security of Supply

In the Japanese market a premium has been

paid historically for security of supply through a

benchmark price. Security of supply has also

been strengthened by investing in foreign coal

production. IEA concludes that security of coal

supply has resulted more from the number of

existing and potential coal producers, in a range

of countries, than from the benchmark price. It

is likely that the security premium, if paid on the

spot market, would have secured supply at a

lower cost (although, of course, not necessarily
from the same suppliers which benefit from the

benchmark price). In this way, a freer market

could have achieved secure supply at a lower

cost and led to a natural diversification of

supply. The benchmark system, by favoring
particular sellers, may limit the ability of new

entrants into the market, and hence weaken

security.

Greater emphasis on the spot market in the

Asia-Pacific region may bring with it a growing

recognition that a free market contributes to,

rather than detracts from, security of supply,

provided price signals are accurately and

quickly transmitted. Long-run security will also

require maintaining diversity through investment

in new production capacity, and spot prices in

the short-run may not reflect this need, requiring

some adjustment by the market when spot

prices are used as a reference.
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PROJECT ACTIVITIES

METHANEX'S PUNTA ARENAS PLANT ADDS

TWO METHANOL UNITS

In April 1995 Methanex Corporation contracted

with Kvaemer John Brown Houston to build a

2,750-metric ton per day (mtpd) methanol plant
(Train II) adjacent to its 2,268-mtpd methanol

plant (Train I) at Cabo Negro near the City of

Punta Arenas, Chile. Mechanical completion

was achieved by the end of October 1996 and

the plant was operating at design capacity by
late December 1996. Recently, Methanex has

placed another contract with Kvaemer John

Brown to build a third methanol plant (Train III)
at the same location with a capacity of

3,000 mtpd. M. Islam of Kvaemer John Brown

reviewed the project in his presentation to the

1997World Methanol Conference held in

Tampa, Florida, in December.

Process Plant

Kvaemer John Brown Steam Reforming
Technology together with the ICI LP Methanol

Process formed the basis of the process design

for both Trains II and III (see Figure 1).

The steam reformers for Trains II and III are

among the largest in the world; the key
dimensions are:

Tube inside diameter, 125 millimeters

Tube length, 12,200 millimeters

Number of tubes, 768

The tubes are made of HP 45 Nb micro alloy

and were manufactured by Pose Marre in

Germany.

The reformer is a typical top-fired Kvaemer

furnace with inlet and outlet pigtails and with two

horizontal Borsig boilers used for generating

109 atmosphere steam from reformed gas.

The Advanced Reactor Concept (ARC)
methanol converter was manufactured by
Felguera in Spain. One key feature of the ARC

design is the improved mixing of the bed exit

gas with the inter bed quench gas. Due to

better mixing the inlet bed temperatures are

more uniform than those achieved with Quench
"Lozenge"

Converters.

During the Train II design phase, it was

recognized that a considerable amount of

capital could be saved by careful integration of

the supporting facilities with those of Train I.

This approach impacted the design of the Trains

II and III utility systems in the following areas:

Cooling system

Desalination units

Steam system

Methanol storage area

Nitrogen system

Plant and instrument air

Electric power generation

Fire water system

Product loading

Reliability

Reliability for any plant is important; however, it

is more so for a remotely located large

methanol plant operating under cold weather

conditions. To enhance the plant reliability,

three transmitters are utilized for critical controls

and shut-down initiators. All critical turbines

have dual redundant electric coil actuators.

Two independent parallel "floating
ground"

UPS systems, each fed with separate power

supplies, are provided for redundancy. Two

sets of UPS power distribution panels are also

provided. Mass spectrometer is used for on-line

stream analysis to achieve faster response time.

Cost Estimate

Kvaemer John Brown estimates production cost

savings of over $4 per metric ton resulting from

building a new methanol plant next to an

existing facility ($108.7 versus $104.4 per

metric ton). Such savings result from the

sharing of existing infrastructure, available

personnel and facilities at the host site. These

savings accumulate with time and can be worth

more than $80 million over the life of the plant.
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FIGURE 1

PROCESS BLOCK FLOW DIAGRAM FOR METHANOL PLANT
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OFFSHORE FLOATING PRODUCTION

SYSTEM FOR METHANOL LOOKS

PROMISING

The first commercial demonstration of Leading
Concept Methanol (LCM) technology at the

Methanol Research Plant (MRP) in Melbourne,

Australia, has now been successfully operated

for 3 years through a joint venture of BHP

Petroleum and Mitsubishi. Based on this

success, a substantial engineering study and

economic analysis commenced in late 1996 in

order to confirm the technical viability of the

Methanol Floating, Production, Storage and

Offloading (MFPSO) concept and to determine

its financial viability.
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I. Rees of BHP Petroleum outlined the success

of the research and development program

carried out at BHP's MRP, the ongoing research

and development program and the development

of the offshore methanol concept at the

1997World Methanol Conference held in

Tampa, Florida, in December.

LCM Process Overview

The ICI Katalco LCM process was originally
selected because of the perceived suitability for

offshore application in the key criteria of safety,

reliability, compact size, insensitivity to vessel

motion and low make-up water requirement.

The LCM process outline is shown in Figure 1 .

Natural gas is compressed from pipeline

pressure to about 40 atmospheres and

desulfurized in a purifier. A steam-to-carbon

ratio of 2.9 is achieved through a combination of

a saturator and live steam addition. The

saturator provides 85 to 90 percent of steam

requirement from recycled process condensate,

refining column bottoms and fusel oil. The feed

gas is heated to about 400C and then passed

to the Gas Heated Reformer (GHR) and then

the oxygen blown secondary reformer. These

reactors in series carry out heat exchange

reforming and produce a synthesis gas slightly

carbon rich with a methane slip of about

0.5 mole percent. The synthesis gas is fed to a

tube-cooled converter operating at about

70 atmospheres with product, then purified in a

standard topping column and refining column

arrangement.

Plant Performance

The MRP was started up in October 1994 and

began commercial sales about 5 weeks later,

mainly to local customers producing

formaldehyde resins. Customer off-take

requirements have always been met since first

delivery in spite of the requirements of the

research and development program. Since mid-

1996 plant availability has averaged above

98 percent.

FIGURE 1

LCM PROCESS SCHEMATIC
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As of December 1997 the GHR catalyst was

over 24 months old and the secondary reformer

and synthesis catalyst was about 12 months old.

In spite of the GHR catalyst now being at the

end of its design life, the plant continues to

operate at the design rate of 164 tonnes of

methanol per day and also at better than design

gas conversion efficiency of 31 .4 gigajoules per

tonne methanol.

Gas Heated Reformer

The GHR has performed substantially as

designed for heat transfer and chemical reaction

process over the 3 years of operation. The

plant has been operated at a wide range of

throughput from 50 to 120 percent, and also the

steam-to-carbon ratio varied substantially above

and below the design of 2.9 without any

significant mechanical problems.

Advanced Gas Heated Reformer

According to Rees, the series arrangement of

the GHR followed by the secondary reformer is

superior in both process efficiency and thermal

efficiency compared to a parallel flow scheme

used in other technologies. This advantage

coupled with the excellent mechanical

performance of the reactor has provided the

confidence in this technology to be used

offshore. However, operation of the MRP, and

in particular the first GHR catalyst cycle

including the catalyst change-out, has revealed

aspects requiring improvement. In late 1995 ICI

Katalco and BHP Petroleum began developing
a modified design to address these areas. This

revised design, known as the Advanced GHR,

retains the proven process and mechanical

design methods and metallurgy but overcomes

the limitations. In particular, the Advanced

GHR features a simple flow through design.

The reactor is a shell and tube exchanger with

fixed tube-sheets but each individual tube

passes through a special seal in the lower tube-

sheet. The seals are designed to avoid leakage

from the high pressure to low pressure side.

The most important aspect of the Advanced

GHR is that it has the potential to be scaled up

on a single-stream reactor to achieve a plant

capacity of at least 6,000 tonnes per day.

Methanol FPSO

BHP Petroleum's initial goal was to demonstrate

and develop ICI Katalco's LCM technology in

order to have a viable technology for the

commercialization of remote natural gas

reserves. By mid-1996 the success ofthe MRP

provided the confidence to progress to the next

stage, being the detailed technical, safety and

financial studies of a nominal 2,500-tonne per

day methanol plant on a MFPSO in Northern

Australian waters. Those studies commenced in

late 1996 and have progressed in a phased

approach. The current phase will be completed

in 1998 and will concentrate on utilizing the

advantage of the Advanced GHR to scope a

much larger-than-current world-scale methanol

plant as well as smaller plants in marginal

oil/gas developments.

One of the major concerns associated with an

LCM plant offshore is the safety issues

associated with a cryogenic oxygen plant

required to produce oxygen for the secondary

reformer. The best scheme was concluded to

be the cryogenic route. A hazard identification

and coarse risk assessment study was carried

out for a cryogenic plant sized to suit a world

scale methanol plant on the deck of an MFPSO.

Quantitative risk assessment concluded that the

risk was in the "as low as reasonably
practicable"

region.

The layout of the methanol plant, air separation

unit, power generation, oil stabilization train (for

a nominal 15,000-barrel per day crude oil), riser

and accommodation was optimized after a

detailed review of options. All equipment is

retained on the deck ofthe vessel.

A coarse risk assessment has been conducted

on the base case MFPSO configuration. The

results showed that there were no risks to

individuals that fall into the unacceptable region

consistent with BHP Petroleum's criteria for

FPSO operation. However, the study has

identified areas that can be modified to achieve
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risk reduction. This is part of the current study
scope in optimizing the design.

Capital cost and operating cost have been

defined for the base case facility. Figure 2

shows the relative capital costs of MFPSOs for

capacities from 1,400 tonnes per day to

6,000 tonnes per day. Also shown is the

estimate of gas reserve required to operate a

facility for a nominal economic life of 20 years.

CORPORATIONS

STATOIL LETS CONTRACTS, LOOKS TO

TAP NORTH SEA GAS

With some 1 ,666 billion cubic meters (60 trillion

cubic feet) of total natural gas reserves and stiff

gas-on-gas competition from Russia, Norway is

looking for innovative ways to tap into its

massive reserves.

Statoil recently let two contracts totaling
1 billion kroner to Raytheon Engineers and

FIGURE 2
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Constructors BV, The Netherlands, to build a

natural gas liquids processing plant and expand

condensate processing facilities at Statoil's

Mongstad refinery. Work is due to begin in

1998 and to be completed October 1, 1999.

The Statoil-led Vestprosess group plans to

develop a pipeline to carry raw natural gas

liquids and condensate from Sture and Kollsnes

terminals to Mongstad. The group comprises

operator Statoil 58 percent, Saga Petroleum AS

17 percent, Mobil Development Norway AS

10 percent, Norske Shell AS 8 percent, Total

Norge AS 5 percent and Norske Conoco AS

2 percent.

According to an article in Remote Gas

Strategies, January 1998, Statoil has several

projects under way involving both offshore and

onshore applications of Sasol's Fischer-Tropsch

(F-T) processes.

Statoil is in an alliance with Sasol exclusively for

offshore applications of the South African

company's F-T technology. Eight companies

Amoco, BG, Chevron, Conoco, Mobil, Texaco,
Sasol and Statoil are participating in a Joint

Industry Project (JIP) with the Gas Utilization

Research Forum (GURF), which is being led by
Statoil and Sasol, for designing a gas-

conversion vessel that will operate in North Sea

conditions.

The company is nearing completion of a study

on gas conversion on an extended-well-test

vessel as a means to achieve the first

demonstration of gas conversion offshore.

For onshore applications, Statoil has an

arrangement with Sasol to work on a case-by-

case basis. Studies have been completed for

two locations in Norway and a third unnamed

location for a Gas-To-Liquids (GTL) plant.

The goal of the JIP is to find out what it takes to

put an F-T gas conversion plant on an offshore

vessel. The study will look at what will be

needed to fully integrate the F-T plant with the

ship and an oil production system for a harsh,
North Sea environment. The project will look at

the effect of vessel motions on the various

processes, including a cryogenic air separation

system.

The preliminary discussions on the design

assume 3.0 million cubic meters per day of

associated gas with 10,000 cubic meters per

day of oil production.

Statoil is in the final phase of a study for a

1 .0-million standard cubic meter gas conversion

plant on a ship. The vessel, MST

(Multipurpose, Shuttle Tanker) and process

vessel, will be designed and classified for use

under Norwegian and United Kingdom North

Sea conditions. The main issues for further

study are safety and technical feasibility.

The MST will be designed to operate for 3 to

4 months at one location before being moved to

another site. The gas conversion plant will be

built on removable skids that have been

modularized.

The oil and gas process equipment will be

designed to handle the flow from a single well

only. The company is looking at oil storage

capacity of 4,000 cubic meters per day and a

two-stage oil/gas separator.

The gas conversion plant will handle 1 .0 million

standard cubic meters per day, use an

AutoThermal Reformer (ATR) for synthesis gas

production and have a cryogenic air separation

unit to provide oxygen for the F-T reactor.

GAS UTILIZATION RESEARCH FORUM

FOSTERS INDUSTRY COOPERATION

The Gas Utilization Research Forum (GURF)
was formed to provide an additional venue for

cooperation in gas research and

commercialization. R. Motal of Chevron

Research and Technology Company outlined

the international group's work at Zeus

Development Corporation's December

Monetizing Stranded Gas Reserves Conference.

The forum currently focuses on the technology
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needed to commercialize stranded gas all along
the energy chain. GURF's mission is to provide

an arena for the open exchange of ideas and for

the evaluation and formation of cooperative

ventures for the development of technologies to

enhance the value of economically challenged

gas.

While GURF does not fund projects, it provides

the stimulus to bring together proposals with

potentially interested sponsors. If there is

enough interest in the work, then the interested

parties take the proposal offline to develop it

into an actual project. The projects already
completed have looked at technologies suitable

for commercializing smaller remote gas

deposits. The first one studied advanced

adsorbents and novel tanker containment

systems to move gas to market. Later studies

examined concepts to hold unit liquefaction

costs low for these smaller fields.

Proposals Currently Open for Sponsorship

New projects include:

Evaluating a single-train maximum size

floating LNG plant in a harsh seastate

environment.

Evaluating an offshore LNG offloading

system.

Quantifying the emissions from gas

flares.

Improving risk assessments.

Developing credible design and cost

information on a specific application for

gas-to-liquids technology.

Cost cutting measures for more

conventional gas processing

applications.

ECONOMICS

CROCCO SEES STABILIZATION OF WORLD

METHANOL MARKET

Over the past few years, the global methanol

industry has evolved from a fragmented number

of inexperienced producers to a group of

sophisticated international methanol distributors

and marketers. J. Crocco of CMAI (Chemical

Market Associates Inc.) discussed how this has

resulted in the stabilization of the world

methanol market at the 1997 World Methanol

Conference held in Tampa, Florida, in

December.

Beginning in 1993 Methanex began acquiring

either direct methanol production or marketing

rights from a number of producers in such

locations as New Zealand, Canada, United

States, Trinidad, Chile and Germany. Where

previously a number of these producers had

been competitors, suddenly they were on the

same side. This allowed Methanex to tailor

production as required to meet commitments.

Thus by 1996 Methanex emerged as the world

leader in maintaining stability in the global

methanol market. Today Methanex leads in

world methanol production with over 21 percent

of nameplate capacity (see Figure 1).

The consolidation of the global methanol

industry is continuing with additional methanol

production coming online in Chile, Trinidad and

Saudi Arabia that includes the merger of four

methanol facilities in Trinidad.

In addition to the consolidation by Methanex,
other stabilizing factors in the methanol market

include:

Campaign running of some less efficient

and higher cost production

More experience and less panic during
softer market conditions
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FIGURE 1

MAJOR METHANOL PRODUCERS IN 1997
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Greatly reduced international trading

activity because of inability to operate

dedicated tankers

Relative political stability throughout the

world

Relatively strong global demand despite

maturation of MTBE

Continuation of plant operating problems

globally

Relative stability in global currency

markets, especially in Europe

Based on these factors, CMAI does not foresee

any major changes in global methanol pricing

for the near term.

Global Methanol Demand

Except for MTBE the overall global methanol

industry is expected to grow more or less along

traditional levels (see Figure 2 for CMAI's

projections). Acetic acid production should

prove strong in the next 5 years. Formaldehyde

production growth could slow down in some

countries and regions during the next 5 years.

MTBE is unique in that it has a higher value in

gasoline in the United States as an oxygenate

than as an octane booster, because of the Clean

Air Act Amendments of 1990 in the United

States which mandated oxygen in gasoline in

certain parts of the country for oxygenated and

reformulated gasoline. According to Crocco, the

higher valued oxygenated and reformulated

fuels programs in the United States have now

reached a limit, at least where MTBE demand is
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FIGURE 2

1997 - 2002 FORECASTED GLOBAL METHANOLDEMAND
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concerned, and future growth will only be

determined by the lower valued octane

requirements and increases in gasoline

consumption in the United States. There are a

number of incentives still being discussed in the

Congress and elsewhere which may or may not

increase or decrease oxygenates/MTBE

demand for United States gasoline in the future.

As far as MTBE/oxygenates requirements in

other countries of the world are concerned,

there is a continuing demand for octane as

some less developed countries increase their

standards of living (newer and higher powered

cars) and as lead replacement continues in

many parts of the world. Whether or not MTBE

will be used to provide this octane is subject to a

number of factors that include changing refinery

practices and competition from other potential

octane boosters. CMAI expects MTBE to level

out at its octane value globally and then

increase with worldwide gasoline demand.

Therefore, CMAI's forecast for expanded

methanol demand for MTBE production for the

next 5 years is an aggregate annual growth of

about 3.5 percent as compared to the

18.5 percent for the previous 5 years. However,

a small increase in this percentage could result

in substantial amounts of methanol because of

the large MTBE base.

World methanol demand for direct fuel uses is

currently low. CMAI does not expect it to grow

within the next few years. This is principally

because of the disadvantage that methanol has

on a BTU or energy equivalence with other,

more traditional fuels, such as diesel, gasoline,

residual, etc. However, there are new prospects

for methanol use in the direct methanol fuel cell

to produce electricity. The direct methanol fuel

cell can be used in virtually any situation that

uses electricity from laptop computers to major

power generation plants. Initially, Crocco

expects that fuel cells will be commercialized in
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automobiles wherein fuel methanol will be

converted to electricity which will then power

traction motors on the wheels.

SHELL FINDS SCALE-UP KEY TO

METHANOL ECONOMICS

In the past few decades, numerous studies have

been carried out on the potential applications of

methanol as fuel in the transportation and power

generation sectors. These fuel applications

require significant reductions in manufacturing

cost, particularly in plant investment.

J-P. Lange of Shell Research and Technology
Centre discussed the savings in investment that

could be achieved by applying various emerging

manufacturing technologies, including the

intermediate production of synthesis gas, in an

article in Industrial and Engineering Chemistry

Research, 1997, 36, 4282-4290.

Lange discussed only relative capital costs and

attempted to reduce them by 35 to 60 percent of

the cost of the reference Steam Methane

Reforming-based (SMR) scheme.

Reforming Technologies

The conventional methanol scheme is based on

SMR followed by synthesis gas conversion in

recycle mode. It operates with an energy

consumption of approximately 31 gigajoules per

ton of methanol, which corresponds to a thermal

efficiency of about 64 percent Lower Heating
Value (LHV). The total capital cost of such a

scheme has been set at 100 percent (Figure 1).

When based on combined reforming, the

methanol plant showed a thermal efficiency of

66 to 67 percent LHV and relative capital cost of

86 percent (Figure 1). The optimal operation of

the methanol synthesis section was achieved by

recycling 92 percent of the unconverted gas

back to the synthesis loop. Because synthesis

gas manufacture accounts for some two-thirds

of the total capital cost, the largest potential

savings should be sought in the synthesis gas

manufacturing section.

The AutoThermal Reforming (ATR) process

showed its lowest capital cost of about 82 to

83 percent (Figure 1) when operating with a

thermal efficiency of 61 to 62 percent LHV.

Thermal efficiencies as high as 65 to 66 percent

LHV can also be obtained at approximately

2 percent higher capital cost. The methanol

synthesis section was operated at 80 percent

approach to thermodynamic equilibrium but with

only 85 percent gas recycle instead of

92 percent as selected for the combined

reforming scheme.

The cost breakdowns of the three cases reveal

interesting trends, notes Lange. First, the cost

of the three reforming technologies does not

seem to vary much when the air separation and

compression costs are included. The savings

achieved by minimizing the contribution of the

expensive steam reforming furnace are,

therefore, largely compensated for by the cost

of an air separation unit. Second, the combined

and ATR technologies clearly improve the

quality of the synthesis gas and, consequently,

reduce the cost of the methanol synthesis

section.

Once-Through Methanol Synthesis

Technologies

The methanol synthesis can be carried out in a

once-through operation using several reactors

placed in series with interstage gas cooling and

methanol removal.

In the case of combined reforming, the

application of the once-through scheme with

multiple reactors in series yield capital cost

(86 percent) and thermal efficiencies (66 to

67 percent LHV) similar to those of the recycle

scheme.

Similar conclusions were drawn for autothermal

reforming. Compared to the recycle scheme,

both the capital cost and the thermal efficiency

of the once-through scheme were only slightly

higher (84 and 64 percent, respectively,

Figure 1).

The various once-through methanol synthesis

schemes did not appear to deliver large
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FIGURE 1

RELATIVE CAPITAL COST OF VARIOUS METHANOL MANUFACTURING SCHEMES

BASED ON SYNTHESIS GAS TECHNOLOGIES
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investment savings (Figure 1). Neither did the

utilization of air or 02-enriched air as oxidant for

the ATR or for the partial oxidation technologies

that are based on 02-permeable membranes.

The savings intended always appear to be offset

by new costs.

Air-Blown ATR

In contrast with the recycle scheme, the series

scheme is suitable for converting synthesis gas

with a high content of inerts. Hence, it can

accommodate air or enriched air as oxidant for

the reforming reaction.

The presence of N2 in the synthesis gas had a

detrimental effect on the conversion per pass

and, thereby, on the thermal efficiency of the

process. The thermal efficiency dropped from

62 to 48 and 27 percent LHV as the 02 purity of

the enriched air decreased from 97 to 44 and

21 mole percent, respectively. Additional

synthesis gas reactors need to be incorporated

in the reactor series in order to keep the thermal

efficiency at acceptable levels. A comparison

with once-through autothermal schemes that

operate at comparable efficiencies showed

significant savings in oxygen manufacture,

including air compression, that were more than

offset by the additional cost in synthesis gas

compression, methanol synthesis reactor and

heat exchangers that resulted from the presence

of nitrogen in the streams. In summary, the

lower the oxygen purity, the higher the savings

in 02 manufacture, but the higher the cost in

methanol synthesis reactor and heat

exchangers. As an example, Figure 1 reports

the cost of the once-through autothermal

scheme that is fed with air enriched to

44 percent oxygen.

ATR With H2 Recovery and Recycle

The overall thermal efficiency of schemes

based on autothermal reforming is limited by a

shortage of H2 in the synthesis gas. To improve
the synthesis gas quality, recovering H2 from the

purge gas and recycling it to the synthesis gas
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feed was evaluated. Hydrogen recycle

improved the overall thermal efficiency from

64-65 to 67-68 percent. However, the small

savings achieved in the synthesis gas

manufacture segment were completely offset by
the cost of the H2 recovery unit. This can be

seen from Figure 1 , where the additional cost of

hydrogen recovery is considered as part of the

reforming cost.

Improved Methanol Synthesis Catalyst

The use of a 5-fold more active catalyst lowered

the capital cost from about 82 to about

77 percent due to a reduced reactor volume. A

10-fold more active catalyst did not offer more

than 1 to 2 percent additional savings, however.

Plant Scale-up

The evaluations reported by Lange assumed

that all technologies could be scaled up to a

methanol capacity of 2,500 tons per day per

string but that none of them could go beyond

that scale. However, the capital cost of a

process string increases only moderately with

the capacity. A direct scale-up by factors of

4 to 8 and 20 to 100 is required to lower the total

capital cost by respectively 35 and 60 percent,

says Lange. Whereas a 20- to 100-fold scale is

beyond the scope of any foreseeable

technology, the 4 to 8 scale-up might be

achievable in the medium term. For example,

ATR technologies have been claimed to allow a

4-fold scale-up. While such a scale-up can

certainly help in lowering the capital cost of the

plant, it does not guarantee it by any means.

Methanol is presently manufactured mainly from

natural gas and applied as chemical feedstock.

If its manufacturing cost could be lowered

significantly, methanol could enter the much

larger markets of transportation and power

generation fuels and become an attractive

intermediate for utilizing remote natural gas.

Lange says a preliminary economic analysis

revealed that, based on an oil price of $20 per

barrel and on investment costs reported in the

literature, the investments of methanol plants

need to be lowered by approximately 35 percent

to render methanol cost competitive with those

of the transportation fuels and LNG, or be

lowered by approximately 60 percent to

compete with power generation fuels.

Conventional technologies allow methanol to

compete with transportation fuels at oil prices of

around $27 per barrel. The competition with

boiler fuel requires an almost doubling of the oil

price, however.

Process variations on the conventional

2,500-ton per day plant that utilize synthesis gas

as an intermediate showed the following cost

savings. In a first step, methanol purification

was omitted and achieved a capital savings of

about 10 percent. The substitution of the steam

reforming by an autothermal or a combined

reforming technology appeared to offer an

additional savings of up to 10 percent. The

investment could be further lowered by an

additional approximate 5 percent upon

combining these technologies with the use of a

hypothetical methanol synthesis catalyst that is

about 5 times more active than the present

catalysts. Hence, the cumulative savings do not

exceed 20 to 25 percent (Figure 1). Further

savings require, then, an increase in the

maximum scale of the autothermal or combined

reformer and methanol synthesis section by a

factor of 4 to 8, if technically feasible.

TECHNOLOGY

OFFSHORE PRODUCTION FEASIBLE FOR

GAS-TO-LIQUIDS TECHNOLOGY

As offshore oil development has expanded to

more remote and deeper waters, often neither

oil nor gas pipelines are economically viable. In

circumstances where a gas pipeline is not

economically viable serious attention has been

directed to the possibility of making Liquefied

Natural Gas (LNG) or of converting the Gas To
Liquids (GTL) offshore on Floating Production,
Storage and Offloading (FPSO) vessels. The
use of traditional designs of such plants on
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either platforms or FPSOs would require

dramatic reductions in footprint areas required

and special safety considerations for the

necessary compact equipment arrangements.

Use of FPSOs will further require a focus on

vessel motions and their effect on equipment

selection and performance as well as the total

facility production up-time. S. Worley ofWorley
Engineers Inc. discussed the design and

economics of gas conversion plants on FPSOs

at the Monetizing Stranded Gas Reserves

Conference held in Houston, Texas, last

December.

The offshore oil industry has experience with

various processes with features and equipment

that are similar to those used in a GTL plant.

According to Worley, a designer would need to

address the following items for a more complex

processing plant, including: column packing;

contractor trays; deep-slurry or fluidized-bed

contractors; refractory lining; liquid levels and

surges; weight; acceleration and deceleration;

oxygen; enriched air; precautions against green

water on deck; access for maintenance; lifting
capability; secure bracing; line expansion;

laydown areas; byproduct effluents; interchange

of fuels; and temporary safe refuge.

When placing GTL processing equipment on an

oil production FPSO, it is necessary to take

every cost-effective precaution possible to

eliminate or minimize process disruptions or

shutdowns, saysWorley.

The second focus must be to obtain maximum

utilization of the high capital cost process

equipment to ensure payout, to prevent flaring,

to minimize the venting of carbon dioxide and to

maximize the use of natural resources. This

requires steps to ensure minimum vessel

motions to avoid malfunction and to minimize

wear on mooring and riser systems.

ICI over the last decades has refined its GTL

process equipment and succeeded in reducing

the footprint area of the syngas portion of the

plant by about 95 percent and making it a lot

safer for FPSO applications. The first

application of this refined process equipment

was for making ammonia onshore in 1987.

Working with BHP Petroleum in Australia, ICI

Katalco demonstrated the technology in an

onshore methanol plant. Using the ICI Katalco

LCM updated process for a methanol plant and

Mobil's methanol-to-gasoline process, several

FPSO designs have been developed. Table 1

shows cost estimates for these types of plants.

The designs can be modified to include options

for Fischer-Tropsch GTL conversion after the

syngas production step, or substitution of both

syngas production and synthetic liquid

production.

No matter which GTL process is selected, it is

mandatory to minimize vessel motions during all

sea states up to about the worst 1-year, return-

storm event.

TABLE 1

ESTIMATED COST OF GAS-TO-METHANOL AND

GAS-TO-METHANOL-TO-GASOLINE ON FPSO VESSELS

MMSCFD US$ (MM) US$ (MM)
Methane Syngas & Syngas, Tonnes/Day Bbls/Day
Equivalent Methanol Methanol & Methanol Syncrude

Feed Gas Plant Svncrude Plant Product Product

25 102 153 855 2,720

40 141 214 1,370 4,350
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This results from there being more "soft
points"

of equipment operations that may be affected

by motions than for conventional oil and gas

production activities alone, although the "soft
points"

may be near identical in nature.

Based on model basin tests of FPSO designs,

Worley prefers a Turret-Moored Platform (TMP)
vessel with the turret in the forward section of

the vessel. This design offers the lowest heave,

pitch, roll, yaw and sway response of any tested.

To reduce costs, Worley recommends modular

construction design. It only takes about

22 man-hours per metric ton for flat-plate,
modular-type construction while it takes

somewhere around 45 to 50 man-hours per

metric ton for construction of curved ship-shape

portions of vessels. The lower labor costs allow

the use of more steel for better and safer

performance at a competitive total cost.

NEW CATALYSTS FOR GAS-TO-LIQUID

PROCESS PATENTED

While Fischer-Tropsch (F-T) chemistry has

been practiced commercially for many years,

recent advances in F-T technology have

improved the overall process economics to the

point that they are competitive with crude oil at

current world prices. The improvement in

process economics is primarily based on

technology advances in both the production of

synthesis gas by reforming and in improved F-T

reactor systems and the catalysts used in them.

G. Wilson and N.
Can*

discussed Syncrude

Technology Inc.'s advancements in Gas-To-

SynCrude (GTSC) technology at the

March 1998 Intertech Conference "Gas to

Liquids, Bringing Clean Fuels to
Market"

held in

San Antonio, Texas.

In its simplest and lowest capital form, the

GTSC process converts natural gas to a

synthetic crude oil (syncrude) which may be

included with normal crude oil and processed

through existing refineries. The GTSC process

minimizes the amount of equipment and its

complexity for remote and offshore locations. It

may be land based or can be barge or tanker

mounted. The GTSC process produces

syncrude, which may be shipped to an existing

refinery, either alone under suitable

circumstances or combined with associated

crude oil. An upgrading step may be

incorporated to convert the wax into diesel and

naphtha if desirable at the specific location. A

unique feature of Syncrude's process is the

incorporation of power generation equipment.

This equipment is designed to provide the

startup power which is necessary when the plant

is remote from other power supplies.

Preliminary cost studies indicate that simple

systems, capable of processing 60 to

100 million standard cubic feet per day of gas

(typical amount of gas being flared or found at

associated gas wells), can be constructed at a

cost in the range of $20,000 to $25,000 per

barrel per day of product.

Syncrude's process is based on two main

features. The first is the development of a

novel catalyst. Under United States Patent

Number 5,639,798 Syncrude has obtained

production rights to a catalyst and slurry reactor

F-T conversion process utilizing novel catalysts

including cobalt promoted with molybdenum or

molybdenum and zirconium on a small diameter

inorganic oxide (preferably alumina) support.

The catalysts have been found to be highly
selective for production of liquid hydrocarbons

while minimizing production of less desirable

oxygen-containing products such as alcohols.

The preferred catalysts contain from about 5 to

50 percent cobalt and from about 0.1 to

10 percent molybdenum or molybdenum and

zirconium.

Secondly, the firm has a patented, proprietary

design for a Slurry Bubble Column Reactor

(SBCR).

The SBCR has a number of advantages,

including the ability of the reactor to handle the

large heats of reaction and thereby control

reaction temperature; the ability to convert

low H2/CO ratio synthesis gas without the need

for a separate water-gas shift process step; and

THE SYNTHETIC FUELS REPORT. APRIL 1998

94



 



NATURAL GAS

relatively low capital and operating costs. Slurry
reactor systems are characterized by
suspending the F-T catalyst in an upflow of

synthesis gas in a liquid medium. Basically, the

process includes a finely divided catalyst

suspended in oil that is mixed in a reactor (e.g.,
a SBCR) in the presence of synthesis gas.

Syncrude's SBCR design includes a patented

device which allows the products to be removed

continuously from the reactor while the catalyst

is retained in the reactor. This equipment,

combined with proprietary procedures necessary
for the proper operation of the device for

extended periods without plugging, allows

trouble-free operation.

NEW TECHNOLOGIES FOR SYNGAS

PRODUCTION ARE ON THE WAY

The production of syngas from natural gas is

well established as an intermediate for the

production of hydrogen, methanol, carbon

monoxide (for acetyls), ammonia and liquid

hydrocarbons via Fischer-Tropsch synthesis.

While there are two main routes to convert

natural gas to syngas steam reforming and

Partial oxidation (POX) significant new

developments and improvements in these

technologies are enhancing the syngas process

and changing the baseline economics of syngas

production. Some of these new technologies,

which were reviewed by W. Woodfin of British

Petroleum pic, United Kingdom, in Hydrocarbon

Engineering, November 1 997, pages 76-80, and

by B. MacDonald in ECN Chemscope,

September 1997, pages 24-25, are summarized

below.

Established Processes

The most common process for the production of

synthesis gas is methane steam reforming

whereby the natural gas is converted by the

reaction with steam over a nickel catalyst at

high temperatures (900 to 1,000C) and

moderate pressures (16 to 20 bar). This is

typically carried out in long, vertically hung

tubes contained within a radiant furnace. Many
world renowned engineering houses offer their

own variants of this type of design, including
Foster Wheeler, M.W. Kellogg, Lurgi, ICI,

Kvaemer Process Technology and Haldor

Topsoe, to name but a few.

A well established alternative to steam

reforming is POX whereby a limited amount of

oxygen is allowed to bum with the natural gas

feed (creating steam and carbon dioxide at high

temperatures) with the subsequent reforming

reactions
'equilibrating'

at approx

imately 1 ,350C. This type of technology is

offered under license by Texaco and Shell.

A variant of this type of approach is the so-

called AutoThermal Reformer (ATR). This still

uses an oxidant (oxygen or air) to carry out the

reactions but the hot gases equilibrate over a

fixed bed of reforming catalyst. This type of

design is offered by Lurgi, Haldor Topsoe and

ICI.

The main trends in traditional reformer designs

involve increasing the reformer temperature and

pressures. However, increasing the reformer

temperature or pressure increases the stresses

on the reformer tubes, which is the limiting
factor in most reformer designs.

The gas-heated reformer is a recent alternative

to the conventional radiantly fired steam

reformer. It is used in parallel with a

conventional ATR (oxygen or air blown

depending upon the application). The hot

synthesis gas from the ATR is used to provide

the heat for the reforming reactions in the gas-

heated reformer. Essentially there are two

variants to this type of reformer the bayonet

tube design and the open tube design.

ICI

The first commercial application of the bayonet

tube reformerwas by ICI in their ammonia plant

in Sevemside, United Kingdom, in the

late 1980s. The design was later developed for

a methanol application for Broken Hill Pty
(BHP), Australia. The BHP plant was

commissioned in 1994/1995 and has been
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operating successfully since then. Part of the

natural gas feed is mixed with the steam and

passes down through the annulus within the

reformer tube filled with reforming catalyst. The

reformed gas returns up through the central

inner tube and is then mixed with the remainder

of the natural gas and reacted with the oxidant

in the ATR. The hot syngas from the ATR is

then passed countercurrently around the outside

of the bayonet tube; a guide tube around the

bayonet provides a narrow annulus, increasing
the velocity of the hot syngas and improving the

convective heat transfer.

M.W. Kellogg

M.W. Kellogg has recently developed the

Kellogg Reforming Exchange System (KRES)
and installed the first commercial unit at the

Ocelot Ammonia Company in Kitimat, British

Columbia. The unit was successfully brought

into service in late 1994. The KRES concept

utilizes an open-tube reformer design that

eliminates the need for the conventionally fired

steam reformer. As in the bayonet tube

designs, energy for the steam reforming step is

supplied entirely through heat exchange with the

hot gas from the secondary reformer. The use

of open tubes rather than bayonet tubes is

claimed to make this design easier to maintain.

Uhde GmbH has also developed a Combined

Autothermal Reformer (CAR) process which

takes place in a single vessel. A mixture of

steam and part of the desulfurized natural gas

feed is reformed first in the primary reforming

section by catalytic reaction. The subsequent

mixture of synthesis gas is discharged into the

POX zone where the remaining part of the

natural gas feed is introduced with the oxidant.

The adiabatic temperature in the POX zone is

1,300C. The sensible heat of the product gas

is used for the indirect heating of the primary

reforming section of the CAR reactor. A

demonstration unit installed by Chemcos.p.,

Slovakia, was started up in mid-1991. By 1994

it had accumulated more than 17,000 hours

operation and is claimed to have reduced

oxygen consumption by 35 percent and natural

gas consumption by 15 percent (compared to

their POX unit). However, to date there have

been no other applications of this technology.

BP Chemicals and Kvaemer Process

Technology

The BP Chemicals and Kvaemer Process

Technology (KPT) have developed a syngas

reformer which will be incorporated into KPT's

new methanol process. The BP/KPT route is

based on conventional steam reformer

technology, but with a new design for the

reactor's internal features. The technology is

being developed as a more efficient process for

manufacturing hydrogen, carbon monoxide,

methanol and acetic acid. The process, which

has reached pilot plant stage, will have a major

impact on the chemical industry in potential cost

savings. The companies hope to test the

process in a commercial plant by the end of

1998.

Sasol

Sasol has developed the Sasol Slurry Phase

Distillate process which uses gas reforming in

the first step to produce syngas. Its slurry phase

reactor has been operating at Sasol's Sasolburg
facilities in South Africa since 1993. At the

moment the company is using the process in a

10,000-barrel per day plant for liquid fuels.

Exxon

As part of their development of a process to

convert natural gas to liquid hydrocarbons,

Exxon has developed a novel fluid-bed reaction

system in which POX and steam reforming

reactions are carried out simultaneously in a

single large reactor containing a fluidized bed of

catalyst particles. Using a catalyst to carry out

these reactions simultaneously allows operation

at temperatures significantly lower than POX,

thereby improving thermal efficiency and

reducing the oxygen requirements. Exxon

claims that the unit has been successfully

demonstrated at their facility in Baton Rouge,

Louisiana, over a 3-year period from 1990 to

1992.
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Starchem

The Starchem process is based on a

combination of compressors and membranes to

produce an enriched air steam which is then

reformed at high pressure (80 bar) with natural

gas and steam. By carrying out the reforming at
high pressure, the need for expensive syngas

compression into the methanol synthesis stage

is avoided. However, the presence of nitrogen

in the syngas means that it has to be combined

with a once-through methanol stage rather than

a conventional methanol loop. While possible,

a "reasonable
cost"

once-through synthesis

system has not yet been commercially proven.

Shell

Shell has developed a catalyzed POX process

based on a fixed-bed catalyst retained on a

honeycomb monolithic carrier. They claim that

the open structure allows high gas throughputs

without excessive pressure drop.

Syntroleum

In the Syntroleum process, natural gas is mixed

with air in an ATR to produce syngas. In the

next reactor a cobalt-based catalyst converts

the syngas into hydrocarbons. As the two

reactors operate in a single-pass configuration,

the nitrogen contained in the air added at the

beginning simply passes through the whole

system. In contrast, other systems have a

recycle loop in the second reactor, which means

that pure oxygen must be used at the beginning.

The ability to use air, and improvements in the

overall energy integration, are key to the

economics of the process. Most commercial

POX processes require at least the addition of

oxygen-enriched air requiring extremely costly

cryogenic equipment.

Emerging Technologies

Producing syngas by conventional steam

reforming or POX is recognized to be a

relatively expensive step. For example,

approximately 60 to 70 percent of the capital

cost of a methanol plant is associated with the

syngas plant. While the developments outlined

above could reduce the capital and operating

costs to some extent, a major breakthrough in

the technology is required to make any

substantial reductions in the cost of producing

syngas.

One of the more radical developments over

recent years is a new concept that integrates

oxygen separation, steam reforming and POX

into a single step.

The Argonne National Laboratory, in

cooperation with Amoco, has pioneered the use

of membrane technology in the production of

syngas. The Argonne and Amoco researchers

developed an inexpensive ceramic membrane

that selectively extracts pure oxygen from air.

By providing oxygen at a low cost, the

membrane process could lower the cost of

syngas production by about 30 percent.

The ceramic is a strontium-iron-cobalt oxide.

The key to its success is its stability in the

hostile syngas reactor environment. In the

reactor the membrane separates the air stream

from the natural gas stream. The oxygen in the

air combines with electrons in the membrane to

create negatively charged oxygen ions which

can migrate through the membrane.

The membrane eliminates the need for

cryogenic oxygen and the reaction is

autothermal. Once the process is started, there

is enough heat generated to continue the

reaction.

As well as the ongoing development work with

Amoco, Argonne has become part of two much

wider alliances in ceramic membrane syngas

technology. In July an alliance of Amoco, BP,

Praxair, Statoil and Sasol was announced to

develop this technology. In a separate

announcement in May this year, the United

States Department of Energy announced an

$84-million, 8-year project to develop
membrane technology for syngas production.

The project is being led by Air Products with a

large number of other companies such as

ARCO and Norsk Hydro, and research
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establishments, including Argonne, being
involved.

Although the use of membrane technology is

appealing for a number of reasons, the

technology still has a ways to go. Apart from

the continuing challenge to improve and

produce even more stable ceramic membranes

there is also the requirement to produce a

robust commercial design for this new type of

reformer. While there are still technical hurdles

to overcome before the first commercial

application is seen, the potential rewards will be

significant with estimated capital savings of

30 percent over conventional reforming. If

successful this would be the first radically new

reforming technology in over 3 decades.

LIQUID PHASE METHANOL DEVELOPMENT

REVIEWED

Liquid Phase Methanol (LPMEOH) technology
was developed during the 1980s with the

financial support of the United States

Department of Energy (DOE). The commercial-

scale demonstration plant for the technology
has been constructed, has completed

commissioning and is now being operated at

Eastman Chemical Company's coal gasification

facility in Kingsport, Tennessee, under the

DOE's Clean Coal Technology Program. During
a 4-year operating program the LPMEOH plant

will demonstrate the production of at least

80,000 gallons of methanol per day and will

simulate operation for the Integrated

Gasification Combined-Cycle (IGCC)
coproduction of power and methanol

application.

B. Street of Eastman Chemical Company and

E. Heydom of Air Products and Chemicals Inc.

reviewed the startup and operating history at the

Kingsport site at the 1997World Methanol

Conference held in Tampa, Florida, in

December.

Technology Description

The heart of the LPMEOH process is the slurry

bubble column reactor (Figure 1).

The liquid medium is the feature that

differentiates the LPMEOH process from

conventional technology. Conventional

methanol reactors use fixed beds of catalyst

pellets and operate in the gas phase. The

LPMEOH reactor uses catalysts in powder form,

slurried in an inert mineral oil. The mineral oil

acts as a temperature moderator and a heat

removal medium, transferring the heat of

reaction from the catalyst surface via the liquid

slurry to boiling water in an internal tubular heat

exchanger. The slurry reactor can thus achieve

high syngas conversion per pass, due to its

capability to remove heat and maintain a

constant, highly uniform temperature through

the entire length of the reactor.

Typically a gas phase reactor is limited to about

16 percent CO gas in the inlet to the reactor, in

order to limit the conversion per pass to avoid

excess heating. For the LPMEOH reactor, CO

gas concentrations in excess of 50 percent have

been tested at the process development unit in

LaPorte, Texas, without any adverse effect on

catalyst activity.

IGCC Coproduction Options

The LPMEOH process is an effective

technology for converting a portion of the H2
and CO in an IGCC electric powerplant's coal-

derived syngas to methanol, as illustrated in

Figure 2. The process has the flexibility to

handle many variations in syngas composition.

It can be designed to operate in a continuous,

baseload manner, converting syngas from

oversized gasifiers or from a spare gasifier.

Alternatively, the process can be designed to

operate (in a cycling manner) only during
periods of off-peak electric power demand to

consume a portion of the excess syngas and

allow the electricity output from the combined-

cycle power unit to be reduced. In this latter
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FIGURE 1

LPMEOH REACTOR AND REACTION SCHEMATICS
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circumstance, the gasification unit continues to

operate at full baseload capacity, so the IGCC

facility's major capital asset is fully utilized.

Process design study work for the LPMEOH

process has been directed toward converting a

portion of coal-derived syngas produced in an

IGCC electric powerplant to methanol. With a

given gasification plant size, the IGCC

coproduction plant can be designed to

accommodate a range of methanol-to-power

output ratios. For example a gasification plant,

with two gasifiers of 1 ,735 million BTU per hour

output each, could be sized for baseload power

output of 426 megawatts of electricity and for

baseload methanol coproduction of

152,000 US gallons per day. If the baseload

fuel gas value is $4.00 per million BTU, then

152,000 gallons per day of methanol can be

coproduced from coal for under $0.50 per

gallon. This compares with new methanol

plants which, using natural gas at $0.50 to

$1 .00 per million BTU as feedstock and the

same basis for capital recovery, produce

methanol (chemical-grade) delivered to the

United States Gulf Coast at $0.55 to $0.60 per

gallon.

Demonstration Plant - Test Plans

The demonstration test plan incorporates the

following commercially important aspects of

IGCC integration:

Variations in syngas compositions
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FIGURE 2

ONCE-THROUGH METHANOL COPRODUCTION WITH IGCC ELECTRIC POWER
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Although generation of electric power is not a

feature of the demonstration project at

Kingsport, the demonstration test plan is

structured to provide valuable data related to

the coproduction of electric power and
value-

added liquid transportation fuels and/or

chemical feedstocks from coal. This

coproduction requires that the partial conversion

of syngas to storable liquid products be

demonstrated. It will also use an energy
load-

following operating concept that allows

conversion of off-peak energy, at attendant low

value, into peak energy commanding a higher

value. This load-following concept requires that

on/off and syngas load following capabilities be

demonstrated.

The ultimate goal of the demonstration period is

to reach a stable optimized operating condition,

with the best combination of the most

aggressive operating parameters. These

parameters, such as reactor superficial gas

velocity, slurry concentration and reactor level,

will allow maximum reactor productivity to be

achieved. A continuing goal during the

demonstration period will be to determine and

debottleneck limitations of the demonstration

plant.
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Demonstration Plant - Status

Eastman began coal gasification operations at

Kingsport in 1983. Texaco gasification is used

to convert about 1,000 tons per day of high-

sulfur, Eastern bituminous coal to syngas for the

manufacture of methanol, acetic anhydride and

associated products. Air Products provides the

oxygen for gasification by a pipeline from an

over-the-fence air separation unit. The crude

syngas is quenched, partially shifted, treated for

acid gas removal (hydrogen sulfide, carbonyl

sulfide, and C02 via Rectisol), and partially
processed in a cryogenic separation unit to

produce separate H2 and CO streams. The H2
stream is combined with clean syngas to

produce stoichiometrically balanced feed to a

conventional gas phase methanol synthesis unit.

Methanol from this unit is reacted with

recovered acetic acid to produce methyl

acetate. Finally, the methyl acetate is reacted

with the CO stream to produce the prime

product, acetic anhydride (and acetic acid for

recycle).

Because the gasification facility produces

individual streams of clean syngas (balanced

gas), CO, and H2-rich gas, the LPMEOH

demonstration plant was designed with the

capability to blend these streams and mimic the

gas compositions of a range of gasifiers.

Demonstration Plant - Initial Operation

Construction of the LPMEOH demonstration

plant began in October 1995 and was completed

in January 1997.

Following commissioning and shakedown

activities, the first production of methanol from

the 80,000-gallon per day facility occurred in

April 1997.

Two operational issues have been identified

since commissioning of the demonstration plant.

First, a high-pressure oil make-up pump has

failed to meet both the flow and differential

pressure required for the service. A new oil

make-up pump has recently been installed and

is operating well.

A second issue has been evidence of plugging

in slurry piping systems. During a scheduled

outage of the Eastman complex in May 1997,

additional flush connections were added. All

areas which had exhibited slurry blockage

during the initial operating campaign can now be

cleared on-line, allowing for stable operation of

the LPMEOH demonstration plant.

Since the startup in April 1997, the LPMEOH

demonstration plant has achieved an availability

in excess of 92 percent. Catalyst life and

maximum slurry concentration will be studied

during the next few months as aging in the

environment of coal-derived syngas continues.

On-line catalyst addition has already been

performed successfully and samples will be

taken throughout the process to determine if

catalyst poisons are present in any of the

syngas streams.

CATALYSTS FOR METHANE PRODUCTION

FROM CARBON MONOXIDE COMPARED

Branched chain C4 hydrocarbons, namely

isobutane and isobutylene, are used for many

industrial applications such as in the

manufacture of reformulated gasoline and in

alkylation processes. Currently, these

hydrocarbons are produced from petroleum

sources. They may also be obtained from the

Fischer-Tropsch (F-T) synthesis reaction.

Studies have shown that C4 hydrocarbons can

be selectively produced from syngas (CO+H^

using a combination of F-T solid acid catalysts.

A. Dalai et al. of the University of Saskatchewan

discussed the hydrogenation of CO at the
47th

Canadian Chemical Engineering
Conference held in Edmonton, Alberta, Canada,
in October.

In this study attempts were made to improve the

selectivity for C4 hydrocarbons in a fixed-bed

microreactor using Co-Ni/Zr02 (F-T) and

S047Ti02 (solid acid) catalysts. These

catalysts were placed in two separate beds in
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the same reactor such that the feed gas

(syngas) contacts the F-T catalyst first.

Preliminary tests were performed with the F-T

catalyst alone in the reactor. These results

showed that a maximum C4 hydrocarbon

selectivity of 13.7 weight percent was obtained

at a reduction temperature of 350C, 1 atm

pressure, reaction temperature of 250C and

15
h"1

weight hourly space velocities. However,
there was a significant increase in the

C4 hydrocarbon selectivity when the S047Ti02
catalyst was incorporated in the reactor. The

maximum selectivity to C4 hydrocarbons

achieved was 16.9 weight percent at reduction

temperature of 350C, reaction temperature of

260C, 1 atm pressure and 5
h"1

weight hourly
space velocities using F-T/solid acid catalyst.

ENVIRONMENT

FISCHER-TROPSCH FUELS CLEANER THAN

REFORMULATED DIESEL

Natural gas is not only the cleanest of fossil

fuels, it is also one of the most plentiful.

However, many of the deposits lie far from the

people in need of energy and sending gas over

long distances often is prohibitively expensive.

Converting natural gas to liquid fuels via

Fischer-Tropsch technology would allow the

energy to be piped to markets
inexpensively.

S. Fouda of CANMET outlined the potential for

liquid fuels from natural gas in an article in

ScientificAmerican, March 1998, pages 92-95.

Refining synthetic crudes derived from gas is in

many respects easier than working with natural

crude oil, says Fouda. Synthetic crude contains

virtually no sulfur and has smaller amounts of

cancer-causing compounds than are found in

conventional oil. So the final products are

premium-quality fuels that emit fewer harmful

substances. For example, blends of ordinary

diesel fuel and diesel synthesized from natural

gas (currently produced commercially by Shell

in Indonesia and now on sale in California) meet

the toughest emissions standards imposed by

the California Air Resources Board.

A Partial Solution

However, converting gas to liquids is expensive

because it uses a lot of energy and, in most

cases, the process requires large quantities of

costly oxygen. Hence, lowering the cost of

oxygen is a key to making syngas cheaply.

One strategy is to work with air instead of pure

oxygen. Syntroleum Corporation in Tulsa,

Oklahoma, has developed a way to make liquid

fuels using air instead of oxygen for the

methane reforming step, followed by
Fischer-

Tropsch synthesis. At sites where natural gas is

sufficiently cheap (for example, places where it

is now being flared), the process should prove

profitable even at current crude oil prices.

Another strategy is to develop ceramic

membranes through which only oxygen can

pass. These membranes can then separate

oxygen from air. Though still difficult and

expensive to construct, laboratory versions work

quite well. They should be commercially

available within a decade, says Fouda.

Such materials could reduce the cost of making

syngas by about 25 percent and lower the cost

of producing liquid fuels by 15 percent.

Fouda is developing a ceramic membrane that

would remove hydrogen from the gas mixture,

driving the partial oxidation of methane forward

and providing a stream of pure hydrogen that

could be used later in refining the final products

or as an energy source itself.

Significant improvements in the catalysts used

to make syngas are also expected in the near

future.

Diesel fuel alternatives are also under

investigation at the Combustion Research

Facility (CRF) at the Sandia National Laboratory
site in Livermore, California.
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The CRF is evaluating both Fischer-Tropsch

diesel fuel and biodiesel. Scientists in the

Alternative Diesel Fuels Laboratory will directly
observe the flames inside a Caterpillar engine

modified with optical ports and use laser

spectroscopy to measure the various chemical

species being produced, such as nitric oxide.

Cheaper Than Oil

Single step, or
"direct"

conversion methods, by
using different catalysts and adding greater

amounts of oxygen, are also under

investigation.

Chemists at Pennsylvania State University have
converted methane to methanol directly using a

so-called homogenous catalyst, a liquid that is

thoroughly mixed with the reactions and held at

temperatures lower than 100C. Catalytica, a

company in Mountain View, California, has

achieved yields for direct conversion that are as

high as 70 percent using a similar scheme.

Conclusions

Even today natural gas can be converted into

liquid fuels at prices that are only about

10 percent higher per barrel than crude oil.

According to Fouda, modest improvements in

technology, along with the improved economics

that come from making specialty chemicals as

well from gas, will broaden the exploitation of

this abundant commodity in coming years.

Such developments will also provide remarkably

clean fuelsones that can be easily blended

with dirtier products refined from heavier crude

oils to meet increasingly strict environmental

standards.
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