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GENERAL

PROJECT ACTIVITIES

ENERTECH ENVIRONMENTALWINS

FUNDING FOR E-FUEL PROCESS

The United States Department of Energy (DOE)
has entered into a cooperative agreement with

EnerTech Environmental Inc. of Atlanta, Geor

gia, to demonstrate a technology that converts

organic wastes into E-Fuel, a clean, renewable

fuel that can be cofired with various coals.

DOE will provide $5 million of the $21 million

required to build a process development facility
up to 100 tons per day to illustrate its SlurryCarb

process. The process development facility
phase is the last step before commercialization.

A site for the facility will be announced later.

Successfully developed to the pilot scale, the

SlurryCarb technology will be demonstrated

during a 27-month period in four phases. En

erTech, which plans to begin E-Fuel gasification

within a year, is focusing on using municipal

sewage sludge as its primary feedstock, given

its high moisture content and concerns over

landfilling, land application and incineration.

Food wastes, animal manure, refuse-derived

fuels, agricultural residues and many other solid

and sludge biomass sources are all potential

feedstocks for SlurryCarb.

The company's licensing efforts overseas have

yielded a 20-tonne per day facility in Japan,

which promises to reduce the technical risk for

the proposed facility in the United States.

CORPORATIONS

BALLARD DELIVERS 250-kW FUEL CELL

POWER GENERATOR

Ballard Power Systems subsidiary Ballard Gen

eration Systems has delivered a
250-kilowatt-

class natural gas fuel cell power generator to

Cinergy Technology Inc. The power generator,

which uses Ballard fuel cells, is the first field

trial unit built by Ballard Generation Systems

and will be commissioned at the Naval Surface

Warfare Center, Crane, Indiana, during the

fourth quarter of this year.

"The delivery of this 250-kilowatt power gen

erator to Cinergy is an important event for Bal

lard Generation Systems as it marks a visible

step in our progress toward the commercial

manufacture of stationary fuel cell power gen
erators,"

said K. Smith of Ballard Power Sys

tems. "We are looking forward to working with

Cinergy and Crane during the field trial program

to gather important test and operational data

that we will use to improve the design of our

next generation commercial 250-kilowatt power
generator."

Ballard Generation Systems was formed to

commercialize proton exchange membrane fuel

cell power generators that use the Ballard fuel

cell. In addition to Ballard Power Systems, its

shareholders include GPU International Inc. of

New Jersey, ALSTOM SA of France and

EBARA Corporation of Japan.

GOVERNMENT

DOE CALLS FOR PROPOSALS FOR

VISION 21

The United States Department of Energy (DOE)
has opened the competition for companies to

begin designing v7s/on 21 energy plants of the

future. The DOE will offer up to $30 million for

winning projects, with each of the initial projects

expected to receive from $1 .5 million to

$2.5 million. Private industry will be required to

provide at least 20 percent of each project's

cost. The initial set of projects would run for up
to 3 years and would establish the design foun

dation and analytical capabilities for future de

velopment efforts.
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The DOE's Federal Energy Technology Center
is issuing the solicitation and plans to accept

proposals throughout the coming year. Begin

ning around January 31
, 2000, the department

will announce project selections every 4 months.
The due date for proposals for the first evalua

tion period is November 30, 1999. Proposals
are being requested in three areas:

Technologies that will make up the
"modules"

of Vision 21 plants, for exam

ple, in such areas as advanced gas

separation and purification, heat ex

changers, fuel-flexible gasifiers, ad

vanced low-polluting combustion sys

tems, turbines, fuel cells, chemical and
fuel synthesis processes

Systems integration capabilities needed

to combine two or more of the modules

Advanced plant design and visualization

software leading to a "virtual demonstra
tion"

of a Vision 21 plant

The DOE has set a timetable to have the Vi

sion 21 program to begin benefiting the energy

industry well before 2015. The program is ex

pected to produce spinoff technologies

possibly low-cost oxygen separation, better

catalysts for the chemical industry, lower cost

manufacturing processes and improved pollu

tion control systems beginning as early

as 2005.

DOE SELECTS THREE PROJECTS TO

DEVELOP
21st

CENTURY EARLY

COPRODUCTION PLANTS

The United States Department of Energy's

(DOE) Federal Energy Technology Center has

selected three cogeneration projects involving
coal-to-liquids and power production for up to

$30 million over the next 3 to 5 years.

Three companies, Waste Management and

Processors Inc., Frackville, Pennsylvania;

Dynegy Power Corporation, Houston, Texas;

and Texaco Natural Gas Inc., Houston, Texas,

will lead teams that will design a new type of

energy facility called an "early entrance copro

duction
plant."

The term
"coproduction"

means that the facili

ties will be designed to produce some combina

tion of electricity, heat, fuels and chemicals.

The concept of producing a varied slate of

products the exact combination of which could

be tailored for specific markets is a departure

from traditional energy facilities. Today's pow

erplants, for example, typically generate only

electricity as their primary product. Smaller
"cogeneration"

units produce both heat and

electric power.

R. Gee of DOE said the projects selected are a

"first
step"

toward developing advanced tech

nology modules that would ultimately be inte

grated into an ultrahigh efficiency, near pollu

tion-free Vision 21 energy concept.

Details of each selected project are:

Waste Management and Processors

Inc. (WMPI), and its team will assess

the feasibility and economics of a plant

that converts coal residue into premium

transportation fuels and electricity. If the

concept proves feasible, WMPI's project

team will develop an engineering design

package for a plant to be built in Gilber-

ton, Pennsylvania. The WMPI team in

cludes Bechtel National Inc., a global

engineering and construction company;

Texaco Global Gas and Power, an inte

grated energy company with a global

presence in coal gasification; and Sasol

Technology Ltd., a leader in Fischer-

Tropsch technology. Proposed DOE

award: $7.0 to $7.8 million. Project du

ration: 3 to 4 years.

Dynegy Power Corporation, and its

team will evaluate producing power and

chemicals from a plant fueled with coal

and non-coal feedstocks. Dynegy will

apply its gasification technology, now
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being demonstrated at the Wabash River

integrated gasification combined-cycle

plant. Air Products and Chemicals will

provide its novel Liquid Phase Methanol

process, which produces methanol from

coal-derived synthesis gas. Siemens

Westinghouse will also lend its power

generation experience in advanced tur

bine systems. Methanex will add its

global expertise in producing and mar

keting chemical-grade methanol prod

ucts, and Dow Coming and Dow Chemi

cals will serve as the customers for the

methanol. If the concept is feasible, the

team will develop an engineering design

package for a plant to be built at the

Wabash River plant in Terre Haute, Indi

ana. Proposed DOE award: Approxi

mately $3 million. Project duration: 3 to

4 years.

Texaco Natural Gas Inc. (TNGI), will

combine its gasification technology with

Rentech Inc.'s Fischer-Tropsch technol

ogy to produce high-quality transporta

tion fuels and electricity from coal and

petroleum coke. Joining TNGI are:

Brown & Root Services, a division of

Kellogg Brown & Root Inc., GE Power

Systems, Praxair Inc., and Texaco De

velopment Corporation. Texaco will use

results from this project to determine the

best configuration for commercial im

plementation of the integrated technol

ogy. If the concept proves feasible,

TNGI's team will develop an engineering

design package for a plant to be built at

one of several sites. Proposed DOE

award: $8.0 to $8.7 million. Project du

ration: 5 years.

DOE PROVIDES MONEY FOR NEW

CONVERSION TECHNOLOGIES

Four United States companies are receiving

$2.4 million in research contracts from the

United States Department of Energy (DOE) to

develop and test advanced technologies for

producing clean fuels and high-value chemicals

from coal. The 3-year projects are expected to

provide new insights into technologies that fu

ture energy facilities can use to produce ultra-

clean fuels that can help reduce air pollution

and lower greenhouse gas emissions.

The awarded projects administered by DOE's

Federal Energy Technology Center are:

Research Triangle Institute, Research

Triangle Park, North Carolina, will de

velop and test an advanced system for

maximizing premium-quality diesel fuel.

The system will be based on the Fischer-

Tropsch process, which chemically
re-

combines gases that can be made from

coal (or other fuels) into various types of

liquids. Researchers will attempt to

boost the proportion of diesel fuel and

lower manufacturing costs by processing
the coal gases in high-pressure, fixed-

bed columns filled with cobalt- and iron-

based catalysts. Proposed DOE award:

$569,817.

Energy and Environmental Research

Corporation, Orange County, Califor

nia, will develop an advanced process

capable of processing synthesis gas

made in a coal gasifier into high-purity
hydrogen and a concentrated stream of

carbon dioxide (that can be disposed of

more easily through carbon sequestra

tion techniques). This project also could

help DOE achieve a key greenhouse gas

reduction goal the capability to capture

and sequester carbon dioxide (a global

warming gas) at $15 per ton. Proposed

DOE award: $600,000.

Media & Process Technology Inc.,

Pittsburgh, Pennsylvania, will use a

new generation of inorganic (silicon car

bide) membranes to separate hydrogen

from the gases produced by a coal gasi

fier. These membranes have the poten

tial to reduce capital and operating costs

associated with producing high-purity hy
drogen. They could be installed in future
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powerplants that use coal gasification to

produce a clean fuel for combustion tur

bines to generate electricity. Using data
from the separation experiments, a proc

ess feasibility study will estimate the

economic benefit of silicon carbide

membranes in gasification-based power

generation applications. Proposed DOE

award: $600,000.

Hydrocarbon Technologies Inc., Mer

cer County, New Jersey, will study
ways to increase the mechanical strength

of catalysts used to convert coal gases

into liquid fuels and chemicals. Re

searchers will develop a process for

coating the catalysts with a strong, out

side carbon shell. The shell, akin to ar

mor plate, is important because the

working lifetimes of catalysts in new, en

ergy-efficient, fuels production plants

depend on their physical strength and re

sistance to attrition. Current catalysts do

not last long enough, and catalyst re

placement can add considerably to oper

ating costs. Based on test results, Hy
drocarbon Technologies will prepare an

economic assessment that compares the

costs of using the carbon-coated catalyst

and the uncoated catalyst in new ad

vanced fuels production plants. Pro

posed DOE award: $583,413.

DOE SELECTS FOUR PROJECTS TO

DEVELOP LOW-COST FUEL CELLS

The United States Department of Energy (DOE)
has selected four companies, McDermott Tech

nology Inc., Alliance, Ohio; Allied Signal Inc.,

Torrance, California; NexTech Materials Ltd.,

Worthington, Ohio; and Technology Manage

ment Inc., Cleveland, Ohio, to begin developing
basic designs and manufacturing processes for

a new generation of ultra low-cost
21'

fuel cells.

century

The new projects will expand the types of ce

ramic-based fuel cell technologies in the DOE's

research program. The solid-state components

offer potential for low-cost, high-volume manu

facturing. Ceramic cells can also operate at

high temperaturestypically in excess of

1,800F which produces high quality byproduct

heat for cogeneration or use in other power

generating cycles.

The goal of this new effort is to bring fuel cell

powerplant costs down to a range of $400 to

$600 per kilowatt, or roughly half the projected

costs of today's technology. To meet this goal,

costs of the fuel cell stackthe arrangement of

the electrode/electrolyte plates that form the

core of the powerplant must be reduced to

around $100 per kilowatt. Reliability and avail

ability are also key factors in future costs, and

DOE has set a goal of achieving 40,000-hour

life expectancies for stacks in powerplants and

10,000-hour durations for military applications.

The new fuel cells will be modular and designed

to use multiple types of fuels while emitting vir

tually no pollutants.

The new projects are valued at nearly

$24 million and include 20 to 50 percent cost-

sharing from the companies. The DOE's share

will be nearly $13 million. Each project will last

2 to 3 years. During this time, the companies

must show sufficient cost-reduction potential to

proceed to subsequent phases.

The cost will be split as follows:

McDermott Technology Inc. will focus

on fabricating low-cost solid-state fuel

cell components using tape casting,

punching and screen printing. The esti

mated contract value is $18.6 million,

around $10 million of which will be pro

vided by the company.

Allied Signal Inc. will develop a manu

facturing process that makes thin elec

trolytes by tape calendering and metallic

unitizing of flat-plate cells. The esti

mated contract value is $2.2 million with

expected cost-sharing of almost

$460,000.
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NexTech Materials Ltd. will research

co-sintered electrode support of planar

fuel cells, spin-coated ultrathin film elec

trolytes and co-extrusion of monolithic

(tubular) shapes. The project cost is es

timated at $2.8 million with cost-sharing
of $458,000.

Technology Management Inc. will fo

cus on screen printing of planar fuel cell

stacks. Its contract is proposed at

$363,000 with cost-sharing of $73,000.

DOE CONTINUES SUPPORT FOR

HYDROGEN DEVELOPMENT

The United States Hydrogen Program was dis

cussed in Energeia, Volume 10, Num

ber 4, 1999, by C. Gregoire Padr6 of National

Renewable Energy Laboratory (NREL).

In its Hydrogen Program, the United States De

partment of Energy (DOE) conducts research

and development for the development of safe,

cost-effective hydrogen production technologies

that support and foster this transition. The DOE

Hydrogen Program is dedicated to developing
improved production technologies that provide

fossil-based hydrogen in the near-term at com

petitive prices, and renewable-based hydrogen

in the mid- and long-term.

Fossil-Based Hydrogen Efforts

The production of hydrogen from natural gas is

an integral part of the strategy to introduce hy
drogen into the transportation and utility energy

sectors, by reducing the cost of conventional

and innovative hydrogen production processes

that rely on cheap fossil feedstocks.

Air Products and Chemicals is modifying the

conventional steam methane reforming process

to include incorporation of an adsorbent in the

reformer to remove C02 from the product

stream. This
'upset'

to the reaction equilibrium

drives the reaction to produce additional hydro

gen at lower temperatures than conventional

reformers. The cost of hydrogen is expected to

be 25 to 30 percent lower, primarily due to re

duced capital and operating costs. In addition,

the adsorption of the C02 in the reforming stage

results in a high-purity C02 stream from the ad

sorbent regeneration step.

Massachusetts Institute of Technology is devel

oping a compact plasma reformer for hydrocar

bon fuel reforming for industrial, distributed util

ity and vehicular refueling applications. Im

provements to the process are expected to re

sult in a reduction in specific energy consump

tion.

In a project cosponsored by the Hydrogen Pro

gram and the Office of Fossil Energy, Air Prod

ucts and Chemicals is developing a ceramic

membrane reactor for the simultaneous separa

tion of oxygen from air and the partial oxidation

of methane. If successful, this process could

result in improved production of hydrogen

and/or synthesis gas compared to conventional

reformers.

Renewable-Based Hydrogen Efforts

The thermal processing of plant material

(biomass) and fossil fuels are similar, with a

number of the downstream unit operations being

essentially the same for both feedstocks. Hy
drogen Program research and development fo

cuses on the processing units that are feed

stock-dependent. Using agricultural residues

and wastes, or biomass specifically grown for

energy uses, hydrogen can be produced via py
rolysis and gasification. Biomass pyrolysis pro

duces a liquid product (bio-oil) that, like petro

leum, contains a wide spectrum of components

that can be separated into valuable chemicals

and fuels. Unlike petroleum, bio-oil contains a

significant number of highly reactive oxygen

ated components derived mainly from constitu

tive carbohydrates and lignin, which can be

transformed into products, including hydrogen.

In a supercritical water gasification process at

the Hawaii Natural Energy Institute (HNEI), a

slurry containing 15 weight percent biomass is

pumped at high pressure (>22 MPa) into a re-
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actor, where hydrothermolysis and reforming
occur. Catalysts have been identified that are

suitable for the steam reforming operation.

Biological, chemical and electrochemical sys

tems are being investigated within DOE as long-

term, high-risk, high-payoff technologies for

sustainable production of hydrogen.

In nature, algae absorb light and utilize water

and C02 to produce cell mass and oxygen. Of

interest is a class of enzymes known as hydro-

genases that can combine protons and electrons

obtained from water oxidation to release mo

lecular hydrogen. Researchers have identified

mutant algal strains that evolve hydrogen at a

rate 4 times that of the wild type, and that are

3 to 4 times more oxygen tolerant. Photosyn-

thetic organisms also contain light-harvesting,

chlorophyll-protein complexes that effectively

concentrate light and funnel energy for photo

synthesis. In a recent set of experiments, re

searchers observed that green alga grown under

high light intensities exhibit lower pigment con

tent and a highly truncated chlorophyll antennae

size. These cells showed photosynthetic pro

ductivity (per chlorophyll) that was 6 to 7 times

greater than normally pigmented cells, a phe

nomenon that could lead to significant im

provements in hydrogen production efficiency.

The Program supports NREL in the develop
ment of bacterial systems to convert CO (found

in synthesis gas) to hydrogen via the water-gas

shift reaction. In this project, microorganisms

isolated from nature are used to reduce CO lev

els to less than 0.1 part per million, at 25 to

50C in a single reactor.

Multijunction cell technology developed by the

photovoltaic industry is being used for photo-

electrochemical (PEC) light harvesting systems

that generate sufficient voltage to split water

and are stable in a water/electrolyte environ

ment. The NREL PEC water splitting system

has exhibited a solar-to-hydrogen efficiency of

12.4 percent low heating value using concen

trated light. HNEI has demonstrated a solar-to-

hydrogen efficiency of 7.8 percent low heating

value under natural sunlight.

PRESIDENT CLINTON SIGNS EXECUTIVE

ORDER PROMOTING BIOMASS

On August 12 United States President Clinton

signed Executive Order 13134 "to stimulate the

creation and early adoption of technologies

needed to make biobased products and bio

energy cost-competitive in large national and

international
markets."

The goal of the

"biomass
initiative"

is to triple the amount of

energy produced from farm products, crop

wastes and trees by 2010.

The Executive Order establishes an Interagency
Council on Biobased Products and Bioenergy,

composed of the Secretaries of Agriculture,

Commerce, Energy, and the Interior, the Envi

ronmental Protection Agency Administrator and

others. The Council will annually draft a strate

gic plan for the President outlining overall na

tional goals in the development and use of bio

based products and bioenergy and how these

goals can best be achieved. It also establishes

an Advisory Committee on Biobased Products

and Bioenergy. The Energy Secretary, in con

sultation with the other Council members, will

appoint 20 members including representatives

of the farm, forestry, chemical manufacturing

and energy sectors, environmental and conser

vation organizations, the university research

community and other critical sectors.

Finally, the Secretaries of Agriculture and En

ergy will establish a joint National Biobased

Products and Bioenergy Coordination Office to

ensure effective coordination between the two

departments, to implement the strategic plans

and provide guidance to the Council.

According to President Clinton, tripling Amer

ica's use of bioenergy and biobased products

would "generate as much as $20 billion per year
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in new income for farmers and rural communi

ties, while reducing greenhouse gas emissions

by as much as 100 million tons per
year."

In response the National Petrochemical and Re

finers Association notes that despite almost a

century of attempts and almost a quarter of a

century of state and federal tax subsidies

(30 states have had ethanol tax incentives at

one time or another; the annual federal subsidy
is about three-quarters of a billion dollars), no

technology has yet emerged to make the use of

biomass economical.

ENERGY POLICY AND FORECASTS

BP AMOCO WORLD REVIEW NOTES FIRST

DROP IN ENERGY CONSUMPTION IN

16 YEARS

World energy consumption fell by 0.1 percent

in 1998, the first decline since 1982. Gas, nu

clear and hydro consumption all rose by more

than 1 percent, but this was insufficient to offset

the lack of growth in oil and an acceleration of

the decline in coal consumption. OECD

(Organization for Economic Cooperation and

Development) countries consumption, which

represented 58 percent of the total, fell by
0.2 percent, while growth in the Emerging Mar

ket Economies (EMEs), excluding the Former

Soviet Union (FSU), fell to 0.4 percent from

1 .9 percent the previous year. These and other

energy developments were summarized in

BPAmoco StatisticalReview 1999.

Energy Developments

Despite the fall in total world energy consump

tion, two-thirds of the featured countries enjoyed

positive growth. Portuguese consumption rose

the fastest, at 10.7 percent, and a further

10 countries saw growth of 4 percent or more.

Growth of more than 5 percent in Spain lifted it

to become the
15th

largest energy market.

Declines in consumption were concentrated in

Asia, the FSU and parts of Central Europe, with

falls of more than 3 percent in, among others,

China, South Korea, Poland and Thailand. Sig

nificant falls were also recorded in Japan, Ger

many, Canada and the Ukraine.

The share of global consumption in EMEs con

tinued its upward path, to 29.7 percent, helped

by rising contributions from South and Central

America, Africa and the Middle East.

Oil

The key feature of the oil market in 1998 was

the deep and prolonged fall in crude oil prices.

Prices fell almost continuously throughout the

year, yielding an annual average Brent price of

$13.11, 32 percent below 1997 and the lowest

since 1976.

Oil consumption rose by only 0.1 percent, the

lowest increase for 5 years. Consumption was

affected by a combination of economic and

other factors; it was weakest in recession-hit

Asia (-2.7 percent) and Russia (-5.3 percent),

with demand in the four Asian crisis economies

falling by 11.1 percent. Despite rapid economic

growth, recorded consumption in the United

States rose only modestly. Demand in Japan,
the world's second largest consumer, fell by
4.2 percent, reflecting its persistent economic

recession.

The 1 .4 percent increase in production signifi

cantly exceeded growth in demand.

Large increases in production were seen in Iraq,

Brazil, Colombia, Vietnam and in the Caspian.

United States production, which has been in a

declining trend since 1985, fell by 3.3 percent,

the largest fall for 5 years. In the North Sea,
Norwegian production fell by 4.4 percent, while
United Kingdom production rose by 3.6 percent

to a new record level, with the commissioning of

several new fields. Production also fell in North

and West Africa, with Angola the only major

producer to record an increase.
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Total proved reserves increased by 6.7 billion

barrels, leaving the R/P ratio unchanged at

41 years.

Natural Gas

World natural gas consumption rose by
1 .3 percent, slightly slower than the average of

2 percent per year of the past decade. Never

theless, its share of total primary energy con

sumption continued to increase, to 23.8 percent,
and has risen in all regions compared with

10 years ago.

Growth in consumption exceeded 2 percent in

all regional markets except the United States,

the world's largest, where consumption fell by
3 percent, largely resulting from the mild winter

of 1997-1998.

World gas production rose by 2.2 percent.

Rapid increases in output were seen in Trinidad

and Tobago, and Qatar, and among the larger

provinces in Algeria. With an increase of

3.5 percent, Russia regained its slot as largest

producer, ahead of the United States. Signifi

cant increases in proved reserves were reported

in Australia, Trinidad and Tobago, Thailand and

Brazil.

Other Fuels

Coal production fell by 2.4 percent, led by a

6 percent decline in China, the world's largest

producer. World consumption also fell, by
2.1 percent, reflecting weak demand in China

and the continued long decline in coal use within

Europe.

Nuclear energy consumption more than re

versed the decline of 1997, rising by

1 .6 percent. Consumption in the United States,

the world's largest user, rose by 7.2 percent.

European Union consumption fell by

1 .3 percent, led by Germany, France and Bel

gium.

Consumption of hydroelectricity grew by

1.1 percent. Asia Pacific saw the fastest rate of

growth, with double-digit increases in India, Ja

pan, Pakistan, South Korea and Taiwan.

GRI FORECASTS STRONG DEMAND FOR

INDUSTRIAL ENERGY TO 2015

Gas Research Institute's (GRI) 1999 Industrial

Trends Analysis projects industrial energy con

sumption which accounts for more than one-

fourth of the United States energy
usagewill

increase from 27.9 quads in 1996 to 35.4 quads

in 2015. During that period, industrial produc

tion is expected to grow 2.9 percent annually,

more than double the expected 1.3 percent an

nual growth rate in energy consumption in the

industrial sector.

The study sees only slight shifts in market share

among the competing fuels through 2015. Natu

ral gas, used primarily in fuel and power appli

cations, will remain the dominant fuel, account

ing for more than 35 percent of total industrial

demand. Gas consumption in this market,

which includes stand-alone boilers, industrial

cogeneration and process heat, is expected to

increase from 10.2 quads in 1996 to 13.3 quads

in 2015. Petroleum, used mostly as a feed

stock, will retain a 32 percent market share.

Electricity consumption will increase from

3.5 quads to 5.2 quads, but will still account for

only 15 percent of total industrial energy con

sumption. Coal consumption is projected to

decline during the period, from 2.8 quads in

1996 to 2.5 quads in 2015 due to growing envi

ronmental constraints.

Among highlights ofthe GRI study are:

The chemical industry will continue to be

the largest energy user, with consump

tion increasing from 7.6 quads in 1996 to

10.8 quads in 2015.

The metal durables industry, which is not

energy-intensive, has the fastest pro

jected production and energy consump

tion growth in the entire industrial sector.
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Of the fuel and power end-users, steam

production in stand-alone boilers and co-

generation boilers is expected to grow

from 5.6 quads in 1996 to 6.3 quads

by 2015. Natural gas will remain the

dominant fuel in stand-alone boilers and

cogeneration, growing 1 .4 percent per

year and 1.3 percent per year, respec

tively.

Energy use for process heat is projected
to increase from 5.4 quads in 1996 to

6.4 quads in 2015. Natural gas is ex

pected to continue dominating this end-

use, increasing its market share from

52 percent in 1996 to 56 percent in 2015.

The West South Central region (Texas,

Louisiana, Oklahoma, Arkansas) is ex

pected to show the most vigorous

growth, with annual industrial energy

consumption increasing from 9.1 quads

in 1996 to 12 quads by 2015. This re

gion, along with the East North Central,

South Atlantic and Middle Atlantic re

gions, accounts for 68 percent of total

industrial energy usage.

TECHNOLOGY

ADVANCED TURBINE TECHNOLOGY READY

FOR DEBUT

Sithe Energies, one of the nation's largest inde

pendent power producers, will become a partner

with General Electric (GE) in the first United

States commercial application of GE's ad

vanced gas turbine technology if all goes well in

the final stage of an 8-year partnership program

between the United States Department of En

ergy (DOE) and GE. Under the agreement the

turbine of the
21st

century will make its com

mercial debut in a new $400-million,

800-megawatt state-of-the-art powerplant in Up
state NewYork. The 800-megawatt natural gas-

fueled power project will use GE's H
System

gas turbine combined-cycle technology, the first

use of the new technology in a United States

powerplant.

The advanced energy system is in its final

phase of development in a program begun by

the DOE in 1992. Scheduled for its major veri

fication test run later this year, the turbine incor

porates revolutionary advances that will enable

it to generate electricity more efficiently and with

better environmental performance than any tur

bine available today.

The new turbine system is expected to produce

less than half the nitrogen oxidesa pollutant

that contributes to smog, harmful ozone and

acid rain of current utility-scale turbines. Its

higher efficiencies will also cut emissions of

carbon dioxide, a greenhouse gas, by more than

20 percent compared to turbines available when

the development program began.

The GE turbine technology is one of two high-

performance, utility-scale turbine systems that

will emerge from the DOE's advanced turbine

program. It and a companion technology being
developed by Siemens-Westinghouse will be

the first capable of breaking the 60 percent net

efficiency barrier.

Two of the new GE turbines are planned for in

stallation at Sithe's Heritage Station at Scriba,
where the company already operates the

1 ,040-megawatt Independence Station. Sithe

will begin the permitting process by submitting a

final application to the State of New York this

fall. Construction would begin in the last quarter

of 2000 with operations and testing expected to

begin late in 2002.

FUEL CELLS FOR SMALL-SCALE POWER

GENERATION NEAR COMMERCIAL STAGE

From small residential units to utility-scale proj

ects, fuel cell technology is on the threshold of

commercialization. Phosphoric Acid Fuel Cells

(PAFC), the technology with the earliest promise
for large-scale generation, are already offered
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commercially, with more than 100 200-kilowatt

units installed worldwide. More advanced de

signs, such as carbonate fuel cells and Solid

Oxide Fuel Cells (SOFC), are the focus of major
electric utility efforts to bring the technology to

commercial viability.

A variety of cells are in development. They are

generally classified by the type of electrolyte or

the temperature of operation. Fuel cell efficien

cies range from 35 to 40 percent for the PAFC

up to 60 percent with Molten Carbonate Fuel

Cell (MCFC) and SOFC systems under devel

opment. The major differences in these tech

nologies are shown in Table 1 .

Research and development efforts are aimed at

commercializing fuel cells for use in electric

power applications and as power for vehicles.

Because fuel cell efficiency is nearly unaffected

by size, they are receiving a close look as a

promising distributed generation technology.

Stationary powerplant development has been

focused on plants of 10 megawatts or less.

Smaller plants, up to about 2 megawatts
can be

sited at an industrial user's facility and are

suited for cogeneration. Larger plants, up to

about 10 megawatts, are likely to be used for

dispersed electric-only use. These plants are

generally fueled with natural gas. Once price

improvements are realized through commer

cialization, fuel cells will be contenders as

baseload plants because they are efficient.

Baseload plants could be powered through natu

ral gas or coal gasification.

The PC-25

The 200-kilowatt PAFC on-site plant, the PC-25,

was the first to enter the commercial market.

The plant was developed by International Fuel

Cells Corporation (IFC) and is built by the ONSI

Corporation, a subsidiary of IFC, which is a sub

sidiary of United Technology. Because it is the

first available commercial unit, the PC-25

serves as a model for fuel cell application.

More than 170 PC-25s are in service in

14 countries. The fleet has more than 2 million

hours in service.

TABLE 1

MAJOR FUEL CELL DIFFERENCES

Electrolyte

Membrane

Operating Temp.

Charge Carrier

External Reformer

For CH4

Prime Components

Catalyst

Product Water

Management

Product Heat

Management

PEFC

ion exchange

phosphoric acid

80C
H*

yes

carbon-based

platinum

PAFC

immobilized liquid

molten carbonate

205C
H+

yes

graphite-based

platinum

MCFC

immobilized liquid

650C
co3=

no

stainless steel

nickel

SOFC

ceramic

800-1 ,000C
o=

no

ceramic

perovskites

evaporative evaporative gaseous product gaseous product

process gas+ process gas+ internal reforming+ internal reforming*

independent cooling independent cooling process gas process gas
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The PC-25 can operate grid-connected for on

line service or grid-independent for on-site

service. The plants produce up to 200 kilowatts

on natural gas fuels and 700,000 BTU per hour

of heat at 140F for cogeneration. The plants

achieve 40 percent Lower Heating Value (LHV)
electric efficiency, and use of fuel energy ap
proaches 80 percent for cogeneration applica

tions. The fleet has an average exceeding
95 percent availability.

The plants have operated on natural gas, pro

pane, butane, landfill gas, hydrogen and gas

from anaerobic digestors. Emissions are so low

that the plant is exempt from air permitting in

the South Coast and Bay Area Air Quality Man

agement Districts in California the most strin

gent limits in the United States.

Unit price is approximately $3,000 per kilowatt

and some installations have received federal

grant rebates of $1 ,000 per kilowatt from the

Clean AirAct Program.

These systems are beginning to be used in

some high profile applications:

The nation's seventh largest credit card

processor recently cast off from the

electric grid as its primary power source

in favor of this fuel cell system. ONSI-

manufactured 200-kilowatt fuel cells are

the major components of the $3.4 million

system developed by Sure Power Corpo

ration of Danbury, Connecticut, for First

National Bank of Omaha. Installed in the

bank's new 200,000-square foot technol

ogy center, the system powers comput

ers processing millions of dollars worth

of online credit card transactions. Prob

ability risk analysis found the new system

could be expected to incur less than

4 seconds per year of unscheduled

downtime.

Police at New York's 128-year old Cen

tral Park precinct station, originally the

Central Park Stable, often had to choose

between computers and air conditioning

on hot summer days. Rather than spend

$1.2 million to lay another electricity ca

ble across the park to upgrade the power

supply, the New York Power Authority in

stalled a $600,000 fuel cell. Since April,

the 200-kilowatt phosphoric acid ONSI

machine has supplied 100 percent of the

precinct's electricity, plus enough power

for an electric vehicle charging station.

During a July heat wave and blackout,

the station never lost power.

South County Hospital of Wakefield,

Rhode Island, is scheduled to install an

ONSI unit this fall. The unit will provide

baseload electrical and thermal energy,

and in the event of a grid outage, the

fuel cell will continue to power critical

loads.

PEM Fuel Cell

Proton Exchange Membrane (PEM) cells are

another fuel cell type. PEM cells operate at

abut 200, have high-power density and can

vary their output quickly to meet changes in

power demands. No acid is required; the elec

trolyte is a plastic membrane. PEM fuel cells

are subject to irreversible damage when ex

posed to hydrogen contaminated by carbon

monoxide.

PEM systems are being evaluated as follows:

In one of the first large-scale residential

tests, the Bonneville Power Administra

tion will purchase 110 PEM, 3-kilowatt

fuel cells from Northwest Power Systems

of Bend, Oregon, a unit of Idacorp. The

first units are scheduled for delivery this

fall. The 3-kilowatt beta units will cost

about $30,000 each to produce, but the

price is expected to drop to less than

$10,000 per unit by 2003 when they be

come commercially available.

Plug Power broke ground on a new PEM

fuel cell manufacturing facility in June in

Latham, New York. Scheduled for com

pletion in November, the facility will

permit Plug Power to begin beta-unit

production for field testing in 2000 and

commercial sales in 2001. Plug Power

THE SYNTHETIC FUELS REPORT. OCTOBER 1999

11



 



GENERAL

was initially formed as a joint venture

between DTE Energy Company and Me

chanical Technology Inc.; General Elec
tric Company and Southern California

Gas Company, a Sempra Energy sub

sidiary, became equity owners in 1999.

Avista Corporation, subsidiary Avista

Labs and engineering-constructor Black

& Veatch formed a joint venture in Feb

ruary to pursue PEM fuel cell markets in

the United States and abroad.

One demonstration plant is in operation with an

electric efficiency of 40 percent LHV. This site

was produced by Ballard Generation Systems.

It has a capacity of 250 kilowatts on natural gas

fuel. Its thermal capacity is 810,000 BTU per

hour at 165F. Ballard is conducting field trials

with commercial production expected in 2002.

Partners are GPU International, GEC Alsthom

and EBARA Corporation.

MCFC Testing

An Energy Research Corporation (ERC)
2-megawatt demonstration plant began operat

ing in 1996 on a City of Santa Clara, California,
Municipal Electric site. The demonstration

plant, a joint-private sector/government pro

gram, included 16 atmospheric, internal re

forming MCFC stacks, each rated at

125 kilowatts.

ERC is now focusing on the development of a

2.8 megawatt MCFC plant. The new internal

reforming MCFC plant will have an electric effi

ciency of around 58 percent on natural gas with

a thermal energy output of around 4 million BTU

per hour and an availability of 95 percent.

A demonstration of an external reforming MCFC

is planned at the Miramar site with a 75-kilowatt

stack to be installed within the existing plant to

demonstrate improved resistance to corrosion.

The turbocharger and recycle blower will be

changed. After evaluation of the 75-kilowatt

stack, a new 250-kilowatt stack will be installed

toward the end of 1999 to demonstrate full-scale

plant operation.

New York Power Authority started up the first

fuel cell powerplant to run on digester gas from

sewage treatments in 1998. The 200-kilowatt

unit emits only negligible pollution as it gener

ates electricity for its host, the Westchester

County Wastewater Treatment Plant. The fuel

cell, manufactured by ONSI Corporation, is ex

pected to reduce annual emissions by more

than 26 tons. The facility's emissions were be

low the measuring equipment's detection limits

of 0.5 ppm for CO and volatile organic com

pounds and 1 ppm for S02. NOx was measured

at 0.4 ppm.

Another plant is planned, in conjunction with the

United States Environmental Protection Agency,

to generate 1 megawatt from wastewater treat

ment gases in King County, Washington. This

plant is scheduled to enter operation in 2001 .

SOFC Demonstrations

There are two SOFC demonstrations currently

operating. Both units are from Siemens West

inghouse Power Corporation. A 25-kilowatt

plant is being tested at the University of Califor

nia's National Fuel Cell Research Center in Ir

vine. The unit typically operates at

21.7 kilowatts DC and 173 amperes.

The unit has operated more than 10,000 hours,

including 5,800 hours testing at Southern Cali

fornia Edison's Highgrove Station. A

100-kilowatt, 50-Hz unit is operating at NUON

district heating site in Westvoort, The Nether

lands. The site was completed in early 1998

and the system has operated unattended, deliv

ering 105 kilowatts AC to the grid. It has an ef

ficiency of 45 percent. It also supplies

85 kilowatts of hot water at 110C to the local

district heating system.

The Siemens Westinghouse SOFC commer

cialization plan is focused on an initial offering
of a hybrid fuel cell/gas turbine plant. The fuel

cell module would replace the combustion

chamber of the gas turbine. With the hybrid

approach a 1 -megawatt unit is expected to have

a 60 percent efficiency LHV.

12
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The Future

Larger, 100- to 300-megawatt, baseload station

ary powerplants are viewed as an eventual mar

ket for the fuel cell technologies currently under

development. The cells would operate on either

coal or natural gas. Another earlier opportunity
is seen as repowering older, existing

power-

plants with high-temperature fuel cells. MCFCs

and SOFCs coupled with coal gasifiers have the

best attributes to compete in the baseload

power market. The difficulty is in coupling the

gasifierwith fuel cells. Coal gasifiers produce a

fuel gas product requiring cleaning to meet the

stringent requirements of the fuel
cells'

envi

ronment, and that is a costly process. But strin

gent emissions regulations are a boon to fuel

cells, which emit less than target emission lim

its.

ETHANOL-BASED AVIATION FUELWINS

CERTIFICATION

Piston-engine aircraft will soon be able to use a

new low-cost, lead-free alternative fuel that is

based largely on ethanol and other agricultural

products. The Federal Aviation Administration

(FAA) recently certified the fuel, which is about

85 percent ethanol and contains a high-octane

petroleum product and agriculturally derived
"biodiesel"

for lubrication. Because of its high

percentage of agricultural components, the fuel

is known as AGE85.

AGE85 was developed during a 3-year research

project funded by the South Dakota Com Utili

zation Council and the United States Depart

ment of Agriculture. The National Alternative

Fuels Laboratory formulated the fuel at the Uni

versity of North Dakota Energy and Environ

mental Research Center. Aircraft testing and

certification were performed by South Dakota

State University in Brookings, Great Planes Fuel

Development in Watertown, South Dakota, Lake

Area Technical Institute in Watertown, and

Texas Skyways of Boeme, Texas.

In flight tests and engine teardown inspections

conducted over the last year in San Antonio,

Texas, AGE85 was demonstrated to meet or

exceed FAA performance, materials compatibil

ity and engine component wear specifications.

It was approved for use in several different

models of Cessna aircraft equipped with Conti

nental engines. The engine wear observed fol

lowing the mandated 500-hour endurance test

was so minimal that the FAA has waived the

test as a requirement in ongoing and planned

AGE85 certifications for additional aircraft mod

els.

Currently, aviation gasoline (known as "avgas")
for piston-engine aircraft contains 4 times more

lead than was used in leaded automotive gaso

line before it was banned from use in new cars

in 1973. However, because the lead additive

has been the most economical method for

achieving 100-octane fuel, leaded avgas has

remained the standard for high-performance

piston-engine planes. To avoid damaging the

general aviation industry, the United States En

vironmental Protection Agency (EPA) agreed to

permit the use of leaded avgas until an eco

nomic alternative was developed.

"Based on a current price of pure ethanol at

$0.95 per gallon, AGE85 is expected to sell at

the pump for about $1.10 per gallon, compared

to the current avgas price of $2 per
gallon,"

ac

cording to T. Aulich of the EPA.

"Our objective is to have at least 50 percent of

the current aircraft fleet certified within the next

year and a
half,"

he says. "Eventually, all pis

ton-engine aircraft should be certified to use
AGE85."

According to Aulich, the ethanol used in the new

fuel is produced mainly from com and other

grains. The biodiesel component can be made

from many different crops, including soy beans,

sunflowers, canola and cotton seed. In addition,

waste products such as fryer oils and cooking

grease, as well as beef tallow and pork lard, can
also be used.

Aulich says the current avgas market in the

United States alone is about 600 to 700 million

13
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gallons per year and current ethanol production

is about 1 .2 billion gallons per year. With other

nations showing a strong interest in AGE85, the
demand for ethanol could be significantly ex

panded, he says.

SwRI REPORTS GOOD RESULTS WITH

PURE ENERGY'S DIESEL BLEND

A recent Southwest Research Institute (SwRI)
report concluded that oxygenated diesel, a new

ethanol-diesel fuel blend developed by Pure

Energy Corporation of New York, reduces car

bon monoxide by 27 percent, nitrogen oxides by
5 percent and particulate matter by 41 percent

(see Table 1).

Pure Energy is the first company to develop a

cost-competitive blend of ethanol and diesel

which when mixed remains stable under ad

verse conditions. By putting ethanol in diesel,

the oxygenated fuel bums cleaner which results

in reduced emissions from the tailpipe.

Pure Energy has filed for a patent covering the

oxygenated diesel blends. The company plans

to commercialize the fuel in 2000 by working

with industry partners in the United States,

Europe, Latin America and elsewhere. In com

mercial production, the fuel should cost only a

few cents per gallon more than the base Num

ber 2 and substantially less than premium Num

ber 1 diesel. The new oxygenated diesel's per

formance characteristics are on par with pre

mium Number 1 diesel with the added benefits

of lowering emissions.

Oxygenated diesel is undergoing testing with

parties including the State of Illinois, the Chi

cago Transit Authority (CTA), Archer Daniels

Midland (ADM), Mack Trucks, Cummins Engine

Company, GROWMARK Inc. and the Illinois

Corngrowers Association. The CTA has com

mitted 30 buses to test the new ethanol-diesel

fuel. Preliminary results from this test have

TABLE 1

OXYGENATED DIESEL EMISSIONS PERFORMANCE

Percent

Decrease

Oxygenated Diesel (15% ethanol blend)
Particulate Matter

Carbon Monoxide

Oxides of Nitrogen

41
*

27

5

Oxygenated Diesel (10% ethanol blend)
Particulate Matter

Carbon Monoxide

Oxides of Nitrogen

27*

20

4

*Percent decrease in average emissions
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shown comparable performance, maintenance

and driveability to Number 2 diesel. The ADM

program has recently logged in excess of

100,000 miles in a fleet of heavy-duty Mack

Trucks with similar results.

Sf ft It If

fttttttt

ENVIRONMENT

SEQUESTRATION OF GREAT PLAINS

CARBON DIOXIDE IN EOR TO BE

MONITORED

On May 29, 1999, PanCanadian Resources, a

major Canadian oil company, broke ground at

its Enhanced Oil Recovery (EOR) project site in

Southeastern Saskatchewan, Canada. This en

hanced oil recovery project will take approxi

mately 5,000 tonnes per day of C02 from a coal

gasification plant in North Dakota, and use it to

recover incremental oil. Construction of the

330-kilometer pipeline from North Dakota is un

der way, as is work at the EOR site. The first

C02 will be injected in the third quarter of the

year 2000.

The oil is contained in carbonates at a depth of

1 ,400 meters. At this depth, miscibility can be

achieved with C02, thereby improving oil pro

duction to almost 50 percent of the original oil in

place. Any C02 produced with the oil will be

captured and reinjected. At the conclusion of

the project, some 19 million tonnes of C02 will

have been sequestered in the reservoir.

There are a number of interesting facets to this

field:

There is extensive baseline information

including geology, production and water

injection.

The field is land-based, making access

to all surface facilities easy.

There will be a number of observation

wells, and drilling new wells would be

relatively cheap given the depth of the

reservoir.

No C02 has been injected to-date allow

ing monitoring to begin with the first C02

injection.

PanCanadian is a cooperative partner.

Monitoring Program

The monitoring program will include all aspects

of the fate of the C02 in the reservoir, in par

ticular, its reactions with the formation and for

mation fluids, and its movement within the res

ervoir. This work could lead to predictions

about what happens to C02 in a carbonate res

ervoir and about optimizing C02 storage in an

oil reservoir as opposed to optimizing oil pro

duction.

MOBIL EVALUATION OF CLIMATE CHANGE

FORECASTS DOUBLING OF CARBON

DIOXIDE CONCENTRATION

Mobil recently published Climate: Technology
and Carbon Dioxide Emissions. A Global Re

view and
Assessment."

The report assessed

the technology and possible scenarios for re

ducing C02 emissions over the next century.

The conclusions are summarized below.

Short Term (to 2030)

Today, the Organization for Economic Coopera

tion and Development (OECD) and non-OECD

countries produce about the same amount of

C02 emissions. By 2030 C02 emissions from

the OECD countries are projected to level off,

whereas emissions from the non-OECD coun

tries are projected to more than double, driven

by economic growth.

In the Transportation Sector global C02 emis

sions will continue to grow, even with rapid inte

gration of advanced fuel-efficient technology in

OECD countries. While the OECD countries
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could return C02 emissions from passenger ve

hicles to 1990 levels by 2020, it would require

an unprecedented rate of transition to a hybrid

diesel and fuel cell vehicle fleet.

Even with rapid implementation of the most effi

cient generating technology, global emissions

from the electric power generation sector will

continue to rise due to rapidly increasing elec

tricity demand. Deregulation/privatization can

slow the rate of increase. While renewable en

ergies could play a role in meeting future energy

demand, all have limitations that, for the fore

seeable future, will continue to make them im

practical or more expensive than fossil fuels.

According to Mobil, C02 capture and storage

offers the greatest potential for significantly re

ducing C02 emissions from fossil fuel use.

Funding is needed for basic research and de

velopment to reduce the cost of this technology
and demonstrate its environmental soundness.

In the residential/commercial and industrial

sectors global C02 emissions will continue to

rise despite significant technology advances,

primarily due to economic growth in non-OECD

countries.

Stabilizing C02 concentration at twice the pre-

industrial level requires reducing global C02

emissions by almost 75 percent from the Refer

ence Case (no stabilization effort) by 2100.

This goal would be achievable only if all coun

tries participate by: conserving energy, switch

ing to lower-carbon fuels, using more renew

ables, investing in nuclear energy, and imple

menting C02 capture and storage.

While the technologies to achieve this goal exist

today, the cost of reaching it will rise steeply

with time and will have a significant impact on

the standard of living globally. Mobil notes that

stabilization costs might be reduced by unfore

seen inventions or technology breakthroughs.

Less than full participation or premature action

would increase overall costs and jeopardize the

goal of stabilization. According to Mobil, if just

the OECD countries participate, overall costs

would be extremely high and stabilization never

achieved.

To stabilize C02 concentration at twice today's

level requires a 50 percent reduction in global

C02 emissions from the Reference Case by
2100.

Cogeneration offers the greatest opportunity to

improve energy efficiency in the industrial sec

tor, says Mobil. Actions should be taken to re

move policy and other barriers that prevent

broader implementation.

Long Term (to 2100)

By 2100 C02 emissions may rise to 4 times to

day's level, doubling the concentration of C02 in

the atmosphere.

Mobil evaluated two scenarios:

Stabilization of C02 Concentration

Twice Pre-lndustrial Level

at

Stabilization of C02
Twice Today's Level

Concentration at

Stabilizing at twice today's level will require de

pendence on all the means used to achieve sta

bilization at twice the pre-industrial level, but to

a lesser extent. Stabilizing at twice today's level

will be less costly than twice the pre-industrial

level because it requires less drastic actions and

allows for implementation over a longer period

of time.

Conclusions

The global economic model shows that stabili

zation involves substantial cost. It will constrain

economic growth and achievable standards of

living. And doing too much, too soon will only
add to this cost.

In fact, the model suggests that there is a pen

alty for haste. The world needs and has time to
adaptto develop the most promising

tech-
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nologies, to determine whether stabilization is ceed, they must be global (all countries partici-

necessary, and, if so, to define the path forward pate), broad-based (all sectors contribute) and

at the least possible cost. long term (1 00-plus years).

Whatever actions may be taken to stabilize C02 mm

concentration, three things are clean To sue
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COMING EVENTS

1999

November 1-2, Tokyo, JapanAdvanced Clean Coal Technology International Symposium,

fax 81 3 3423 1600

November 3-5, Houston, TexasTransportation Fuels and Conformity Requirements, fax 512 329 8253

November 7-9, Cambridge, EnglandGlobal New Energies Round Table II, fax 44 20 7222 6018

November 8-10, Pittsburgh, PennsylvaniaAdvanced Turbine Systems, Annual Program Review

Meeting, fax 412 386 6486

November 10-11, St. Cloud, MinnesotaAnnual Ethanol Conference, phone 605 334 3381

November 16, Paris, FranceInternational Conference on the Future of Oil, fax 33 147 527 066

November 22-24, SingaporePower-Gen Asia, fax 713 963 6280

November 24, Calgary, Alberta, CanadaBeyond 2000: The Future Looks Heavy, Canadian Heavy Oil

Association, phone 403 266 8700, ext 22

November 29-December 1 , San Diego, California CMAI World Methanol Conference,

phone 281 531 4660

November 30-December 2, New Orleans, Louisiana Power-Gen International, fax 713 963 6280

December 6-7, Chicago, IllinoisFuel Cells Infrastructure, phone 800 882 8684 or 973 256 0211

December 7-9, Houston, Texas Monetizing Stranded Gas Reserves, phone 713 952 9500

2000

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

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

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

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

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

March 6-9, Clearwater, Florida
25th

International Technical Conference on Coal Utilization and Fuel

Systems, phone 301 294 6080

March 22-24, San Francisco, California National Conference on Ethanol Policy and Marketing,
phone 719 942 4353
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April 11-13, Amsterdam, The NetherlandsGasification for the Future, phone 44 (0) 1788 578214

April 25-28, Boston, Massachusetts
11th

Global Warming International Conference, fax 630 910 1561

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

phone 39 055 500 2174

June 6-9, Nice, France
21st

World Gas Conference, fax 33 1 42 27 49 43

June 11-15, Beijing, China
13th

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

June, Calgary, Alberta, Canada
16th

World Petroleum Congress

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

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

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

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

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

International Conference for the LNG, LPG and

Natural Gas Industries
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PROJECT ACTIVITIES

STUART STAGE I HOT COMMISSIONING

UNDERWAY

In September Southern Pacific Petroleum NL

and Central Pacific Minerals NL, and Suncor

Energy Inc., joint owners of the Stuart Oil Shale

Project in Queensland, Australia, reported that

the commissioning of the Stuart Stage I plant is

under way and is proceeding in line with expec

tations.

Construction of the Stage I demonstration plant

was completed in April, and subsequently

handed over from the contract engineer,

Bechtel, to the project operator, Suncor Energy.

Completion of construction was on schedule

20 months after commencement and on

budget within a total cost of $250 million.

The plant, which uses new kiln technology for

extracting oil from oil shale, has the capacity to

produce 4,500 barrels of oil per day and is the

beginning of a three-stage development pro

gram to achieve commercial production from

Queensland's rich oil shale resources. This new

technology is energy self-sufficient and employs

a dry process, removing any need for tailings

ponds or the use of chemicals in the extraction

process. If the demonstration stage is suc

cessful, further stages of development could

lead to a full-scale 85,000-barrel per day com

mercial operation within the next decade.

Suncor has the responsibility for commissioning

Stage I, a process involving three steps:

A
"cold"

startup of the machinery to test

mechanical readiness

A
"hot"

startup to test the plant at its

planned operating temperature

Running crushed shale through the proc

essor to produce oil from the plant

"Cold"

commissioning to test for the mechanical

performance and load capacity of the ATP

(AOSTRA Taciuk Processor) was fully com

pleted and attained expectations during the sec

ond quarter. "Hotinert
material"

commission

ing was also successful after some minor delays

created by determining the most effective inert

material to complete this phase. The processor

was run at close to ultimate operating tempera

tures with inert feed flowing through at design

rates in preparation for introduction of oil shale.

The third and final phase of hot commissioning

with shale began in August with first production

of commissioning oil on August 19. Two hot

test runs with shale, totaling about 30 hours,

have been completed to date at rates up to

50 percent of nameplate capacity. About

3,000 barrels of raw crude oil have been pro

duced which is stored on-site and will be re-used

for ATP startup purposes.

Mechanical performance of the ATP during this

hot commissioning process has been satisfac

tory. Some modifications and repairs have

been required, including some changes to re

fractory linings in certain areas, but none of

these are considered significant or unexpected

given the first-of-a-kind design at this scale.

The results of these initial test runs have shown

that the mechanical performance of the ATP

has been satisfactory. These tests have also

provided valuable information in a number of

areas, including the need for further modifica

tions to certain equipment and operating proce

dures that were made prior to the next hot

commissioning run in early October. The plant

commenced its third hot commissioning test run

on October 2. However, soon after operations

began an equipment malfunction in the shale

processing area resulted in the release of dust

and the flaring of hydrocarbon vapors from the

project site.

Plant emergency shutdown procedures were

initiated immediately to ensure that the plant

was shutdown in a controlled and safe manner.

The plant will not be restarted until a review of

circumstances leading to the malfunction have

been thoroughly investigated and measures

taken to prevent a recurrence.
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The companies continue to target continuous oil

production by year-end 1999. Capital and

commissioning costs to date remain within the

original project commitment of $239 million.

Stuart Stage II

The preliminary design work on Stage II is con

tinuing and is being reviewed as initial results

come in from the Stage I commissioning proc

ess. Review of the design work will continue

throughout the Stage I commissioning program

and initial operations in order to confirm design

efficiencies being incorporated into the larger

Stage II design. The preliminary design work is

currently scheduled for completion by the end of

the first half of 2000, prior to the start of detailed
design.

Greenpeace Protest

In July Greenpeace launched a protest at the

site of the Stuart Oil Shale Project. According
to Suncor, protesters placed themselves in pre

carious positions on the operating site and in

terfered with operating equipment in contraven

tion of site safety regulations and the provisions

of the Mineral Resources Act. After a concerted

attempt to negotiate an end to a Greenpeace

protest at the Stuart Oil Shale Project in Glad

stone, Suncor Energy asked local authorities to

secure the site and peacefully remove the pro

testors.

"Protestors blockaded all entrances to the site

making emergency access
impossible,"

said

P. Hopkins of Suncor. "Additional protestors

were interfering with safe operation of the plant

which presented an unacceptable risk to our

employees and to Greenpeace personnel. We

are happy to continue the public dialogue on the
climate change issue, but not under these un

safe
circumstances."

In correspondence, I. Higgins, of Greenpeace

Australia, declined the request from Suncor to

move his people to a position of safety. Also in

subsequent meetings, Greenpeace was advised

of the danger of the
protestors'

actions but re

fused to remove the people to a safe area.

"We recognize Greenpeace's right to peaceful

protest, but cannot condone reckless behavior

which endangers people on our project
site,"

said Hopkins. "Greenpeace's refusal to consider

any withdrawal of protestors to a safe location

left us with no other cause of
action."

Hopkins says the project owners take the risk of

global climate change seriously, and have taken

positive actions to address the issue. "We

would prefer to work with stakeholders toward

practical solutions that protect the Great Barrier

Reef and also take into account the growing

energy needs of Australia. This is not an either-

or problem. We believe there is room for oil

shale development and alternative energy

sources, and we are pursuing
both."

The
companies'

goal is to achieve a net level of

C02 emissions in commercial shale oil produc

tion comparable to or less than those associated

with the production of conventional oil products.

The companies have committed to an action

plan to address the risk of climate change that

includes managing the
companies'

own emis

sions, seeking opportunities in alternative en

ergy and looking for ways to offset emissions,

including major reforestation programs.

TECHNOLOGY

LONG DEVELOPMENT HISTORY REVEALED

FOR GALOTER OIL SHALE RETORTING

PROCESS

The Estonian Journal Oil Shale, Volume 16,
Number 2, contains an article by E. Volkov and

G. Stelmakh of the Power Engineering Institute

(JSC ENIN), Moscow, Russia, which reviews the
development of the

"Galoter"

process over the

period 1944-1999.

The necessity of processing fine fractions of oil

shale (in a range of particle size 0 to

25 millimeters) constituting up to 70 percent of

mined shale led to the processing of oil shale in
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units with Solid Heat Carrier (SHC) (Russian

abbreviation UTT).

The technology has been developed and is be

ing improved at the G.M. Krzhizhanovski Power

Engineering Institute (ENIN), at present the

Joint-Stock Company ENIN.

Two commercial units for processing oil shale

fines are in operation in Estonia at the Estonian

Power Plant in Narva. These units known as

SHC-3000 (UTT-3000) have a capacity of up to
3,000 tonnes per day of oil shale each.

Investigations on using a solid heat carrier for

semicoking (pyrolysis) of brown coals, peats and
oil shales began around the end ofWorld War II

in 1944 in the ENIN of the Academy of Science

ofthe USSR under the leadership of I. Galinker.
The process when applied to the pyrolysis of oil

shales was named
"Galoter"

(after the family
name of one of the inventors).

The principle of using hot ash (burnt oil shale)

as a solid heat carrier was first described in the

literature by Galinker. Somewhat later Tosco

(USA) and thereafter Lurgi (Germany) patented

their technical solutions of this principle. One-

half inch ceramic balls are used in the Tosco-ll

process as a solid heat carrier while ash or sand

is used in the Lurgi process. A rotary drum rep

resents the pyrolysis reactor in the Tosco proc

ess, and it differs from the Galoter drum; in the

Lurgi-Ruhrgas process the reactor is a combi

nation of two helicoidal mixers and a bunker.

Other postwar technical solutions for processing

oil shale fines include the process
"Gasoter"

in

the former USSR, a process developed in Israel

and also the Taciuk process from Canada.

These are still at the stage of pilot and/or dem

onstration plants.

Only the large-tonnage units SHC-3000 for

processing oil shale fines are in use in the world

on a commercial scale.

Research and development of SHC technology
applied to oil shale has been carried out for

many years in a number of stages. In addition

to ENIN, a number of Estonian organizations

and enterprises (Institute of Chemistry of the

Estonian Academy of Science, Institute of Eco

nomics, Oil Shale Research Institute) and some

other institutions of the former USSR have

taken part in carrying out the investigations and

development of the project. The Leningrad De

partment of the State Research and Design In

stitute, Atomenergoprojekt (LO TEP, now Saint

Petersburg State Research and Design Insti

tute SPb AEP) is the general designer of SHC

units. The Leningrad branch of the Design In

stitute, Orgenergostrio, Lengiproneftekhim, the

Tallinn Special Design Office and others have

carried out the design work.

The participation of Estonian specialists was

quite natural because before World War II the

oil shale mining and processing industry was

developed on a large scale only in Estonia and

in the Leningrad district. Before 1941 the main

object of oil shale processing was the production

of liquid fuel, while in the postwar period it was

the production of domestic gas for Leningrad

and Tallinn. Later on, in the 1960s, oil shale

processing was re-oriented to the shale oil

chemistry. In the postwar period the oil shale

processing plant in Slantsy (Leningrad district in

Russia) was restored. A small factory for pro

ducing ichthyol from sulfur-rich oil shales of the

Kashpir deposit in the Volga basin has been

working since the 1920s. In Estonia, the world's

largest oil shale processing enterprise exists at

Kohtla-Jarve (now Viru Keemia Grupp AS).

The development of the oil shale pyrolysis proc

ess and its implementation demanded a long
time research effort numerous tests in labora

tories and at experimental bases, then at the

pilot and demonstration units. Results have

been obtained on processing oil shale samples

from the deposits of the former USSR and from

other deposits of the world.

Laboratory, Pilot and Experimental

SHC Units

In the postwar period, laboratory units, bench-

scale and pilot units representing retorts with

outside heating and supply of solid heat carrier,
to reproduce the SHC technology, were created
in ENIN and its experimental bases in Tallinn
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and Kivioli (Estonia), at Verkhnesinevid

(Ukraine), and Saratov (Russia).

The first pilot unit with a capacity of 2.5 tonnes

per day was built in 1 947 in Tallinn.

Practically all the main equipment of the next

demonstration unit SHC-200 (i.e., the unit with

the capacity of 200 tonnes per day) was mod

eled at this unit. The work of two types of pyro

lysis reactor (bunker and rotary drum), different

screw conveyers (transporting and sealing

ones), devices for cleaning the oil vapors and

gas mixture from mechanical admixtures, and

other units were studied.

scale up factor), it was possible to solve the

main technical problems. The first-generation

SHC-200 unit proved to be profitable. The in

dustrial products produced were raw materials

for manufacturing everyday products

(impregnation oil, nerosin, etc.), corresponding

to the requirements of consumers.

During 1953-1963 the SHC-200 was success

fully operated at the OSCP Kividli. Different

types of equipment were tested here and the

initial data for creating the second-generation

SHC-500 unit with the capacity of 500 tonnes

per day were obtained. The latterwas also con

structed at OSCP KiviSli.

The SHC-200 was constructed at the then

Kividli Oil Shale Chemical plant.

In the early 1970s, a small bench-scale unit with

a capacity of 15 kilograms per hour (SHC -0.35)

was also created in Kivioli.

A pilot unit SHC-12.5 was built in 1978 in

Verkhnesinevid for studying the pyrolysis of

Carpathian oil shale. Taking into account the

special features of Carpathian menilite oil

shales, a bunker reactor-pyrolyzer for producing

liquid and gaseous products and a reactor-

gasifier for burning semicoke in a fluidized

(boiling) bed were foreseen. Pyrolysis of menil

ite oil shale, Lvov-Volinsk brown coals, Kashpir

oil shale, and oil shales of the Rotem deposit in

Israel was investigated at this unit.

A bench-scale unit similar to that operated ear

lier in Kivioli with a capacity up to 20 kilograms

per hour was created recently (1996-1997) in

Tver because the experimental bases of ENIN

in Estonia and the Ukraine are closed now. The

processing of Leningrad oil shales and oil shales

of the El-Lajjun deposit (Jordan) was studied in

Tver in 1996-1997.

Experimental-Commercial Units

The first-generation experimental-commercial

demonstration unit SHC-200 was created at

OSCP Kivioli. Though the scale transfer from

SHC-2.5 to SHC-200 was considerable (80:1

On the basis of the long performance

(during 1963-1981) of this unit, ENIN made a

request to build two third-generation

SHC-3000 units, which were constructed in

Narva at the Estonian Powerplant. At present,

both units are still operating profitably.

A few designs were tested at SHC-500 that al

lowed developing the initial data for creating

SHC-3000. The construction of SHC-3000 was

completed in 1 980.

Technical data for the SHC units developed for

the Galoter process are presented in Table 1 .

A rotary drum reactor (initially a section of a

standard cement kiln) was adopted as the main

apparatus for pyrolysis. The special original

equipment includes a heat regeneration furnace

(a generator of solid heat carrier), screw con

veyers with sealing elements, a dust-collecting
chamber with built-in cyclones equipped with

dust-discharge pipes, etc.

A fourth unit (SHC-10,000) has been designed

but not built.

All sizes of reactors are characterized by the

same 50 percent degree of filling with the solid

material and the same pressure (0.2 kgf per

square centimeter) in the inside space of the

drum reactor.

Six types of dust precipitators after the reactor

were tested at SHC-200. The best results were
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TABLE 1

TECHNICAL CHARACTERISTICS OF SHC UNITS

Residence Residence Speed of

Outside Time of Time of Oil Drum

Diameter Solid Material Vapors and Gas Throughput Reactor,

of Drum Reactor in Drum Mixture in Drum Rate of Oil Rotation,

TvDe of Unit Reactor, mm Lenath. m Reactor, min Reactor, s Shale, t/h ism

SHC-200 2,000 4.5 20.6 18 6.34 1.83

SHC-500 3,000 6.0 21.4 15 20.2 1.18

SHC-3000 5,000 14.0 20.7 21.2 139.0 0.92

SHC-10000

(theoretical calcul.) 7,000 21.0 18.0 19.8 417.0 0.92

obtained using a dust removal chamber with

built-in cyclones.

The built-in cyclones were improved in the con

ditions of the SHC-3000: they were equipped

with dust-discharge pipes (the first stage) and a

dust ejector (the second stage). Heavy shale oil

with a solids content of less than 1 .0 percent

was produced. Further improvement of the

process (application of secondary pyrolysis of

heavy shale oil) yielded a total shale oil with a

content of mechanical impurities approxi

mately 0.02 percent.

At present the main technological and mechani

cal problems connected with the maintenance of

SHC-3000 are considered to be solved in prin

ciple, according to Volkov and Stelmakh.

Organicwaste in the amount of 3 weight percent

has been regularly processed together with oil

shale since 1996 at the SHC-3000 units.

The possibility of processing crushed tires, rub

ber waste, oil sediments from oil tank wagons,

oily soils, etc., has been confirmed in practice.

Crushed tires can be processed in an amount up

to 10 weight percent (they contain metal cord),

and other wastes can be processed in an

amount of 25 to 30 weight percent, without

changing operating conditions of pyrolysis.

Processing of different materials together with

oil shale increases the output of gas and total

shale oil.

The results of SHC-3000 unit operation for the

last 3 years are presented in Table 2. Common

oil shale with a calorific value of 2,000 kilo-

calories per kilogram is processed at the

SHC-3000, and that determines the yield of

shale oil and gas, which is somewhat lower than

in the SHC-500 unit.

The new fourth-generation SHC unit is now rep

resented by the SHC-3000 designed for the en-

ergotechnological complex in Slantsy
(Leningrad district, Russian Federation). It has

a modernized flow chart and some improve

ments in the condensation department. The

complex will be equipped with four

SHC-3000 units.

The main purpose of the fourth-generation

SHC-3000 is to obtain the maximum amount of

gas turbine fuel to work as part of an electric

powerplant equipped with gas turbines for both

liquid and gaseous fuels.

The flow sheet of oil shale processing including
the pyrolysis and condensation departments will

have a new solution. A recovery boiler that

combines the functions of recovery boiler and
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TABLE 2

MAINTENANCE DATA ON SHC-3000 OPERATION AT THE ESTONIAN POWER PLANT

Processed

OutDut Duration of

Operation,

hours

Oil From

Oil Shale, t

Oil From

Waste, t

Retort Gas,

Thousand m3Year Oil Shale, t Waste, t Notes

1995

1996

506,582

546,101 16.400

65,352

75.823 5.757

18,000

19,800

5.097

4,960 3 months

of overhauls

1997 608,889 9.500 78.444 5.002 22.150 5,651

ash heat exchanger is suggested for the pyroly
sis department instead of two existing cumber

some and metal-intensive units.

The condensation section will take into account

the fact that the main part of the liquid fuel and

all retort gas should be used in the gas turbines.

Therefore, either the whole amount or a part of

the heavy fraction of shale oil will be directed

into the reactor for secondary pyrolysis. As a

result, the quantity of the gas turbine fuel will be

increased by 2 to 2.5 times, and it will be free

from mechanical impurities (less than 0.02 per

cent).

The proposed principal scheme of pyrolysis and

condensation is presented in Figure 1. The key
to Figure 1 is given in Table 3.

This unit was constructed but, regrettably, af

ter 1991 these works were transferred to the

Academy of Science of the Ukraine and were

temporarily closed down due to the absence of

financing.

Results of the Bench-Scale Investigations

on Pyrolysis of Different Oil Shales

Investigations on processing oil shales from

different deposits of the world using the Galoter

technology were carried out at laboratory in

stallations.

As a result of the experiments with many oil

shales, the
"autothermal"

parameter Keh

(e = efficiency, h = heat) was suggested by
V. Mamai. This parameter expresses the po

tential heat of the coke-ash residue, which pro

vides the carrying out of pyrolysis in SHC reac

tors at optimum pyrolysis temperatures without

an additional input of heat.

According to Keh, all oil shale deposits may be

divided into three groups:

Keh <1 - the heat of semicoke is insuffi

cient for processing oil shales at SHC

units

Keh = 1 .0 to 1 .5 - the heat of semicoke is

sufficient for the efficient processing of

oil shale at SHC units

Keh >1 .5 - in this case there is a heat ex

cess in semicoke which can be extracted

through additional gasification or re-

burning

The relationship between semicoke quantity per

combustible mass and the carbon content of

kerogen has been established through tests on

oil shales from more than 30 different deposits.

This relationship is shown in Figure 2. The

numbers at the data points denote the number

of tests made at different SHC units.
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FIGURE 1

GALOTERPROCESS
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TABLE 3

KEY TO FIGURE 1

1 feed shale conveyer 25 rectification tower

2 drier 26 cooler-condenser for gas-naphtha and tarwater

3 dry shale cyclone 27 separator

4 dry shale conveyer 28 gas blower

5 mixer 1 feed shale mixed with drying agent
6 rotary drum reactor II dry shale
7 dust removal chamber with built-in cyclones III heat earner (ash)
8 semicoke conveyer IV semicoke and heat carrier

9 fan V oil vapors and gas

10 dust recovery system VI ash in flue gas flow

11 heat regeneration furnace VII flue gas

12 heat carrier bypass VIII air

13 heat carrier cyclone IX flue gas into chimney stack

14 ash cyclone X ash from electric precipitator

15 ash heat exchanger XI steam 40 atm abs, 440C

16 waste heat boiler (recovery boiler) XII ash

17 electric precipitator XIII heavy oil

18 dust conveyer XIV heavy oil middle oil mixture

19 air blower XV gas-turbine fuel fraction

20 air blower XVI tarwater

21 heavy oil washing tower XVII naphtha

22 gas collector XVIII semicoke gas and gas naphtha

23 heavy oil cooler-condenser XIX feed oil shale

24 heavy oil tank
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FIGURE 2

SEMICOKEYIELDVERSUS CARBON CONTENTOF OD. SHALE
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The data in Figure 2 allow the primary evalua

tion of the possibility of processing a certain oil

shale at SHC units. These data represent the

experimental results of processing oil shales

from 32 different deposits, including
20 investigations made at ENIN using different

units with solid heat earner.

The methods developed in ENIN for evaluating

laboratory results confirm that all known oil

shales with an oil yield >70 liters per tonne or

Q = 900 kilocalories per kilogram can be effi

ciently processed using the SHC technology

whereby gaseous and liquid fuel products are

produced.

Due to closing the laboratory basis of ENIN in

Estonia, a continuous action bench-scale unit

with a capacity of 20 kilograms per hour was

recently constructed in Tver (Russia). With this

unit the investigations of oil shales from the

Leningrad deposit, Jordan (El-Lajjun) and the

Kashpir deposit have been carried out.

Tests with oil shales from the Manturov deposit

(Kostroma district) are presently being consid

ered.

The Future Development of Oil Shale

Processing in Russia

Investigations on creating an oil Shale Proc

essing Complex (SPC) in Slantsy (Leningrad

district) have recently been carried out based on

the experience of SHC-3000 operation in Narva.

The Saint Petersburg organizations

(Atomenergoprojekt with the participation of
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Giproneftekhim and Giproshakht) based on pro

posals made by ENIN have worked out two ver

sions of such a complex. In the first stage,

three SHC-3000 units and a 300-megawatt

power unit for processing 2.5 million tonnes of

oil shale per year are to be erected.

The question of beginning the construction

should be solved before the year 2000. The

problems of financing and attracting investors

are being dealt with now.

The SPC in Syzran produces ichthyol. In this

complex some separate chains of the present-

day production are foreseen to be reconstructed

and the oil shale reactors will be replaced by an

SHC-500 unit to keep the production and the

range of products at the existing level. It is pro

posed to add the production of thiophene con

centrate.

The combined processing of crushed tires and

other organicwastes in mixture with oil shales is

of certain interest.

The experiments at the commercial SHC-3000

unit at Narva gave positive results. The addi

tion of organic wastes in an amount of up to

20 weight percent increases the output of shale

oil and gas and is also useful from the stand

point of environmental protection.

According to Volkov and Stelmakh, laboratory
experiments and calculations show there is a

real possibility of creating complexes including
oil shale processing with SHC-3000 and produc

tion of electricity even when high-sulfur oil

shales are used.

The bibliography on the Galoter process (SHC)
consists of more than 270 publications of Esto

nian research institutes and other participators.

In addition, there are about 30 descriptions and

comments in different reference books and edi

tions written by the authors from the former

USSR, Russia and foreign countries, not directly
connected with the development of the Galoter

process. During the period when this technol

ogy was created, about 40 authorized certifi

cates of the USSR, and 15 foreign patents in

seven countries were received.

SUPERCRITICALWATER EXTRACTION

ACHIEVES HIGH CONVERSION OF

BEYPAZARI OIL SHALE

Writing in Energy and Fuels, 1999, Volume 13,

pages 895-902, N. Olukcu et al. report experi

ments comparing supercritical extraction with

water (SCW) versus supercritical extraction with

toluene (SCT) applied to Beypazari oil shale

from Turkey.

The purpose of the study was to examine the

factors affecting conversion, extracts yield and

composition, and also to discuss the relationship

among the oil composition, the solvent power of

the supercritical fluid, and the reactions occur

ring during the extraction of oil shale. For this

purpose, the Beypazari oil shale was subjected

to sub- and supercritical water extractions and

supercritical toluene extraction in a batch auto

clave.

The extraction yields and the degree of conver

sion of extraction carried out between 573 K

and 723 K are given in Table 1 .

In water extraction, while the conversion in

creased with increasing temperature and then

remained constant, the oil yield reached a

maximum at the critical temperature (647 K)
and then started decreasing as temperature in

creased further. This result is in accordance

with current understanding. An increase in wa

ter density would probably retard decomposition

of the oil products into lighter components. But

water density decreases with increasing tem

perature. At higher temperature, secondary re

actions will take place and the oil will be con

verted into gas. This hypothesis seems reason

able because the gas plus losses at 673 K were

about 50 percent greater than that obtained at

648 K.

In addition, the continuous increase in the yield

of gas plus losses calculated from the mass

28
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TABLE 1

EFFECT OF TEMPERATURE ON THE TOTAL CONVERSION DEGREE

AND YIELD IN SCW AND SCT EXTRACTIONS

Pressure . Moa Conversion. % OJL % Gas + Losses (%)

TemD. (10 SCW SCT SCW SCT SCW SCT SCW SCT

573*

11 7.0 45.2 33.7 10.8 24.2 34.4 9.5

623*

20 8.0 63.7 45.7 28.4 35.1 35.3 10.6

648 25 8.5 77.6 48.5 37.6 37.1 40.0 11.4

673 30 10.0 86.8 57.4 31.4 44.3 55.4 13.1

698 35 12.0 85.6 54.9 26.3 33.0 59.3 21.9

*Subcritical temperature forwater.

balance may also be a result of the extraction of

mineral matter in oil shale.

In SCT extraction (593 K, critical temperature of

toluene), as the temperature increased, the

conversion degree increased in a fashion similar

to the water extraction experiments. Maximum

oil yield and maximum conversion degrees were

reached at 673 K. The gas yield increased

dramatically between 673 K and 723 K due to

the occurrence of secondary reactions above

673 K.

Even though the maximum conversion degree

reached by toluene extraction was 66 percent of

that reached by water extraction, the toluene

extraction oil yield was 41 percent more than

the water extraction oil yield. Water both dis

solves some minerals in oil shale and forms

some water-soluble organics by reacting with

kerogen. These results are likely to be caused

by the low reactivity of toluene in contrast to

water.

Oils obtained by toluene and water extraction at

different temperatures were separated to pen

tane solubles and asphaltenes. Then the pen

tane solubles were fractionated into aliphatic,

aromatic and polar compounds.

the results.

Table 2 shows

It is obvious that the oil composition depended

on the supercritical fluid chosen as well as the

temperature. The oils of SCW contained more

asphaltenes than those of SCT extraction. As

phaltenes were converted to polar compounds

in SCW extraction. In contrast to literature data

in which it was stated that asphaltenes and

preasphaltenes dissolved well in SCW at in

creased pressure (25 to 30 MPa), in this study
the asphaltenes content decreased with in

creasing temperature and pressure. The

authors conclude that inorganic compounds act

as a catalyst and the polars occurred via the

reaction between asphaltenes and SCW. This

is one of the reasons why the polar contents of

oil obtained from SCW were higher than of oil

obtained from SCT.

Thus, the composition of oils depends primarily

on the type of solvent and then temperature.

It was observed that as the temperature in

creased the atomic H/C ratios decreased, indi

cating that the oils became more aromatic in

character for both solvents. In addition, a
con-
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TABLE 2

COMPOSITION OF OILS (WT.%) OBTAINED BY SCW AND SCT

EXTRACTIONS AT DIFFERENT TEMPERATURES

SCW SCT

Temp. (K) Asphaltenes Aliphatics Aromatics Polars Asphaltenes Aliphatics Aromatics Polars

623*

648

673

698

71.5

63.0

51.5

48.0

11.0

10.7

10.3

12.0

7.80

8.80

10.2

27.5

9.50

17.5

27.5

27.1

55.7

49.9

46.6

42.0

11.0

12.5

15.4

16.0

12.4

23.2

24.7

26.1

20.8

17.9

14.5

13.9

'Subcritical temperature forwater.

siderable decrease in the atomic H/C ratios of

aromatic fractions was obtained. This shows

that the structures became less substituted.

Also the sulfur contents of tars decreased with

increasing temperature as the result of desulfu

rization.

In contrast with expectation, the nitrogen con

tent increased with increasing temperature.

This situation demonstrates that the nitrogen

compounds can bind tightly to mineral surfaces

in oil shale. It was concluded that the recovery

of nitrogen compounds depends on the extrac

tion conditions (temperature and supercritical

fluids).

In SCT extraction, the oxygen content of oils

decreased with increasing temperature as the

result of decarboxylation. However, in SCW

extraction, the oxygen content of polars in

creased. This points to the reaction between

asphaltenes and water mentioned above.

In water extraction Molecular Weight (Mw) of oils

decreased dramatically (Table 3, next page)

above 648 K due to the thermal degradation at

higher temperatures. At higher temperatures,

secondary reactions will take place and the ex

tract will be degraded.

Conversely, in SCT extraction the average mo

lecular weight of oils increased, then sharply

decreased above 648 K. This shows that the

high molecular weight parts of kerogen can be

extracted with increasing temperature. How

ever, as the temperature increased further, M

decreased dramatically due to the thermal

cracking of higher molecular weight species to

smaller ones.

Based on Table 3 it was concluded that at

higher temperature (698 K), Mw of tars depends

on only temperature.

INTERNATIONAL

UNITED STATES AND ESTONIAAGREE TO

COOPERATE ON OIL SHALE RESEARCH

On May 25-28, 1999, the first United

States/Estonian Roundtable on Science and

Technology Cooperation in Oil Shale Research

and Utilization was hosted by the Estonian

Academy of Sciences in Tallinn, Estonia. The

objective of the meeting was to consider estab

lishing a scientific and technical exchange pro

gram between the two countries. This meeting
was conducted under the authorities of the ex

isting inter-govemmental cooperation agree-
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TABLE 3

AVERAGE MOLECULAR MASSES, Mw AND Mn,

OF OILS AT DIFFERENT TEMPERATURES

-Mr

Temp. flO SCW SCT

Mw-

SCW SCT

--MJMn

SCW SCT

623*

648

698

473

463

321

514

519

321

1,296

1,257

587

1,402

1,729

588

2.74

2.71

1.83

2.73

3.33

1.83

'Subcritical temperature forwater.

ment between the United States and Estonia in

the fields of science and technology. After sev

eral days of technical briefings and field visits to

key sectors of the Estonian oil shale industry,
the group discussed attractive opportunities for

exchange of information that could lead to a

broad range of research and other activities of

potential benefit to both countries.

It was concluded that such a cooperative scien

tific exchange could lead to economic ad

vancement for both countries. In particular,

both oil shale resources possess compositions

that offer exceptional values for chemical

manufacturing. The process sequence for

achieving those values is similar for both re

sources.

Because of their individual chemical character

istics, Estonian oil shale could become a world

wide source of specific oxygen-containing prod

ucts, while United States oil shale could become

a worldwide source of specific nitrogen-

containing products.

The established oil shale industry in Estonia, for

both power generation and oil shale products,

provides the starting point for such a program.

The group agreed that it would be a benefit to

the scientific and technical communities in both

countries to continue a technical dialog and pur

sue specific scientific objectives, initially in the

areas of oil shale chemistry and processing.
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PROJECT ACTIVITIES

ALBERTA ENERGY COMPANY PLANS

COMMERCIAL SAGD PROJECT AT FOSTER

CREEK

The Alberta Energy Company Ltd.'s (AEC) in

terim report to shareholders for the 6 months

ended June 30, 1999, outlined the company's

plans for a commercial Steam-Assisted Gravity
Drainage (SAGD) project at Foster Creek in

Northeastern Alberta, Canada.

AEC's Board of Directors approved the plans in

June. The project is currently in the regulatory
approval process.

This $240-million facility is expected to produce

20,000 barrels per day beginning in late 2001,
and to result in reserve additions of 145 million

barrels proven and probable. It is also expected

to be one of the lowest cost thermal recovery

projects, with operating costs below $5 per bar

rel. The oil sands resource is projected to sup
port 100,000 barrels per day of production in the

medium term.

SUNCOR OIL SANDS HITS ALL-TIME

QUARTERLY PRODUCTION RECORD

Suncor's Oil Sands business unit set a quarterly
production record in the second quarter of this

year, achieving an average production rate of

112,000 barrels per day, up from 95,500 in the

previous quarter and up from 90,800 barrels per

day in the second quarter of 1998. (See Fig
ure 1.) The targeted average production rate for
1999 is 105,000 barrels per day.

Oil
Sands'

second quarter earnings were

$35 million, compared with $30 million in the

second quarter of 1998. Earnings in the quarter

were higher compared with the same period last

year primarily due to a 12 percent increase in

sales. Higher non-cash charges associated with

the increased production capacity partially offset

FIGURE 1

OILSANDS PRODUCTION

BYQUARTER

(Thousands ofBarrels perDay)

112.0

Q1 Q2

1999

SOURCE: SUNCOR

the impact of the volume increase. Cash flow

from operations was $90 million in the second

quarter compared with $74 million in the second

quarter of 1998.

Oil
Sands'

mix of products in the quarter was

affected by a 28-day, $20-million, planned

maintenance turnaround which halted produc

tion of sweet (low-sulfur) crude oil. During the
turnaround period, the plant produced only sour

crude, and short-term market conditions dimin

ished the selling price for this product.

In September oil production from the Oil
Sands'

operation was interrupted for 8 days to perform

maintenance on a fractionator in its upgrading
facility. The maintenance work involved clean

ing out the unit and redesigning some of the
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components in a section of the fractionator.

Redesign of the components should improve

reliability and allow the operation to achieve

maximum rates. The interruption will impact

third quarter production levels but is not ex

pected to affect Oil
Sands'

annual production

target of 105,000 barrels per day.

Cash operating costs were $10.60 per barrel in

the second quarter compared with $11.10 per

barrel in the second quarter of 1998. This is the

result of increased sales volumes in the second

quarter of 1999. Oil Sands is targeting average

cash operating costs for the year of $10.90 per

barrel.

Total operating costs (which includes non-cash

costs such as depreciation and amortization)

were $14.00 per barrel compared with $13.95 in

the comparable quarter last year. Total operat

ing costs for the year are still expected to aver

age $13.85 per barrel.

In April Oil Sands expanded its ability to ship to

new markets with the startup of the Enbridge

Athabasca Pipeline. With a potential capacity

of 550,000 barrels per day, the line provides a

new pipeline between Fort McMurray and Hard

isty, a major Alberta, Canada, crude oil hub

linked to Western United States markets. Oil

Sands provided approximately 1 million barrels

of inventory to fill the new pipeline in the second

quarter.

Construction on Suncor's $2-billion Project Mil

lennium expansion started in April. By the end

of June, over 1 ,000 people were dedicated to

the project, including engineering and construc

tion personnel.

Also during the second quarter, a new

$12-million naphtha recovery unit came on-

stream. The unit will enable Suncor to manage

the environmental impacts of Suncor's growth

by helping to maintain naphtha recovery rates

as production levels increase.

EUB RECOMMENDS APPROVAL OF

IMPERIAL'S COLD LAKE EXPANSION

In September the Alberta Energy and Utilities

Board recommended that the provincial gov

ernment approve the proposed C$500 million

expansion of Imperial Oil Ltd.'s oil sands opera

tions at Cold Lake, Alberta, Canada. The

board's report determined that the proposed

expansion is in the public interest with signifi

cant public benefit and can proceed, subject to

certain conditions. Imperial is reviewing the

board's recommendation and conditions and a

decision on project funding will be made follow

ing receipt of provincial government approval.

The proposed expansion includes:

Three additional phases of development,

which will add an additional

30,000 barrels per day of bitumen pro

duction from a new operating area

known as Mahkeses

Installation of cogeneration equipment to

generate electrical power in conjunction

with steam

Development work to maintain bitumen

production from existing operation

Initial investment in the proposed expansion will

be about $500 million.

SYNCRUDE REPORTS STRONG RESULTS,
ORDERS WORLD'S LARGEST MINING

TRUCKS

The Syncrude Project set a number of records

and showed strong operating results for the first

half of 1999. The joint venture is operated by
Syncrude Canada Ltd. and owned by AEC Oil

Sands, L.P., Athabasca Oil Sands Investments

Inc., Canadian Occidental Petroleum Ltd., Ca

nadian Oil Sands Investments Inc., Gulf Canada
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Resources Ltd., Imperial Oil Resources, Mocal

Energy Ltd., Murphy Oil Company Ltd. and

Petro-Canada.

May, at 1 .77 million barrels, which topped the

previous best mark of 1 .74 million barrels set in

October 1997.

SSB Shipments

Shipments of Syncrude Sweet Blend (SSB) to
taled 20.2 million barrels for the second quarter

for an average of 222,000 barrels per day. This

is slightly less than the shipment rate during the
second quarter of 1998. During April 1999,
some processing units in the upgrader facilities

underwent planned maintenance and this ac

counts for the difference.

Monthly SSB shipments were 5.6 million barrels

(186,000 barrels per day) in April, 7.1 million

barrels (229,000 barrels per day) in May and

7.5 million barrels (250,000 barrels per day) in

June.

Operating Results

Total expenditures for the quarter, which include

production, general and administrative costs,

research, certain financing costs and Syn

crude 21 development expenditures, were

$256 million, compared to $258 million for the

same period in 1998. Direct operating expen

ditures were $236 million versus $242 million

last year.

Total expenditures for the first 6 months were

$505 million in 1999 or $12.60 per barrel, com

pared to $536 million in 1998 or $14.09 per bar

rel. Direct operating expenses were $484 mil

lion versus $525 million in 1998.

In June a new monthly record was set with

shipments of 7.50 million barrels that exceeded

by 4,700 barrels the previous monthly shipping

record from March of this year. It is also

1 1 ,560 barrels more than the 7.49 million bar

rels achieved in June 1998.

In addition, a new daily SSB shipment record of

263,400 barrels was posted on June 6. The

previous record was set on March 20 when

262,900 barrelswere shipped down the pipeline.

Total shipments for the first half of 1999 were

40.1 million barrels (222,000 barrels per day),

almost 3 million barrels ahead of the

1998 shipment rate. This represents the best

start to a year since Syncrude began operations

21 years ago. The previous best half-year oc

curred last year.

Operations Records

Mining set a monthly record in May, sending
14.5 million tonnes of oil sand to extraction. As

part of this accomplishment, North Mine's hy
drotransport Train 1 also set a new record,

processing 3.85 million tonnes of oil sand,

400,000 tonnes better than the previous record

set in December 1998. In upgrading, the

LC-Finer set a new monthly feed record, also in

On a rolling 12-month basis, shipments were

79.6 million barrels at a unit cost of $12.42 per

barrel. Forecast results this year are 83 million

barrels at a unit cost of less than $12.50 per

barrel.

Capital Investment

Capital expenditures for the quarter were

$204 million, $79 million higher than the same

period in 1998. Year-to-date capital expendi

tures are $394 million, compared to $209 million

in 1998. Syncrude expects to spend $615 mil

lion on capital investment in 1999.

Major capital projects in the second quarter in

cluded completion of the second train of North

Mine, and ongoing work on the second phase of

the upgrader debottleneck, construction of the

first train of the Aurora Project and composite

tails, and engineering for the planned upgrader

expansion.

Strategic Projects

Major strides were made with progress in the

strategic projects. The second train of North

Mine started up in June, more than 2 months

ahead of schedule. The second stage com

prises a second debottleneck of the upgrader
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and the construction of the Aurora Mine Project,
and excellent progress was made on these proj
ects. The Vacuum Distillation Unit (VDU) is the

primary new processing unit in the second de-

bottleneck. With Section E in place, the vac

uum tower is over 200 feet high. Following hy-

drotesting of the VDU in July, feed-in of oil is

expected to occur in September, 2 months

ahead of schedule.

At Aurora construction continues apace with

assembly of the Primary Separation Vessel, the

8,000-tonne per hour crusher and other site fa

cilities. The first operating unit at Aurora, the

80-megawatt gas turbine generator, began pro

viding power on July 7, also 2 months ahead of

schedule.

Work on the third stage of Syncrude 21 , the first

Upgrader Expansion Project, continues with a

focus on licensor and regulatory work. During
the quarter, the Alberta Energy and Utilities

Board announced it would hold a hearing re

garding the upgrader expansion application in

late July.

First Dragline Retires

In July Syncrude held a ceremony to retire Dra

gline Number 2, nicknamed
"Discovery."

Until

July 8, Syncrude operated four draglines in its

base mine located at Mildred Lake, Alberta.

The first-generation mining equipment is gradu

ally being replaced with trucks and shovels and

hydrotransport at North Mine and the Aurora

Project.

During its lifetime, Discovery worked over

105,000 operating hours and mined over

312 million bank cubic meters of oil sand on the

east side of the base mine. It also walked

1,100 kilometers within the Syncrude mine

siteenough for a round trip from Mildred Lake

to Red Deer.

Discovery's operating companion, Bucketwheel

Reclaimer Number 2, retired in March. Plans

call for another dragline and bucketwheel train

to retire early in 2000.

Syncrude Giant Mining Truck on Order

In September Syncrude Canada Ltd. inked a

multimillion dollar deal with Finning International

Inc. to purchase eight of the world's largest

mining trucks for operation at the Aurora Proj

ect, scheduled to start production in May 2000.

The CAT 797 380-ton mining truck will be the

largest of its kind in the world and Syncrude will

be one of the first companies to have it in full-

scale operation. Syncrude expects to have over

80 large mining trucks in operation at both Syn

crude's Base Mine Lease and Aurora Lease

within 10 years.

Syncrude has been a key collaborator with Cat

erpillar on the development of the 380-ton truck

since 1994. As a development partner, Syn

crude has leased a fleet of six trucks to test

long-term production capability, durability and

maintenance in an oil sands mine, considered

one of the toughest mining environments. In

addition to increased fuel efficiency and lower

exhaust emissions, among the newest innova

tions in the larger model are two 12-cylinder

engines coupled together to create a

3,400-horsepower engine and a wireless Vital

Information Management System which allows

the customer to remotely analyze data on truck

performance. Unique to Syncrude trucks will be

video cameras mounted on the side and rear

axle to allow the driver to monitor activity be

hind the vehicle when backing up.

PETROZUATA BEGINS PRODUCTION OF

ORINOCO CRUDE

Petrozuata, a joint venture between Conoco and

Petr6leos de Venezuela (PDVSA), is producing

extra-heavy oil from the Orinoco Belt in Eastern

Venezuela and has begun moving it through a

200-kilometer (120-mile) pipeline to the Jose

Industrial Complex, located on the northern

coast.

Drilling on the 23,000-hectare (55,000-acre)
tract began in 1997. Thirty-one horizontal wells
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are complete, and about 45 more are in various

stages of development. First oil was accom

plished on time, as originally planned 3 years

ago.

"Our
companies'

strategic association is an ex

cellent example of the future of Venezuela's oil

industry because it shows in a concrete manner

the economic viability of projects demanding
large investments and state-of-the-art technolo

gies. Additionally, it opens the possibility of

growth for certain regions of our country that

need this momentum for their socioeconomic
development,"

said H. Martell of PDVSA Ori

noco Belt.

Petrozuata's crude oil is being transported

through a newly built pipeline that runs from the

Zuata field in the Orinoco Belt to a tank farm in

Jose, on the Northern coast of Venezuela. It is

the first private pipeline to be built in Venezuela

in more than 20 years. First oil began to flow

through the pipeline in August. It will take ap

proximately 20 to 30 days to fill the pipeline

completely and reach Jose.

Production is expected to reach 60,000 barrels

per day by the end of the year. The 16API

gravity blend will be mixed with PDVSA's Mesa

light crude to augment the marketability of the

product, much of which is destined for PDVSA's

300,000-barrel per day Cardon refinery.

Petrozuata production is part of a $2.4 billion

project that eventually will include facilities in

Jose to upgrade the extra-heavy crude oil into

synthetic crude. These facilities are expected to

be completed in 2000.

will pilot its new field-based upgrader on Suncor

heavy oil property in Northern Alberta. OPTPs

proprietary heavy oil processing technology was

developed specifically for small field-based up

grades as an alternative to the large-scale,

capital intensive upgrading facilities in use to

day.

OPTI will first build a pilot plant on a Suncor

property to field test this new method of up

grading bitumen. OPTI plans to build the pilot

upgrader at Suncor Energy's Burnt Lake heavy
oil facility which produces heavy oil using

steam-assisted gravity drainage technology,

subject to obtaining necessary approvals. Con

struction is expected to start in 2000, with com

pletion targeted for 2001. P. Rettger of OPTI

says, "Our next step is to begin the regulatory

approval process and start discussions with

neighboring landowners and the
community."

Under the agreement, OPTI will finance the full

cost of the pilot plant. Suncor will acquire rights

to use OPTI's upgrading process, which is cur

rently being patented. Suncor will also have the

option to participate in a first full-scale commer

cial plant. OPTI will earn a 50 percent interest

in Suncor's Cheecham heavy oil property in

Northern Alberta by completing evaluation drill

ing.

CHEVRON ANDWESTERN OIL SANDS JOIN

SHELL CANADA ATHABASCA PROJECT

In August Chevron Canada Resources Ltd. and

Western Oil Sands Inc. became partners in the

Shell Canada Ltd.-led Athabasca oil sands proj
ect in Alberta.

CORPORATIONS

OPTI CANADA TO PILOT NEW FIELD

UPGRADER ON SUNCOR HEAVY OIL

PROPERTY

In August OPTI Canada, the Canadian subsidi

ary of Ormat Industries Ltd., announced that it

Subject to due diligence and the corporate ap

proval of each of the partners, Western and

Chevron will each acquire a 20 percent joint

venture interest in the Athabasca Oil Sands

Project. Shell will retain the remaining

60 percent.

Western, a Calgary-based company focused on

mining and bitumen extraction in the Athabasca
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region, is led by G. Turcotte, chairman and chief
executive officer, and T. Winterer, former presi

dent of BHP World Minerals, as president and

chief operating officer. Western's management

and staff will be, for the most part, the same

personnel who have been working with Shell to

prepare the feasibility study over the past

2 years.

N. Camarta of Shell Canada said, "Shell, West-

em and Chevron make a great oil sands team.

Shell brings the oil sands resource and refinery
infrastructure to the project, Western brings the

mining expertise and Chevron is an experienced

player in the North American energy
market."

Shell's proposed Athabasca Oil Sands Project

consists of three separate but integrated com

ponents: the Muskeg River Mine, near

Fort McMurray; the Scotford Upgrader, north of

Edmonton; and the Corridor Pipeline connecting
the two. Regulatory approvals are in place for

the Muskeg River Mine and Scotford Upgrader.

A decision on the Corridor Pipeline is expected

in the third quarter of 1999.

The entire project is expected to cost approxi

mately $3.8 billion (1998 Canadian dollars).

The project would initially produce

150,000 barrels per day of bitumen from the

Muskeg River Mine. The Scotford Upgrader will

then process the bitumen into high-quality syn

thetic crude products. Startup is scheduled

for 2002.

The feasibility study for the project will be com

pleted in the coming months. Shell, Western

and Chevron will then decide on a project go-

ahead later in 1999. If approval is received,

construction will begin immediately.

SHELL CANADA RELEASES SUSTAINABLE

DEVELOPMENT REPORT

Shell Canada Ltd.'s eighth sustainable devel

opment report, released in June, summarizes

Shell Canada's progress in 1998 toward the

company's objectives and targets for a number

of sustainable development components in

cluding emissions, energy conservation, social

responsibility, health and safety, and emergency

preparedness. Specific accomplishments iden

tified in the report include:

Implementation of a structured health,

safety and sustainable development

management system with individual and

management accountability

Improvement in upstream operations en

ergy efficiency by 25 percent since 1990

Improvement in refinery energy effi

ciency by 13 percent since 1990

Greenhouse gases below 1 990 levels

Benzene reduced to 46 percent of

1988 levels

Community investments

$4.5 million

increased to

The report also notes that there is room for im

provement in reducing spills and in safety per

formance.

ARCO PULLS OUT OF HAMACA PROJECT

IN VENEZUELA

ARCO has sold its 30 percent working interest in

the Hamaca integrated heavy oil project in

Venezuela's oil belt. Phillips Petroleum Com

pany traded its 18 percent working interest in

Field LL-652 in Venezuela's Lake Maracaibo for

two-thirds ofARCO's Hamaca stake. The move

increases
Phillips'

Hamaca interest to

40 percent. Texaco Inc. acquired the remaining
third of ARCO's Hamaca interests, bringing its

share to 30 percent. The other Hamaca partner,

Petroleos de Venezuela SA, owns the remaining
30 percent interest in the project.

The Hamaca partners manage the project

through a joint operating company known as
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Petrolera Ameriven. The project encompasses

a 400-square mile region of the Orinoco belt

that is believed to contain more than 31 billion

barrels of oil, of which about 2 billion are recov

erable with conventional technology. Produc

tion of 36,000 barrels per day is scheduled to

begin in mid-2001, will increase to

190,000 barrels per day in 2004, and is ex

pected to remain at that level for 35 years.

Total cost involved in taking the project to the

peak production level is $3 billion. Current ef

forts are focused on final design work, construc

tion activities and securing project financing.

The next phase ofwork will involve construction

of:

Production facilities

A 144-mile pipeline from these facilities

to Jose, Venezuela

An upgrader at Jose

This work will begin in second quarter 2000.

Production will begin, however, before the up

grader is completed. During construction of the

upgrader, early production of 36,000 barrels per

day will be blended with 20,000 barrels per day
of lighter (26 to 30API) gravity oil. The result

ing
16

gravity oil will be transported to export

facilities at Jose.

The upgrader is expected to start producing
26

gravity oil in 2004.

The partnership will combine a significant por

tion of each company's conventional heavy oil

assets in Western Canada. With about

34,000 barrels of oil equivalent daily production,
Petrovera is one of Canada's largest conven

tional heavy oil producers. Cash flow is ex

pected to run from C$70 million to

C$100 million this year.

The partnership is owned 46.7 percent by Gulf

and 53.3 percent by PanCanadian. Each part

ner contributed assets generating about half the

production. Petrovera employs about

210 people.

PanCanadian's contribution is primarily conven

tional heavy oil assets and land located south,

east and northwest of Lloydminster, which

straddles the Alberta-Saskatchewan (Canada)

boundary. PanCanadian has not included its

Pelican and Christina Lakes assets in Alberta or

its thermal operations at Senlac, Saskatchewan.

Gulfs contribution includes conventional heavy
oil and natural gas production and petroleum

lands located northeast and southwest of

Lloydminster. Gulf has not included its Kerrob

ert thermal assets in Saskatchewan or its Sur

mont thermal assets in Alberta.

GOVERNMENT

ALBERTA EUB NOTES IMPROVEMENTS IN

OIL SANDS PROCEDURE

GULF CANADA AND PANCANADIAN

PETROLEUM CREATE PETROVERA

RESOURCES

PanCanadian Petroleum Ltd. and Gulf Canada

Resources Ltd. have signed an agreement to

form a new heavy oil partnership, called Petro

vera Resources.

Alberta Ministry of Energy's 1998/99 Annual

Report summarized the Energy and Utilities

Board's (EUB) oil sands activities over the last

fiscal year.

Suncor announced it is proceeding with its

$2.2-billion Millennium Project. Shell has re

ceived regulatory approval for its $3.3-billion

Muskeg River Mine and Upgrader Project and is
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awaiting a management decision to proceed.

Imperial Oil's $1 -billion Cold Lake Project is

seeking approval from the Alberta EUB. Mobil

has delayed its $2.5-billion Keari Lake Mine and

Upgrader Project.

Following discussions with industry, the Alberta

Department of Energy established business

rules governing the new royalty system for oil

sands. These business rules should be released

in the coming year. The Department continues

to work on other related regulatory amendments

and completed discussions with industry on ten

ure regulations for leasing oil sands rights. The

review of these regulations will be completed in

the coming year.

With the increase in oil sands applications and

their effect on resource conservation, the EUB

worked with industry to develop a new regula

tory process based on operating criteria. The

criteria-based process clarifies reporting and

surveillance activities, provides a basis for

measuring regulatory compliance and deter

mining enforcement measures, reduces the

need for applications when criteria are met, and

improves communication between industry and

regulatory organizations.

In March 1998 the EUB issued a conservation

report on bitumen reserves overlain by natural

gas. One of the report's recommendations was

to require production approvals for any associ

ated gas developments after July 1, 1998. On

February 3, 1999, the EUB issued Interim Direc

tive 99-1: Gas/Bitumen Production in Oil Sands

Areas: Application, Notification, and Drilling Re

quirements. This ID, created through consulta

tion with industry in late 1998, represented sig

nificant progress in setting the rules for orderly

and equitable development. Because gas over

bitumen is an evolving area, the EUB will peri

odically review and revise its requirements as

new information becomes available.

The closure of deficient applications for facilities

is one measure of EUB staff efficiency and pub

lic and environmental safety. Closures occur on

applications that are severely deficient and can

not be processed. Closed applications are re

turned to the applicant, who must correct the

identified deficiencies before reapplying to pro

ceed with the facility. In 1998/1999, the EUB

Facilities Division Applications Group closed

316 (1.9 percent) deficient applications, up from

247 in 1997/1998. The total number of routine

(15,663) and non-routine (947) applications for

1998/1999 was 16,610.

The average turnaround time for all applications

(routine and non-routine) decreased from

4.7 days in 1997/1998 to 3.6 days in 1998/1999.

The target is 2.5 calendar days (average) for

routine facility applications.

ALBERTA RESEARCH COUNCIL

ADDRESSES NEEDS OF HEAVY OIL AND

OIL SANDS INDUSTRIES

Alberta Research Council's (ARC) 1999 Annual

Report summarizes its focus on the needs of

heavy oil and oil sands industry.

ARC is an active participant in the National

Centre for Upgrading Technology (NCUT), a

Canada-Alberta research alliance formed to ad

vance technologies for converting heavy oil and

oil sands into value-added products, transporta

tion fuels in particular. NCUT concentrates on

the industry's most pressing needs, including

reducing costs of upgrading bitumen and heavy
oil and improving the quality of transportation

fuels produced from synthetic crude oil.

ARC also operates the Alberta Department of

Energy/ARC Core Industry (AACI) research pro

gram, designed to develop improved, economi

cally viable in situ recovery technologies for the

heavy oil and bitumen industry. AACI is the

in situ technical planning group for the industry-

led Canadian Oil Sands Network for Research

and Development (CONRAD), funded by 15

industry and government partners. Research in

the past year concentrated on:

Studies to better understand the cold

production process to increase oil pro

duction rates
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Field-scale simulations of follow-up re

covery processes

Gas and solvents research designed to

develop less energy-intensive recovery
processes

Projects to improve economically viable

thermal gravity recovery processes

Efforts to improve technologies for res

ervoir maintenance

Toward the end of the fiscal year, ARC acquired

management and control of the Petroleum Re

covery Institute (PRI), a consortium-funded re

search and technology development company
that supports the needs of the petroleum indus

try, in particular enhanced oil recovery. PRI's

international focus provides ARC with immedi

ate links to global markets and its strengths in

conventional oil complement ARC'S expertise in

heavy oil. The arrangement will eliminate dupli

cation and reduce overhead, while adding ap

proximately $2 million per year to ARC'S con

solidated revenues.

ENERGY POLICY AND FORECASTS

L. Ivanhoe of the M. King Hubbert Center dis

cussed Venezuela's impact on oil prices in the

Hubbert Center Newsletter #99/3.

Venezuela is the only OPEC nation in the

Western Hemisphere, which makes the country

a natural oil exporter to the importing nations of

Latin America and to the United States. It has

raised or lowered its assigned OPEC oil produc

tion quotas much more faithfully than have the

several Arab OPEC nations. In recent years,

Venezuela's Petr6leos de Venezuela SA and its

foreign associates have applied new petroleum

engineering techniques (horizontal drilling, etc.)

that have enabled the nation to produce much

more of the previously non-commercial

"Orinoco Heavy Oil
Sands"

as
"Orimulsion"

(sold

by the tanker as boiler fuel to foreign electric

powerplants) and as low-grade crude for up

grading in special refineries.

"Declared
Reserves"

are important to OPEC

because each OPEC country's production quota

is partly based thereon. Venezuela's Orinoco

non-conventional oil resource was not previ

ously deemed to be a
"reserve"

for OPEC pur

poses. But after Venezuela added some Ori

noco oil to its reserves in 1987, the various Arab

OPEC countries each declared additional

("political") reserves to bring the various OPEC

quotas back into line with the pre-1987 reserves

numbers.

HUBBERT CENTER SEES ORINOCO CRUDE

AS TRIGGER FOR 1998 OIL PRICE CRASH

Venezuela, a founding member of the Organi

zation of Petroleum Exporting Countries

(OPEC), is one of the world's major oil produc

ers, and one of the four largest 1997 oil export

ers to the United States (which include: Vene

zuela, Canada, Saudi Arabia and Mexico).

Venezuela's oil consumption

(1998=475,000 barrels per day) is insignificant

when compared to the nation's oil production

(1998=3,335,000 barrels per day).

Venezuela's increase in Orinoco oil production

after 1986 is one of the reasons for the

1998 global "oil
glut"

and low oil prices, says

Ivanhoe. The resulting oil glut has decreased

the amount of development capital available

around the globe, so new deep-water, etc. fields

needing costly investments to bring them on

production are being deferred worldwide. The

effect of Venezuela's oil production on the

worldwide oil situation is illustrated in Figure 1

(next page).
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FIGURE 1
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TECHNOLOGY

SYNERGY TECHNOLOGIES AND TEXAS T

RESOURCES TEST NEW HEAVY OIL

UPGRADING PROCESS

Synergy Technologies Corporation and Texas T

Resources Inc. announced in October that their

proprietary CPJ heavy oil upgrading technology
for converting heavy oils into more valuable

lighter oils has been successfully run at the
companies'

laboratory facility in Orleans,

France. The tests were performed on a

0.5-barrel per day pilot unit.

The CPJ process utilizes thermal shock to split

the long hydrocarbon molecules comprising

heavy oil, forming lighter oils.

The companies will soon formulate strategic

plans for further development of the technology,

including the engineering and construction of a

larger CPJ plant in Alberta, Canada. The com

mercialization of the technology could result in

up to 70 percent savings over competing proc

esses, said Synergy.

INTERNATIONAL

INVESTORS SOUGHT FOR NIGERIAN TAR

SANDS PROJECT

Elpaal Resources, Ottawa, Ontario, Canada, is

soliciting investors and technical partners for a

Nigerian Tar Sands Project. Foreign partners

are needed to provide technical expertise in any

or all aspects of mining and processing of the

tar sands for bitumen extraction and manufac

ture of asphalt.

The area lies on the onshore area of the Eastern

Dahomey (Benin) Coastal Sedimentary Basin in

Southwestern Nigeria. The area has the largest

deposit of tar sands in Africa. Further explora

tion work to compliment the present estimated

reserve will make it a world class deposit.

ExploratoryWork Done So Far

Exploratory programs have been carried out

since the beginning of the century. Over

115 boreholes were drilled with about 84 falling

in the project area, spread within approximately

10 percent of the entire tar sands area. Blocks

were designed to allow the open-cast mining of

materials near the surface, and in situ mining of

deep-seated materials within the same block.

The phisco-chemical properties of the Nigerian

tar sands are summarized in Table 1 .

Comparative Characteristics ofthe Tar

Sands of Southwestern Nigeria and

Athabasca, Canada

The characteristics of Nigerian tar sands and

those of Athabasca compare favorably. Water-

wet nature of grains, textural parameters, oil

saturation and chemistry are similar for the two

tar sands. However, the Nigerian tar sands are

more asphalthenic (17.9 to 29.7 weight percent)

and have lower aromatic and sulfur content.

The close similarity of the characteristics of the

tar sands of Nigeria and Athabasca suggest that

the Canadian experience can be used as a

model for development. The Nigerian tar sands

have the following advantages when compared

with the Canadian tar sands:

Medium to good sorting in the sand

grains

Lower content of clays and fines

Higher bitumen content

Absence of gas and water saturation

Absence of tar sands stress due to deep
incumbent loads

Manageable basal aquifer devoid of the

need for depressurization
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TABLE 1

PHYSICO-CHEMICAL PROPERTIES

Physical Properties of Nigerian Tar Sands

Bitumen Content

API Gravity
Specific Gravity

Breaking Point (after Fraas)

Drip Point (after Ubbelohde)
Kinematic Viscosity
Flash Point

Pour Point

Penetration

Softening Point

Chemical Properties

Saturates

Aromatics

Resins I & II

Asphaltene

Naphtha

(a) 90% Olefins and Aromatics

(b) Paraffins and Naphthene

Total Acid Number

Trace Metals

Sulfur

MolecularWeight

Calorific Value

5 to 30 wt.%, average 12 wt.%

14.6 to 5.3, average 9.4

0.204 to 1 .837, average 0.968

-10C

58C

180Fto28.25F

89F

20F

80 to 100

47

22 to 24%

12 to 19%

39 to 44%

18 to 9%

6.3 to 9.6

nickel 33 to 36 ppm

vanadium 25 to 28 ppm

1.3%

558 to 667

43,000 KJ/kg

Smaller volumes of basal gas that dissi

pate through boreholes

Lower content of heavy metals

D. Obaro of Elpaal Resources believes that the

Nigerian tar sands have some potentials for

easy development, namely:

Amenability to gravity drainage

Potential for steam assistance

Amenability to open-cut mining
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PROJECT ACTIVITIES

POLK POWER STATION LISTS CAUSES OF

LOST PRODUCTION

Over the last 9 years, Tampa Electric Company
has taken the Polk Power Station from a con

cept to a reality. J. McDaniel and C. Shelnut of

the Tampa Electric Company discussed the

plant's reliability and some of the specific prob

lems encountered and resolved at the Seventh

Clean Coal Technology Conference held in

Knoxville, Tennessee, in June.

The project, which is focusing on commerciali

zation of oxygen-blown entrained-flow Inte

grated Gasification Combined-Cycle (IGCC)

technology, is partially funded by the United

States Department of Energy (DOE) under

Round II of its Clean Coal Technology Program.

This demonstration of Polk Power Station is ex

pected to show this technology can achieve sig
nificant reductions of S02 and NOx emissions

when compared to existing and future conven

tional coal-fired powerplants.

A general flow diagram of the entire process is

shown in Figure 1 .

FIGURE 1
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Overall Reliability

In its 2.5 years of commercial operation, the

Polk Power Station gasifier has operated over

13,000 hours, and 3.5 million megawatt-hours of

electricity have been generated from the syngas

fuel it produced. Itwas on-line 65 percent of the

time for the last 1 .5 years. Even when the gasi

fier was unavailable, the combined cycle was

available for operation on distillate fuel most of

the time. The combined cycle's availability was

92 percent for the last 1 .5 years and 99 percent

for the 6-month period ending April 1, 1999.

Gasifier onstream factor and combined cycle

availability were only about 50 percent during
the first 6 months of commercial operation.

This is to be expected with any new facility.

During the second 6-month period of commer

cial operation, availability of the gasifier and

combined cycle were both low due primarily to

two issues: damage to the combustion turbine

on two occasions from particulates in the syn

gas, and seal leakage in the radiant syngas

cooler. Both issues have been resolved.

During the third 6-month period of commercial

operation (October 1997 through March 1998)
the station experienced excellent gasifier on

stream factor (75 percent) and combined cycle

availability (95 percent). This was consistent

with expectations for this point in the plant's life-

cycle.

The combined cycle continues to perform well,

although its availability suffered slightly during
the second and third quarters of 1998 (the fourth

6-month period of commercial operation) due to

a planned outage and steam turbine condenser

tube leaks caused by human error. However,
the gasifier*s onstream factor has only averaged

about 63 percent, which does not meet expec

tations. In addition to two planned outages, the

gasification system has experienced several

forced outages.

Gasification system lost production causes be

tween April 1, 1998, and June 15, 1999, are

summarized in Table 1 . Three specific prob

lems have had the greatest impact and are dis

cussed in further detail below.

Syngas Scrubber Overhead Piping

Polk's Texaco gasification system produces

more than expected of one specific sulfur com

pound, carbonyl sulfide or COS. The acid gas

removal system, MDEA, does not remove COS

from the syngas, so any COS produced is con

verted to S02 emissions in the Heat Recovery
Steam Generator (HRSG) stack. This was not a

problem with the relatively expensive design

coal, Pittsburgh No. 8, because it only contained

about 2.5 percent sulfur. However, in an effort

to reduce the cost of electricity for ratepayers

and to meet DOE requirements, various less

expensive feedstocks such as Illinois No. 6 and

Kentucky No. 1 1 coals with sulfur content up to

3.5 percent were tested. These higher sulfur

coals produced proportionally more COS, so

S02 emissions from the HRSG stack would

have exceeded permit limits except for one

factor. However, it was discovered that by

flooding the syngas scrubber overhead lines

with particulate-laden water, about 30 percent of

the COS is converted (hydrolyzed) to H2S as the

syngas passes through them. Flooding the

scrubber overhead lines to reduce COS enabled

operation on the higher-sulfur, less expensive

Illinois No. 6 and Kentucky No. 1 1 seam coals

from mid-December 1997 until mid-

November 1998, without exceeding emissions

permits.

Flooding the scrubber overhead piping had one

significant drawback: the scrubber overhead

piping system was not designed for this turbu

lent three-phase operation. After only 4 months

of operation in this manner, the first small lo

calized syngas leak was observed. The first

leaks were pin-holes which could be easily re

paired. However, in November 1998, a larger

leak occurred which required a 23-day forced

outage to replace the entire piping system with

the upgraded materials. In addition, the system

was no longer operated with the piping system

flooded (even though the new piping system

could probably accommodate it). Instead, lower
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TABLE 1

LOST PRODUCTION SUMMARY GASIFIER RUNS 51-99

APRIL 1, 1998 -JUNE 17, 1999

Event/Cause

Planned Outages

Raw Syngas Piping Erosion

Scrubber Overhead

Scrubber Inlet

Fuel Switching Problems

Slag Removal

Slurry Feed

Convective Syngas Cooler Plugging
Gasifier Refractory Replacement

RSCWaterWall Leak (transmitter failure)
Condenser Tube Leaks (controls/fuse)

Slurry Feed Pump
BlackWater Piping Leaks

Miscellaneous Forced Outages, Outage

Extensions, and Maintenance Outages

Oxygen Plant

Gasification

Power Block/Transmission System/Utilities

Forced Gasifier Resulting

Outages/Startup Gasifier

Delays Outaae Days Remedial Action

3 58

hardermaterials in specific locations

6 29 stop running scrubbers in carryovermode

2 4 some minor configuration changes

longer runs on consistent fuel

7 22 slag removal system mods/improvements

2 5 operating experience

6 24 modify configuration; operating procedures

1 15 longer runs on consistent fuel

1 7 transmitters replaced & installed properly

1 5 improved procedures/controls

1 5 improved materials

2 4 improved materials & configuration changes;

routine inspection

4 3 various mechanical improvements, controls

17 6 modifications, and procedural changes

8 4

sulfur coals were processed until a conventional

COS hydrolysis unit was installed in Septem

ber 1999.

Fuel Related Problems

The need to temporarily gasify lower sulfur

coals in response to the problem with the syn

gas scrubber overhead piping system prompted

testing of some blends of higher sulfur Ken

tucky No. 1 1 (base fuel) with lower sulfur fuels

to produce a reasonable cost feedstock with an

average sulfur content of about 2.5 percent.

These blends introduced unexpected problems

during this reporting period. On seven occa

sions, large slag agglomerates plugged the slag

removal system at the bottom of the radiant

syngas cooler, and on two occasions, slurry

solids from these blends settled in the gasifier

feed pump suction line, starving the pump.

During the previous reporting period, fuel

changes led to three gasifier forced outages and

12 days of lost gasifier production.

Modifications to the mechanical and process

configuration of the slag removal system were

made to help cope with large slag agglomer

ates. Texaco has provided some complemen

tary methods of characterizing slag viscosity.

The ultimate solution to these difficulties proba

bly will only come when suitable feedstock is

found and longer-term operating experience on

it is gained.

Convective Syngas Cooler Plugging

Polk Power Station has horizontal fire-tube con

vective syngas coolers at the exit of the radiant

syngas cooler. During the current reporting pe

riod, there were six outages and 24 total days of

lost gasifier production due to pluggage of these

exchanger tubes.

THE SYNTHETIC FUELS REPORT. OCTOBER 1999

46



 



COAL

This pluggage occurs via two mechanisms.

First, large ash agglomerates spall from the inlet

duct which instantaneously plug several tubes.

This has been mostly at startup. Modified

startup procedures appear to mitigate this

source of plugging. The second is the gradual

build-up of deposits during operation. Ash con

stituents of some of the fuels may accelerate

this pluggage. Some recent configuration

changes seem to help reduce this pluggage

rate.

The progression of the pluggage is monitored

with the differential pressure across the ex

changers. The system can now operate 25 to

40 days between cleanings. Recent changes in

configuration and operating procedures are ex

pected to increase the time between cleanings

to 45 to 60 days or more. If not, other options

are being evaluated.

Plans for 1999-2000

The following are some of the significant activi

ties planned for Polk Power Station for the re

mainder of 1999 and into 2000:

Complete construction and commission

the COS hydrolysis unit in Septem

ber 1999.

Continue efforts to reduce/eliminate

Convective Syngas Cooler (CSC) tube

pluggage.

Upgrade the brine concentration system

to improve its reliability and lower overall

plant heat rate.

Upgrade the slag handling system to re

duce operation and maintenance costs,

to produce a more valuable byproduct

slag, and to enable selective recycling of

some fractions of the current slag prod

uct to reduce heat rate.

Identify a consistent, economical base

coal for normal operation and continue

selective testing of alternate fuels to

lower Polk Power Station's overall bus

bar cost.

Conclusions

Polk Power Station's leading causes of lost pro

duction in late 1997/early 1998 were particulate

contamination of the clean syngas to the turbine

and radiant syngas cooler seal leaks. These

were successfully eliminated in the most recent

15-month period of operation, and many other

less significant problems were either entirely

eliminated or significantly reduced. However,

performance in the last half of 1998 and the first

half of 1999 was adversely impacted primarily

by two new issues:

Syngas scrubber overhead line erosion

and fuel switching resulting from dealing

with higher than design carbonyl sulfide

production

Convective syngas cooler tube plugging

The COS issue will be resolved with the com

missioning of a COS hydrolysis unit in Septem

ber 1999. Steps are being taken to deal with the

CSC pluggage, but that outcome is less certain.

Nonetheless, significant improvement is ex

pected over the next 12-month period.

GREAT PLAINS COz PIPELINE EXPECTED

TO BE IN THE GROUND BY OCTOBER 1

Construction of the 205-mile carbon dioxide

pipeline from the Great Plains Synfuels Plant

near Beulah, North Dakota, to an oil field near

Weybum, Saskatchewan, Canada, is progress

ing on schedule. The pipeline will transport C02

for use in tertiary oil recovery by PanCanadian

Petroleum Limited. In July of 1997 Dakota

Gasification Company and PanCanadian signed

a C02 sales contract in Bismarck, North Dakota.

Only about 40 percent of the Synfuels Plant's

C02 will be used at theWeybum oil field.
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Since the May 12 groundbreaking, an assembly-

line operation has been moving along at about

2 miles per day. One contractor is building the
167-mile United States portion of the C02 pipe

line in three stages. By August 60 percent of

the pipeline construction in the United States

was completed. The 38-mile Canadian portion

of the pipeline is a separate spread that will be

built by a different contractor. Construction of

the Canadian portion of the pipeline was sched

uled to begin in August. The entire pipeline was

expected to be in the ground by October 1 . De

liveries are expected to begin in mid-2000.

A period of hydro testing will follow to check the

pipeline for leaks. Then the line will be dried to

a dew-point of -50F to prepare it for placement

into service. Pipeline installation from the Great

Plains Synfuels Plant to Lake Sakakawea a

distance of 97 miles is now complete. Hydro

static testing of that portion of the pipe is under

way. The only other activity remaining for this

portion of the project is right-of-way reclamation
and some cleanup.

Pipeline Construction Process

The pipeline is being built in phases starting with

a fence crew to build points of access for the

stringing crews that install the pipeline.

The stringing and ditching crews lay out the pipe
that is to be welded together and dig the trench
to a minimum depth of 4 feet where the pipeline

will be buried. Next is the bending, road boring
and pipe gang crews, and the firing line. They
prepare the pipe ends for welding and determine

if any bends are needed. They also set the pipe

sections on cribbing so the welders can have
360

access.

The firing line is the largest crew employing 10

to 12 welding rigs. Once the pipe is welded, the

pipe is 100 percent x-rayed to check for integrity
of the welds. The joints are sand-blasted to

bare metal and a fusion-bonded epoxy coating

is applied. The coating is checked for integrity

immediately prior to lowering pipe into the

trench.

The remaining steps involve lowering the pipe

into the trench, backfilling the trench and re

claiming the right-of-way.

GREAT PLAINS SYNFUELS PLANT FILES

RISK MANAGEMENT PLAN

In June the Dakota Gasification Company filed

its Risk Management Plan (RMP) for the Great

Plains Synfuels Plant near Beulah, North Da

kota, with the United States Environmental

Protection Agency (EPA).

The United States Congress created the RMP

when it amended the Clean Air Act in 1990.

The amendment says each facility must submit

an RMP that gives an assessment of the plant's

hazards and describes what they are doing to

prevent accidents. Also, facilities must provide

5-year accident histories.

Dakota Gasification Company is required to de

velop an RMP because of the ammonia produc

tion and flammable gas mixtures of hydrogen

and methane. The EPA requires facilities stor

ing greater than threshold quantities from a list

of 140 toxic or flammable substances to de

velop an RMP, including an emergency re

sponse plan. The RMP goal is to prevent acci

dental releases of substances that could cause

serious harm to the public or the environment,

and to make sure safety elements and meas

ures are in place to prevent or mitigate the se

verity of releases that do occur.

The RMP includes four sections:

A Hazard Assessment that evaluates

both worst-case and realistic release

scenarios, and the plant's 5-year acci

dent history

A Management System to implement the

program, assign overall responsibility
and delegate responsibilities
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A Prevention Program to ensure safe

handling of substances and detect and

mitigate releases

An Emergency Response Program in

cluding employee training and commu

nity program coordination

CORPORATIONS

SASOL REPORTS IMPROVED RESULTS

FOR THE YEAR

Sasol Limited, in its Annual Report for the year

ended June 30, 1999, reports "very
pleasing"

financial results.

Earnings attributable to shareholders increased

by 19.5 percent to R2.479 million, while earn

ings per share for the 1999 financial year rose

by 25.5 percent from 326 cents to 409 cents.

Group sales increased materially both in South

Africa and across the world. This underscores

the significant efforts in Sasol's diverse opera

tions to endure one of the most severe down

turns in world commodity markets.

Export and foreign sales rose by 15.2 percent to

achieve a record R5.129 million to contribute

26.7 percent of Group turnover. These sales

have increased by an average of 22.0 percent

per year for the past 3 years.

Sasol Synthetic Fuels (Pty) Limited

Based at Secunda, South Africa, about

160 kilometers southeast of Johannesburg, Sa

sol Synthetic Fuels (Pty) Limited (SSF) uses

unique Sasol processes to manufacture synthe

sis gas from low-grade coal and to convert this

gas into a large range of valuable hydrocarbons,

including synthetic liquid fuels and pipeline gas.

These products also provide the bulk of the

building blocks for most of the South African

chemical industry.

For SSF to prosper as a business in the long

term, the production of synthetic oil must be

able to continuously compete with equivalent

crude oils on international markets.

SSF made further progress during the fourth

year of its 5-year transformation process to de

crease reliance on tariff protection. Tariff pro

tection has been lowered from a reference price

of US$23 per barrel (bbl) in 1994 to US$17/bbl

during the 1999 financial year. Fixed-cash pro

duction cost at 1996 prices has decreased

by 19.7 percent over the last 4 years.

The transformation process has enabled SSF to

remain competitive even at low oil prices. With

the highly capital-intensive nature of its process

to produce oil from coal, shareholders will, how

ever, not receive acceptable returns on their

investments during prolonged periods of low oil

prices. The present tariff protection levels will

be reviewed during the 2000 financial year.

SSF's notable operational achievements for the

year include:

The successful commissioning of seven

new-generation Sasol Advanced Synthol

(SAS) reactors

The introduction of a jet fuel for interna

tional passenger aircraft that contains

synthetic fuel components

Further reductions in maintenance costs

Improvements in the environmental

management program, including reduc

tions in emission levels and waste

Notwithstanding the huge construction activity

associated with the SAS reactors project, which

affected the core of the production process,

production output increased by 3 percent to

reach a record 6.88 million tons.

The sale of alcohol to Brazil came to a standstill

but the reintroduction of alcohol into gasoline in

the inland areas of South Africa was negotiated

with the country's oil industry.
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Turnover increased by 14.1 percent to a record

R7.847 million. This effect, however, was

countered by low crude oil prices, which

dropped to their lowest levels since the startup

ofthe SSF plants in 1980. The average derived

crude oil price of US$10.28/bbl was

US$4.36/bbl lower than the average for the

1998 financial year. Due to these low derived

oil prices and the requirement that tariff protec

tion cannot exceed 30 percent, of imported oil

cost, the reference price could not be achieved.

SSF's average product sales price, including
protection, was the equivalent of about

US$14.73/bblofoil.

The 16 older-generation Circulating Fluidized-

Bed (CFB) Synthol reactors were replaced with

four larger (10.7 meters in diameter) and four

smaller (8 meters in diameter) new-generation

SAS reactors. The first of these reactors was

commissioned in 1996 as a full-scale commer

cial demonstration unit. Completing this ambi

tious R1 ,010 million project during normal op
erations without significant losses was a major

accomplishment.

The replacement of the Rectisol West absorp

tion columns, as well as the installation of addi

tional absorption columns (the Abba towers) as

part of the Medium-Term Gas Expansion

(MTGE) project, increased the gas throughput

capacity of the Secunda complex by 3 percent.

A further 3 percent increase will be achieved

once Phase-Two MTGE work is completed in

the 2000 financial year.

During May 1999, when all the new Synthol re

actors became available, virtually all previous

production records were surpassed.

The company's product spectrum remained vir

tually unchanged, with 71 percent of the sales in

liquid fuels and 20 percent in petrochemical

feedstocks. A further 9 percent of sales oc

curred in the fertilizers, explosives and carbon-

coke industries. The installation of a second

Polifin propylene purification unit during the year

at Secunda will increase propylene extraction

from the fuels pool without hampering SSF's

ability to supply a growing Southern African fuel

market.

All major international aircraft engine and air

frame manufacturers agreed to use semi

synthetic jet fuel as an aviation fuel. SSF syn

thetic jet fuel oil is blended with crude oil-

derived jet fuel to form a semi-synthetic jet fuel.

The new product entered the market at Johan

nesburg International Airport, during April 1999.

Approval to utilize fully synthetic jet fuel will be

pursued by SSF during the 2000 financial year.

The project to dehydrate alcohol for the produc

tion of olefins is expected to be on-line early in

the 2000 financial year. This initiative will help
to reduce the flaring of the heavier fuel alcohols

which are in excess supply due to the specifica

tion changes for fuel alcohol.

A second noble gas extraction plant to extract a

mixture of krypton and xenon from liquid oxygen

was commissioned during May 1999.

The advanced process control system at the

refinery, an improved fuels blending system and

a more efficient hydrogen purification control

system were also commissioned successfully.

The first phase of the medium-term gas expan

sion project to increase overall factory capacity

came on-line during the financial year, and the

full benefits of a planned 6 percent increase in

production capacity will be realizable after

Phase-Two project completion during Septem

ber 1999.

The current R600 million investment program

comprises:

The medium-term gas expansion project

The recovering of krypton/xenon from

the oxygen units at the SSF East plant

New facilities to process alcohols previ

ously exported to Brazil

A new market opportunity to supply drill

ing fluids

To improve and sustain international competi

tiveness, several development studies are in

progress. A major initiative, the Sky High proj
ect to increase current production of fuels and
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chemicals by 15 percent, has been shelved

temporarily. This was decided in anticipation of

continuing low oil prices.

Sasol has since 1995 maintained a program to

further develop its technology for the production
of synthesis gas from coal. For this reason,

one of the 80 SSF gasifiers was used for com

mercial-scale testing of process concepts and to
optimize the gasification operation. The test

program is under way and the results are ex

pected to be available during the 2000 financial
year.

For the 2000 financial year an expected further

weakening of the rand and an increase in pro

duction output due to the implementation of the

second-phase gas expansion project, will result

in a further increase in operating profit. This will

be the case in spite of a decrease in tariff pro

tection from a reference price of US$17 to

US$16/bbl.

Sasol Chemical Industries Limited

Sasol Chemical Industries Limited (SCI) pro

duces and markets more than 200 chemical

products from the beneficiation of coal at Sasol

burg, from various feedstocks purchased from

SSF at Secunda and in its joint ventures in sev

eral countries around the globe.

The main SCI products manufactured at Sasol

burg include ammonia, ammonium nitrate, am

monium sulfate, nitric acid, cresols and phenol,

hydrogen, oxygen, industrial pipeline gas,

methanol, ketones and other solvents, mining

chemicals, tar products, paraffins and waxes.

At Secunda SSF feedstocks are processed into

a range of value-added chemicals. These in

clude acetic acid, propionic acid, acetone and

other ketones, alcohols, alcohol blends, ammo

nia, acrylonitrile, carbon products, fertilizers,

mining explosives, granular sulfur, 1-octene,
1-hexene and 1-pentene, oxygen, argon, and a

mixture of krypton and xenon. Polifin

(50 percent owned by SCI) also produces poly

mer-grade ethylene and propylene from SSF

feedstock and converts propylene into polypro

pylene at Secunda.

The year under review brought mixed fortunes

to SCI. The intended acquisition by Sasol of

AECI's fertilizer and explosives businesses,

along with AECI's 40 percent shareholding in

Polifin Limited, was disallowed by South Africa's

Competition Board.

The precipitous fall in global prices for most

commodities, including chemicals and chemical-

derivatives, continued throughout the year.

Historic low prices were recorded for several of

SCI's products. This trend, however, was

countered by a 7 percent increase in overall

volumes and a 17 percent increase in turnover,

both of which were assisted by the further

weakening of the rand against major interna

tional currencies. Overall, SCI's operating profit

remained virtually unchanged at R1.1 billion.

Volume growth is expected to continue in the

2000 financial year and a conservative

34 percent growth in total product volume is

forecast. This, along with a modest recovery in

product prices for the financial year, is expected

to increase SCI's profits appreciably. A major

upswing in most global commodity prices, how

ever, is not expected until later in 2000.

Both Sasol Alpha Olefins and Sasol Solvents

are committed to promising expansion projects.

The fertilizer and mining explosives divisions,
Sasol Agri and SMX, respectively, are also well

placed to achieve volume growth in the ensuing

decade. Other divisions, among them Sasol

Carbo-Tar and Sasol Mining Chemicals, have

plans in place to expand their product portfolios.

The Synthesis Gas division at Sasolburg con

verts coal into synthesis gas for the production

of ammonia, waxes, fertilizers, various chemi

cals and industrial pipeline gas. Turnover for

the year increased by 24.6 percent to

R790 million.

The increased production resulted from debot

tlenecking projects. Various debottlenecking
projects to further increase synthesis gas pro

duction are under consideration.
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Industrial Gas

The Industrial Gas division at Sasolburg is the

principal supplier of pipeline gas to consumers

in the Province of Gauteng to the north of Sa

solburg. The consumers are in the industrial,
commercial and residential sectors. The gas

distribution network consists of 1,500 kilometers

of pipelines and stretches as far north as Preto

ria. Sasol Gas markets the gas.

Turnover increased by 15.1 percent to

R634 million for the 1999 financial year. This

increase resulted from a moderate growth in

sales volume and a restructured pricing mecha

nism.

Sasol Ammonia

Despite lower international ammonia prices,

turnover for all the products marketed by Sasol

Ammonia at R587 million reflects growth of

4.4 percent more than recorded for the

1998 financial year. This improved perform

ance resulted from volume growth and a weaker

rand/US dollar exchange rate which increased

rand prices.

Production of ammonia at Sasolburg increased

by 4.2 percent compared with the 1998 financial

year.

International ammonia prices fell for the second

successive year in financial 1999 and reached

historic lows in February 1999. It is forecast that

international ammonia prices will remain under

pressure for the rest of 1999 and into 2000.

An agreement was also concluded with Air

Products for the supply of high-purity hydrogen

to the South African market. The project to

supply Afrox with propane and butane for the

South African aerosol market was successfully

completed.

The turnover of the gases section of Sasol Am

monia is expected to grow by almost 50 percent

in the 2000 financial year as a result of the

commissioning of the new krypton/xenon plant

at Secunda, as well as the effects of the hydro

gen and propane/butane agreements with Air

Products and Afrox.

Sasol Fertilizers

The fertilizer and related activities of Sasol Fer

tilizers were consolidated during the year under

the new name of Sasol Agri. Through its busi

ness units, Sasol Agri manufacturers a full

range of granular and liquid fertilizers, bulk-

blend mixtures, ammoniated phosphates, sul

fate of ammonia and nitrogenous products for

the South African and export markets.

Notwithstanding the good climatic conditions

that prevailed over most of South Africa during
the planting season, several factors resulted in

reduced South African fertilizer sales of

6.5 percent compared with the 1998 financial

year.

The lower international price of nitrogen nega

tively affected the local price of fertilizers, espe

cially in the coastal regions. Net operating

profit, however, decreased by 27 percent.

Due to the anticipated changes in local market

requirements, the division is developing a range

of specialty fertilizers. The production and mar

keting of magnesium nitrate and calcium nitrate

are expected to add significant value in the

2000 financial year.

Sasol Mining Explosives

Sasol Mining Explosives (SMX) was established

15 years ago to add value to the large volume

of ammonia produced by SSF at Secunda.

During this period SCI also concluded several

joint ventures with third parties to enhance its

explosives business. SMX and SCI's explo

sives-related joint ventures are collectively re

ferred to as the SMX Group.

Turnover increased year-on-year by 7 percent to

R667 million. Operating profit, however, de

creased by 5.6 percent due to the downturn in

commodity sales globally and the effect it had

on volumes and prices.
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SMX's bulk and quarrying explosives busi

nesses continue to grow. The success of these

businesses is largely ascribable to the blasting
advantages of bulk products incorporating Ex-

pan LDAN.

Results achieved in Wyoming's Powder River

Basin (USA) will be followed with interest in the

2000 financial year because it is believed that

Expan LDAN products have the potential to

successfully address the noxious fume problems

being experienced in this environmentally sen

sitive region.

Sasol Akrvlo

The Sasol Akrylo division at Secunda converts

ammonia and propylene produced by Sasol into

acrylonitrile.

Abnormal market conditions caused the interna

tional price of acrylonitrile to drop from an aver

age of US$724 per ton and US$606 per ton for

the previous two financial years to US$360 per

ton for the year under review. These low inter

national prices resulted in factory netbacks

which were lower than the variable cost to pro

duce acrylonitrile, and it was decided to termi

nate production temporarily.

Sasol Aloha Olefins

Sasol Alpha Olefins is responsible for purifying

and marketing the alpha olefin components

emanating from the Secunda synthetic fuels

plant. During the last quarter of the financial

year the division began to beneficiate and glob

ally market 1-octene (octene) to complement its

established portfolio of 1-hexene and 1-pentene

(hexene and pentene).

The turnover generated in the worldwide alpha

olefins business increased by 49.5 percent to

R444 million. Operating profit increased by
168.1 percent.

The division continued to capture new demand

for hexene without losing existing business and

increased Sasol's global market share of high-

quality comonomer hexene from 27 to more

than 30 percent. Although the division retains

100 percent of the world's pentene market,

which yields good margins but for relatively

small quantities, the demand for pentene has

not developed as quickly as was originally

hoped for and remains at the previous year's

level.

With sales of hexene growing rapidly, the Sasol

board of directors approved a project to con

struct a third train for the separation and purifi

cation of an additional 78,000 tons of hexene

from the Secunda hydrocarbon stream. This

train is likely to start up during the third quarter

of 2000.

The octene plant, another first-of-a-kind process

designed by Sasol Technology, was completed

in early March 1999 and started up in April.

A new detergent alcohols facility is currently in

the basic engineering phase and will involve the

beneficiation of as many as six other alpha ole

fins from the Secunda synthetic fuels plant.

Also, a second facility to separate and purify the

remaining octene from the synthetic fuels plant

is being developed.

Sasol Carbo-Tar

Sasol Carbo-Tar manufactures and supplies

carbon and tar products to a diversified cus

tomer base in Southern Africa and international

markets. The division services the wood pres

ervation, heating fuels, ferro-alloy, steel and

foundry industries, among others. The products

include creosote, absorption oil, recarburisers

and reductants.

Carbo-Tar operated under difficult trading con

ditions during the year to June 1999. A high

percentage of product volumes is exported to

Asia, Russia and other areas. All these markets

suffered during the Asian crisis. As a result,

Carbo-Tar's sales volumes decreased by
12 percent and turnover by 1 1 percent.

The extremely tough conditions in the traditional

markets stimulated the division to exploit alter

native opportunities. New markets have been

found for the carbon products in the glass and

cathodic protection industries.
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The coker plant is currently being debottle-

necked in a R47.5 million project and this will

increase coking capacity by 25 percent. The

commercialization of the unique Purcarb tech

nology for the production of high-purity carbon

will also materialize during the 2000 financial

year.

Sasol Mining Chemicals

Sasol Mining Chemicals (Minchem) was formed

in November 1996 as a separate division to im

prove the focus on the production and market

ing of a range of collector and frother chemicals
used in mineral concentrator plants at mines.

In spite of a decline in the South African gold-

mining activities, Sasol Minchem's turnover in

creased by 20 percent to R24 million, mainly as

a result of a 12 percent volume growth. The

focus on production during the year was on

broadening the range of frothers in order to sat

isfy specific customer needs. Tri-alkoxy butane

frothers, based on crotonaldehyde and a range

of alcohols, were developed, produced and

marketed. In addition, a range of frothers tar

geted specifically at copper and platinum-group

metal plants was also developed, produced and

marketed.

Sasol Solvents

The Sasol Solvents division produces and mar

kets 18 commodity products and a range of sol

vent and alcohol blends. These products are

produced in 12 plants at three different operat

ing sites, Sasolburg, Secunda and at Germiston

in greater Johannesburg.

Weakening prices of commodity solvents, espe

cially of acetone, methanol, ethanol and

n-butanol, had a significant negative impact on

the performance of Sasol Solvents, resulting in

an operating profit decrease of 19.3 percent.

The market prices of these products in US-dollar

terms decreased on average by 33 percent from

the 1998 financial year.

The sales volume increase was generated

mainly by increased sales of methanol, Methyl

Ethyl Ketone (MEK), ethanol and acetates. The

new 140,000-ton per year methanol plant at Sa

solburg was commissioned successfully during
November 1998. This facility has sufficient ca

pacity to satisfy the South African demand for

methanol for at least the next 3 to 5 years. The

expansion in capacity of the high-purity ethanol

plant at Sasolburg was brought on-line early

in 1999 and increased the annual capacity of

this facility to more than 40,000 tons.

In the 2000 financial year growth will be sup

ported by the commissioning of a second high-

purity ethanol facility at Secunda with an annual

capacity of 85,000 tons, thereby increasing total

annual capacity to 125,000 tons.

During the year approval was granted for the

construction of a plant at Secunda with the ca

pacity to produce 50,000 tons of ethyl acetate

per year, in principle, approval was also ob

tained for the erection of a plant with the capac

ity to produce 150,000 tons of n-butanol per

year.

Sasol Technology (Pty) Limited

Sasol Technology is a partner to all the business

units in the Sasol Group in creating and further

improving Sasol's sustainable competitive ad

vantage.

To build on past success and further increase

the value of Sasol Technology to the Group, it

was decided during the 1999 financial year to

launch a business restructuring and optimization

initiative. The aim of the initiative, Project Al

pha, is to focus on the company's technical re

sources on the best ways of adding value to the

Group's activities.

Through this new organization, which started

functioning at the beginning of the

2000 financial year, the company intends to

unleash a new level of technology depth.

The most notable achievement of the year for

Sasol Technology was the successful commis

sioning, ahead of schedule, of all seven new

Sasol Advanced Synthol reactors at the Se

cunda operations of Sasol Synthetic Fuels.
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The second most notable highlight was the suc

cessful commissioning of the 1-octene plant for

Sasol Alpha Olefins at Secunda. This project

was conceived, developed, piloted, designed

and constructed in less than 28 months, a feat

considered to be a world record for the complete

commercialization of a new product in the pet

rochemical industry.

The Research and Development (R&D) division

has joined a consortium at Queens University in

NewYork City, NewYork, to undertake research

in the emerging new technological field of ionic

liquids. It has also joined a consortium at

Washington University in the United States

which will be focusing on modeling of the slurry

bubble column reactors.

The aim of the Queens University research on

ionic liquids is to develop replacements for tra

ditional organic solvents. This will have the ad

vantage that separation during reaction under

mild conditions will be simplified. The Wash

ington University program will provide Sasol

with valuable information on hydrodynamics

inside the Slurry Phase Reactor. For this pur

pose, radioactive particle-tracking techniques

will be employed to accurately measure liquid

and particle movement inside the reactor.

The development and commercial testing of the

cobalt-based catalysts required by the Sasol

Slurry Phase Distillate (SPD) process were con

tinued. Further improvements continue to be

achieved.

Besides the development of a catalyst for the

low-temperature Fischer-Tropsch-based SPD

process, research and development continues

on an improved catalyst for application in SSF's

high-temperature Fischer-Tropsch reactors at

Secunda.

The gasification of coal remains an important

area of research and technology development

focus. Support has been given to tests that are

conducted in an isolated Sasol-Lurgi test gasi

fier in order to assess the influence of coal

properties. Results obtained from these tests

will be used to refine the mathematical models

of the gasification process that have been com

piled. The refined models will enable Sasol to

further optimize gasification when used in com

bination with the test run results.

Further advances in the development and

commercialization of Sasol's SPD process were

achieved. Detailed evaluation has led to an

increase in the capacity of a maximum-size sin

gle-train unit from 10,000 daily barrels of diesel

and naphtha to more than 15,000 daily barrels.

This advance has improved the SPD
process'

economy of scale and helped to bring the capi

tal cost of a grass-roots Gas-To-Liquids (GTL)
plant close to US$25,000 per installed daily bar

rel of capacity. This achievement makes the

conversion of natural gas into diesel and naph

tha a viable alternate to the production of Liq
uefied Natural Gas (LNG) as a means of

monetizing remote natural gas.

Longer-term programs are aimed at further im

provements to the overall GTL process. Sasol

Technology's participation in the Oxygen Trans

port Membrane international alliance is an ex

ample of such a program. This alliance be

tween Sasol Technology, BP Amoco, Praxair,

Phillips Petroleum and Statoil aims to commer

cialize an innovative technology for the produc

tion of synthesis gas without oxygen production.

The know-how generated through the research

and development of technology for a viable GTL

process is also valuable to Sasol's existing

business.

Fine-coal imbalances at Secunda occurred be

tween coal production at the mines and con

sumption in the steam plants, which resulted in

significant reserves of fine coal. This excess

coal will be reprocessed. Sasol intends to re

cover the land used for fine-coal stockpiling for

ash stacking. Similar actions are being taken to

cleanup black product dumping areas.

In a novel R100 million project at Sasolburg, an

existing fixed-bed Arge reactor was converted

into a methanol reactor to form the heart of a

new methanol production facility with an annual

production capacity of 140,000 tons.
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WORLD BANK SHOWS COMMITMENT TO

CLEAN COAL TECHNOLOGIES

Developing countries will not be able to lift

themselves out of poverty without increased use

of modem forms of energy. In many cases this

increased demand will be met by coal. How

ever, worsening of air pollution caused by coal

use, already causing millions of respiratory ill

nesses each year, can be expected. Green

house gas emissions from the developing world,
though still lagging far behind those from indus

trialized countries, will grow. Combined, these

circumstances create a powerful mandate for

cleaner fossil use and clean coal technologies.

M. Takahashi of The World Bank discussed The

World Bank's renewed commitment to environ

mentally and socially sound clean coal tech

nologies at the Seventh Clean Coal Technology
Conference held in Knoxville, Tennessee, in

June.

Clean Coal Program

The World Bank launched a Clean Coal Initia

tive in 1996. The Initiative is a whole coal chain

approach starting from a win-win option such as

coal and power sector reform. The Clean Coal

Program in China, which involves the whole

coal chain: coal mining, transportation and utili

zation, is the first step of the Initiative. In the

program two parallel activities have been

started:

Sector reform

Case studies of Hunan Prov

ince/Shanghai and Henan have been

completed. Environmental control op

tions have been developed through case

studies. In the Shanghai study, the large

capacity and cost-effectiveness of non-

power options were determined and in

cluded in the study. An externality sen

sitivity study was also carried out in the

Shanghai study. In the Henan case

study (second study), optimization of

cost-effective combinations of each op

tion have been introduced, and non-

power sector and externality analyses

were earned out more extensively. In

the third study (Hunan Province) disper

sion modeling has been introduced and

a more comprehensive externality analy

sis is being carried out.

Clean Coal Technology site tours and

workshops in Japan and Europe, and

possibly the United States.

The study team made two missions to China in

March and April/May, visiting powerplants in

Shanghai, Shangdon, Shanzi, Hunan and Si

chuan Provinces, and three boiler manufactur

ers of Harbin, Dongfang and Shanghai. The

team is in the process of analyzing data and

running the model for the case study. A final

draft report is expected to be published this

year.

Results to Date

Clean Coal Technology Assessment and

Environmental Control Options Least

Cost Case Study

The study effort began earlier this year, with the

formation of an international and local consult

ant team.

Technology Assessment: An evaluation

of performance, cost, cost-effectiveness,

technology readiness, adaptability to

China of all options in power and non-

power sectors.

The main sources of particulate emissions are

residential and non-power industry sectors,

which contribute approximately 80 percent of

the total emissions in Henan, with the remaining
18 percent contributed by the power sector.

Within the power sector, 73 percent of the par

ticulate emissions (13 percent of the total) are

coming from small powerplants (less than

125 megawatts) and the larger unit size plants

(larger than 125 megawatts) emit only

27 percent (5 percent of the total).

In the non-power sector, options such as bri

quette use rather than raw coal use in rural
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households and industrial boilers, or conversion

to gas from coal at urban households can re

move large amounts of pollutants at low cost

(see Figure 1).

In the power sector, the amount of pollution re

duced is smaller and cost is higher than non-

power sector options, however implementation

of the options seem to be easier than the non-

power options because of the numbers of the

emission sources involved. Among the power

sector options, electrostatic precipitators, reha

bilitation of small boilers and accelerating re

tirement of small units are cost-effective and

have a large impact in reducing pollutant emis

sions, followed by Flue Gas Desulfurization

(FGD) options as shown in Figure 2.

There are several demonstration projects of

FGD, but the deployment of the FGD to com

mercial units has not progressed. Circulating
Fluidized-Bed Combustion (CFB) boilers, on the

other hand, are becoming a real business. Do

mestic boiler manufacturers are providing CFB

boilers less than 100 megawatts. Utilities have

been accumulating experiences in operating

and maintaining CFB. There is a 300-megawatt

CFB project on-going with technology transfer

from Europe and the United States.

Supercritical technology has great potential to

increase plant efficiency and reduce emissions

of the large powerplant (larger than

500 megawatts). There are more than 10 units

of supercritical plants operating in China. They
have been demonstrating high availability of the

units when the staff has enough training. Do

mestic manufacturers have been acquiring

manufacturing capability of supercritical tech

nology, but they have no experience. Technol

ogy transfer is the critical issue for the quick

deployment of the technology in the Chinese

market and to significantly reduce emissions.

For more advanced clean coal technologies

such as integrated gasification combined cycle

FIGURE 1
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FIGURE 2
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and pressurized fluidized-bed combustion, cur

rent high costs and associated technical and

commercial risks need to be overcome. The

Chinese government is interested in demon

strating these technologies and localizing as

much as possible to reduce cost. The World

Bank is helping to support technology transfer

and development of the advanced technologies.

PEABODY CALLS FOR CLEAN COAL

TECHNOLOGY

In his presentation at the Seventh Clean Coal

Technology Conference held in Knoxville, Ten

nessee, in June, I. Engelhardt of the Peabody

Group urged government and industry to come

to agreement this year on a road map for devel

opment and deployment of cleaner and more

efficient coal conversion technologies.

Engelhardt believes that the deployment of such

technologies to use coal to generate electricity

is a critical issue to the electricity industry in the

United States and to the US economy.

But according to Engelhardt the efforts to im

prove the conversion of coal into clean, low-cost

electricity are under attack by:

The environmental community, with the

aid of public indifference.

The media, which ignores the successes

of reclamation and clean air initiatives

while reminding the public of the past

when modem technology and practices

did not exist.

The Administration in Washington,

whose apparent aim is to eliminate coal

from the energy mix by agreeing to the

Kyoto Protocol and the successive Clean
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Air Act regulatory proposals of the Envi

ronmental Protection Agency.

The International Energy Agency projects that

world demand for electricity will increase

70 percent between 2000 and 2020. To meet

this increased demand, one new 1,000-mega-

watt powerplant will have to be built every
5.6 days, on average, from now until then.

The Energy information Administration (EIA)
suggests that by 2020, coal's share of the elec

tricity market will fall from its current level of

56 percent to between 0 and 15 percent, if the

United States implements the Kyoto Protocol.

EIA also suggests that generation from natural

gas will increase 3-fold and that natural gas

prices will jump by 227 percent, from $2.64 per

million BTU in 1998 to $8.63 per million BTU in

2010.

Thus, Engelhardt believes that government and

private sector agreement on a road map for de

velopment and deployment of the technologies

for more efficient and cleaner electricity from

coal is necessary this year. This road map will

explain how the increasing demand for electric

ity will be satisfied in a way that is balanced with

the impact on the economy and the environ

ment.

The need for new coal technologies exists

throughout the world. The EIA projects that

worldwide coal consumption will increase by
40 percent from 2000 to 2020. There is an

enormous opportunity to reduce C02 and other

emissions if we use the new coal generating

technology. This is the goal a better environ

ment balanced with strong economies and a

better quality of life.

The goal, according to Engelhardt, should be to

design and deploy technologies that will convert

coal to electricity with efficiencies greater than

55 percent and with zero emissions of criteria

pollutants, which include S02, N0X and CO.

The vision of this goal and a definitive road map

to the goal will lend comfort to policymakers, the

public and the media that the many benefits of

coal can be balanced with the needs of the envi

ronment. The road map will also allow the

United States to use its natural advantage its

most abundant fuel resource in a competitive

world economy. The road map will make new

technology available to other nations as they

satisfy their
citizens'

needs for electricity while

using their indigenous fuels.

BECHTELWINS CONTRACT TO OPTIMIZE

GASIFIER DESIGN

The United States Department of Energy's

(DOE) Federal Energy Technology Center has

selected Bechtel Systems and Infrastructure

Inc., San Francisco, California, to develop new,

cost-optimized gasifier designs for integrated

gasification combined-cycle plants. The

$3-million, 2-year project calls for designing an

improved, fuel-flexible gasifier that can process

coal, petroleum coke or a combination. The

DOE, through its Fossil Energy Program, will

provide $2.4 million, while Bechtel will cost-

share $611,000. It also calls for developing
conceptual designs and cost estimates of ad

vanced gasification-based powerplants that

would use fuel cells and innovative carbon di

oxide separation/collection devices.

Using data from PSI Energy's Wabash River

Generating Station, near West Terre Haute, In

diana, Bechtel will team with Dynegy Inc., which

designed the 262-megawatt plant, in studying

how the gasification process might be improved

to generate power more efficiently, or perhaps

to produce future combinations of power, liquid

fuels, chemicals and hydrogen in response to

market needs. The gasifier-based system to be

designed by the Bechtel/Dynegy team will be

developed with innovations that boost the over

all efficiency of the future powerplants, meaning

that less fuel is needed and even fewer emis

sions are produced, including carbon dioxide.

Higher efficiencies also lead to lower opera

tional costs. Today's typical coal-buming pow

erplants operate with efficiencies of around

33 to 35 percent. The current gasification-

based systems boost efficiencies to around

45 percent, and DOE expects that by 2005, us-
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ing improvements such as those from this proj

ect, efficiencies could be increased to more than

50 percent.

Results from the Texaco-led project will be used

to define the best configuration for commercial

EECP implementation. Ultimately, an engi

neering design package will be developed for

the construction of a facility at one of many pos

sible locations.

TEXACO/RENTECH TEAM TO DEVELOP

EARLY COPRODUCTION TECHNOLOGY

In August Rentech Inc. announced that it will be

part of a project team of companies, led by
Texaco, that have been selected by the United

States Department of Energy (DOE) to develop
the engineering design for a new type of energy

facility called "the Early Entrance Coproduction
Plant"

(EECP). The design will combine Tex

aco's gasification technology with Rentech's

Fischer-Tropsch technology to provide high-

quality transportation fuels and electricity from

coal and petroleum coke. The DOE will contrib

ute $8.0 to $8.7 million to the 3- to 5-year proj

ect with a total cost of $14.4 million. Final se

lection of the companies is subject to the exe

cution of acceptable agreements between the

parties.

This follows the signing of a Technical Services

Agreement between Rentech and Texaco to

research the integration of Rentech's Fischer-

Tropsch technology with Texaco's gasification

process. The goal is to produce a clean-

buming, sulfur- and aromatic-free diesel fuel.

The Agreement calls for technical and devel

opmental work to be carried out at the Rentech

research and development facilities in Denver,

Colorado. The companies will work to maxi

mize the hydrocarbon yield from synthesis gas

produced by the Texaco gasification process.

Work has already begun and will be carried out

over the next 18 months.

Other companies joining the project team led by
Texaco are: Brown and Root Services, a divi

sion of Kellogg Brown and Root Inc., GE Power

Systems, and Praxair Inc. Two other project

teams were also selected to participate in the

DOE-sponsored projects under the EECP for

mat. (See related article in this issue.)

GOVERNMENT

DOE'S VISION 21 TO LEAD TO ADVANCED

TECHNOLOGIES

Vision 21 is a govemment/industry/academia

cost-shared partnership to develop the technol

ogy basis for integrated energy plants that will,

early in the
21st

century, result in the deploy
ment of ultraclean plants that produce electricity

and
"opportunity"

products. Vision 21 plants will

use fossil fuel feedstocks in combination with

other domestic resources, e.g., biomass, mu

nicipal waste and petroleum coke. Opportunity
products could include clean liquid transporta

tion fuels, steam, high-value chemicals, synthe

sis gas and hydrogen. Vision 21 plants will ef

fectively remove environmental constraints as

an issue in the use of fossil fuels: emissions of

traditional pollutants, including smog- and acid

rain-forming species, will be near zero and the

greenhouse gas, carbon dioxide, will be reduced

40 to 50 percent by efficiency improvements,

and reduced to zero if coupled with sequestra

tion.

L. Ruth of the Federal Energy Technology
Center discussed the current status of the key
technologies that will be needed for Vision 21

and the plans for developing these technologies

at the Seventh Clean Coal Technology Confer

ence held in Knoxville, Tennessee, in June.

Objectives/Performance Targets for

Vision 21 Plants

The specific performance targets, costs and

timing for Vision 21 plants are summarized in

Table 1.
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TABLE 1

PERFORMANCE TARGETS FOR VISION 21 PLANTS

Efficiency-Electricity Generation

Efficiency-Combined Electricity/Heat

Efficiency-Fuels Only Plant

Environmental

Costs

Timing

60% for coal-based systems (based on fuel HHV); 75% for

natural gas-based systems (LHV) with no credit for cogenerated
steam*

Overall thermal efficiency above 85% (HHV); also meets above

efficiency goals for
electricity*

When producing fuels such as H2 or liquid transportation fuels

alone from coal, 75% fuels utilization efficiency
(LHV)*

Near zero emissions of sulfur and nitrogen oxides, particulate

matter, trace elements, and organic compounds; 40-50%

reduction in C02 emissions by efficiency improvement; 100%

reduction with sequestration

Aggressive targets for capital and operating costs and RAM;

products of vision 21 plants must be cost-competitive with

market clearing priceswhen they are commercially deployed

Major benefits, e.g. improved gasifiers and combustors, gas

separation membranes, begin by 2006 or earlier; designs for

mostVision 21 subsystems and modules available by 2012;
Vision 21 commercial plant designs available by 2015

*The efficiency goal for a plant cofeeding coal and natural gas will be calculated on a pro-rata basis.

Likewise, the efficiency goal for a plant producing both electricity and fuels will be calculated on a

pro-rata basis.

Vision 21 Technologies

Critical technologies have been identified that

will play a key role in v7s7on 21. These tech

nologies have been divided into two groups,

enabling and supporting.

Enabling technologies are those upon which the

subsystems, or modules, that form the building
blocks of a Vision 21 plant depend. The ena

bling technologies, their current status, and the

research and development needs are:

Oxygen Separation Membrane - These

high-temperature (1,500F) membranes

could start to replace conventional en

ergy intensive cryogenic separators

by 2007.

Hydrogen Separation Membrane - These

membranes, which should be available

for testing at commercial scale by 2009,
will allow high-temperature separation of

hydrogen from syngas for use as a fuel

or chemical feedstock.
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High-Temperature Heat Exchanger -

Metal alloy heat exchangers, capable of

2,000F operation, are being tested at

process development unit scale and will

be available by 2005. Higher tempera

ture (i.e., 3,000F) ceramic heat ex

changers are in the materials research

and development stage with commercial

introduction of large-scale units expected

by 2020.

Fuel Flexible Gasification - Petcoke has

been test fired in industrial- and utility-

scale gasifiers and combustors. Fuel

flexibility is needed to allow use of low-

cost feedstocks and to take advantage of

synergies with other industrial processes

(e.g., pulp and paper, oil refining, sew

age treatment plants).

Gas Stream Purification - Warm gas

(700 to 1,000F) cleanup systems are

being tested at utility scale. High-

temperature (>1
,000F)

systems with ul

tra-pure gas streams will be ready for

commercial-scale testing by 2008.

These higher temperature systems en

able the use of hydrogen membranes

and improve efficiency by eliminating the

need to cool and then reheat gas

streams.

Advanced Combustion Systems - High-

temperature, low-NOx combustors have

been developed and tested at pilot scale

under the Low Emission Boiler Systems,

Advanced Pressurized Fluidized-Bed

Combustion, and High Performance

Power Systems programs.

Fuel Flexible Turbines - F Class turbines

are currently being operated on syngas,

the first of the G Class turbines are

starting operation on conventional fuels

and the first Advanced Turbine Systems

turbines will be tested on natural gas

by 2000.

Fuel Cells - Pressurized, cascaded fuel

cells, and fuel cell/turbine systems, will

be ready for commercial use by 2015.

Advanced Fuels and Chemicals Devel

opment - Catalysts for producing some

fuels and chemicals are available for use

at pilot and commercial scale. Adapta

tion and evolution of current systems to

operate in a Vision 21 plant will be com

pleted by 2005.

Supporting technologies are cross-cutting tech

nologies that are common to many V7s/on 21

subsystems and components and may be im

portant in applications other than Vision 21. The

supporting technologies are:

Materials - New alloys and ceramics,

suitable for use at high temperatures in

corrosive environments, are being de

veloped for Vision 21 subsystems and

components.

Advanced Computational Modeling, Vir

tual Demonstration - The use of virtual

demos is already being realized in other

industries as a cost-effective way to re

duce the number of scale-up steps and

cut development and design costs.

Advanced Controls and Sensors - Ad

vanced sensors and controls are needed

to monitor process conditions directly to

increase process efficiency, reliability,

availability and to detect early signs of

failure.

Advanced Environmental Control Tech

nology
- Technology improvements for

the existing fleet are enabling power

generators to meet current and fore

casted regulations.

Advanced Manufacturing and Modulari

zation - Design modular packages in

several fixed-size ranges to reduce de

sign and production costs.
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Vision 21 Plans and Future Activities

The Vision 21 program plan contains five pro

gram elements. Planned activities include the

development of subsystems, components, and

design tools, and the concomitant modeling,

analysis, and experimental work. The scale of

the latter activities will range from laboratory-,
bench- and pilot-scale, up to and including
scales needed to obtain data for demonstrating
the feasibility of prototype and commercial-scale
plants. Demonstration activities, the exact tim

ing of which will depend on prevailing economic

conditions and market forces, will be left to pri

vate industry. The United States Department of

Energy's (DOE) role will be to facilitate the

transfer of the Vision 21 knowledge base to in

dustry.

To implement Vision 21, partnerships will be

created with industry, universities, private and

public research and development laboratories,
and federal and state agencies. The Federal

Energy Technology Center will issue a series of
competitive solicitations, create consortia, and

implement Cooperative Research and Devel

opment Agreements. Plans have been devel

oped for the current transition period during
which portions of the current DOE power sys

tems and fuels program is being restructured

into the Vision 21 program. Part of the current

research and development program will con

tinue independently of Vision 21. In general,

activities that address longer-term technology
development and that can lead to step-change

or
"breakthrough"

advancements would become

part of V7s/on 21.

DOE TO REFOCUS AND EXPAND THE IGCC

TECHNOLOGIES PROGRAM

The United States Department of En

ergy/Federal Energy Technology Center

(DOE/FETC) has restructured its Integrated

Gasification Combined-Cycle (IGCC) Program

in response to changing market conditions,

brought about by utility deregulation and in

creased environmental regulations. The pro

gram emphasis, which had focused on baseload

electricity production from coal, is now ex

panded to more broadly address the production

of a suite of energy and chemical products.

G. Stiegel of the DOE/FETC and R. Maxwell of

Bums and Roe Services Corporation discussed

the expanded and refocused program at the
218th

American Chemical Society National

Meeting held in New Orleans, Louisiana, in

August.

IGCC Program

To meet energy market demands and to break

the barriers to global commercial acceptance of

gasification-based technologies, the IGCC Pro

gram strategy emphasizes increased efficien

cies, cost reduction, feedstock and product

flexibility, and near-zero emissions of pollutants

and C02. As a result of the development and

demonstration projects funded by the DOE's

IGCC Program and the Clean Coal Technology

Program, significant progress has been made to

reach the capability of about 40 percent effi

ciency and $1 ,200 total plant cost per kilowatt.

(See Figure 1
.)

It is anticipated that with the

continued development of oxygen-blown sys

tems, hot-gas cleaning membranes and ad

vanced gasifier systems, further improvements

in efficiency and reductions in cost will likely be

achieved as shown in Figure 1 . An overall pic

torial ofthe FETC IGCC Product Team's view of

IGCC research and development issues is

shown in Table 1 . Specific categories of re

search and development issues and consequent

planned activity areas are identified in the fig
ure. To achieve these goals, the strategy is

broken down into four distinct areas:

Research and Development - DOE/FETC is

sponsoring a multitude of research and devel

opment contracts with industry, academia, non

profit institutions and government laboratories

that support the goals of the IGCC Program.

Research activities include advanced gasifier

designs that have the potential to reduce capi

tal, operation and maintenance costs, improve

thermal efficiency, and process alternative

feedstocks. Novel technologies for gas clean

ing and conditioning are being developed to re-
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FIGURE 1

POWERGENERATION IGCC CAPITALCOST IMPROVEMENTS
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duce capital and operating costs and to meet

the stringent requirements for cogeneration and

coproduction applications. Research is also

being conducted in the area of advanced gas

separation technologies with the goals of re

ducing both capital and operating costs, im

proving plant efficiency, and concentrating and

capturing C02. And lastly, technologies that can

generate value-added products to minimize

waste disposal and improve process economics

are being evaluated.

Systems Engineering and Analyses - A vari

ety of economic analyses, process performance

assessments and market studies are being con

ducted to provide sound engineering and eco

nomic guidance for future research and devel

opment initiatives and to support commerciali

zation activities. Some examples include: an

IGCC optimization study for baseload power,

cogeneration of steam, and coproduction of

power and transportation fuels.

Technology Integration/Demonstration

Gasification-based technologies will be demon

strated at an industrially relevant scale of op
eration to confirm process scale-up, provide

RAM data and evaluate process performance.

The scope of demonstrations will be expanded

to incorporate fuel cell, turbine integrations, and

hybrids and extend the versatility of demon

strated technology.

Product Outreach - DOE/FETC has imple

mented an aggressive outreach program to

communicate, coordinate and partner with any
one who has a stake in the outcome of IGCC

research, development and demonstration ef

forts including: power generators; industrial

firms; financial institutions; environmental
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TABLE 1

IGCC R&D ISSUES

Category

Feedstock Preparation

Advanced Gasifier Concepts

Air Separation

Gas Cleaning

Other/Combined Contaminant Control

Coproduction

Fuel Cells

Product Gas Separations

Gas Combustion

Trace Emissions

Sulfur Recovery

Ash/Slag Disposition

Planned Activity Areas

-

co-feeding
- petroleum cokers/residues

- forest products

- black liquors

- carbonaceous wastes

- transport gasifier

- refractories

- instrumentation

- low capital costs

- low O&M costs

- process integration

- particle filters

- sulfur removal

- instrumentation/controls

reliability/availability/maintainability

- chloride/alkali removal

- NH3/NO2 removal

- fuels or chemicals conversion performance

- flexibility and adjustment of syngas composition

- near-zero contaminants

- integration

- hydrogen separation

- C02 separation

- C02 sequestration

- low BTU gas

- integration

- HAPs measurement & modeling

- direct sulfur recovery
- advanced sulfur recovery concepts

- utilization

- disposable solid waste

utilization

- byproducts
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groups; local, state, and federal legislators; tax

payers and others.

Achieving the Vision

According to Stiegel and Maxwell, by the

year 201 5, gasification-based technologies will

have gained global acceptance and as a result

will have penetrated worldwide power genera

tion markets, achieved widespread use in the

petroleum refining market, and attained, via

coproduction, deployment in the fuels and

chemicals market. Gasification-based proc

esses will be the technology of choice by being
the low-cost leader and providing superior envi

ronmental performance through modularity of

design and fuel flexibility for easy integration

into multiple applications. To get there DOE is

supporting Early Entrance CoProduction (EECP)
small-scale commercial plants that will demon

strate the successful operation of the integrated

technologies. They will be constructed adjacent

to existing infrastructures, and be capable of

processing multiple feedstocks and producing

more than one product. These EECP plants will

be built by industrial consortia in partnership

with state and federal governments. Once the

identified risks have been shown to be accept

able by successful operation, future commercial

plants would not require federal funds for con

struction and deployment. Beyond 2015, the

federal government will continue to develop ad

vanced low-cost technologies to achieve Amer

ica's goals of economic prosperity in multiple

markets, energy security and environmental

quality, leading toward zero discharge of all

pollutants and greenhouse gases.

Ultimately, gasification will be the cornerstone

technology for a new fleet of energy plants for

the
21st

century, called Vision 21. These energy

plants are highly efficient systems (greater than

60 percent) that will coproduce low-cost electric

power, transportation fuels and high-value

chemicals, all tailored to the geographic energy

market demands. The feedstock and product

flexibility of gasification-based technologies,

coupled with their high efficiency and ultra-low

emissions, make them a core part of the Vi

sion 21 concept.

IEA COAL RESEARCH OUTLINES PROGRAM

FOR 1999/2000

International Energy Agency (IEA) Coal Re

search outlined its program for 1999/2000 in its

Annual Report 1998/99.

Markets for Coal

Reports on the Ukraine and Hungary will be

completed as part of the continuing series of

reports on the position of coal in Eastern Euro

pean countries. The second study on inde

pendent power production, covering coal pros

pects in liberalized power markets, will be com

pleted. A study of the dependence on coal as

an energy source and a comparison of the ex

penditure on coal research and development in

different regions of the world will be published.

Work has started on addressing the impact of

environmental legislation on coke production.

Coal Mining

A report addressing the problems of uncon

trolled fires in coal and coal wastes will be pub

lished and work will start on comparative envi

ronmental standards for deep and open-cast

mining. Updating of lEA's reference work on

the major coalfields of the world will begin, this

time including details of brown coals and lig
nites.

Coal Preparation and Handling

The economic, technical and environmental as

pects of stockpiles will be the subject of one

report. There is increasing pressure to optimize

coal inventories to minimize the amount of

capital tied up with no return. The opportunities

for coal preparation to improve coal quality and

reduce emissions from power stations, particu

larly in China and India will also be reviewed.
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Power Generation

A report reviewing power station building in the

non-OECD (Organization for Economic Coop
eration and Development) countries will be pub
lished. Together with a report published in

April 1997 on the OECD countries this gives a

global picture of what has been built, is under
construction or planned. Other studies will in

clude a report on the increasing demand on

coal-fired powerplants to operate under non-

baseload conditions, on ash behavior during
combustion and gasification, and the use of ad

vanced materials in coal-fired plants.

A study on NOx modeling and prediction will be

published. A separate report will review the

potential to predict emissions of all the major

pollutants from coal quality analyses.

Work will commence on the potential for in

vestment reduction for the next generation of

coal-fired plants, on aging of coal-fired plants

and life extension schemes, the prospects for

retrofit or rehabilitation of coal-fired plants, ad

vanced clean coal technologies and low-value

coals, and hybrid plants for coal and gas.

Environment

A report on the technological prospects for the

reduction of C02, the main greenhouse gas,

from coal use will be completed. A short report

on clean coal technology transfer will demon

strate the successful role of such projects for the

Kyoto Protocol. The studies on PM10/PM2.5
published last year identified the need to review

recent information on trace element emissions,

some ofwhich are of concern when they escape

pollution control systems in association with fine

particles or as vapor. Other studies will address

the use of computers in air pollution control

systems, developments in flue gas desulfuriza

tion and trends in the use of coal ash.

A report on the abatement of particulate emis

sions will complement existing publications on

developments in particulate control and the par

ticulate control handbook. A report on emis

sions and their control from industrial coal use

will also be published.

ENERGY POLICY AND FORECASTS

BECHTEL SEES INTERNATIONAL ARENA

AS THE PLACE FOR CLEAN COAL

TECHNOLOGIES

Market reforms in developing and transitional

countries, fuel resource availability and in

creasing concern for climate change phenom

ena are changing the dynamic by which fuels

and technologies are valued and how they might

play a role in the first quarter ofthe new century.

The deployment of new, advanced clean coal

technologies is further complicated by the fact

that in the period 1996 to 2020, 92 percent of all

new coal-fired capacity is forecasted to be built

outside of the United States. Market entry

strategies therefore must look for mechanisms

to accommodate this. Unfortunately, there is

little historic precedence for successful demon

stration and deployment of new generation

technologies outside the United States.

L. Papay of Bechtel Group Inc. discussed

strategies for the deployment of clean coal

technologies in the
21st

century at the Seventh

Clean Coal Technology Conference held in

Knoxville, Tennessee, in June.

ERD3

Process

The basic strategy is built on the energy re

search, development, demonstration and de

ployment (ERD^ process, says Papay.

The
ERD3

steps are tightly interconnected: re

search and development leads to innovative

technologies for demonstration and deployment,
while lessons from demonstration and deploy
ment propagate backward in the pipeline to

guide targeted basic research and applied en

ergy-technology research and development.
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The steps, moreover, entail not only technical

but also financial and institutional dimensions,

which entail a web of public and private invest

ment. Institutionally, the pipeline involves pub

lic and private research laboratories, public-

private technology demonstrations, mechanisms

for publicly assisted buy-down of innovative-

technology costs and a variety of other ar

rangements.

For every technology and every geographic and

economic setting, careful consideration must be

given to the design of the combination of tech

nical, financial and institutional mechanisms that

will ensure, at each step of the
ERD3

pipeline,

the most effective use of public and private

funds, the least possible public and private ex

posure to risk, the best use of competition to

quickly drive costs down and performance up,

the greatest transparency and smallest transac

tion costs, and the most effective
public/private-

sector coordination as a technology moves

through the pipeline.

Clean Coal and the New Paradigm

In the coming decades most of the expansion in

coal use is expected to be in developing coun

triesespecially China, as shown in Table 1. If

a business-as-usual scenario is followed in

these countries there will be increasingly severe

local and regional air pollution problems and

major increases in C02 emissions.

The United States
ERD3

activity relating to coal

should be oriented to serving the market needs

of developing countries, in ways that are con

sistent with V7s7on 21. Vision 21 is a new Fossil

Energy initiative at the United States Depart

ment of Energy. One long-term goal is to pro

duce electricity from coal, at high efficiency and

with near-zero greenhouse gas and air pollutant

emissions at a cost that is less than that for

today's state-of-the-art pulverized-coal power-

plant. Bringing Vision 21 technologies to market

would require considerable innovation, but it is

projected that such technologies might capture

50 percent of the United States coal power mar

ket by 2011 to 2015, if they were pursued with

an aggressive
ERD3

program.

A common feature of Vision 21 plants that

would ultimately have zero or near-zero C02

emissions is that the processing of the primary

carbonaceous feedstock would begin with syn

gas production. In the coal processing, the key

enabling technology that leads to syngas pro

duction is oxygen-blown gasification. For the

TABLE 1

PROJECTION OF COAL USE AND C02 EMISSIONS FROM COAL

1996 2020

Coal C02 Coal CO2 Coal Use

Coal Coal CO2 Emissions as % Coal Coal C02 Emissions as % Growth

Use Emissions of Global CO2 Use Emissions of Global C02 Rate

Reaion (EJM (&CN) Emissions (EJ/y) (Gt C/v) Emissions (%M

U.S. 22.0 0.52 9 27.0 0.66 6 0.9

Other Industrial 16.4 0.40 7 18.3 0.42 4 0.4

EE/FSU 13.7 0.33 6 12.7 0.30 3 -0.3

China 29.6 0.68 11 82.7 1.93 19 4.4

India 6.3 0.16 3 11.3 0.29 3 25

Other Developing 9.8 0.25 4 13.2 0.35 3 1.2

World 97.9 2.34 39 165.0 3.95 38 2.2
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near-term, oxygen-blown gasification technology
could be employed to provide energy from coal

with extremely low levels of local and regional

air pollutants, along with modest reductions in

C02 emissions as a result of efficiency im

provements that are made possible by use of

this technology. Another near-term application

is coal-Integrated Gasification Combined-Cycle

(IGCC) power generation, which could provide

electricity with air pollutant emissions as low as

from natural gas combined-cycle plants. How

ever, although coal IGCC technology is com

mercially ready, it is not yet cost-competitive

with conventional coal steam-electric technology
in China and other developing countries.

One promising approach for buying-down the

cost of oxygen-blown gasification technologies

is to promote applications in energy systems

that coproduce electricity plus industrial process

heat (CHP), or fluid fuels plus electricity, or fluid

fuels plus electricity plus industrial process heat

(e.g., using liquid-phase reactors to produce

these fluid fuels from synthesis gas via once-

through processes in cogeneration or trigenera

tion configurations similar to those described

above using natural gas as feedstock). Another

promising approach would be to employ oxy

gen-blown gasifiers with low- or negative-cost

feedstocks (e.g., petroleum coke rather than

coal) as a near-term strategy for expanding

market applications of gasification technology
and thereby helping buy-down technology
prices.

If hydrogen were to come into wide use it might

be feasible for fossil fuels to continue to have

large roles in the global energy economy, even

in a greenhouse gas emissions-constrained

world. This is because the least costly way to

make hydrogen is from fossil fuels, and the C02
separated out in hydrogen manufacture can be

sequestered in isolation from the atmosphere.

Extracting the fossil energy in the form of hy
drogen makes it feasible to dispose of the C02

at relatively low incremental cost. Even taking
into account the added cost of C02 sequestra

tion, the cost of making hydrogen this way

would typically be much less than the cost of

hydrogen produced electrolytically.

According to Papay, the move forward with the

fossil-fuel decarbonization and C02 sequestra

tion on a global basis, the United States should:

Advance in developing and transition

countries strategies for making clean

multiple products simultaneously from

syngas derived from natural gas, coal

and other carbonaceous feedstocks, by

promoting environmental reforms and

energy-sector reforms that would make it

feasible to sell the electricity coproduct

to electric grids at prices that reflect its

market value.

Pursue collaborative research and de

velopment with other countries aimed at

reducing the cost of recovering energy

from methane clathrate hydrates without

exacerbating the climate change prob

lem.

Pursue collaborative research and de

velopment with other countries aimed at

substantially reducing the cost of making

hydrogen from carbonaceous feedstocks

while facilitating the recovery of the by
product C02 for ultimate disposal and

encourage demonstrations of new tech

nologies.

Through broad-based collaborative ef

forts on C02 sequestration: (1) develop
international standards for C02 storage

security, (2) conduct environmental im

pact studies, (3) carry out both broad-

brush region-by-region assessments of

the sequestration potential and detailed

reservoir-by-reservoir assessments of

storage capacity, security, costs and en

vironmental impacts, via data collection

and modeling, and (4) carry out demon

strations, with monitoring of the security

of C02 storage.

Identify, develop and demonstrate, via

multinational efforts, promising inte

grated systems for hydrogen production

and use, with sequestration of the sepa

rated co2.
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Projects developed to meet near-term goals

would be carried out largely by industrial joint

ventures. United States Agency for Interna

tional Development would be the lead agency

for encouraging the needed environmental and

energy-sector reforms. The United States De

partment of Energy would have the lead re

sponsibility: (1) for providing cost/perfor

mance/environmental and other information for

alternative syngas-based technologies and

competing technologies, and (2) for collabora
tive research and development targeted to sup
port demonstration projects. Partial financing
provided by the World Bank would also be

helpful in launching these new technologies in

the market.

Papay concludes that the needs and opportuni

ties for enhanced international cooperation on

energy-technology innovation supportive of

United States interests and values are both

large and urgent. The costs and risks are mod

est in relation to the potential gains. Now is the

time, says Papay, for the United States to take

the sensible and affordable steps outlined here

to address the international dimensions of the

energy challenges to United States interests and

values that the
21st

century will present.

for economic development as these nations

enter global competition. Coal will remain the

primary fuel for electricity generation during this

period of rapid infrastructure expansion. Par

ticularly in the coal-rich countries of China and

India, it is likely to account for at least

60 percent of primary energy primarily to meet

electricity demand. Coal will also likely increase

its share of total generation in the other coun

tries of Asia, including Korea, Taiwan, Thailand,
Indonesia and the Philippines, climbing to more

than 35 percent in each case.

The importance of clean coal technology in

meeting future energy needs was discussed by
K. Yeager of Electric Power Research Institute

(EPRI) at the Seventh Clean Coal Technology
Conference held in Knoxville, Tennessee, in

June.

According to Yeager, this progress of primary

energy substitution and efficiency improvement

through technological innovation implies a

steady continuation of energy decarbonization,

leading in the new century to an energy system

ultimately relying on electricity and hydrogen as

complementary energy carriers. The result can

be a global energy economy free of material

emissions, leaving water as its primary byprod

uct.

EPRI ENVISIONS CONTINUING

DECARBONIZATION TREND

Coal has sustained a remarkably constant role

as the dominant fuel source for United States

power generation throughout the
20th

century

and most of today's coal fleet will remain pow

erful competitors for the foreseeable future.

Their competitive position will be further en

hanced by the revolution occurring in power de

livery that will enable them to serve more dis

tant and lucrative markets. In addition, by 2020

global energy needs are expected to grow by at

least 50 percent, even as energy intensity

(energy/$GDP) continues its long-term decline

of about 1 percent per year. Contributing to the

more efficient use of energy, global electricity

consumption will more than double over the

same period, effectively setting the foundation

This priority reflects the larger challenge of

global sustainability. That is, the simultaneous,
negotiated balancing of three forces

population expansion, economic aspirations and

the conservation of natural resources. The

threat of climate change through human-

induced greenhouse gas emissions has undeni

able political currency but it exists as a deriva

tive of this larger challenge, which has been

aptly coined the "grand
trilemma."

Resolving
this trilemma has every prospect of becoming
the defining issue ofthe

21st

century.

Environmental progress depends on economic

growth. In this strategic context, it is draconian

to focus on short-term national carbon con

straints at any cost, says Yeager. In order to

foster a more effective alternative, EPRI is

joining a global coalition to develop a technol

ogy strategy for greenhouse gas control that will
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complement a "when and
where"

market-based

approach to reductions.
"When"

allows for the

timely turnover of capital stocks, and
"where"

allows for trading C02 permits around the world,
to achieve a least-cost approach. The green

house gas technology strategy as currently en

visioned will be phased. The first phase will

create a sensible near-term hedging strategy

(one that by evaluating the various investment

options and key uncertainties in a systematic

way seeks to minimize the expected cost of

complying with climate policy). The second

phase will be a transition strategy to most effi

ciently use existing resources as a bridge to a

reduced carbon economy. This strategy will in

essence define a "carbon
budget"

to be allo

cated over time. The third phase will create an

adaptive strategy that allows global society to

take action now, and for future societies to be

able to revise those strategies as uncertainties

are resolved.

All of the above depends on relentless technical

progress and innovation, notes Yeager. Tech

nology is producing a steady decline in the car

bon intensity of the world's energy economy.

This robust trend has been sustained for over a

century and has every promise of being contin

ued through the coming century unless short

sighted energy and environmental policies in

terfere. For example, emphasis should be

placed on collaborative actions that reflect en

lightened self-interest, not rigid targets and

timetables that both freeze technology and lead

to unacceptable implementation costs.

Progress also depends on renewed incentives

for investment in the research and development

engine on which innovation depends, and in the

energy infrastructure which must utilize the re

sults. The incentives should be guided by a

strategic road map for global energy progress,

and should promote a sustained collaborative

partnership between the public and private sec

tors. Only in this comprehensive way will the

challenges facing energy in general, and coal in

particular, be met, concludes Yeager.

ECONOMICS

EPRI SEES GASIFICATION COMPETITIVE

WITH NATURAL GAS COMBINED CYCLE

BY 2010

For new coal-based powerplants to be competi

tive they must have low capital cost, high effi

ciency and excellent environmental perform

ance. Continued deregulation of the electric

utility market in the United States and overseas

has resulted in "bottom
line"

economics be

coming the key criterion for selection of new

power generation technologies. Since the

early 1990s there have been significant reduc

tions in the capital cost of most power generat

ing technologies in response to the global mar

ket demand for competitive power generation.

Natural gas-fired combustion turbines and com

bined-cycle plants have dominated the recent

power generation markets in the United States

and in much of Europe, with total plant costs for

combined-cycle plants dropping to as low as

$400 per kilowatt in early 1998. Improvements

in the cost and efficiency of combustion turbines

has also lead to significant reductions in the

capital cost and higher efficiencies for advanced

coal-based power generation technologies, such

as Integrated Gasification Combined Cycle

(IGCC) and Pressurized Fluidized-Bed Com

bustion (PFBC).

Electric Power Research Institute's (EPRI)
G. Booras reviewed EPRI's capital cost esti

mates and performance projections for both

clean coal-based power generation technologies

and conventional alternatives for electric power

generation at the Seventh Clean Coal Technol

ogy Conference held in Knoxville, Tennessee, in

June.

Clean coal technologies evaluated include

IGCC, PFBC and hybrid gasification/PFBC

systems. Conventional power generation tech

nologies include pulverized coal-fired power-

plants and natural gas-fired combined-cycle

powerplants. Figure 1 compares the relative net

plant heat rates for all of the technologies con-

THE SYNTHETIC FUELS REPORT. OCTOBER 1999

71



 



COAL

FIGURE 1

NET PLANTHEAT RATE COMPARISON
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sidered. All heat rates are expressed on a

higher heating value basis. PFBC and IGCC

units are expected to have net heat rates that

are 10 to 13 percent lower than that for the sub-

critical Pulverized Coal (PC). Advanced PFBC

and IGCC plants offer the potential for heat

rates that are around 25 percent better than

those for the subcritical PC plant, approaching

the heat rates offered by today's natural gas-

fired combined-cycle plants.

As shown in Figure 2, IGCC plants are expected

to have capital costs that are slightly higher than

the capital costs for PC plants, while the capital

costs for PFBC plants are expected to be

slightly lower than for PC plants. The advanced

coal plants, when they become commercially

available, are expected to have capital costs

that are 20 to 25 percent lower than today's PC

plants.

Economic Evaluation

The Energy Information Administration Annual

Energy Outlook for 1999 projects that the real

long-term price of natural gas will rise while that

of coal will fall. Between 2000 and 2020 the

price of gas is expected to escalate by approxi

mately 1 .0 percent per year while that of coal

decreases by nearly 1 .3 percent per year.

The fuel cost data have been used to calculate

constant dollar levelized costs of electricity.

The resulting relative levelized costs of electric

ity indicate that IGCC and PFBC appear to be

competitive with today's pulverized-coal plants.

However, none of the currently available coal

technologies can compete with a natural gas-

fired combined cycle, even with today's in

creasing prices for combustion turbines.

In the longer term, advanced IGCC and PFBC

technologies are expected to become competi

tive with natural gas-fired combined-cycle

plants, especially with the average price differ

ential for gas and coal increasing at approxi

mately 2.3 percent per year. Figure 3 shows the

relative levelized cost of electricity for all of the

technologies based on year 2010 startup. By
that time, the first year price for natural gas is
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FIGURE 2
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expected to be $3.08 per million BTU while the

price for coal will be $1 .06 per million BTU. The

resulting price differential of slightly over

$2.00 per million BTU is about 40 percent

greater than the price differential in year 2000.

As shown in Figure 3, the relative levelized

costs of electricity for both of the advanced coal

technologies are slightly less than that for the

advanced natural gas-fired combined cycle.

Thus by 2010, the advanced coal technologies

will be more favorable.

The implications of this economic comparison

are clean future electricity prices will rise higher

if the advanced, coal-fired option is not avail

able. As it has in the past, fuel diversity will

lead to lower electricity costs but only if the

technology is developed to take advantage of

the lower raw energy price of coal, concludes

Booras.

The specific objectives of the project were:

To demonstrate the feasibility of UCG at

intermediate depth (500 to 700 meters)

in Europe

To demonstrate drilling of long in-seam

holes by deviated drilling from the sur

face and to connect these holes to verti

cal wells in order to establish competent

gas flow circuits

To develop gasifier initiation and cavity

growth control techniques

To monitor and measure gasifier devel

opment and product gas quality and

quantity so that an economic assessment

ofthe UCG process can be made

To prove materials capabilities and envi

ronmental safety acceptabilities

TECHNOLOGY

TECHNICAL FEASIBILITY OF

UNDERGROUND GASIFICATION

DEMONSTRATED IN SPAIN

In March the Department of Trade and Industry

(DTI) published a summary of a Joint European

field trial of Underground Coal Gasification

(UCG). The project was a collaboration be

tween the European Commission's THERMIE

program, DTI, Underground Gasification Europe

(AEIE) (Spain), Instituto Technologico Geomin-

ero de Espafta (Spain), and Institution pour le

Developpement de la Gazeification Souterraine

(IDGS, Belgium). The total cost of the project

was 17.48MECU (approximately 12 million).

This 7-year project, constituting the proposed

program's first field trial, was conducted in an

intermediate-depth coal seam in the Teruel re

gion of Spain.

The project comprised the following main tasks:

Preparatory work (drilling of exploratory,

injection and production wells, and engi

neering site arrangements)

Gasification activities to enable the influ

ence of different well configurations to be

determined and different gasification

scenarios to be compared

Post-bum activities to analyze the data

obtained, to validate/modify gasification

models, to verify cavity shape by drilling,
to carry out corrosion studies, to report

and to restore the site

Environmental monitoring before, during
and after the tests

This summary will focus on the gasification ac

tivities.

The UCG Process

UCG is the in situ conversion of coal into the

combustible gases hydrogen, carbon monoxide
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and methane, which takes place by the interac
tion of the coal with oxygen and water/steam.

After the coal is ignited, gasification agents are

introduced through an injection well, combustion

takes place in a cavity in the coal seam, and the

gasification products are brought to the surface

via a production well.

The main operational parameters of the gasifi

cation process are the pressure of the under

ground reactor, the flow rates of the injected

gasification agents and the temperature at the

bottom of the production well, all of which must

be controlled from the surface. In addition, a

field trial needs detailed measurement of the

input and output gas flows, continuous analysis
of production gas composition, monitoring of

underground temperatures and a method of

burning the combustible gases before discharge
to atmosphere.

The gasification stage involved the drying, pres-

surization and ignition of the coal and the sub

sequent development of the cavity by the

means ofthe CRIP (Controlled Retraction Injec

tion Point) maneuver. During the test, specific
parameters such as reactor lifetime, cavity
growth mechanisms, sweep efficiency, energetic

efficiency and gas quality were determined.

Performance

The goal of the gasification tests was to create a

sequence of connected cavities along the injec

tion channel using the CRIP maneuver. The

operation was performed in three stages, two of

which resulted in sustained gasification opera

tion.

The first stage, which lasted 9 days

(July 21, 1997- July 30, 1997), was carried out

at low 02 injection rate. The quality of the

product gas obtained from the first moment was

close to theoretical predictions for the test con

ditions, and both gasification operation and

control of the process progressed satisfactorily.

Nevertheless, the ingress of underground water

was much higher than predicted after the sec

ond day of gasification. This was probably

caused by the cavity growing and reaching the

higher-permeability sand layer above the seam

roof.

Modifications to the surface plant allowed the

second gasification stage to be performed with

the process totally under control and at much

higher 02 injection rates. This time, 02 injec

tion was rapidly increased to the design value of

700 cubic meters per hour in order to raise cav

ity temperatures quickly. Again, gas quality was

high, and satisfactory control of both the under

ground reactor and surface plant was main

tained. The process responded well to varia

tions in 02 input rate.

The decision to move to the third stage was

made even though gasification was proceeding

satisfactorily. It was taken in order to access a

much larger area of virgin coal, and involved

performing a CRIP operation and halting 02
injection for a few hours prior to the preparation

of the third ignition.

The third ignition, accomplished by two CRIP

maneuvers, was performed on October 4, 1997;
16 hours later, a premature depressurization of

the well led to the end of gasification in this

channel. The process was finally shut down on

October 6, 1997.

The objective of creating a gasified gallery

along the whole length of the borehole was not

totally attained, but the operation of the coil

tubing and its ability to make repeated ignitions

worked well. Improvements will be required to

the security ofthe injection well in order to avoid

future underground failures of this type.

Results

Data measured from the process are shown in

Table 1.

The results of mass-balance calculations are

presented in Table 2. In these, assumptions

were made about unknown parameters such as

the composition of the char. Coal affected

comprises material transformed, whether by
gasification (i.e., conversion of coal or char into
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TABLE 1

PROCESS DATA

Total July October
Predicted*

Injection (tonnes)
Oxygen 88 34 54

Nitrogen 80 52 28

Production (tonnes)
Produced Gases 443 177 266

Gas Losses 183 74 110

Dry Gas Composition Average, %

(moisture, nitrogen free basis)
Carbon Dioxide 41.0 43.4 39.4 36.0 (40-60)
Carbon Monoxide 12.8 8.7 15.6 16.6 (10-20)
Hydrogen 24.8 24.9 24.7 21.0(15-30)
Methane 13.2 14.3 12.4 16.0(10-25)
Hydrogen Sulfide 8.3 8.8 7.9 4.6 (1-5)

LHV**

(dry basis) ( kJ m-3) 10,907 10,907 10,907 11,000

Average Power at Surface,
HHV**

(MW) 3.19 1.26 4.48

Estimated composition limits made when the project was proposed are in parentheses

**LHV/HHV lower/higher heating value

TABLE 2

RESULTS OF MASS-BALANCED

CALCULATIONS

Tonnes Total

293

July October

Coal Affected 94 199

Water Influx 406 91 315

Gas Losses 183 74 110

Char Deposit 61 10 51

gas in the presence of O^ or pyrolysis

(conversion of coal to char by high temperature

in the absence of 02 ). The mass balance also

allows an estimate to be made of the gas lost

from the gasifier into the adjacent underground

strata.

Discussion

The composition of the product gases obtained

during gasification lay within the expected range

for all the gaseous components.

During the second gasification stage, the output

responded smoothly to changes in the 02 injec

tion flow without changing the gas quality. The
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process could be operated with stability and with

a high degree of flexibility. Startup was smooth
and rapid.

Throughout the entire trial, no water or foam

was injected into the well. This was a conse

quence of the higher than expected under

ground water influx, which was sufficient to

meet the requirements of the chemical reactions

of gasification. The permeable sand-layer

above the coal seam favored thiswater influx.

Gas losses from the cavity into the permeable

sand-layer above were higher than expected

and caused both reductions in the efficiency of

the process and a potential source of gas injec

tion into the adjacent strata. Better geological

conditions could have prevented or reduced this

loss.

The results indicate that in situ heat losses

caused by the high rate of water influx pre

vented the optimum thermodynamic conditions

being reached. Despite this, good-quality gas

was still obtained. Gas quality and process effi

ciency would both be improved under more fa

vorable geological conditions.

Conclusions

This project successfully demonstrated the fea

sibility of UCG at the intermediate depth (500 to

700 meters) of European coal.

Injection and production wells operated satis

factorily. In addition, the CRIP maneuver was

effective. Important know-how was developed

for the startup and control of UCG processes

and valuable insights were obtained into the

gasification process at intermediate depth where

coal, at that pressure, is readily ignitable and the

subsequent gasification is effective. The

mechanism of cavity growth appears to be en

hanced, the greater the depth.

The gasification process appeared to be highly
responsive. An increase in 02 feed rate pro

duced an almost immediate rise in power out

put, and decreases had the opposite effect. It is

likely, although not proven, that the process

could be stopped for a long period of time, per

haps several days or longer, and restarted im

mediately by 02 injection. This feature, if

proven, would be highly beneficial in power

generation.

Outlook for the Future

The outlook for the technology of underground

gasification has improved significantly as a re

sult of this trial. UCG for power generation

could possibly be developed within 10 to

15 years and would then be seen as comple

menting the higher efficiency power-generating

cycles now becoming available. The economic

case for UCG is still uncertain but, if the re

maining technical issues can be successfully

solved and the economics are favorable, UCG

offers a strategic alternative for power genera

tion based on European domestic coal. UCG

additionally allows potential consideration of

currently unmineable indigenous reserves, par

ticularly the vast reserves under the North Sea.

The environmental case for deep UCG is

equally important. The process offers green

house gas mitigation potential comparable with

natural gas power generation cycles.

Z-SORB SORBENTS PROMISING FOR HOT

GAS DESULFURIZATION

Originally designed as a sorbent for tail gas

cleanup, Phillips Z-Sorb Sorbent has found ap

plication for the removal of hydrogen sulfide

from the fuel gas that is generated in a clean

coal process. G. Khare and G. Greenwood of

Phillips Petroleum Company summarized the

performance of Phillips proprietary Z-Sorb
sorb-

ents at a number of test locations in the United

States and Europe at the
218th

American

Chemical Society National Meeting held in New

Orleans, Louisiana, in August.

Project participants working with Phillips in this

study have been the M.W. Kellogg Company,
General Electric, Research Triangle Institute,
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Morgantown Energy Technology Center, and

members of the European coal and steel com

munity.

Bench/Pilot-Scale Testing

Table 1 shows that the Z-Sorb sorbent has a

high chemical reactivity for sulfur capture.

Generally, a sulfur loading of 15 to 20 weight

percent is easily achieved. The most striking
feature of this sorbent was its high efficiency for

sulfur removal with a sharp breakthrough. Re

moval of sulfur in various fuel gases to less than

10 ppm under most conditions and perhaps

close to 0 ppm under some conditions has been

demonstrated. The data presented in Table 1

also show that sulfur removal ability of this

sorbent is unaffected by the gas composition.

The sorbent appears to be effective in removing

sulfur from a broad composition range of fuel

gases produced by different types of gasifiers

ranging from KRW to Shell.

The application of Z-Sorb sorbent in removing

sulfur from authentic gasifier product gases

generated from biofuel/brown-coal was investi

gated by TPS Termiska Processor AB

(Sweden). The sorbent reduced the sulfur con

tent in the effluent stream to below 10 ppm and

fully reactivated after desorption at steam con

centrations up to 15 percent at pressures up to

20 bar. Z-Sorb sorbent was also less sensitive

to steam concentration than a zinc titanate

sorbent, ZT-4.

Recent work with modified formulations sug

gests the sorbent temperature application range

can be expanded to include the lower tempera

tures (260 to 430C) used for moderate tem

perature gas cleanup. Testing showed that zinc

oxide-based sorbents are effective in desulfuri

zation above 315C. Even at temperatures of

315 to 430C the sulfur capacity retained 40 to

50 percent of a typical value obtained at higher

temperatures, such as 540C. Figure 1 gives

the bench-scale test results for the temperature

dependence of the sulfur loading capacity of

Z-Sorb sorbent. Sulfur loadings of 6 to

22 weight percent in the temperature range of

315 to 650C are quite suitable for a variety of

processes currently under development in the

integrated gasification combined-cycle program.

In the long-term bench testing at Phillips Petro

leum, the sulfur loading capacity of Z-Sorb

sorbent was found to remain high over a large

number of cycles. For nearly 700 cycles of ab

sorption and regeneration, the loadings remain

at a high level, starting at 14 percent and ending
at 8 percent for an extruded, fixed-bed formula

tion at an absorption temperature of 430C. For

most of the cycles, the sorbent picked up at

least 10 percent sulfur, which is 50 percent of

the theoretical loading.

TABLE 1

Z-SORB SORBENT TESTING SUMMARY FOR HOT GAS CLEANUP

Operating Sulfur Leading Effluent

Operating Pressure Regeneration (gS/100g Sulfur

Research Partner Process TvDe Test Scale Temp. (C) (kPa) TemD. (Ci Coal Gas Sorbent) (ppm)

DOE Morgantown Fixed Bed Laboratory 538 1,038 482-732 Simulated KRW 14 0

CTDD ofBritish Goal Fixed Bed Pilot Plant 540 1,051 540-750 Air-Blown Gasifier 10.5 <10

CEMAT Fixed Bed Pilot Plant 400 1,050-2.027 550 Simulated EcoGas 16.4-16.9 <20

TPS Fixed Bed Laboratory 480 1.050-2,027 550 Biofuel/Brown Coal not del 4.7

General Electric Moving Bed Laboratory,

Pilot Plant

538 2.027 730 Lurgi Gasifier <50

Research Triangle Institute Fluid Bed Laboratory 538 2.027 580-780 Simulated U-Gas 10.0-20.2 10

CTDD ofBritish Coal Fluid Bed Pilot Plant 520-540 1.061 575-717 Air-Blown Gasifier 13-15 <10

Research LaboratoryA Fluid Bed Laboratory 400 2.027 600 Shell Type 17.5-20.3 <1

MWKellogg Fluid Bed Pilot Plant 538-565 690 538 1%HjSinNj 15.4 0
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FIGURE 1

SULFURLOADING CAPACITYASAFUNCTION OFTEMPERATURE
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Problem of Sulfate Formation

One of the major concerns in developing regen-

erable sorbent is formation and accumulation of

sulfates in the sorbent during multicycle use.

Although this problem is not prevalent in Z-Sorb

sorbents as the total sulfur content in the regen

erated samples is normally less than 0.5 weight

percent, the regeneration step was investigated

in detail to examine conditions for the formation

of sulfates. The weight loss curves for a single

pellet regenerated at different temperatures

from 480 to 755C indicate that 480 to 540C

are ineffective in completely regenerating the

sulfided absorbent. The 540C sample showed

lower sulfide and sulfate sulfur, but there still

was sufficient sulfide to show that regeneration

was incomplete. By 565C, there was no sulfide

left, and by 755C, there was no sulfate left.

This finding is in agreement with the decompo

sition temperature of zinc sulfate which

is 740C.

SOLVENTWITH ADDITIVES EXTRACTS

COAL AT ROOM TEMPERATURE

M. lino, of the Institute for Chemical Reaction

Science, Tohoku University, et al. reported on

the effect of various additives on solvent ex

traction of coals at the
218th

American Chemical

Society National Meeting held in New Orleans,

Louisiana, in August. For example, the yield of

the room temperature extraction of Upper Free-

port coal with the 1:1 CS2/NMP mixed solvent

increases from 59 weight percent (dry ash free)
to 85 weight percent (dry ash free) by adding

only 5 percent (based on coal) of TCNE to the

mixed solvent.

Seven different bituminous coals were investi

gated in this study. Each coal was extracted

with carbon disulfide/A/-methyl-2-pyrrolidinone

(CS2/NMP) mixed solvent (1:1 volume ratio)

under ultrasonic irradiation repeatedly at room

temperature with and without an additive. Addi

tives investigated include tetracyanoethylene

(TCNE) and p-Phenylenediamine(p-PDA), and
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lithium and ammonium salts of fluoride and

chloride.

The extracts obtained with the CS2/NMP mixed

solvent were also fractionated with pyridine to

yield pyridine-insoluble (PI) and -soluble (PS)
fractions. Solubility of PI in mixed solvent was

also examined with and without an additive.

Effect ofAdditives on Extraction Yields of

Coals

Upper Freeport, Lower Kittanning and Stigler

coals increased their extraction yields with the

CS2/NMP mixed solvent by the addition of

tetrabutylammonium fluoride (TBAF), but for

Pittsburgh No. 8 and Illinois No. 6 coals the

yields did not increase. For the addition of

TCNE the same tendency of the extraction

yields was obtained for the five coals above.

Effect ofAdditives on Fraction Distribution

of Extracts

Table 1 shows the yields of the extractions of

Upper Freeport coal with the CS2/NMP mixed

solvent with electron acceptors, together with

their electron affinity, which is a measure of the

electron acceptability of electron acceptor. Ta

ble 1 shows that only TCNE and TCNQ gave

high extraction yields as expected from their

high electron affinities. However, other electron

acceptors used here do not show the extraction

yield enhancements. The results for halogenide

salts indicate that a kind of halogenide anion

affects the extraction yields, i.e., the yields in

creased in the order. F>CI>Br>l, and little

change between Li and tetrabutylammonium

cations.

Analysis of the fraction distribution of the ex

tracts obtained from the extraction of Upper

Freeport coal with TCNE, p-PDA and TBAF in

dicates that the increase in the extraction yields

is mainly due to the increase of the heaviest

extract fraction, i.e., PI, and little increase in the

lighter fractions ofAS and AI/PS.

Effect ofAdditives on Solubility of Extract

Fraction

The effect of electron acceptors on the solubility

of PI in the CS2/NMP mixed solvent show a

similar tendency as the effect of electron ac

ceptors on the extraction yields (Table 1), i.e.,

TABLE 1

EFFECT OF THE ADDITION OF ELECTRON ACCEPTORS

ON EXTRACTION YIELDS OF UPPER FREEPORT COAL

TOGETHER WITH THEIR OWN ELECTRON AFFINITY

Extraction Electron

Additive Yield (wt.%) Affinitv (eV)

None 64.6 .

TCNE 85.0 2.2

TCNQ 80.0 1.7

DDQ 49.8 1.95

1 ,2,4,5-Tetracyanobenzene 44.4 0.4

p-Benzoquinone 39.3 0.77

2,6-Dichloro-p-benzoquinone 49.7 1.2

p-Chloranil 45.5 1.37
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only TCNE and TCNQ are effective for the in

crease in the solubility of PI. Aniline and p-PDA

increased the solubility of PI greatly, and espe

cially p-PDA is as effective as TCNE and

25 milligrams (0.23 millimoles)/gram PI in

creased about 40 percent ofthe solubility.

Mechanisms for the Enhancement of the

Extraction Yield and the Solubility of the

Additives

The 1 :1 CS2/NMP mixed solvent can break the

weak non-covalent bonds which are not broken

in conventional solvents such as pyridine. An

additive such as TCNE and p-PDA in the mixed

solvent, which has strong interaction with coal

molecules, can break even the strong
non-

covalent bonds. The kind of interactions be

tween the additives and coal molecules are not

clear, but the results here suggest that charge-

transfer (donor-acceptor) interaction may not be

a main interaction.

The additives such as TCNE, p-PDA and TBAF

are efficient for the extraction yield enhance

ment of Upper Freeport coal. For example, the

addition of TCNE (more than 0.05 gram to

1 gram of the coal) resulted in an almost con

stant extraction yield of about 85 weight percent

(dry ash free).

The results obtained suggest that at least some

bituminous coals, which gave high extraction

yields with the CS2/NMP/additive solvent, have

a chemical structure consisting of a complex

mixture of the aggregates among coal mole

cules, and having no giant covalently bound

cross-linked network.

COz HYDRATE SLURRY PROCESS

REMOVES C02 IN IGCC PLANTS

Over the last 2 years, SIMTECHE, under con

tract from the United States Department of En

ergy-Fossil Energy, has been conducting engi

neering and economic evaluations of various

advanced Integrated Coal Gasification Com

bined-Cycle (IGCC) powerplants, including the

implications of 90 percent C02 control capabil

ity. The most recent evaluation has focused on

a C02 hydrate slurry, separating the product

gas, primarily hydrogen, and regenerating a

high-pressure C02 stream, plus some H2S, in a

flash reactor. This high pressure stream can

then be further compressed or upgraded, if nec

essary, to meet C02 sequestration or utilization

requirements. D. Spencer of SIMTECHE de

scribed this process at the Seventh Clean Coal

Technology Conference held in Knoxville, Ten

nessee, in June.

Overall Powerplant

An overall powerplant process flow diagram is

shown in Figure 1 . The basic IGCC powerplant

design has the following features:

A high-pressure (750 psia) Texaco Par

tial Oxidation Gasifier with Radiant Syn

gas Cooler (SGC) only, followed by a

water quench

Texaco proprietary carbon scrubbers for

particulate removal

Cryogenic Air Separation Units to pro

vide oxygen for gasification and com

bustion

Two-stage sour shift for 95 percent con

version of the CO to C02

Gas cooling to C02 hydrate formation

conditions

The SIMTECHE C02 hydrate separation

process for removing C02 from the

product stream and regenerating
high-

pressure C02 stream

C02 compression, pipelining and injec

tion for sequestration

Product gas (primarily H^ acid gas (H2S)
removal and elemental sulfur recovery;

reheat ofthe product gas
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FIGURE 1

DOE SIMTECHEC02 HYDRATE STUDY
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Utilization of the Bannister power cycle

for power generation.

C02 Hydrate Separation

Figure 2 shows one SIMTECHE C02 Hydrate

Process for separation of C02 from a shifted-

synthesis gas stream. This process is for utili

zation at inland plant sites, regenerating a
high-

pressure C02 stream for sequestration in ground

aquifers or depleted oil and gas reservoirs or for

utilization for enhanced oil recovery or coal bed

methane recovery.

The hydrate separation process shown in Fig
ure 2 includes nucleated water and partial C02

recycle to assure that hydrate precursors are

being fed to the C02 hydrate slurry reactor. The

product gas, primarily H2, is separated from the

C02 hydrate slurry with over 99.6 percent of the

hydrogen being recovered for combustion. The

C02 hydrate is eliminated to remove approxi

mately 85 to 90 percent of the C02 from the

shifted-synthesis gas stream, in a single pass.

Overall Powerplant Efficiency

Even with a high power cycle efficiency,

71 .4 percent on a low-heating value basis, the

overall efficiency for this combined C02 re

moval/advanced IGCC powerplant is only

40.1 percent on a higher-heating value basis,

from coal to electricity. The parasitic power

losses for C02 hydrate separation, regeneration,

and compression to 2,200 psig represent only

4.7 percent of the net output of the powerplant

and are comparable to the other power require

ments within the plant. The oxygen required for

combustion significantly increases the air sepa

ration plant power requirements from approxi

mately 53 megawatts-electric for gasification

(included within the cold gas efficiency of the

synthesis gas) to 140 megawatts-electric. This

high power demand is required both for oxygen

separation and compression to 1,015 psig for

combustion, and this combustion oxygen de

mand represents 16.4 percent of the net power-

plant output.

Estimated Powerplant Cost and Cost of

Carbon Control

The total estimated plant cost is $1,420 per

kilowatt-electric (kWe), including approximately

$100 per kWe for the C02 separa

tion/regeneration/compression processes, nearly

$300 per kWe for the air separation plant and

oxygen compression for both gasification and

82
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FIGURE 2

C02 HYDRATE PROCESS FORGAS SEPARATION
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combustion, and approximately $400 per kWe

for the power cycle portion of the plant. Table 1

(next page) shows a total cost of carbon control

based on the range of cost assumptions, both

within the plant for C02 hydrate separation, re

generation, compression, and sequestration.

A reference IGCC plant is estimated to cost,

approximately, $1 ,380 per kWe, on the same

technology basis, with a net heat rate of

7,300 BTU per kilowatt-hour, compared with

8,510 BTU per kilowatt-hour for the C02 re

moval case. The estimated cost of carbon con

trol, between these two plants is $11 per ton

carbon. If a reference pulverized-coal plant is

utilized, with a capital cost of $1,100 per kWe

and a 9,000 BTU per kilowatt-hour net heat rate,

the cost of carbon control is $44 per ton carbon.

CERAMIC MEMBRANE OXYGEN

PRODUCTION SHOULD LOWER IGCC COST

OF ELECTRICITY

In partnership with the United States Depart

ment of Energy (DOE), an Air Products-led

team (with Ceramatec, Eltron Research,
McDermott Technology, NREC, Texaco, the

Pennsylvania State University and the Univer

sity of Pennsylvania) is aggressively developing
a new technology for air separation Ion Trans

port Membrane Oxygen (ITM Oxygen). Under

the influence of an oxygen partial-pressure

driving force, the ITM Oxygen process achieves

a high-purity, high-flux separation of oxygen

from a compressed-air stream. Compared to

the cryogenic oxygen base case, the ITM Oxy
gen technology can: improve thermal efficiency

for the Integrated Gasification Combined-Cycle

(IGCC) system by about 3 percent; further de-

THE SYNTHETIC FUELS REPORT. OCTOBER 1999

83



 



COAL

TABLE 1

ESTIMATED CARBON CONTROL COSTS FOR

NOMINAL 500 MWE SHIFTED SYNTHESIS GAS IGCC PLANT

Cost per Ton of Carbon. $/Ton C

Function

In Plant C02 Hydrate Separation,

Regeneration, and Compression

Terrestrial Aquifer Sequestration

Total Carbon Control Cost

In Plant C02 Hydrate Separation,

Regeneration, and Compression

Coal Bed Methane Recovery
Total Carbon Control Cost

IGCC Advanced Pulve

Reference Plant Coal Plant

11 44

5-67 5-67

16-78 49-111

11 44

-5-0 -5-0

6-11 39-44

crease carbon dioxide and sulfur emissions; and

reduce the cost of generated electric power by
more than 6 percent.

The ITM Oxygen and the potential benefits of

an ITM Oxygen-IGCC facility were discussed by
V. Stein and R. Richards of Air Products and

Chemicals Inc. at the Seventh Clean Coal

Technology Conference held in Knoxville, Ten

nessee, in June.

Technology Description

The ITM Oxygen process uses non-porous,

mixed-conducting ceramic membranes, which

have both electronic and oxygen ionic conduc

tivity when operated at high temperature, typi

cally 800 to 900C (Figure 1). Oxygen from the

air feed adsorbs onto the surface of the mem

brane, where it dissociates and ionizes by elec

tron transfer from the membrane. The oxygen

anions fill vacancies in the lattice structure and

diffuse through the membrane under an oxygen

chemical-potential gradient, applied by main

taining a difference in oxygen partial pressure

on opposite sides of the membrane. Mean

while, an electronic countercurrent accompanies

the oxygen anion transport. At the permeate

surface of the membrane, the oxygen ions re

lease their electrons, recombine and desorb

from the surface as molecules. Because no

mechanism exists for transport of other species,

the separation is 100 percent selective for oxy

gen, in the absence of leaks, cracks, flaws or

connected through-porosity in the membrane.

The inverse relationship between oxygen flux

and membrane thickness identifies the need for

thin-film ITM Oxygen structures, capable of

supporting the pressure differential necessary to

develop the oxygen partial-pressure driving
force. To minimize the mechanical load im

posed by the driving force, the process operat

ing conditions constitute a medium-pressure air

feed stream, typically 100 to 300 psia, and a

low-pressure oxygen permeate stream, typically
at a fraction of an atmosphere. Also, because

the ionic transport mechanism is thermally acti

vated, the process cycle must include the

means to heat the pressurized air feed to high
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FIGURE 1
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operating temperatures, either by indirect heat

exchange or by direct firing with an inexpensive

fuel source (Figure 2).

Commercial Application

ITM Oxygen technology is ideally suited to inte

gration with power generation processes that

require oxygen as a feedstock for combustion or

gasification, or in any oxygen-based application

with an export power market. As a result, the

IGCC process is an ideal application for

ITM Oxygen coproduction technology.

Under a recent Cooperative Research And De

velopment Agreement titled "Ion Transport

Membranes (ITM) for Oxygen-Blown IGCC

Systems and Indirect Coal
Liquefaction,"

Air

Products and the DOE Federal Energy Technol

ogy Center completed an initial quantification of

the benefits of an ITM Oxygen IGCC facility.

Figure 3 depicts a flowsheet for the integration

of an ITM Oxygen membrane into an IGCC fa

cility.

The compressor section of a Westinghouse

501G delivers air at 294 psia, which is then

heated to the ITM Oxygen operating
tempera-

FIOURE 2

BASIC ITM OXYGEN PROCESS COMPONENTS

0*N:

I O* N* CO* HzO
I
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SOURCE: 8TEIN AND RICHARDS
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FIGURE 3

ITM OXYGEN/IGCC INTEGRATION
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ture by direct combustion with a slipstream of

clean coal gas. The membrane's chemical sta

bility in high concentrations of carbon dioxide

and water permits the use of this cost-effective,

direct heating step. The high-purity oxygen

permeate exits the membrane and is cooled

prior to compression for use in the coal gasifier.

The hot non-permeate stream emerging from

the ITM Oxygen vessel is further heated by di

rect combustion with coal gas prior to introduc

tion into the turbine section ofthe 501 G. A sup

plemental air compressor adds sufficient air to

replace the oxygen removed by this process

cycle, maintaining the gas turbine near its peak

power output to assure effective utilization of

this key unit operation. The turbine exhaust

then provides another heat source for the steam

bottoming cycle.

Table 1 shows the cost and performance com

parison for the cryogenic base case and the ITM

Oxygen-IGCC facility. The economic benefits

of ITM Oxygen technology for the IGCC appli

cation are excellent a 2.9 percent improve

ment in thermal efficiency with a 6.5 percent

decrease in the cost of generated electric

power. The 11 -megawatt improvement in power

output equates to a 109 kilowatt-hour per ton-02
decrease in specific power for oxygen produc

tion, approximately 25 percent improvement for

this application. The efficiency increase also

produces a concomitant reduction in carbon di

oxide and sulfur emissions. Therefore, integra

tion of ITM Oxygen technology with IGCC offers

the benefits of further improving system effi

ciency, resulting in better environmental per

formance and lower costs.
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TABLE 1

BENEFITS OF ITM OXYGEN FOR THE IGCC APPLICATION

IGCC Facility Capital Investment ($million)
IGCC Facility Capital Investment ($/kW)
Power Production (MW)
Thermal Efficiency (%HHV)
Cost of Electricity (mills/kWh)

Cryogenic ITM

Oo Case Oo Case Delta % Chanoe

i) 641 610 -31 -4.8

1,567 1,453 -114 -7.3

409 420 11 2.7

45.2 46.5 1.3 2.9

55.5 51.9 -3.6 -6.5

Development Project

The ITM Oxygen development project will pro

ceed in three stages of development and scale-

up toward commercialization. Phase I, which

commenced under a DOE Cooperative Agree

ment in October 1998, is a 3-year, $25 million

effort, jointly funded by the DOE and Air Prod

ucts, and focusing on construction of a 0.1 -ton

per day (tpd) technology development unit for

process concept validation tests. Phase I will

also verify the economic prospects for integrat

ing ITM Oxygen technology with IGCC and

other advanced power generation systems.

The overall goal of Phase I is to develop the

ITM Oxygen technology to the point of demon

strating all necessary technical and economic

requirements for further scale-up to the 5-tpd

production scale. Phase II activities will focus

on construction and testing of a 1-tpd unit, fol

lowed by further scale-up to 5-tpd oxygen pro

duction. The Phase II project will provide the

design, engineering, cost and scale-up data for

a Phase III, 25- to 50-tpd, precommercial dem

onstration unit, fully integrated with a gas tur

bine and tested at a suitable field site. By the

end of Phase III, sufficient demonstration of all

essential aspects of the technology will have

occurred to enable further industrial commer

cialization.

COAL TAR PITCH EVALUATED AS FEED

FOR ADVANCED JET FUEL

Coal tar pitch, a byproduct from the metallurgi

cal coke industry, is made up of the volatile

compounds evolved during coal carbonization.

Since the 1960s coal tar pitch fractions have

been successfully demonstrated to be a suitable

feedstock for the production of jet fuels for high

Mach aircraft, and have also been included in

full-scale demonstrations in French fighter air

craft.

For the future development of high-performance

jet aircraft flying at high Mach speeds, coal tar

pitch distillates, which can be converted to high

thermal stability hydroaromatic and cycloalkane

compounds by hydrotreatment processing, may

be chosen again for jet fuel production. By in

corporating with suitable petroleum refinery

streams, the feasibility and desirability of coal

tar blending as a viable route for the production

of thermally stable jet fuel would increase.
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S. Butnark et al. of The Pennsylvania State

University summarized the suitability of tar pitch
fractions as feedstocks for jet fuel at the

218th

American Chemical Society National Meeting
held in New Orleans, Louisiana, in August.

Coal tar pitch streamshigh quinoline insolu-

bles and low quinoline insolubles, carbon black

oil, creosote oil, Naphthalene Still Residue

(NSR) and Refined Chemical Oil (RCO)and

refinery streams kerosene and Light Cycle Oils

(LCO)were selected for laboratory-scale

catalytic hydrotreatment. The majority of these

were eliminated early in the study because of

poor processing ability. Difficulties arising from

asphaltene and pre-asphaltene precipitation

from the heavy fraction were the main cause.

The problems included a loss in catalytic activity
and a decrease in hetero-atom removal. How

ever, the hydrogenated products from the

blends of RCO and LCO have produced good

jet fuel fraction yields.

Results and Discussion

First, the basic blends between different LCOs
(LCOa

light cycle oil feed,
LCOb

hydrogenated

light cycle oil, and
LCOc

deeply hydrogenated

light cycle oil) and RCO at varying compositions

and catalysts, and under the baseline conditions

were compared. Figure 1 shows that the blend

of different LCO with RCO gave different jet fuel

yields.
LCOc

blends gave the outstanding jet

fuel yield whereas those of
LCOa

and
LCOb

were in the same low-range yield. This is

mainly due to the presence of hydroaromatic

compounds in the
LCOc

that contribute to the

higher conversion of the RCO through hydrogen

donation and shuttling reactions, say But

nark et al.

The blending compositions of LCOc:RCO also

affected the jet fuel yield (see Figure 1). By

increasing the RCO concentration and using the

NiMoP/AI203 catalyst, the proportion of the

sample boiling in the jet fuel fraction (200 to

260C) increased. This is due in part to the in

crease in tetralin in the products, through the

composition of high boiling material and subse

quent hydrogenation. Therefore, there was

some synergistic effect promoted by the blend

of
LCOc

and RCO. This again was probably due

to the hydrogen donation reactions.

FIGURE 1

THE EFFECTS OFVARIATION OF BLENDINGTYPES

AND COMPOSITION ON JET FUELYIELD
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To optimize jet fuel yield, tetralin production and

production of other thermal stable components,

it is necessary to blend RCO with
LCOc

with

RCO loadings greater than 50 percent.

In addition, the hydrogenation conditions have

formed products that have shown great in

creases in the hydrogen-to-carbon ratio along

with effective removal of sulfur and nitrogen.

Increases in temperature greatly affected both

tetralin production and jet fuel yield. The effect

of pressure shows that conversion to tetralin and

the fraction boiling in the jet fuel range goes

through a maximum around the baseline condi

tions of 1 ,000 psig. High-pressure conditions

also hindered tetralin production as well as jet

fuel yield. Thus, it can be summarized that

1 ,000 psig H2 and 350 to 375C is the most suit

able condition for hydrogenation of LCOc:RCO

blends.

cated and constructed the 50-ton per day coal

gasification pilot plant in 1990.

The 50-ton per day pilot plant of the gasifierwas

tested at Chiba Prefecture in Japan from 1990

to 1995 by NEDO. The main objective is pro

duction of hydrogen. Construction of a new

150-ton per day pilot plant began in 1998 by
Electric Power Development Company Ltd. The

EAGLE (Coal Energy Application for Gas Liquid

and Electricity) project aims to increase effi

ciency of a staged gasifier and to achieve a high

performance cleanup system.

Principle of the Two-Stage Gasification

Process

The principle of the two-stage gasification proc

ess is shown in Figure 1 . Features of the proc

ess are as follows:

it if it ii

TrTrTrTr

NEW 150-TON/DAY GASIFIER WILL TEST

TWO-STAGE PROCESS IN JAPAN

Coal-fired power stations generate almost

40 percent of the world's electricity. As coal is

likely to remain a primary energy resource for

the future, a great deal of effort is being directed

into reducing the environmental impact of coal-

fired generation through the introduction of

clean coal technologies.

A. Morihara, of Hitachi Ltd., et al. discussed the

use of a staged coal gasifier for power genera

tion and fuel production at the
218th

American

Chemical Society National Meeting held in New

Orleans, Louisiana, in August.

The two-stage gasifier was adopted in 1 986 as

the coal gasification project of Japan sponsored

by NEDO (The New Energy and Industrial

Technology Development Organization) as a

part ofthe Sunshine Project of MITI. Equipment

development research was started using a 3-ton

per day gasifier. HYCOL was established in

1986; it chose Hitachi's gasification process for

its pilot plant. Hitachi group designed, fabri-

FIGURE 1

PRINCIPLEOFTHE

TWO STAGEGASIFIER

Rotational'

Row Slag

80URCE: MORIHARAETAL.

scnperature

High Gasification Efficiency - Pulverized coal

and oxygen, the gasification agent, are fed to

upper and lower burners. Enough oxygen is fed
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to the lower burners to melt down the ash con

tained in the feed coal. Pulverized coal fed to

the upper burners is reacted at a lower tem

perature with a relatively smaller amount of

oxygen, compared with that fed to the lower

burner, and gasified and converted to reactive

and less adhesive char. The char moves down

along the spiral gas flow and mixes with high

temperature gas in the lower portion of the gasi

fier, where gasification proceeds further. The

produced gas is turned over and goes up to the

exit of the gasifierwith a small amount of char.

High Thermal Efficiency from a Pneumatic

Feeding System - Pulverized coal is fed to the

gasifier by a dense phase pneumatic feeding
system using recycled gas or nitrogen. There

fore, a high temperature can be maintained with

a small amount of oxygen, compared with the

slurry feed system.

Reliable Gasifierwith a Slag Self-Coated

Water-Cooled Tube Wall - The gasifier con

sists of a water-cooled tube wall, which is lined

by a newly developed high-temperature resis

tant castable. Molten slag solidifies on the in

side surface of the wall at first and then molten

slag flows down over the surface of the solidi

fied slag. The slag self-coated system is more

reliable and extends operation time compared

with the refractory-lined gasifier.

Stable Slag Tapping - A pressure difference

between the wall side and the center of the

gasifier is generated by the spiral flow. There

fore, hot gas is recycled from slag taps to a gas

tap. This ensures stable slagging of molten slag

without burning auxiliary fuel.

EAGLE Plant

The EAGLE 150-ton per day pilot plant consists

of an oxygen-blown entrained-flow gasifier, dry
type coal feed system, and wet gas cleanup

system. The heating value of the coal gas pro

duced by the oxygen-blown gasifier is compara

tively high, and the gas quantity produced by

processing coal is partially produced by an air-

blown gasifier.

In addition, in the dry coal feed system, because

the coal is transported by dry gas, the latent

heat loss due to evaporation of water is nearly

eliminated and the water content in the coal gas

is kept to a minimum. As a result of the above,

losses incurred during the process of wet gas

cleanup, i.e., sensible heat loss of the coal gas,

H20 and C02 losses are reduced. Therefore, a

high heat efficiency system is expected.

JAPANESE GROUP PRODUCES DIMETHYL

ETHER FROM COAL

A 5-tonne per day pilot plant to produce Dime

thyl Ether (DME) from subbituminous coal was

started up recently in Kushiro, Japan, by a four-

member consortium headed by NKK Corpora

tion and the Center of Coal Utilization (Tokyo).

Coal is gasified by conventional heating with

steam and oxygen and the gas mix is adjusted

to obtain a hydrogen:carbon monoxide ratio

of 1:1. Liquid DME is produced from this mix

ture in a slurry-bed reactor, using a proprietary

metal-oxide shift-reaction catalyst. The reaction

occurs at
250

to 320C and 30 to 50 bar, with a

yield of about 55 percent per pass. The pilot

plant, which includes a DME purification col

umn, will be operated through 2000, then the

system will be evaluated for the design of a

commercial plant.

The process has already been tested at the

50-kilogram per day scale producing DME of

90 to 99 percent purity, says NKK. It is ex

pected to be less expensive than conventional

methanol dehydration because it uses a lower-

cost feedstock.

CATALYST INCREASES REACTIVITY IN

ILLINOIS COAL FOR GASIFICATION

In the majority of Integrated Gasification Com

bined-Cycle (IGCC) processes (e.g., Texaco,
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Shell), coal is gasified in a one-stage process at

relatively high temperatures (1,400C) in an

oxygen-rich environment. In such a process,

the coal delivered to the gasifier is converted to

gaseous products within seconds, therefore the

intrinsic reactivity of the coal is not an important

issue because mass transfer considerations

dictate how fast the coal reacts. The develop
ment of IGCC technology that utilizes a two-

stage process to gasify coal provides an oppor

tunity to optimize the reactivity of the coal

added to the second-stage gasifier. A more re

active coal and resultant char would lead to

higher levels of conversion in the second-stage

gasifier and more efficient operation. The use

of more reactive coals in IGCC processes

should lead to even more efficient production of

electricity.

Proven methods for improving the gasification

reactivity of coal include adding a catalyst, e.g.,

calcium, to the coal. Pre-oxidation of coal may

also increase its gasification reactivity. A. Lizzio

of Illinois State Geological Survey summarized

efforts to evaluate and improve the gasification

behavior of Illinois coal for use in two-stage

IGCC processes at the American Chemical So

ciety National Meeting held in New Orleans,

Louisiana, in August.

Char Reactivity

Coals were obtained from the Illinois Basin Coal

Sample Program (IBCSP) and from selected

coal mines throughout Illinois. An Indiana coal

currently being used in an IGCC two-stage gasi

fierwas also studied.

The gasification reactivities of chars prepared

from 9 of the 12 coals in the IBCSP were de

termined in 1 atm C02 at 850C by isothermal

thermogravimetric analysis. Chars were pre

pared in a tube furnace under identical pyrolysis

conditions (N2, 30C per minute, 900C,

0.5 hour) prior to the gasification tests. The re

activities of IBC-103, IBC-105, IBC-106 and

IBC-108 were comparable over the entire con

version range, while IBC-101, IBC-107 and

IBC-109 were most reactive and the high-ash

IBC-104 char and Indiana coal were the least

reactive. Cedar Creek coal having more than

twice the sulfur content (the more sulfur the

better because sulfur can be recovered as a

salable byproduct), but less ash than the Indiana

coal, was more than twice as reactive as the

Indiana coal char. Char made from Crown II

coal was nearly 4 times as reactive as the Indi

ana coal char.

Effect of Pre-oxidation

Perhaps the most cost-effective way to increase

the reactivity of bituminous coal would be to add

oxygen to it prior to gasification either by natural

weathering or a low temperature oxidation

treatment. The pretreatment of coal with oxy

gen is thought to promote the cross-linking re

actions between aromatic units in the coal

structure preventing their rearrangement during
pyrolysis (melting) and increasing the surface

area of the resultant char, which could lead to

an increase in char reactivity. Pre-oxidation of

IBC-102 and Cedar Creek coal results in little or

no increase in reactivity. Pre-oxidation of the

Indiana coal actually leads to a decrease in re

activity. Coal pre-oxidation also reduces the

BTU content of the coal, which would decrease

overall process efficiency. Thus, coal pre-

oxidation alone does not appear to be a viable

means to increase the gasification reactivity of

these candidate coals.

Catalyst Addition

The effects of calcium and iron on the gasifica

tion behavior of Illinois coal were examined.

Calcium and/or iron were added to IBC-101,

Crown II, IBC-102 and Indiana coal by ion ex

change at various pHs (2.2, 5.6 and 10) to de

termine to what extent these catalysts would

impact char reactivity. Reactivity profiles

(conversion versus time) were determined for

Ca- and Fe-catalyzed IBC-101 chars gasified in

1 atm C02 at 850C. When Ca is added by Ion

Exchange (IE) at pH = 10, there is a 3-fold in

crease in reactivity. Iron added by IE at pH

= 2.2 (natural pH) is seen to have little impact

on reactivity. On the other hand, Fe added by
IE at pH = 10 increases reactivity by more than

a factor of 2. These results indicate the impor

tance of using an alkaline medium for preparing
Ca- and Fe-catalyzed coals by IE. The as-
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received Crown II coal was the most reactive

Illinois coal. When Ca or Fe is added to this

coal by IE (at pH = 10), char reactivity again

increases by more than a factor of 2. The reac

tivities of these coals prepared at their natural

pH (either 5.6 or 2.2) are significantly lower than

those at pH = 10, consistent with results ob

tained for the catalyzed IBC-101 coals. Addi

tion of Ca and Fe at pH = 10 leads to only a

slight increase in reactivity for the Indiana coal

char. Addition of Ca at its natural pH (5.6) actu

ally decreases reactivity. These results indicate

that Illinois coals are not only more reactive

than the Indiana coal, but also respond better to

the catalyst treatments perhaps due to a more

favorable surface chemistry, i.e., greater

amount of carbon-oxygen groups that facilitate

ion-exchange between the catalyst and the car

bon surface, says Lizzio.

Effect of Coal Pre-Oxidation on Catalytic

Activity

Crown II and IBC-102 coal were pre-oxidized

prior to catalyst addition to determine the effect,

if any, of pre-oxidation on catalytic activity. It

appears that oxidation of the coal prior to cata

lyst addition had a positive effect on the reactiv

ity of both IBC-102 and Crown II coals. The

reactivity of pre-oxidized IBC-102 coal is similar

to that of the as-received coal. When Ca is

loaded by IE at pH = 1 1 the maximum rates for

both the Ca-catalyzed raw coal and pre-oxidized

coal chars (between 6.5 and 8.3 gram per gram

per hour (g/g/h) are significantly higher than that

of the raw coal (1 g/g/h). The increase in reac

tivity is more pronounced for the pre-oxidized

sample (8.3 g/g/h). Both Ca-catalyzed chars

maintain the high reactivity over most of the

conversion range (Xc = 0.15 to 0.80). In addi

tion, the Ca-catalyzed chars prepared at their

natural pH (5.6) were not as reactive as the one

prepared at pH = 1 1 , indicating once again the

importance of pH during catalyst preparation.

When Ca is loaded by IE at pH = 11 on the as-

received and pre-oxidized Crown II coal, the

gasification rates of both chars increase dra

matically. The Ca-catalyzed pre-oxidized

Crown II char maintains its high reactivity to

higher levels of conversion compared to the Ca-

catalyzed as-received coal indicating better dis

persion of the catalyst in the pre-oxidized sam

ple. The increases in reactivity are not as dra

matic when the catalyst is loaded at its natural

pH = 5.6, which is consistent with the trends

observed for IBC-102 coal.

Use of Gypsum as a Catalyst Precursor

Although calcium acetate is an effective catalyst

precursor, its cost may be too high to justify its

use in IGCC processes so gypsum (calcium

sulfate) was evaluated as an inexpensive alter

native. Gypsum-catalyzed char is about one-

half as reactive as calcium acetate-catalyzed

char and several times more reactive than the

pre-oxidized coal char. The catalyzed coal pre

pared at pH = 11 is significantly more reactive

than the raw coal or catalyzed coal prepared at

pH = 5.6.

Possible benefits to be derived from using gyp

sum instead of other catalyst precursors include:

A cheap, ready source of catalyst is

made available.

A new use is found for gypsum, a coal

combustion byproduct.

Sulfur from the gypsum could be recov

ered as a valuable byproduct in post

gasification cleanup processes.

Calcium oxide would be converted to

calcium carbonate, thus reducing emis

sions of carbon dioxide from the gasifier.

Calcium would suppress tar formation,

which is detrimental to the performance

of some gasifier systems.

Further work is needed to modify and test Illi

nois coals for use in IGCC processes. Binary
catalyst systems, which have shown consider

able promise in lower temperature gasification

systems may provide superior performance

relative to equivalent loadings of a single cata

lyst. Large-scale tests need to be performed

using ton quantities of optimized Illinois coal
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under process conditions simulating those used

in the Dynegy entrained-flow gasifier. The pos

sibility of using Illinois coal in other IGCC proc

esses such as the one to be demonstrated at the

Grand Tower Power Station built in Southern

Illinois also needs to be examined.

ENVIRONMENT

ADVANCED CCT PLANTS COULD BE

PREFERRED OPTION FOR COAL IF COz
REMOVAL REQUIRED

The power generation industry may be required

to reduce carbon dioxide emissions if regula

tions related to C02 emissions are enacted.

Coal-fired generation, which emits 82 percent of

the power sector C02, would be a likely target

for C02 reduction. Compliance with the Kyoto

Protocol, for example, would require a

30 percent reduction in C02 emissions from the

projected year 2012 level even with moderate

load growth. F. Burke and E. Hawk, Jr. of

CONSOL Inc. described the options and costs

for C02 reduction at coal-burning powerplants at

the Seventh Clean Coal Technology Conference

held in Knoxville, Tennessee, in June.

Options to reduce C02 emissions include fuel

switching to gas in existing plants and plant re

placement with new plants. In addition to emis

sion reduction, sequestration may be required

either as an offset (indirect sequestration) or in

conjunction with emission reduction (direct se

questration). Power generation performance,

C02 emissions/emission reductions and power

costs are shown in Table 1 for the non-

sequestration options. The performance of

each plant was evaluated on a higher heating
value basis and at site (i.e., non-ISO) condi

tions. The emission level of each plant is a

combination of plant performance and the in

herent emissions of the fuel.

Plant Options

Base Case: The existing Pulverized-Coal (PC)
plant in Table 1 represents the average of all

pulverized coal-fired utility plants in the North

east Region and is used as the base case for

evaluating the emission reduction options. Fuel

switching from coal to natural gas in the existing

PC is a low capital cost option to reduce C02

emissions (per unit electricity generated) by
39 percent from the base case.

Advanced PC: The Advanced PC plant repre

sents a pulverized coal plant design using an

ultrasupercritical steam cycle. The advanced

PC plant includes Flue Gas Desulfurization

(FGD) and Selective Catalytic Reduction (SCR)
systems as required under New Source Per

formance Standards (NSPS). The advanced

PC plant has a lower fuel cost than the base

case plant, but has a higher non-fuel operation

and maintenance cost because of FGD and

SCR-related costs. The advanced PC plant re

duces C02 emissions by 11 percent from the

base case.

Current CCT Plants: The current Clean Coal

Technology (CCT) plant is representative of the

first generation Integrated Gasification Com

bined-Cycle (IGCC) plant being demonstrated

under the CCT program. The current CCT plant

has a lower heat rate and emission level than

the PC plants, but has a high capital cost and a

high non-fuel operation and maintenance cost.

The current CCT plant reduces C02 emissions

by 16 percent from the base case.

Advanced CCT Plants: The advanced CCT

plant represents the second generation IGCC or

Pressurized Fluidized-Bed Combustion (PFBC)
plants now under development. The advanced

CCT plant represents a significant performance

advancement from all other coal-fired options

and has the lowest capital cost of the new coal-

fired plants. The advanced CCT plant reduces

C02 emissions by 23 percent from the base

case.
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TABLE 1

POWER GENERATION TECHNOLOGY PERFORMANCE AND COST COMPARISON

UnitType PC PC GCC(G) AoVPC Current CCT AoVCCT CoCo-High Gas

Plant Status Existing Existing New New New Conceptual Conceptual

Fuel Coal Gas Gas Coal Coal Coal Coal &Gas

Steam Conditions Subcrit Subcrit Subcrit Ultra Supcrit Subcrit Subcrit Subcrit

FGD no no no yes no no no

SCR no no no yes no no no

Plant Performance

Size, MW 242.7 242.7 332.4 530.0 227.0 424.4 449.8

NetOutput, MW 231.5 233.4 322.4 503.0 214.0 400.0 425.9

Net Heat Rate, BTU/kWh 9,711 10.352 7.009 8,679 8,106 7.500 8,885

Efficiency, % 35% 33% 49% 39% 42% 46% 38%

Liquid Output, Bbt/day 0 0 0 0 0 0 3,041

Capacity Factor, % 85.00% 85.00% 85.00% 85.00% 85.00% 85.00% 85.00%

Generation, GWhfyr 1,724 1.738 2.401 3.745 1,593 2,978 3,171

Coal Fuel Use, MMBTU/hr 2,248 0 0 4,365 1,734 3.000 1,634

Gas Fuel Use, MMBTU/hr 0 2.416 2.260 0 0 0 2,150

Total Fuel Use, MMBTU/hr 2,248 2.416 2,260 4.365 1.734 3,000 3,784

EmissJons/Reduction

COj Emissions, st CO^GWh (1) 977 596 403 873 815 754 532

C02 Reduction, % base 39.0% 58.7% 10.6% 16.5% 22.8% 45.5%

$0

$1.53

$5

$274

$624

$2.74

$1,023

$1.53

$1,392

$1.53

$1.53 $5.00 $5.00 $1.53 $1.53

$900

$1.53

0.00 0.09 11.00 20.74 28.20 18.24 16.47

3.44 291 1.86 3.17 5.18 3.35 3.09

0.80 0.38 0.29 230 1.56 1.44 1.00

14.84 28.36 19.21 13.24 1239 11.46 18.54

0.00 0.00 0.00 0.00 0.00 0.00 (8.93)
19.07 31.74 3235 39.44 47.33 34.49 30.17

0 $33 $23 $196 $175 $69 $25

0 $134 $94 $792 $707 $280 $101

Capital

PlantCost, $/netkW (2)

Results at Current Fuel Price

Fuel Cost, $/MMBTU (3)
Levelized PowerCosts, mills/kWh

Capital

Fixed O&M

Variable O&M

Fuel

Liquid Product Sales (4)
Total Power Cost

Reduction Cost $AonCOj

Reduction, $Aonne C

Results atHigh Gas Price

Fuel Cost, $/MMBTU (3)

Levelized PowerCosts, mills/kWh

Capital

Fixed O&M

Variable O&M

Fuel

Liquid Product Sales (4)
Total Power Cost

ReductionCost $Aon CO2

Reduction, $/tonneC

1. C0C0 process is credited with 24 MM tons of carbon per quad of liquid produced which is the emission of liquid fuels from crude.

2 Includes direct, indirect costs and a contingency. Does not include other owners costs and replacement equipment

3. C0C0 fuel price isweighted price based on fuel mix and the price of coal and natural gas.

4. Liquid byproduct price is $30/bbl based on a crude oil price of $21 /bbl.

$1.53

$1,072

$3.50

$222

0.00 0.09 11.00 20.74 28.20 18.24 16.47

3.44 291 1.86 3.17 5.18 3.35 3.09

0.80 0.38 0.29 230 1.56 1.44 1.00

14.84 51.76 35.05 13.24 1239 11.46 29.27

0.00 0.00 0.00 0.00 0.00 0.00 (8.93)
19.07 55.14 48.19 39.44 47.33 34.49 40.91

0 $95 $51 $196 $175 $69 $49

0 $383 $205 $792 $707 $280 $198
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Coproduction: The coproduction plant uses a

combination of coal and natural gas to produce

liquid products and power via coal gasification,
syngas production and combined-cycle power

generation. This plant uses a fuel mix of

60 percent gas and 40 percent coal. The com

bined effects of natural gas use, an advanced

power cycle and carbon credited from the pro

duction of liquid products reduce emissions by
45 percent from the base case.

Gas Combined Cycle (GCC): The GCC plant

represents the current state-of-the-art G-frame

gas turbine GCC plant. For high capacity factor

baseload service, this plant is equipped with

dual-fuel (gas and oil) capability. C02 emis

sions are reduced by 59 percent from the base

case. This plant has the lowest capital cost and

non-fuel cost of any new plant option evaluated.

The fuel cost is three-fifths of the power cost at

the current gas price and two-thirds of the power

cost at the high gas price.

Sequestration

Two types of carbon sequestration are evalu

ated: forestation (indirect) and technological

(direct) sequestration.

Forestation sequestration in conjunction with the

continued use of existing coal-fired PC plants

allows the emissions to be offset while avoiding
new plant construction costs. The forestation

cost reflects a mid-range land use cost imposed

by landowners, the cost of removing agricultural

land from service, the need to use more mar

ginal land and updated, lower sequestration

rates.

Technological sequestration consisting of C02

removal, compression, pipeline transport and

deep ocean disposal is examined as a retrofit to

the existing PC plant (avoiding new plant con

struction) and integrated into an advanced CCT

plant. Technological sequestration reduces

emissions by 90 to 93 percent but has a high

capital cost, high fuel and non-fuel operation

and maintenance costs. Plant performance is

impaired because of auxiliary power and steam

requirements.

Compliance Analysis

Figure 1 (next page) illustrates the compliance

analysis at the high gas price of $4.74 per giga-

joule. The least-cost compliance path reduces

the emission level from the existing plant to a

lower level at the smallest increase in power

cost. The slope of the line is the C02 reduction

cost, in units of dollars per tonne C02.

Figure 1 illustrates the risk of over-reliance on

gas for emissions compliance. Forestation is

the lowest-cost first step in reducing emissions

because it allows the continued use of existing

coal-fired powerplants and avoids the high cost

of plant construction and use of a more expen

sive fuel. The price of natural gas has in

creased to a point where the advanced CCT

plant with technological sequestration is a more

cost-effective emission control option that the

GCC plant. Meeting the short-term target with

gas would have resulted in a higher compliance

cost in the long run. This implies that without a

competitive fuel mix, over-reliance on natural

gas for power generation will result in a high gas

price and a higher compliance cost in the long
term.

The dashed-line in Figure 1 is the least-cost

technology path in the absence of indirect se

questration. It illustrates that advanced CCT

plants can play an important role in coal's future

if offset options are limited, and gas prices re

spond to the higher anticipated consumption

level. The challenge is to accelerate the devel

opment of even more efficient, lower cost tech

nologies so that coal has the opportunity to

compete with gas in the near term as well as in

the future.

MIT FINDS IGCC TO BE BEST OPTION IF

CARBON SEQUESTRATION REQUIRED

Carbon management and sequestration offers

an opportunity for reducing greenhouse gas

emissions that can complement the current

strategies of improving energy efficiency and
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FIGURE 1

C02 COMPLIANCEANALYSIS (HIGH GAS PRICECASE)
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increasing the use of non-fossil energy re

sources. Furthermore, this approach will enable

us to continue to enjoy the benefits of fossil fu

els while protecting our climate.

H. Herzog and N. Vukmirovic of the MIT Energy

Laboratory discussed the opportunities and

challenges associated with C02 sequestration at

the Seventh Clean Coal Technology Conference

held in Knoxville, Tennessee, in June.

The authors conducted a comparison of pub

lished studies from the past several years that

analyzed the economics of capturing C02 from

fossil fuel-fired powerplants. These studies fall

into three categories:

Advanced Coal based on Integrated

Gasification Combined-Cycle (IGCC)
powerplants

Conventional Coal based on Pulverized

Coal (PC) powerplants

Natural Gas based on Natural Gas Com

bined-Cycle (NGCC) powerplants

From each study, the following data for both a

reference (i.e., no C02 capture) and capture

case were evaluated:

Cost of electricity (cents per kilowatt-

hour) broken down into capital, fuel, and

Operation and Maintenance (O&M)
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Capital cost (dollars per kilowatt)

Net power output (megawatts)

C02 emitted (kilograms per kilowatt-

hour)

Heat rate (BTU per kilowatt-hour) de

fined on a Low Heating Value (LHV) ba
sis (note that the thermal efficiency is

simply 3,412 BTU per kilowatt-hour di

vided by the heat rate)

The key results calculated were the energy pen

alty and the cost of capture. The capture costs

were expressed in the mitigation cost (dollars

per tonne C02 avoided) and the incremental

cost of electricity (cents per kilowatt-hour).

Results ofAnalysis of Economic Studies

Figure 1 plots the cost of electricity versus C02
emissions for each of the analyzed studies. In

terms of emissions, the plants cluster into three

groups: reference coal plants at about

0.75 kilograms C02 per kilowatt-hour, reference

natural gas plants at about 0.35 kilograms C02

per kilowatt-hour, and the capture plants at

about 0.1 kilogram C02 per kilowatt-hour. Her-

zog and Vukmirovic make the following obser

vations about costs:

NGCC reference plants are $0.03 to

$0.04 per kWh.

Coal reference plants are $0.04 to

$0.05 per kWh, with PC plants slightly
less expensive than IGCC plants.

NGCC capture plants are $0.05 to

$0.06 per kWh.

IGCC capture plants are $0.06 to

$0.07 per kWh.

PC capture plants are $0.07 to $0.08 per

kWh.

FIGURE 1
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Today, PC plants are slightly less expensive

than IGCC plants. However, if C02 emissions

are regulated and carbon sequestration be

comes necessary, IGCC plants will become

more economical. Also, with current technol

ogy, coal is at a competitive disadvantage com

pared to natural gas for both reference and

capture plants.

The incremental cost of electricity is summa

rized as follows:

For IGCC plants, the range is $0.01 1 to

$0,017 per kWh.

For NGCC plants, the range is $0,019 to

$0,021 per kWh.

reference IGCC plant to become more competi

tive with the NGCC reference plant.

In order to understand how to derive the mitiga

tion cost, Figure 2 plots a subset of points from

Figure 1. Specifically, the points plotted are

from the SFA Pacific IGCC capture plant and all

three Coal Utilization Research Council (CURC)
reference plants. The slope of the line con

necting the two IGCC points is the cost of miti

gation in dollars per tonne of C02 avoided.

Furthermore, by extending this line to the y-axis,
the cost of electricity that a zero emission tech

nology (e.g., renewables) must beat to be com

petitive with the sequestration option can be

read. For this example, the cost is 64.8 mills

per kilowatt-hour.

For PC plants, the range is $0,023 to

$0,031 per kWh.

This suggests that if C02 emissions from pow

erplants were regulated, IGCC plants could be

most efficient in meeting the goals through a

sequestration pathway. This would require the

Figure 3 plots the mitigation cost for each of the

studies analyzed versus the energy penalty, in

each instance, the basis of the mitigation cost

was chosen to be the corresponding reference

plant from each study. To find the total mitiga

tion cost, the sequestration cost (i.e., the cost of

transporting and injecting the C02 into the
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ground or ocean) must be added to the numbers

shown in Figure 3. Preliminary estimates are

that an additional $5 to $10 per tonne C02
avoided will be needed.

Lowering the Cost of Capture

The results presented above represent technol

ogy that is commercial today, but that has not

been optimized for C02 capture and sequestra

tion. One should not judge the viability of C02

capture powerplants based on today's relatively

expensive technology, say the authors. There is

great potential for technological improvements

that can significantly lower costs. Improving the

thermal efficiency of the reference plants, re

ducing the energy penalty for C02 capture, or

improved separation technologies can signifi

cantly reduce costs. Even larger cost reduc

tions are possible in the future with new innova

tive technologies. For example, it may be pos

sible to develop new types of powerplants and

power cycles.
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PROJECT ACTIVITIES CORPORATIONS

ARCO AND SYNTROLEUM COMPLETE GTL

PILOT PLANT STARTUP

In July ARCO and Syntroleum Corporation an

nounced the completion and the successful

startup of their Natural Gas-To-Liquids (GTL)
pilot plant.

Located at ARCO's Cherry Point Refinery near

Bellingham, Washington, the 70-barrel per day
pilot plant has achieved initial operating targets

and is proceeding with the evaluation program.

The pilot plant is testing new reactor designs

and high performance Fischer-Tropsch catalyst

for the Syntroleum Process, a proprietary proc

ess for converting natural gas into synthetic fu

els and hydrocarbon-based specialty chemicals.

The pilot plant incorporates proprietary reactor

designs for the autothermal reformer and the

Fischer-Tropsch synthesis reactor system. The

autothermal reformer uses natural gas and air to

produce synthesis gas, a mixture of hydrogen

and carbon monoxide. The synthesis gas is

processed in the Fischer-Tropsch reactor to

produce a raw synthetic hydrocarbon product.

This raw product can then be processed in sepa

rate steps into fuels that are exceptionally clean,

contain no sulfur or aromatics, and can be dis

tributed through the existing fuel distribution

infrastructure and burned in conventional en

gines. The proprietary Fischer-Tropsch catalyst

developed by Syntroleum is key to the process.

"The successful integration of the new catalyst

system and the advanced reactor design repre

sents a major step forward in assessing this im

portant technology. We will build upon the

knowledge gained in this plant to refine our de

sign concepts for large-scale plants. Our ulti

mate goal is to deploy an economically attrac

tive design for commercializing stranded natural

gas
resources,"

said J. Bigger ofARCO.

SYNTROLEUM FUEL CERTIFIED FOR USE

IN FUEL CELLS

In August Epyx Corporation reported successful

demonstration of high-efficiency and low-

emission operation of a fuel cell power system

using Syntroleum synthetic fuel and a Plug
Power fuel cell stack. Testing was performed

under a program sponsored by the United

States Department of Energy (DOE).

This achievement follows a prior demonstration

where Epyx and Plug Power tested gasoline,

ethanol, methanol and natural gas using an in

tegrated system comprised of an Epyx multifuel

processor and a Plug Power fuel cell stack.

Synthetic fuel testing showed results consistent

with operation on gasoline; however, due to

their production method, synthetic fuels contain

no fuel cell catalyst poisons such as sulfur, met

als or aromatics. "Synthetic fuels not only help
reduce harmful emissions in conventional en

gines but also, as these recent tests conclude,

they can be used for powering fuel cells as well.

Development of fuels that are power technology
neutral and able to use existing fuel distribution

infrastructure with minimal investment is critical

to the successful commercialization and appli

cation of fuel cells in future
vehicles,"

stated

M. Agee of Syntroleum.

"Although our fuel processor can operate on

conventional gasoline, the Syntroleum gas-to-

liquids fuel would allow Epyx to design a much

more compact fuel
processor,"

said J. Bentley of

Epyx. This program was initiated through

DOE's participation in the Partnership for a New

Generation of Vehicles (PNGV). PNGV is a

public/private collaboration with the primary goal

of developing an environmentally friendly auto

mobile that can attain up to 80 miles per gal

lon without sacrificing affordability, perform

ance or safety.
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COMMERCIALIZATION OF GTL IS

INEVITABLE, SAYS SYNTROLEUM

According to M. Agee of Syntroleum Corpora

tion, "Given the technological, strategic, envi

ronmental and economic forces at work, we be

lieve the full commercialization of Gas-To-

Liquids (GTL) technology is
inevitable."

Agee cites several factors to support his posi

tion. "In its simplest form, the argument is this:

the sulfur content of United Stated refined crude

has increased by more than 30 percent over

the past 15 years and is expected to continue to

increase. The allowed sulfur content of fuels,

however, is going down and is expected to con

tinue going down, driven by increasingly stricter

state and federal regulations and a growing con

sumer preference for environment-friendly

products.

The challenge the refining industry faces is to

produce cleaner fuels from increasingly dirtier

oil at an acceptable price. As one alternative,

synthetic fuels made with GTL technology have

several advantages:

They are made from natural gas which is

abundant throughout the world.

They can use the existing infrastructure

from refinery to pump because they are

chemically the same as petroleum-based

fuels.

They can be used to power existing ve

hicles, as well as future designs using

advanced clean engine technology.

They are as clean as any fuels known to

exist today.

"But despite all these advantages, the reason

GTL will be commercialized is because the cost

of bringing existing refineries into compliance

with new regulations is increasing while the eco

nomics of GTL have improved to the point that

today we believe we can produce synthetic fuels

for less than the current price of
oil,"

states

Agee.

SYNERGY AND STONE CANYON

RESOURCES GET CANADIAN DOLLARS

FOR GTL PROCESS

In July Synergy Technologies Corporation and

Stone Canyon Resources Ltd. announced that

Stone Canyon has received from the Canadian

Government a C$700,000 award to be used to

ward the funding of a Gas-To-Liquids (GTL)
demonstration plant due to be constructed this

year in Alberta, Canada.

The 4-barrel per day plant, which will be built

with the assistance of Renaissance Energy Ltd.,

a major Canadian oil and gas company, utilizes

Synergy's energy-efficient, reduced-cost proc

ess for producing high-value liquid fuels from

natural gas. Related testing, completed in May
at Synergy's test facility in Orleans, France, in

dicates that the process successfully produced a

predominately diesel synfuel directly from syn

thesis gas without producing wax. This accom

plishment could reduce the capital and operat

ing costs of producing liquid fuels as well as re

duce the complexity of the overall plant as

compared to other competing GTL processes.

Completion of the 4-barrel per day plant is

scheduled for the first quarter of next year.

The C$700,000 award came from Natural Re

sources Canada's CANMET Energy Technology

Centre, the Canadian Government's premier

organization devoted to the development of

clean, energy-saving technologies. The award,

which comprises 25 percent of allowable costs

of the demonstration plant, shall be repayable

by Stone Canyon upon commercialization of the

GTL process.
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DRESSER ENGINEERING AND RENTECH

SIGN GTL AGREEMENT

In August Dresser Engineering Company and

Rentech Inc. announced an agreement whereby
Dresser Engineering will have the exclusive

right to provide process engineering, detail en

gineering and design of the Rentech Synthesis

Reactor Module for its integration into natural

Gas-To-Liquids (GTL) plants utilizing Rentech's

GTL technology. As part of the agreement

Dresser Engineering's parent company, Dresser

Engineers and Contractors Inc. (DECI), and

Rentech will exchange minority stock ownership
in a tax-free exchange of shares. The agree

ment calls for DECI to own 7.5 percent of the

common stock of Rentech and Rentech to own

5.0 percent of the common stock of privately
held DECI.

The firms are also negotiating for the issuance

to Dresser Engineering of a nonexclusive,

worldwide Master License Agreement for Ren

tech's GTL technology when 100 percent natural

gas is the syngas feed. Specific licenses to use

the Rentech GTL technology will be issued to

Dresser Engineering on a site-specific basis in

cluding one for an unidentified client of Dresser

Engineering.

The companies will take advantage of each

other's strengths to further develop and jointly
market Rentech's GTL technology on a world

wide basis. The companies intend to pursue

small- to medium-sized projects 500 to

20,000 barrels per day of GTL products.

RENTECH PETITIONS FOR ALTERNATIVE

FUEL DESIGNATION AND STUDIES

METHANOL PLANT CONVERSION

In July Rentech Inc. filed a formal petition with

the United States Department of Energy (DOE)
to designate Rentech Inc.'s clean-buming diesel

fuel produced from natural gas as an

"alternative
fuel"

under the Energy Policy Act

of 1992 (EPACT). The purpose of this petition

is to request the Secretary of Energy to initiate a

rulemaking determining that the Fischer-

Tropsch (F-T) clean diesel fuel produced by
Rentech Inc's proprietary and patented F-T

process meets the criteria set forth in Sec

tion 301(2) of EPACT and is therefore found to

be an "alternative
fuel"

under the law and im

plementing regulations. This petition contains,

in part, the following:

"....EPACT was legislated for the purpose of

reducing our country's dependence on foreign

oil. Its passage affected virtually every sector of

the energy industry. Among its many provisions

are mechanisms to promote vehicles that run on

non-petroleum-based fuels. EPACT listed sev

eral fuels that qualify as an alternative fuel and

made provisions for the Secretary to determine,

by rule, other fuels that meet certain criteria to

also be classified as an '....alternative
fuel.'

Specifically, the criteria are that the fuel is

'....substantially not petroleum and would yield

substantial energy security benefits and sub

stantial environmental benefits...'.

"Because the Rentech process uses natural gas

or coal as its primary feedstocks to produce its

clean diesel fuel, it is, by definition, not petro

leum-based. The feedstocks can be obtained

from many under-utilized sources and will add

to domestic production capacities and reduce

our country's need for imported oil. Use of the

fuel offers significant environmental benefits

because the fuel can utilize waste materials as

feedstock, is environmentally benign in its

manufacture, and is clean burning in existing
diesel engines. The sulfur-free fuel will also be

useful in the new generation of fuel cell tech
nologies."

Rentech is the first F-T technology provider to

petition the DOE for alternative fuels designa

tion.

Also in July Rentech and the owners of a do

mestic methanol production facility initiated an

evaluation of the economic feasibility of con

verting an existing methanol facility to produce

F-T liquid hydrocarbon products. The compa

nies will proceed immediately with the evalua

tion. After conversion, the plant will use Ren-
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tech's Gas-To-Liquids (GTL) technology. Suc

cessful retrofitting of the facility could provide in

excess of 2,000 barrels per day of high-quality
GTL products. The mix would include clean-

buming, sulfur- and aromatic-free diesel fuel,
naphtha and other high-value premium prod

ucts. The identity of the methanol plant owner

will only be disclosed after a decision to proceed

has been reached.

The first step in making methanol or F-T prod

ucts requires the production of synthesis gas.

The front-end synthesis gas process represents

60 percent of the cost of building a GTL facility.

Already having the syngas plant in place may

allow for the implementation of a GTL system at

a substantial savings of cost and time. The cost

savings of retrofitting a methanol plant with GTL

technology could be 30 to 70 percent less than

the expense of developing and building a full-

scale GTL facility, depending on the products

produced.

D. Yakobson of Rentech stated, "Rentech rec

ognized that the downturn in methanol prices

and the banning in California and other states of

MTBE, the oxygenated gasoline fuel additive,

created a business opportunity, and began ag

gressively pursuing this promising niche for GTL

technology. It holds the greatest potential to

bring cleaner fuels and products to market while

providing the conduit for delivering the first

commercial-scale GTL plants to the United

States 3 to 5 years before other GTL providers

are able to do so. This application of GTL tech

nology could also provide the licensee with

worthwhile economic returns, the necessary

factor to drive the commercialization of any
technology."

if ii ti
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TECHNOLOGY

THERMAL CONVERSION CORP AND

RENTECH TO DEMONSTRATE PLASMA

REFORMING

In July Rentech Inc. and Thermal Conversion

Corporation (TCC) of Kent, Washington, an

nounced that they have received a

$175,000 grant from the United States Depart

ment of Energy (DOE) as part of a cost-sharing
contract to demonstrate the TCC plasma re

forming process. The $175,000 DOE contribu

tion will provide for the testing of TCC's plasma

technology. Testing will include the introduction

of steam to the feedstock base as well as vari

ous natural gas compositions.

The original two-phase, joint demonstration

project was established in September 1 998, to

evaluate the use of the TCC plasma technology
which uses a proprietary high-power, Induction-

Coupled Plasma (ICP) torch and high-

temperature reactors to convert natural gas into

a tailored synthesis gas, suitable for use by
Rentech's gas-to-liquids process.

In August synthesis gas with hydrogen/carbon

monoxide ratios ranging from 0.5:1 to 1.5:1 was

produced in test runs by TCC using the com

pany's ICP reforming process. The tests were

conducted at flowrates up to 3,000 cubic meters

per day.

The ICP system produces syngas with conver

sion efficiencies of more than 95 percent. Un

like steam methane reforming and partial oxida

tion, it uses no air or oxygen, so the gas has no

unwanted nitrogen or C02. This makes the gas

a good match for Rentech's Fischer-Tropsch

process and promises to increase liquid fuel

yields by up to 50 percent.
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ICP differs from conventional arc plasma sys

tems in that there are no consumable elec

trodes. The plasma gas (C02 in the tests) is

ionized by passing it through an induction coil

that operates at an adjustable frequency of 350

to 450 kiloHertz, heating the gas to more than

4,000C in less than 0.1 second. The plasma jet

is directed into the reaction chamber, while

methane is usually introduced peripherally
around the plasma. The H2:CO ratio is adjusted

by adding steam or C02.

INTERNATIONAL

SASOL SYNFUELS INTERNATIONAL

WORKING ON GTL PROJECTS AROUND

THE WORLD

Sasol's Annual Report-1998 reviews the com

pany's international Gas-To-Liquids (GTL) ac

tivities. Based at Johannesburg, South Africa,
and formed during the 1998 financial year, Sa

sol Synfuels International (Pty) Ltd. is responsi

ble for developing and implementing interna

tional business ventures based on the applica

tion of Sasol's Fischer-Tropsch (F-T) synthesis

technology.

Sasol Synfuels International continued to focus

on further developing of its GTL ventures in

Qatar, Nigeria and elsewhere, as well as on

structuring a global alliance with Chevron of the

United States for the prospective development

of new commercial GTL ventures. Additional

ventures in other locations, among them West

Africa, Alaska, South America and the Com

monwealth of Independent States, were identi

fied and these opportunities further developed.

Qatar

The Qatari venture is being undertaken jointly
with the national oil company of Qatar, Qatar

General Petroleum Corporation, and Phillips

Petroleum Company of the United States. The

current agreements between the three venture

partners are based on a plant with a daily pro

duction capacity of 20,000 barrels to be sited at

Ras Laffan in Northeast Qatar. Extensive value

engineering studies have been conducted in

order to improve the overall venture economics,

particularly at the low oil prices experienced in

the latter half of 1998. The partners are con

tinuing their discussions on the potential options

for proceeding with this venture.

Nigeria

Sasol Synfuels International and Chevron Nige

ria Ltd. have completed the feasibility study for

the Escravos GTL venture. The daily produc

tion capacity for this planned venture has been

increased from 20,000 barrels to 30,000 barrels

of sulfur-free diesel and naphtha. The study

indicates that attractive economic returns are

possible. Preparatory activities are in progress

to allow commencement of the front-end engi

neering design later in 1999. The plant is ex

pected to come on line during 2003.

Alliance with Chevron

Sasol and Chevron signed a Memorandum of

Understanding, effective from June 1, 1999, to

create a new global joint-venture founded on

Sasol's GTL process. The global joint-venture

will utilize Chevron's proprietary Isocracking

technology and Sasol's Slurry Phase Distillate

process. It will market this process for GTL ap

plications. The global joint-venture will also de

velop, implement and operate ventures based

on this process, as well as market the resulting

products.

The global joint-venture will not only focus on

developing Sasol and Chevron's gas resources,

but will also offer this innovative GTL solution

for commercializing gas resources with other

partners worldwide. Sasol's existing

GTL-related agreements will continue inde

pendently of the global joint-venture.

Future

In the 2000 financial year, Sasol Synfuels Inter

national will concentrate on further developing
the global joint-venture with Chevron, and on
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developing and implementing operating and

marketing ventures that will form part of this

promising global joint-venture.

RESOURCE

GAS HYDRATES DRAWING INCREASING

INTEREST

Gas hydrates are drawing increasing interest as

a potential new energy resource. The ice-like

crystallized solids are formed from a mixture of

water and natural gas, and typically formed in

suboceanic sediment and permafrost. The

United States Geological Survey (USGS) esti
mates the total United States gas hydrate re

source at approximately 200,000 trillion cubic

feet (tcf), compared to the 1 ,400 tcf of conven

tional gas reserves in the United States.

Worldwide natural gas resources from methane

hydrates are as much as 270 billion tcf, twice

the amount of carbon contained in all other coal,

oil and conventional gas reserves combined.

Not surprisingly, the race is on to analyze and

retrieve these frozen resources. The Japanese

Government initiated a program of hydrate re

search in 1995 to recover methane from nearby

oceanic hydrates. As part of the Japanese hy
drate research program, a drill-test of the hy
drate-permafrost zone in Canada's Mackenzie

Delta, in February 1998, involved extensive

geological, geochemical and geophysical sur

veying, including vertical seismic profiling and

cross-well tomography. Participants in this pro

gram, headed by Japan Petroleum Exploration

Company Ltd., include Japanese industrial

companies, USGS, Geological Survey of Can

ada, United States Department of Energy (DOE)
and various universities. The Indian Govern

ment, acting through the Gas Authority of India

Ltd., began a parallel program of resource

evaluation in 1996. In addition, the European

Union and other countries have now begun to

allocate hydrate research funding.

In the United States, the President's Committee

of Advisors from Science and Technology rec

ommended, and Congress has legislate, Sen

ate Bill 330, the Methane Hydrate Research and

Development Act of 1999. Introduced in the

Senate January 28, 1 999, it establishes a gas-

hydrate research and development program. In

1997 the DOE reactivated its pilot gas-hydrate

research program at its Federal Energy Tech

nology Center in Morgantown, West Virginia.

The present program involves the USGS and

the United States Navy.

Methane Hydrate

Hydrates are thermodynamically stable, both at

low temperatures in permafrost regions and low-

temperature/high-pressure regimes present in

deep oceans. The temperature/pressure regime

controlling the position of the gas-hydrate phase

can change, causing hydrate disassociation.

When such disassociation occurs, an endother-

mic reaction consumes heat locally, and will

retard the rate, yet not the amount of hydrate

that disassociates.

In appearance, hydrates are inter-grown, trans

parent to translucent, white to gray and yellow

crystals, with poorly defined crystal form; yet,
little is known about their natural habit. Hydrate

formation forces methane molecules into closely

packed, guest-lattice sites in hydrate crystals.

This condensing has the effect of concentrating

methane. One cubic meter of natural methane

hydrate (90 percent of guest sites normally oc

cupied) contains about 164 cubic meters of

methane gas (at sea level) and about 0.87 cubic

meters ofwater.

Methane hydrate exists where conditions are

appropriate and when both sufficient gas and

water are available to form hydrates in pore

spaces. Methane in hydrates may be derived

both from within the Hydrate Stability Zone

(HSZ) and from sediments below. Both shallow,

biogenic gas derived from bacteriological de

composition of organic matter, and deeper-

sourced gas, produced by thermal
"cracking"

of

hydrocarbons, have been found within hydrate

deposits.
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Methane occurs both in solid hydrate and as

free gas trapped beneath the HSZ. Methane

hydrate has a high energy density 84,000 BTU

per cubic foot
,
compared with 1 ,1 50 BTU per

cubic foot for methane gas but below liquefied

natural gas, at 470,000 BTU per cubic foot, and

below standard fuel oil, at over 900,000 BTU

per cubic foot. Hydrate occupies significant

percentages of pore space in high-porosity
sediments; and because it occurs in large, con

tiguous deposits, it constitutes a potential eco

nomic resource.

Methane Hydrate Recovery

In order to be recovered, the methane in hy
drates must be released from its frozen state

and transported to market. Devising a recovery
system that does so in an economical fashion

has been one of the more significant obstacles

to commercializing this resource. In addition,

the methane occurs in a solid form that is widely

dispersed. Thus, for now, only the most con

centrated deposits in the most permeable sedi

ments can be mined economically.

There are two approaches to tapping gas hy
drates. The simplest and cheapest is to attack

hydrate pools that cap natural gas reservoirs.

As the natural gas below the ice layer is si

phoned off the pressure on the hydrate is re

duced and methane is released from its cage of

ice. The gas changes to liquid and can be

sucked up through the pipe. The problem is that

hydrates also have a tendency to revert to

crystalline form, which stalls the retrieval effort.

To get around this, engineers are looking for an

inexpensive way to pump hot water or anti

freeze-like chemicals directly into the hydrate

layer to liquefy it.

Syntroleum Wins United States Patent for

Methane Hydrate Recovery

Syntroleum Corporation has been granted

United States Patent Number 5,950,732 for the

invention of a comprehensive system and

method for hydrate recovery. This patent cov

ers a unique system for recovering natural gas

from hydrates on the ocean floor, a system

which substantially eliminates or reduces many

disadvantages and problems associated with

other proposed methods for hydrate recovery,

according to Syntroleum.

Syntroleum's new method introduces an effi

cient and inexpensive method of hydrate recov

ery. The technical advantage of the system is

that the Syntroleum process for converting natu

ral gas into synthetic liquid hydrocarbons could

generate enough excess heat to promote the

release of the frozen hydrates that would then

be converted into liquids. It is also small

enough to be barge- or ship-mounted.
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