
iyVi*L

SHELF

OIL SHALE

COAL

OIL SANDS

NATURAL GAS

Ike simor

Inetic ruelssym

report

VOLUME 7 NUMBER 3

quarterly

J.E. SINOR CONSULTANTS INC.

JULY 2000



 



OIL SHALE

COAL

OIL SANDS

NATURAL GAS

iJke simor

symtkeltic fuels

report

VOLUME 7 NUMBER 3

quarterly

J.E. SINOR CONSULTANTS INC.

JULY 2000



 



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

Consultants Inc. as a multicllent service and is intended for the sole use

of clients or organizations affiliated with clients by virtue of a relationship
equivalent to 51 percent or greater ownership. THE SINOR

SYNTHETIC FUELS REPORT is protected by the copyright laws of the
United States. No part of the report may be copied, stored in an elec

tronic data retrieval system, or transmitted to third parties unless ex

pressly 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
services since 1985. The company's experience includes resource

evaluation, process development and design, technical evaluations, ex

pert witness testimony, marketing studies, environmental planning and

economic analysis.

For additional information concerning company qualifications, capabili

ties and experience, please contact:

J.E. SINOR CONSULTANTS Inc.

Suite 1

6964 North 79th Street

Post Office Box 649

Niwot, Colorado 80544-0649

USA

Telephone (303) 652 2632

Facsimile (303) 652 2772

e-mail <jesinor@bouldernews.infi.net

Visit our Home Page on the Internet at:

http://edj.net/sinor

THE SINOR SYNTHETIC FUELS REPORT is published in January, April, July and October

by J.E. Sinor Consultants Inc., 6964 North 79th Street, Suite 1, Niwot, Colorado 80544-0649,
(303)652 2632.



 



CONTENTS

GENERAL

GOVERNMENT

Up to $100 Million May Be Available for Wood Gasification 1

ENERGY POLICY & FORECASTS

BP Amoco Describes Future Energy Economy Powered by Natural Gas 1

EIA Tabulates Shifts in Alternative Fuel Vehicle Population 2

World Energy Council's Statement 2000 Sees Continued Need for All Energy Sources 6

ElA's International Energy Outlook Sees 60 Percent Increase in World Energy Use by 2020 9

Environmental Laws to Drive Huge Change in Electric Power System 1 1

BP Amoco Statistical Review ofWorld Energy Updated 1 2

ECONOMICS

Combination ofWood Gasification and Fuel Cells Could Find a Niche 13

TECHNOLOGY

Promising Future for F-T Liquids Via Gasification of Petcoke 16

Radian Report Supports Exclusion From RCRA for Waste Gasification 1 8

First 3D Simulation of Bubble Column Hydrodynamics PavesWay for GTL Conversion 23

Autothermal Reforming Reduces Syngas Production Cost at Sasol 24

Research Still Needed On Fischer-Tropsch Catalysts 26

Inorganic Components Impact Use of Coal and Other Solid Fuels 27

ENVIRONMENT

Seven Global Energy CompaniesAnnounce Joint C02 Capture Project 30

Climate Change Seen Forcing Technology Changes 31

RESOURCE

USGS Global 2000 Assessment Shows Increased Oil Potential 32

COMING EVENTS 35

OIL SHALE

PROJECT ACTIVITIES

Stuart Project Completes 6-Day Run in May 37

CORPORATIONS

SPP/CPM Chairman States Case for Oil Shale 37

SPP/CPM Managing Director Reviews First Year of Commissioning Effort 39

TECHNOLOGY

Microwave Retorting Improves Quality of Oil From Moroccan Oil Shale 41

INTERNATIONAL

Waste Tires Coprocessed With Oil Shale in Galoter (SHC-3000) Retort 44

Decline of Estonian Oil Shale Industry Forecast 45

OIL SANDS

PROJECT ACTIVITIES

EUB Approves Shut-In Order for GasWells in Gulfs Surmont Leases 48

Gulf Canada Resources Adds Third SAGDWell at Surmont 49

Shell Accomplishes Significant Reduction in Steam/Oil Ratio at Peace River 49

CORPORATIONS

Syncrude Celebrates Record Year 50

Suncor Reports Record Quarterly Earnings But Increased Project Costs 53

Suncor Applies for Huge (140,000 BPD) Commercial In Situ Project at Firebag 55

THE SYNTHETIC FUELS REPORT. JULY 2000



 



PDVSA 10-Year Plan Sees Orimulsion Output Quadrupling By 2009 55

SuncorWill Test In Situ Solvent Extraction at Firebag 56

GOVERNMENT

Alberta Approves New Oil Sands Tenure Regulation 56

Oil Sands Orders and Approvals Listed 57

TECHNOLOGY

Paste Technology May Offer New Route to Tailings Disposal 57

CONRAD'S Extraction TPG Taking Action 59

Variety of In Situ Recovery Techniques Under Study at CONRAD 60

ENVIRONMENT

Oil Sands Impact on Alberta's Boreal Forest to Be Studied 62

COAL

PROJECT ACTIVITIES

Financial Future Brightens for Dakota Gasification 63

KFxAnnounces New Direction for K-Fuel Facility 64

Status ofActive CCT Projects Updated 65

CORPORATIONS

Coal Byproducts Industry Shrinks But Grows Stronger 67

SGII Makes Marketing Moves 68

COREX C-2000 Plants Performing Well 69

Covol Achieves Significant Increases in Sales and Production 69

North Dakota EERC to Develop Feed Systems for Gasifiers 70

GOVERNMENT

First-Round Vision 21 Awards Have Applications to Synthetic Fuels 70

ENERGY POLICY & FORECASTS

Coal Is a Fuel for the Future 71

TECHNOLOGY

Mechanism Proposed for Carbonylation ofMethanol From Coal 73

Palladium/Copper Alloys Separate Hydrogen From Coal Gas Streams 75

Eutectic Salt Mixtures Catalyze Coal Gasification 76

Stripper GasWell Economics Improved by Using SynCoal to FilterWasteWater 77

NATURAL GAS

PROJECT ACTIVITIES

Enron to Increase Equity in Sweetwater Project 79

CORPORATIONS

Rentech Sets Cooperative Agreement to Evaluate Floating GTL Plants 79

BP Amoco Building GTL Test Facility in Alaska 80

Engelhard and Sasol to Develop Custom GTL Catalyst 80

Sasol Increases Size of Proposed GTL Plant in Qatar 80

Methanex Takes Action in Methanol Industry Restructuring 81

GOVERNMENT

DOE Selects Nine New Projects to Enhance Future Supply and Use of Natural Gas 82

ENERGY POLICY & FORECASTS

Growth of Gas-To-Liquids Industry Forecast 83

NPC Sees Natural Gas Supply/Demand Growing for Next 15 years 84

TECHNOLOGY

Oklahoma Researchers Use Electric Fields to Convert Methane to Liquids 87

THE SYNTHETIC FUELS REPORT. JULY 2000



 



GENERAL

GOVERNMENT ENERGY POLICY AND FORECASTS

UP TO $100 MILLION MAY BE AVAILABLE

FORWOOD GASIFICATION

According to the United States Department of

Energy's Office of Industrial Technology (OIT),
an important window of opportunity will soon

open as many aging recovery and power boilers

in the forest products industry are rebuilt or re

placed. If enough companies select new gasifi

cation technologies to replace those boilers, the

industry could become a net energy supplier

and greatly speed achievement of its long-term

goals.

But demonstrations will be needed to help prove
out gasification technology. So OIT and the

National Energy Technology Laboratory are so

liciting proposals for the development and dem
onstration of black liquor and biomass gasifica

tion technologies for combined-cycle (or gasifi-

cation-cogeneration) applications. Cost-shared

awards of up to $100 million are possible.

Gasification technologies are central to the for

est products industry's Agenda 2020 vision and

implementation plan. Broad adoption of these

technologies will improve capital effectiveness,

energy efficiency, competitiveness and envi

ronmental performance. The industry's electric

power capacity would increase by over

200 percent while greenhouse gas emissions

would decrease by over 30 million metric tons

per year by 2020.

Although combined-cycle gasification technolo

gies for black liquor and biomass feedstocks are

being developed, commercialization has been

slow due to the risk and costs associated with

early adoption by individual companies. Gasifi

cation systems developed under this program

will be installed in existing mills to help demon

strate feasibility. The solicitation closed

June 19.

BP AMOCO DESCRIBES FUTURE ENERGY

ECONOMY POWERED BY NATURAL GAS

"Many factors are now in place leading to the

emergence of a pre-eminent 'gas
economy*

in

the early decades ofthe
century."

In a keynote speech to the world's first online

energy conference, sponsored by the World En

ergy Council and BP Amoco, R. Flury of

BP Amoco Gas & Power described how many

factors now in place are leading to the emer

gence of a pre-eminent "gas
economy"

in the

early decades of the century.

This "gas
economy"

would be supplied from a

truly global market consisting of large gas res

ervoirs geographically spread but linked to con

sumers by low-cost pipelines and/or cheap and

scaleable liquefied natural gas facilities. Or

through long-distance high-voltage electricity

conduits or large tankers carrying liquid products

manufactured from gas.

In a wide-ranging speech, Flury noted how gas

would become the principal fuel for electricity

generation in high-efficiency combined-cycle

gas turbines. The chemicals industry would in

large part be based upon gas feedstock using

gas-to-liquids and/or gas-to-chemicals process

technology. And gas could also power the

transport sector, firstly as compressed natural

gas in applications such as buses and taxis, and

later as the primary feedstock for onboard fuel

cells. Fuel-cell fuel could initially be manufac

tured as clean diesel and/or methanol in gas-to-

liquids plants. Later, gas could be used as the

fuel to generate hydrogen for direct use in on

board fuel cells.

Flury described how the technologies for deliv

ering this vision of the gas economy have now

largely been invented. But not all have been

demonstrated at commercial scale and many
technical issues remain to be solved. Never-
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theless implementation of the vision has already
started and the rate of gas market share growth

will likely progress firstly for heat and power

generation, secondly for gas-to-chemicals, and

lastly gas for transport fuels.

Flury also emphasized natural gas as a cleaner-

burning fuel for the power sectorin cutting
down on carbon dioxide emissions. The growth

in gas is seen as an essential component in de

veloping a much needed "bridge to a renew

ables
future."

BP Amoco's major investments in

solar energy, where it is already the world's

largest producer of photovoltaic panels, signaled

the company's belief and commitment to that

future.

But it is gas that will make the biggest contribu

tion to the developed and developing world as

countries seek to balance the often conflicting

aims of growth and environmental performance.

During this transition period, natural gas will be

one of the best sources for the hydrogen that

will be used to build up the hydrogen economy.

The use of hydrogen, or its derivatives such as

methanol, is the most efficient source of "wells

to
wheels"

energy known for transportation. It

has the added bonus of being able to manage

emissions such as C02 centrally, rather than at

each individual tailpipe.

Flury says that both static power and transport

applications of fuel cells are likely to appear

sooner than people thinkwith distributed

power applications already happening, and

"commercially
viable"

cars and buses on the

road in 2004 from many major motor manufac

turers.

EIA TABULATES SHIFTS IN ALTERNATIVE

FUEL VEHICLE POPULATION

According to M. Joyce of the United States En

ergy Information Agency (EIA), the Alternative-

Fueled Vehicles (AFV) and alternative fuels in

dustry experienced a number of market-related

changes in the second half of the 1990s.

Joyce's commentswere prepared for the Energy

Resource 2000 Conference, held online in May.

In 1994 when the EIA published Alternatives to

Traditional Transportation Fuels - An Overview,

Liquefied Petroleum Gas (LPG) was the domi

nant Alternative Transportation Fuel (ATF).

Most of the AFVs in use were conversions of

gasoline or diesel vehicles. The parties most

interested in ATFs were governments and fuel

providers. Today, natural gas and other fuels

have begun to erode LPG's dominant position.

The new-vehicle manufacturers supply a much

larger share of AFVs. AFVs are available in

greater variety than before, with more attention

to demands for different types. There is much

talk about markets, with a focus on greater

penetration of certain niche markets. There is a

significant increase in the number of organiza

tions and activities established to promote AFV

use, coordinate purchases, educate the public,

etc., with the ultimate goal of increasing the

numbers ofAFVs operating in the United States.

Although the small size of a refueling and

maintenance infrastructure forAFVs still hinders

the growth of the market, that infrastructure

continues to grow. Vehicle cost and driving
range are improving, although, in most cases,

they are not yet to the points necessary to com

pete with traditionally fueled vehicles.

Legislation ofthe 1980s and 1990s placed more

emphasis on AFVs than on the alternative fuels.

However, as Figure 1 shows, there has been

growth in use of both vehicles and fuels. It is

expected that in the future there will be more

emphasis on using ATFs rather than AFVs.

In 1995 under authority ofthe Energy Policy Act

of 1992 (EPACT), the EIA began an annual sur

vey of vehicle suppliers to measure AFVs made

available. In 1998 the survey was expanded to

include some AFV users and to collect data on

the use ofAFVs and ATFs. In addition, EIA has

published estimates of AFVs in use and of ATF

consumption since 1995.

The EPACT specified that LPG, natural gas,

alcohols in blends containing at least 85 percent

alcohol, hydrogen and electricity were to be

considered alternative transportation fuels.
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FIGURE 1

ESTIMATEDALTERNATIVE- FUELEDVEHICLES IN USE. BY FUELTYPE
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Since EPACTs enactment, two more fuels,
100 percent biodiesel and P-Series fuel, have

been designated as alternative fuels by the

United States Department of Energy (DOE).

The EIA estimates that almost 90 percent of the

400,000+ AFVs in use in the United States at

the end of 1999 were vehicles designed for LPG

or natural gas. But the shares of AFVs de

signed for LPG and methanol are on the de

cline, while the shares of natural gas, ethanol

and electric vehicles have increased since 1992

(Figure 1).

Propane (LPG)

Between 1992 and 1999, the number of on-road

propane vehicles in use in the United States is

estimated to have grown from 221,000 to

266,000. Although that is the largest number

among all alternative fuel types, it represents

the slowest growth. As a result, propane has

lost some of its market share. The greatest

concentration of propane vehicles is in the

South, where large numbers are operated in the

oil-producing states ofOklahoma and Texas.

Of all the alternative fuel types, propane has the

largest percentage of converted vehicles. In

1997 propane vehicle converters were signifi

cantly impacted by the United States Environ

mental Protection Agency's memorandum 1-A,
which limited the number of conversion kits cer

tified for use, and led to a sharp decrease in the

number of vehicle conversions. However, after

a period of adjustment to the new regulations, it

appears that conversions will continue. In addi

tion, vehicle manufacturers are committed to

producing some new propane vehicles. These

factors point to steady, but slow, growth in the

use of propane vehicles. EIA forecasts that

light-duty propane vehicles will increase an av

erage of 4 to 5 percent per year between 2000

and 2010.
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Natural Gas

Dedicated light-duty Natural Gas Vehicles

(NGVs) cost about $3,500 to $7,000 more than

their gasoline counterparts. As demand in

creases and more NGVs are sold, prices will

likely decrease.

It is estimated that Compressed Natural Gas

(CNG) vehicles have experienced an average

annual growth rate of 22.5 percent from 1992

to 1999. The use of Liquefied Natural Gas

(LNG) vehicles has increased at an even faster

pace, about 40 percent annually since 1992, but

LNG vehicles still comprise less than 2 percent

ofthe NGVs in use.

The majority of the 35,000 NGVs in use in the

United States are non-dedicated, light-duty,
CNG vehicles.

Although a much smaller percentage of NGVs,

heavy-duty vehicles are responsible for more

fuel consumption. As a result, although they
accounted for only 2 percent of NGVs in 1998,
LNG vehicles consumed nearly 7 percent of all

natural gas consumed by vehicles.

Continued strong growth in the use of NGVs is

expected. If current trends continue, heavy-duty
and LNG vehicles will have larger roles in the

NGV market in the future. Average natural gas

use per vehicle will likely increase as heavy-

duty NGVs increase and as more fueling sites

open.

Ethanol

As an alternative fuel, ethanol is most typically
used as a blend of 85 percent ethanol and

15 percent gasoline, called E85, which is appro

priate for light-duty vehicles. Another less

common ethanol/gasoline combination is a

95 to 5 percent blend called E95. Ethanol is

also used as a blending component with gaso

line in a combination of 10 percent ethanol and

90 percent gasoline. This fuel, commonly

known as gasohol orE10, is not an alternative

fuel.

The most common type of vehicle using ethanol

is the Flexible-Fueled Vehicle (FFV), which op

erates on either ethanol or gasoline or any com

bination of the two fuels. Ethanol FFVs do not

cost more than gasoline vehicles. However,

ethanol is generally not economical as a trans

portation fuel.

Now that there are a large number of ethanol

vehicles in the marketplace nationwide, the suc

cess of increasing E85 use depends on making

the cost of ethanol competitive with gasoline

and building an E85 fueling infrastructure.

Methanol

The California Energy Commission (CEC) first

used methanol in a test fleet in 1978 and, since

then, M85 and M100 have been most widely

used in California. In the 1980s and 1990s,

several thousand methanol-powered vehicles

were operated by California fleets. At its peak,

over 100 locations in California hosted metha-

nol-fueling facilities.

Methanol fuel use has decreased significantly

within the last 5 years (Figure 2). A sharp in

crease in the price of methanol in 1994 and an

other less severe one in 1997 contributed to the

decline in methanol use as an alternative fuel.

If methanol is to have a significant role in future

AFV markets, it is likely to be in methanol fuel-

cell vehicles. The American Methanol Institute

(AMI) states that starting in 2004, Daimler-

Benz/Chrysler plans to annually produce

100,000 methanol fuel-cell vehicles, which will

consume 100 million gallons of methanol. The

AMI also states that "A clear consensus has now

been reached that methanol is the automotive

industry's preferred energy source for fuel-cell

vehicles.

Hydrogen

Hydrogen is not a primary fuel found in nature; it

needs to be transformed from water, biomass,
renewable fuels, fossil fuels and other materials

that are rich in hydrogen. Today, the use of hy-
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FIGURE 2

METHANOLVEHICLES IN USE, 1992 - 2000
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drogen in vehicles is primarily limited to experi

mental and prototype vehicles.

Cost is the largest single obstacle preventing

hydrogen from becoming a popular ATF. Tech

nological and economic constraints, including
safety, the form of the fuel, and production and

storage, also serve as obstacles.

The DOE expects the use of hydrogen as an

alternative fuel to increase in the next 20 years.

The Agency suggests that fuel-cell technology
will provide a basis for the establishment of hy
drogen into the transportation market. Hydro

gen use as a transportation fuel will occur

gradually, with increased research, development

and testing. Other alternative fuels will probably

gain popularity sooner than hydrogen.

Biodiesel

In 1998 the DOE designated neat (100 percent)

biodiesel, or B100, as an alternative fuel and

established a credit program for biodiesel use.

Biodiesel is an ester-based fuel oxygenate de

rived from renewable resources (e.g., soybeans,

rapeseed, peanuts and other vegetable oils as

well as animal waste). Biodiesel can be used in

pure form (100 percent biodiesel) or blended in

any ratio with petroleum diesel.

Blended biodiesel, the most common of which

is B20 (20 percent biodiesel; 80 percent petro-

diesel), has not been designated as an alterna

tive fuel. In 1998 a credit program was enacted

which allows B20 users to claim credits for con

suming biodiesel that can be applied against

theirAFV purchase requirements.

The use of biodiesel (B100) is not expected to

be significant. However, biodiesel use as a re

placement fuel is expected to increase, starting
in 1999, when the credit program takes effect.

P-Series Fuels

In mid-1999 the DOE determined that Pure En

ergy Corporation's P-Series fuel is "substantially
non-petroleum,"

and added P-Series fuels to the

definition of "alternative
fuel"

under its Alterna

tive Fuel Transportation Program regulations.

P-Series fuels are blends of ethanol, methyltet-

rahydrofuran (MTHF), and pentanes plus, with

butane added in severe cold-weather conditions.

The ethanol and MTHF are derived from renew

able domestic feedstocks, such as com stalks,
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paper-mill sludge, oat hulls, wood waste from

construction and other wastes.

P-Series fuels are designed to operate in vehi

cles with flexible-fueled engine technology that
can operate on E85 or gasoline, or any blend of

the two.

In July 1999 Philadelphia, Pennsylvania, began
a year-long trial using P-Series in two flexible-

fueled sedans.

P-Series fuels have the potential to displace

approximately 1 billion gallons (almost 1 per

cent) of gasoline annually by 2005, says Joyce.

WORLD ENERGY COUNCIL'S

STATEMENT 2000 SEES CONTINUED NEED

FOR ALL ENERGY SOURCES

The Purpose oftheWEC Statement 2000

The World Energy Council (WEC) has issued

WEC Statement 2000. According to G. Doucet

of the WEC, the purpose of the statement is to

examine what has happened since the WEC

published its 1993 report Energy for Tomorrow's

World (ETW) and to delineate the key contem

porary policy actions. The information and data

in ETW, gathered by a distinguished Commis

sion Board appointed by the WEC, are now

almost a decade old. Much has happened in

the global energy sector since then.

Energy's key role in development was one of

the most important messages in the 1993

document. While many suggested at the time

and are still saying today that energy's role has

diminished in importance and that economic

growth and energy demand can be decoupled

through programs to reduce energy intensity,

the message of ETW was to remember that

health, water, food, education and many other

key aspects of welfare cannot be improved un

less modem energy becomes available to all.

ETW also concluded that, even If sound policies

and measures were quickly introduced to shift

the world's path of energy development onto a

more sustainable trajectory, no radical changes

in energy trends were likely to occur in the pe

riod to 2020. ETW called for early action at the

local level so that a start could be made.

The Energy Challenge

Slightly more than 1 billion people in the indus

trialized countries (about 20 percent of the

world's population) consume nearly 60 percent

of the total energy supply whereas just under 5

billion people in developing countries consume

the other 40 percent of the total energy supply.

The 2 billion poorest people ($1,000 annual in

come per capita or less) use only 0.2 tonnes oil

equivalent (toe) of energy per capita annually

whereas the billion richest people

($22,000 annual income per capita or more) use

nearly 25 times more at 5 toe per capita annu

ally.

Given this dramatically uneven distribution and

the limited evidence of improvement in eco

nomic growth in many developing countries,

WEC at its
17th

World Congress in Houston,

Texas, in September 1998, concluded that the

number one priority in sustainable energy de

velopment today for all decision-makers in all

countries is to extend access to commercial en

ergy services to the people who do not now

have it. Their opportunity for education, good

health and individual dignity is in doubt. Prog
ress in meeting the energy requirements of

these roughly 2 billion people should be re

garded as the first test of the sustainability of

our energy development path.

The challenge is to provide the minimum serv

ices, including energy services, to allow these

people to achieve a decent standard of living,
not barely to survive. The WEC Statement rec

ognizes that, at least initially, their basic energy
needs might be satisfied with modem biomass

or other renewables, oil and natural gas liquids,
and coal on a commercial basis. The manner in

which modem energy is supplied to everyone in
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the world is humanity's greatest opportunity to

establish an environmentally sustainable system

for the whole of the next millennium.

These energy services will be fulfilled only if

Gross Domestic Product (GDP) grows in a sus

tained manner. Such economic growth will re

quire the provision of corresponding
energy-

related services at an affordable price with no

reasonable expectation to break the linear rela

tionship between GDP growth and the increase

in energy demand that has been experienced so

far.

WEC decided to revisit ETW, to review critically

its scenarios, and to propose a new set of goals

and policy actions. The objective was to draw

on actual experience during the last 8 years,

both in terms of analysis and a clearer set of

policy actions.

The WEC Statement 2000 sets the Energy
Goals and defines the Policy Actions which, if

taken now, would provide grounds for reason

able optimism in facing the task ahead.

Developments Since the 1993 ETW Report

The energy demand projections and analysis of

trends in ETW are robust and have stood the

test of time. However, in several key areas the

context of this analysis and some of the drivers

of economic growth and energy consumption

have changed:

World population growth is now slower

than assumed in ETW, but urbanization,

especially in developing countries, has

accelerated.

Economic growth has been slower than

assumed in ETW. The range in ETW

scenarios was 3.3 percent to 3.8 percent

average annual growth, but the overall

average annual growth rate for the world

economy reached only 2.8 percent dur

ing the last 8 years and could be some

what lower in the longer term. Energy

intensity has also not fallen as rapidly as

ETW anticipated.

Financial cooperation between devel

oped and developing countries has not

improved since 1993.

One of the most fundamental shifts in

context from 1993 to 2000 has been the

extent of deregulation and restructuring

of energy markets, coupled with a strong

trend toward regional integration and en

ergy trade.

Another key issue relates to the interna

tional environmental agenda, led mainly

by the United Nations Framework Con

vention on Climate Change beginning in

1992.

Despite apparently good global progress

in reducing energy intensity in the last

decade, overall evidence now suggests

this was partly the result of economic

disruption and slowdown and, more im

portantly, the impact of restructuring in

the economies in transition. ETW was

too optimistic about the extent of techni

cal progress in energy development.

With respect to specific energy sources:

ETW expected a more rapid penetra

tion of new renewables in meeting

energy demand than the actual result

to date.

The growth in nuclear power foreseen

in ETW has also not materialized.

ETW underestimated the economies

of combined-cycle gas turbines and

the potential strength of natural gas

demand.

The International Environmental Agenda

For the majority of people living in developing
countries, as well as large numbers in other

countries, the most localized and most health-

damaging pollution occurs from inappropriate

use of energy indoors by households. With

greater urbanization comes a greater concen-
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tration of local pollution in major cities than

when ETW was published, mainly due to trans

port including poorly maintained vehicles using
high-sulfur fuels.

By focusing on eradicating energy poverty using
cleaner technologies, local and global environ

mental problems can be addressed. Energy
demand in developing countries is growing and

will continue to grow substantially between now

and 2020. The international community has a

chance to help the developing world satisfy their

growing energy demands in ways that are as

benign as possible in terms of the environment

and human health.

The Three Energy Goals: Accessibility,
Availability, Acceptability

WEC considers economic growth together with

national and international institutional reforms

essential to energy accessibility for everyone,

including the poorest 2 billion people in the

world. When only some individuals or regions

of the world benefit from energy development

and others are left behind, the ensuing political

and social instability can pose a significant

threat to world peace.

The best way to ensure that a growing number

of people will be able to afford commercial en

ergy in line with their needs is to accelerate

economic growth and pursue more equitable

income distribution.

Availability covers both quality and reliability of

delivered energy. The continuity of energy sup

ply, particularly electricity, is essential in the
21st

century. The world's growing reliance on

information technologies makes reliability even

more critical than 8 years ago. Energy avail

ability requires a diversified energy portfolio.

Most WEC Member Committees agree that all

energy resources will be needed over the next

50 years and there is no case for the arbitrary

exclusion of any source of energy.

Acceptability addresses environmental goals

and public attitudes. Energy resources must be

produced and used in a manner that protects

and preserves the local and global environment

now and in the future.

Ten Policy Actions

Energy is an important part of a sound devel

opment agenda, which includes macro-

economic policies as well as nonenergy sector

policies. The WEC recognizes the over-riding

importance of creating favorable framework

conditions for overall development and the alle

viation of poverty. Ten actions are recom

mended to cover the most important issues in

sustainable energy development between now

and 2020.

Reap the Benefits ofMarket Reform and

Appropriate Regulation

As a general rule, governments need to with

draw from directly managing energy markets.

WEC has published an exhaustive summary of

the benefits and risks of energy sector liberali

zation in 33 countries and regions. It is now

being updated to cover over 100 countries.

Keep All Energy Options Open

It is a foregone conclusion that up to 2020

global reliance on fossil fuels and large hydro

will remain strong, albeit with special emphasis

on the role of natural gas and efficient cleaner

fossil fuel systems. However, total reliance on

these energy sources to satisfy the growing

electricity demand is not sustainable, especially
if every person in the world has adequate ac

cess.

Reduce the Political Risk of Key Energy Project

Investments

Past experience with arbitrary currency de

valuation, changes in fiscal regimes, and barri

ers to benefits repatriation, among others, cre

ate a political risk that increases the cost of

capital investment, especially in developing
countries.

A global co-insurance scheme dedicated to

covering the political risk of new commercial
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energy projects in developing countries which

also reduce local and greenhouse gas emissions

should be examined carefully by all govern

ments and the banking community.

Price Energy to Cover Costs and Ensure

Payment

Energy intensity is directly related to price sig
nals whereas energy efficiency depends more

on the diffusion of the most cost-effective tech

nologies. The introduction of minimum legal

standards in energy equipment and service is

critical. The presence of metering and an en

ergy payments system is essential to the goal of

decoupling energy consumption from GDP

growth.

Foster Financing Partnerships Linked to

Environmental Goals

Domestic actions to reduce greenhouse gas

emissions, especially in industrialized countries,

merit attention in their own right. However,
given the enormous need for new capital stock

in developing countries, international mecha

nisms with the potential to stimulate capital

flows linked to clean and safe energy projects in

developing countries are valuable supplemen

tary approaches. The largest low-cost potential

for abating energy-related greenhouse gas

emissions lies in developing countries.

Ensure Affordable Energy for the Poor

In the energy sector, to make energy affordable

for the poor, governments should accept re

sponsibility to absorb part or all of the sunk

costs of energy infrastructures needed to serve

the poor; and design cost-effective price signals

for baseload power at low cost for essential

service using limited capacity meters.

Fund Research. Development and Deployment

RD&D which addresses a "common
good,"

or

shared benefits for all, calls for adequate gov

ernment funding. Such spending will be more

efficient if done under competitive conditions.

WEC has undertaken a major study on ad

vancing energy technology in the 21
*

century

which will be reported at the
18th

World Energy

Congress in Buenos Aires in 2001 .

Advance Education and Public Information

There is a need to fund effective energy institu

tions at national or international levels (including
both developed and developing countries).

Make Ethics a Strong Component of Energy

System Governance

In a globalized society, companies operating

internationally should act as world citizens.

They should not only respect national laws and

regulations, but also move the global energy

and environment agenda forward. Voluntary

energy and/or environment audits, their wide

spread publication, common standards for

safety, performance, best industrial practices,

and respect of energy workers should be fos

tered in all plants in all countries.

EIA'S INTERNATIONAL ENERGY OUTLOOK

SEES 60 PERCENT INCREASE IN WORLD

ENERGY USE BY 2020

The International Energy Outlook 2000

(IEO2000) presents an assessment by the En

ergy Information Administration (EIA) of the

outlook for international energy markets

through 2020.

Projections in IEO2000 are presented according
to six basic country groupings:

Industrialized Countries (the industrial

ized countries contain 18 percent of the

1999 world population)

Eastern Europe and the Former Soviet

Union (EE/FSU) (7 percent of the

1999 world population)
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Developing Asia (54 percent of the

1999 world population)

Middle East (4 percent of the 1 999 world

population)

Africa (10 percent of the 1999 world

population)

Central and South America (6 percent of

the 1999 world population)

World Energy Consumption

In the reference case projections for the

IEO2000, world energy consumption increases

by 60 percent over a 23-year forecast period,

from 1997 to 2020. Energy use worldwide in

creases from 380 quadrillion BTU in 1997 to

608 quadrillion BTU in 2020. The beginnings of

strong recovery for the economies of Southeast

Asia, and a faster than expected economic re

covery in the Former Soviet Union (FSU) have
all influenced the mid-term forecast for the

world's energy markets.

In the IEO2000 reference case, much of the

growth in worldwide energy use is projected for

the developing world. In particular, energy de

mand in developing Asia, and Central and

South America is projected to more than double

between 1997 and 2020. Both regions are ex

pected to sustain energy demand growth of

more than 3 percent annually throughout the

forecast, accounting for more than one-half of

the total projected increment in world energy
consumption and 83 percent of the increment

for the developing world alone.

In the industrialized countries, one of the pri

mary sources of uncertainty in the forecast is

the potential impact of the Kyoto Climate

Change Protocol, which would require reduc

tions or limits to the growth of carbon emissions

within the Annex I countries between 2008

and 2012. None of the Annex I countries had

ratified it by the time the IEO2000 was prepared

for publication. Should the Kyoto Protocol enter

into force, it could have profound effects on the

use of energy in the industrialized world.

The industrialized countries are expected to ac

count for about 30 percent of the increment in

worldwide energy use over the 1997-2010 time

period in the reference case. Achieving the

Protocol's targets solely by reducing fossil fuel

use in the industrialized world might mean a

reduction of between 30 and 60 quadrillion BTU,

or between 15 and 30 million barrels of oil per

day. However, it is more likely that fuel-

switching opportunities will be used and that a

more modest reduction in total fossil fuel use

will be required. Emissions trading and other

strategies, such as conservation measures, re

forestation, and joint implementation programs,

could further lower the need for fossil fuel re

ductions, although the specific mechanisms for

such offsets have not yet been established.

World Carbon Emissions

World carbon emissions are projected to rise

from 6.2 billion metric tons in 1997 to 8.1 billion

metric tons in 2010 and 10.0 billion metric tons

in 2020 in the reference case projections, which

do not take into account the potential impact of

the Kyoto Protocol. In this forecast, world car

bon emissions exceed their 1990 levels by
40 percent in 2010 and by 72 percent in 2020.

Emissions in the industrialized world grow by
1.1 billion metric tons between 1990 and 2020,
with nearly one-half of the increment attributed

to an increase in natural gas use, as it becomes

a fuel of choice among the industrialized coun

tries for new electric power generation.

Much of the increase in carbon emissions is ex

pected to occur in the developing world, where

emerging economies produce the highest

growth rates for energy use in the forecast.

Emissions in the developing countries ac

counted for about 28 percent of the world total

in 1990, but they are projected to make up

44 percent of the total by 2010 and nearly
50 percent by 2020. As a result, even if the An

nex I countries were able to meet the emissions

limits or reductions prescribed in the Kyoto

Protocol, worldwide carbon emissions still would
grow substantially. Coal accounts for

41 percent of the projected increment in carbon

emissions in the developing world between 1990

10

THE SYNTHETIC FUELS REPORT. JULY 2000



 



GENERAL

and 2020, followed closely by oil's contribution

of 36 percent. Gas accounts for 22 percent of

the developing world's increase in emissions.

World Energy Consumption by Fuel Type

Oil currently provides a larger share of world

energy consumption than any other energy
source and is expected to remain in that position

throughout the forecast period. Its share of total

energy consumption declines slightly, however,
from 39 percent in 1997 to 38 percent in 2020,
as countries in many parts of the world switch to

natural gas and other fuels, particularly for elec

tricity generation. World oil consumption is

projected to increase by 1.9 percent annually
over the 23-year projection period, from

73 million barrels per day in 1997 to 113 million

barrels per day in 2020.

Natural gas remains the fastest growing compo

nent of primary world energy consumption.

Over the IEO2000 forecast period, gas use is

projected to more than double in the reference

case, reaching 167 trillion cubic feet. The gas

share of total energy consumption increases

from 22 percent in 1997 to 29 percent in 2020.

Moreover, natural gas accounts for the largest

increment in electricity generation (increasing by
33 quadrillion BTU or 41 percent of the total

increment in energy used for electricity genera

tion).

In the IEO2000 reference case, coal's share of

total energy consumption falls only slightly, from

24 percent in 1997 to 22 percent in 2020. Its

historical share is nearly maintained, because

large increases in energy use are projected for

the developing countries of Asia, where coal

continues to dominate many national fuel mar

kets.

The prospects for nuclear power to continue its

role of meeting a significant share of worldwide

electricity consumption are uncertain, despite

projected growth of 2.5 percent per year in total

electricity demand through 2020. In the

IEO2000 reference case, worldwide nuclear ca

pacity is projected to increase to 368 gigawatts

in 2010, then to begin to decline, falling to

303 gigawatts in 2020. Aggressive plans to ex

pand nuclear capacity, mainly in the Far East,

lead to the near-term increase, but plant retire

ments in the United States and other countries

exceed total new additions worldwide and pro

duce a decline later in the forecast.

The development of renewable resources is

constrained in the IEO2000 reference case pro

jections by expectations that fossil fuel prices

will remain relatively low over the forecast hori

zon and that, as a result, renewables will have a

difficult time competing. Modest growth in re

newable energy is projected to continue, main

taining an 8 percent share of total energy con

sumption over the forecast horizon. Most of the

increase is expected from large-scale hydroe

lectric projects that are under construction or

planned, particularly in developing Asia.

Energy Intensity

In the IEO2000 forecast, energy intensity in the

industrialized countries is expected to improve

(decrease) by 1.1 percent per year between

1997 and 2020, slightly slower than the

1.3 percent annual improvement for the region

from 1970 to 1997. Energy intensity is also

projected to improve in the developing coun

tries by 1 .0 percent per year as their econo

mies begin to behave more like those of the

industrialized countries as a result of improving
standards of living that accompany the pro

jected economic expansion. Over the forecast

horizon, energy intensity is projected to improve

in the EE/FSU region in concert with expected

recovery from the economic and social declines

of the early 1990s; however, it still is expected

to be twice as high as in the developing world

and 5 times as high as in the industrialized

world.

ENVIRONMENTAL LAWS TO DRIVE HUGE

CHANGE IN ELECTRIC POWER SYSTEM

The Electric Power Research Institute (EPRI)
has completed a 2-year study examining the

implications of interrelationships between vari

ous environmental regulatory initiatives in the

11
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United States. The "Energy-Environment Policy
Integration and

Coordination"

(E-EPIC) study
was discussed at Congressional briefings in

Washington, D.C., in early April and was re

viewed in Electric Light & Power, May 2000.
The study indicates that the "Current Policy Di
rection"

for air-emission reduction requirements

could have wide-ranging effects on the United

States energy sector and economy between

2000 and 2050.

E-EPIC examined the potential effects of future

restrictions on carbon dioxide and two other

types of emissions (nitrogen oxides, sulfur di

oxide) produced by electricity generating plants

and other sources. The study found that if put

into place, these restrictions would lead to sig

nificant shifts in the fuels used to generate elec

tricity. Under the Current Policy Direction, elec

tricity derived from coal would decline from over

50 percent today to less than 10 percent

by 2020. Over the same period, natural gas

generation would increase from 15 percent to

about 60 percent. This shift would cause many
viable coal-fired generating plants to fall into

disuse, thereby stranding investments in not

only the plants, but also recently installed emis

sion control equipment. During the same pe

riod, a national investment of an estimated

$160 billion in new gas-fired generating plants

would be needed to meet domestic electricity

demands. The study found, moreover, that the

significant increases in the production and

transportation of natural gas associated with the

Current Policy Direction could prove difficult or

even infeasible.

The study projects that increasing demand

would cause natural gas prices to rise, promot

ing shifts to electricity generating technologies

that use less costly fuels while producing lower

emissions. As a result, natural gas used for

electricity generation would decline significantly

after 2025. After that time, the study indicates

that electricity will likely be generated by a mix

of biomass fuels, wind energy, natural gas and

large amounts of new and cleaner coal-fired

generating technologies. The study suggests

that new nuclear powerplants also have the po

tential to play a significant role in future electric

ity generation.

E-EPIC indicates strong ties between potential

shifts in electricity generation sources and the

United States economy. Under the Current

Policy Direction, the price of electricity is pro

jected to increase 50 percent 0" real dollars)

by 2020. The economies of coal-producing re

gions would be especially hard hit, and pres

sures on the energy sector would likely produce

a ripple effect in the general economy. Between

2005 and 2020, the average annual increase in

overall consumer prices attributable to the

emission restrictions would be more than

2 percent.

The study concludes that synchronizing emis

sion reductions with technological advances is

crucial to meeting economic and environmental

goals, without dramatic shifts in fuel use, loss of

productive use of energy assets, and impacts on

the United States economy. Such coordination

could enable the United States energy system to

contribute more efficiently to the long-term sta

bilization of atmospheric carbon levels. Current

Policy Direction would require substantial re

ductions in emissions before the deployment of

advanced technologies could allow a transition

to a sustainable, low carbon-emitting energy

system.

BP AMOCO STATISTICAL REVIEW OF

WORLD ENERGY UPDATED

The BP Amoco Statistical Review of World En

ergy 2000 was published in June. The statistics

show that the world's demand for energy again

remained essentially flat in 1999, growing by
only 0.2 percent, well below the average in

crease for the past 10 years of 0.9 percent. If

the significant fall in Chinese energy use is ex

cluded, however, global consumption rose by
1.4 percent.

The weakness in growth was concentrated in the

emerging and developing economies whose

energy consumption fell by 2.3 percent during
the year, compared to 1.4 percent growth in

demand in the OECD (Organization for Eco-

12
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nomic Cooperation and

according to the report.
Development) area,

There was a dramatic change in energy use in

China, with overall demand falling by
10.7 percent. This occurred without discernible

impact on Chinese economic growth.

Excluding the fall in demand in China, energy
use in the Asia-Pacific region rose 2.5 percent.

1999 also saw the first rise since 1990 in energy
consumption in the countries of the former So

viet Union, growing by 1 .4 percent.

Gas continues to gain market share, rising to

over 24 percent of total energy consumption.

Demand rose 2.4 percent in 1999, significantly
above the 10-year trend of 1.7 percent, driven

by increasing market deregulation, the environ

mental benefits of gas and the technical ad

vances in combined-cycle gas turbine power

generation. Demand in the United States, the

world's largest market, rose by only 0.5 percent

due to warm weather and the low price of fuel

oil.

Gas production rose 2.5 percent with 12 coun

tries increasing supply by more than 10 percent.

Oil prices recovered strongly from the lows seen

in 1998, rising 39 percent to an average $18.25.

OPEC production fell 5.4 percent to 29.3 million

barrels per day. If Iraqi production (which rose

almost 20 percent under changes in United Na

tions sanctions) is excluded, OPEC production

fell 7.2 percent, to its lowest level since 1994.

There were also falls in non-OPEC production:

down 3.8 percent in the United States and down

4.8 percent in Mexico. United Kingdom produc

tion, however, rose by 3.4 percent, with 10 new

fields commissioned during the year.

Oil demand recovered, up 1.6 percent across

the world. Demand was particularly strong in

the Asia Pacific region, up 3.6 percent in 1998,

as the recovery from the Asian economic crisis

continued. Demand in the United States rose

22 percent.

Coal continued to lose market share, with de

mand falling 5.1 percent. The huge fall in coal

use in China, the world's second largest market

after the United States, resulted from the state's

deliberate policy of closing mainly small mines

and coal-consuming state-owned enterprises.

Elsewhere, coal consumption continued to de

cline in Europe, down 5.2 percent, remained flat

in the United States, and Asian consumption

(outside China) grew by just 0.6 percent against

the 10-year average of 2.8 percent.

The use of nuclear power rose 3.8 percent in

1999, largely due to an 8.0 percent rise in the

United States where relicensing of existing

plants supported increased output despite no

new plant commissioning. Use of hydroelectric-

ity continued to slowly grow, up 0.9 percent

in 1999, but is significantly influenced by the

weather on a year-by-year basis. Production of

energy from other renewable sources remains

tiny by comparison with other sources. Wind is

the fastest growing ofthe renewable sources.

ECONOMICS

COMBINATION OFWOOD GASIFICATION

AND FUEL CELLS COULD FIND A NICHE

In a paper presented at the Energy Re

source 2000 Conference, held online in May,

D. Mcllveen-Wright of the Northern Ireland

Centre for Energy Research and Technology,
notes that the use of biomass, grown in a sus

tainable manner, as a replacement for fossil

fuels in power generation systems is one

method of reducing global CO2 emissions. An

other method is to use more efficient power

plant technology, such as the fuel cell. The

possibility of combining these two methods (i.e.,

wood gasification integrated with fuel-cell mod

ules) was studied with the ECLIPSE suite of

process simulation computer programs.

Techno-economic simulations were carried out

for two wood-fired fuel cell technologies for a

range of small-scale powerplants with outputs

from around 20 kilowatts-electric (kWe) to

500 kWe.

13
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The most active common fuel for use in fuel

cells is hydrogen because it has an oxidation

rate of about 4 orders of magnitude greater than

that of simple partially oxidized one-carbon

compounds, which themselves have the same

oxidation advantage over saturated hydrocar

bons under the same conditions. Hydrogen can

be produced from the thermochemical gasifica

tion of many biomass feedstocks, such as mu

nicipal solid waste, agricultural or forest wastes

or wood chips from short-rotation forestry plan

tations.

The equipment for converting syngas to hydro

gen (methane reformers, shift reactors, COr
removal systems and hydrogen purification
"pressure-swing-adsorption"

technology) are all

well established commercial technologies in the

chemical process industries.

Biomass gasifiers in various forms have been

available on the pilot scale, as demonstration

systems and as commercial plants. Some of

these which are being developed for methanol

production are also suitable for hydrogen pro

duction.

The properties of the fuel-cell electrolyte must

be taken into account when considering what

gas conditioning is necessary for the syngas.

The Phosphoric Acid Fuel Cell (PAFC) is (a)
COrrejecting, i.e., is insensitive to CO2 and

other acid components, (b) can tolerate 1 to

2 percent CO at the operating temperature of

200C, and (c) can use the waste heat from the

electrochemical cell stack efficiently for steam

reforming and for providing space heating or hot

water.

The Molten Carbonate Fuel Cell (MCFC) (a) can

tolerate CO2, (b) can use both H2 and CO as

"fuel"

to produce electricity, (c) has an operating
temperature of 600 to 700C, and (d) has re

coverable waste heat at high temperatures

which could provide high-grade steam, as well

as low-temperature waste heat for hot water.

The MCFCs are not yet at the commercial

stage; they are about 5 years behind the PAFC

in development, but efficiencies of 50 to

60 percent are expected to be readily achiev

able.

Gasification IntegratedWith Fuel Cells

The system comprises a Low-Pressure Oxygen

(LPO) wood gasifier, a wood drying stage, cold

gas-cleaning, (shifter, where necessary) inte

grated with a fuel cell. The most appropriate

gasifier is considered to be the Koppers-Totzek

entrained-flow gasifier, which was originally de

veloped for coal gasification and is taken to be

representative of commercially available LPO

technology. It has been assessed for biomass.

The LPO gasifier is chosen because it gives a

gas which is low in methane (and is not diluted

by nitrogen as would occur in an air-blown gasi

fier). This means that it is not necessary to re

form the methane to hydrogen and carbon mon

oxide. Nine plants of different sizes were ex

amined for a system composed of the Inte

grated Wood Gasifier (IWG) integrated with the

PAFC (PAFC-IWG), and eight with the MCFC

(MCFC-IWG).

In these simulations it is assumed that the wood

moisture content is 100 percent (dry basis, or

50 percent on a wet basis) and the wood fuel

costs from $32 per dry ash-free (daf) tonne for

the smaller systems to $40 per daf tonne for the

largest systems. It is also assumed that the

system could be used for 30 years, but the
fuel-

cell modules would be replaced every 10 years,

and the modules would cost $1 ,200 per kWe

and be financed at 7.5 percent interest rate.

LPO Gasifier IntegratedWith MCFC or PAFC

Systems

The smallest PAFC-IWG system would use

0.6 daf tonnes per day, emit 2,720 grams per

kilowatt-hour (kWh) of CO2, produce 15 kWe at

an efficiency of 13.7 percent, with a Cost of

Electricity (COE) of $0.31/kWh and Specific

Investment (SI) of $11,700/kW. The largest

PAFC-IWG system would use 15.1 daf tonnes

per day, emit 2,260 grams per kWh (g/kWh) of

CO2, produce 505 kWe at an efficiency of

16.6 percent, with a COE of $0.17/kWh and SI

of $5,500/kW. The latter system could also
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transfer around 1.5 megawatts-thermal of low-

grade waste heat forwarm water heating to give
an overall energy efficiency of 68 percent. The

smallest MCFC-IWG system would use 0.3 daf

tonnes per day, emit 1,530 g/kWh of CO* pro

duce 15 kWe at an efficiency of 24.8 percent,
with a COE of $0.20/kWh and SI of $8,400/kW.

The largest MCFC-IWG system would use

8.9 daf tonnes per day, emit 1,350 g/kWh of

CO2, produce 505 kWe at an efficiency of

28.3 percent, with a COE of $0.10/kWh and SI

of $4,600/kW. The latter system could also

transfer about 500 kilowatts-thermal (kWth) of

high-grade and around 200 kWth of low-grade

waste heat for warm water heating to give an

overall energy efficiency of 64 percent.

Conclusions

Mcllveen-Wright concludes that the MCFC-IWG

system has the highest efficiency of all small

biomass-fueled systems. The PAFC-IWG has

an efficiency similar to that of wood combustion

plants of similar size (i.e., wood input), which is

the least efficient type of small thermochemical

system using biomass.

COE values for both these systems are better

than for similarly sized wood combustion plants,

but are expected to be higher than those of

gasifier-gas engine systems which have the

lowest electricity generating costs of any
small-

scale biomass systems. COE falls sharply with

increased size for the smallest systems, then

falls more gradually. In Figure 1 it can be seen

to rise for the largest size, due to the impact of

transportation costs on feedstock costs. The

optimum plant size for a single LPO downdraft

gasifier integrated with PAFC or MCFC modules

was found to be in the range 300 to 500 kWe.

The SI was found to be high for both system

types, ranging from $8,400/kWe to $4,6007kWe

(with increasing size) for the MCFC-IWGs and

$11,700/kWe to $5,500/kWe for the PAFC-

IWGs. It is the fuel cell capital costs that make

the systems uncompetitive at the present time.

CO2 emissions are high for the PAFC-IWGs, but

are similar to those for wood combustion plants

of the same size. The more efficient MCFC-

IWGs emit considerably less CO2. However, if

the wood comes from sustainably-managed

FIGURE 1

COEVS. ELECTRICITYOUTPUT

PAFC COE cerrts/kWh

100

1 1

200 300

Output (kWe)

400 500

SOURCE: yelLVEEN-WRIQHT

15

THE SYNTHETIC FUELS REPORT. JULY 2000



 



GENERAL

plantations, then the systems can be considered

CO2 neutral.

Even with current drawbacks, the MCFC-IWGs

generate electricity at a COE that could be

competitive with the biomass gasifier-gas en

gine systems. The MCFC-IWGs have thus po

tential for niche markets which have no orweak

grid networks, and where small-scale electricity

generation is required from a small, clean, quiet

plant powered by renewable energy.

TECHNOLOGY

PROMISING FUTURE FOR F-T LIQUIDS VIA

GASIFICATION OF PETCOKE

Finding a way to convert refinery bottoms like

petroleum coke into valuable products using

gasification and Fischer-Tropsch (F-T) technol

ogy as part of the Gas-to-Liquids (GTL) process

is an increasingly attractive solution for refiners,

according to J. Belcher in an article in World

Refining, May 2000, pages 42-44.

By using gasification of refinery bottoms and

other hydrocarbon feeds, refiners can convert

waste products into synthesis gas (syngas)
which in turn can produce a variety of products

including hydrogen, fertilizers, industrial chemi

cals, methanol, acetic acid, naphtha, diesel, jet

fuel and industrial waxes. Other byproducts

include oxygen, hydrogen, carbon dioxide, ni

trogen, argon, steam and sulfuric acid. By util

izing an Integrated Gasification Combined-Cycle

(IGCC) unit, electricity can be produced from

the process as well.

In a typical gasifier, the feed is reacted with a

substoichiometric amount of oxygen at high

temperature and high pressure in a reducing

atmosphere. The gasification process involves

five basic chemical reactions: Partial Oxidation

(POX), steam gasification, shift, sulfur shift and

methanation. Syngas from the gasifier contains

about 85 percent CO and H, with smaller quan

tities of CO2 and methane.

Real World Experiences

Fluor Daniel has already played a significant

role in demonstrating GTL technologies at

commercial facilities. It served as the managing

contractor for two units with a combined capac

ity of 150,000 barrels per day at Sasol's Se

cunda, South Africa, facility. It served on the

consortium team that designed a 30,000-barrel

per day Mossgas GTL facility in Mossel Bay,

South Africa. Finally, it developed the process

design and basic design package for Shell's

20,000-barrel per day GTL plant in Bintulu, Ma

laysia.

Using F-T synthesis over a cobalt or iron-based

catalyst, syngas is converted into a mixture of

paraffmic and olefinic compounds of varying

chain lengths. The wax produced can be proc

essed in a selective hydrocracker operating un

der generally mild conditions where longer chain

hydrocarbons are broken down into shorter

chains, improving the boiling ranges and pour

point of the wax material for blending with die

sel. The light naphtha produced can be hy-

drotreated to saturate the olefins and can be

used in refinery isomerization units or as feed

stock to naphtha crackers. The heavy naphtha

produced also can be hydrotreated and then fed

to a naphtha cracker. When a naphtha cracker

is not available, naphtha can be stored for use

as a peak fuel for the gas turbine electricity pro

duction. While heavy naphtha can be reformed

into gasoline, it is highly paraffmic and will have

low yields.

Four Test Cases

Belcher summarized the work presented at the

National Petroleum Refiners Association Annual

Meeting (San Antonio, Texas) by W. Stupin,

R. Ravikumar and B. Hook, which investigated

four hypothetical scenarios for utilizing refinery

bottoms at a refinery. The first case utilized

IGCC for power production to be sold on the

grid. It consisted of an air separation unit, gasi

fication, heat recovery, acid gas removal, a
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sulfur recovery unit, and a power block with two

gas turbine generators, a steam turbine gen

erator and a heat recovery steam generator.

About 3,639 tons per day of coke was fed into

the gasification unit to produce scrubbed syngas

and a slag product. While the slag was dis

posed of, excess heat from the syngas was re

moved to produce steam. The raw syngas was

fed to the acid gas removal unit where H2S and

COS were removed and the sulfur was recov

ered. The syngas was diluted with nitrogen for

NOx control and combusted with air in the gas

turbines where it produced 503 megawatts of

power.

The second case utilized an air separation unit,

gasification, CO shift and heat recovery, acid

gas and trace sulfur removal, a sulfur recovery

unit, an F-T synthesis unit, and a power block

with one gas turbine generator, a steam turbine

generator and a heat recovery steam generator.

The same amount of petroleum coke was fed to

the gasification unit where syngas was produced

and excess heat recovered by producing steam.

The F-T unit produced about 7,820 barrels per

day of liquids while net electricity production

was 133 megawatts.

A third case used an air separation unit, gasifi

cation, heat recovery, acid gas removal, a sulfur

recovery unit, a membrane and pressure swing

adsorption, and a power block with two gas tur

bine generators, a steam turbine generator and

a heat recovery steam generator. Using
3,639 tons per day of petroleum coke as feed,

this system took a portion of clean fuel gas from

the acid gas removal unit to feed the gas tur

bine. Clean fuel gas was also sent through the

membrane and pressure swing adsorption unit

to produce hydrogen for export. Steam was

also used to produce power. Total power pro

duction was 399 megawatts.

A fourth scenario utilized an air separation unit,

gasification, CO shift and heat recovery, acid

gas removal and trace sulfur removal, a sulfur

recovery unit, an F-T synthesis unit, and a

power block with a gas turbine generator, a

steam turbine generator and a heat recovery

steam generator. The same amount of coke

was fed to the gasification unit. The system

yielded 7,860 barrels per day of liquid fuel and

300,000 pounds per hour of 215 psia steam ex

ported to the refinery and to the steam genera

tor and net electrical power production of

105 megawatts.

Conclusions

While Case I yielded a return on equity of

17 percent, Case II - 13 percent, Case III -

20 percent and Case IV - 13 percent, under cur

rent oil prices, F-T liquids production via coke

gasification would not be economically viable.

Hydrogen and electricity production from petro

leum coke are 50 million standard cubic feet per

day and 400 megawatts, respectively. Return

on equity for hydrogen and coke via gasification

is about 20 percent. Hydrogen utilized internally
would allow the reduction or elimination of more

energy-intensive processes such as steam or

natural gas reforming and the corresponding

environmental impact. Refiners producing

500 megawatts of electricity would need to se

cure local markets for the power. Overall, elec

tricity production from petroleum coke is less

attractive than hydrogen production, according

to the authors.

Only at oil prices of $40 per barrel does the

economics of F-T liquids begin to compare well

with that of power generation, according to
Stu-

pin, et al. GTL production from stranded gas

locations has more attractive economics than

from petroleum coke, they stated. Total capital

investment for stranded gas is 25 percent lower

and return on equity when oil is $30 per barrel is

18 percent, assuming there is no power produc

tion.

But future economics based on environmental

necessity could make F-T fuels from coke more

attractive. Should the price of coke fall to below

$20 per ton the return on equity for F-T liquids

production increases from 13 to 17 percent, the

authors note. F-T breaks even with electricity at

2.6 cents per kilowatt-hour at a return on equity
of 11.5 percent.

Despite current unattractive economics, F-T

liquids provide the refinery with a method for
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upgrading their pool, the authors said, noting
that the high quality diesel will lower the aver

age sulfur content and raise the average cetane

content of the diesel pool. As transportation

fuels specifications become tighter and more

environmentally friendly, the F-T products will

lend themselves quite well to this market, stated

the authors.

RADIAN REPORT SUPPORTS EXCLUSION

FROM RCRA FORWASTE GASIFICATION

Radian Corporation, under funding from the

United States Department of Energy, published

early this year the report A Comparison ofGasi

fication and Incineration ofHazardous Wastes.

General

Gasification is a technology that has been

widely used in commercial applications for more

than 50 years in the production of fuels and

chemicals. Attractive features of the technology
include: 1) the ability to produce a consistent,

high-quality syngas product that can be used for

energy production or as a building block for

other chemical manufacturing processes; and

2) the ability to accommodate a wide variety of

gaseous, liquid and solid feedstocks. Conven

tional fuels such as coal and oil, as well as low-

or negative-value materials and wastes such as

petroleum coke, hydrocarbon contaminated

soils and chlorinated hydrocarbon byproducts

have all been used successfully in gasification

operations.

Gasification of these materials has many poten

tial benefits when compared with conventional

options such as combustion or disposal by in

cineration. Recently, the United States Envi

ronmental Protection Agency (EPA) announced

that the Agency is considering an exclusion

from the Resource Conservation and Recovery
Act (RCRA) for listed secondary oil-bearing re

finery materials when processed in a gasifica

tion system, an exclusion analogous to the one

granted for insertion of RCRA listed refinery

wastes into the coking process at refineries. In

addition, representatives of the gasification in

dustry have asked EPA to consider a broader

exclusion that would include gasification of any

carbonaceous material, including hazardous

wastes from other industrial sectors (e.g.,

chemical manufacturing) in modem,
high-

temperature slagging gasifiers.

The purpose of the Radian report is to provide

an independent, third-party description of waste

gasification and to present information that

clearly defines the differences between the

modem gasification and incineration technolo

gies.

The EPA has also recently finalized the RCRA

Comparable Fuels Exclusion which contains

specific provisions for syngas produced from

gasification of hazardous wastes. Under this

provision, the syngas is excluded from RCRA

requirements if it meets certain specifications

for BTU content, total halogen content, total ni

trogen content, hydrogen sulfide content and

Appendix VIII trace level constituents. Specific

requirements regarding sampling and analysis

of the product syngas must meet compliance

with the syngas specifications demonstrated

before the syngas fuel can be managed as an

excluded waste.

Technology Comparison

For the purpose of comparison, the major sub

systems used in incineration and gasification

technologies can be grouped into four broad

categories:

Waste preparation and feeding

Combustion versus gasification

Combustion gas cleanup versus syngas

cleanup

Residue and ash/slag handling

Although the major subsystems for incineration

and gasification can be grouped in a similar

way, the unit operations and fundamental
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chemical reactions that occur within each major

subsystem are different, perhaps with the ex

ception of waste preparation. Some of the key
differences between the two technologies are

summarized in Table 1 .

Four major types of combustion chamber de

signs are used in modem incineration systems:

liquid injection, rotary kiln, fixed hearth and flu

idized bed. Boilers and Industrial Furnaces (BIF

units) are also examples of incineration sys

tems; however, according to EPA Maximum

Achievable Control Technology (MACT) infor

mation, less than 15 percent of the hazardous

waste is disposed of in these units. The appli

cation of each type of combustion chamber is a

function of the physical form and ash content of

the wastes being combusted. In each of these

designs, waste material is combusted in the

presence of a relatively large excess of oxygen

(air) to maximize the conversion of the hydro

carbon-based wastes to carbon dioxide and

water (50 percent to 200 percent). In some

configurations, excess fuel and oxygen must be

added to increase incineration temperatures to

improve destruction and removal efficiency.

This also increases the production and emission

of carbon dioxide.

Incinerators typically operate at atmospheric

pressure and temperatures at which the mineral

matter or ash in the waste is not completely

fused (as slag) during the incineration proc

esses. Ash solids will either exit the bot

tom/discharge end of the combustion chambers

as bottom ash or as particulate matter entrained

in the combustion flue gas stream.

The Gasification Technologies Council (GTC)
has proposed the following definition of

"gasification"

for the purpose of qualifying for

the refinery gasification exclusion:

A process technology that is designed

and operated for the purpose of produc

ing syngas gas.

A process that converts carbonaceous

materials through a process involving
partial oxidation of the feedstock in a re

ducing atmosphere in the presence of

steam at temperatures sufficient to con

vert the feedstock to synthesis gas, to

convert inorganic matter in the feedstock

to a solid frit or slag, and to convert

halogens into the corresponding acid

halides.

A process that incorporates a modem,

high-temperature pressurized gasifier

(which produces a raw synthesis gas)

with auxiliary gas and water treatment

systems to produce a refined product

synthesis gas, which when combusted,

produces emissions in full compliance

with the Clean AirAct.

Byproduct Utilization and Treatment

Gasification and incineration technologies are

significantly different in terms of byproduct utili

zation and treatment.

Slag is the primary solid byproduct of gasifica

tion and the quantity produced is a function of

how much mineral matter is present in the gasi

fier feeds. The slag contains mineral matter

associated with the feed in a vitrified form, a

hard glassy substance. This is the result of

gasifier operation at temperatures above the

fusion or melting temperature of the mineral

matter. Because the slag is in a fused, vitrified

state, it rarely fails the TCLP formetals.

Downstream of the gasifier, unconverted fines

and light-ash material are removed from the raw

syngas using wet scrubbers or dry filtration

processes. The fine particulate matter often

contains a high percentage of carbon, so the

material is often recycled to the gasifier to re

cover the energy value of this material. In the

case of refinery applications, the petroleum

feedstocks can contain high levels of nickel and

vanadium. These elements are concentrated in

the fine particulate matter exiting the gasifier

with the raw syngas. Thus, the fine particulate

matter removed from the syngas is processed

further to recover these metals.

Sulfur compounds (H2S and COS) in the par-

ticulate-free syngas are typically removed and

recovered using conventional gas treatment
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TABLE 1

KEY DIFFERENCES BETWEEN GASIFICATION AND INCINERATION

Subsystem

Combustion vs.

Gasification

Gas Cleanup

Residue and

Ash/Slag Handling

Incineration

Designed to maximize the

conversion of feedstock to

C02 and HjO

Large quantities of excess air

Highly oxidizing environment

Operated at temperatures

below the ash melting point.

Mineral matter converted to

bottom ash and fly ash.

Flue gas cleanup at

atmospheric pressure

Treated flue gas discharged

to atmosphere

Fuel sulfur converted to SOx

and discharged with flue gas

Bottom ash and fly ash

collected, treated and

disposed as hazardouswastes

Gasification

Designed to maximize the

coversion of feedstock to

CO and H2

Limited quantities of oxygen

Reducing environment

Operated at temperatures above

the ash melting point.

Mineral matter converted to

glassy slag and fine particulate

matter (char).

Syngas cleanup at high

pressure

Treated syngas used for

chemical production and/or

power production (with sub

sequent flue gas discharge)

Recovery of reduced sulfur

species in the form of a high

purity elemental sulfur or

sulfuric acid byproduct

Slag is non-leachable, non-

hazardous and suitable for

use in construction materials.

Fine particulate matter recycled

to gasifier or processed for

metals reclamation.
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technologies from the refinery and natural gas

industries. The resulting byproduct is high-

purity liquid sulfur.

SOx, NOx and Particulate Matter

For a given secondary material, emission levels

of SOx, NOx and particulate from gasification

systems are reduced significantly compared to

incineration systems. In an oxidative incinera

tion environment, sulfur and nitrogen com

pounds in the feed are converted to SOx and

NOx. In contrast, syngas cleanup systems for

modem gasification systems are designed to

recover 95 to 99 percent of the sulfur in the fuel

as a high-purity sulfur byproduct. Likewise, ni

trogen in the feed is converted to diatomic nitro

gen and ammonia in the syngas. Ammonia is

subsequently removed from the syngas in

downstream cleanup systems such as particu

late scrubbing and gas cooling. Thus, if the

clean syngas is combusted in a gas turbine to

generate electricity, the production of SOx and

NOx is reduced significantly. Data for repower

ing of coal-fired electric utilities with Integrated

Gasification Combined-Cycle (IGCC) technol

ogy has shown that emissions of SOx, NOx and
particulate are reduced by 1 to 2 orders of mag
nitude.

Organic Compounds

Historically, organic compound emissions of

most concern from waste incineration systems

have been Principal Organic Hazardous Con

stituents (POHC) in the waste feed and Prod

ucts of Incomplete Combustion (PIC). Air emis

sions of these compounds have been charac

terized extensively for hazardous waste incin

erators. POHC refers to the organic compounds

present in the waste feed that must be de

stroyed at greater than 99.99 percent efficiency
(99.9999 percent for listed dioxin wastes) based

on RCRA rules for hazardous waste incineration

systems. PICs are compounds such as Semi-

Volatile Organic Compounds (SVOCs), Polycy-

clic Aromatic Hydrocarbons (PAHs), volatile

organic compounds and dioxin/furan com

pounds.

Dioxin/furan compounds (PCDDs/PCDFs) are

also often detected in the combustion gases

from hazardous waste incinerators. Therefore,

specific concentration-based limits for these

compounds have been established in the re

cently finalized MACT rules for hazardous waste

incinerators.

Results from measurement programs at gasifi

cation sites show that in general, VOCs such as

benzene, toluene and xylene, when detected,

were present at parts-per-billion levels. SVOCs,

including PAHs, were also detected in the syn

gas and/or turbine exhaust/tail gas incinerator

stack in some cases. SVOCs were typically
present at extremely low levels on the order of

parts per trillion.

Gasification tests using chlorinated feedstocks

have also been conducted to measure the De

struction and Removal Efficiency PRE) for or
ganic compounds such as chlorobenzene and

hexachlorobenze. DREs greater than

99.99 percent were demonstrated for both com

pounds for an entrained-bed and a fixed-bed

gasifier.

Dioxin and furan compounds (PCDD/PCDFs)
are not expected to be present in the syngas

from gasification systems for two reasons. First,
the high temperatures in the gasification proc

ess effectively destroy any PCDD/PCDF com

pounds or precursors in the feed. Secondly, the

lack of oxygen in the reduced gas environment

would preclude the formation of the free chlo

rine from HCI, thus limiting chlorination of any
precursors in the syngas. Measurements of

PCDD/PCDF compounds in gasification sys

tems confirm these expectations, as shown in

Figure 1 .

In all cases, the levels of PCDD/PCDF com

pounds were 1 to 2 orders of magnitude below

the most stringent MACT standard recently fi

nalized for hazardous waste incinerators

(indicated on Figure 1).

Conclusions

Both gasification and incineration are capable of

converting hydrocarbon-based hazardous mate-
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FIGURE 1

MEASURED CONCENTRATIONS OF PCDD/PCDF COMPOUNDS

IN SYNGAS PRODUCED FROM GASIFICATION
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rials to simple, non-hazardous byproducts.

However, the conversion mechanisms and the

nature of the byproducts differ considerably, and

these factors should justify the separate treat

ment of these two technologies in the context of

environmental protection and economics.

Gasification technologies meeting the definition

proposed by the GTC offer an alternative proc

ess for the recovery and recycling of low-value

materials by producing a more valuable com

moditysyngas. The multiple uses of syngas

(power production, chemicals, methanol, etc.)

and the availability of gas cleanup technologies

common to the petroleum refining industry
make gasification of secondary oil-bearing ma

terials a valuable process in the extraction of

products from petroleum.

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

detected at low levels in the syngas from some

gasification systems. However, when used as a

fuel and combusted in a gas turbine, the emis

sions of these compounds or other organic haz

ardous air pollutants are either not detected or

present at sub-part-per-billion concentrations in

the emitted stack gas. In addition, emissions of

particulate matter are found to be 1 or 2 orders

of magnitude below the current RCRA emis

sions standards and the recently proposed

MACT standard for hazardous waste incinera

tors.

Although comprehensive test data from the

gasification of coal and other fossil fuels are

available to assess the fate of many hazardous
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constituents, the same type and volume of data

for the gasification of hazardous wastes are not

readily available. To fully assess the perform

ance of gasification on a broader spectrum of

hazardous wastes, additional testing may be

required to fill data gaps and provide validation

to test methods.

All things considered, the ability of gasification

technologies to extract useful products from

secondary oil-bearing materials and listed refin

ery wastes is analogous to petroleum coking
operations and unlike hazardous waste incin

eration. Like petroleum coking, gasification can

be viewed as an integral part of the refining

process where secondary oil-bearing materials

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

comparable quality to the syngas produced from

the gasification of fossil fuels.

FIRST 3D SIMULATION OF BUBBLE

COLUMN HYDRODYNAMICS PAVES WAY

FOR COMMERCIAL GTL CONVERSION

By achieving 3D simulation of hydrodynamics in

a bubble column reactor, engineers at Rentech

Inc. say they have taken an important step to

ward designing an efficient slurry reactor for

large-scale conversion of synthesis gas to liquid

hydrocarbons. The simulation allows them to

determine gas holdup, a key variable affecting

the reaction rate of Gas-To-Liquid (GTL) con

version using Fischer-Tropsch (F-T) chemistry.

Designing a slurry reactor requires a detailed

knowledge of the hydrodynamics of commercial-

size reactors. Validated three-dimensional

computational fluid dynamics modeling makes it

possible to simulate a commercial reactor.

The Rentech process utilizes an iron-based

catalyst in a slurry reactor to achieve GTL con

version. Rentech claims to be one of only four

companies in the world that have operated a

commercial-scale GTL facility.

One of Rentech's goals is to expand the com

mercial application to GTL technology. The

economic benefits of doing this are compelling.

For example, petroleum coke, a residual mate

rial from the refinery process, contains a con

centration of metals and sulfur. The high sulfur

and metals in this petroleum coke typically re

sults in a refiner assigning a zero or even nega

tive value to the material. A refinery producing

1 ,500 tons per day of petroleum coke can gasify

the coke to produce syngas and use GTL tech

nology to create about 3,000 barrels per day of

clean, low-sulfur, low-aromatics synthesis liq

uids, including gasoline and diesel. Depending
on the price of petroleum coke and the price of

the synthesis liquids, Rentech estimates that a

refiner might expect $20 million additional reve

nue each year, assuming a petroleum coke

value of $5 per ton and synthesis liquids at

$25 per barrel.

Optimizing a Slurry Reactor

GTL is a two-step process that begins with the

conversion of the feedstock into syngas. The

second step is an F-T reaction, which converts

the carbon monoxide and hydrogen into a wide

range of hydrocarbons from methane to heavy
waxes. The F-T reaction can be carried out in

different kinds of reactor vessels. Currently,
there is much interest in using a slurry reactor

because they are relatively inexpensive to build

and operate, and have excellent heat and mass

transfer that promote high reaction rates.

A slurry reactor is a vessel containing the cata

lyst suspended in liquid hydrocarbon. The syn

thesis gas enters at the bottom of the vessel

and bubbles up through the reactor. As the

bubbles contact the catalyst, the F-T reaction

takes place. The hydrodynamics in the reactor

are complicated, but understanding them is im

portant to achieving the high reaction rate

needed for commercial GTL conversion. To

achieve a high mass transfer rate, the reactor

must achieve good gas bubble distribution with

a large interfacial surface area between bubbles

and the liquid hydrocarbon media.

In the past, researchers have attempted to un

derstand the hydrodynamics of slurry reactors

by performing laboratory-scale experiments.

The drawback to using laboratory-scale reactors
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to understand hydrodynamics is that the results

do not necessarily scale up accurately. For ex

ample, small diameter reactors are known to

have an effect on bubble movement and bubble

coalescence, as well as bubble breakup through
wall effects.

Most researchers assume that bubble move

ment will be somewhat different in the larger

reactor, but they do not know the extent of the

difference. To get accurate information about

hydrodynamics in a commercial-scale slurry

reactor, it is necessary to study a vessel of that

size. However, the capital cost of such a physi

cal model is prohibitive.

Computer Simulation of Bubble Column

Dynamics

Computational Fluid Dynamics (CFD) software

offers a promising option for the study of large

slurry reactor hydrodynamics because a vali

dated model of a small reactor scales up easily.

Until recently, CFD had not been used to study

bubble movement. But Rentech developed a

3D CFD model for simulating bubble column

dynamics using FLUENT.

Rentech says this work is an important step to

ward understanding the hydrodynamics of
large-

diameter slurry reactors. When the hydrody
namics of these vessels can be simulated on

the computer, it will be possible to use the com

puter to optimize the process, ultimately

achieving a transfer rate that is high enough to

bring GTL technology into widespread commer

cial use.

AUTOTHERMAL REFORMING REDUCES

SYNGAS PRODUCTION COST AT SASOL

Autothermal Reforming (ATR) is a cost-effective

method to produce syngas, which is used for a

variety of products and applications. New tech

nologies for ATR processes enable using lower

steam-to-carbon ratios at higher temperatures.

W. Ernst, of Sasol Technology, et al. discussed

Sasol Technology's experiences in Hydrocarbon

Processing, March 2000 issue.

A 5-week (February to March 1999) demonstra

tion run was conducted at the Sasol Synthetic

Fuels (SSF) complex in Secunda, Republic of

South Africa. It was a 400-hour demonstration

of operation at a Steam-to-Carbon ratio (S/C) of

0.6 (mole/mole) with a reactor exit temperature

of 1,050C. Previously, the lowest demon

strated S/C ratio in a full-scale unit was 1.4.

Lowering the S/C ratio has a positive impact on

both product-gas composition, and investment

and operating costs of the reformer.

ATR Process

ATR is a stand-alone process; it converts hydro

carbons into a mixture of hydrogen and carbon

monoxide. The process includes partial com

bustion of the feed followed by thermal and

catalytic steam reforming.

A refractory-lined pressure vessel is used for the

reactions. The hydrocarbon feedstock and oxy

gen are sent to the reactor as two separate

streams. At the top of the reactor, the two

streams are mixed by a specially designed

burner. The combustion reaction occurs in the

upper partthe combustion chamber. The

lower section of the reactor is loaded with a

high-temperature resistant reforming catalyst.

The reforming reactions (thermal and catalytic)

occur as the gas passes through the catalyst

bed.

At the reactor outlet, the product gas is in equi

librium with respect to the reforming reactions.

Soot precursors, formed in the combustion

zone, are converted to product gas in the cata

lyst bed; thus, the reactor-outlet gas is soot-free.

The ATR process is flexible. Product composi

tion can be varied within a wide range of oper

ating conditions. The operating temperature,

pressure, S/C ratio and Oyc ratio influence the

product-gas composition. By selecting the op

erating conditions for the ATR, the product-gas

composition can be optimized for the down

stream application, such as Fischer-Tropsch
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(F-T), methanol (MeOH), CO, or dimethyl ether

(DME) production.

Demonstration at Sasol

SSF operates 16 ATRs at the Secunda facility;

they produce part of the syngas feeding the Sa
sol Advanced Synthol (SAS) reactors. An ex

isting reformer at SSF was converted to operate
at an S/C ratio of 0.6 with 20,000 standard cubic

meters per hour feed gas. A new burner, with

an optimized design, was also installed for the

demonstration.

A cold-separation unit supplies the CHrrich

feed. This feed gas is heated and saturated by
contact with hot water before steam is added to

adjust the S/C ratio. Oxygen is also preheated

and steam is added as a safety precaution. Af

ter preheating, feed gas/steam and oxy

gen/steam mixtures enter the reformer through

the burner. The reformed gas is cooled first in a

waste-heat boiler, secondly in the feed pre-

heater and lastly by heating the hot water for the

saturator. After final cooling, the reformed gas

serves as a feed to the recently commissioned

SAS reactors.

A simplified flowsheet of the reformer before

conversion to the low S/C ratio is shown in Fig
ure 1 . The reformer usually operates at an S/C

ratio of 1.7 to 2.2 with outlet temperatures be

low 910C. The S/C ratio (mole/mole) is based
on the CH4 in the feed gas (CO, CO2 and

higher hydrocarbons are insignificant) and all

streams entering the reformer.

Reducing the S/C ratio in an existing reformer

has significance for many aspects:

Tendency for sooting increases

Syngas composition changes

Potential for metal-dusting corrosion in

creases

FIGURE 1

SIMPLIFIED FLOWSHEETOF REFORMING UNITBEFORECONVERSION

TO LOWS/CDEMONSTRATION RUN
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Thus to conduct the demonstration run, the fol

lowing provisions and items were changed as

per design of Sasol Technology/SSF:

Saturation of the feed gas would prevent

the low S/C ratios envisaged for the

demonstration. Thus, a heat ex

changer parallel to the saturatorwas

installed. It heated the feed gas as it by
passed the saturator. The hot water was

kept as heating medium.

Instrumentation and trip systems were

adapted to control the operation at much

lower steam flowrates and without the

saturator.

A steam-quench nozzle was added

downstream of the reformer to cool re

formed gas to the normal waste-heat

boiler inlet temperature and help prevent

metal-dusting corrosion. Because the

nozzle had to be situated in the reformer

outlet bend, mechanical design of the

steam-quench nozzle entrance and

Computational Fluid Dynamic (CFD)

modeling of its performance were criti

cal.

The reformer was started up at an S/C ratio of

1.5. The S/C ratio was reduced in steps to 1.0,
0.8 and 0.6. The outlet temperature was corre

spondingly increased to 1 ,050C. The reformer

responded satisfactorily, quickly starting up

again. After 400 hours of operation at an S/C

ratio of 0.6 and an outlet temperature of

1,050C without sooting, the demonstration re

former was shutdown for inspection and recon

version to the previous mode.

The approach to equilibrium was confirmed to

be satisfactory. Samples confirmed that the

required product-gas composition is achievable.

Process condensate was tested for soot. It was

found to be completely clear (content of sus

pended solids was below 0.1 parts per million).

For each operating S/C ratio, the temperature

was also lowered to determine the soot point.

This proved that the temperature could be low

ered substantially without sooting.

The inspection during reconversion indicated

that the measures taken to prevent metal dust

ing were successful; no metal dusting was found

in downstream equipment. The refractory in the

transfer line from the reformer to the waste-heat

boiler was in a perfect condition, indicating that

the CFD modeling of the quench nozzle cor

rectly predicted its behavior. The catalyst guard

tiles and catalyst bed were inspected, found to

be in perfect condition and reused for the next

run.

New Opportunities

The full-scale demonstration of operation at an

S/C ratio of 0.6 is an important milestone in

ATR technology. The successful scaleup by a

factor of 200 from the demonstration unit con

firms further use of test results for industrial de

sign. The demonstration served as the first in

dustrial-scale operation at an S/C ratio of 0.6.

RESEARCH STILL NEEDED ON

FISCHER-TROPSCH CATALYSTS

The original carbide mechanism for the forma

tion of hydrocarbon and oxygenate products

with the Fischer-Tropsch Synthesis (FTS) in

cluded the formation of the metal carbide fol

lowed by hydrogenation of the metal carbide to

produce the products. It was eventually recog
nized that this mechanism was inconsistent with

thermodynamic data for the formation of hydro

carbons by hydrogenation of the carbide at the

temperatures used for the synthesis reaction.

Subsequent research led most investigators to

abandon the formation of a bulk metal carbide

as an intermediate in the FTS mechanism.

About 1950 the oxygenate (enol) mechanism

gained widespread acceptance. This mecha

nism involves the chemisorption of CO which

reacts with adsorbed hydrogen to form a species

which grows by a combination of condensation

and water elimination steps using adjacent

groups.

B. Davis of the University of Kentucky summa
rized the current FTS mechanism theory at the
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219th

American Chemical Society National

Meeting held in San Francisco, California, in

March. The purpose of this investigation is to

develop a mechanism that applies under condi

tions amenable to industrial practice: specifi

cally the lower severity conditions likely to be

encountered in slurry phase synthesis with an

iron catalyst.

Results of studies that support the oxygenate

(enol) mechanisms showed that the alkene or

the alcohol added together with the synthesis

gas was able to serve to initiate chain growth.

In addition, ethanol was incorporated 50 to

100 times as rapidly as ethene when the two

reactants were converted under the same reac

tion conditions.

An insertion mechanism involves the insertion

of CO into a metal-methyl or metal-methylene

carbon bond which is then hydrogenated to pro

duce an alcohol or alkene; the alcohol or alcohol

precursor can also eliminate oxygen to produce

an alkene product. Hydrogenation and water

elimination of the COH2 surface species are

assumed to be the rate controlling step.

Recent research has shown that CO adsorbs on

single crystal metal surfaces to produce a sur

face covered with carbon and little oxygen. This

led to the conclusion that the CO chemisorbs

and dissociates to adsorbed C and O. This step

is followed by the rapid hydrogenation of ad

sorbed O to produce water. The hydrogenation

of adsorbed carbon to form CH2 is much slower.

This mechanism may be viewed as a revival of

the carbide theory but with the requirement that

carbide formation is limited to the surface, or

near surface, layer.

The conversion of 14C labeled alcohols is con

sistent with the following reaction pathway: This

reaction pathway allows for the direct formation

of CO2 and an alkane with one less carbon than

the added alcohol, and is in agreement with the

experimental results. Furthermore, there are

valid infrared data to support the type of struc

ture as being formed on metal (Fe and Co) sur

faces.

The oxygenate mechanism is able to account

for the initiation by CO2 as well as requiring

chain propagation to occur only by CO.

In summary, there is clearly evidence for the

participation of an oxygenate intermediate in the

FTS using an iron catalyst. It is also clear that a

carbide is the more active form of the iron

catalyst. The intermediate leading to the

1-alkenes remains to be identified. On the other

hand, the tracer studies with a cobalt catalyst

are in agreement with a mechanism involving
the carbene intermediate. Both CO2 and alco

hols behave as inert gases for the cobalt cata

lyst.

The next step is to provide more conclusive

data to show that the mechanism for the iron

and cobalt catalysts are indeed different, says

Davis. If, as the data suggest, they are different

then the objective is to define the catalyst prop

erties responsible for the difference.

INORGANIC COMPONENTS IMPACT USE OF

COAL AND OTHER SOLID FUELS

The inorganic components associated with coal

and other solid fuels influence the design and

operation of power systems. The problems as

sociated with inorganic species include abra

sion, corrosion and erosion of system parts; slag

flow in wet-bottom systems; fouling and slagging
of heat-transfer surfaces; formation of fine par

ticulate and vapor-phase species that are diffi

cult to collect and can cause adverse environ

mental effects; plugging of gas-filtering systems;

and disposal and utilization of ash residuals.

Research and development over the past

20 years have provided key insights into the

fundamental behavior of major, minor and trace

elements in combustion and gasification sys

tems as well as associated pollution control

systems, leading to improvements in the per

formance and design of conventional and ad

vanced power systems. S. Benson et al. of the

Energy and Environmental Research Center,
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University of North Dakota, summarized this

experience at the
219th

American Chemical So

ciety National Meeting held in San Francisco,

California, in March.

The inorganic composition of key solid fuels are

summarized below.

Coal

The association and abundance of major, minor

and trace elements in coal is dependent upon

coal rank and depositional environment. The

inorganic components in lower-rank subbitumi-

nous and lignitic coals are associated with the

organic and mineral portions of the coal matrix.

The lower-rank coals contain high levels of oxy

gen, some ofwhich are in the form of carboxylic

acid groups that can act as sites for cations

such as Ca2*, Mg2*, Na*1, K*\
Sr*2

and Ba*2.

The inorganic components associated with bi

tuminous and anthracite are primarily in the

form of discrete minerals. The major mineral

groups include quartz, clay minerals, pyrite and

carbonates. The sulfur oxide emissions from

powerplants are derived from organic sulfur and

mineral forms such as pyrite, gypsum, barite

and others. Air toxic metals can be associated

both with organic functional groups and with

minerals in coal. Commonly, trace elements in

coal are included in the list of 189 toxic sub

stances called out by the 1990 Clean Air Act

Amendments, for example, antimony, cadmium,

lead, nickel, chromium, manganese, selenium,

beryllium, cobalt and mercury.

Petroleum Coke

Petroleum coke contains a low level of ash-

forming species ranging from 0.5 up to

2.5 weight percent. The inorganic components

consist mainly of nickel, vanadium, sulfur, sili

con, aluminum, and minor amounts of iron, so

dium, and potassium. The key elements S, V,
Fe and Ni are organically associated as porphy

rin complexes.

Biomass

The inorganic components associated with bio

mass fuels include Si, Al, K, Na, S, CI, P, Ca,

Mg and Fe. These elements occur at different

levels in various types of biomass fuel, including
agricultural products (manure, hulls, pits), wood,

herbaceous materials (grasses, straws, leaves),

and a wide range of waste materials (e.g., mu

nicipal solid waste, sewage sludge and plastics).

Most of the inorganic components in plants are

associated with the organic matrix, as in some

lignitic and subbituminous coals. Biomass-type

fuels also cause slagging and fouling problems

that are similar to those produced from low-rank

coals. Trace elements, including Mn, Cu, An,

Co, Mo, Ni, Cr, Pb, V and Hg are also of con

cern in biomass utilization.

Behavior in Conversion and Environmental

Control Systems

Major, minor and trace inorganic components

associated with fossil and biomass fuels un

dergo a complex series of chemical and physi

cal transformations in combustion and conver

sion devices, air pollution control systems, and

in the ecosystem. These transformations are

illustrated in Figure 1 . The primary factors that

influence the fate of the inorganic species in

clude:

The important operating conditions within

the conversion system, such as oxygen

stoichiometrics and gas composition in

general, flame and subsequent flue gas

temperatures, particle residence times,

and heating and cooling rates.

The chemical composition and physical

characteristics of inorganic components

in the fuel that influence their reactivity

and volatility during combustion or gasi

fication.

The transformations of inorganic compo

nents occurring during combustion/gas

ification and gas cooling that result in the

formation of various inorganic vapor, liq
uid, and solid phases, depending on fuel

composition and conversion conditions.

The state and physical properties of the

intermediate ash species as a function of
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FIGURE 1

EXAMPLES OF POSSIBLE INORGANICTRANSFORMATIONS

DURING CONVERSION

Vapor-Phase Species Reactions

HgO, HG,HgCI,Se,As

VSapor-Solid Reactions- Sorbent

Hg-Carbon, Hg-Metal

HgSe

Hg. HgO. HgCI. Hg(NO )., HO

SeO, HC1, SO.NO.HF

a. co

Homogenous Condensation

-FlyAsh <1 pm

- Smal Particles

Na,K,SO
,CI,S,

As, Ca, Pb, Se, Sb

Solids

Cr.Mn

BottomAsh
Cr, NL Mn

Radiant Section Convecrjve Pass

Heterogenous Condensation
- FlyAsh >1 pm

Surface Enrichment ?
Na.K.SO'.As.Ca.Pb.Se

Air Pollution Control System

OURCE: BENSONETAL.

temperature, atmosphere and residence

time.

Ash deposition, corrosion and erosion on

heat-transfer surfaces depending on gas

composition; condensed melt phases;

ash particle size; and aerodynamics/fluid

dynamic behavior.

The progressive accumulation of inter

mediate ash materials that decrease

heat transfer and increase fireside tem

peratures in the system.

The capture of the inorganic intermediate mate

rial in air pollution control devices is dependent

upon the form of the material and the mode of

collection. In electrostatic precipitation, the

collection efficiency of the particles is related to

the resistivity of the ash and the particle size.

Collection of ash in a baghouse is related to the

size of the ash particles and the cohesive prop

erties of the ash dust cake. The ash dust cake

can capture both particulate and gas-phase

components. Scrubbers are designed to cap

ture vapor-phase species such as SO2 utilizing

CaO or other reagents. The speciation of the

inorganic elements, system conditions, sorbent

composition and size, and residence time all

influence the reaction of vapor-phase inorganic

materials with dry and wet sorbents. Hot-gas

cleanup systems for advanced combustion and

gasification systems utilize metal and ceramic-

type filters. These filters must remove the par

ticulate material to levels that can be tolerated

by a turbine or fuel cell.
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Directions for the Future

Future high-performance power systems that

utilize coal, biomass, and oil and petroleum

coke feedstocks must consider all of the forgo

ing impacts of inorganic components on system
performance and emissions. The key is to

match fuel quality with system design and oper

ating conditions. Environmental drivers such as

global warming, hazardous air pollutants, re

gional haze, and particle matter will have a

major influence on future fuel sources, power

system design, and operating conditions. In

order to minimize environmental impact, control

cost, and improve efficiency, it will be necessary

to identify synergistic relationships for a variety

of fuel blends, such as coal and biomass, under

a wide range of design and operating conditions.

A vision for power systems for the next century

is being developed by the United States De

partment of Energy Office of Fossil Energy.

The Vision 21 power system is designed to

coproduce electricity, heat, transportation fuels,
and chemicals with little or no air pollution, solid

wastes, or carbon dioxide emissions. The sys

tem would be fuel-flexible, thereby allowing for

firing of a single fuel or a combination of fuels

consisting of coal, natural gas, petroleum coke,

and biomass. This scenario of how next-

generation power systems will evolve must ac

count for the effects of the noncombustible or

inorganic fractions of the fuel, which greatly im

pact conversion and environmental control sys

tem components, conclude Benson et al.

ENVIRONMENT

SEVEN GLOBAL ENERGY COMPANIES

ANNOUNCE JOINT CO2 CAPTURE PROJECT

In May seven global energy companies an

nounced that they have joined forces to re

search and develop advanced carbon dioxide

separation and geologic storage technology

aimed at reducing greenhouse gas emissions.

BP Amoco, Chevron, Norsk Hydro, Statoil,

Shell, Suncor Energy and Texaco will all partici

pate in the US$20 million, 3.5-year CO2 Capture

Project (CCP). BP Amoco will act as project

coordinator.

Through the CCP, the project partners aim to

develop effective methods to capture significant

amounts of CO2 emitted from power generation

and industrial sources and store the gas in geo

logic formations below the earth's surface. If

successful, the project could lead to a notable

reduction in greenhouse gas emissions across a

wide range of industries, not just the energy

sector.

In a joint statement, members of the CCP said,

"We share society's concern over the issue of

climate change. While each member company

is actively working to manage its own green

house gas emissions through a portfolio of ini

tiatives, this project underscores our joint com

mitment to developing innovative ways to ad

dress the climate change issue. Pooling our

technical and financial resources in this way will

give the project added
impetus."

The oil industry has extensive experience in the

handling of large volumes of CO2, which is in

jected into approximately 70 oil fields worldwide

to enhance oil recovery.

The CCP will conduct comprehensive research

on separation methods, develop procedures and

guidelines for monitoring and verifying storage

of CO2, and seek to encourage policies to fur

ther the technical and economic viability of

CO2 capture and storage. Depending on its

success, this technology development phase of

the project may be followed by prototype testing
and demonstration.

In a drive to make the project a collaborative

effort between industry and government, partici

pation in the project will also be sought from

government agencies in North America and

Europe.
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CLIMATE CHANGE SEEN FORCING

TECHNOLOGY CHANGES

The nature and extent of significant alterations

to the global climate system due to increasing
emissions of greenhouse gases, resulting from

human activity such as energy production and

manufacturing processes, are still the subject of

considerable uncertainty and controversy.

However, the possible consequent effects on

ecological systems and human society may be

of such profound gravity that continuing re

search into the causes and effects of climate

change, and development of viable technology
solutions for mitigation of these effects, are es

sential.

J. Steinfeld of Massachusetts Institute of Tech

nology discussed how technological improve

ments can impact global change at the
219th

American Chemical Society National

Meeting held in San Francisco, California, in

March.

The Earth's climate is the result of extremely

complex interactions among the atmosphere,

the oceans, the land masses and living organ

isms including human industrial activity all of

which receive energy from the sun. This energy

ultimately radiates back into space, but a suffi

cient fraction is retained in the Earth's atmos

phere to maintain an average temperature of

approximately 15C. This temperature is main

tained by energy absorption in heat-trapping
gases (the "Greenhouse

Gases"

or GHGs),

which include water vapor, carbon dioxide, hy-

drofluorocarbons, perfluorocarbons, and sulfur

hexafluoride. Over the course of the Earth's

history, living creatures have evolved and

adapted to function optimally in this temperature

regime, and in turn human society has organ

ized itself to function as well as possible in this

climate.

During the past 150 years, atmospheric levels of

many GHGs have undergone significant in

creases, recently at an accelerating pace. The

connection between GHG emissions and tem

perature change is not merely that the two seem

to be correlated in time, but also that detailed

physical models of the atmosphere predict the

global warming effect. The magnitude of the

effect, however, is subject to considerable un

certainty, as a result of still imperfect knowledge

about the interplay between GHGs, atmospheric

water vapor, ozone, clouds, aerosols and par

ticulates. If carbon dioxide concentrations were

to double over current levels during the next

100 years, current models predict overall global

average temperature increases somewhere

between a low estimate of 1C and a high esti

mate of 3.5C.

Many uncertainties remain in the area of Global

Change Science, and research still needs to be

earned out to reduce these uncertainties.

Among these are:

The effects of clouds, aerosols, particu

lates and especially atmospheric water

vapor on climate change

The coupling between overall global cli

mate change and regional climate varia

tions

Ocean-atmosphere interactions

Effects of climate changes on both eco

logical and social-economic systems

In addition to continuing to study the basic phe

nomena of climate change, modem industrial

societies must begin to take action to address

this issue, says Steinfeld. Climate change has

"massive market transforming
potential,"

with

potential impacts on many industry sectors in

cluding petroleum and other energy resources,

energy production, transportation, agriculture,

residential and commercial construction, and

not least the chemical industry. Making the

transition to a more energy-efficient, less car

bon-intensive economy presents a tremendous

long-term economic opportunity for those in

dustries willing to undertake the necessary re

search and development, and invest in the new

technologies that will achieve these goals.

Some of these opportunities include:

Chemical manufacturing processes may

be redesigned to improve energy
effi-
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ciency and reduce GHG emissions while

reducing or eliminating production of

toxicwaste.

RESOURCE

Carbon dioxide sequestration may offer

a route to partial reduction of net emis

sions. CO2 could be captured in indus

trial processes and removed from the

atmosphere by reforestation and plant

ing, which also benefits habitat and bio

diversity preservation.

Alternative energy sources should be

developed which minimize GHG emis

sions, such as advanced fossil-fuel tech

nology, fuel cells, renewable energy

technologies such as biomass, wind, and

solar energy sources, and nuclear power.

In addition, proposed GHG and carbon

emission limits may have a significant

indirect impact on chemical process in

dustries, because changes in refinery
product streams, driven by alternative

fuel demand, may affect chemical feed

stock availability. A systematic study of

such interactions needs to be undertaken

and alternative sources of starting mate

rials identified.

Steinfeld concludes that attaining an under

standing of how the global climate system oper

ates and how our own activities may be influ

encing it, and of undertaking responsible actions

to protect that system for the well-being of fu

ture generations, may be among the greatest

challenges that humanity has ever faced. Re

search on climate change and its possible ef

fects must be continued and strengthened, the

public must be informed and educated about

this issue, industry must adopt proactive strate

gies for energy conservation and greenhouse

gas reductions, and prudent and responsible

actions must be undertaken as needed to ad

dress this challenge which confronts us all,

Steinfeld concludes.

USGS GLOBAL 2000 ASSESSMENT SHOWS

INCREASED OIL POTENTIAL

The United States Geological Survey (USGS),

in its 2000 World Assessment, estimates world

undiscovered, conventionally recoverable re

sources of oil, natural gas and natural gas liq
uids at 1 ,634 billion barrels of oil equivalent

(boe) in 2000, excluding the United States. This

is about 5 percent higher than the USGS 1994

estimate of 1,556 billion boe. The new report

covers the period 1996-2025 and for the first

time includes an estimate of the potential from

field growth.

In USGS World Petroleum Assessment 2000,

the world was divided into approximately

1 ,000 petroleum provinces, based primarily on

geologic factors, and then grouped into eight

regions roughly comparable to the eight eco

nomic regions defined by the United States

State Department. Significant petroleum re

sources are known to exist in 406 of the

1,000 geologic provinces. The USGS estimates

for the eight main areas are summarized in Ta

ble 1.

The oil resource estimate increased from the

1994 assessment by 20 percent. Gas declined

by 10 percent and natural gas liquids jumped by
130 percent. With 1995-1996 estimates for the

United States added to the new numbers, the

total undiscovered resource increases from

1.65 trillion boe to 1 .807 trillion boe from the

prior estimate, with oil up 24 percent, gas down

10 percent and natural gas liquids up

104 percent.

USGS puts the most likely estimate for undis

covered oil outside the United States at

649 billion barrels and for field growth at

612 billion barrels. For gas the estimates are

778 billion boe (4.669 quadrillion cubic feet) of

undiscovered resource and 551 billion boe

(3.305 quadrillion cubic feet) for field growth.

The addition of the field-growth estimates ac

knowledges the great amounts of oil and gas
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TABLE 1

VOLUMES OF UNDISCOVERED OIL AND UNDISCOVERED NATURAL GAS BY REGION

Undiscovered Oil, Percent of Undiscovered Natural Percent of

Reoion Billion Barrels World Total Gas (trillion cubic feet) World Total

Former Soviet Union 116 17.9 1,611 34.5

Middle East and North Africa 230 35.4 1,370 29.3

Asia-Pacific 30 4.6 379 8.1

Europe 22 3.4 312 6.7

North
America*

70 10.9 154 3.3

Central and South America 105 16.2 487 10.4

Sub-Saharan Africa and Antarctica 72 11.0 235 5.0

South Asia 4 0.6 120 2.6

World
Total*

649 4,669

Exclusive ofthe United States

that producers have added to reserves through

knowledge about previously discovered reser

voirs and through technology. Specifically:

As drilling and production within discov

ered fields progresses, new pools or

reservoirs are found that were not pre

viously known.

Advances in exploration technology
make it possible to identify new targets

within existing fields.

Advances in drilling technology make it

possible to recover oil and gas not pre

viously considered recoverable in the

initial reserve estimates.

Enhanced oil recovery techniques in

crease the recovery factor for oil and

thereby increase the reserves within

existing fields.

Advancing knowledge also accounts for gains in

undiscovered resources. The largest increases

are in the Middle East and North Africa and off

South America and Western Africa. The Middle

East and North Africa increases, USGS says,

reflect new understanding of resource size in

Jurassic and Cretaceous petroleum systems.

Gains in the Southern Atlantic come from

deepwater, turbidite reservoirs made accessible

by new technology.

Estimates declined for resources in Mexico and

China because of new information previously

unavailable to USGS. Most of the drop in the

gas-resource estimate occurred in arctic areas

of the former Soviet Union. There also were

declines in Chinese and Canadian provinces.

Ultimate Recovery

USGS estimates the ultimately recoverable

conventional oil resource outside the United

States at 2.659 trillion barrels (see Table 2). It

puts the ultimately recoverable, non-United

States gas resource at 13.493 quadrillion cubic

feet.

The new estimates mean that much exploration

and development remain to be done. And

growth in the oil numbers from the former

USGS estimate shows that the relevant con

straint on future supply at this point in history is

what people know about the subsurface, not

how much oil and gas nature put there.
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TABLE 2

WORLD ESTIMATES, CONVENTIONAL OIL RESOURCES AND RESERVE GROWTH

Category

Undiscovered Conventional

Reserve Growth (conventional)

Remaining Reserves

Cumulative Production

World Total (excluding U.S.)

United States

Undiscovered Conventional

Reserve Growth (conventional)

Remaining Reserves

Cumulative Production

World Total (including U.S.)

Oil. Billion BbI Gas. Tcf NGLBi

95 50

illion Bbl

95 50 5 Mean 95 50 Mean F5 Mean

334 607 1,107 649 2,299 4,333 8,174 4,669 95 189 378 207

192 612 1,031 612 1,049 3,305 5,543 3,305 13 42 71 42

- - - 859 - - - 4,621 - 68

539

2,659

898

13,493

7

324

66 . 104 83 393 698 527 Combined with oil

- - - 76 - - 355 Combined with oil

- - - 32 - - - 172 Combined with oil

- - - 171 - - 854 Combined with oil

3,021 15,401
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2000

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

July 9-13, Berlin, GermanyFirstWorld Conference on Carbon, fax 49 2203 69301

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

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

Control Technologies, fax 61 2 9490 8819

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

August 29-September 2, Oakland, California Fourth Biomass Conference of the Americas,

phone 303 275 3023

September 5-7, Leeds, EnglandApplied Gasification, fax 44 1788 577182

September 6-7, Fort McMurray, Alberta, Canada Fort McMurray Oil Sands Trade Show,
phone 403 244 6540

September 11-15, Pittsburgh, Pennsylvania
17th

Annual Pittsburgh Coal Conference,

phone 412 624 1480

September 12-14, Birmingham, United KingdomThird UK Meeting on Coal Research and Its

Applications, fax 44 1 1 5 936 2205

September 12-15, Johannesburg, South Africa
12th

International Conference on Coal Research,

fax 27 11 838 5923

September 19-20, Washington, D.C.
17th

Annual World Fuel Conference, phone 800 897 4278

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

September 22-24, Fort Collins, Colorado Forum on Converting to a Hydrogen Economy,
phone 970 482 3731

September 23-27, Melbourne,AustraliaSixth World Congress of Chemical Engineering,

fax 613 981 9 5978

September 24-27, Philadelphia, Pennsylvania International Association for Energy Economics, North

American Conference, phone 216 464 5365

September 27-29, Aspen, ColoradoAspen Clean Energy Round Table VII, phone 44 20 7348 6083

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

website: www.dgmk.de

October 1-4, Dallas, TexasSociety of Petroleum Engineers Annual Meeting, phone 972 952 9393
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October 8-11, San Francisco, CaliforniaGasification Technologies Conference, phone 703 276 0110

October 10-12, Duesseldorf, GermanyPower Plants 2000 Conference and
11th

International

Conference on Research for Power Plant Technology, fax 49 201 8128 286

October 17-18, Houston, TexasNinth Annual Conference on Fuels - Oxygenates, Methanol,

phone 281 774 7299

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

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

website: www.aiche. org

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

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

International Conference for the LNG, LPG and

Natural Gas Industries

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

November 26-29, Brisbane, Queensland, Australia Ninth Australian Coal Science Conference,

fax 61 7 3365 9151

2001

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

September 30-October 5, San Francisco, California
11th

International Conference on Coal Science,

phone 412 386 6015

October 21-25, Buenos Aires, Argentina
18th

World Energy Congress, fax 54 11 4 814 3664

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

STUART PROJECT COMPLETES 6-DAY RUN

IN MAY

In May Southern Pacific Petroleum and Central

Pacific Minerals reported successful completion

of a 6-day test run at the Stuart Stage 1

AOSTRA Taciuk Processor (ATP). The run was

designed to test the effect of an initial series of

planned operational and facility improvements

to mitigate odor, sulfur dioxide and shale par

ticulate emissions from the plant. During the

run, shale rates were maintained at the planned

level of 160 tonnes per hour (64 percent capac

ity) over a period of about 100 hours. Opera

tionally, the plant ran smoothly, with the ATP

and oil recovery equipment performing reliably.

In addition, air emissions were reduced sub

stantially. Although emissions mitigation was

the prime object of the run, raw naphtha and

Medium Shale Oil (MSO) were produced at de

sign specifications throughout much of the run

at a combined rate of about 2,500 barrels per

day.

A number of operational and facility changes

were implemented for this test run which con

tributed to reducing air emissions:

Operation of the shale dryer in a low

emissions "operating
window"

Addition of lime and limestone to the

ATP to dry scrub S02 emissions

Improvements to the seals in the preheat

section of the ATP to reduce hydrocar

bons in the flue gas

Adjustments to the burner in the main

flue gas stack, including a higher oper

ating temperature, to improve dispersion

of flue gas emissions

Increased height of the high-pressure

flare, which incinerates excess gases,

from 17 meters to 65 meters to improve

air dispersion

Looking forward, extensive emissions and oper

ating data collected during the run will be ana

lyzed to facilitate assessment of further emis

sions mitigation steps and the planning for addi

tional plant runs. A number of planned facility
changes to further reduce air emissions are in

the engineering and procurement phase and will

be implemented in the next few months. These

include enhancements to the wet-scrubbing

equipment in the existing flue gas scrubbing

system and the addition of a second thickener

vessel to debottleneck particulate scrubbing ca

pacity.

An important technical and operational outcome

from this latest run was the production of on-

spec raw naphtha and MSO during much of the

test. The current volume of on-spec raw naph

tha now in tankage (about 7,500 barrels) is ex

pected to be sufficient to complete the commis

sioning of the naphtha hydrotreaterwhich will be

scheduled in the next fewweeks.

CORPORATIONS

SPP/CPM CHAIRMAN STATES CASE FOR

OIL SHALE

At the Annual General Meeting of Southern Pa

cific Petroleum N.L. and Central Pacific Miner

als N.L. (SPP/CPM), held in April in Brisbane,

Australia, chairman I. McFariane stated the case

for oil shale.

According to McFariane, the best way for Aus

tralia to achieve protection from foreign oil

domination is to control its own supply. Unfor

tunately, in over 40 years of exploration, only
one major oil field (in Bass Strait) has been dis

covered in Australia. Production from Bass

Strait has been steadily declining, and in a few

years it will meet only 12 percent of Australia's

needs. The failure to discover large oil fields is

hurting Australia's balance of payments and ex

change rates. Net oil imports cost the country,

at today's oil prices, almost $4 billion. This is
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equal to 11 percent of Australia's balance of

payments.

A new oil shale industry would help break this

trend, says McFariane. Enough high-quality,
high-grade oil shale has been found in Queen

sland to meet Australia's needs and to provide a

base for exports (see Figure 1). SPP/CPM al

ready has access to 24 billion barrels of oil

shale resource, which is a country level re

source similar in magnitude to the 20+ billion

barrels of oil reserves in the United States and

China, and much greater than the 3 billion bar

rels of oil reserves in Australia.

SPP/CPM is targeting Stage 1 to be operational

by year-end. In addition to Stuart, the company

is preparing for predevelopment of a second

deposit. Initial studies indicate that Condor and

Rundle are the best positioned for the next

200,000-barrel per day development to be on

production by the end of the decade. Condor,

FIGURE 1

OILSHALE CAN LEADTOOILEXPORTS

Australian Net Crude Oil Imports

BssaaHBHsa

saasanoiaflitioioigioiooooboooooor
ot<fta>oo>ooto)aaaiototo>ooooQoooooo

SOURCE: MoFARLANE
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an almost 10-billion parrel oil shale resource,

could eventually handle 2 to 3 times this capac

ity.

As part of this development effort, a joint ven

ture partners) for a second deposit will be se

cured within 18 to 24 months.

Oil produced from the Queensland silica shales

is among the lightest and cleanest in the world

(see Table 1). Transportation fuels produced

from this oil will contain less than 50 parts per

million sulfurwhich is less than 1 percent of the

sulfur contained in Middle East oil. It will also

produce low particulates.

Because production of oil from shale involves a

heating process, carbon dioxide is produced.

Recognizing concerns about carbon dioxide and

global warming, the companies have committed

to a goal to achieve net carbon dioxide emis

sions that are comparable to or even less than

the production of conventional refined oil. This

can be achieved by recovering excess heat for

power cogeneration, improving heat efficiencies

and coproducing renewable biofuels. These in-

plant improvements to achieve the carbon di

oxide goal will be supplemented by planting

eucalyptus trees which will serve to sequester

CO2.

SPP/CPM MANAGING DIRECTOR REVIEWS

FIRST YEAR OF COMMISSIONING EFFORT

In April 1999 construction was completed on the

Stuart Stage 1 plant, on-time and within budget,

a significant milestone for Southern Pacific Pe

troleum N.L. and Central Pacific Minerals N.L.

(SPP/CPM). Since then, the plant operator,

Suncor Energy, has had responsibility for com

missioning. The companies have faced their

share of challenges including a difficult commis

sioning program. These have delayed comple

tion beyond the original target of year-end 1999,

which is a disappointment. J. McFariand, the

managing director of SPP/CPM, summarized

the first year of commissioning effort in his re

marks at the
32nd

Annual General Meeting of

SPP/CPM held in Brisbane, Australia, in April.

McFariand first notes that Stage 1 is serving its

purpose in flushing out the issues that must be

overcome to progress to commercial production.

TABLE 1

CLEAN TRANSPORTATION FUEL

Australian

Oil
Shales*

Imported

Middle-East Crude

Sulfur <50 ppm

Particulates (diesel cetane) 55 -

65**

% Transportation (road, rail, air) 75%

>10,000 ppm

45 -

55**

<55%

*Wrth full hydrotreating
**Australian standard is around 48. Lower sulfur and higher cetane fuels

produce less particulates in burning.
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Despite the delays in Stage 1 commissioning,

performance at the AOSTRA Taciuk Processor

(ATP), the heart of the plant, has been encour

aging. The plant has produced oil at close to

design yields and specifications, and at rates up
to 60 percent of design capacity. The ATP is a

large, heavy machine which has been designed

to deal with considerable mechanical and tem

perature stresses. Through many startup and

shutdown sequences the ATP has performed

well and has shown itself to be mechanically
robust. The finely tuned control system linking
the ATP and the oil recovery section of the plant

has been successfully commissioned. These

are important milestones in confirming the vi

ability of the technology. Additional run-time at

higher rates will help to build further confidence.

The most significant factor delaying commis

sioning has been unexpected odor emissions

from the plant. These odors have caused con

cerns to SPP/CPM and the residents of the

neighboring community of Targinnie. Opera

tions have been severely limited during the pe

riod since early December 1999 while solutions

to air emission issues were investigated and

implementation plans developed.

Plant operating experience to date indicates that

odors are being generated and are not being

fully dispersed in the atmosphere even at dis

tances several kilometers from the plant. Under

certain meteorological conditions, ground level

concentrations of sulfur dioxide can exceed

regulatory guidelines. Shale processing rates in

the ATP have been constrained, in part, to stay
within regulatory limits for dust emissions from

the main stack.

The emissions reduction program includes a

number of elements that are being advanced in

parallel. The program is aimed both at reducing
the formation of odors, SO2 and fines as well as

removing these substances once formed.

These elements include operational changes

and small capital fixes to reduce odor and SO2
generation. Operational changes include ad

justments to internal shale
"lifters"

in the dryer

and ATP which control the mixing of the shale

and the effectiveness of the heat transfer

mechanism. An evaluation of the merits of

adding limestone or lime to the oil shale in the

ATP to absorb the SO2 as it is evolved is also

under way.

Additional equipment to scrub or
"clean"

the flue

gas is also being pursued. A wet-scrubbing

system that can be retrofitted to the existing

plant scrubbing equipment to reduce SO2 and

dust through liquid adsorption is under review.

Work is also under way to identify an oxidizing

solution that could add another means of re

moving odors in this equipment.

Changes to the main flue gas stack and the ATP

flare stack are also under way to improve dis

persion of emissions. These include steps to

increase the temperature and velocity of the

gases evolving from the stack in order to in

crease
"lift"

and atmospheric dispersion. In

creased flare stack height is also being as

sessed.

In terms of improving shale fines management,
work is under way to add a second

"thickener"

vessel to the existing fines scrubbing equipment

to increase its capacity. This vessel collects a

fines and water slurry from the existing wet

scrubbers which clean the flue gas. This

change should facilitate higher shale processing

rates nearer design capacity.

Together, these elements of the "Base
Case"

program have good probability of significantly

improving air emissions performance by July,
says McFariand.

As additional insurance, the engineering on an

additional
"Contingency"

program which in

volves full or partial combustion of the plant flue

gases is also being advanced.

To expedite this program, Suncor has brought

on board additional resources from Bechtel, in

cluding a Senior Project Manager to lead an

integrated Suncor/Bechtel Project Team. Addi

tional dryer and ATP runs will be part of this

execution plan through the April to July period.

Given the work program ahead, resolution of air

emission issues and completion of Stage 1
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commissioning is estimated to extend to year-

end 2000.

Despite the air emissions issues, significant

progress has been made in commissioning the

plant. Mine commissioning was completed first

in early 1999. The first two of three steps in

commissioning the ATP were successfully com

pleted by July 1999. This included running the

ATP at ambient temperatures with shale and at

operating temperatures of 500C with inert ma

terial. The Stuart plant is now in the final and

most difficult stephot commissioning of the

ATP with shale. So far, results have been en

couraging, with the ATP operating in this phase

for over 100 hours and producing over

6,000 barrels of oil at rates up to 60 percent of

design capacity. However, considerable work

remains to be done. Yet to be completed are

the commissioning of the naphtha hydrotreater

and the integrated operation of all parts of the

plant.

SPP/CPM's share of costs to implement the

emissions reduction program and to complete

commissioning is estimated at between $8 and

$15 million. This assumes that Suncor will con

tinue to fund the first $20 million of costs and

will commit to their share of any further funding
beyond that amount. Under this scenario and

once the plant is operational, SPP/CPM's share

of product entitlement would be reduced to

42 percent in Stage 1 only and this would apply

only through to the end of 2005.

TECHNOLOGY

Tarfaya regions, Moroccan studies have con

centrated on these particular oil shales.

K. El harfi et al. of Faculty des Sciences de

Marrakech, Semlalia, Morocco, discussed the

pyrolysis of Moroccan (Tarfaya) oil shales under

microwave irradiation in Fuel, 2000, Volume 79,

pages 733-742.

The purpose of the study was:

To enhance the oil yield and the oil qual

ity

To understand the physico-chemical

mechanisms involved in the pyrolysis

To compare the obtained results with

those of conventional pyrolysis

Results and Discussion

The operating conditions used are listed in Ta

ble 1. The results of this study show that water

extraction from the oil shale started immediately
after the microwave fields are applied, irrespec

tive of the incident power. The obtained final

percentages of water are almost identical

(17 percent). This is because of the fact that

the microwave field interacts primarily with free

or bound water molecules and contributes to the

heating of the material. This allows the decom

position of kerogen and evacuation of oil.

TABLE 1

OPERATING CONDITIONS

MICROWAVE RETORTING IMPROVES

QUALITY OF OIL FROM MOROCCAN OIL

SHALE

Morocco, with estimated reserves of 93 billion

tons of oil shale, is increasingly looking at oil

shales as an alternative energy source. As the

largest reserves are located in the Timahdit and

Mass of the Sample m 0
= 20 g

Granulometry 2 - 2.5 min

CanierGas Flow Rate 0.1 5 l/min

Incident Microwave Power 15
= 300W

Temperature of the Receptor TR =
-40C

Moisture (wt.%) 14.5
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To further support these arguments, experi

ments were performed on samples predried at

100C for 3 hours and on others with

14.5 percent moisture. At constant microwave

power (n = 450Watts [W]) the retorting time

increased for the predried shale. The yield was

also reduced because of the lower temperature

reached. These results confirmed the key role

which water plays in the microwave heating
process.

The onset of oil formation and flow out of the

shale is observed when the temperature

reaches a value between 320 and 380C. In

addition, this temperature increases with in

creasing microwave power. On the other hand,

the oil formation is observed after a "latent
time,"

which decreases when the incident mi

crowave power is increased (td = 12 minutes at

300W, td = 5 minutes at 450 W and td = 2 min

utes at 600 W).

For different incident powers, the oil formation

begins when an important fraction of water is

desorbed. Subsequently, the production of oil

follows the extraction ofwater until about 460C.

Above this temperature a plateau of water is

obtained while the formation of oil continues.

This result is probably because of the degrada

tion of the kerogen and a beginning of the de

composition of the mineral matrix during micro

wave heating.

The sample temperature increases and passes

through a maximum at a time W which de

pends on the applied microwave power

(W = 46 minutes at 300W; tmax = 29 minutes at

450 W and W = 10 minutes at 600 W). Be

yond tmax, the temperature decreases slightly

and seems to level out around 580C independ

ently of the power. This behavior may be attrib

uted to the relaxation of water, pyrite and polar

products obtained during the degradation of the

kerogen.

The higher the microwave power, the smaller is

tmax- This may result from the fact that interac

tion of the microwave field with the water mole

cules becomes faster and allows the accelera

tion of the dehydration phenomena, the conver

sion of pyrite to pyrrhotite and the formation of

the pyrolysis products.

The yields and the composition of the oil recov

ered from the Tarfaya oil shale after microwave

pyrolysis and conventional heating are given in

Table 2. The yields obtained forn = 300W and

450 W are almost similar to those of the con

ventional pyrolysis. However, the yield de

creases for Tti
= 600 W. This result can be ex

plained by the fact that during pyrolysis, the

temperature increases rapidly and reaches high

values which favors the reactions of gasification

and cracking of the oil. in addition, solvent

fractionation of the oils shows that oils resulting

from microwave pyrolysis are less asphaltinic

and polar than those produced by conventional

heating. The percentage of maltenes, aromat

ics and polars increases when the incident

power is increased. This is due to the degrada

tion of the large molecules of kerogen and as

phaltenes leading to small molecules of aro

matics and polars that are soluble in alkanes.

Similar results were observed for pyrolysis by
conventional heating.

Gas chromatographic analysis of the aliphatic

compounds reveals that the distribution of

n-alkanes ranges from /1C13 to nC38 for the con

ventional pyrolysis while it ranges from nCn to

DC*) in the case of pyrolysis under microwave

irradiation. This shows a noticeable decrease in

the fraction of long-chain n-alkanes. This can

be explained by the fact that during pyrolysis

under microwave irradiation, the temperature

increases rapidly and reaches higher values,

thus favoring the cracking reaction of long-chain

alkanes.

GC-MS analysis of the paraffmic fraction re

vealed, in addition to alkenes/alkanes, the pres

ence of polycyclic hydrocarbons (hopanes, ster-

anes), pristene and a series of isoalkanes in the

case of conventional pyrolysis. The absence of

polycyclic hydrocarbons in the case of pyrolysis

by microwave heating can be explained by the

instability of these compounds at high tem

peratures.
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TABLE 2

YIELDS AND COMPOSITION OF SHALE OILS OBTAINED BY

MICROWAVE PYROLYSIS AND CONVENTIONAL HEATING

Products

Conventional

Pvrolvsis 7e = 300W

Microwave Pvrolvsis

te = 450W tl = 600W

Oil
(wt.%)a

Spent Shale
(wt.%)a

Water
(wt.%)a

Gas + Losses
(wt.%)a

Asphaltenes
(wt.%)

Maltenes
(wt.%)

Paraffins
(wt.%)c

Aromatics
(wt.%)

Polars
(wt.%)c

Time (min) Required to

Obtain Max. Quantity
of Oil (plateau)

6.6 1 0.1

86.8 0.1

b2.6 0.1

410.1

10.9 0.1

88.7 0.2

18.6 0.5

58 0.7

11.9 0.4

60

6.1 0.2

67.8 0.4

16.8 0.2

9.3 0.2

7.2 0.1

91 .7 0.3

16.1 0.4

64.3 0.6

5.8 0.3

40

6.2 0.3

67.1 0.5

17.0 0.3

9.7 0.4

6.1 0.2

92.6 0.2

13.5 0.5

65.4 0.6

6.4 0.2

25

5.4 0.3

63.5 0.4

16.9 0.2

14.2 0.6

4.6 0.1

94.3 0.2

12 0.6

67.7 0.5

7.4 0.3

aBased on shale.

bAfter previous drying at 100C.

cBased on oil.

Conclusions

The authors conclude that heating the oil shale

by microwave irradiation leads to:

An oil that is more maltenic, less polar

and contains less sulfur and nitrogen

than the oil obtained by conventional py
rolysis.

Oil yields of the same order as those

obtained by classical heating and corre

sponding to 92 percent for the Fischer

Assay for power * = 300 W and Ttj
=

450W.

Oil formation related to the dehydration

of shales and the relaxation of pyrite and

the degradation products of the kerogen.

A fast pyrolysis of 40 minutes fa =

300W), 25 minutes fa = 450W)
8 minutes fa = 600W) instead of

60 minutes in the case of conventional

pyrolysis.
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INTERNATIONAL

WASTE TIRES COPROCESSEDWITH OIL

SHALE IN GALOTER (SHC-3000) RETORT

Disposal of tires is a serious environmental

problem for they are not easily biodegradable

under the action of natural factors, they are

flammable and produce polluting compounds

when burned. Rubber wastes have been util

ized togetherwith kukersite oil shale in the solid

heat-carrier unit SHC-3000 at the Estonian

Powerplant. The method reduces the feed

shale quantity required and increases the yields

of oil and gas.

At the Institute of Chemistry at Tallinn Technical

University, a series of experiments on thermal

treating of tires only in a Shaft Furnace (SF) in

semicoking conditions was carried out.

V. Vysotskaya et al. of Tallinn Technical Univer

sity, Estonia, characterized and compared

semicoking oils obtained from rubber wastes

and from coprocessing of kukersite oil shale and

rubberwastes in the solid heat-carrier unit in Oil

Shale, 1999, Volume 16, Number 4.

Results and Discussion

The data in Table 1 show that semicoking of

tires only produces oil that contains nonaromatic

compounds in an amount comparable with that

present in semicoking oil of kukersite only (both

kerogen-90 and ordinary kukersite) 17.4, 10.9

and 13.0 percent, respectively. The yield of

Nonaromatic Hydrocarbons (IMAHC) from

SHC-oil is higher29.8 percent, and this frac

tion is more unsaturated (the ratio ole-

fins/paraffins is 1.395, while for SF-oil it

is 0.337). The distribution of paraffins and ole

fins according to the length of carbon chain

shows that their content and distribution in oils

obtained from various processing are different

and depend on the treatment conditions.

TABLE 1

YIELD OF CHEMICAL GROUP COMPOUNDS OF OILS,WEIGHT PERCENT

(On the Total Oil Basis)

Experiment

(3) Oils From

(1) Oils From (2) Oils From Processing of (4) Oils From

Semicoking Semicoking Kukersite and Semicoking
of Ordinary of Kukersite- RubberWaste of Rubber Waste

Kukersite Kerooen-90 in SHC-3000 in Shaft Furnace

Hydrocarbons

Aliphatic and Naphthenic 13.0 10.9 29.8 17.4

AJkylaromatic 5.6 2.3 8.1 16.0

Condensed Aromatics 16.4 26.1 16.6 51.4

Heteroaromatic Compounds

Neutral 14.2 27.7 18.9 7.1

Polar 17.6 10.1 13.5 4.7

Acidic (mainly phenols) 332 23.6 13.1 3.4
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At the SHC processing unit, the heating rate and
rate of removing reaction products are so great

that secondary reactions do not take place, and

olefins form in large amounts. Paraffins in

SHC-oil have their maximum within Chj-Ch, and

this number is lower than that in semicoking
oilsCi5-Ci7 in case of SF-oil, and C11-C13 for

K-90-oil. The differences between distribution

of paraffins and olefins in semicoking oils ob

tained from tires only and kerogen-90 depend

on the feedstock.

The highest yield 16.0 percent of Alkylaro-

matic Hydrocarbons (AAHC) was obtained from

SF-oil. Such a high content of AAHC and Con

densed Aromatic Hydrocarbons (CAHC)
(51 .0 percent) is due to the feedstock nature, as

the material of tires, namely butadiene-styrol

caoutchouc, is rich in double bonds and ben

zene rings. The chemical composition of AAHC

from SHC-oil was similar to that from semicok

ing kukersite and consisted of a series of

n-alkylbenzenes with the length of the side

chain from 2 to 10 carbon atoms (somewhat

shorter than C4-C16 in the case of kukersite).

The yield of CAHC-fractions from SF-oil was

higher51 .4 percent. The yield of this fraction

from SHC-oil and K-OR-oil was almost equal

16.6 and 16.4 percent, respectively. It seems

that addition of tires to kukersite does not in

crease the yield of CAHC. However, the yield

of this fraction from K-90-oil was 26.1 percent.

It is possible that the yield of this fraction was

influenced by the carbonate matter of kukersite

when K-OR and K-OR with tires were processed

in the unit with solid heat-carrier.

CAHC from SHC-oil compared to CAHC from

SF-oil contain more low-boiling compounds

(approximately 50 percent of the fraction), which

boil at lower temperatures than naphthalene. It

was found that during thermal decomposition a

great amount of limonene was formed

(approximately 10 percent per fraction boiling at

160 to 180C into which limonene belongs as its

boiling temperature is 174C). Limonene was

found also in the CAHC fraction of SHC-oil but

in smaller amounts due to smaller amounts of

added tires. The CAHC fraction from K-90-oil

compared to the CAHC fraction from SHC-oil

contains more low-boiling compounds, and the

reason is also the addition of tires. Commonly,

SF-oil contains 84.8 percent of hydrocarbons

(NAHC, AAHC, CAHC together), SHC-oil

54.5 percent,
K-90-oil39.3 percent and K-OR-

oil 35.0 percent.

The share of oxygen-containing compounds

(OC-fraction) in oils formed from kukersite dur

ing processing in the retort and in the SHC-unit

is as follows: 31 .8 percentK-OR-oil;

37.8 percentK-90-oil, and 32.4 percent

SHC-oil. In SF-oil the content of the OC-

fraction is 1 1 .8 percent, and this is logical, as

tires contain no oxygen. Very likely, oxygen for

formation of these compounds is taken from the

air and moisture present in the semicoking unit.

it is observed that methylketones-1 predominate

up to C13, and after that symmetrical ones pre

dominate. The OC-fraction from SF-oil contains

symmetrical ketones with the maximum C17-C21-

These ketones have evidently been formed

during oxygenation of the last double bond of

the butadiene chain.

Thus, the oil obtained at the SHC-unit is unsatu

rated, and the oil obtained during SF-processing
of tires only has a low flash point, +5C, and

cannot be used as a fuel without an additional

treatment. It is reasonable to treat the tires with

the addition of ordinary kukersite in SF-

processing; the carbonate matter of kukersite

should bind the sulfur of the tires, and oil would

be enriched with hydrocarbons and phenols, say

the authors.

DECUNE OF ESTONIAN OIL SHALE

INDUSTRY FORECAST

In Oil Shale, 1999, Volume 16, Number 4,
E. Reinsalu, editor of Oil Shale, forecast the

decline of the Estonian oil shale industry. Ac

cording to Reinsalu, mining and utilization of

Estonian oil shale is dying out in a quite natural

way as the lifetime of the deposit is running out.

Figure 1 characterizes the life-cycle of some

deposits with the initial increase in the explorta-
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FIGURE 1

INCREASEANDDECREASE IN OILSHALE MININGAND UTILIZING

Formal Forecast at 1978 and at 1997
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tion rate followed by its decrease. This figure

also demonstrates how the forecasts, both opti

mistic and pessimistic, cannot always be

trusted. The fact that the Estonian deposit is

still rich in oil shale does not mean that mining

will continue at the present level: the resources

explored by geologists do not reflect the amount

of the mineable reserve. The resources were

determined according to the needs of the

planned economy, considering the construction

of a third powerplant utilizing Estonian oil shale,

says the author.

Mining and utilization of Estonian oil shale, es

pecially for producing oil, has been strongly

supported by the state from the beginning of the

oil shale industry: first by the government of the

Estonian Republic, then by the occupying

power. The government of the re-established

Estonian Republic has steadily managed and

supported oil shale industry.

As long as the state has been the owner of the

enterprises of the whole oil shale industry, the

government has administered them by main

taining the shale price and by oil shale quality

control. The task of the mining company Eesti

Polevkivi was to organize oil shale mining ac

cording to the needs of concentration plants that

supplied oil industry, and to guarantee, at the

same time, the acceptable quality of powerplant

fuel. This policy resulted in selling expensive

concentrated oil shale to the oil industry at a low

price and cheap oil shale to powerplants at a

high price.

The second problem of the government con

cerned restraining social tensions. The mines

and open casts have been operated part-time to

engage all miners. There exist no technical or

management problems with reduction of mining

(closing the mines) and allowing the remaining
enterprises to work at full capacity, says Rein-
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salu. There will be no problems with a simplifi

cation of enrichment technology after a reduc

tion of the oil industry, either. The government

has held back from doing all this only to avoid

increasing social strain.

The first step in the disestablishment of the oil

shale industry was privatization of the oil indus

try, says Reinsalu. It means that the govern

ment shifted the blame for liquidation of non-

profitable oil industry to private enterprises. The

enterprises are compensated by allowing them

to buy, as long as they still operate, enriched oil

shale from the state enterprise Eesti Polevkivi

at a cheap price, at the cost of electricity. This

is possible while electricity is relatively cheap,

but this will not last long. After liquidation of the

oil industry and the solution of social problems,

there will remain no need to enrich oil shale nor

to have a mining company. The quality of oil

shale needed by a powerplant will easily be

guaranteed without enriching the oil shale, just

by specifying its minimum grade from the mine.
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PROJECT ACTIVITIES

EUB APPROVES SHUT-IN ORDER FOR GAS

WELLS IN GULF'S SURMONT LEASES

In November 1996 the Alberta (Canada) Energy
and Utilities Board (EUB/Board) received a

submission from Gulf Canada Resources Lim

ited (Gulf) requesting that the Board order the

shut-in of associated gas production from the

top of the Wabiskaw Member to the base of the

McMurray Formation (Wabiskaw-McMurray) on

its Surmont oil sand leases. Gulf submitted that

pressure depletion of the gas pools in associa

tion with the oil sands zones would adversely

affect the recovery of bitumen by the Steam-

Assisted Gravity Drainage (SAGD) process to

the extent that the bitumen might not be recov

erable. Gulf subsequently amended its request

to include the shut-in of associated gas from

wells within a three-section buffer area sur

rounding its Surmont leases. Petro-Canada Oil

and Gas (Petro-Canada) made a submission in

support of Gulfs request, while the Surmont

Producers Group (SPG) made a submission

opposing Gulfs request. The Anzac Metis Local

No. 334, Chipewyan Prairie Dene First Nation

and Fort McMurray No. 468 First Nation made

submissions regarding the encroachment of oil

and gas activity on their traditional way of life,

the need for consultation between them and the

oil and gas industry, and opportunities for em

ployment. A hearing to consider Gulfs request

was held during April to September 1999.

The Board believes that the bitumen resources

on Gulfs Surmont leases are on the order of

15 billion barrels. If 35 to 50 percent of the bi

tumen is ultimately recoverable, as suggested

by Gulf, this would result in the production of

5.25 billion to 7.5 billion barrels of bitumen, re

spectively. The estimates for remaining recov

erable gas reserves in the requested gas shut-in

area range from 95 billion to 180 billion cubic

feet, which on an energy basis (i.e., 17 million to

32 million barrels of oil equivalent) is much less

than the potentially recoverable bitumen, on the

order of half of 1 percent.

The Board believes that all the Wabiskaw-

McMurray gas being produced by wells on the

Gulf Surmont leases is or has the potential to be

associated with the underlying bitumen, either

through direct vertical continuity or indirectly

through lateral continuity of the gas and water

zones. Also, the Board believes that the gas

being produced by many of the wells in the

three-section buffer area is or has the potential

to be indirectly associated with the bitumen on

Gulfs Surmont leases through lateral continuity

of the gas and water zones in the buffer area

with the gas and water zones on Gulfs Surmont

leases.

The Board believes that reservoir modeling rea

sonably demonstrates that producing associated

gas in the Surmont area would likely have a det

rimental effect on SAGD bitumen recovery and

that the detrimental effect increases with de

creasing gas pool pressure. The magnitude of

the detrimental effect could be significant and is

dependent on several factors, including the spe

cific reservoir situation, the operating strategy,

the abandonment pressure of the gas pools, and

the economic circumstances. While there are

only limited data available from the Surmont

SAGD pilot, and although additional data are

continuing to be obtained, the Board believes

that it is not acceptable to wait for these addi

tional data before deciding on Gulfs request

because waiting would involve a significant risk

to future bitumen recovery.

With respect to the concerns raised by the Metis

and First Nations, the Board expects that energy
operators will consult with them in a meaningful

way. The Board intends to follow up on the

concerns about impacts and opportunities from

future developments to determine if ongoing

regional initiatives may be of assistance.

After considering all the evidence submitted to

the hearing, the Board concludes that continued

production of associated gas presents a signifi

cant risk to future bitumen recovery from the

Gulf Surmont oil sands leases. Accordingly, the

Board grants Gulfs request in part. The Board

ordered the shut-in ofWabiskaw-McMurray gas

48

THE SYNTHETIC FUELS REPORT. JULY 2000



 



OIL SANDS

production effective May 1,2000, from 146 of

the 183 wells that Gulf requested by shut-in.

The Board's decision results in the following
considerations and requirements:

The Board recognizes that there will be

practical implications to its decision and

that it may be necessary to put in place

follow-up processes to deal with these

implications. These follow-up processes

would deal with matters relating to well

suspensions/abandonments, pipeline is

sues and other matters resulting from the

Board's decision.

The Board will require Gulf to submit an

nual reports on the management of the

resources on its Surmont leases, includ

ing the continued assessment of the ef

fect that the pressure of the overlying

gas zone has on SAGD bitumen recov

ery. Also, if requested, the Board is pre

pared to work with the interested parties

to assist in the development and imple

mentation of a pressure-monitoring pro

gram in the Surmont area.

The Board will not shut-in 22 of the

Wabiskaw-McMurray gas wells in the

three-section buffer area that Gulf re

quested by shut-in because the Board

does not believe that the gas being pro

duced is associated with the bitumen re

sources on Gulfs Surmont leases. How

ever, the Board believes that the gas

being produced by these wells and other

gas wells in the Surmont and geologi

cally similar areas could be associated

with and present a risk to underlying bi

tumen. The Board therefore intends to

review the appropriateness of continued

gas production from these wells and may

require the licensees to submit reports to

the Board that address this issue.

The Board does not have a concern with the

remaining 15 wells requested by Gulf to be
shut-

in because, according to the EUB's records,

they are not completed in the Wabiskaw-

McMurray.

Following the EUB's decision Alberta's Minister

of Resource Development, S. West, met with

representatives of gas producing companies

affected by the Order to shut-in gas production

in the Surmont area south of Fort McMurray.

West agreed to begin a process of working with

producers affected by the EUB decision to ar

rive at a fair and equitable solution. Alberta Re

source Development will meet with affected

producers in early May to discuss terms of ref

erence for the resolution process.

GULF CANADA RESOURCES ADDS THIRD

SAGD WELL AT SURMONT

Gulf Canada Resources Ltd. recently applied

with the Alberta Energy and Utilities Board to

expand its operations at Surmont in the Ath

abasca oil sands area. Specifically Gulf Can

ada wants to amend Experimental Scheme Ap
proval No. 8063 to:

Add a third horizontal Steam-Assisted

Gravity Drainage (SAGD) well pair and

associated facility modifications.

Extend the approval expiry and confi

dentiality date to July 31 , 2003.

The Alberta Energy and Utilities Board may

continue to process this application without fur

ther notice if no bona fide objections are re

ceived on or before June 26, 2000.

SHELL ACCOMPUSHES SIGNIFICANT

REDUCTION IN STEAM/OIL RATIO AT

PEACE RIVER

An estimated 10-billion barrels of bitumen exists

under Shell acreage in the Bluesky Formation

and Ostracod Zone of the Peace River region.

Shell Canada has been actively piloting and

testing schemes since the early 1960s to find a

commercially viable way to unlock this immense
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natural resource. K. Lawrence of Shell Canada

Ltd. discussed the company's recent successes

at their Peace River site in his presentation to

the Canadian Heavy Oil Association in June.

Shell currently operates 15 Soak Radial (SR)
wells with total lateral lengths ranging from

200 meters to nearly 1,000 meters. Recent

success using SR wells, which combine cyclic

steam stimulation with multilateral-horizontal

well technology, has vastly improved steam-oil-

ratios from 4.0 cubic meters per cubic meter

down to 2.5 cubic meters per cubic meter, and

provided a renewed focus on development po

tential for the existing asset at Peace River.

CORPORATIONS

SYNCRUDE CELEBRATES RECORD YEAR

It was a year of records in 1999 for Syncrude

Canada Ltd., as its annual report, released in

May, attests.

For starters, Syncrude reached a new produc

tion record of 81 .4 million barrels of Syncrude

Sweet Blend, its
18th

record in 21 years. At

$12.64 per barrel, the oil sands joint venture

also recorded its lowest ever unit costs. Capital

expenditures on the $8-billion Syncrude 21 ex

pansion program topped $752 million.

Some examples of Syncrude's operations prog

ress are found in the mining area, which is

transforming into a highly efficient truck-and-

shovel operation complemented by hydrotrans-

port pipelining. Hydrotransport is a key technol

ogy behind the viability of Syncrude's Aurora

mine area, which commenced operation

May 31. Aurora is 40 kilometers from Syn

crude's main plant site and will introduce a pro

prietary low-energy extraction system that will

bring about 40-percent reductions in the amount

of energy needed to produce a barrel of bitu

men.

Syncrude is well on track to meeting its aggres

sive emissions reduction targets for both sulfur

dioxide and carbon dioxide.

From 1990 benchmarks, they are expected to

fall by 70 percent and 38 percent, respectively,

by 2008. Toward this, a new vacuum distillation

unit was installed at Syncrude's Mildred Lake

site in November 1999. As well, significant

modifications to one of its cokers were made in

March 2000.

Years of research into land reclamation are be

ing reflected in Syncrude's Composite Tails

project, which is now beginning the transforma

tion of retired mine areas into lakes and new

solid landforms.

Syncrude is Canada's largest single source of

crude oil and the world's largest producer of oil

from oil sands. Target production for 2000 is

90 million barrels and will grow to 165 to

170 million barrels by 2008.

By then, Syncrude Sweet Blend (SSB) will be

improved to a higher quality than it is today
with even lower sulfur levels and cleaner burn

ing properties.

Operations Review

Syncrude produces crude oil through a continual

process operation: Ore comes in from the mine,

it is processed and converted into a finished

product which is shipped to refineries.

Production of SSB is going up while costs are

falling dramatically (see Table 1).

Instead of draglines and bucketwheel reclaim

ers, Syncrude is moving to a more efficient

system of trucks and shovels. As part of this

transition, they retired one dragline and two

bucketwheel reclaimers from the Base Mine

during the year. In July they brought the second

truck-and-shovel production train on-line in the

North mine area; the first train commenced

in 1997.
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TABLE 1

JOINT VENTURE OPERATING RESULTS

1999 1998 1997

Shipments of Syncrude Sweet Blend (SSB)
Millions of Barrels

Thousands of Barrels per Day
Direct Operating Costs

C$ per Barrel

Total Unit Costs

C$ per Barrel

Capital Expenditures

Millions of C$

Environment

S02 per Thousand Barrels of SSB

Energy Consumption (millions of BTUs/barrel of SSB)

Safety
Syncrude Disabling Injury Frequency

Workforce Productivity
Thousands of Barrels per Employee

81.4 76.7 75.7

223 210 207

11.44 12.74 13.06

12.64 13.57 13.78

752 481 355

0.93 0.87 0.93

1.23 1.30 1.29

0.11 0.08 0.33

23,290 21,430 21,550

In total, six 380-ton trucks and two new shovels

were introduced to the North mine area. Syn

crude worked closely with Caterpillar Inc. to de

velop these trucks and, in 2000, will be the first

oil sands mine to test 400-ton trucks.

By 2007 Syncrude will completely retire its

original mining equipment. By then mining op

erations will be based entirely on trucks and

shovels.

Change is likewise under way in how oil sand is

moved and processed. Instead of conveyors,

half of the ore transport operation has now been

converted to the hydrotransport system. With

this technology, oil sand and water are com

bined into a slurry and transported via pipeline

to the extraction plant. Hydrotransport is not

only the key to mining at long distances from

the plant, but also the doorway to improving

cost per parrel and reducing greenhouse gas

emissions.

The entire mining process now looks like this:

Shovels mine the oil sand and dump it into

trucks which in turn dump the oil sand into

crushers. From there, the oil sand is fed into a

cyclofeedera mixing
boxwhere water is

added. Then the mixture moves to the extrac

tion plant via hydrotransport, starting the sepa

ration process.

Reclaiming the Land

Some 230 hectares of land were reclaimed

during the year and the company says it made

excellent progress researching new technolo

gies that will incorporate tailingssand, water

and clay into the reclaimed landscape. Espe

cially promising is paste technology, which has
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the potential to entirely eliminate the need for a

tailings pond. The paste process separates

tailings into their constituent parts: Water is

immediately recycled back to the plant while

sand is dropped back into the mine pit; what

remains is processed into a solid form and used

immediately for reclamation into a finished

landscape. Field demonstrations in 2000 will

help determine the viability of full-scale imple

mentation.

Low Energy Extraction

Success with hydrotransport has enabled Syn

crude to develop the Low Energy Extraction

process, which reduces the process tempera

tures required to extract bitumen from the oil

sand. The first two systems operate at a slurry

temperature of 50C, down from the tradi

tional 80C. The Aurora system, to be installed

in 2000, will operate at 25C to 35C.

Improvements in Bitumen Processing

Once the bitumen has been extracted from the

oil sand, it enters the upgrading operation.

Cokers used to be shut down each year for a

month at a time. Today, through ongoing con

tinuous improvement programs, their operating

capabilities have been extended to 24 to

30 months between maintenance shut downs.

FIGURE 1
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As part of the Upgrader Debottleneck project, a

new vacuum distillation unit was brought on-line

in November. This process unit increases the

yield of SSB from bitumen and will account for

20 percent of the energy efficiency gains

in 2000.

Also, a new cogeneration power facility was

brought on-line in July at the Aurora site. In

only 5 months of operation it delivered net im

port energy savings of $3.6 million. Energy effi

ciency gains will increase when exhaust gases

from the generator are captured and used to

heat water for use in the extraction process.

Energy use per barrel of product was the lowest

ever in 1999. At 1.23 million BTU, this is a

5 percent improvement over the previous best

year in 1997 (see Figure 1). By 2008 Syncrude

will use just two-thirds of the energy needed to

make a barrel of SSB in 1988.

SO2 emissions from the main stack, however,
increased modestly compared to last year at

0.93 tonnes per thousand barrels of production.

Significant modifications and improvements are

expected to reduce SO2 emissions by a target of

70 percent per barrel and 5 percent total by
2007.

Syncrude 21

In 1999 the joint venture invested $752 million

in capital expenditures to support the Syn

crude 21 suite of projects. In 2000 about

$500 million will be invested in such projects as

the Aurora mine area, a second upgrader de-
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bottleneck and the upgrader expansion, which

has been approved by the Alberta Energy and

Utilities Board. Engineering on the expansion is

now underway with a planned 2001 construction

start.

As the new upgrader comes on-stream in

phases between 2003 and 2004, the highly mar
ketable crude oil produced by Syncrude will

feature even lower sulfur content and better

overall quality. With the trend across North

America toward lower sulfur content in gasoline,

SSB will meet some of the toughest environ

mental standards and be an attractive product to

meet growing energy needs.

Owners'

Pro Forma Results

From a financial perspective, 1999 was a year

marked by fluctuating oil prices. The price of

West Texas Intermediate (WIT) moved from a

low of US$1 1 at the start of the year escalating

to US$27 at the end of the year with an average

price for 1999 of US$19.24.

The average exchange rate for 1999 was

US$0.67 per Canadian dollar.

Deemed Unit Prices for SSB averaged

C$27.91 per barrel at the plant gate

(US$19.24 per barrel for WTI crude), up

$7.48 per barrel from 1998.

As a result, for the year ending December 31,

the
owners'

pro forma revenue from SSB crude

oil, net of transportation costs, was

$2,272 million, up $706 million from the reve

nue of $1,566 million in 1998.

Operating cash flow, defined as revenue, less

direct operating expenditures, corporate G&A,

research, and certain financing costs, royalties,

and working capital changes, more than doubled

to $1,114 million $13.69 per barrel), compared

to $6.82 per barrel in 1998. This marks the best

year ever in Syncrude's history and can be

credited not only to higher oil prices, but also to

employee efforts to reduce operating costs as

well as increase production.

Net cash flow, after capital expenditures and

before taxes, was $362 million ($4.44 per bar

rel), compared to $43 million ($0.56 per barrel)
in 1998.

SUNCOR REPORTS RECORD QUARTERLY

EARNINGS BUT INCREASED PROJECT

COSTS

Suncor Energy's first-quarter 2000 results were

summarized in the company's report to share

holders for the period ended March 31 ,
2000.

According to R. George of Suncor, "Record Oil

Sands production and significant improvement

in Suncor's refinery margins during the quarter

played a big role in driving us to our best quarter
ever."

First-quarter highlights include:

(All financial figures are in Canadian dollars

unless noted otherwise.)

Suncor Energy Inc's first-quarter earn

ings for 2000 rose to a record

$105 million ($0.89 per common share),

up from $1 1 million ($0.09 per common

share) in the first quarter of 1999. The

improvement was primarily a result of in

creased oil and gas prices, record oil

sands production and higher downstream

refining margins.

During the first quarter, cash flow from

operations was a record $269 million

($2.33 per common share), compared

with $93 million ($0.84 per common

share) in the first quarter of 1999.

Revenue for the quarterwas $779 million

compared with $469 million during the

same period in 1999.

Total production of conventional and

synthetic crude oil, natural gas and natu

ral gas liquids reached a record

148,600 barrels of oil equivalent per day,
an increase from the 1999 first-quarter
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average of 133,900 barrels of oil

equivalent per day. The increase was

due to an average quarterly production

record at Oil Sands of 114,800 barrels

per day, which was partially offset by
lower conventional production.

ProjectMillennium

The $2-billion Project Millennium oil sands ex

pansion made significant advances during the

quarter, including the installation of major

equipment such as the four coke drums and

fractionator used in the new upgrader. By the
end of the quarter, about 22 percent of the site

construction and 89 percent of the engineering
woric had been completed.

Project Millennium is under some cost pressure.

The $2-billion project budget has increased by
$150 million due to design changes to improve

reliability and provide for the potential of in

creased production. In addition, overall costs

could increase by 5 to 15 percent as a result of

the strong Alberta economy. George says these

increases in Millennium costs are not expected

to have a material impact on the project's return

on capital or cash cost per barrel. "Project Mil

lennium is designed to make Suncor the lowest

cost supplier of crude in North America, and we

are still very much on track to achieve our
goal."

Oil Sands

Suncor's Oil Sands business remains on track to

achieve projected growth in production. Daily
production is targeted to average 115,000 bar

rels per day (bpd) in 2000, 130,000 bpd in 2001,
210,000 bpd in 2002 and 225,000 bpd in 2003.

(See Figure 1.)

Oil Sands achieved a new production record,

averaging 114,800 barrels per day in the first

quarter of 2000, up 20 percent from the same

period in 1999.

During the quarter, Suncor announced inten

tions to invest a total of $750 million to increase

Oil Sands upgrading capacity and to develop a

commercial-scale, in situ bitumen recovery

FIGURE 1
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project on its Firebag properties, 40 kilometers

northeast of the Oil Sands plant. Construction

of the in situ facility is expected to begin

in 2001
, pending regulatory and board of direc

tors'

approval. If approved, Oil Sands produc

tion is expected to increase to 260,000 bpd by
the end of 2004.

Oil Sands earnings rose to $90 million in the

first quarter of 2000 compared with earnings of

$17 million in the first quarter of 1999. Cash

flow from operations rose to $199 million, up

from $53 million in the first quarter of 1999.

Higher crude oil prices, increased production

and sales volumes and lower per-barrel cash

operating costs contributed to the improved re

sults. These positive factors were partially off

set by crude oil hedging losses and higher non

cash charges.

Cash operating costs per barrel declined to an

average of $11.10 compared with cash operat

ing costs of $12.55 in the first quarter of 1999.

Higher sales volumes contributed to the im-
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provement in cash operating costs. Oil Sands is

targeting cash operating costs to aver

age $11.50 for 2000.

SUNCORAPPUES FOR HUGE (140,000 BPD)
COMMERCIAL IN SITU PROJECT AT

FIREBAG

Suncor Energy Inc. (Suncor) has applied to the

Alberta Energy and Utilities Board (EUB) and

Alberta Environment (AENV) for approval to

construct and operate a steam-assisted gravity

drainage oil sands project in the Athabasca re

gion of Alberta, Canada. The commercial proj

ect is designed to produce approximately

22,206 cubic meters per day (140,000 barrels

per day). The Firebag In Situ Oil Sands Project

will employ a series of dual horizontal wells for

steam injection and bitumen recovery.

In support of their proposal, Suncor has pre

pared and submitted the following applications:

Application No. 1065224 to the EUB for

authorization to construct and operate

the proposed Firebag Thermal Project.

In support of its proposal and as part of

this application to the EUB, Suncor has

also prepared and submitted an Envi

ronmental Impact Assessment report to

the Executive Director of Policy Secre

tariat, AENV.

Application No. 001-80105 to AENV to

construct, operate, and reclaim the pro

duction facility and camp.

An application (File No. 71367) to AENV

to divert up to 200,000 cubic meters of

surface and groundwater annually for

domestic purposes. Groundwater wells

will be up to 100-meters deep.

The EUB, AENV and other government depart

ments are now undertaking reviews of the appli

cations.

Statements of concern must have been sub

mitted on or before June 26, 2000.

If no statements of concern are received, the

Environmental Protection and Enhancement

Act, and Water Act applications may be ap

proved without further notice.

PDVSA 10-YEAR PLAN SEES ORIMULSION

OUTPUT QUADRUPLING BY 2009

Petroleos de Venezuela SA (PDVSA) recently

announced its 2000 to 2009 business plan,

which calls for investments of over $53 billion in

its oil, natural gas, chemicals, and manufactur

ing and marketing operations. The plan is

structured to almost double PDVSA's crude oil

production and increase its exports to the United

States over the next 10 years. The goal is to

strengthen and enhance PDVSA's role in the

world energy market and in the economic de

velopment ofVenezuela. The plan was outlined

in the April 2000 issue of World Refining.

Crude oil production, under the plan, will be in

creased from 3.56 million barrels per day

(MMbpd) by the end of 1999 to 5.8 MMbpd

by 2009. The focus will be on high-value light

and medium-gravity crude oils. Refining capac

ity will be increased by 200,000 parrels to

1 .3 MMbpd, and more than half of the

$2.7 billion in investments in this sector will be

to meet more stringent environmental require

ments. Production of Orimulsion, PDVSA's

brand-name boiler fuel composed of bitumen

from the country's Eastern region, will increase

from 5 million tons currently to 20 million tons

in 2009.

Throughout the next 10 years, significant atten

tion will be given to expanding PDVSA's natural

gas operations. In the petrochemical arena,

production of fertilizers, methanol, plastics, oxy
genates and aromatics will more than double to

approximately 22 million tons per year by 2009.
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SUNCORWILL TEST IN SITU SOLVENT

EXTRACTION AT FIREBAG

Suncor Energy Inc. (Suncor) has applied to the

Alberta Energy and Utilities Board (EUB) and
Alberta Environment (AENV) for approval to

construct and operate an experimental oil sands

production project in the Athabasca region of

Alberta, Canada. The project is designed to test

the effectiveness of a process that will extract

oil sands in situ using light hydrocarbons circu

lated in horizontal wells. The anticipated pro

duction rate is 190 cubic meters per day
(1,200 barrels per day) of bitumen.

The application requests approval to:

Drill and operate up to four horizontal

wells

An application under Public Lands Act to

construct a road into the camp and pro

duction facility.

The EUB and AENV may continue to process

this application without further notice if no

bona fide objections or statements of concern

are received on or before July 4, 2000.

Future applications regarding the installation of

fuel gas and electrical power utilities into the

camp and pilot site may be processed without

further notice.

GOVERNMENT

Construct and operate an oil production

facility at 1-95-6 W4M

Construct and operate a personnel camp

Drill water wells for camp and opera

tional needs

Construct an access road from the ex

isting Canterra Road to the pilot facility

In support of their proposal, Suncor has pre

pared and submitted the following applications:

An application to construct and operate

the facility under the Oil Sands Conver

sion Act.

An application to construct, operate and

reclaim the production facility and camp

under the Environmental Protection and

Enhancement Act.

An application under the Water Act to

construct a culvert crossing on the North

Steepbank River, and to drill water wells

for domestic and industrial use. The

wells are to be completed to a depth of

200 meters and are to supply up to

73,250 cubic meters per year.

ALBERTA APPROVES NEW OIL SANDS

TENURE REGULATION

In March Canada's Oil Sands Tenure Regulation

(AR 50/2000) was approved. The regulation

replaces the Oil Sands Regulation (AR 228/91)
and is effective immediately. The new regula

tion differs from the 1991 regulation in these

notable ways:

The number of types of leases is simpli

fied from nine into only two: primary and

continued. All existing leases and any
leases issued under this regulation would

be placed into one of these categories.

Permits remain unchanged as the other

type of agreement for oil sands.

The term for primary leases is standard

ized at 15 years for most leases, how

ever, existing leases with longer terms

will be allowed to complete those terms.

The requirement for the filing of devel

opment plans to renew second term

leases is no longer required.

Primary leases may now be continued,

upon the request of the lessee, if those
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leases have been geologically evaluated

to a minimum standard.

Any primary lease whose term would ex

pire before May 31, 2002, is automati

cally extended to that date, to allow les

sees additional time to meet the new

evaluation standards.

OIL SANDS ORDERS AND APPROVALS

USTED

The recent orders and approvals in the oil sands

area issued by Alberta, Canada's Energy and

Utilities Board are listed in Table 1, next page.

The methods accepted for the evaluation

of oil sands have been broadened to in

clude geophysical techniques as well as

geological, reducing some drilling re

quirements.

There are two types of continued leases,

producing and non-producing. Non-

producing leases will be subject to an

escalating rent to encourage either

bringing those leases into production or

overcoming the hurdles (e.g., economic,

technological) that are keeping the lease

out of production.

The escalating rent doubles every

3 years, but has a ceiling. For Cold

Lake, surface-mineable Athabasca, and

Wabasca oil sands rents start at $7 per

hectare with a ceiling of $224 per hec

tare. The remainder of Athabasca and

Peace River oil sands rents start at

$3 per hectare with a ceiling of $96 per

hectare.

Escalating rents may be reduced by ex

ploration for development work on non-

producing leases or by conducting re

search directly applicable to the non-

producing leases.

TECHNOLOGY

PASTE TECHNOLOGY MAY OFFER NEW

ROUTE TO TAIUNGS DISPOSAL

Paste Technologywas reviewed as one possible

option for oil sands fine-tailings disposal in the

Spring 2000 issue of CONRAD Connections

Paste Technology has the potential to signifi

cantly reduce and even eliminate tailings ponds.

Tailings ponds are large structures designed to

provide enough residence time for the fine sus

pended solids in the tailings runoff to settle out,

thereby forming a clarified layer of water for re

use in the oil sands separation process. The

settled solids density over time but generally

remain in a fluid state for centuries at the bot

tom of the pond.

On the other hand, the solids in fine tailings can

be rapidly settled in a vessel known as a thick

ener using flocculants. The thickener overflow

is recycled back to the oil sands separation

process and the relatively dense thickener un

derflow (known as paste) is pumped to the dis

posal site. Because the paste has a relatively

high viscosity the discharged fine tailings forms

a shallow sloped deposit. The water content of

the paste is at that point on the strength curve

where a small decrease in water content results
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TABLE 1

SUMMARY OF OIL SANDS ORDERS AND APPROVALS

Order Number Date

App 8093A 27 Jan 2000

App 6723M

App 6723N

App 8611

App 8061E

20 Jan 2000

26 Jan 2000

App67230 10 Feb 2000

App8558A 20 Apr 2000

11 Apr 2000

App8096A 29 May 2000

App 8043A 23 May 2000

11 May 2000

App 851 9A 20Jun2000

Description

Experimental Oil Sands Schemes

Black Rock Ventures Inc.

Hilda Lake

Primary Recovery Schemes

Amoco Canada Petroleum Co. Ltd.

Brintnell Area

Primary Recovery Shemes

Amoco Canada Petroleum Co. Ltd.

Brintnell Area

Commercial Oil Sands Schemes

Imperial Oil Resources Ltd.

Cold Lake Sector

Primary Recovery Schemes

Anderson Exploration Ltd.

Frog Lake Sector

Experimental Oil Sands Schemes

CS Resources Ltd.

Pelican Lake Area

Primary Recovery Schemes

Elan Energy Inc.

Cold Lake Sector

Primary Recovery Schemes

Amber Energy Inc.

Brintnell Area

Enhanced Recovery Schemes

Canadian Natural Resources Ltd.

Brintnell Area

Expires/

Rescinds

21 Jul 2000

App 3950

31 Dec 201 5

31 Jan 2002

31 May 2001
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Order Number Date

App4746M 13Jun2000

App 8623 13Jun2000

App 661 9N

App6723P

App 8636

16Jun2000

16 Jun 2000

7 Jun 2000

TABLE 1 (Continued)

Description

Commercial Oil Sands Schemes

Consolidates Apps 3375, 4012 and 4448

Elan Energy Inc.

Lindbergh Sector

Commercial Oil Sands Shcemes

Alberta Energy Company Ltd.

Foster Creek Thermal Project

Athabasca Area

Primary Recovery Schemes

PanCanadian Petroleum Ltd.

Pelican Lake Area

Primary Recovery Schemes

Canadian Natural Resources Ltd.

Brintnell Area

Primary Recovery Schemes

Genesis Exploration Ltd.

Beaverdam Sector

Expires/

Rescinds

31 Dec 2006

31 Dec 2035

in a relatively large gain in strength. The paste

rapidly gains strength through self weight con

solidation and also natural dessication. Unlike

regular fluid fine-tailings, paste, because of its

internal strength, does not need to be contained

within high specification dikes. It is also more

amenable to
"solid"

reclamation.

A "Paste Technology for Thickened
Tailings"

International Learning Seminar was organized

by the University of Alberta School of Mining
and Petroleum last November. There were

130 participants representing aluminum, dia

mond, base metal and oil sands industries.

Part of the motivation of the organizers was to

provide a learning opportunity for the expanding
oil sands industry. Currently, for every five bar

rels of oil, approximately 1 cubic meter of fluid

fine-tailings is produced. One of the sessions

included the latest research into the application

of this technology in the Alberta Oil Sands.

CONRAD'S EXTRACTION TPG TAKING

ACTION

The goal of the CONRAD Extraction Technical

Planning Group (TPG) is to work collaboratively
to develop a solid fundamental understanding of
oil sands processing (including tailings man

agement). The Spring 2000 edition of CONRAD
Connections published by Canadian Oil Sands

Network for Research and Development
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(CONRAD) summarized the progress the Ex

traction TPG has made thus far.

During 1999 the 3-year strategy for the TPG

was set following a series of meetings in which

common industry priorities were clearly identi

fied:

Devise improved technologies which will

reduce the size of external tailings con

tainment areas and provide a readily
re-

claimable tailings deposit.

Gain an enhanced fundamental under

standing of how bitumen is extracted

from oil sands.

Develop an improved understanding of

the impact ofwater quality on extraction.

Tailings Management

1999 was a year of considerable gains in the

area of collaborative tailings management de

velopment. An industry "Cooperative Tailings

Research and Development
Agreement"

(Mobil,

Shell, Suncor, Syncrude) was signed in Novem

ber, and the parties have agreed to collaborate

and establish a consortium to fund research and

technology projects on oil sands tailings man

agement.

The planned thickened tailings (paste) demon

stration pilot test at Syncrude Aurora and Com

posite Tailing (CT) Knowledge Exchange are

the first projects that fall under the new agree

ment. The prime goal of the Thickened Tailings

Pilot is to confirm the key depositional and

geotechnical properties for a large-scale thick

ened tailings (paste) deposit. Industry and gov

ernment will jointly fund this test. The project is

currently in the design and engineering phase

with testing to commence in the third quarter

of 2000. Monitoring of the deposit will continue

through 2001.

The CT Knowledge Exchange was formalized to

bring all members to a common state of knowl

edge with respect to CT. This objective will be

achieved through establishing a common infor

mation base (comprised of reports contributed

by each firm), an Information Sharing Sympo

sium and follow-up information sharing through

networking and site visits.

Extraction Fundamentals

This group's goal is to develop a better under

standing of the basic science of bitumen extrac

tion from oil sands, through strategically inte

grating programs in this area. The Extraction

Fundamentals Focus Group has selected two

top priorities:

Understand conditioning (i.e., a collec

tion of processes that prepares the oil

sand/water slurry for subsequent bitumen

separation). In particular, what are the

elementary processes, their kinetics and

the impact of key parameters (ore type,

water chemistry, temperature, agitation,

fine solids, chemicals and air addition)?

Understand why certain types of ore or

their blends process poorly (i.e., poor re

covery and froth quality).

Water Chemistry

Process water is the lifeblood of an oil sands

operation; its quality can have significant im

pacts on extraction performance, tailings man

agement, reclamation performance and plant

integrity. The Water Chemistry Focus Group
looks forward to tackling the numerous chal

lenges in the years to come. In particular, sev

eral smaller CONRAD workshops focusing on

specific water quality challenges are planned

this year.

VARIETY OF IN SITU RECOVERY

TECHNIQUES UNDER STUDY AT CONRAD

The goal of CONRAD'S In Situ Technical Plan

ning Group (TPG) is to develop significantly
improved and economically viable recovery
technologies for heavy oil and bitumen through
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research evaluation and technology partner

ships. Chaired by D. Baker of Suncor Energy

Inc., the group's focus has ranged from improv

ing commercial and emerging recovery proc

esses to evaluating novel concepts with poten

tial for major breakthroughs. This work was re

cently summarized in the Spring 2000 edition of

CONRAD Connections published by Canadian

Oil Sands Network for Research and Develop
ment (CONRAD).

Cold Production

Cold production is a commercial process in

which the operator intentionally produces sand

from the reservoir to more aggressively develop

heavy oil pools and increase oil production

rates. The research and development activity in

cold production has concentrated on develop
ment of a field-scale numerical model and on

screening/evaluating/modeling current and po

tential cold production fields.

A field-scale model of cold production, com

prising a fluid drainage model iteratively linked

to a sand transport model, has become opera

tional. Improvements under way are based on

inserting better mechanistic descriptions and

more accurate parameter measurements into

the fluid drainage and sand transport models,

and on achieving a tighter coupling between the

two models within the field-scale model. Work

was conducted on more accurate descriptions of

the key mechanisms of cold production includ

ing:

Improved treatments of foamy oil be

havior

Derivation of a kinetic differential equa

tion to treat bubble coalescence and

growth

The interaction between wormholes at a

well and improved estimates of worm-

hole diameter

Predictions of sand transport based on

experimental behavior and transport

models

Gas and Solvents Research

Gas and solvents research is aimed at devel

oping gas and light hydrocarbon stimulation of

heavy-oil reservoirs. The incentive is to de

velop less energy-intensive processes and to

recover oil from formations not amenable to

other recovery processes. Major highlights in

clude:

Solvent rise rate experiments have

showed that high rates of mixing may be

expected from bottom-up processes us

ing propane injected into the bottom

water zone below heavy oil. Computed

Tomography (CT) flow experiments have

been used to calculate effective mixing

rates for the transverse dispersion gov

erning mixing at the oil/solvent interface.

Numerical simulations have successfully

matched the CT experiments as well as

viscous fingering experiments in the lit

erature. The simulations demonstrate

that classically predicted physical disper

sion accounts for all or most of the ob

served mixing.

Significant process improvements were

predicted for a solvent-assisted gravity

drainage process, when a heated well

bore is used.

The thermal gravity project is directed at

significantly improving the design of

thermal gravity processes. The Steam-

Assisted Gravity Drainage (SAGD) proc

ess, combined with horizontal well tech

nology, offers a cost-effective alternative

to other thermal processes with vertical

wells. The research strategy was aimed

at accelerating SAGD initiation and

growth and on improving steam-to-oil ra

tio by placing a blocking layer below the

producing well, by adding small amounts

of hydrocarbon additives in steam at

specific conditions and by developing
numerical models to predict performance

as a function of reservoir type.
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Other In Situ Recovery Projects

Other projects carried out in the course of the

year include:

Follow-up project focused on develop
ment of a post-primary process, through

the use of CO2 and CCVhydrocarbon gas
mixtures.

Reservoir maintenance comprises efforts

to improve conformance mainly through

water shut-off and sand control. Field

tests of ARC'S sand control and clay-gel

technology continued to provide field

demonstration experience.

Evaluation projects were also launched

to obtain preliminary assessment on

acoustic stimulation, thermal sand pro

duction and low temperature oxidation

use to consolidate the near-well forma

tion.

ENVIRONMENT

OIL SANDS IMPACT ON ALBERTA'S

BOREAL FOREST TO BE STUDIED

The oil sands industry is poised to embark on

the next wave of development in Northeastern

Alberta, Canada. A number of environmental

organizations, including the Oil Sands Environ

mental Coalition, are concerned with the im

pacts of industrial activity, including in situ oil

sands development, on the ecological integrity
of the boreal forest. In April G. MacCrimmon of

Pembina Institute discussed the environmental

impact of in situ oil sands development in Al

berta's Boreal Forest in a presentation to the

Canadian Heavy Oil Association.

Between 80 and 90 percent of oil sands re

serves are too deep for surface mining tech

niques and will require some form of in situ ex

traction technology for their recovery. Although

in situ extraction techniques are frequently pro

moted as being environmentally superior to

surface mining, they can, nevertheless, result in

significant environmental disturbance due to the

network of wells, pipelines, predevelopment

clearing and seismic exploration techniques

which contribute to habitat loss and fragmenta

tion. These impacts are in addition to the ex

isting disturbance caused by forestry, conven

tional oil and gas activity, mining and other in

dustrial users of the Boreal Forest. Conse

quently, the Pembina Institute is proposing a

Boreal Forest Use Framework to address the

impacts of industrial development in the Boreal

Forest and to provide guidance to industry and

regulators regarding in situ oil sands develop
ment.
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PROJECT ACTIVITIES

FINANCIAL FUTURE BRIGHTENS FOR

DAKOTA GASIFICATION

1999 has proven to be pivotal for Dakota Gasifi

cation Company (DGC), as detailed in the Basin

Electric Power Corporation 1999 Annual Report.

The turnaround has been the result of achieve

ments in a long-term strategic plan developed

by the DGC management team.

A major part of that strategy was reducing plant

expenses. DGC employees achieved more

than $20 million in savings in 1999 compared to

1998, without jeopardizing the reliability of the

Synfuels Plant.

Another significant part of DGC's overall strat

egy has been to hedge the pricing for the natu

ral gas produced by the Synfuels Plant.

Natural gas prices strengthened through the end

of 1999. However, like other commodities,

natural gas goes through market pricing cycles.

To achieve more financial stability, DGC has

been employing a financial transaction called

hedging. Through hedging, DGC is able to en

sure a price for a portion of its natural gas, fore

going the benefits of high prices but avoiding

the revenue drop when prices fall.

In 1999 hedging activities produced $3.5 million

for the company. In 2000 DGC has hedged

more than half of its natural gas production at a

price of nearly $2.80 per dekatherm. For 2001

about one-third of the production has been

hedged at nearly $2.60 per dekatherm.

Currently DGC breaks even when natural gas

prices reach $2.50 per dekatherm, adding about

$450,000 per month for each $0.10 increase per

dekatherm.

1999 Financial Results

Gross revenue for DGC amounted to

$201.9 million. Of this total, $139.2 million

came from the natural gas sales and $62.7 mil

lion resulted from selling byproducts and other

miscellaneous sources. DGC's expenses to

taled $212.2 million in 1999. The company in

curred a net loss of $6.8 million after interest

and other income, interest expense and income

tax benefits.

CO2 Pipeline Built on Time and Under

Budget

The pipeline built by DGC in 1999 is nearly

ready to carry carbon dioxide into Canada for

enhanced oil recovery. The pipeline extends

205 miles north and west from the Great Plains

Synfuels Plant to an oil field operated by Pan-

Canadian Resources near the town of Goodwa-

ter in Southern Saskatchewan. PanCanadian

plans to pump the CO2 into the large Weybum

field, forecasting to draw an additional

122 million barrels of oil from the 40-year-old oil

field.

PanCanadian plans to begin taking up to

95 million standard cubic feet of CO2 per day
in 2000 possibly in September or October

under a 15-year contract with DGC. The pipe

line was targeted to be fully tested and ready to

deliver CO2 by June 2000.

In total, DGC has invested nearly $100 million in

the project, which includes the pipeline and a

compressor station at the Synfuels Plant. When

CO2 begins flowing, the project will mean about

$15 million to $18 million annually in net income

for DGC over the life ofthe project.

The PanCanadian contract calls for the sale of

about 40 percent of the total available C02 from

the Synfuels Plant. DGC will own and operate

the 167 miles of pipeline within North Dakota

while a Canadian subsidiary, Souris Valley
Pipeline Ltd., was formed to own and operate

the 38 miles of pipeline in Canada.

Synfuels Plant on Target for Environmental

Compliance

The Great Plains Synfuels Plant which was

completed in 1984, has never achieved full en

vironmental compliance. Since purchasing the

plant in 1988, DGC has been committed to
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meeting that goal, investing more than

$80 million in environmental systems and facili

ties.

Though DGC had been working toward envi

ronmental compliance, the North Dakota State

Health Department issued a Notice of Violation

in 1997 regarding the Synfuels Plant's opera

tion. As a result, DGC entered into a consent

agreement with the State Health Department in

December 1998 listing needed environmental

improvements at the plant. Most of those im

provements involve operation of the unique flue

gas desulfurization facility installed at the Syn

fuels Plant. This scrubber has been effective in

removing SO2, but ironically has created its own

environmental problem a visible plume from

the plant's main stack as a result of releasing

tiny fertilizer particles. It was the plume issue as

well as the reliability of the scrubber and plant

odors that were cited by the Health Department

in its violation notice.

The 1998 consent agreement approved by the
North Dakota district court required DGC to pay
$162,500 initially and invest at least $487,500

on another project to reduce odors. The Hearth

Department has suspended or dismissed

$425,000 of a total of $625,000 in penalties.

DGC must meet further specific conditions in

the consent agreement to avoid the remaining

penalties.

In this past year, DGC has made significant

progress toward environmental compliance.

By year's end, the company achieved more than
18 months of meeting requirements for remov

ing SO2 and NOx from exhaust gases at the

Synfuels Plant.

To resolve the plume issue, DGC last year

committed to the installation of a wet Electro

static Precipitator (ESP). Estimated to cost

$40 million, this equipment uses an electrostatic

charge to remove particulate, which will signifi

cantly reduce the plume at the Synfuels Plant.

DGC signed a contract with Asea Brown

Boveri Ltd., an international technology and en

gineering company, to install a wet ESP, which

must be operating by June 1, 2003.

KFx ANNOUNCES NEW DIRECTION FOR

K-FUEL FACILITY

KFx Inc. has announced a new direction for the

K-Fuel facility near Gillette, Wyoming, in con

nection with the continuing commercialization of

its patented and commercially demonstrated

K-Fuel clean coal technology.

A subsidiary of Black Hills Corporation, a major

regional utility, has signed an agreement to pur

chase the K-Fuel plant and certain related as

sets. The plant was owned by a partnership

between Thermo Ecotek Corporation as the

95 percent operating partner and KFx. As a part

of the transaction Black Hills will receive

2 million shares of KFx common stock now held

by Thermo Ecotek in exchange for its agree

ment to assume a reclamation bonding obliga

tion related to the plant and its assets. Black

Hills will also receive a 5-year warrant from KFx

to purchase 1 .3 million shares of KFx common

stock at $3.65 per share.

Black Hills and KFx are proceeding to finalize

plans and secure the necessary capital from

third-party investors to rectify certain design

flaws in the balance-of-plant systems and make

other improvements to the plant in an effort to

resume production and reach an expected op

erating level of 400,000 tons per year. Modifi

cations to the Gillette plant will include the addi

tion of an incinerator to eliminate certain proc

ess waste streams and modifications to replace

natural gas with waste coal as the facility's en

ergy source. KFx and Black Hills currently es

timate the cost of these modifications at

$10 million to $12 million. If efforts to finalize

plant modification plans and secure related

capital are not successful by August 2000, Black
Hills has the option to salvage the equipment

and reclaim the site.

During late 1998 and early 1999, the K-Fuel

plant produced approximately 50,000 tons of
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K-Fuel prior to Thermo Ecotek's strategic deci

sion in mid-1999 to exit the clean fuels business

and offer the facility for sale. The Gillette plant

demonstrated the K-Fuel technology on a com

mercial scale in early 1999 through the suc

cessful commercial bum of a unit train

(approximately 12,000 tons) of K-Fuel at the

Clifty Creek power station in Southern Indiana.

No spontaneous combustion was experienced

during shipment or handling, reductions in NOx
emissions while maintaining capacity and re

ducing internal power consumption were experi

enced, and improvements in boiler efficiency

were observed. Based on these results and

other analysis, KFx's partner in K-Fuel, LLC,
Kennecott Energy Corporation, has advised KFx

that it is moving ahead to optimize a 3-million

ton per year plant design. A provision of the

agreement with Black Hills provides it with the

right to share equally in KFx's rights to partici

pate in the equity of K-Fuel plants, to the extent

of the first three plants.

KFx has also negotiated with Black Hills a reve

nue-based service fee and retains its 5 percent

royalty on sales from the plant, in return for its

assistance in assembling this transaction. Addi

tionally, KFx will retain its buildings and K-Fuel

demonstration plant and receive ownership to all

the lab equipment previously owned by the

partnership.

STATUS OF ACTIVE CCT PROJECTS

UPDATED

In the most recent issues of Clean Coal Today,

the United States Department of Energy (DOE)
has provided updates on the still-active Clean

Coal Technology Projects (CCT). Those

projects involving coal conversion of one kind or

another are summarized in the following.

Kentucky Pioneer Energy Project

Kentucky Pioneer Energy LLC has replaced the

Clean Energy Partners LP as the project partici

pant and has moved the site to a new location in

Trapp, Kentucky. National Environmental Pro

tection Act (NEPA) activities are in progress.

Pifton Pine Integrated Gasification

Combined-Cycle (IGCC) Project

In the fourth-quarter of 1999, Sierra Pacific

made improvements to the filter fines collection

system, and added eight more filters to the

pressurization line into the filter fines depres-

surization hopper, bringing the number of filters

in that line to 10. The additional filters were

necessary to reduce the space velocity on each

filter elementan important step to prevent

blinding during depressurization. Sierra has

been testing the system that withdraws lime

stone and ash (LASH) from the gasifier.

In the first-quarter of 2000, Sierra Pacific made

additional repairs and improvements so that

sustained operation of the gasifier can be

achieved. Improvements include increasing the

diameter of the annulus section of the gasifier to

address the problem of high temperatures of the

LASH. Also, the refractory in the gasifier grid

area and 18 feet into the fluid-bed region will be

replaced with a single castable layer on a re

vised anchoring pattern, to provide improved

resistance to low-cycle fatigue of the refractory

lining. Sierra expects to restart the plant in

July 2000.

The project will end January 1 , 2001 ,
or when

Sierra sells the Pifton Pine facility, whichever

comes first. Selling all generating facilities is a

condition of Sierra's July merger with Nevada

Power. Sierra continues to operate the plant

normally in the gas combined-cycle mode.

Tampa Electric IGCC Project

Tampa's Polk Power Station has completed

3 years of successful commercial operation.

The gasifier has operated 18,500 hours, and the

combustion turbine has operated 20,500 hours

producing over 7,000 megawatt-hours. The

gasifier has operated for a record 83 percent on

line for the past 6 months. The testing of pet

coke is currently being performed.
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Wabash River Coal Gasification Repowering
Project

In response to a request from the Participant,
DOE approved the sale of the Wabash River

IGCC facility and the Destec/Dynegy gasifica

tion technology to Global Energy. As a result,

on December 27, 1999, the Participant provided
$550,000 repayment to DOE

nominally
$300,000 on the facility sale and $250,000 on

the technology sale. Global Energy will promote

commercialization of the technology and make

repayments on future equipment sales or li

censes for a 20-year period. The Wabash River

Cooperative Agreement expired on Janu

ary 1 , 2000.

Most of the 1999 calendar year operating statis

tics have now been reported. The extended

turbine outage from March to June 1999 ad

versely affected the 1999 operating statistics;

however, the facility was able to set another

quarterly production record of 2.7 x
1012

BTU of

syngas in 1999. From startup in 1995 through

the 1999 operating year, the facility has pro

duced 6.4 x 10 pounds of steam burning
23.9

x1012

BTU of specification syngas. The

time on coal was 15,067 hours, and

1,550,061 tons of coal were processed.

Advanced Coal Conversion Process (ACCP)
Demonstration

going to leam how to optimize the application of

supplemental fuel use.

Liquid Phase Methanol Process

Demonstration Project

The Liquid Phase Methanol (LPMEOH) Process

Demonstration Facility continues to experience

stable operation on coal-derived synthesis gas.

On-line withdrawals of spent catalyst and addi

tions of fresh catalyst slurry have remained suc

cessful in adjusting methanol production rates.

Since being restarted with fresh catalyst in De

cember 1997, the demonstration facility has op
erated at greater than 99 percent availability,

and since April 1997, has produced over

58 million gallons of methanol, all of which was

accepted by Eastman Chemical Company for

use in downstream chemical processes. The

monitoring of all potential catalyst poisons, and

methods for their removal and control, continue

to be an important part of the on-going plant

operation.

As a result of the success achieved, the project

was extended an additional 15 months (through

March 31, 2003) to allow for the opportunity to

perform new tests considered to be of significant

commercial interest.

Clean Power From Integrated Coal/Ore

Reduction

Rosebud SynCoal Partnership has been reor

ganized and merged into a new entity, Western

SynCoal LLC. The ACCP Demonstration Proj
ect in Colstrip, Montana, has processed over

2.5 million tons of raw subbituminous coal.

Over 1.7 million tons has been supplied to cus

tomers, including industries (primarily cement

and lime plants) and utilities.

The first year of testing the supplemental fuel

system at Colstrip Unit 2 has been completed.

The system has been performing well. Colstrip
Unit 2 has experienced significant benefits in

improved heat rate, reduced auxiliary load, and

reduced slag-related limitations. Work is on-

DOE has continued its environmental analysis

for preparing an Environmental Impact State

ment for this project. The CPICOR Manage

ment Company (CMC) continues to perform

baseline environmental monitoring and prelimi

nary engineering and design in support of the

NEPA process.

CMC also continues to work closely with the

Australian developers of the Hlsmelt Process to

establish a process and mechanical design da

tabase for this project. This project will be de

signed to produce 3,300 tons per day of liquid

iron and approximately 160 megawatts-elec

trical from the byproduct gases.
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CORPORATIONS

COAL BYPRODUCTS INDUSTRY SHRINKS

BUT GROWS STRONGER

United States production of coal tar, a byproduct

of the coke production process, has been

shrinking since the 1950s. In the May 8, 2000,
issue of Chemical and Engineering News,
M. McCoy discussed the recent consolidation of

the key players in the industry as well as the

impact of the consolidation on the coal tar in

dustry.

In the United States the coal chemical industry
grew up around steel companies that recovered

coal tar as a byproduct of making coke, which is

a partially decomposed coal used to produce

steel. Coal tar production today is driven by the

aluminum industry, which needs coal tar pitch to

build electrodes used in the manufacture of

aluminum. Other coal tar products include

roofing sealers and enamel coatings for under

ground pipelines. Creosote is used to preserve

telephone poles and railroad ties, and the

naphthenic oil recovered during coal tar distilla

tion is the chief source of naphthalene.

Three United States companies Reilly; Pitts

burgh, Pennsylvania-based Koppers Industries;

and AlliedSignaloperated at this steel-

aluminum crossroads for decades.

A year ago, however, AlliedSignal took a first

step toward bowing out of coal tarwhen it sold a

major portion of its carbon products business to

Reilly. AlliedSignal closed a distillation plant in

Ironton, Ohio, while Reilly closed its Cleveland,

Ohio, distiller and reopened a larger one in

Granite City, Illinois.

The $85 million in added AlliedSignal coal tar

product sales cemented Reilly's place as the

number-two United States coal tar distillerand

indeed as one of only two major distillers in the

country.

Moreover, according to J. Thome of Reilly, the

sale revived an industry struggling with 60 per

cent operating rates. Plants are now operating

in the 90 percent range, Thome says, and the

cost structure is much improved.

The coal tar reshuffling is spurring an even

more sweeping consolidation in naphthalene, a

naphthenic oil extract that is the one major pet

rochemical still derived from coal tar. In March

AlliedSignalnow called Honeywell following a

merger last yeartook a second step toward the

exit by selling its naphthalene business to Reco-

chem of Brampton, Ontario, Canada.

When Honeywell shuts down its Ironton naph

thalene plant later this year three North Ameri

can naphthalene producers will remain:
Reco-

chem, Koppers and Advanced Aromatics

(Baytown, Texas).

Historically, Koppers participated only sporadi

cally in the merchant naphthalene market, ship

ping most of its output in a low-grade form to

Cicero, Illinois, to produce the plasticizer raw

material phthalic anhydride. But the company

has now upgraded the Follansbee plant to pro

duce the industry-standard
"crude"

naphtha

lene a 96-percent product that solidifies

at 78C. At the same time, Koppers entered an

agreement to market 99.9 percent pure 80C

naphthalene produced by a Spanish coal tar

distiller, Industrial Quimica del Nalon, giving

Koppers a full complement of naphthalene

products.

Advanced Aromatics took a big chunk of the

Honeywell naphthalene business as well,

through its decision earlier this year to build a

20-million pound per year plant for tetrahy-

dronaphthalene (THN), a naphthalene deriva

tive. The THN plant should start up in the third

quarter. It will consume about half of Ad-

vanced's naphthalene capacity. Advanced

Aromatic's main customer for THN will be

Aventis, the life sciences firm formed last year

by the merger of Hoechst and Rhone-Poulenc.

Aventis uses THN as a raw material for

1-naphthyl /V-methyl-carbamate, a broad-

spectrum insecticide known genetically as car-

baryl and sold under the trade name Sevin.
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Even with the two sales, Honeywell is not com

pletely out of the coal tar distillation business.

The company still operates a distillery in Detroit

dedicated to making pitch for the roofing indus

try, but some observers say the company is try
ing to sell that plant as well.

SGII MAKES MARKETING MOVES

Coal Tar Feedstock

In May SGI International (SGII) announced that
it has signed an agreement through which it will

sell the entire output of coal tar feedstock to be

produced by SGII at its ENCOAL Liquids From

Coal (LFC) plant located near Gillette, Wyo

ming. Shipments under this agreement are ex

pected to begin in early 2001 and continue

through December 31 , 2007. The feedstock will

be shipped to the customer's plant for further

processing into anode-grade pitch. Pitch is an

important component of high purity anodes that

are used in the production of aluminum.

This supply of coal tar feedstock from ENCOAL

represents a new domestic source of supply.

SGII and its customer are also involved in an

upgrading program that is targeted toward fur

ther improving the properties of SGII's feed

stock. These improvements should increase the

market demand and the value ofthe feedstock.

M. Rose of SGII stated: "This agreement repre

sents a major achievement for SGII. The coal

tar feedstock is 38 percent of the total liquid

production from ENCOAL We have now

placed three of the five products from ENCOAL

under long-term agreements with substantial

companies who are major players in their in

dustry. We anticipate completing the sale of the

other two products in short
order."

Dussek Campbell Wax Deal

In June SGII announced that they and Dussek

Campbell Inc. have signed an agreement

through which Dussek Campbell will purchase,

resell and distribute industrial wax produced at

the ENCOAL plant. The ENCOAL facility
should produce about 18 million pounds of wax

per year. Shipments are expected to begin in

early 2001 and continue through Decem

ber 31, 2007.

SGII's wax product has the potential for use in a

broad range of industrial applications including
manufactured fiber board (particle board and

oriented strand board), fertilizer dedusting

agents, anticorrosive coatings and fire logs.

Tests performed by a major manufacturer have

shown SGII's wax to have superior performance

in preventing moisture absorption and swelling

in manufactured fiber board applications. Test

ing programs will be scheduled in other areas of

potential application.

Dussek Campbell, a subsidiary of Burmah Cas-

trol, buys and resells the wax products of sev

eral major petroleum companies. Industry ex

perts, according to SGII, expect that the supply
of petroleum-based waxes will diminish in the

near future as refiners are forced by new SAE

standards to change the formulation of the lubri

cants they produce. The change in lubricant

formulation will result in a reduction in petro

leum wax production. This reduction in petro

leum-based wax supply offers SGII a marketing

opportunity when production from a large-scale

commercial plant becomes available.

SGII's projections show that the sale of the wax

produced at ENCOAL, alone, will generate al

most $3 million in revenue.

R. Sass of Dussek Campbell stated: "SGII's

coal-based wax has properties that will make it

appealing in several applications. Their timing
is quite fortunate. They are entering a market

that is characterized by increasing demand and

decreasing
supply."

AEI ResourcesAgrees to Second Contract

Extension

In July SGII announced that they have reached
agreement to again extend the time to satisfy
certain conditions under the arrangement pur

suant to which SGII acquired all of AEI's LFC

assets, including the ENCOAL plant.
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Based on the progress SGII has made in ob

taining the financial assistance required to re

start the ENCOAL plant, coupled with now hav

ing all ENCOAL products presold under long-

term contracts, AEI has agreed to extend the

June
30th

deadline to September 30, 2000, in

order to allow SGII to satisfy the conditions re

lated to the ENCOAL plant.

COREX C-2000 PLANTS PERFORMING

WELL

COREX C-2000 Plant in South Africa

Voest-Alpine Industrieanlagenbau (VAI) re

ceived the Final Acceptance Certificate from

Saldanha Steel Corporation, South Africa, for

the complete takeover of the COREX C-2000

plant.

While most integrated steel producers employ
blast furnace technology, Saldanha Steel has

chosen a new iron and steel production route

based on combined COREX and direct-

reduction technologies.

Based on the use of mainly indigenous iron ores

comprising Sishen lump ore and indigenous

coals from the Van Dijksdrift and Grooteluk coal

districts, this plant is designed to produce a total

of 650,000 tonnes per year of high-quality hot

metal. All of the required additives are also lo

cally supplied.

To date, Saldanha Steel's COREX C-2000 plant

has produced a total of 635,000 tonnes of high-

quality hot metal. Export gas from the COREX

plant is used for the production of Direct Re

duced Iron (DRI) in an adjacent plant using a

Midrex shaft furnace. Both the hot metal from

the COREX plant and DRI from the direct re

duction plant are processed to high-quality steel.

VAI COREX Plant in India

With a hot metal production capacity of

120 tonnes per hour at the COREX C-2000 plant

of Jindal Vijayanagar Steel in India, a new rec

ord was achieved recently. Since the startup of

the plant supplied by VAI, in August 1999, a to

tal of 358,000 tonnes of high-quality hot metal

have been produced.

The rated capacity of this COREX plant is

91 tonnes per hour of hot metal on the basis of

100 percent pellet feed. Since early March of

this year the plant has been operating at a con

sistent average output of 1 12 tonnes per hour of

hot metal on the basis of 30 percent lump ore,

10 percent ore fines and 60 percent pellets.

These production and consumption figures en

able the Indian company to maintain its lead as

the most cost-effective producer of hot metal in

India.

COVOL ACHIEVES SIGNIFICANT

INCREASES IN SALES AND PRODUCTION

In May Covol Technologies Inc. announced that

the company has seen another significant in

crease in its binder sales and production figures

over the previous quarter.

Covol reported binder sales of 1,216,123 dry
pounds (equivalent to 2,432,246 wet pounds) of

binder material for the quarter ended Decem

ber 31
, 1999. At the end of the March 31 , 2000

quarter, Covol reported sales of 1,891,331 of

dry pounds of binder material. A significant in

crease in synthetic fuel production was also re

alized.

For the quarter ended December 31, 1999, Co

vol reported sales of 560,278 tons of synfuel,

compared to 1.1 million tons reported for the

quarter ended March 31 , 2000.

Covol also announced that two Premier Elkhorn

Coal Company synthetic fuel facilities sold ear

lier this year have now been relocated and have

reached commercial operations.

Covol received net payments of $6.5 million.

The plants, referred to as the Pocahontas and

Mohave Synfuel facilities, were both sold in
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January 2000. In the original sales agreement

Covol received a cash payment from both facili

ties at the time of closing, with these additional

milestone payments due to the company after

the plants were relocated and reached specified

commercial operational levels. In July Covol

announced that it has successfully met the con

ditions triggering a lump sum advanced royalty
payment on the River Hill facility.

The gross payment to Covol is $5.75 million.

When Covol sold its River Hill facility in

August 1999, there were two contingent pay

ments stipulated. The first of these payments

was contingent upon Covol obtaining a 3-year

off-take agreement for the purchase of the syn

thetic fuel produced at the facility, in addition to

producing at least 10,000 tons of synthetic fuel

in a consecutive 10-day period.

The second contingent payment is based upon

Covol operating the River hill facility at

115 percent of rated capacity over a consecu

tive 3-month period. Covol met the require

ments of the first contingent payment and re

ceived the funds on June 30, 2000.

One of Covol's key objectives over the last year

was the sale of the four facilities the company

constructed.

Covol received two contingent payments in

April 2000, and with the receipt of this most re

cent contingent payment, it leaves only one ad

ditional contingent payment of $4 million to be

received. Accordingly, Covol has achieved

three ofthe four contingent payments.

NORTH DAKOTA EERC TO DEVELOP FEED

SYSTEMS FOR GASIFIERS

A new research project selected in July by the

United States Department of Energy will focus

on new ways to mix biomass and municipal

waste into the fuel stream for powerplants.

The project is among more than 40 that have

emerged as winners in a broad program-wide

competition in the Department's Office of Fossil

Energy.

The common thread in this set of projects is that

all can improve efficiency and help defray the

costs of energy production from fossil fuel en

ergy systems.

The University of North Dakota Energy and En

vironmental Research Center (EERC) will work

with Gasification Engineering Corporation to

investigate and develop alternate fuel feed

systems for future coal gasification-based pow

erplants. This project concentrates on devel

oping ways that gasifiers can also process bio

mass and solid waste. If successful, mixing

these fuels into a powerplant's feedstock could

reduce fuel costs and lessen the amount of

waste that must be landfilled today.

GOVERNMENT

FIRST-ROUND VISION 21 AWARDS HAVE

APPLICATIONS TO SYNTHETIC FUELS

The United States Department of Energy has

announced the winners in the first round of

competition for research grants under its Vi

sion 21 program. Some of these have applica

tions to the general field of synthetic fuels. An

example is the project titled "Advanced Hydro

gen Transport Membranes for Vision 21 Fossil

Fuel
Plants."

This project will be earned out by
a team consisting of Eltron Research, Coors,

Chevron, United Catalyst, McDermott, Argonne

and Oak Ridge National Laboratories.

The objective of this project is to develop an

environmentally benign, inexpensive and effi

cient method for separating hydrogen from gas

mixtures produced during industrial processes

such as coal gasification. This goal will be ac

complished by employing dense ceramic mem

branes based on materials with a demonstrated

ability for rapid proton and electronic conduc

tion. The primary technical challenges in
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achieving the goals of this project will be to op
timize the composition and microstructure of

ceramic membrane materials for proton/electron

conductivity and stability, and to develop dense
membrane structures that enable a hydrogen

separation rate in excess of 10 milliliters per

minute per square centimeter. Other aspects of

this developing technology to be refined during
this project include catalysis, ceramic process

ing methods and separation unit design.

It is anticipated that the proposed approach for

hydrogen separation will provide the following
benefits:

determined for selected membrane structures,

and candidate compositions employed in labo

ratory-scale high-pressure hydrogen separation

units. Information gained during laboratory

testing will be used to develop a prototype hy
drogen separation unit and generate a strategy

for technology scaleup in the final stages of the

project.

ENERGY POLICY AND FORECASTS

Because the membrane materials are

inexpensive and are mixed proton and

electronic conductors, the system design

is inherently simple and economical, re

quiring no external circuitry or applied

potential.

Because the membranes are nonporous,

only hydrogen will be transported through

the membrane, without contributions

from break-through of other gases. Ac

cordingly, the separated hydrogen will be

of high purity, and these high-density
membranes are not subject to problems

associated with pore clogging.

The conduction mechanism in these

materials occurs at elevated tempera

tures compatible with incorporation into

chemical processing streams.

In addition to hydrogen separation, this

ceramic membrane technology can be

used to facilitate numerous chemical

processing applications.

This project will proceed by appropriately ad

justing ceramic lattice substituents to achieve an

optimal compromise between mixed conductiv

ity and stability of membrane materials under

anticipated operating conditions. Concurrently,

multiphase materials with maximum ambipolar

conductivity will be developed, and supported

thin-film membranes of promising materials will

be fabricated and tested. Conductivity charac

teristics and hydrogen separation rates will be

COAL IS A FUEL FOR THE FUTURE

Coal plays a major role in world energy and will

continue to do so for the foreseeable future,

says R. Knapp of the World Coal Institute. In a

paper prepared for the online conference

"Energy Resource
2000,"

Knapp lists the key
attributes of coal:

Abundant - extensive reserves of coal

are present; it is mined in more than

50 countries.

Safe - coal is the safest fossil fuel to

transport, store and use.

Secure - abundant reserves means that

coal users are guaranteed security of

supply at competitive prices.

Clean -

using current technologies coal

can now be burned cleanly throughout

the world. Significant advances in com

bustion technologies have provided the

key to securing coal's future.

Cost-effective -

globally, coal is a com

petitive fuel for the generation of elec

tricity. It is the major energy source for

power generation worldwide.

Global Role of Coal

Coal currently contributes around 26 percent of

the total global primary energy demand and is
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also a key input for the steel and cement indus

tries (over 500 million tonnes of coal per year is

used by the global steel industry alone).

Current estimates show that 36 percent of global

electricity is generated from coal, but this figure

camouflages major variations in individual
countriesfor example, in Japan, coal's share
is around 15 percent compared with United

States at around 56 percent, and China, India,
Poland and South Africa all at over 75 percent.

The European Union-15 obtains around

27 percent of its electricity from coal.

Like the other fossil fuels, coal is required to

improve its environmental credentials across

the full life-cycle. There is a growing political

demand to address environmental issues

throughout the coal chain from extraction to

end-use and disposal of all residues. It is clear

that coal will come under increasing environ

mental pressure in respect to SOx, NOx, carbon

dioxide and particulate discharge.

Coal can deliver to the global community the

improved combustion and environmental per

formances already successfully applied in

countries such as Japan, United States, Finland

and Denmark. Technology transfer and foreign

investment is needed. Removal of institutional

barriers and the introduction of incentives to

support the early transfer and take-up of clean

coal technology worldwide could be an effective

way to deal with many of the perceived issues

surrounding the continued use of coal in many

countries.

Coal is as clean as the country of consumption

can afford it to be invariably at a level linked

to the level of national development and living
standards. Increased coal combustion effi

ciency, as with any other environmental im

provement, is linked to this national level of de

velopment, a working example of sustainable

development.

The New Challenges

The coal industry will continue to respond to this

challenge and will be a major source of energy

for the world for the foreseeable future, says

Knapp.

Coal, the Community and the Environment

Coal is a different fuel today from that of the

public's perception: innovation and technology
have delivered a range of solutions to efficiency

and environmental issues.

Often described as the problem, coal is rarely

seen in the more positive light as one of the

leading sources of global energy. With signifi

cant opportunities to improve its performance

and provide benefits to local communities and

the environment, particularly in developing

countries and economies in transition, cleaner

coal is a deliverable solution now, says Knapp.

For example, "acid
rain"

has been solved in

Western Europe, Japan and the United States,

but the solutions have to be applied in China,

India and some countries in Eastern Europe.

The millennium debate for coal is focusing on

the most complex of environmental and political

issues, the greenhouse effect.

The Rio Earth Summit in 1992 saw the negotia

tion of an international agreement drawing a link

between Greenhouse Gas (GHG) emissions and

possible climate change (the United Nations

Framework Convention on Climate Change

UNFCCC).

The UNFCCC has adopted the Kyoto Protocol

establishing a legally binding obligation on rati

fying Annex B Parties to reduce emissions of

GHGs by an average of 5.2 percent below

1990 levels in the 5-year period 2008-2012.

(Annex B Parties are the developed countries of

the OECD and economies in transition in East-

em Europe and the former Soviet Union.)

There is genuine uncertainty overwho will ratify

and whether the Kyoto Protocol will ever enter

into force. However, there is clear evidence

that national and regional GHG emission re

strictions are being, and will be, imposed in

many countries.
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It is important to identify the real goal of the

Kyoto Protocol: not to reduce carbon intensity
but to reduce GHG emissions. It is not clear

that a reduction in the carbon intensity (away
from coal) will ever be the most efficient or

practical solution of the GHG objective.

Kyoto GHG targets will impact on economic

growth. How much effect this will have on the

global economy and the coal sector will depend

on the mix of policies chosen by Parties to

achieve their Kyoto target.

The Australian Bureau of Agricultural and Re

source Economics (ABARE) has examined the

Kyoto impacts on coal consumption, production

and trade. The ABARE analysis shows the

Kyoto Protocol to have significant negative im

pacts on the APEC coal market. Independent

country abatement would see a 12 percent re

duction in coal consumption by 2010. However,

this impact is halved with international emis

sions trading.

The Contribution of Coal Efficiency
Improvements

The World Coal Institute encourages recognition

of the benefits from coal efficiency enhance

ment and coal-bed methane projects.

Future demand for coal will be dominated by the

Asian region and this is where the greatest effi

ciency gains can be made. The net plant effi

ciency of coal-fired power generation in non-

OECD countries is up to 10 percent lower than

the 36-percent average in the OECD and even

further below the 45-percent efficiency that is

being achieved with the advanced technologies.

Increasing coal combustion efficiency from 20 to

30 percent reduces CO2 emissions by

33 percent for the same amount of electricity.

An improvement from 30 to 40 percent effi

ciency results in a CO2 reduction of 25 percent

per unit of energy produced.

The coal industry has the ability to continue to

supply a major share of the world's energy

needs. It also has the technology already avail

able to make early, major improvements in the

critical areas of efficiency and environmental

impacts.

Advanced technologies for the conversion of

coal into energy in the form of hydrogenfor

use as a transport or electricity energy source

are also being pursued, with the advantage of

easier capture and sequestering of carbon by

products.

Knapp concludes that technology and innova

tion will enable coal to be part of the solution to

the world's energy needs for the new millen

nium.

TECHNOLOGY

MECHANISM PROPOSED FOR

CARBONYLATION OF METHANOL FROM

COAL

Eastman Chemical Company's "Chemicals from
Coal"

complex practices the carbonylation of

methyl acetate to acetic anhydride, a process

utilizing only syngas-derived feedstocks. In this

facility the synthesis of acetic acid is accom

plished by the methanolysis of acetic anhydride.

The catalyst system for the nickel-catalyzed

acetic acid process consists of nickel and mo

lybdenum compounds, an iodide promoter and a

phosphine. S. Okrasinski of Eastman Chemical

Company discussed Eastman's catalyst system

at the
219th

American Chemical Society Na

tional Meeting held in San Francisco, California,

in March.

Results and Discussion

One result of this study suggests that a
catalyti-

cally active nickel(O) species is available as a

result of both a hydrogen-enabled reduction

from Ni(ll) and the delivery of free phosphine

ligand from the equilibrium dissociation of the

phosphonium salt. Methyl iodide is delivered to

the catalytic carrier and an oxidative addition

results in the formation of a Ni(ll) alkyliodide

73

THE SYNTHETIC FUELS REPORT. JULY 2000



 



COAL

complex. The addition of carbon monoxide is

followed by an alkyl migration and a subsequent

reductive elimination allows the recovery of

acetic acid product and regeneration of the car

rier. CIR-FTIR observations indicate that there

is no build-up of nickel carbonyl species during
the course of the reaction so that the slow

step(s) of the process must occur before the

addition of carbon monoxide.

The course of a typical batch reaction, as

measured by the uptake of carbon monoxide

(Figure 1), can be used to examine catalyst ac

tivation.

The length of the induction period has been

shown to depend upon both the nature of the

nickel compound charged to the reactor as well

as the partial pressure of hydrogen present in it.

The rate of the reaction shows first-order de

pendence upon the concentration of nickel and

methyl iodide. The reaction is also first-order

with respect to carbon monoxide at lower pres

sures. However, at higher carbon monoxide

pressures the rate of reaction is inhibited, indi

cating that it is possible for carbon monoxide to

compete effectively with the free ligand present

in solution. In fact, higher concentrations of

phosphine promoter are required in order to

obtain the maximum rate of reaction at higher

carbon monoxide partial pressures.

Also consistent with the above mechanism is

the observation that the rate of catalysis de

pends upon the identity of the phosphine pro

moter used. The identity of the phosphine de

termines the position of the dissociative equilib

rium from the phosphonium iodide and thus the

FIGURE 1
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amount of free ligand available as well as the

rate of the reaction of the various ligand substi

tuted nickel intermediates. It was shown that

both the steric and electronic properties of the

phosphine promoters play a role in determining
reaction rates.

PALLADIUM/COPPER ALLOYS SEPARATE

HYDROGEN FROM COAL GAS STREAMS

At the United States Department of Energy's

June University Coal Research
Contractors'

Re

view Meeting, in Pittsburgh, Pennsylvania,
J. Way and R. McCormick of the Colorado

School ofMines (CSM) discussed their efforts in
the field of hydrogen separation.

For hydrogen from coal gasification to be used

economically, processing approaches that pro

duce a high purity gas must be developed.

Palladium and its alloys, nickel, platinum and

the metals in Groups 3 to 5 of the Periodic Ta

ble, are all permeable to hydrogen. Hydrogen-

permeable metal membranes made of palla

dium and its alloys have been the most widely

studied due to their high hydrogen permeability,

chemical compatibility with many
hydrocarbon-

containing gas streams, and infinite hydrogen

selectivity. The CSM Pd composite membranes

have demonstrated stable operation at high

temperatures for over 50 days.

Coal-derived synthesis gas will contain up to

15,000 parts per million hfeS as well as CO,

CO2, N2 and other gases. High-selectivity
membranes are necessary to reduce the H2S

concentration to acceptable levels for solid ox

ide and other fuel cell systems. Pure Pd-

membranes are poisoned by sulfur, and suffer

from mechanical problems caused by thermal

cycling and hydrogen embrittlement. Recent

advances have shown that Pd-Cu composite

membranes are not susceptible to the mechani

cal, embrittlement and poisoning problems that

have prevented widespread industrial use of Pd

for high temperature hfe separation. These

membranes consist of a thin (-10 gm) film of

metal deposited on the inner surface of a porous

metal or ceramic tube. Based on preliminary

results, thin Pd60Cu40 films are expected to

exhibit a hydrogen flux up to 10 times larger

than commercial polymer membranes for H2

separation, and resist poisoning by H2S and

other sulfur compounds typical of coal gas.

Similar Pd-membranes have been operated at

temperatures as high as 750C. CSM has de

veloped practical electroless plating procedures

for fabrication of thin Pd-Cu composite mem

branes at any scale.

The feasibility of preparing and using pure Pd-

membranes for H2 separation is well known,

although these suffer from embrittlement, and

poisoning by sulfur. Furthermore, the ability of

thick Pd-Cu alloy membranes to separate H2,

and the high temperature stability and resis

tance to poisoning of these materials has been

demonstrated. What remains to be shown is

that thin (-10 gm) Pd-Cu alloy films that have

both high H2 flux and high selectivity can be

fabricated. The stability of these films with re

spect to embrittlement (thermal cycling), sulfur,

and other components of coal-derived gas must

also be demonstrated. The planned research

program is designed to answer these questions,

while also providing a fundamental understand

ing of:

Factors important in membrane fabrica

tion.

Optimization of membrane structure and

composition.

Effect of temperature, pressure and gas

composition on H2 flux and membrane

selectivity.

How this membrane technology can be

integrated in coal gasification-fuel-cell

systems.

Results to Date

Prior to the start of this project, one Pd-Cu film

on an alumina support was made using sequen

tial electroless plating. In this fabrication proce

dure, a leak-free electroless plated Pd-film is
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first prepared by electroless plating under an

osmotic pressure gradient. Then the appropri

ate mass of Cu is deposited via a second elec

troless plating step to produce a target compo

sition of 60 weight percent Pd and 40 weight

percent Cu. The membrane was annealed at

temperatures above 350C causing
interdiffu-

sion of the two metals, ideally to form an alloy of

uniform composition. The final H2/N2 selectivity

(permeability ratio) of this membrane was only
about 15.

Recently, CSM's process to prepare the
"base"

Pd films has been improved, resulting in higher

selectivity membranes. The H2/N2 selectivities

now expected during high temperature permea

tion testing should exceed 1 ,000.

EUTECTIC SALT MIXTURES CATALYZE

COAL GASIFICATION

Conduct thorough analysis and modeling

of the gasification process to provide a

better understanding of the fundamental

mechanisms and kinetics of the process.

Accomplishments to Date

Several binary and ternary eutectic catalysts

have been identified for the gasification of coal.

The eutectic catalysts identified increased gasi

fication rate significantly. The methods of cata

lyst preparation and addition had significant ef

fects on the catalytic activity and coal gasifica

tion. The catalytic activity increased by varying
degrees with catalyst loading.

Based on TGA studies, the 43.5-percent
LJ2CO3-

31 .5-percent Na2C03-25 percent K2CO3 (LNK)
and 39-percent Li2C03-38.5-percent Na2C03-

22.5-percent Rb2C03(LNR) ternary eutectics

and the 29-percent Na2C03-71-percent K2CO3

(NK) binary eutectic were selected for bench-

scale fixed-bed studies.

A university research project, Catalytic Gasifi

cation of Coal Using Eutectic Salt Mixtures, is

being conducted jointly by Clark Atlanta Univer

sity, the University of Tennessee Space Insti

tute and the Georgia Institute of Technology.

The progress report, delivered at the University
Coal Research

Contractors'

Review Meeting
held in June, in Pittsburgh, Pennsylvania, ex

plains that the aims of the project are to:

Identify appropriate eutectic salt mixture

catalysts for the gasification of Illinois

No. 6 coal.

Evaluate various impregnation or cata

lyst addition methods to improve catalyst

dispersion.

Evaluate effects of major process vari

ables (e.g., temperature, system pres

sure, etc.) on coal gasification.

Evaluate the recovery, regeneration and

recycle of the spent catalysts in a bench-

scale fixed-bed reactor.

The ternary catalyst system was a much better

eutectic catalyst compared to the binary catalyst

system. In general, eutectics with melting point

less than the gasification temperature were

better substitutes to the single alkali metal salts

because they resulted in better catalyst distribu

tion and dispersion in the carbon matrix when in

the liquid phase. At 10 weight percent of cata

lyst loading, the activation energy of the ternary
catalyst system (LNK) was about half (98 kilo

joules per mole) the activation energy for the

single catalyst system (K2CO3), which was about

170 kilojoules per mole. The binary catalyst

system (NK) showed an activation energy of

about 201 kilojoules per mole.

An XRD characterization confirmed that there

are some new phases such as NaKCCb, Li-

NaC03, and most notably UKCO3 formed during
the gasification. This may contribute to the

eutectics having higher catalytic activity.

Future work will focus on evaluating the recov

ery, regeneration and recycle of the spent cata

lysts. Studies will cover the effect of tempera

ture on the water extraction. Other means of
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catalyst recovery such as lime or acid extraction

may be evaluated.

STRIPPER GAS WELL ECONOMICS

IMPROVED BY USING SYNCOAL TO FILTER

WASTEWATER

In its third and final round of competition for

projects that can help sustain natural gas pro

duction from
"stripper"

wells, the United De

partment of Energy POE) has selected a pro

posal to test a coal-based filtering material that

could sharply reduce the costs of disposing of

waste water from these low-volume wells.

The DOE plans to award $132,000 to Western

SynCoal LLC of Billings, Montana. The com

pany will combine the federal funding with

$28,000 of its own money to develop a promis

ing spinoff application for its enhanced coal-

based product, called SynCoal.

SynCoal, is a high-quality, low-moisture coal

material made by heating and physically clean

ing low-rank subbituminous coal. Originally in

tended as a low-sulfur fuel for powerplants, the

material has characteristics that researchers

believe will make it ideal for filtering contami

nated waste water. Its affinity for capturing hy
drocarbon and other impurities makes it similar

to activated carbon, but it is much less expen

sive.

The product is so economical that, if successful,
it could reduce water disposal costs from low-

volume gas wells by 70 percent. Such a dra

matic cost reduction would prolong the eco

nomical lifetimes of thousands of stripper gas

wells, allowing gas to continue flowing that

might otherwise be shut in. Moreover, the water

produced by the SynCoal filtering process is

clean enough for agricultural use.

Throughout the lower-48 states, more than half

of all onshore gas wells are classified as low-

volume stripper wells. On average, each of the

more than 191,000 United States wells in this

category produces about 16,000 cubic feet of

natural gas per day. Together the wells account

for about 8 percent of United States gas pro

duction, but their numbers are growing. In the

last 7 years, some 30,000 gas wells have been

reclassified as stripper wells. As their produc

tion declines, many are being plugged and

abandoned.

The cost of waste water disposal is a major

factor in the economics of these wells.

As the flow of gas declines, the influx of water

into these wells increases. Gas producers often

must truck the waste water to disposal wells that

can be several miles from the production site.

Excluding trucking costs, waste water disposal

can cost as much as $2 per barrel, costs that

must be absorbed in the overall economics of a

gas field.

Western SynCoal's novel filtering system will be

tested at an existing gas production facility
owned and operated by NARCo of Denver,
Colorado.

Western SynCoal's Clean Coal Technology
project was selected in 1988 by the DOE as one
of a series of joint government-industry ventures

to demonstrate advanced ways to use the na

tion's abundant coal resources more cleanly and

economically. In 1992 the company completed

construction on a processing plant in Colstrip,

Montana, to convert high-moisture, low-rank

coals into the high-value SynCoal product. To

date, more than 1 .5 million tons of SynCoal has

been produced by the plant, which is one-tenth

commercial scale. Much of the product is being
fed to Montana Power's Colstrip No. 2 power-

plant.

The concept uses a SynCoal-based filtering
system to produce agricultural quality water as

an inexpensive and productive alternative to

current produced water disposal methods.

The proposed project will define the economic

feasibility of using a SynCoal-based filtration

system to remove hydrocarbons and dissolved

metal salts from stripper gas well-produced wa

ters. Current stripper gas well operations typi

cally collect this water and dispose of it through
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deep well injection or large surface evaporation

facilities. These disposal processes require

collection and storage at each well location and

are subject to significant transportation costs to

the disposal facility while tying up significant

land areas or subsurface aquifers. The water

disposed of in this manner remains contami

nated and is unavailable for productive use.

The objectives of the proposed work are as fol

lows:

Remediate stripper gas well-produced

water by reducing hydrocarbon and

metal salt content in the water to agri

cultural use standards.

Identify technology combination re

quirements to make a productive water

resource from produced waters.

Reduce stripper gas well operating costs

by mitigating water transportation and

disposal costs.
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PROJECT ACTIVITIES

ENRON TO INCREASE EQUITY IN

SWEETWATER PROJECT

Syntroleum Corporation announced in June that

it has entered into a nonbinding letter of intent

with Enron North America, a wholly owned sub

sidiary of Enron Corporation, for an increased

investment in Syntroleum's Sweetwater Project.

Under the letter of intent, Enron will contribute

$21 million in equity capital to acquire a

13 percent equity interest in the project. The

Sweetwater Project is a 10,000-barrel per day
plant under development by Syntroleum that will

employ Syntroleum's proprietary technology to

convert natural gas into synthetic specialty
products such as lubricants, industrial fluids and

paraffins, as well as synthetic fuels. Syntroleum

announced on February 17, 2000, that the proj
ect was to be located on the Burrup Peninsula in

Northwest Australia.

Additionally, Enron would receive a $1 million

credit toward its investment in Sweetwater, re

sulting from its 1998 contribution when the proj

ect was slated to be located in Sweetwater

County, Wyoming. The net equity funding to be

received from Enron is $20 million.

CORPORATIONS

RENTECH SETS COOPERATIVE

AGREEMENT TO EVALUATE FLOATING

GTL PLANTS

Rentech Inc. announced in June that it had en

tered into a nonexclusive cooperation agree

ment with GTL Resources PLC (GTLR)

(London) and Worley Engineers Ltd. (Devon,

England) to undertake a feasibility study for the

deployment of Rentech's Fischer-Tropsch (F-T)

process technology on a floating system de

signed to take advantage of low-cost off-shore

stranded natural gas. The feasibility study will

focus on potential 10,000-barrel per day oppor

tunities located off the coast ofWest Africa and

the Northwest Shelf ofAustralia.

Rentech, GTLR and Worley have agreed to co

operate in the completion of the conceptual de

sign, capital costs, operating costs and eco

nomic feasibility studies, together with all front-

end and intermediate processing equipment,

product finishing facilities, and the supporting

vessel.

Under the terms of the agreement, the parties

will share responsibilities for any floating F-T

plant that is developed by the three parties fol

lowing the study phase. GTLR will be responsi

ble for project management including funding,

engineering and development; securing the

natural gas contracts and product off-take con

tracts; and providing for the operation of the

floating F-T process plant. Worley will provide

the engineering for the syngas production or
"front-end"

of the plant and for the vessel, and

Rentech will provide the F-T process technology
and catalyst.

The three companies maintain a high degree of

confidence about the design of the offshore unit.

GTLR and Worley have already completed a

considerable amount of work for a floating
methanol plant and see the application of Ren

tech's F-T technology as a natural extension of

that because 70 percent of the equipment to

make methanol is the same as that necessary

for an F-T plant.

"Forming this relationship with GTLR and Wor

ley is the first step into what could be a substan

tial Gas-To-Liquids (GTL) development. Every
year, around the world, billions of cubic feet of

natural gas are being flared from offshore oil

fields or are abandoned because there is no

safe practical solution for converting the gas to

a useable product. Providing a stable floating
production platform, along with Rentech's F-T

process technology, could be the solution off-
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shore producers have been searching for to

utilize these vast wasted offshore
resources,"

says Rentech.

BP AMOCO BUILDING GTL TEST FACILITY

IN ALASKA

BP Amoco announced that it has selected Nik-

iski, Alaska, as the site of a facility to test po

tential breakthrough Gas-To-Liquids (GTL)
technology. The GTL technology is one of a

number of options the company is exploring as

it seeks to make large-scale Alaska North Slope

gas sales commercial.

The company is planning to begin site prepara

tion in the autumn of 2000 and begin construc

tion on the process units of the $86-million facil

ity in early 2001 .

The test facility will convert about 3 million cubic

feet of natural gas into an estimated 300 barrels

of synthetic crude per day. It is scheduled to

begin operations during the second quarter

of 2002.

(SPD) process for converting natural gas into

liquid hydrocarbons.

Sasol is already in negotiations with several

major international energy companies to license

the SPD process or utilize it in joint projects.

J. Fourie of Sasol Ltd. said, "The combination of

our unique Fischer-Tropsch catalyst and SPD

process, together with Engelhard's catalyst de

velopment and manufacturing expertise, re

sulted in a commercially proven and economi

cally viable product that provides a real oppor

tunity to immediately monetize gas reserves.

This is demonstrated by the Nigerian and Qatari

GTL ventures under development, which will

utilize Sasol's well-proven
technology."

Engelhard has designed and will soon begin

construction on a $20-million capacity expan

sion at its manufacturing facility in DeMeem,

The Netherlands. The new capacity will be de

voted to production of Sasol's Fischer-Tropsch

catalyst. Engelhard and Sasol are sharing the

cost of the expansion project.

The compact reformer syngas technology that

will be tested has been developed over the past

few years at BP Amoco's Warrensville, Ohio,

and Sunbury, United Kingdom, research cen

ters, in collaboration with Kvaemer Process

Technology Ltd.

SASOL INCREASES SIZE OF PROPOSED

GTL PLANT IN QATAR

In May Sasol announced an increase in the an

ticipated size of its Gas-To-Liquids (GTL) plant

in Qatar from 20,000 to 30,000 barrels per day.

Sasol is involved in the planning of several GTL

plants around the world in conjunction with

Chevron.

ENGELHARD AND SASOL TO DEVELOP

CUSTOM GTL CATALYST

Engelhard Corporation and Sasol Ltd. have an

nounced a manufacturing and supply agreement

in which Engelhard will produce an advanced

Fischer-Tropsch base-metal catalyst for Sasol

Technology (Pty) Ltd., an affiliate of Sasol Ltd.

The catalyst, developed by Sasol and scaled up

by Engelhard, will be used in the first commer

cial plants using Sasol's Slurry Phase Distillate

The Qatari project, which had been slowed

down by low oil prices, has gathered speed re

cently and is now only 6 months behind Sasol's

most developed project, the Escravos GTL plant

in Nigeria.

On the Nigerian project, which will use gas from

Chevron's nearby gas fields, Sasol said there

was a "strong
possibility"

the project would be

approved soon by the government, and that a

detailed feasibility study had been completed.
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The plant was due to move into the front-end

engineering design phase in the second quarter

this year.

The Chevron-Sasol global GTL joint venture

exploits both
companies'

technologies in con

verting gas to liquid fuel, as well as their gas

reserves. While Sasol has the processes to

convert the gas to waxes, Chevron's compli

mentary technology completes the conversion

process to liquid fuel.

Besides the Nigerian and Qatari plants, the two

groups are also investigating a project at Beira,

Mozambique, that would exploit gas from Sa

sol's nearby gas fields, the M-10 and Sofala

fields offshore. Other projects are being exam

ined in Alaska and Angola.

METHANEX TAKES ACTION IN METHANOL

INDUSTRY RESTRUCTURING

The methanol industry has entered a difficult

period as a result of excess supply and the on

going uncertainty surrounding Methyl Tertiary
Butyl Ether (MTBE), an important market for

methanol. As a result, in 1999, Methanex Cor

poration reported a net loss of $81 million

($0.47 per share). By year-end, the company's

market capitalization was almost half that of the

previous year-end, thereby valuing assets at

approximately 30 percent of replacement cost.

Methanex's 1999 Annual Report summarizes

the company's strategy for restructuring its as

sets to reduce costs.

As the global leader in the methanol industry,

Methanex is playing a major role in the neces

sary restructuring of the industry. When Ash

land Chemicals decided to idle its 465,000-

tonne plant in mid-1999, Methanex became a

long-term supplier to this premier chemical dis

tribution company, as well as to Lyondell, an

othermajor chemical partner in that plant.

Methanex is moving forward with its 1999 year-

end goal to take an active role in the restructur

ing process during 2000.

Methanex entered into an agreement to acquire

100 percent of Saturn Methanol Company LLC

for approximately US$28 million. Through Sat

urn, Methanex will acquire the marketing rights

to the 860,000-tonne per year Titan methanol

plant in Trinidad as well as a 10-percent interest

in the facility. Methanex will also acquire Sat

urn's potential future methanol development

initiatives.

In June Methanex entered into a production

agreement with Sterling Chemicals. The

agreement provides Methanex exclusive rights

to the output from Sterling's methanol plant in

Texas City, Texas. Given the current high natu

ral gas prices in the United States Gulf,
Methanex has elected to shut down Sterling's

Texas City methanol plant on July 1 , 2000, for

at least 6 months.

Methanex has also entered into a separate

agreement with BP Amoco Chemicals to pro

vide their methanol requirements in Texas City
and the Houston area.

Second Quarter 2000 Results

Driven by a significant increase in methanol

prices, Methanex reported improved earnings

for the second quarter of 2000. Net income was

US$29.1 million (US$0.17 per share). The av

erage price realized by Methanex in the second

quarter increased by US$29 per tonne to

US$141 from US$112 in the first quarter of

2000. Cash generation over the period more

than tripled.

For the 6 months ended June 30, 2000,
Methanex reported net income of

US$19.2 million (US$0.11 per share) compared

to a net loss of US$62.6 million (US$0.36 per

share) for the same period in 1999. The aver

age price realized by Methanex for the 6 months

ended June 30, 2000, was US$126 per tonne
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compared to US$96 per tonne for the first

6 months of 1999.
GOVERNMENT

Methanol prices started to increase late in the

first quarter of 2000 and have strengthened

throughout the second quarter. Currently,
United States spot prices are in the range of

US$205 per tonne (US$0.62 per gallon). This

price strength is primarily due to strong demand

across all geographies and all end-use markets

including MTBE, and to the high cost of natural

gas in North America. In addition, many of

Methanex's competitors have experienced un

planned operating difficulties.

For other North American methanol producers,

Methanex expects that there will be continued

pressure on cash margins due to the high natu

ral gas prices. As a consequence, further in

dustry restructuring is likely. For example, late

in the second quarter, Borden Chemicals and

Plastics Partnership announced that they expect
to close their 990,000-tonne methanol facility in

late 2000 or early 2001 if an option to purchase

the facility is not exercised. On July 1 , 2000,
Methanex closed its Kitimat Facility for a period

of up to 1 year.

P. Choquette, president of Methanex, com

mented, "The combination of strong demand,
high North American natural gas prices, poor

industry operating performance, and industry

restructuring has resulted in conditions of tight

supply and improved pricing. At current North

American natural gas prices, we believe that

there will be continued pressure on cash mar

gins for high-cost producers and therefore we

will continue to focus on our industry restructur

ing
initiatives."

"During the quarter, we

achieved exceptional production performance

from our plants which operated at greater than

99 percent of capacity and produced a record

1 .6 million tonnes of
methanol."

Methanex is

the world's largest producer and marketer of

methanol.

DOE SELECTS NINE NEW PROJECTS TO

ENHANCE FUTURE SUPPLY AND USE OF

NATURAL GAS

With projects ranging from studies of ice-like

hydrates that may contain huge sources of natu

ral gas, to a new type of gas-powered generator

based on ramjet aircraft engine technology, the

United States Department of Energy (DOE) is

adding a broad slate of new efforts to its re

search program to boost prospects for natural

gas in the nation's energy future.

The nine winning projects announced in June

are among more than 40 new research ventures

the DOE expects to fund all selected from a

wide-ranging competition that spanned virtually

every aspect of the Agency's Fossil Energy Re

search and Development program.

Pending completion of contract negotiations, the

DOE plans to award more than $6 million to the

following projects. The winning proposers will

add $1 .7 million of their own funding to the fed

eral share.

Natural Gas Supply

University of Mississippi, University, Mis

sissippi, for a multisensor monitoring

station in the Gulf of Mexico to study

natural gas hydrates beneath the ocean

floor

Clarkson University, Potsdam, New

York, to develop computational tech

niques that can measure the behavior of

gas hydrates and predict possible safety

problems

University of Wyoming, Laramie, Wyo

ming, which will team with the University
of Texas Institute for Geophysics to sup

ply a three-dimensional structure and
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properties of methane hydrate deposits

off the South Carolina coast

Gas Research Institute, Chicago, Illinois,
to determine the feasibility of using a la

ser to drill natural gaswells

Terra Tek Inc., Salt Lake City, Utah, to
improve a novel "down-hole

hammer"

drilling technique which uses the power

of the drilling fluid to help drive a drill bit

into a gas-bearing formation

Cementing Solutions Inc., Houston,
Texas, to develop an ultra-lightweight

cement that could help lower the costs of

completing natural gas wells

Natural Gas Advanced Turbines and Engines

Ramgen Power Systems Inc., Bellevue,

Washington, to design and test a pre-

prototype version of an innovative con

cept that uses the supersonic thrust of

ramjets to spin an electric power gen

erator

Siemens Westinghouse Power Corpora

tion, Pittsburgh, Pennsylvania, to study a

way to capture and recycle the heat in

side a gas turbine to boost efficiency

Rolls-Royce Allison Engine Company,

Indianapolis, Indiana, to develop a con

ceptual design of a fuel-flexible turbine

system that could be integrated into fuel-

cell hybrid modules

The projects will be managed by DOE'S newly

created Strategic Center for Natural Gas, part of

the Agency's National Energy Technology Labo

ratory. They were selected from a competition

begun last fall when the DOE's Office of Fossil

Energy issued a "broad agency
announcement"

covering 14 technical topics throughout its coal,

oil and natural gas research programs. Selec

tions announced above cover two of the com

petition's 14 areas of interest.

ENERGY POLICY AND FORECASTS

GROWTH OF GAS-TO-LIQUIDS INDUSTRY

FORECAST

According to a new report RE-101 Gas-to-

Liquids Processes for Chemicals and Energy

Production, prepared by Business Communica

tions Company Inc. (BCC), Norwalk, Connecti

cut, the total production of Gas-To-Liquids

(GTL) in 1999 was estimated at nearly

$100 billion. This market is expected to in

crease to nearly $120 billion by 2004, as it

grows an Average Annual Growth Rate (AAGR)
of 5.5 percent from 1 999 to 2004.

Much of this growth, says BCC, is due to recent

advances in GTL technology. The Fischer-

Tropsch reaction pathwaythe main element

used in GTL production has undergone sev

eral significant improvements in the areas of

reactor design and product recovery, and in the

production of synthesis gas, which has enabled

the economic use of natural gas feedstocks.

Therefore, the use of GTL for chemicals and

energy production is envisaged to make a rapid

advance in the next few
years,"

says BCC, "as

even more stringent environmental legislation is
enforced."

Fischer-Tropsch GTLs represent the largest

demand base for GTLs. in 1999 this category
represented 93 percent ofthe total GTL demand

(see Table 1). This market will continue to

dominate the total market as new environmental

legislation for clean transportation fuels comes

in force in January 2000, thereby growing at an

AAGR of 5.7 percent during the forecast period

and hence, reaching $113 billion in 2004.

Liquefied Natural Gas (LNG) will spearhead

demand growth with an AAGR of 11.7 percent

more than the forecast period. Natural Gas to

Liquids (NGLs) also will show an increase in

demand growth. Between 1999 and 2004,
NGLs will grow at an AAGR of 2.3 percent as

gas processing improves.
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TABLE 1

U.S. DEMAND FOR GTL PRODUCTS

Million Dollars AAGR,%

1999 2004 1999-2004

LNG 418 727 11.7

NGL 387 434 2.3

F-T GTL Fuels 85,678 113,000 5.7

Liquefied Hydrogen 164 212 5.3

Ammonia 4,184 4,333 0.7

Methanol 1,114 1,206 1.6

Total 91,945 119,912 5.5

Facing an AAGR slowing from 4.3 percent dur

ing 1996-1999 to 1.6 percent from 1999 through

2004, methanol is facing a growing surplus in

the United States, BCC notes. Demand for

methanol is expected to slump with growing

pressure for phase-out of Methyl Tertiary Butyl

Ether (MTBE) in the United States as a result of

environmental concerns. Methanol is the prin

cipal feedstock forMTBE.

For the smallest and non-fossil-fuel-derived

GTL product, BCC expects demand for Lique

fied Hydrogen (LH2) to rise from a value of

$164 million in 1999 to $212 million in 2004.

The bulk of this demand will come from the Na

tional Aeronautics and Space Administration,

which will continue to consume sizable quanti

ties of LH2 in its ramped-up plans to construct

the international space station.

NPC SEES NATURAL GAS

SUPPLY/DEMAND GROWING FOR NEXT

15 YEARS

The National Petroleum Council (NPC) recently
published NaturalGasMeeting the Challenges

of the Nation's Growing Natural Gas Demand.

The report was prepared in response to a re

quest from the United States Department of En

ergy for the NPC to reassess its 1992 report

(Potential for Natural Gas in the United States)

taking into account the past 5
years'

experience

and evolving market conditions that will affect

the potential for natural gas in the United States

to 2020 and beyond. The report provides con

clusions and recommendations on the potential

contribution of natural gas in meeting the na

tion's growing demand for energy in the resi

dential, commercial, industrial and electric

power generation.

The United States energy markets have

changed significantly since the 1992 NPC study

on natural gas:

The United States economy is growing

more rapidly than was anticipated in

1992, and with that growth has come a

higher natural gas demand than was ex

pected.

Environmental regulations that favor

natural gas consumption are more firmly
in place than in 1992 and environmental

restrictions on fossil fuel-burning facilities
are increasingly stringent.
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Since 1992 the gas industry has under

gone a significant restructuring.

Since the 1992 Study, new market

structuresmarket hubs/centers, futures

trading for natural gas and a capacity
release market (a secondary pipeline ca

pacity market)have either developed

or matured. Increased confidence in the

functionality of the gas market and in

competitive gas prices has played a sig
nificant role in increasing gas demand.

The industry has benefited from remark

able progress in technology in areas that

were not fully anticipated in 1992. These

improvements have resulted in signifi

cant reserve additions and prospects of

new production in areas that were once

considered physically or economically
unreachable.

Actual United States gas demand has outpaced

the 1992 study High Reference Case projection

by more than 1 trillion cubic feet (tcf) over the
period from 1990 through 1998 (Figure 1). The

new study projects that United States gas de

mand will grow from 22 tcf (including net stor

age fill) in 1998 to approximately 29 tcf in 2010

and could rise beyond 31 tcf in 2015. Each key
consumption sector residential, commercial,

industrial and electricity
generationwill in

crease. However, the electricity generation

sector alone will account for almost 50 percent

of the increase through 2010. Over 110 giga

watts of new gas-fired generation capacity is

projected to be in service by 2010, and a total of

140 gigawatts by 2015. Natural gas is now the

preferred fuel for new electricity generation fa

cilities, with 98 percent of the nearly

250 recently announced new generation projects

planning to bum natural gas.

The Study estimates the United States natural

gas resource base, excluding Alaska, to be

1 ,466 tcf. This total represents a net increase of

171 tcf over the 1,295 tcf estimated in the

1992 Study. Taking into account the 124 tcf

that has been produced in the lower-48 states

since then, the estimate of the resource base

has increased 23 percent since the last study.

The increase is largely due to technology

breakthroughs.

United States gas demand will be filled with

United States production, along with increasing
volumes from Canada and a small, but growing,

contribution from Liquefied Natural Gas (LNG)
imports. United States production is projected

to increase from 19 tcf in 1998 to 25 tcf in 2010,

and could approach 27 tcf in 2015. Deeper

wells, deeper water and non-conventional

sources will be key to future supply. For exam

ple, deepwater production (water depths greater

than 200 meters), which in 1998 provided 0.8 tcf

annually, will increase to over 4.5 tcf in 2010.

Onshore production from non-conventional for

mations is projected to increase by 50 percent

from 4.4 tcf in 1998 to almost 7 tcf in 2010, with

much of it coming from the Rocky Mountain re

gion. By 2015 non-conventional gas production

could be approaching 9 tcf.

Imports from Canada are projected to increase

from 3 tcf in 1998 to almost 4 tcf by 2010, con

tinuing to represent 13 to 14 percent of United

States demand.

LNG imports are projected to reach a maximum

of approximately 0.9 tcf, based on a 75 percent

average capacity utilization rate for existing fa

cilities.

The infrastructure required to deliver gas to

market must be optimized and expanded to ac

commodate the increase in demand as well as

the changing logistics of getting new supply to

new customers. By 2015 more than 14 million

new customers will be added to the natural gas

delivery system. To serve this growing market

through 2015, over 38,000 miles of new trans

mission line are projected to be needed as well

as 263,000 miles of distribution mains and al

most 0.8 tcf of new working gas storage capac

ity.

Critical Factors

Critical factors identified by the NPC Study in

clude:
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Access issues, and associated environ

mental concerns. Access to some por

tion ofthe federal gas resource base cur

rently closed or significantly restricted to

appraisal or development, as well as ac

quisition of rights-of-way, is essential to

meeting the projected demand with cost-

competitive gas supply.

Technology advances are essential in all

industry segments for improving opera

tional efficiencies, reducing resource de

velopment time, increasing production,

developing frontier areas, controlling
costs and minimizing environmental im

pact.

Adequate financial performance must be

demonstrated in order to compete for

and attract the investments required to

meet the growing demand.

Future availability of skilled workers at all

levels to produce the increased supply
and construct the necessary infrastruc

ture.
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The United States drilling fleet must ex

pand to undertake the dramatic increase

in activity that will be required over the

next decade to produce the additional

supply. The NPC estimates a need for

approximately 2,300 active rigs

(over 2,100 land rigs and 180 offshore),

an 80 percent increase over the

1 ,250 average active rig count estimated

for 1999.

Reduction of development lead times

from lease acquisition and prospect

identification, to the beginning of explo

ration, to pipeline construction for deliv

ery to the burner
tipis critical to meet

ing the gas demand projected in this

study.

As restructuring continues to unfold at

the state level, the roles and obligations

of local distribution companies and elec

tric utilities will be changing. These

changes in roles, services and customer

requirements will cause all sectors of

both the natural gas and electricity in

dustries to manage their assets differ

ently.

Sensitivity Analyses

The single most significant assumption in the

Reference Case is the size of the resource

base. The model projects that the price of gas

could be lowered by as much as $0.96 per mil

lion BTU in 2010 if the economically recover

able resource base were found to be 250 tcf

larger than assumed in the Reference Case. In

this case, demand increases by 1.9 tcf and

United States production increases by 1.5 tcf. If

estimates of the resource base are lowered by
250 tcf, prices could be as much as $0.56 per

million BTU higher, demand would be 1.5 tcf

lower, and United States production would be

1.6 tcf lower.

The most important conclusion derived from

these sensitivity analyses is that the future

availability and cost of natural gas can be influ

enced. While some variables cannot be con

trolled, factors such as the rate of technology

development, knowledge of the resource base,

and access to the resource base can be im

pactedeither positively or negatively by the

actions ofthe industry and the government.

Conclusions

In summary, affordable energy is necessary to

sustain continued growth of the nation's econ

omy and quality of life. Natural gas will play an

important role, particularly as it helps the nation

meet its environmental goals.

TECHNOLOGY

OKLAHOMA RESEARCHERS USE ELECTRIC

FIELDS TO CONVERT METHANE TO

LIQUIDS

Sponsored by the United States Department of

Energy's National Energy Technology Labora

tory, the University of Oklahoma is developing
novel processes to directly convert methane to

more valuable products such as synthesis gas,

methanol, ethylene and other organic oxygen

ates, or higher hydrocarbons. As an example,

the researchers have developed a unique

method that uses electric fields and plasma to

convert methane to liquid fuel.

Most researchers would consider methods that

use high-energy electrical discharges and plas

mas for making molecules undergo chemical

reactions to be exotic. However, the use of a

catalyst with plasma was found effective for

converting methane with small amounts of oxy

gen to acetylene, hydrogen and carbon monox

ide. While considerable effort still remains to

develop a workable process, the results thus far

underscore the possibilities that may exist.
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