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PROJECT ACTIVITIES

THERMOCHEM MAKES PROGRESS WITH

PULSE COMBUSTOR PROJECT

ThermoChem Inc. is preparing for its Pulse

Combustor Design Qualification Test. The Test

Plan and Environmental Monitoring Plan were

reviewed and accepted by the United States

Department of Energy.

Construction of the 253-tube heater bundle is

complete. Shakedown of the bundle is also

complete and the results were satisfactory. The

measured temperature profiles were in general

agreement with model/code projections, and as

a result, some modifications were made to im

prove the performance. Testing was scheduled

for completion in March.

ThermoChem is planning to establish design

parameters of the scaled-up heater to meet the

requirements of the overall system performance

for a commercial-scale steam reformer system

for coal gasification and other significant com

mercial applications.

GOVERNMENT

PROJECTS WILL ADVANCE DEVELOPMENT

OF ULTRA-CLEAN TRANSPORTATION

FUELS

Responding to the instability of fuel markets and

increasingly stringent new vehicle emissions

standards, the United States Department of En

ergy (DOE) initiated a research effort last year

to develop improved, more economical ways to

produce ultra-clean, low-sulfur fuels and better

pollution control devices for cars and trucks.

This Ultra-Clean Transportation Fuels (UCTF)
Initiative is a combined effort of two DOE or

ganizationsthe Office of Fossil Energy (which

focuses on fuel technologies) and the Office of

Eneigy Efficiency and Renewable Energy

(which is responsible for advanced engine de

velopment and vehicular emissions controls).

The goal of the Initiative is to develop and de

ploy technologies that will produce
ultra-clean-

buming transportation fuels from both petroleum

and non-petroleum resources. These fuels will

be processed alone or in combination with other

hydrocarbon materials such as refinery wastes,

municipal wastes and biomass. They will en

able vehicles to comply with future emissions

requirements, to be compatible with the existing

liquid fuels infrastructure, and to be cost-

competitive with current fuels.

In December 2000 the United States Environ

mental Protection Agency (EPA) announced

stringent new standards for sulfur levels in

gasoline, proposing that the average sulfur

content be reduced to 30 parts per million

(ppm), down from an average of nearly

300 ppm. Sulfur in gasoline degrades the ef

fectiveness of catalytic converters which control

tailpipe emissions. Most refiners will have until

2006 to meet the new sulfur standard, although

smaller refiners will have an extra 2 years. En

gine manufacturers and refiners also have been

challenged with meeting a new set of stringent

emission standards for diesel fuels. The EPA

published new highway diesel rules in the Fed

eral Register on January 18, 2001, which in

clude a requirement to reduce the maximum

sulfur in diesel fuel by 97 percent, from 500 ppm

to 15 ppm, by mid-2006.

DOE issued the first solicitation of the UCTF

program on February 4, 2000, asking for pro

posals to develop advanced refining and fuel

processing technologies that could help meet or

exceed new emissions standards that would cut

sulfur levels in transportation fuels by
90 percent. Also included in the solicitation was

a request for proposals to design and test new

types of pollution control devices for automo

biles and trucks. The selection of eight project

teams was announced on September 21
, 2000.

The selected projects have a total value of more

than $176 million, with the industrial sponsors

proposing that the federal government provide

$74 million of the costs.
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One team, headed by EnviRes LLC, will study
an innovative concept to convert coal and pe

troleum coke into clean fuels. Negotiations are

in progress between EnviRes LLC and DOE on

development of the HyMelt Process, a patented

technology invented by Marathon Ashland Pe

troleum LLC and licensed to EnviRes. This

project will investigate the development of Hy
Melt to produce large volumes of high-pressure,

high-purity hydrogen from fossil fuels, such as

petroleum coke, pitch, and coal, at a cost much

lower than conventional production methods

used in today's oil refinery industry. HyMelt also

produces a carbon monoxide-rich stream that

may be used as a clean fuel substitute for natu

ral gas in the production of electricity via an in

tegrated gasification combined-cycle mode of

operation.

Three other teams headed by Praxair,

Conoco, Integrated Concepts and Research

Corporation, and Syntroleum will pursue a

natural gas-to-liquids approach. In recent con

tract negotiations, Conoco outlined how to de

velop and commercialize innovative solutions

for United States and global stranded natural

gas reserves. Under the partnership with DOE,
Conoco plans to rapidly build on the Fischer-

Tropsch liquids, methanol and dimethyl ether

databases to integrate liquid phase methanol

with its CoPox process.

Another three teams Phillips Petroleum Com

pany, Petro Star Inc., and Research Triangle

Institute will lead development efforts on new

refining processes that femove sulfur pollutants

from crude oil. The eighth winning project, pro

posed by Ford Motor Company, will focus on a

new type of emission control system for future

automobiles and trucks. The system will em

ploy a chemical process that captures smog-

forming nitrogen oxides from the exhausts of

internal combustion engines. On Janu

ary 4, 2001 ,
DOE received additional industry

proposals under a second round of the solicita

tion.

DOE also selected eight new projects from the

National Laboratory Partnership, an affiliation of

DOE National Laboratories that promotes tech

nical collaborations with industry and academia.

Proposals were selected from Sandia, Oak

Ridge, Idaho and Argonne National Laboratories

for 3-year research efforts to develop a range of

new ultra-clean fuels. One Sandia project will

develop improved hydroprocessing catalysts for

producing ultra-clean transportation fuels. The

catalysts will be tested using actual refinery

feedstocks. Sandia also will develop and

evaluate a new class of hybrid organic-inorganic

membranes designed to remove carbon dioxide

and other impurities from syngas before it is

used in the preparation of low-sulfur fuels. A

third Sandia project will develop an on-line

monitor that can provide real time information

on the concentrations of key sulfur species in

fuels. Oak Ridge will determine the effective

ness of inorganic membranes applied to petro

leum refinery catalytic cracker recycle gas in the

production of hydrogen, and will develop ionic

liquids to remove contaminants from natural

gas, gasoline and diesel fuels. Removal of

sulfur from gasoline and diesel fuel, and sepa

ration of CO2 from natural gas will be primary

targets of this project. Idaho will conduct an

other project to develop an economical solid

acid alkylation petroleum refinery process using

supercritical fluid regeneration. It also will

evaluate ion conducting ceramic membrane

reactors for syngas production. Argonne will

study how blended-diesel fuels (such as diesel

with ethanol) compare with petroleum-based

diesel fuels in spray combustion characteristics

and in pollutant formation.

HONEYWELL HYBRID FUEL CELL TO BE

ADDED TO DOE PROGRAM

Generating power close to the consumer is

called distributed generation. Two of the best

technologies for distributed generation are the

fuel cell and the micro-turbine but an even

better approach may be a
"hybrid"

of both tech

nologies.

The United States Department of Energy's

(DOE) Office of Fossil Energy is already testing
two types of fuel cell-turbine hybrids. Now,
DOE, through its National Energy Technology
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Laboratory (NETL), plans to add a third hybrid

system to its research program.

The NETL has selected Honeywell International

to begin the first stages of development for a

new type of "planar solid oxide fuel
cell"

hybrid

system. The development effort is planned as a

3.5-year effort valued at approximately
$5 million.

formance goals to make bioenergy competitive

globally; provide strategic guidance, direction

and coordination to assure the best use of na

tional laboratory and university research capa

bilities; facilitate strategic partnerships to over

come market and institutional barriers; perform

woridclass research; and be the focal point of

bioenergy analysis information, education, and

outreach.

Honeywell's planar solid oxide fuel cell will be

made up of stacked sheets of flat ceramic mate

rial anodes, electrolytes and cathodes sealed

at both ends. Natural gas and air will be fed into

the fuel cell, and an electrochemical process will

produce electricity.

For the initial development effort, Honeywell will

test three 5-kilowatt planar fuel cells connected

to a turbocharger. The turbocharger is also

used as a compressor to boost the operating

pressure of the fuel cell.

Linking the fuel cell with a microturbine will pro

vide a way to tap the significant energy remain

ing in the high-temperature exhaust gases exit

ing the fuel cell. The gases can spin the blades

of the microturbine to produce a second source

of electricity.

This dual source of power generation boosts

efficiency (the amount of electricity generated

from a given amount of fuel). Fuel cell-turbine

hybrids may be able to extract from 65 to

80 percent of the energy value from a fuel and

convert it to useful electricity.

DOE'S NATIONAL BIOENERGY CENTER

INCLUDES FEEDSTOCK RESEARCH AND

ANALYSIS

In October 2000 the United States Department

of Energy (DOE) established a National Bio

energy Center to create new economic opportu

nities for farmers, enhance United States En

ergy Security and help manage the impact of

energy on the environment. The Center will

partner with industry to achieve cost and per-

The National Renewable Energy Laboratory in

Golden, Colorado, and the Oak Ridge National

Laboratory (ORNL) in Oak Ridge, Tennessee,

will form the core of this "virtual
center."

The

efforts of the Center will support the multi-

agency Bioenergy Initiative as well as core pro

grams in biomass power and biofuels produc

tion.

A major goal will be to form strategic partner

ships with other federal laboratories and univer

sities to expand the amount and quality of ex

pertise available to industry for helping to make

bioenergy globally competitive. The first of

several partnership meetings was held

April 11-12, 2001, in Golden, Colorado. The

report of this meeting will be published

on Bioenergy Initiative's website

(http://www.bioproducts_bioenergy.gov/).

ORNL's primary contribution to the Center is to

supply expertise on biomass feedstock re

search, analysis and engineering systems. This

expertise will be drawn both from ORNL staff

and the many collaborators of the Bioenergy
Feedstock Development Programs (BFDP).

Bioenergy Feedstock Development

Programs at ORNL

ORNL provides technical leadership in feed

stock research through two integrated programs:

Biopower Feedstock Development Program and

Biofuels Feedstock Development Program.

These programs perform research, develop
ment, and analysis to establish that biomass

supply systems can be environmentally benefi

cial and commercially viable. They emphasize

developing new, sustainable energy resources

based on solar energy captured by living plants.
The research, which is supported by funds from
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the DOE's Office of Transportation Technolo
gies and Office of Power Technologies, is car
ried out in partnership with universities, other

government agencies and the private sector.

The successful development of new supplies of

biomass for bioenergy requires a unique level of
cooperation among researchers and institutions

in the energy, agricultural, forestry and envi

ronmental sectors. The BFDP provide a

mechanism for focusing and integrating the ef

forts of this diverse group of stakeholders.

Recognizing that each has different goals, the

feedstock development programs conduct op
erations in a way that integrates and advances

objectives for energy, agriculture, forestry and

the environment. ORNL places a strong em

phasis on ensuring that information from its re

search and analysis is available to these stake

holders and that the information is current, ac

curate and understandable.

ENERGY POLICY AND FORECASTS

BIG INCREASE SEEN IN U.S. DEMAND FOR

BIOMASS ENERGY AND RAW MATERIALS

Demand for biomass energy and raw materi

als excluding biomass used for captive indus

trial applications such as process heat is ex

pected to reach $2.8 billion in 2005, an annual

gain of 8.5 percent. The fastest growth by far

will occur in the market for biomass transporta

tion fuels, which will be spurred by cellulosic

ethanol capacity coming online, production cost

reductions and legislative incentives for biodie-

sel consumption (see Table 1). Despite aggre

gate price increases due to the introduction of

dedicated crops, raw material demand will also

experience rapid growth as energy companies

seek to build a reliable feedstock supply from a

small base. These and other trends are pre

sented in Biomass Energy, a new study from

The Freedonia Group Inc.

TABLE 1

BIOMASS ENERGY DEMAND

(Million Dollars)

Item

Biomass Energy Demand

Grid-Connected Electric Power

Transportation Fuel

Raw Materials

Biomass Power Demand (bil kWh)

2000 2005 2010

% Annual Growth

05-00 10-05

1.878 2.830 5.025 8.5 12.2

1,668 2,095 2,900 4.7 6.7

61 470 1,580 50.4 27.4

149 265 545 12.2 15.5

24.4 30.3 40.4 4.4 5.9
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Electric power generation will remain the domi

nant end-use for biomass, with respectable

growth anticipated in light of uncertain oil mar

kets and more efficient feedstock collection and

incineration; this trend is in contrast with the

decline in biomass power during the 1990s that

occurred as a result of the nearly continuous

availability of inexpensive oil and gas. State-

level emission control legislation will continue to

spur powerplants to increase biomass capacity.

The private nonutility sector will be especially
active in continuing to take preemptive steps to

bring additional biomass-based wattage online.

Biomass-based fuels will experience stellar

growth in the coming years, with volume growth

anticipated to exceed 50 percent per annum

through 2005. Biomass ethanol will be the lead

product, as federal grants to reduce production

costs bear fruit and volatile United States com

prices make non-com feedstocks economically
viable. Biomass ethanol will also benefit from

factors affecting the larger ethanol market: fed

eral and state tax subsidies, MTBE phase-outs

and further development of refueling station

infrastructure. Biodiesel is also expected to post

extraordinary gains from a small base, largely
as a function of legislative initiatives designed to

promote manufacture and consumption as well

as an ongoing glut in world soybean oil markets.

The Northwestern, Western and Southeastern

United States will see the strongest gains in

biomass energy demand. Growth in these areas

will be attributable to a combination of new and

existing biomass power capacity as well as

ready access to biomass feedstocks that will

make fuel and power production more logisti-

cally feasible. Moderating near-term demand in

California and the Northwest will be ongoing
turbulence in the electric power sector, which

will continue to make consideration of price the

dominant factor in electricity production.

ECONOMICS

POTATO AND WOOD WASTES COULD

FEED AN ETHANOL PLANT

An ethanol plant located in the area around

Grand Forks, North Dakota, could find an ample

supply of inexpensive feedstocks according to a

recent study.

Enough potato and grain-mill waste comes from

three plants around Grand Forks to produce an

estimated 12.5 million gallons of ethanol per

year. The largest volume of wastes in the re

gion comes from sugar beet pulp and molasses,

but these are currently sold as animal feed and

command significantly higher prices than would

be economical for conversion to ethanol. There

is also a sufficient amount of wheat and com

grown in the region that would be available to

augment the lower value and more seasonal

waste feedstocks.

The study recommended a hypothetical mixture

of feedstocks necessary to supply a 15-million

gallon per year plant. As conceived, about

340,000 tons of potato wastes at no-cost could

be combined with 120,000 tons of grain-mill

waste at $50 per ton from the North Dakota

State mill and augmented with 28,000 tons of

com valued at $71 .40 per tonthe equivalent of

$2 per bushelto produce 15 million gallons of

ethanol per year.

By locating the plant near the Simplot potato

facility, waste transportation costs could be

minimized. The area around the potato proc

essing facility is a developed industrial area with

sufficient utility and transportation infrastructure

necessary for an ethanol plant. An ethanol plant

would require about 5 acres of land. The study
suggested that additional infrastructure im

provements would not be needed to support the

ethanol plant.
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A 15-million gallon plant is estimated to cost

$27 million and would generate an estimated

$1 5 million in gross revenue per year and em

ploy 20 people. Markets for the ethanol pro

duced in the plant are generally in nearby re

gions, especially Minnesota to the East and

Montana and Wyoming to the West, which are

net ethanol importers. Rail access is readily

available to ship ethanol to markets in the

Northwest.

A second corollary study of a larger area sur

rounding Grand Forks examined feedstock op

tions and technological, economic, environ

mental and infrastructure considerations related

to the feasibility of a cellulose-based biomass-

to-ethanol plant in the region.

Reliance on biomass resources within the region

can be a considerable constraint on the feed

stock requirements of a 20-million gallon per

year regional ethanol plant. The study esti

mated that feedstock requirements could range

from 182,000 to 459,000 bone dry tons.

Agricultural Resourcescrop straw, corn sto

ver, and potato and sugar beet waste in the

region are substantial, but are either already

committed for higher value purposes or may

have collection, transportation and handling
concerns. The use of straw would require con

siderable storage to meet the year-round needs

of an ethanol plant. The cost of straw may be

determined by other regional uses, especially

strawboard plants capable of paying $30 to

$35 per ton for baled straw. A variety of waste

products from agriculture processing plants may

hold the best promise for use in ethanol plants.

Forest Resources within the region are vari

able and may not be available because of

transportation costs and access. Aspen re

sources in Northwestern North Dakota would

only supply enough material for a 5-million gal

lon per year plant, not one 3 to 4 times that size.

And this resource may be too costly estimates

are that the trees would cost between $45 to

$60 per bone dry ton. The only areas with suffi

cient forest resources to meet the needs of a

large ethanol plant are in North Central and

Northeast Minnesota. It is estimated that a

20-million gallon plant would require 234,000

tons ofwood per year.

Waste Wood Resources in the region may be

inexpensive or free, excluding transportation

costs which could be considerable. While Min

neapolis/St. Paul generates sufficient wood

waste for a 20-million gallon plant, a plant in

Cass Lake, Minnesota, would need to collect

wood waste from a radius of 100 miles or more.

All the wood waste in North Dakota would be

enough for a 17.2-million gallon plant at a cen

tral location, according to the study, but no ur

ban area in the state could fulfill that need by

itself.

Energy Crop Resources are ideal for
biomass-

to-ethanol conversion but can be more costly to

produce than other resources. While hybrid

poplar trees have been promoted as an ideal

feedstock, the clay soils in the Red River Valley
are unsuitable for growth and rainfall is insuffi

cient in Western regions in the study area. Only
areas in Minnesota would be ideal for growing

hybrid poplars for use as an ethanol feedstock.

Estimated cost and harvest potential of poplar

production are 3 tons per acre for 12 years at

$82 to $85 per dry ton. Poplar startup costs are

estimated at $285 to $338 per acre. Switch-

grass has been promoted as a potential energy

crop as well. Oak Ridge National Laboratory
estimated switchgrass grown in the study area

would yield about 4.4 tons per acre per year in

North Dakota and 5.4 tons per acre per year in

Minnesota. Production costs were estimated at

$27.36 to $49.27 per ton. Use of grasses for

ethanol production is hampered by uncertainty

of enough feedstock within close proximity of

the plant to meet production needs.

Technological issues considered in the study
examined the variety of biomass-to-ethanol

plants being developed including those using

sugar cane waste, wood waste, rice straw and

municipal solid waste.

A state-of-the-art biomass-to-ethanol plant is

estimated to cost $5 per gallon of capacity, or

$100 million for a 20-million gallon per year

plant. The cost to produce ethanol at the plant

is estimated to range from $1 .30 to $1 .50 per
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gallon. In the near term, the National Renew

able Energy Laboratory expects biomass-to-

ethanol plants using free or inexpensive feed

stocks such as forest and wood waste to be cost

competitive with grain-based feedstock plants.

Utilization of more expensive feedstocks, how

ever, will not likely be cost competitive for some
time.

Environmental issues examined in the study
included the need for air emissions permits for

minor amounts of vapors, particulates and solid

products. Avoidance of flood plains and envi

ronmentally sensitive areas is desirable.

The examination of infrastructure issues associ

ated with a plant concluded that water and

power needs are essential. A 20-million gallon

per year plant is estimated to need 500 million

gallons of water per year. Access to a waste

water treatment plant is essential. Increasingly,
a number of ethanol projects are being paired

with powerplants or other types of facilities to

maximize related coproducts such as electricity,

steam or feed grain byproducts.

TECHNOLOGY

MIT RESEARCH DEMONSTRATES

HYDROGEN MANUFACTURE WITH

NON-THERMAL PLASMA

A paper by L. Bromberg et al., presented at the

American Chemical Society National Meeting in

San Diego, California, in March, describes re

search carried out in the Plasma Science and

Fusion Center of the Massachusetts Institute of

Technology (MIT). They have found that hydro

gen-rich gas can be efficiently produced in

compact plasma boosted reformers by conver

sion of a variety of hydrocarbon fuels including
natural gas and diesel. A novel type of plasma

reformer, using a low-current, high voltage non

thermal plasmatron has been investigated. Use

of a low-current non-thermal plasmatron greatly

reduces the specific electrical energy consump

tion and the electrode wear relative to thermal

arc plasma reformers.

According to the authors, plasma technology

has potential advantages over conventional

means of manufacturing hydrogen. The short

comings of conventional reformers include the

need for large-scale plants, cost and deteriora

tion of catalysts; size and weight requirements;

limitations on rapid response; and limitations on

reformation of heavy hydrocarbons.

The main disadvantage of plasma reforming is

the dependence on electrical energy. The new

low-current plasmatron developed at MIT makes

it possible to overcome this problem and drasti

cally decrease energy consumption.

The combination of new low-current plasma

boosted reformers with rapid start-up metallic

catalyst and a simple counterflow heat ex

changer make it possible to develop a concep

tual design for a compact highly efficient multi-

fuel plasma processor for fuel-cell power gen

eration and other applications.

Plasma boosted reforming may allow economi

cally attractive operation at small hydrogen pro

duction levels. The plasmatron fuel converter

technology is being developed for hydrogen

manufacturing for a variety of stationary appli

cations including distributed, low pollution elec

tricity generation from fuel cells;
hydrogen-

refueling gas stations for fuel cell-powered cars;

and decentralized hydrogen generation for in

dustrial processes. It is also being developed

for potential use with internal combustion engine

vehicles.

Plasmatron Fuel Converter

Plasmatrons are electrical devices that take ad

vantage of the finite conductivity of gases at

elevated temperatures. At these temperatures,
the gas is partially ionized and electrically con

ducting. Plasmatron fuel converters provide

electrical discharges in flowing gases of hydro
carbon fuels and air (and/or other oxidants).

The resulting generation of reactive species in

the flowing gases along with increased mixing
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accelerates reformation of hydrocarbon fuels

into hydrogen-rich gas.

Plasmatron fuel converters may also be utilized

for increasing the gas stream enthalpy, further

accelerating the reaction rates. The high tem

peratures can be used for reforming a wide

range of hydrocarbon fuels into hydrogen-rich

gas without the use of a catalyst. With the use

of a catalyst, the plasma is an excellent fuel

preprocessor, because it can vaporize even

heavy hydrocarbons and thus could provide a

source of hydrogen that can be used with many
fuels.

The plasmatron would be used to boost the

temperature and kinetic reactions in a reformer,

resulting in hydrogen-rich gas production

throughout a wide range of operation, from par

tial oxidation to steam reforming. The boosting
of the conversion process would occur as a re

sult of the creation of a small region with high

electron temperatures (3,000 to 10,000 K)
where radicals are produced and as a result of

increasing the average temperature in an ex

tended region.

The additional heating provided by the plasma

tron would serve to ensure a sufficiently high

number of chemically reactive species, ioniza

tion states, and temperatures for the partial oxi

dation or other reforming reaction to occur with

negligible soot production and a high conversion

of hydrocarbon fuel into hydrogen-rich gas.

The boost provided by the plasma can facilitate

partial oxidation reactions with negligible soot

production and efficient conversion of hydrocar

bon fuel into hydrogen-rich gas. Plasmatron

fuel converters can alleviate problems associ

ated with catalytic reformation, such as re

sponse time limitations, sensitivity to fuel com

position, poisoning, soot formation and a narrow

operational temperature range.

The plasmatron employs a discharge mode with

non-equilibrium features allowing operation at

much reduced plasma current relative to com

pact arc plasmatron fuel reformers previously

developed at MIT. The discharge is a non

thermal plasma, with electrons at much higher

temperature than the ions and neutrals, which

are at near room temperature. This plasma

generates relatively low levels of plasma heat

ing. Air and fuel are continuously injected in a

plasma region provided by a discharge estab

lished across an electrode gap. The device op

erates at atmospheric pressure, with air as the

plasma forming gas. When operating DC, the

cathode can be a heavy-duty sparkplug. The

ground electrode of the sparkplug would have

been removed. The anode can be a steel or

copper cylinder. Neither electrode is water

cooled. A variety of electrode and injection

geometries are possible.

The electrical power loss results in a drain of 3

to 5 percent of the chemical power of the fuel in

order to produce the electricity. Most of the

heating is provided by the exothermicity of the

partial oxidation reaction. The partial oxidation

heating can be increased by operating with in

creased oxygen-to-carbon ratio. However, this

additional heating decreases the hydrogen yield.

The plasma source is followed by a reaction

extension cylinder. For tests with the addition of

water, a simple heat exchanger was added

downstream from the reaction extension cylin

der, both to cool and reformate and to produce

steam.

Test results indicate a better than 70 percent

conversion efficiency, with an electrical energy
input of less than 3 percent of the heating value

of the fuel. They also demonstrate high effi

ciency water shifting in a compact unit.

Hydrogen yields higher than 100 percent (H2 in

product gas divided by hydrogen in fuel) can be

achieved with the use of a catalyst and water

shifting. Power conversion efficiencies of close

to 90 percent have also been obtained under

certain conditions. For onboard applications, it

is difficult to provide the required water onboard

vehicles, and this issue could be a major deter

rent to the use of the water-shift reaction for on

board applications for internal combustion en

gines.

Typical second-generation low-current plasma

tron fuel converter parameters were power lev-
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els of 300 watts to 600 watts, oxygen/carbon

ratios of 1.2 to 1.5, and fuel rates of 0.3 to

0.5 grams per second (corresponding to about

10 to 20 kilowatts of fuel power).

The energy conversion efficiency, defined as

the ratio between the heating value of the re-

formate and the heating value of the initial fuel,
is on the order of 80 percent. This occurs with

out the use of heat exchangers and improved

process parameters. Further improvements in

the case of methane are expected in the near

future. It is estimated that with improved proc

ess parameters, the energy efficiency in the

case of natural gas could be as high as 90 to

95 percent.

Hydrogen Generation From Diesel

Preliminary reforming experiments with the

plasmatron fuel converter have also been car

ried out with diesel. In this case, although the

diesel conversion is high, the efficiency of the

water shifting section of the reactor is not as

efficient as in the case with methane. The CO

concentration at the output of the reformer is on

the order of 6 percent, due in part to the high

gas temperature (less low temperature water

shift). In the near future, experiments with die

sel will be carried out with better temperature

and space velocities in the water shifting reac

tor.

In summary, experimental studies of low-current

non-thermal plasmatron fuel converter operation

indicate that this approach may provide a more

compact, robust, responsive and lower cost

means of converting a variety of hydrocarbon

fuels into syngas or hydrogen.

ENVIRONMENT

NEAR-ZERO EMISSION POWERPLANTS

COULD BE FUTURE C02 CONTROL

METHOD

At the American Chemical Society's April 2001

national meeting, held in San Diego, California,

a paper by P. Mathieu of the University of Liege

(Belgium) proposed the use of CO2 as the

working fluid in a process scheme to limit CO2

emissions.

The commercially available techniques for deep

reductions in C02 emissions are:

Removal of C02 after the combustion, in

the flue gas (downstream or post-

combustion decarbonization). These

techniques are mainly based on chemi

cal absorption of C02 by solvents like

amines, on membranes, on cryogenic

distillation and on solid adsorption.

Removal of C02 before combustion,

from the fuel (upstream or precombus-

tion removal).

According to Mathieu, new concepts of

100 percent removal of the C02 generated in

the combustion process are based on the use of

oxyfuels (mixture of the fuel and pure oxygen)

with flue gas recirculation.

Mathieu presented a new concept of a nearly
zero emission power cycle using C02 as the

working fluid and 02 as the fuel oxidizerthe

so-called MATIANT cycle (stack downward). It

is basically a semiclosed C02/02 cycle, the

C02 generated in the combustion process being
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extracted from the working fluid, namely C02
itself, under liquid or supercritical state at ele

vated pressure, ready for transportation and

sequestration but without the need to use costly
and penalizing chemical scrubbers.

The performances and the amount of C02 pro

duced per kilowatt generated of this quasi-zero

emission cycle are presented in various cycle

configurations. On the one hand the C02/02
cycle can be similar to an Ericsson gas cycle

(the E-MATIANT cycle) and on the other hand a

Brayton-like C02/02 gas cycle can be part of a

combined cycle (the CC-MATIANT cycle). In

the E-MATIANT cycle there is:

A staged compressor with inter-cooling.

A staged expansion with a reheat.

An isobaric combustion at the upper cy

cle pressure in a C02 atmosphere and

with nearly pure 02 as the comburant.

An isobaric cooling of the hot exhaust

gas at atmospheric pressure and a recu

perator.

In such a gas cycle, the exhaust temperature of

the C02 expander is higher than in a typical cur

rent gas turbine operating on air. The heat at

this high temperature is used to preheat the C02

flow delivered by the compressor before it en

ters the combustion chamber. The gas tem

perature decreases down to the inlet tempera

ture of a cooler/separator in the recuperator.

The combustion water is extracted at the outlet

of this component. The excess C02, namely
the amount of C02 generated in the combustion

process, is almost totally extracted from the cy

cle at the compressor outlet.

Results show a cycle efficiency of around

47 percent, and this is close to that of an air-

based combined cycle with one optimized pres

sure level in the heat recovery steam generator.

There is a small leakage of C02 from the sys

tem through the dissolution of C02 in the ex

tracted water (typically 6 grams per kilowatt

generated). Mathieu calculates that the overall

cost of the generated electricity would be only

50 to 100 percent of the generating cost of a

state-of-the-art combined cycle (55 percent effi

ciency) without C02 capture in the flue gas. If

C02 capture is required, the combined-cycle

plant efficiency would drop by some 10 percent

when the retention rate of C02 is 90 percent and

the C02 purity is 99 percent; and the power out

put would decrease by some 20 percent. This

causes an increase in the generated electricity

cost by some 50 to 60 percent. Under these

conditions the E-MATIANT cycle is competitive

with this best available technology based on

natural gas and can be an alternative option in

the medium term.

In the CC-MATIANT combined cycle, the com

pression is adiabatic and the heat at the ex

pander exhaust is feeding a high temperature

recuperator and subsequently the heat recovery

steam generator of the combined cycle. The

performances are similar to those of the

E-MATIANT cycle; however the costs are

higher.

Mathieu notes that C02 can be captured using

available and proven technology, but the

MATIANT cycles ask for further technical devel

opments or adaptations of the existing technol

ogy like the C02 compressor and cooled ex

pander as well as heat exchangers operating on

C02 and the combustion of an oxyfuel under

pressure in a C02 atmosphere. Long-term stor

age is not a proven technology yet; but the es

timated capacity of potential sites for C02 se

questration in natural underground reservoirs, is

sufficient for many
years'

emissions.

JOINT EFFORT YIELDS NEW

WELL-TO-WHEELS EFFICIENCY ANALYSIS

A joint effort by General Motors Corporation,
BP, ExxonMobil, Shell Oil and Argonne National

Laboratory has resulted in a comprehensive

report Well-To-Wheel Energy Use and Green

house Gas Emissions ofAdvanced Fuel/Vehicle

Systems, published in April.
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The study was undertaken because there are

differing, yet strongly held views among the

various
"stakeholders"

in the advanced

fuel/propulsion system debate. In order for the

introduction of advanced technology vehicles

and their associated fuels to be successful, four

important stakeholders must view their introduc

tion as a "win":

Society

Automobile manufacturers and their key
suppliers

Fuel providers and their key suppliers

Auto and energy company customers

If all four of these stakeholders, from their own

perspectives, are not positive regarding the

need for and value of advanced fuels/vehicles,
the vehicle introductions will fail. The study is

intended to help inform public and private deci

sion makers regarding the impact of the intro

duction of such advanced fuel/propulsion sys

tem pathways from a societal point of view.

The study focuses on the United States light-

duty vehicle market in 2005 and beyond, when it

is expected that advanced fuels and propulsion

systems could begin to be incorporated in a sig

nificant percentage of new vehicles. Given the

current consumer demand for light trucks, the

benchmark vehicle considered in this study is

the Chevrolet Silverado full-size pickup.

According to the sponsors, this study differs

from prior well-to-wheel analyses in a number of

important ways including:

The study considers fuels and vehicles

that might, albeit with technology break

throughs, be commercialized in large

volumes and at reasonable prices.

The well-to-wheel analysis involved par

ticipation by the three largest privately

owned fuel providers: BP, ExxonMobil

and Shell.

The 15 vehicles considered in the study

include conventional and hybrid-electric

vehicles with both spark-ignition and

compression-ignition engines, as well as

hybridized and non-hybridized fuel-cell

vehicles with and without onboard fuel

processors. All 15 vehicles were config

ured to meet the same performance re

quirements.

The 13 fuels considered in detail

(selected from 75 different fuel path

ways) include low-sulfur gasoline,
low-

sulfur diesel, crude oil-based naphtha,

Fischer-Tropsch (FT) naphtha, liq
uid/compressed gaseous hydrogen

based on five different pathways, com

pressed natural gas, methanol, and neat

and blended (E85) ethanol.

The following vehicle architectures and fuels

were included in the study:

Conventional (CONV) vehicle with

Spark-Ignition (SI) gasoline engine

(baseline)

CONV vehicle with Compression-Ignition

Direct Injection (CIDI) diesel engine

CONV vehicle with SI E85 (85 percent

ethanol and 1 5 percent gasoline) engine

CONV vehicle with SI Compressed Natu

ral Gas (CNG) engine

Charge-Sustaining (CS) parallel Hybrid

Electric Vehicle (HEV) with gasoline en

gine

CS parallel HEV with CIDI diesel engine

CS parallel HEV with SI E85 engine

Gasoline Fuel Processor (FP) Fuel Cell

Vehicle (FCV)

Gasoline FP Fuel Cell (FC) HEV

Methanol FP FCV

11
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Methanol FP FC HEV

Ethanol FP FCV

Ethanol FP FC HEV

Gaseous Hydrogen (GH2)/Liquid Hydro

gen (LH2) FCV

GH2/LH2 FC HEV

The vehicle fuel economy results (on a gaso

line-equivalent basis) are summarized in Ta

ble 1.

General observations based on Table 1 include:

FC systems use less energy than con

ventional powertrains because of the in

trinsically higher efficiency of the FC

stack.

Hybrid systems show consistently higher

fuel economy than conventional vehicles

because of regenerative braking and en-

gine-off during idle and coast periods.

In the case of the FC and FP systems,

the gains resulting from hybridization are

lower because the
"engine-off"

mode is

present in both systems.

Hydrogen-based FC vehicles exhibit sig

nificantly higher fuel economy than those

that employ an FP.

TABLE 1

OVERVIEW OF VEHICLE FUEL ECONOMY

(Miles per Gallon Gasoline Equivalent)

No, Vehicle Confiauration Fuel Economy

1 Gasoline CONV SI (baseline) 20.2

2 Diesel CONV CIDI 23.8

3 E85 CONV SI 20.2

4 CNG CONV SI 19.8

5 Gasoline SI HEV 24.4

6 Diesel CIDI HEV 29.4

7 E85 SI HEV 24.4

8 Gasoline FP FCV 27.2

9 Gasoline FP FC HEV 30.2

10 Methanol FP FCV 30.3

11 Methanol FP FC HEV 34.5

12 Ethanol FP FCV 28.6

13 Ethanol FP FC HEV 31.8

14 GH2 FCV/LH2 FCV 43.2

15 GH2 FC HEV/LH2 FC HEV 48.1

12
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Greenhouse Gas Emissions (GHG)

Key GHG findings are summarized in Figure 1

and include the following:

The ethanol-fueled vehicles, as ex

pected, yield the lowest GHG emissions

per mile.

The next lowest are the two H2 HC HEVs

(GH2 refueling station).

The H2 FC HEVs are followed by the

methanol, naphtha, and gasoline FP

HEVs and the diesel CIDI HEV, in that

order.

The diesel CIDI HEV offers a significant

reduction in GHG emissions (27 percent)

relative to the gasoline conventional SI

vehicle.

Considering both total energy use and GHG

emissions, the key findings of the study are as

follows:

Among all of the crude oil- and Natural

Gas (NG)-based pathways studied, the

diesel CIDI HEV, gasoline and naphtha

FP FC HEVs, and GH2 FC HEVs, were

nearly identical and best in terms of total

system energy use (BTU/mile). Among
these pathways, however, expected

GHG emissions were lowest for the H2

FC HEV and highest for the diesel CIDI

HEV.

FIGURE 1

WELL-TO-WHEEL GHG EMISSIONS
"SELECTED"

FUEL/HVEHICLE PATHWAYS
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Compared to the gasoline SI

(conventional), the gasoline SI and die

sel CIDI HEVs, as well as the diesel CIDI

(conventional) yield significant total sys

tem energy use and GHG emission

benefits.

The methanol FP FC HEV offers no sig
nificant energy use or emissions reduc

tion advantages over the crude oil-based

or other NG-based FC HEV pathways.

Ethanol-based fuel/vehicle pathways

have by far the lowest GHG emissions of

the pathways studied.

It must be noted that for the HE100 FP

FC HEV pathway to reach commerciali

zation, major technology breakthroughs

are required for both the fuel and the ve

hicle.

On a total system basis, the energy use

and GHG emissions of CNG conven

tional and gasoline SI conventional

pathways are nearly identical.

The crude oil-based diesel vehicle path

ways offer slightly lower total system

GHG emissions and considerably better

total system energy use than the NG-

based FTD CIDI vehicle pathways.

(Note that criteria pollutants are not con

sidered here.)

LH2, FT naphtha, and electrolysis-based

H2 FC HEVs have significantly higher

total system energy use and the same or

higher levels of GHG emissions than the

gasoline and crude naphtha FP FC HEVs

and the GH2 FC HEVs.

14
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COMING EVENTS

2001

July 19-20, Aberdeen, South DakotaAmerican Coalition for Ethanol, Annual Meeting and Conference,

phone 605 334 3381

August 13-15, Rio de Janeiro, BrazilHart World Fuels Conference, phone 212 621 4978

August 26-30, Chicago, IllinoisAmerican Chemical Society National Meeting, phone 202 872 4564

August 28-29, Houston, TexasNPRA Conference, The Clean Fuels Challenge: Operations,

Maintenance and Reliability, phone 202 457 0480

August 28-30, Rio de Janeiro, Brazil Latin America Power Conference

August 29-September 1
, Beijing, ChinaU.S.-China Clean Energy Technology Forum,

phone 412 386 4795

September 16-18, Aspen, ColoradoAspen Clean Energy Round Table VIII, phone (44 20) 7348 6083

September 18-20, Washington, D.C.World Fuels Conference, phone 212 621 4829

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

International Conference on Coal Science,

phone 412 386 6015

October 10-14, Denver, Colorado Fourth Monetizing Stranded Gas Reserves, phone 713 952 9500

October 15-18, Gatlinburg, Tennessee
12th

Symposium on Separation Science and Technology for

Energy Applications, phone 865 574 6817

October 21-25, Buenos Aires, ArgentinaWorld Energy Council, fax 54 11 4331 7482

November 1-4, Denver, Colorado World Congress for a Hydrogen Economy, phone 970 498 8427

November 4-9, Reno, Nevada American Institute of Chemical Engineers Annual Meeting

November 5-8, Houston, Texas Hydrocarbon Processing's
10th

International Congress,
phone 713 521 5929

November 5-8, Amsterdam, The Netherlands 2001 International Gas Research Conference,
phone 773 399 8300

November 19-20, Washington, D.C. Clean Coal and Power Conference, phone 412 386 4864

December 3-7, Newcastle, New SouthWales, Australia
18th

International Pittsburgh Coal Conference,
phone 412 386 5808

December 11-13, Las Vegas, Nevada Power-Gen International Conference, phone 918 835 3161

December 11-14, Sacramento, California EVAA Electric Transportation Industry Conference,
phone 202 508 5995
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OIL SHALE

PROJECT ACTIVITIES

SUNCOR DROPS OUT OF STUART

PROJECT, SPP SOLDIERS ON

On April 6, 2001, Southern Pacific Petroleum,
and Central Pacific Minerals (SPP/CPM) and

Suncor Energy Inc. announced SPP/CPM's

purchase of Suncor*s interest in the Stuart Oil

Shale project. This increases SPP/CPM's

interest in the project to 100 percent.

Under the terms of the purchase:

Suncor retains a 5 percent royalty
interest in Stuart Stage 1 .

SPP/CPM and Suncor retain worldwide

rights to the AOSTRA Taciuk Processor

(ATP) technology.

Suncor will make total payments as part

of the transaction in the amount of

A$7 million, which SPP will use to fund

Stage 1 operating, capital and transition

costs. Suncor will receive 2.5 million

SPP shares and 0.926 million CPM

shares in consideration.

SPP/CPM will issue Suncor 12.5 million

SPP share options and 4.6 million CPM

share options, exercisable over 5 years

at a strike price of A$1 .25 per SPP share

and A$3.38 per CPM share.

Suncor will surrender their partly paid

Restricted Class Shares (SPP 57 million

and CPM 18.85 million) which were

issued in 1997.

SPP/CPM, under the direction of J. McFariand,

managing director of SPP/CPM, took over the

operation of the Stuart Project immediately.

Suncor will provide contract, technical and

support services for up to 6 months, as required.

Suncor said it sold its interest to SPP/CPM

because the Stuart Oil Shale Project no longer

fits with the company's plans for the future.

"While we think the project has potential for the

future, we had to make a choice among

competing growth
priorities,"

said R. George,

Suncor president and chief executive officer.

"For Suncor, it makes sense to focus our people

and resources on growing our core businesses

in
Canada."

"Suncor has been a valued
co-venturer,"

added

McFariand. "With their support, we have built

the demonstration plant. Although we have

encountered challenges, we also made

encouraging progress in proving the technology.

A strong foundation is in place for us to build

upon and we have an experienced and

dedicated team ready to move
ahead."

SPP/CPM will own 100 percent of the Stage 1

plant, which has involved an investment to date

of $300 million. All parts of the Stuart Stage 1

plant have been commissioned, and according

to SPP/CPM, encouraging progress has been

made in proving the viability of the ATP

technology, a key step in developing a modem

oil shale industry in Australia. The plant is now

poised to move into the operational phase.

As of April, about 35,000 barrels of oil products

have been produced, with a value of about

A$2.5 million. The two major products are

medium shale oil and naphtha. Stuart naphtha

is a high-quality, low-sulfur (less than 1 part per

million) oil product. It is expected to make an

ideal feedstock for Australian refiners to

manufacture a new generation of low-sulfur

transportation fuels aimed at improving air

quality.

SPP/CPM Financially Well Positioned to

Fund Stage 1 to Breakeven

Following the acquisition of Suncor's interest,
SPP/CPM says it will have total investment

funds of about A$55 million, including
A$7 million as a result of the transfer of

ownership. The companies believe that these

funds will be sufficient to achieve breakeven at

Stuart Stage 1 . This occurs at about 35 percent

of design throughput, due to the entitlement of

exemption from federal excise taxes, and is

16
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expected to be achieved by the fourth quarter

of 2001.

A Stuart Transition Team headed by McFariand

and including representatives from Stuart site

operations and SPP/CPM's Brisbane office, was

formed to ensure a smooth and expeditious

operational turnover.

In its new operating role, SPP/CPM believes

that it has the commitment, skills and ideas to

take on the job of operating the Stuart plant and

applying new approaches to achieve success.

The focus will be on a rigorous approach to

increasing plant reliability and plant run-time

and achieving early sales. Efforts will also

continue to demonstrate that oil shale can be

developed in an environmentally sustainable

manner. The companies will step up efforts to

work with the community and government to

bridge the gaps that exist in understanding and

assessing the impacts of oil shale and other

development activity in the area.

Additional Technology Rights Acquired

As part of the Stuart purchase, SPP/CPM will

also acquire new rights to sub-license the ATP

technology for oil shale applications outside

Australia. SPP/CPM currently has ATP

technology use rights anywhere in the world,

exclusive sub-licensing rights in Australia and

receives a large share of any licensing revenue.

SPP/CPM and Suncor will continue to cooperate

on ATP technology development in the future.

STUART COMMISSIONING UPDATED

In Report Number 15, dated March 16,2001,

Southern Pacific Petroleum and Central Pacific

Minerals (SPP/CPM) advised that the next

operational run was expected to resume at the

Stuart Stage 1 plant by late March.

Since the plant run in late December 2000, work

has been under way to broadly communicate to

regulators and the community the significantly

improved emissions performance achieved in

the December run.

During this period, repairs to the large 42-inch

isolation valve between the AOSTRA Taciuk

Processor (ATP) and the Oil Recovery plant

were carried out following the

December 18, 2000 incident in which the valve

failed to completely close. Shale processing

resumed for a brief period on March 9 but was

curtailed due to a leak in the vapor seal on the

main hydrocarbon vapor line that exits the ATP.

The December run demonstrated good progress

with the emissions reduction program

implemented during 2000. Measurements taken

during the run, at shale rates of 160 tonnes per

hour (64 percent capacity), indicate the

following substantial reductions in air emissions

at the main stack under stable operating

conditions:

Greater than 95 percent removal of

sulfur dioxide down to one-quarter of the

plant license limit

Greater than 60 percent reduction in

odors which are expected to meet

anticipated regulatory guidelines

Greater than 60 percent reduction in

dioxins in air emissions to below

international best-practice guidelines

Significant reductions in shale dust

emissions to approximately one-third of

the plant license limit

These emissions improvements resulted from a

number of facility changes and operational

improvements implemented during the third-

quarter 2000 plant turnaround including:

New turboscrubbers on the ATP flue gas

streams

A second thickener vessel to increase

capacity of the shale dust scrubbing
circuit
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Operation of the shale dryer in a low-

odor generation mode

Partial incineration of the ATP preheat

flue gas stream in the main stack burner

In addition, new noise abatement measures

implemented in response to community
concerns contributed to progress in reducing
plant noise.

In its Quarterly Report for the period ending
April 30, SPP/CPM noted that the operator

transition process had been relatively
straightforward and expeditious given that

almost all business systems were developed

specifically for the project, independent from

Suncor.

With the addition of Stage 1 staff of

70 employees, the SPP/CPM organization

increases in size to 107 employees.

35,000 Barrels of Oil Produced in April

The Stuart Stage 1 Plant moved into a semi-

continuous operational mode on April 9 and as

of April 30 had produced an additional

35,000 barrels of naphtha and medium shale oil.

This doubled oil production achieved over the

past 2 years to a total of 70,000 barrels.

The plant operated on shale for about 14 days

out of a total of 21 days (67 percent availability)

during the run at rates of 160 tonnes per hour

(64 percent capacity). This rate facilitates lower

odor emissions from the shale dryer.

Comprehensive Emissions and Noise

Measurements Taken

Comprehensive dioxin measurements have also

been taken at various steps in the shale oil

production process to assist the work of an

international team of experts examining ways to

minimize and, if possible, prevent formation of

dioxins in the shale oil production process in

future plants.

A significant noise monitoring program was also

carried out during the run and will provide

valuable input to guide further improvements.

Yarwun/Targinnie Community Remains

Concerned

During the April plant run, a large number of

complaints were received from the neighboring

rural community of Yarwun/Targinnie, primarily
related to odor but also noise. The 24-hour

SPP/CPM Community Response Team

responded to these complaints. The

Queensland Environmental Protection Authority
also had a response team in the community

during part of the run to help gauge the nature

and severity of the complaints.

It is clear that a number of people in the

neighboring community remain concerned.

Continuing Commitment to Sustainability

As part of its commitment to reducing net

greenhouse gas emissions intensity in producing

shale oil, the companies recently entered into a

contract with Enecon Pty. Ltd. to conduct a

screening study of the best available

technologies for coproduction of bio-ethanol with

shale oil.

An extensive emissions monitoring program was

carried out during the April plant run under

various operating modes. This program was

designed to seek confirmation of the substantial

emissions reductions achieved in the December

run and to test procedures to achieve further

reductions. Odor emissions as measured in the

plant have shown some improvement over the

December results.

STUART OIL SHALE PROJECT MAKES

FIRST OIL SHIPMENT

In May the Stuart Oil Shale Project made its first
oil shipment, exporting over 40,000 barrels of

Medium Shale Oil (MSO) to the Southeast

Asian fuel oil market.
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This was an important milestone for the Stuart

Project. It was the first oil shipment and first

revenue from the project. Although this

shipment was relatively small, it is a significant

step in establishing markets for Stuart oil

products, which include MSO and naphtha.

A top priority with this initial shipment was to

execute a safe and effective loading. The

loading occurred at Fisherman's Landing wharf

near Gladstone and it is the first time these

facilities have been used for oil shipments. Oil

is pipelined directly from product tanks at the

plant to the wharfwhere it is loaded onto double

hulled tankers using specially built liquid

handling facilities.

In preparation for this shipment, Southern

Pacific Petroleum NL and Central Pacific

Minerals NL's operating team, in conjunction

with the Gladstone Port Authority and other

government agencies, underwent training in

safe and efficient ship loading procedures.

Several exercises were also conducted over a

period of a month to test preparations, all of

which resulted in a flawless loadout executed on

schedule.

The naphtha produced from the Stage 1 plant

has a low sulfur content of less than 1 part per

million. This makes it an ideal feedstock in

manufacturing the low-sulfur transportation fuels

called for in the Australian Federal

Government's national fuel quality standards for

gasoline and diesel announced on May 8, 2001.

STUART STAGE I PROJECT COMPLETES

FIRST RUN UNDER NEW OPERATING

GROUP

In Progress Report No. 17, dated

June 18, 2001, Southern Pacific Petroleum N.L.

and Central Pacific Minerals N.L. (SPP/CPM)
advised that the Stuart Stage I plant had

produced 60,000 barrels of naphtha and

Medium Shale Oil (MSO) since the Suncor

buyout on April 6, 2001. This brings total oil

production from the plant to about

95,000 barrels.

The first plant run under new SPP/CPM

leadership was completed over the April 9 to

May 11, 2001, period and demonstrated

progress in improving plant reliability and

emissions performance. Over the 32-day run

period, the plant processed shale for about

19 days (60 percent availability) and achieved

an average oil production rate over the total

period of 1 ,450 barrels per day.

A self-imposed restriction was placed on shale

processing rates of 160 tonnes per hour

(64 percent capacity) to minimize odor

emissions from the shale dryer. At higher rates

and associated higher dryer furnace

temperatures, odors from the dryer increase,

most likely due to some premature pyrolysis of

shale fines. Further work is under way on

options to cost-effectively remove this drying

capacity and odor generation bottleneck in the

Stage I research and development plant.

The companies say this encouraging operational

progress has helped to build confidence in being
able to achieve operating cash flow break-even

in the fourth quarter of 2001 . This requires an

average oil production rate of about

1 ,600 barrels per day.

In May 2001 the first sale of 40,000 barrels of

MSO was shipped to Singapore to serve the

Southeast Asian fuel oil market. The MSO

received a premium over the fuel oil market

price in this region due to its lower sulfur content

and higher API gravity.

Oil Shale Certified as Jet Fuel Feedstock

On May 31 , 2001 , the Aviation Fuels Committee

of the United Kingdom Ministry of Defense

classified oil shale as a suitable feedstock in the

manufacture of aviation jet fuel. This

complements a similar United States standard

that already included oil shale.

This is an important milestone in achieving
broad market acceptance of shale oil naphtha

as a high-quality feedstock that can be
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processed in a conventional oil refinery to make

jet fuel, gasoline and diesel.

The companies expect to make their first

shipment of 40,000 to 50,000 barrels of

hydrotreated naphtha in July 2001 .

Basis for Commercial Scale-Up

With an additional 6 to 9 months of operational

and emissions experience in 2001 , including a

higher rate test of the AOSTRA Taciuk Process

later this year, the companies believe they will

have the necessary information to enable the

ramp-up of engineering work on the Stage 2

commercial module.

SPP/CPM STOCKHOLDERS GIVEN

PROMISING OUTLOOK AT ANNUAL

MEETING

The
33rd

annual general meeting of the

stockholders of Southern Pacific Pet

roleum/Central Pacific Minerals (SPP/CPM),
held in Brisbane, Australia, in April, heard an

optimistic statement by chairman I. McFariane.

He noted that many people have inquired about

the reasons for Suncor*s decision to withdraw

from the Stuart Project and concentrate their

efforts in Canada. He pointed to comments by
R. George, the chief executive officer of

Suncor:

"For Suncor it makes sense to focus on our core

business in Canada. We think the (Stuart)
Project has potential. Since our

1996 Agreement, Suncor has undertaken

several major project expansions in Canada:

It has trebled its oil sands resources by
purchases.

It has undertaken Project Millennium

which is now nearly complete at

$2.8 billion.

It is planning Project Firebag at a cost of

$0.6 billion.

It has indicated the possibility to expand

to over 400,000 barrels per day.

In summary, these opportunities represent

300,000 barrels per day of expansion in Canada

compared to the opportunity of a net

50,000 barrels per day for Stuart Stages 1
,
2

and
3."

McFariane stated that only four plant employees

were Suncor Secondees, allowing SPP/CPM to

retain almost the entire current operating team

of 70 who now have significant experience on

the Stage 1 plant. Another 100 contractors are

also supporting current efforts to enhance plant

reliability.

SPP/CPM believes they have sufficient financial

resources to handle full ownership of Stage 1 .

Due to the current exemption from excise taxes,

the plant can achieve breakeven at around

35 percent of design capacity. The companies

also have $55 million in cash.

The major address at the meeting was given by
J. McFariand, managing director of the Stuart

Project. A digest of his remarks follows.

"The past year has been challenging. Buying
out Suncor and taking over as 100-percent

owner and operator of the Stuart Project is a big

step for us. I believe we are up to the

challenge. Becoming operator provides an

opportunity to more directly apply our

knowledge and capability, to test new

approaches and to create even greater

shareholder value in the long term.

I believe we have turned the comer in terms of

emissions performance and are making

accelerating headway in building production

volumes, plant reliability and operating
experience.

Over the past year our top priority was to

complete the Stuart Stage 1 plant
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commissioning. In terms of results, I am

pleased to say that all parts of the plant have

been commissioned. The naphtha hydrotreater

was the last part of the plant to be

commissioned in July 2000. Since that time,
the plant has been in an emissions and

production testing mode leading to a semi-

continuous operating mode in April this year.

Practical completion testing of the plant under

the Bechtel contract is expected to be

completed later this year.

Overcoming unexpected air emission issues

including odors, dioxins and shale dust, has

been a key focus over the past 1 8 months.

These issues caused concerns to us, the

community and regulators, and limited our plant

run time to less than 25 days in 2000.

A major program of emissions assessment,

health risk reviews and engineering design led

to implementation of a number of facility and

operational enhancements in November 2000.

These were successful in achieving major

reductions in plant emissions. The plant now

meets all regulatory requirements.

Improvements include:

95 percent removal of sulfur dioxide

60 percent reduction of odors

60 percent reduction in dioxins

Significant reductions in shale dust

emissions

While these are significant achievements, we

need to continue to work with the community

and the regulators to deal with lingering

concerns, varying perceptions and high

expectations in the neighboring community of

Yarwun/Targinnie.

The end game in Stage 1 is to confirm the

viability of the AOSTRA Taciuk Processor

(ATP) technology to support a scale-up decision

on Stage 2. To date, the ATP has been a bright

light in the Stage 1 plant. It has performed well

in terms of operability and reliability. Over

60,000 barrels of oil have been produced to

date. Naphtha and medium-shale oil products

have consistently met tough specifications on

sulfur, nitrogen and dust levels.

Given the longer-than-anticipated timeline on

Stage 1 commissioning, we reduced the

engineering effort on Stage 2 in 2000. Our

efforts have focused on preserving the

significant regulatory progress achieved to date

since the filing of our Environmental Impact

Statement (EIS) and Mining Lease application in

September 1999.

We have long recognized the need to develop

this new oil shale industry on a sustainable basis

and have demonstrated our commitment with

actions. We have committed to achieve a net

Greenhouse Gas (GHG) emissions intensity in a

commercial-sized oil shale project that is equal

to or less than the intensity associated with

production of conventional oil products.

This led us to implement a $3.5-million research

and development plantation trial to sequester

carbon dioxide. Some 160 hectares of

plantations using native eucalyptus species

were established in early 1999. Growth rates

and carbon dioxide uptake have generally

exceeded expectations. Some species have

had spectacular growth rates of 12 meters in

2 years.

During the year a new computer model was

developed of carbon dioxide emission sources

in a commercial-sized plant. This was used to

model carbon dioxide reduction opportunities in

terms of quantity and costs. This work has

confirmed, on a preliminary basis, that our

emissions reduction goal is feasible and

affordable.

A key goal for the year 2001
, is to confirm the

viability of the ATP technology in all its

dimensions. By mid-year, that means delivering
on a number of goals we set for ourselves.

Firstly, we want to double run length and oil

production compared to our experience to date.

That means a 10-day continuous run on shale

and 35,000 barrels of new oil production.
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Secondly, we want to make our first shipments

of both Medium Shale Oil (MSO) and naphtha.

Volumes are being inventoried to achieve

attractive shipment sizes and good progress is

being made with buyers in terms of product

specification requirements.

Thirdly, we will be taking some new approaches

with the neighboring community to seek

solutions to issues that range from health

concerns, to property values and lifestyle. A

new working group has been formed consisting
of three representatives from SPP, six people

from the community and a representative from

the Department of State Development. An

independent facilitator is also working with this

group, funded by State Development.

A second key milestone is to achieve an

average quarterly throughput rate of at least

35 percent of plant capacity in the fourth quarter

of this year (Figure 1). At this production rate,

cash operating costs would be covered by
revenues and we would be at operating net cash

flow break-even (excluding capital).

To achieve these Stage 1 milestones, we will be

focused on improving plant reliability,

particularly equipment peripheral to the ATP, to

achieve a more sustained level of production.

This will be important in confirming key
parameters such as oil yield performance.

These are the cornerstones for determining ATP

viability and readiness for scale-up in Stage 2.

With respect to Stage 2 of the project, we want

to position ourselves to make a decision to

ramp-up development work by the end of this

year. In addition to confirming the ATP

technology, we will need to prepare a

Supplementary EIS Submission. This

supplement will address the questions raised in

the public review process and will be filed by the

fourth quarter. A second Supplementary
Submission may be required in 2002 to

incorporate all the lessons learned on Stage 1
,

in particular, management of emissions.

We will also need to initiate research and

development testing on Stage 1 in the fourth

quarter to confirm Stage 2 design parameters

FIGURE 1
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prior to moving into detailed design on the

Stage 2 ATP.

While our prime focus is clearly on Stuart, we

plant to initiate pre-feasibility work on the

Condor deposit. The objective here is to

develop a basis on which to engage in

meaningful discussions with potential partners.

And finally, efforts will continue to attract new

partners to accelerate development of our huge

oil shale resource base. We are in the process

of kicking off an independent engineering
review to be completed over the next couple of

months. Solid performance on Stuart Stage 1

and this engineering review will be important in

seeking new partners.
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To achieve operating net cash flow breakeven

by the fourth quarter, our objective is to ramp-up
average production from about 10 percent of

plant capacity in the second quarter to about

35 percent of plant capacity in the fourth

quarter. This fourth quarter target represents an
average production rate of 1 ,600 barrels per day
or total production of 145,000 barrels in the

quarter. Under this ramp-up scenario,
cumulative production grows to 290,000 barrels

by year-end.

Stage 1 operating net cash flow, excluding
capital expenditures, was negative $4.9 million

in the first quarter reflecting our 50 percent

share of operating costs, with no sales revenue

offset.

In the second quarter we expect cash flow to be

about negative $9.3 million. This reflects

100-percent funding of costs, partially offset with
initial revenues from sales. In the third quarter,
this cash flow deficit reduces to $5.8 million and

is breakeven by the fourth quarter.

We are currently reassessing the appropriate

level of capital expenditures in 2001 to improve

reliability and to ensure low-emissions

performance at higher daily production rates.

Capital expenditures could be about $6 to

$10 million in 2001, of which about $1.1 million

(SPP/CPM 50 percent share) had been spent to

the end of the first quarter.

Cash Reserves Sufficient to Support Stage 1

From a corporate perspective, we believe we

have the financial resources to manage

100 percent ownership of Stuart and can carry
through on achieving the objectives for Stage 1

(Figure 2).

Our spending rate will average about $5 to

$6 million per month over the rest of 2001 . This

includes operating costs of about $3.3 million

per month for Stage 1 .

Offsetting these expenses will be growing
revenues from Stage 1 and ongoing portfolio

earnings. By the fourth quarter, we expect

Stage 1 revenues to average about $3.3 million

60

FIGURE 2

CORPORATE CASH RESERVES
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per month which covers Stage 1 operating
expense.

The net effect of these costs and revenues is to

draw down our cash reserves from about

$55 million currently (after the Suncor deal) to
about $17 to $25 million by the end of this year.

Projecting this outlook forward to year-

end 2002, we expect our cash reserves to grow

somewhat to about $20 to $35 million.

Stuart Stage 2 First Oil Target 2005

The delays in Stage 1 have resulted in

corresponding delays in progressing Stage 2.
We now estimate first oil in 2005, a delay of

about 18 months since our projection at this
time last year.
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Although the regulatory process is well

advanced, two additional supplementary
submissions to the EIS will likely be required.

As a result, we expect regulatory approvals to

be delayed to the third or fourth quarter next

year. If the regulatory process is proceeding

well, we could initiate additional engineering

early next year with emphasis on ATP detailed

engineering which is on the critical path.

The earliest anticipated financial close would be

at year-end 2002, permitting start of

construction in early 2003. The construction

phase is estimated at 24 to 30 months, followed

by a commissioning-phase leading to first oil in

late 2005.

In summary, achieving this schedule requires

confirmation of ATP viability in 2001, new

investment funds and a fast-track engineering

and construction schedule beginning early next

year.

Target 200,000 Barrels per Day by 2012

Over the longer term, we are targeting to

achieve productive capacity of over

200,000 barrels per day by 2012 (Figure 3).

This includes a fully developed three-stage

Stuart project with a capacity of 85,000 barrels

per day by 2009. We continue to believe it is

realistic to achieve start-up of one other

commercial-scale project in Condor or Rundle

by the end of the decade.
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A number of critical steps will be required to

achieve this target, including success at Stuart

Stage 1
, regulatory approvals, new partner

arrangements and financing. Investment

requirements to achieve a 200,000-barrel per

day rate could exceed A$8 billion.

One may well ask where will these kinds of

funds come from? The worldwide oil and gas

industry is generating unprecedented cash flows

and earnings. Exxon alone generated almost

US$18 billion (A$35 billion) in profits last year.

The number of oil industry players is shrinking

and they are getting bigger. It will be a major

challenge for these companies to effectively

deploy these profits and to achieve growth

commensurate with their size. With success at

Stuart we offer the scale and potential

profitability that will no doubt be attractive to the

majors and aspiring independents.

A similar trend is under way in the mining

industry and it is only a matter of time before

the mining industry recognizes the potential of

oil mining and the synergies it offers with their

current capabilities.

I am therefore very optimistic about the future.

Our success revolves on Stuart, and if the

experience of the past few weeks as the new

owner and operator is anything to go by, I

believe our prospects are very good
indeed."

RESOURCE

SPP/CPM RESOURCE EVALUATION

INCREASES
COMPANIES'

HOLDINGS TO

30.1 BILLION BARRELS

In conjunction with revisions to the Australian

Code for Reporting of Mineral Resources and

Ore Reserves (the JORC Code,

September 1999), Southern Pacific Petroleum

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

(SPP/CPM) systematically reviewed in situ

mineralization in all ten of its oil shale deposits.

Given the magnitude of the
companies'

resources, this involved an extensive review

process. Geological data accumulated from

more than 20 years of exploration, including

over 100 kilometers of drilling at Stuart, Condor

and Yaamba alone, as well as technical and

economic factors, were re-examined.

The geological review resulted in an increase in

in situ mineralization of 1.1 billion barrels from

28.9 billion barrels (gross) to 30.1 billion barrels

as shown in Tables 1, 2 and 3. The most

significant change was in Condor where in situ

mineralization increased by 2.3 billion barrels to

12.0 billion barrels.

The companies have classified a portion of this

in situ mineralization as "Mineral
Resources,"

under the revised JORC Code. The Code now

explicitly requires that "Mineral
Resources"

must

have "reasonable prospects for eventual

economic
extraction,"

where eventual can mean

"periods in excess of 50
years."

Determining
what has "reasonable

prospects"

for economic

extraction in 50 years requires many

assumptions about future oil prices, mining

costs, technology and exchange rates over

periods beyond typical forecasting models.

Because the companies have not yet carried out

detailed development plans for these deposits,

and given the challenge of forecasting over

50 years, the companies have chosen to apply a

preliminary, conservative approach to

classifying a part of their in situ mineralization

as Mineral Resources. This approach is based

on current oil prices, existing technology and

expected costs, and does not consider the

implications of established trends that could

improve the economics of oil shale over time.

These historic trends include:

Declining costs: Operating costs in the

related oil sands industry have declined

by 70 percent in real terms since 1980,
driven in part by technology
improvements.

Breakthroughs in technology: The oil

industry has achieved a number of
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TABLE 1

MINERAL RESOURCES AS OF DECEMBER 31, 1999

Deposit

Stuart

Condor

Rundle

Nagoorin

Nagoorin South

Lowmead

Duaringa

Yaamba

Block Creek

Boundary Flat Lagoons

Total

Total (net SPP/CPM)

Tonnes Grade Moisture Shale Oil

(X109) (LTOM) (wt.%) (barrels xlO9)

6.5 91 18 3.0

25.4 66 8 9.7

5.0 105 20 2.6

6.3 91 26 2.7

1.3 78 27 0.5

1.8 84 23 0.7

11.9 79 31 4.1

7.9 95 13 4.1

1.3 94 15 0.7

2.1 76 13 0.9

69.5 28.9

59.7 24.4

TABLE 2

OIL SHALE IN SITU AS OF DECEMBER 31, 2000

(After Geological Considerations)

Change From

Tonnes Grade Moisture Shale Oil Table 1 Reasons

Deposit (xlO9) (LTOM) (wt.%) (bblsxIO9) (bblsxIO9) For Chanoe

Stuart 6.5 93 19 3.1 _ Increased Grade

Condor 31.6 65 8 12.0 +2.3 Increased Area

Rundle 5.0 105 20 2.6 - -

Nagoorin 5.8 93 26 2.5 -0.1 Decreased Area

Nagoorin South 1.3 80 27 0.5 - -

Lowmead 1.8 86 23 0.7 - -

Duaringa 11.9 79 31 4.1 - -

Yaamba 7.2 103 28 3.4 -0.8 Higher In Situ Moisture

Block Creek 1.2 97 27 0.6 -0.1 Higher In Situ Moisture

Boundary Flat

Lagoons 1.9 77 23 0.7 -0.2 Higher In Situ Moisture

Total 74.1 30.1 +1.1

Total

(net SPP/CPM) 64.6 25.6 +1.2
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TABLE 3

MINERAL RESOURCES AS OF DECEMBER 2000

(AfterTechnical and Economic Considerations)

Change From

Tonnes Grade Moisture Shale Oil Table 1 Reasons

Deposit (x 109) (LTOM) (wt.%) (bblsxIO9) 0>blsx109) For Chanae

Stuart 5.5 94 19 2.6 -0.4 Area under industrial infrastructure

Condor 13.0 65 8 4.8 -7.1 Oil shale below 500 m, high
waste-

to-ore ratios and small offshore areas

Rundle 5.0 105 20 2.6 - .

Nagoorin 5.7 93 26 2.4 -0.1 Isolated deeper area

Nagoorin South 1.1 81 28 0.4 - Isolated deeper area

Lowmead 1.7 85 24 0.7 -
-

Duaringa 7.4 78 31 2.5 -1.6 High waste-to-ore ratios

Yaamba 6.5 98 29 2.8 -0.5 Oil shale below 500 m

Block Creek 1.2 98 27 0.5 - High waste-to-ore ratios

Boundary Flat

Lagoons 1.9 77 23 0.7 - High waste-to-ore ratios

Total 49.0 20.2 -9.8

Total

(net SPP/CPM) 40.0 16.0 -9.6

technology breakthroughs in the last

2 decades, including horizontal drilling, in

situ oil sands technology and deep off

shore drilling and production.

Increasing oil prices: Oil prices have

increased significantly in real terms in

the past 30 years and may well continue

to increase in the future with growing

world oil demand.

20.2 Billion Barrels to Be Reported as

Mineral Resources

On the basis of current technical and economic

factors, therefore, the companies have

classified 20.2 billion barrels (gross) (16.0 billion

net) as representing Mineral Resources under

the revised JORC Code as shown in Table 4.

This compares to 28.9 billion barrels (gross)

(24.4 billion net) reported as resources at year-

end 1999. The revised estimate excludes

previously reported resources that are below

500-meters depth and limits waste-to-ore ratios

to levels that are believed to be economic

today.

This revision in reported resources is not

expected to have any material impact on the
companies'

development opportunities for the

foreseeable future because these Mineral

Resources are expected to be sufficient to

support production in excess of 1 million barrels

of oil per day for 40 years.

That part of the
companies'

identified shale oil

mineralization that is not included in Mineral

Resources, totaling 9.8 billion barrels (gross),
(9.6 billion net), remains as shale oil in situ.

Over time, some or all of this shale oil in situ
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TABLE 4

STATEMENT OF MINERAL RESOURCES

Oil Shale Resources (50 LTOM cutoff)

Resource Tonnes Grade Moisture Shale Oil SPP/CPM

Deposit Classification
X109

LTOM Wt.%
bblsxIO9

% Interest

Stuart Measured 0.2 137 25 0.1 50

Indicated 2.4 99 19 1.2

Inferred 3.0 87 19 1.3

Total 5.5 94 19 2.6

Rundle Indicated 5.0 105 20 2.6 50

Total 5.0 105 20 2.6

Condor Measured 12.9 65 8 4.8 100

Indicated 0.1 63 8 0.1

Total 13.0 65 8 4.8

Nagoorin Measured 0.9 92 29 0.4 50

Indicated 1.7 90 27 0.7

Inferred 3.0 95 25 1.3

Total 5.7 93 26 2.4

Nagoorin South Indicated 0.2 78 28 0.1 100

Inferred 0.9 81 28 0.3

Total 1.1 81 28 0.4

Lowmead Indicated 0.5 88 23 0.2 50

Inferred 1.2 84 24 0.5

Total 1.7 85 24 0.7

Duaringa Measured 1.3 79 32 0.4 100

Indicated 3.0 76 30 1.0

Inferred 3.1 79 32 1.0

Total 7.4 78 31 2.5

Yaamba Measured 1.2 97 30 0.5 100

Indicated 1.7 91 30 0.7

Inferred 3.5 101 28 1.6

Total 6.5 98 29 2.8

Block Creek Indicated 0.5 99 26 0.2 100

Inferred 0.7 97 27 0.3

Total 1.2 98 27 0.5

Boundary Flat Indicated 0.8 77 24 0.3 100

Lagoons Inferred 1.1 77 23 0.4

Total 1.9 77 23 0.7

Total 49.0 20.2

SPP/CPM Total Net Interest 40.0 16.0
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could potentially be included as Mineral regard, the companies intend to continue work

Resources as mine plans are developed, on feasibility and predevelopment studies for its

economic factors change or breakthroughs in oil shale deposits.

mining and processing technology occur. In this
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PROJECT ACTIVITIES

SINCOR TO OFFER UPGRADED ORINOCO

CRUDE IN 2002

According to an article in Oil and Gas Journal

for July 16, 2001, Sincrudos de Oriente Sincor

CA is planning to commission its heavy oil

upgrader in the Jose industrial complex by the
end of this year.

The upgrader will transform the
8.5

API extra

heavy oil from Orinoco to Zuata Sweet, a light,
sweet crude mainly targeted for the United

States market in early 2002.

After being mixed with a diluent, production

from Sincor's San Diego de Cabrutica field in

southern Anzoateugi state will go to an upgrader

in Jose, 200 kilometers away.

Sinocr is an association formed by TotalFinaElf

(47%), Petroleos de Venezuela SA (PDVSA,

38%), and Statoil AS (15%). It plans to

manufacture 180,000 barrels per day of
32

API

Zuata Sweet in the first quarter of next year.

Among the operators in the Orinoco Belt, Sincor

will have the lightest syncrude for sale.

Petrozuata, a joint venture between Conoco Inc.

and PDVSA, will be selling a 19 to
25

API

crude; Cerro Negro, joint venture among

ExxonMobil Corp, PDVSA, and Veba Oel, will

be marketing a
16.5

API crude; and Ameriven

Hamaca, joint venture among Phillips

Petroleum Co., PDVSA, and Texaco Inc., plans

to sell a
26

API crude. Sincor's syncrude will

also have the lowest sulfur content among its

peers, less than 0.1 weight percent. The next

sweetest offering will be Ameriven Hamaca's

1 .2 weight percent sulfur syncrude.

Unlike other production investments in the

Orinoco Belt, Sincor's partners have no

dedicated outlet for its crude on the United

States Gulf Coast and must sell it via

international merchant markets. It will be

targeting its crude to mainly the United States

market.

Sincor has already drilled 193 of the 244 wells

that will be online by the end of 2001 . Thirty are

already in production.

Since December 17, 2000, Sincor has been

producing extra heavy crude from the Orinoco

Belt. The production rate is 40,000 barrels per

day, but it is expected to climb to 200,000

barrels per day by the end of the year, with a

35-year life.

In March 2001 Sincor announced that it had

signed a pre-agreement for the sale of Zuata

Sweet to a United States refinery. The

syncrude will be sold on a combination of term

and spot sales, mainly targeting United States

Gulf Coast refineries. Byproducts, however, will

be sold on term contracts only.

Also in March, Sincor signed agreements with

TCP Petcoke Corp. and SSM Petcoke LLC,

both based in the United States, for the sale of

its coke. The upgrader's future delayed coking

unit will produce about 5,600 tons per day of

coke.

With the signing of these agreements, Sincor

has guaranteed the sale of its total coke

production for the next 10 years.

The company is still looking for long-term

contracts for its sulfur byproduct. During normal

production, Sincor will make 900 tons per day of

sulfur.

IMPERIAL TO SPEND C$1 BILLION ON

COLD LAKE EXPANSION

Imperial Oil Company said earlier this year that

it plans a C$1 -billion expansion of its oil sands

operations at Cold Lake, Alberta, Canada.

It filed a preliminary disclosure document with

the Alberta Energy and Utilities Board and

Alberta Environment.
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The expansion would develop an extra

30,000 barrels per day of bitumen from three

new production phases (Phases 14, 15, 16) in a
new operating area known as Nabiye, which will

add 250 million barrels of net proved reserves

at Cold Lake.

It will also extend Phases 9 and 10 of the

existing Mahihkan operations to an area known

as Mahihkan North, adding another 125 million

barrels of reserves over the life of the

development.

Imperial said it would make formal applications

by the end of the year, and assuming the

agencies approve them quickly and market

conditions remain favorable, Mahihkan North

could begin production in 2005 and Nabiye

in 2006.

Imperial said the expansions, along with the

current development of Phases 11,12 and 13 in

an area known as Mahkeses, would bring total

production to about 180,000 barrels per day by
the end of the decade.

Nabiye would require some wells, associated

field facilities, and a plant to generate steam,

process bitumen, and treat water.

The Mahihkan North extension would require

600 new wells and other facilities over 5 to

10 years.

PETROZUATA OPENS VENEZUELA'S FIRST

ORINOCO CRUDE UPGRADING PLANT

Venezuela's first complex for upgrading
extra-

heavy crudes from the Orinoco Belt began

operating earlier this year. The facility is

located inside Jose Industrial Complex, in

Anzoalegui State.

The launching of this plant means that

Petrozuata, a pioneer firm in the development

of the Orinoco Belt, has completed the first

installation capable of transforming extra-heavy

9
API crude into a much lighter crude of around

22 API. The cost of the project came to

$2.2 billion.

Petrozuata is starting operations as an oil

company comprising production, transportation,

upgrading and a number of separate business

units that will help support the company's goals.

Petrozuata is a strategic association formed by
Petroleos de Venezuela S.A. (PDVSA)

(49.9 percent) and United States-based Conoco

(50.1 percent) with total investments of around

$3 billion. Petrozuata is involved in developing

new technologies for exploiting the extra-heavy

crudes extracted from the Orinoco Belt. To cite

one example, in the area of production, the

company is using novel drilling techniques

involving multilateral wells combined with

multiphase pumps.

The Upgrading Unit at Petrozuata has the

capacity to process 120,000 barrels of crude per

day that will yield 103,000 barrels per day of

lighter crude and other products such as sulfur

(145 tons per day), coke (3,000 tons per day)
and liquefied petroleum gas (3,900 barrels per

day).

The first shipment of 450,000 barrels of the

upgraded, synthetic crude was shipped in March

to a Conoco refinery in Lake Charles, Louisiana.

The project is one of four joint ventures between

the state oil company and foreign investors.

Besides the Conoco partnership, PDVSA has

formed joint ventures to make synthetic crude

with Exxon Mobil; a partnership of France's

TotalFinaElf S.A. and Statoil A.S. of Norway;
and a partnership of Texaco Inc. and Phillips

Petroleum. PDVSA expects the four projects to

total as much as $14 billion in capital

investments.

Over the next year Conoco and PDVSA will

study the feasibility of building another

upgrading plant to handle more crude from the

Orinoco Belt.

The Orinoco Belt is said to contain an estimated

270 billion barrels of recoverable, extra-heavy
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crude reserves of which only 6 percent have

been tapped.

CORPORATIONS

HUSKY ENERGY CONSIDERING THREE

SEPARATE OIL SANDS PROJECTS

Husky Energy says that it plans to invest

C$5.2 billion over 10 years on three separate oil

sands projects.

One project will be at Tucker Lake, west of Cold

Lake, Alberta, Canada. Two others will be at

Keari Lake, on leases about 50 miles north of

Fort McMurray.

The Tucker Lake project will be the first of the

phased projects and will cost C$350 to

C$450 million. Husky said it plans to make a

regulatory filing to produce 15,000 to

20,000 barrels per day by 2004.

The Keari Lake No. 87 Lease, which will be

developed later, covers 48,880 acres. Husky
owns 51 percent and Imperial Oil has

49 percent.

The two companies also hold 50/50 interests in

a smaller adjacent lease, No. 6 to the north.

Husky is considering a surface mining operation

to recover bitumen on the northern half of

Lease 87 and part of Least 6. The Southern

half of Lease 87 is being considered for steam-

assisted gravity drainage recovery. This half

would be developed first at an estimated cost of

C$1 .6 billion. Production would start sometime

during 2005-2007. The open pit mining

operation would cost C$3.2 billion, with a

completion date in 2008-2012.

CANADIAN NATURAL RESOURCES TO

APPLY FOR HORIZON PROJECT APPROVAL

Canadian Natural Resources Ltd. (CNRL) is

planning a commercial project in Northern

Alberta that could produce up to 300,000 barrels

of bitumen per day by 2010. The Horizon

Project (formerly called the Mic Mac Project)

could produce more than 5.6 million barrels of

bitumen over a 50-year lifespan.

CNRL said construction could begin in 2004,

subject to regulatory approvals. The company

said it plans to make a formal application

by 2002.

The project would involve infrastructure, surface

mining and bitumen processing, in situ

operations, and an onsite bitumen upgrader.

CNRL plans production of up to 30,000 barrels

per day by 2006.

An Environmental Impact Assessment is

currently under way for the project, and

Canadian Natural has launched a consultation

and communications program to ensure that

stakeholders have an opportunity to review

project plans and provide input throughout all

phases of the development.

Construction is estimated to start in 2004.

In reviewing the scope of the project, CNRL has

determined that its forecasted cash flows during
the development of the project will be sufficient

to fund the development while maintaining its

currently strong balance sheet.

BITOR PROFITS REPORTED AT

$60 MILLION

Bitumenes Orinoco S.A. (Bitor) has been

producing at the top of its installed capacity, or

6.2 million tons of Orimulsion per year.
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Current Bitor customers are located in Italy,

China, Canada, Japan, Germany, Denmark,

Finland, Lithuania and Barbados.

Bitor and China National Petroleum Corporation

have signed agreements that involve supplying

4 million tons of Orimulsion over a 3-year period

and carrying out preliminary studies leading to

the creation of a joint venture to build an

additional module at the Bitor plant dedicated to

covering Chinese demand for this trademark

fuel.

Earnings posted by Bitor during 2000

represented $60 million in additional revenue for

parent company Petroleos de Venezuela S.A.

(PDVSA). Bitor's earnings came from exporting

Orimulsion, a boiler fuel used mainly by power

generation plants.

Orimulsion is made from bitumens from the

Orinoco Belt using proprietary industrial

conversion processes developed by Intevep,

another PDVSA affiliate. Ever since it was first

developed 10 years ago, the Orimulsion boiler

fuel has increased its list of customers.

The projected growth potential for Orimulsion

demand in Italy is 6.7 million tons per year

(mt/y), in China 5.2 mt/y, in Canada and the

United States 1 .8 mt/y, while demand from

Ireland, India and Southeast Asia is seen

growing by 2.4 mt/y.

Production of Orimulsion and export volumes

have risen since 1998, when production stood at

5,535,000 metric tons. The construction of a

new Orimulsion production module would make

it possible to double production to 12.4 mt/y

by 2004.

The construction of additional production

modules would continue to be the result of joint

ventures made by this PDVSA affiliate and

interested power companies from abroad. The

estimated cost of building such a module is

some $300 million.

The Orimulsion is currently being produced in

the southern part of Anzoategui and Monagas

states, and is transported via a 310-kilometer

pipeline to the Jose terminal, located in northern

Anzoalegui State's shores on the Caribbean.

This is a facility that can handle tankers with

dead weight of up to 300,000 tons.

CONOCO BUYS GULF CANADA FOR

US$6.3 BILLION

Conoco Inc. and Gulf Canada Resources

Limited announced in May that their boards of

directors have unanimously approved an

acquisition agreement under which a wholly

owned Canadian subsidiary of Conoco will

acquire Gulf Canada for approximately

US$4.3 billion in cash. Conoco also will assume

approximately US$2.0 billion in Gulf Canada's

net debt. The transaction price represents a

premium of 35 percent over Gulf Canada's

closing stock price on May 25, 2001. The

transaction is expected to close in the third

quarter.

With the addition of Gulf Canada's proved

reserves of over 1 billion Barrels of Oil

Equivalent (BOE), Conoco's total worldwide

reserves (including syncrude) will increase

almost 40 percent to 3.7 billion BOE. The

estimated cost per proved BOE of the

transaction is US$6.21. Conoco's proforma

North American liquids production (crude oil,

syncrude and natural gas liquids) will more than

double and its proved North American liquids

reserves will more than triple as a result of this

transaction.

Conoco will acquire a 9 percent interest in

Syncrude Canada Ltd., a joint venture that

produces and upgrades heavy tar sands into

light, sweet crude oil. Production is expected to

be net 22,000 barrels per day in 2001 , with

approved plans to increase by 30 percent to net

32,000 barrels per day in 2005. Syncrude has

unbooked resource potential of 5 billion barrels

of oil (400 million barrels net).

Under the terms of the agreement, a wholly
owned Canadian subsidiary of Conoco will

commence a tender offer shortly to purchase all
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outstanding ordinary shares of Gulf Canada for

US$8.02 per share in cash. Gulf Canada's

board has unanimously voted to recommend

that all Gulf Canada shareholders tender their

shares into the offer. Upon the expiration of the

tender offer, Conoco intends to acquire the

balance of Gulf Canada's ordinary shares by
statutory acquisition or a second step
transaction for the same cash price as the

tender offer. Initial acquisition financing has

been arranged. Conoco remains committed to a

strong balance sheet. The transaction's highly
accretive cash flow coupled with reduced capital

spending and dispositions will enable the

company to quickly reduce a significant portion

of the acquisition-related debt. The company
also said it will suspend its share repurchase

plan.

Conoco is headquartered in Houston, Texas.

The combined company's Canadian

headquarters will remain in Calgary, Alberta,
Canada.

In June the Canadian Commissioner of

Competition under the Competition Act

(Canada) issued an advance ruling certificate to

Conoco's acquisition subsidiary, Conoco

Northern Inc. With the issuance of this

certificate, Conoco Northern may complete the

acquisition of Gulf Canada Resources Limited

without having to obtain any additional

approvals under the Competition Act (Canada).

Conoco is a major, integrated energy company

active in more than 40 countries.

TECHNOLOGY

VISBREAKING OF ATHABASCA BITUMEN

INSUFFICIENT FOR PIPELINE

TRANSPORTATION

In a paper presented at the American Chemical

Society
221st

National Meeting in San Diego,

California, P. Rahimi et al. of National Centre

for Upgrading Technology in Devon, Alberta,

Canada, addressed the stability of visbroken

products obtained from Athabasca bitumen.

Heavy oils and bitumen produced in Alberta are

viscous (>1 00,000 centipoise) and cannot be

transported by pipeline, as such. The Canadian

pipeline specification for viscosity is

350 centistoke at operating temperature. At the

present time, the viscosity specification is met

by the addition of approximately 25 volume

percent natural gas condensate. There are a

number of major concerns in using natural gas

condensate for reducing the viscosity of heavy
oils. First, condensate is relatively expensive.

Second, its abundant availability in the future is

questionable. Third, it has to be removed from

the bulk oil at the point of destination. Finally,

its paraffmic character may cause asphaltenes

to precipitate during pipelining. Therefore, there

are major incentives to develop an inexpensive

process that reduces heavy oil viscosity

preferably, a process that would be applied in

the field with minimum capital and operating

costs and would require no hydrogen for product

stabilization. Visbreaking was studied as a

potential process to satisfy these requirements.

The presence of asphaltenes in heavy oils and

bitumen is largely responsible for the observed

high viscosity of these materials. A recent study

by Rahimi et al. showed that although, removal

of all the asphaltenes from Athabasca bitumen

(17 weight percent of C5 asphaltenes) did not

result in a product that met the pipeline

specification for viscosity, the amount of diluent

required to meet that specification was

significantly reduced.

According to Rahimi et al., visbreaking

technology has been applied to field upgrading
for the production of pipelineable feedstocks.

Depending on the conversion level and the

severity of the process, visbreaking products

can be unstable and form sediment during
pipeline transportation. Moreover, when natural

gas condensate, which is paraffmic in character,

is required to be added to visbroken products to

meet pipeline specification for viscosity, this

may also cause asphaltene precipitation during
pipelining. There are currently no standard

methods for measuring the stability of partially
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upgraded heavy oils or their diluted products

with natural gas condensate.

In the present study by Rahimi et al., the

stability of visbroken products obtained from

Athabasca bitumen using different severities

was investigated.

Process conditions applied in these experiments

and the properties of the feedstock and the

slurry products are shown in Table 1 . The

volume percent of diluent required to be added

to each visbroken product to produce

pipelineable feedstock was calculated and is

shown in Table 2. The condensate used in this

work was paraffinic in nature, containing

93 weight percent paraffins and naphthenes and

7 weight percent aromatics.

It was found that approximately 24 volume

percent diluent is required in order to make

Athabasca bitumen pipelineable (Table 2).

Athabasca bitumen was subjected to thermal

treatment under different severities. As the

severity of the process increased from VISB1-

YP-1 to VISB1-YP-5, the viscosity of the

product decreased significantly but the
API0

increased only marginally (Table 1). However,

as seen in Table 2, under the severity of the

process employed here, the reduction in

viscosity is not enough to produce pipelineable

products.

The pipeline viscosity requirements cannot be

met by thermal conversion alone, even at the

highest severity employed. However, the

amount of diluent was significantly reduced from

23.8 to 6.4 volume percent.

In the concentration range used to meet pipeline

specifications, the diluent was shown to be

compatible with both the bitumen and visbroken

products.

TABLE 1

PROCESS CONDITIONS AND PROPERTIES OF

THE FEEDSTOCKS AND VISBROKEN PRODUCTS

Bitumen VISB1-YP-1 VISB1-YP-2 VISB1-YP-3 VISB1-YP-4 VISB1-YP-5

Temperature, C

Process Severity, s 0 423 429 437 445 449

Viscosity, cP@25C 174,000 268 367 521 840 1,034

API0 7.68 7,380 3,860 1,470 648 466

9.06 9.25 9.66 10.18 10.23
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TABLE 2

PREDICTED AND MEASURED VISCOSITY FOR VISBROKEN PRODUCTS AT 25C

Initial Vol.% Viscosity (cP) Viscosity (cP)

SamDles Viscositv
Condensate*

Predicted Measured

Athabasca Bitumen 115,000 23.8 350 351

VISB-1-YP1 8,820 15.1 350 368

VISB-1-YP2 4,600 12.6 350 384

VISB-1-YP3 2,650 10.2 350 401

VISB-1-TP4 1,180 6.6 350 396

VISB-1-YP5 1,140 6.4 350 401

*Volume of condensate was calculated using a correlation obtained forAthabasca bitumen.
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PROJECT ACTIVITIES

SASOL TO INSTALL ANOTHER ADVANCED

SYNTHOL REACTOR

Sasol Synthetic Fuels (Pty) Ltd. (SSF) an

nounced in March that work was under way for

the installation of a ninth Sasol Advanced Syn-

thol (SAS) reactor at its plant in Secunda, South
Africa.

The total value of the project is R220 million.

The first SAS reactor was transported in 1996

and the next seven in 1997 and 1998, at a

capital cost of more than R1 billion. Following
the successful commissioning and operating

performance of these reactors, Sasol has de

cided to erect a ninth SAS reactor at the SSF

plant.

The new-generation SAS reactor consists of one

free-standing pressure vessel which results in

more efficient operation and maintenance. The

reactor was designed to increase production

yields and to facilitate further downstream de-

bottlenecking of the production process. One of

the measurable benefits of the new SAS reac

tors is its significant contribution to lowering the

cost of producing synthetic crude oil from coal in

the longer term.

Hyundai Heavy Industries in Korea built the re

actor under contract. It was shipped across the

Indian Ocean to Richards Bay and from Rich

ards Bay the reactor was transported by truck-

tractor to Secunda.

Fully assembled on site, this reactor will have

an internal diameter of 8.150 meters, a height of

31 .250 meters and a total weight of 692 tons.

J. Fourie, executive director of Sasol Ltd., said,

"The successful commissioning and operation of

the eight SAS reactors installed in 1998, in

spired us to make a further substantial invest

ment in this phenomenal technology. It will al

low for more flexibility in terms of plant avail

ability during scheduled
shut-downs."

LIQUID PHASE METHANOL

DEMONSTRATION CONTINUES

SUCCESSFUL OPERATION

At Air Products Liquid Phase Conversion Com

pany LP, the Liquid Phase Methanol (LPMEOH)

Process Demonstration Facility continues to

experience stable operation on coal-derived

synthesis gas. Recently, several tests of the

ability of the LPMEOH Reactor to operate in a

load-following environment were performed

successfully. During these tests, the reactor

was placed in a standby mode of reduced tem

perature and constant pressure with no synthe

sis gas feed. After a period of 8 to 12 hours in

standby mode, synthesis gas feed was intro

duced into the reactor as quickly as possible.

Significant improvements to the ramp rate were

achieved by optimizing the standby mode con

ditions.

Since being restarted with fresh catalyst in De

cember 1997, the demonstration facility has op
erated at 99 percent availability, and since

April 1997, the facility has produced over

77 million gallons of methanol, all of which was

accepted by Eastman Chemical Company for

use in downstream chemical processes. Moni

toring all potential catalyst poisons, and meth

ods for their removal and control, continues to

be important.

EIS DUE FOR CPICOR PROJECT

CPICOR Management Company LLC (CMC) is

carrying out the Clean Power From Integrated

Coal/Ore Reduction Project. The United States

Department of Energy has continued its work

toward an Environmental Impact Statement
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(EIS) for this project, a draft of which was ex

pected to be issued in early 2001. The CMC

continues to perform baseline environmental

monitoring and preliminary engineering and de

sign. CMC also continues to work closely with

the Australian developers of the Hlsmelt Proc

ess and iron/steel engineering firms to establish

a process and mechanical design database for

this project. This project will be designed to

produce 3,300 tons per day of liquid iron and

approximately 160 megawatts-electric from the

byproduct gases. CMC is discussing teaming
arrangements with several engineering firms.

PINON PINE PROJECT ENDS

Sierra Pacific Power Company's Pifton Pine

Integrated Gasification Combined-Cycle Power

Project officially ended January 1
,
2001 . Sierra

is preparing the Final Technical Report. Inte

grated operation of the gasifier, hot-gas cleanup

system and gas turbine had not been achieved

when the project ended. However, Sierra and

WPS Power Development Inc., the prospective

owners of the plant, continue to try to achieve

steady-state operation of the gasifier.

Successes in the project included operation of

the combined-cycle portion of the plant at

98 percent availability, efficient removal (by the

hot-gas filter) of particulates from the dirty gas

and production of good quality syngas for over

30 hours since the first syngas was produced in

January 1998.

PORT ARTHUR, TEXAS, PROJECT TO USE

WABASH RIVER GASIFIER DESIGN

The Wabash River Coal Gasification Repower-

ing Project expired on January 1 , 2000. The

coal gasifier demonstrated at the Wabash River

facility under the Clean Coal Program and now

known as the E-GAS Technology has been se

lected for development at the Port of Port Ar

thur, Texas. A public/private partnership to pur

sue development of the E-GAS technology has

been established between the Port of Port Ar

thur and privately held Sabine Power I, Limited.

The estimated total cost of the project is ap

proximately $1.75 billion.

The 1 ,000-megawattplant would convert petro

leum coke into synthesis gas.

The Port of Port Arthur would own the plants

and Sabine Power would lease the facilities

from the port. Sabine Power's raw material

would come from the refineries in the Gulf

Coast region.

If the project gets the green light, construction

would begin in early 2002 and would take as

long as 4 years to complete.

DAKOTA GASIFICATION COMPANY REAPS

RECORD PROFITS IN 2000

Basin Electric's Dakota Gasification Company

(DGC) is involved in producing natural gas, ag

ricultural fertilizers, lime, and other valuable

products, and in marketing lignite. DGC owns

and operates the Great Plains Synfuels Plant

near Beulah, North Dakota.

Riding a robust market of notably higher natural

gas prices in 2000, DGC collected record reve

nues of $258.2 million and created a positive

financial turnaround of more than $22 million.

The company recorded a net income of

$15.4 million in the past year compared with a

net loss of $6.8 million in 1999. A primary rea

son for that improved performance has been the

dramatically stronger natural gas and fertilizer

market, and the potential for future benefits

from the new project, piping carbon dioxide into

Canada for enhanced oil recovery.

According to Basin Electric's Annual Report, the

financial outlook for DGC reached a level of

optimism in 2000 not seen since the company
was formed nearly 13 years ago. Basin Electric

created the subsidiary in 1988 to own and oper

ate the Synfuels Plant, which is the United
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States'

only commercial-scale facility to produce

pipeline-quality natural gas from lignite as well

as fertilizers and other products from the gasifi

cation process. The Synfuels Plant has been

operating since 1984, but after the original own

ers abandoned it, DGC purchased the plant

from the federal government.

Natural gas prices reached dizzying heights

in 2000, hitting $13.75 per dekatherm on the

cash market in late December at the Ventura,

Iowa, trading hub. On the spot market, DGC

sold natural gas at an average of $8.74 per

dekatherm. Last year, DGC received an aver

age of $3.81 per dekatherm for its natural gas,

compared with the previous high annual aver

age of $2.47 per dekatherm.

Several factors pushed market prices for natural

gas to post-GulfWar highs. A primary reason is

that natural gas storage in the United States in

mid-2000 did not match the projected use for

the winter of 2000-2001 . Projections indicated

that the level of storage fell more than

20 percent below the total for 1999. Another

factor is that natural gas has become the fuel of

choice for the electric generating industry at

tempting to keep pace with increasing demand

for power nationwide. And, finally, higher oil

prices in late 2000 contributed to the rebound of

natural gas prices. With oil prices climbing,

some users have switched to natural gas, add

ing to the demand for the fuel. The company

foresees natural gas prices remaining in the

range of $3 to $4 per dekatherm for the long
term, about $1 higher than the average in recent

years.

Since purchasing the Synfuels Plant, manage

ment has sought to stabilize plant operations

and potential business opportunities, focusing
on ensuring the plant's future and, thus, its con

tributions to the Basin Electric family. The

company has invested about $350 million for

product development, environmental projects

and other ventures.

Based on those investments, the Synfuels Plant

now has significant revenue from products other

than natural gas. In DGC's first full year of

ownership, the Synfuels Plant produced

$4.3 million in revenue from products other than

natural gas, representing about 2 percent of the

company's total revenue. In 2000 revenue from

other products (see Table 1) reached

$77.5 million, about 30 percent of total sales

revenue.

Today two agricultural fertilizers anhydrous

ammonia and ammonium sulfate make up a

significant part of DGC's overall business. In

the past year, prices for the fertilizers have

climbed along with natural gas prices, adding to

the company's encouraging financial outlook.

However, at times, natural gas prices rose high

enough so the company cut back on its produc

tion of anhydrous ammonia to gamer even more

revenue from natural gas. That flexibility pro

vided additional benefits for DGC.

DGC's strategy for long-term success has been

to mitigate three major risks associated with

operating the Synfuels Plant plant outages,

volatile natural gas prices and environmental

deficiencies. The strategy has been to improve

reliability of the Synfuels Plant, hedge prices for

natural gas produced, and resolve the environ

mental issues.

The company invested in several projects in

2000 to keep the plant reliable. For example,

worn-out economizers in two of the main plant

boilers were replaced. Economizers are used in

making steam for the plant's steam turbines and

for the coal gasification process.

Other projects included renovating the original

plant boiler stack and improving the reliability of

the sulfur dioxide removal system and the

downstream ammonium sulfate manufacturing
process.

DGC believes that the investment in mainte

nance represents a wise use of its financial and

human resources. With the Synfuels Plant op

erating at high levels, the company can better

take advantage of the rebounding natural gas

market.

With its hedging strategy, the company wants to
ensure reduced risk from huge swings in the

price for natural gas, further insulating the par-
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TABLE 1

DGC PRODUCTS AND BYPRODUCTS

FROM THE GREAT PLAINS SYNFUELS PLANT

Synthetic Natural Gas

Anhydrous Ammonia

Carbon Dioxide

Krypton/Xenon Gases

Crude Cresylic Acid

Phenol

Ammonium Sulfate

Naphtha

Liquid Nitrogen

43 billion standard cubic feet per year

350,000 tons per year

40 billion standard cubic feet per year

3.1 million liters per year

33 million pounds per year

33 million pounds per year

1 50,000 tons per year

7 million gallons per year

24 million gallons per year

ent from a downturn in DGC's profits. That goal

was achieved in 2000, and the company

reached its objective of locking in a profit for the

year.

Environmental Issues

DGC also made progress toward environmental

solutions in 2000. The company received an

operating permit from the North Dakota Health

Department for the Synfuels Plant, which had

been operating under a variance even before

DGC became the owners.

The permit is a result of working with the Health

Department for several years on areas of con

cern regarding the plant's operation. The permit

sets out a road map of requirements that DGC

must follow to achieve full environmental com

pliance at the plant. Among those requirements

are better particle removal from the plant's main

stack and improved odor control from the plant's

cooling towers.

To satisfy permit requirements, DGC is install

ing a Wet Electrostatic Precipitator (WESP) to

remove particles from the gases leaving the

boiler stack. The equipment uses an electric

charge to attract microscopic particles from the

stack gases, causing them to attach to a metal

plate. Water rinses the particles from the plate,

and the particles are then removed for disposal.

In addition, a project to control the odor coming

from the cooling towers also is underway.

Both projects are on budget and ahead of

schedule. DGC expects them to be completed

well ahead of their compliance dates:

June 1 , 2003, for the WESP and Decem

ber 31 , 2002, for the odor control project.

Pipeline Project

Financial stability for DGC and the Synfuels

Plant was enhanced on October 19, 2000. That

was the date DGC joined with PanCanadian

Resources in dedicating the 205-mile pipeline

carrying carbon dioxide (CO2) from the plant to

Weybum, Saskatchewan, Canada. American

and Canadian officials attending joint ceremo

nies at Beulah, and Weybum, cited the impor

tance of the project to the two companies and

the economies on both sides of the international

border.

The dedication signified the startup of CO2 flow

northward to PanCanadian for injection into the

large Weybum Oilfield. Under a 15-year

agreement, PanCanadian will purchase from

DGC up to 95 million standard cubic feet per
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day, which represents about 40 percent of the

C02 available from the Synfuels Plant. With the

C02 flooding of the 40-year-old oilfield, PanCa

nadian expects to gain an additional 122 million

barrels of oil.

The project also will contribute to the financial

stability of DGC and the Synfuels Plant in the

future. Unlike DGC's other products, the reve

nue from the PanCanadian contract is not sub

ject to fluctuating commodity prices. That

means DGC, which invested about $100 million

in the pipeline and a compressor station, will be

receiving $15 to $18 million per year in net in

come over the contract period.

Begun in May 1999, the project went smoothly
with the pipeline construction finishing on time

and under budget in February 2000. However,
technical problems arose in late 2000 involving
odor, compressors and pipeline valves. DGC

and PanCanadian are working together to re

solve the issues as quickly as possible.

With PanCanadian buying just 40 percent of the

C02 available from the Synfuels Plant, DGC

expects that there could be future customers for

the product. The pipeline was built with that in

mind by oversizing the pipe and installing extra

taps along the way. Prospects exist for selling
an additional 70 million standard cubic feet of

C02 from the plant, especially if oil prices re

main high.

LOUISIANA MAY GET PETCOKE

GASIFICATION PROJECT

TECO Power Services Corporation may build

an integrated gasification combined-cycle pow-

erplant adjacent to CITGO's Lake Charles, Lou

isiana, refinery complex. The project would use

the Texaco gasification process to convert

5,000 tons per day of petroleum coke to synthe

sis gas. Plant output would include

670 megawatts to be sold wholesale as well as

steam and hydrogen for the CITGO complex.

Texaco Power and Gasification also has the

right to participate in the development of the

project. Commercial operation is expected in

January 2005.

CORPORATIONS

DGC PURSUES VENTURE TO PRODUCE

CATECHOLS

The Dakota Gasification Company (DGC) board

approved in April DGC's participation in a new

international joint business venture. As a result,

the Great Plains Synfuels Plant could eventually

be selling purified catechols.

DGC representatives recently traveled to
Chen-

nai, India, to meet with Southern Agro Phenols

Ltd. (SAPL) and Rutgers VFT, a German com

pany. Rutgers and SAPL will be DGC's partners

in the new joint venture.

The purpose of the visit to the southeast coast

of India was to discuss the terms of a joint-

venture agreement between the three compa

nies, and to review the condition of an idle In

dian plant that would be used. The goal of the

joint venture is both to prove technologies that

are proprietary to DGC and Rutgers, and to pro

duce semi-commercial quantities (several tons)
of purified catechols using those technologies.

The venture is intended to prove DGC's pro

prietary technology and help establish an inter

national market for three catechols:

Catechol

3-methylcatechol

4-methylcatechoi

Each product can be used as the starting mate

rial for making a variety of pesticides, pharma

ceuticals, fine chemicals, insecticides, fra

grances and concrete additives.

DGC says it has the potential for producing ap

proximately 2 million pounds per year of

catechol, 2 million pounds per year of
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3-methylcatechol and 4 million pounds per year

of 4-methylcatechol.

GOVERNMENT

POWER INDUSTRY SIGNALS STRONG

SUPPORT FOR CLEAN COAL TECHNOLOGY

The United States coal-fueled power industry
has responded enthusiastically to the first new

government competition for clean coal technol

ogy projects in more than 8 years.

In a limited competition that is likely to be the

precursor to President Bush's new 10-year

commitment to advanced clean coal technolo

gies, the Department of Energy has received

24 proposals for projects totaling nearly
$535 million, $251 million of which is requested

from the federal government.

The Department is offering $95 million for the

initial competition called the Power Plant Im

provement Initiative. The private sector must at

least match the government's share. Proposed

projects would be sited in at least 15 states.

United States consumers obtain more than half

their electricity from coal. Many of the nation's

450 coal-fired powerplants could generate more

power by installing new technologies developed

in recent years, such as better burners or new

computerized control systems. Others could

avoid premature shutdowns by installing more

effective or lower cost pollution control tech

nologies.

The new program is intended to share the risks

of these unproven technologies with the expec

tation that the first-of-a-kind demonstrations will

spur other power companies to replicate the new

technologies. It was included by Congress in

the Department's fiscal year-2001 appropria

tions bill.

For fiscal year 2002, the administration is re

questing $150 million for what Energy Secretary

S.Abraham has called a "down
payment"

on

President Bush's pledge to invest $2 billion in

clean coal power generation over the next

10 years.

The new focus is on coal for power generation.

In addition to meeting tougher environmental

regulations and improving the reliability and

output of coal-fired powerplants, several proj

ects propose technologies to reduce emissions,

such as mercury, that were not regulated at the

time of the original program.

A panel of technical, procurement and legal ex

perts at the Energy Department's National En

ergy Technology Laboratory will evaluate the

candidate projects using criteria such as the

proposed technology's readiness, the manage

ment approach, cost considerations, environ

ment, health and safety benefits, and the tech

nology's potential for being replicated in com

mercial markets. The department plans to an

nounce selections in August.

Three of the proposals received are gasification

oriented:

Allegheny Energy Supply proposed "Coal

Gasification as an Emission Reduction

and Plant Improvement
Technique."

Gas Technology Institute proposed

"Aventis Integrated Gasification Com

bined-Cycle Power
Project."

Tampa Electric Company proposed "Polk

Power Station Plant Improvement Proj
ect."

REPORT EXTOLS ENVIRONMENTAL

BENEFITS OF CLEAN COAL TECHNOLOGY

An April 2001 publication from the United States

Department of Energy, Topical Report Number
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18, Environmental Benefits of Clean Coal Tech

nology, chronicles the achievements of the

Clean Coal Technology (CCT) Program.

The goal of the CCT Program is to furnish the

marketplace with a number of advanced, more

efficient coal-based technologies that meet strict

environmental standards. These technologies

minimize the economic and environmental bar

riers that limit the full utilization of coal.

Beginning in 1985 the CCT Program has suc

cessfully demonstrated a number of coal utiliza

tion technologies that are being applied com

mercially with beneficial results to the environ

ment and increased efficiency in the use of en

ergy.

A major criticism of coal as a fuel source for

power generation is that it produces large

amounts of pollutants, primarily sulfur dioxide

(SO2), nitrogen oxides (NOx), and particulate

matter, as well as carbon dioxide (CO2), which

is implicated in global climate change. This re

port summarizes the contributions of the CCT

Program in achieving significant reductions in

emissions of these pollutants.

Uncontrolled SO2 emissions from United States

coal-burning powerplants could exceed

20 million tons per year. As a result of controls

already in place, SO2 emissions have been re

duced to about 12 million tons per year. If CCT-

developed technologies were applied to all coal-

fired boilers, it is estimated that S02 emissions

could be further reduced by another 10 million

tons per year.

Total NOx emissions from coal-fired boilers are

about 6.8 million tons per year, equivalent to an

emissions rate of 0.75 pounds per million BTU.

If average NOx emissions were reduced to

0.35 pounds per million BTU, a goal easily

reached using demonstrated technologies, total

NOx emissions would be reduced by an addi

tional 3.6 million tons per year to approximately

3.2 million tons per year.

CCT Program successes include:

Advanced technologies that have dra

matically improved the economic and

environmental performance of flue gas

desulfurization systems for S02 control.

Byproduct gypsum is now recovered for

sale as wallboard, thereby eliminating a

majorwaste disposal problem.

NOx reduction technologies that have

been or are being retrofitted to a large

segment of the nation's coal-fired power

generating capacity. Low-NOx burners

now cost a fraction of the cost of NOx

pollution controls available in the 1980s.

New power generation systems now in

commercial operation, based on coal

gasification. These systems are among

the cleanest powerplants in the world,

with extremely low emissions of S02,

NOx and particulates.

Under the category Coal Processing for

Clean Fuels, a variety of technologies

have been designed to produce solid and

clean liquid fuels having high energy

density and low sulfur.

DOE PRAISES CCT ACCOMPLISHMENTS

The United States Department of Energy (DOE)

regularly updates the progress of the Clean Coal

Technology (CCT) program and projects. The

latest report, DOE/FE-0437 is dated April 2001,
although it contains progress only through Sep
tember 2001 . Only two areas of the program

are of general interest for synthetic fuels:

Integrated Gasification Combined-Cycle

(IGCC)

Coal Processing for Clean Fuels
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Integrated Gasification Combined-Cycle

Three of four IGCC projects are in operation or

have completed operations under the CCT Pro

gram. They represent a diversity of gasifier

types, cleanup systems and applications. PSI

Energy's 262-megawatt-electric Wabash River

Coal Gasification Repowering Project began

operation in November 1995, ceased demon

stration operations in December 1999, and now

operates in commercial service. The unit, which

is the world's largest single-train IGCC, has op
erated on coal for over 12,400 hours and proc

essed more than 1 million tons of coal. The unit

has achieved monthly production levels of

1 trillion BTU of syngas on several occasions.

The 250-megawatt-electric Tampa Electric

IGCC Project began commercial operation in

September 1 996 and continues to accumulate

run time. The gasifier has accumulated over

15,000 hours of operation and produced over

3,500,000 megawatt-hours of electricity on syn

gas. Tests have included evaluation of various

coal types on system performance.

The Sierra Pacific Power Company (SPPC)
continues to make progress on its IGCC system.

The 99-megawatt-electric Pifton Pine IGCC

Power Project at SPPC's Tracy Station began

operation on natural gas in November 1996.

The GE Frame 6FA, the first of its kind in the

world, performed well. The plant has undergone

shakedown, and design modifications have

been made. The system has achieved steady-

state gasifier operation for short periods, but

continued to experience difficulty with sustained

operations.

The Kentucky Pioneer Energy IGCC Demon

stration Project, which is in the design stage, will

offer yet another gasifier design and include the

testing of a fuel cell operated on syngas from

the coal gasifier. This will provide valuable data

for design of an Integrated Gasification Fuel

Cell (IGFC) system. IGFC has the potential to

achieve efficiencies greater than 60 percent.

Commercial configurations resulting from the

current IGCC and pressurized fluidized-bed

combustion demonstrations will typically have

efficiencies at least 20 percent greater than

conventional coal-fired systems (with like C02

emission reductions), remove 95 to 99 percent

of the S02, reduce NOx emissions to levels well

within New Source Performance Standards, re

duce particulate emissions by one-third to one-

tenth that currently allowed under the Clean Air

Act Amendments (CAAA), and produce salable

byproducts from solid residues as opposed to

waste.

Coal Processing for Clean Fuels

Two of five projects in the coal processing for

clean fuels category completed operations and

submitted final reports. Projects in this category

include physical and chemical processes that

can be used to transform the abundant United

States coal reserves into economic, environ

mentally compliant solid and liquid fuels and

feedstocks. The solid products from coal proc

essing are largely designed to be readily trans

portable; high in energy density; and low in sul

fur, ash, and moisture. The liquid products are

designed to be suitable as transportation and

stationary power generation fuels, or as chemi

cal feedstocks. Both solid and liquid products,

and the processes that produce them, have

substantial market potential both domestically
and internationally.

The ENCOAL and Western SynCoal LLC proj
ects are breaking down the barrier to using the

nation's vast low-sulfur but low-energy-density
western coal resources. The resultant fuels

have particular application domestically for

CAAA compliance and internationally for Pacific
Rim energy markets.

ENCOAL's solid fuel product has an energy

density of about 11,000 BTU per pound, and the

sulfur content averages 0.36 percent.

ENCOAL's liquid fuel product can substitute for

No. 6 fuel oil or serve as a chemical feedstock.

During the demonstration, over 83,500 tons of

solid fuel was shipped to seven customers in six

states, as well as 203 tank cars of liquid product

to eight customers in seven states. Five com

mercial feasibility studies have been com

pletedtwo for Indonesia, one for Russia, and
two for United States projects. Permitting of a
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15,000-metric ton per day commercial plant in

Wyoming is nearly complete.

The Western SynCoal LLC project is demon

strating another route to producing high-quality
fuel from low-rank coals. The Advanced Coal

Conversion Process (ACCP) upgrades low-rank

coal to produce a low-sulfur (as low as

0.3 percent sulfur) SynCoal product having a

heating value of about 12,000 BTU per pound.

Western SynCoal LLC has signed a letter of

agreement to supply fuel to Montana Power's

330-megawatt-electric Colstrip Unit No. 2. Five

other agreements have been signed.

Air Products Liquid Phase Conversion Com

pany LP is demonstrating the
LPMEOH

proc

ess to produce methanol from coal-derived

synthesis gas. The LPMEOH process has

been developed to enhance IGCC power gen

eration facilities by coproducing a clean-burning

storable liquid fuel from coal-derived synthesis

gas. The production of Dimethyl Ether (DME)
as a mixed coproduct with methanol will also be

demonstrated. Methanol and DME may be used

as a I0W-SO2, low-NOx alternative liquid fuel, a

feedstock for the synthesis of chemicals, or as a

new oxygenate fuel additive. Since startup, the
LPMEOH

demonstration unit has produced

over 60 million gallons of methanol, all of which

was accepted by Eastman Chemical Company
for use in downstream chemical processing.

Since restart of the unit with fresh catalyst in

December 1997, availability of the unit has been

greater than 99 percent and catalyst activity de

cline has approached 0.4 percent per day.

INTERNATIONAL

CLEAN COAL CENTRE ISSUES REPORT ON

MODELING AND SIMULATION FOR COAL

GASIFICATION

The Clean Coal Centre was established in 1975

under the auspices of the International Energy

Agency (IEA). The Centre's aim is to provide an

impartial and objective information and assess

ment service on all aspects of coal-related tech

nologies and economics. The service is gov

erned by representatives in 12 Member Coun

tries and the European Commission.

A new report from the Centre, Modelling and

Simulation for Coal Gasification, notes that gasi

fication technologies are being developed to

provide environmentally clean and efficient

power generation from a range of fuels such as

coal, biomass and oil residues. Modeling and

simulation tools are increasingly popular with

plant operation personnel and with contractors

to assist with the design, analysis and optimiza

tion of gasification and combustion processes

and with the analysis and interpretation of ex

perimental data.

This report describes how mathematical model

ing can help in understanding combustion and

gasification processes and its use as a predic

tive tool, such as in pollutant emissions predic

tion. In the case of gasification modeling,

1 -dimensional as well as 3-dimensional fluid

dynamics models are used. Some assumptions

are often made for simplification. For instance,

chemical reactions are simplified. The applica

tion of mathematical modeling in coal gasifica

tion is fairly new compared to that in coal com

bustion processes. Nevertheless, an increasing
number of researchers and plant operators are

resorting to gasification modeling for plant opti

mization, process simulation for training plant

personnel, for plant control and for predicting

product gas composition.

The Clean Coal Centre has also completed a

contract for the United Kingdom Department of

Trade and Industry to prepare a Guide to

Cleaner Coal Technology-related websites. The

aim of the guide is to ensure that the UK CCT

industry is fully aware and able to benefit from

the information available on the internet. The

guide is being published by ETSU. It contains

factsheets of about 70 sites of key interest, with
an emphasis on their usefulness to those in the

CCT industry. An evaluation is made of con-
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tent, ease of use, clarity, frequency of update,
etc.

value coals is assessed on a country-by-country

basis.

IEA CENTRE ADDRESSES USE OF CLEAN

COAL TECHNOLOGIES WITH LIGNITE

The Clean Coal Centre at IEA Coal Research

has issued a new publication, Advanced Clean

Coal Technologies and Low Value Coals,
CCC/39.

Written by K. Rousaki and G. Couch, this study
investigates the application of low value coals to

advanced clean coal technologies, namely Inte

grated Gasification Combined-Cycle (IGCC),

Circulating Fluidized-Bed Combustion (CFBC),
Pressurized Fluidized-Bed Combustion (PFBC)
and supercritical Pulverized Coal Combustion

(PCC). Subcritical PCC units up to

1 ,000 megawatts-electric size and the current,

smaller CFBC units, all with subcritical steam,

are used as the base case with which to com

pared the advanced technologies. About one-

third of the coals used worldwide can be consid

ered as low value. These are mainly low-rank

coals, lignites or subbituminous coals, but can

also include higher rank coals with high mois

ture and/or high ash and/or high sulfur content.

Low value coals are commonly of a lower calo

rific value and although not generally interna

tionally traded, they can be locally strategically
important.

The report includes a country-by-country over

view of low-value coal deposits. The impact of

coal characteristics (mainly ash, moisture and

sulfur) on each advanced technology is dis

cussed. The application of each technology and

the experience gained with low value coals to

date is outlined. Key variables which will influ

ence the opportunities of the technologies in the

market place are discussed. Based on the rela

tively limited experience gained, mainly during
the past 10 years, the potential for the applica

tion in the future of these technologies to low

ENVIRONMENT

IMPROVED DRYING TECHNIQUES WOULD

LOWER GREENHOUSE GASES FROM

LIGNITE POWERPLANTS

Reducing Greenhouse Emissions From Lignite

Power Generation By Improving Current Drying
Technologies is the title of a paper by G. Favas

et al. of Monash University (Victoria, Australia)
presented at the American Chemical Society

Meeting held in San Diego, California, in April.

The authors believe that the pressure to reduce

greenhouse emissions will force lignite-based

power generators to develop more efficient

technologies a challenging task. The large

feedrates (up to 3 times greater than for a bitu

minous power station of the same capacity)
could inhibit future operations of this industry.

Energy efficient drying technologies for proc

essing lignites with a high moisture content

(above 60 percent) could be the key to the re

duction of greenhouse gases by cutting back the

total consumption of coal in producing electric

ity. Two major drying technologies possibly ap
plicable to lignite powerplants are Hydrothermal

Dewatering (HTD) and Mechanical Thermal Ex

pression (MTE).

In HTD the coal is heated under pressure and

water is removed from the coal as a liquid,
therefore saving energy from the latent heat of

vaporization and removing water-soluble inor

ganic material which decreases the inorganic

content of the product. A major disadvantage is

that temperatures of up to 320C are required to

achieve significant dewatering. At these tem

peratures soluble organic materials are leached

into the wastewater so that the water may have
to be treated before release into the environ

ment.
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For MTE the coal is heated under applied me

chanical pressure so that again the water is

maintained in the liquid state. Soluble inorganic

species are typically leached from the coal

along with the expelled liquid water. Until re

cently, a major disadvantage has been the long
residence times and high pressing pressures

(16 MPa) required. However, work at the Uni

versity of Dortmund has revived interest in the

technology through the application of a com

mercial chipboard press, which reduced process

times, energy requirements and pressing pres

sures. A potential advantage of this process is

that the processing temperature (180 to 200C)
is much lower than for HTD, reducing the con

centration of organic matter in the removed

water. The present study investigated the

changes in chemical structure of Victorian

brown coal subjected to HTD and MTE.

Results

The moisture content of the product materials

(Table 1) was reduced by increasing the treat

ment temperature (for both HTD and MTE), but

MTE was more effective at any given tempera

ture. Increasing the applied mechanical pres

sure, at constant temperature, also reduced the

residual moisture content. At 200C and

12 MPa the residual moisture content was

23 percent on an "as
received"

basis, down from

62 percent for the raw coal.

TABLE 1

EFFECT OF TEMPERATURE AND MECHANICAL PRESSURE

(MTE ONLY) ON THE PROCESSED COAL

Filter Cake

Water Content Helium Density C02 Surface

Process %H20 (as (gmf1) pHe Area (m2g"1)

Condition received) 0.2 0.003 2

LYLA Raw 62.0 1.411 160

HTD180C 62.1 1.395 251

HTD 200C 61.0 1.393 247

HTD 230PC 60.2 1.390 239

HTD 250C 56.7 1.389 236

HTD 300C 52.4 1.372 190

HTD 320C 48.7 1.361 160

180C/6MPa 31.5 1.404 227

200C/6 MPa 30.7 1.402 229

230C/6 MPa 27.7 1.395 224

250C/6 MPa 27.1 1.401 227

200C/6 MPa 30.7 1.402 229

200C/9 MPa 26.4 1.401 227

200C/12 MPa 23.3 1.403 227
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The disadvantages of the high processing tem

peratures (300 to 320C) required for HTD in

clude the higher water vapor pressure in the

system and the increase in loss of volatiles (see

above) and Total Organic Carbon (TOC) in the

wastewater (2.0 to 3.3 grams per liter at 300 to

320C). TOC in the wastewater increased dra

matically with temperatures above 230C. TOC

values for the MTE products are not currently

available.

Processing did not alter the coal ash yield sig

nificantly, though large differences were not ex

pected, as the ash in the original coal was low.

The levels of Na, Ca and Mg in the MTE prod

ucts were also similar for different processing

temperatures and mechanical pressures. In

contrast, HTD at temperatures up to 250C (the

maximum temperature used in MTE) reduced

the level of Na (though not that of Ca or Mg).

Thus the removal of sodium in MTE was not as

efficient as for HTD at the same temperature,
perhaps because of the larger coahwater ratio in

the HTD experiments. In most Latrobe Valley
coals the Na is predominantly water-soluble

NaCI. Some of the cations present are, how

ever, bound to carboxylate groups in the coal

and not so easily removed.

Table 1 lists the densities and surface areas.

Note that density and porosity analysis require

drying, during which significant pore collapse

can occur, particularly in raw coals, which have

a less rigid structure than thermally treated

coals. Pore collapse is particularly serious for

the larger pores. Thus, comparisons between

raw and processed coals should be treated cau

tiously; but comparisons between thermally
treated coals, which have a more rigid structure,

are meaningful.

Favas et al. found that the moisture retained in

the MTE products is almost exactly equal to the

available internal pore volume. For the HTD

products, however, the retained water slightly

exceeds the available pore volume. This can

be understood from the fact that MTE products

were recovered as compact pellets with minimal

external surface available for water droplets to

form on. In contrast, HTD products were recov

ered as particles (<1 millimeter). In this latter

case, it is likely that some water remains ad

sorbed on interparticulate surfaces.

RESOURCE

SIUC GETS MONEY TO STUDY

UNDERGROUND MINING COSTS

Southern Illinois University at Carbondale

(SIUC) has received funding from the Illinois

Clean Coal Institute to identify cost-cutting

strategies for underground coal mines in Illinois.

Environmental issues concerning the high per

centage of sulfur in the Illinois coal industry
have inhibited efforts to increase the use of fos

sil fuels to provide energy. Researchers are

investigating new technologies that enable the

use of Illinois coal while exploring cost-cutting

strategies that may lower the cost of coal pro

duction at the delivery stage. While many
cost-

cutting strategies have been implemented that

concern the face or extraction areas of coal

production, this project will explore opportunities

for cutting costs primarily in areas other than the

face, in those that have not previously been

used to their potential.

Such areas for optimization include the support

functions of the mines, transportation of the

product, and handling and disposal costs of

utilities. This project reduces the cost of deliv

ered coal to the powerplant by at least

20 percent of the mine-mouth FOB selling price

of coal (at $4 per ton). Strategies include min

ing a quality product at a competitive price

through consideration of costs of transportation,
waste and waste disposal, inventory control, and
environmental regulations. Prioritized solutions

will be sought by industry professionals and rep
resentatives of state and federal agencies with

technical and organizational support provided by
research personnel. Increased productivity at a

lower cost will enable mines in the Illinois region

to compete against alternative fuels from differ-
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ent regions, and improve the environmental

conditions of coal production in this high-sulfur

industry.
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PROJECT ACTIVITIES

REEMA WILL USE DOE TECHNOLOGY FOR

GTL PLANT IN TRINIDAD

Based on successful research sponsored by the

United States Department of Energy's (DOE)
National Energy Technology Laboratory at the

University of Kentucky and LaPorte, Texas, a

10,000-barrel per day commercial-scale Gas-

To-Liquids (GTL) plant will be constructed in

Trinidad.

An agreement signed by Reema International

and Parsons Energy and Chemicals Group es

tablishes the project.

Reema has put together a group of investors

with financing of up to $350 million. The esti

mated capital cost of the plant is $275 to

$300 million. Parsons will serve as the archi

tecture and engineering firm. Reema expects

the engineering, procurement and construction

phase to be completed in 36 months. The plant

will convert about 100 million cubic feet per day
of natural gas into about 10,000 barrels per day
of diesel, jet fuels, naphtha and other high-

quality specialty products.

MOSSGAS ADDING TO GAS-TO-LIQUIDS

FACILITY

Mossgas, the South African state-owned gas-to-

liquids producer, has awarded the engineering,

procurement and construction contract for its

new R135-million low aromatics distillate plant

to Foster Wheeler South Africa. The plant,

which will be built on
Mossgas'

existing prem

ises at Mossel Bay, will produce 70,000 tons of

environmentally friendly low aromatic diesel and

kerosene per annum for the export market.

Work on the project, which is scheduled to go

into production in October 2002, began in April.

The Institut Francais du Petrole is the process

licensor for the project.

The project will consist of a low aromatic distil

late production facility and new tanks at the

Mossgas refinery as well as at
Mossgas' Voor-

baai tank farm. A 2-kilometer subsea pipeline

from the tank farm will transport products to the

company's existing conventional buoy mooring

for loading into tank ships.

The products are synthesized from a range of

olefins and are essentially odorless, colorless,

smokeless and sulfur-free.

The low aromatic products are expected to

command substantial premiums over the local

fuel price of diesel and kerosene. The Ameri

can and European markets for drilling fluids,

solvents, specialty chemicals and indoor heating

and lighting will be targeted initially.

The project is expected to earn South Africa

foreign exchange of up to US$30 million per

year. It will also double
Mossgas'

present ex

port revenue to more than R500 million per year

at current exchange rates.

Mossgas already exports 120,000 tons of anhy

drous alcohols annually to markets in Europe,

the East and the Americas. The alcohols are

used in solvent blends, paint thinner formula

tions, de-icing and windscreen wash applica

tions in sub-zero temperature conditions and as

a carrier in the printing ink industry.

CORPORATIONS

RENTECH PROCEEDING WITH INDUSTRIAL

OFF-GAS STUDIES

In March Rentech Inc. issued an update on its

previously announced industrial "off-gas-to-

liquids"

studies. In October 2000, Rentech was

contracted by two separate chemical manufac

turers to study the feasibility of processing In

dustrial Off-Gas (IOG) into Gas-To-Liquids

(GTL). Rentech undertook the assignments with
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the aid of Jacobs Engineering U.K. Ltd., a sub

sidiary of Jacobs Engineering.

The major chemical company that contracted

one of the studies has indicated to Rentech that

it would like to move to the next stage, which is

to seek management approval to proceed with

front-end engineering estimates and to firm up

more precise project economics. Should ap

proval be obtained to move forward, Rentech

believes the plant could be pre-commissioned

by next year-end, 2002.

The specialty chemical manufacturer that con

tracted the other lOG-to-GTL analysis has

elected not to move ahead even though the

findings of its feasibility study were positive.

Commenting on the IOG studies, Rentech's

D. Yakobson stated, "This GTL opportunity pro

vides the potential for Rentech to implement

commercial-scale GTL quickly and without be

ing directly affected by the vagaries of United

States natural gas pricing. The feasibility stud

ies indicate that the conversion of IOG is both

cost-effective and economical, with strong inter

nal rates of return. The IOG/GTL concept indi

cates a large savings over greenfield GTL

plants, reducing construction and start-up time

in particular. This application of GTL further

promotes both clean fuels production as well as

providing an alternate solution for this industrial

off-gas. Basically, we would be taking a rela

tively low-value gas stream and upgrading it into

valuable and clean hydrocarbon products. The

application of GTL to this IOG would allow for

the lowering of greenhouse gas emissions and

turning them into something useful which could

improve the
ecosystem."

Rentech announced in April that it is commenc

ing the second phase of the engineering study

for the major chemical company.

The plus or minus 15-percent cost study will

include more detailed engineering and define

the off-take agreements. The second phase is

estimated to take approximately 60 to 90 days

to complete.

D. Yakobson of Rentech stated, "As we continue

to move forward on this IOG opportunity we

gain more confidence in the diverse abilities of

the Rentech GTL process and the flexibility of

our iron-based catalyst. It has become apparent

that with the high cost of natural gas in the

United States as well as in other developed

countries, a GTL process that can economically

convert cheaper sources of domestic feedstocks

like IOG, coal or refinery bottoms, into
sulfur-

and aromatic-free GTL fuels and other biode

gradable products, is under serious considera

tion to fill the void not offered by other GTL pro

viders."

SYNTROLEUM MAKES PROGRESS ON

SWEETWATER PROJECT

Early this year, Syntroleum Corporation an

nounced that the front-end engineering design

has been completed with Tessag Industrie Anla-

gen GmbH, resulting in a price quote of

$506 million for the engineering, procurement

and construction of Syntroleum's proposed

10,000-barrel per day Gas-To-Liquids (GTL) and

specialty products plant in Western Australia,

known as the Sweetwater project. The quote

includes provision for expanded refining capa

bilities that will give the plant greater manufac

turing flexibility and a wider range of products

than originally contemplated. The quote does

not include interest during construction and

other owner's costs, which include proprietary

catalysts to be supplied by Syntroleum. These

costs are yet to be finalized.

The Sweetwater project is a nominal

10,000-barrel per day plant that will employ the

proprietary Syntroleum Process to convert natu

ral gas into ultra-clean high-performance and

sulfur-free synthetic specialty products such as

lubricants, industrial fluids and paraffins, as well

as synthetic transportation fuels. The plant will

be located on the Burrup Peninsula in Western

Australia. Syntroleum has signed a 20-year gas

supply contract for the plant with North West
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Shelf Venture Partners. Merrill Lynch has been

retained to assist Syntroleum with obtaining

debt financing for the project.

In April Syntroleum announced that it has con

tracted with Clough-PGS Joint Venture to pro

vide operating and maintenance services for the

Sweetwater project. Clough-PGS is a joint

venture between Clough Engineering Ltd., an

Australian Company, which is part of Clough

Ltd., and PGS Production Limited, a United

Kingdom subsidiary of the Petroleum Geo-

Services Group.

The 13-year agreement totals approximately

A$350 million and calls for Clough-PGS to pro

vide complete operating and maintenance

services for the plant, from inlet flange for its

natural gas feed through to the wharf facilities

where the finished specialty products will be

shipped to market.

Also in April Syntroleum said that it has signed

multiple agreements with the Dampier Port

Authority that provide Syntroleum access to the

Dampier Port facilities and services for shipping

products produced at its Sweetwater plant. The

agreements are for a term of 30 years and

cover usage of the existing port facilities at a

fixed price, leasing of land and related ease

ments.

The easement agreement provides right-of-way
access on Dampier Port Authority land for laying
and operating product pipelines from the

Sweetwater plant to the port.

Meanwhile, Syntroleum and Norway's Petro

leum Geo-Services have agreed to form a joint

venture to develop, market and operate mobile

marine production facilities based on Syntro-

leum's GTL technology.

The proposed joint venture will offer contract

GTL services to convert otherwise stranded

natural gas from off-shore fields into marketable

hydrocarbon products.

Syntroleum, in association with United King
dom-based AMEC, has been conducting engi

neering and design work for the floating
systems

for a number of months. The company said

floating facilities will be useful for small associ

ated gas fields, monetization of gas caps,
short-

term use as an early production system, and as

a long-term solution for offshore gas in a range

ofwater depths.

RENTECH PUTS SAND CREEK METHANOL

PLANT CONVERSION ON HOLD

The Gas-To-Liquids (GTL) retrofit of Rentech's

Sand Creek methanol facility located north of

Denver, Colorado, has been placed on hold due

to high domestic natural gas prices. Rentech is

actively working with Republic Financial Corpo

ration on the development of Sand Creek as a

pilot GTL facility or for use as some other cash

generating business. Sand Creek as a real es

tate investment remains a valuable asset for

Rentech while the company reconsiders meth

ods for maximizing the value of the estate.

With natural gas prices around $5.50 per mil

lion BTU in April, the economics for continuing

the project are not favorable.

Wyoming Business Council Feasibility

Study

At the beginning of the second quarter of this

year, Rentech began a feasibility study funded

by the Wyoming Business Council. Rentech's

work on this project should result in valuable

insights into the use of State of Wyoming natu

ral resources such as natural gas, and solid and

liquid hydrocarbon feedstocks for making clean,

sulfur-free GTL fuels and products.

Off-Gas Study Enters Second Phase

In April the company announced it was begin

ning the second phase of the engineering study

for a major chemical company for conversion of

industrial off-gases into Fischer-Tropsch (F-T)
products.
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The plus or minus 15 percent cost study will in

clude more detailed engineering and define the

off-take agreements.

D. Yakobson of Rentech points out that the high

cost of natural gas in the United States and

other developed countries is forcing companies

to find cheaper sources of domestic feedstocks,
such as industrial off-gases, coal wastes or re

finery bottoms, for conversion into F-T products.

The firm's iron-based catalyst technology pro

vides greater flexibility in using a variety of

feedstocks than is provided by cobalt catalysts.

SHELL CONSIDERS GTL PLANTS IN

ARGENTINA AND AUSTRALIA

The Shell Gas and Power division of Royal

Dutch/Shell has reported that it is studying addi

tional applications of its Shell Middle Distillate

Synthesis Gas-To-Liquids (GTL) technology in

Argentina and Australia. These would be

75,000-barrel per day facilities similar to that

previously announced for the Mediterranean

Coast of Egypt.

In Argentina, Shell is scouting locations for a

plant in Tierra del Fuego, where it is in discus

sion with a local consortium regarding the pos

sible supply of offshore natural gas to the facil

ity. In Australia, the company is exploring sites

in both Western Australia and Northern Territory
for the GTL plant.

In Australia, Shell is exploring GTL opportunities

that would complement the substantial liquefied

natural gas industry as well as provide strategic

diversification.

METHANEX SEES STRONG TWO YEARS

AHEAD FOR METHANOL MARKET

In its 2000 Annual Report, Methanex Corpora

tion notes that in 2000, the global methanol

market changed dramatically. Stronger de

mand, poor operating performance by other in

dustry players and industry rationalization led to

a significant increase in the price of methanol.

This higher methanol pricing, combined with the

company's record production of 6.0 million ton

nes and strong sales of 6.8 million tonnes, led to

a substantial improvement in earnings and cash

flow for Methanex compared to 1999. The out

look for the methanol industry over the next

2 years also looks promising, with few planned

capacity additions and tight market conditions.

Five years ago, Methanex implemented a strat

egy to significantly reduce its costs of doing
business. The strategy focused on investing in

methanol assets with low unit capital costs in

locations with access to long-term, low-cost

sources of natural gas. At the same time, the

company shut down high-cost facilities in North

America that were exposed to large fluctuations

in the price of natural gas, the feedstock used to

produce methanol. In 2000, unlike many of its

competitors, who saw little improvement in mar

gins because of their exposure to large in

creases in natural gas costs, the margins for

Methanex improved dramatically. Over

85 percent of its total production was unaffected

by changes in the price of natural gas in North

America. This key competitive advantage,

combined with an environment of higher metha

nol prices, led to increased cash generation and

profitability for Methanex.

Net income for the year was $145 million and

cash flows from operating activities climbed to

$297 million. Some of this cash was used to

repurchase 12.5 million Methanex shares, rep

resenting just over 7 percent of the outstanding
common shares, at a price below book value.
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Leading the Efforts to Restructure the

Industry

Restructuring also influenced the sup
ply/demand balance in 2000. Methanex entered

into a long-term arrangement with BP/Sterling to

supply their methanol needs and exercised an

option to idle their 450,000-tonne methanol

plant in Texas. Methanex also purchased ICI's

methanol business interests and logistics infra

structure in the United Kingdom; ICI mothballed

its 500,000-tonne methanol plant in April 2001 .

Over the past 4 years, Methanex has shut down,
either permanently or for an indeterminate pe

riod, 1.1 million tonnes of its own high-cost ca

pacity and worked with others who chose to shut

down their own methanol production, totaling
1.5 million tonnes.

Rising United States Natural Gas Price

Another major factor that significantly affected

the industry was the rapid increase in the price

of natural gas, which, in 2000, represented from

80 to 90 percent of the total production costs for

a typical North American methanol producer.

As natural gas moved from $2.50 per mil

lion BTU early in the year to over $6.00 per mil

lion BTU, North American producers (whose

output represents approximately 15 percent of

global methanol production) saw their cost

structure increase from about $115 per tonne to

over $240 per tonne. These high natural gas

prices led to temporary shutdowns of a number

of United States methanol plants in late 2000

and contributed to Borden
Chemicals'

decision

to exit the methanol business and shut down its

990,000-tonne plant in Louisiana in early 2001 .

At Methanex, in the second half of the year, less

than 10 percent of total production was exposed

to changes in North American natural gas

prices, as their large plants in Chile and New

Zealand benefit from mainly fixed natural gas

costs.

Methanex also finalized an agreement with

Synetix to jointly develop proprietary advanced

process technology to produce syngas, the first

step in the manufacture of methanol and other

natural-gas-based products. If successful, this

technology will result in more efficient syngas

plants with lower operating and capital costs.

The Future ofMethanex

The outlook for Methanex is excellent, says the

company. Industry fundamentals are strong.

And the potential for methanol as a fuel for fuel

cells looks more promising than ever.

The supply and demand fundamentals point to a

tight market for the next 2 years. Planned ca

pacity additions by competitors for 2001 and

2002 in Equatorial Guinea and Argentina should

be more than offset by supply rationalization

and demand growth. Market observers are also

projecting above average natural gas prices in

North America. These factors should lead to a

favorable pricing environment for methanol and

strong cash generation for Methanex.

Although any impact on the methanol market is

unlikely to be felt until 2003, there is uncertainty

in the United States about the continued use of

MTBE, a methanol derivative and fuel additive.

However, Methanex believes that overall

methanol demand growth, including growth from
the increasing use of MTBE in Europe and Asia,
will more than offset the impact on the methanol

market of any reduction in the use of MTBE in

the United States.

In 2000 Methanex undertook a number of initia

tives and formed several strategic partnerships

to turn the enormous potential of methanol in

fuel cell applications into a reality. The com

pany became an associate member of the

California Fuel Cell Partnership, an important

multistakeholder group promoting the commer

cialization of fuel-cell electric vehicles, and was

a founding member of Fuel Cells Canada. Alli

ances were formed with BP, Statoil, Daimler-

Chrysler, BASF and XCELLSIS in Europe and

Mitsui and Mitsubishi in Japan to evaluate what

is needed to commercialize methanol fuel-cell

vehicles. Methanex is convinced that fuel cell

development represents attractive long-term

growth opportunities.
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The fuel cell industry also offers significant po

tential for stationary power generation and for

portable power applications.

THREE MORE GTL PILOT PLANTS ON THE

WAY

Conoco

Conoco has announced plans to build a

$75-million demonstration plant in Ponca City,

Oklahoma, to commercialize the company's

Gas-To-Liquids (GTL) technology.

A team of 80 scientists and engineers, who

have been researching gas-conversion tech

nologies since 1997, has designed, manufac

tured, and tested various reactor configurations

and more than 4,500 catalysts.

Slated for completion in September 2002, the

demonstration plant will convert gas into

400 barrels per day of sulfur-free diesel, jet fuel

and other products. After proving its GTL tech

nology, the demonstration plant will test other

new gas-conversion and petrochemical tech

nologies. Conoco expects to begin construction

of its first commercial GTL plant by 2004.

Japan National Oil Company (JNOC)

JNOC is planning to build a plant in Hokkaido,

Japan, in fiscal 2001 to test GTL technologies

used to make kerosene and other petroleum

products from natural gas. The plant will pro

duce 5 barrels per day of kerosene and light oil

from local natural gas.

Synfuels International

Synfuels International (Synfuels), located in

Dallas, Texas, has built a pilot plant in Robert

son County, Texas. Chemical engineers at

Texas A&M University, located in College Sta

tion, Texas, developed the Synfuels technology

designed to convert natural gas into hydrocar

bon liquids.

The pilot plant has a capacity of 100,000 stan

dard cubic feet per day of natural gas and is

designed to produce 10 to 12 barrels per day of

hydrocarbon liquids. The Synfuels process can

produce liquid products ranging from light

naphtha through diesel fuel. The pilot plant has

been designed specifically to produce light

naphtha that is suitable for transportation fuel.

GOVERNMENT

DOE OUTLINES GTL RESEARCH

STRATEGY

At the American Institute of Chemical Engi
neers'

Spring National Meeting held in Houston,

Texas, in April, V. Venkataraman et al. outlined

a Natural Gas-to-Liquids Research and Devel

opment Program and Commercialization Strat

egy for the United States Department of Energy

(DOE).

Venkataraman et al. note that converting natural

gas to liquids, termed Gas-To-Liquids (GTL)

technology, offers the potential of cost effec

tively producing clean, high-quality diesel and

gasoline fuels which are free of the sulfur, nitro

gen and aromatic pollutants that contribute to

environmental air quality problems. When used

to develop the domestic natural gas resources

in Alaska, GTL technologies will decrease the

nation's dependence on foreign sources of en

ergy.

The United States has about 200 to 300 trillion

cubic feet (tcf) of remote gas, inaccessible to

the pipeline system, on Alaska's North Slope,

and offshore Gulf of Mexico. This offers a sig

nificant incentive for utilizing GTL technology on

the North Slope. In addition, the United States

has huge volumes of methane hydrates

(100,000 to 300,000 tcf) which represent an

enormous natural gas resource. Developments

in the last 5 years have both broadened and

deepened interest in exploiting methane hy
drates as a source of natural gas, but further
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work is needed to develop production tech

niques that are safe and economically viable.

DOE recently issued a 5-year Ultra-Clean Fuels

Technology Initiative that features a govern

ment/industry research and development part

nership, aimed at making ultra-clean transporta

tion fuels more widely available. This Initiative

will promote the development of technologies to

produce ultra-clean transportation fuels for the

21
*
century.

Research Focus

Due to increased emphasis on the environment

and energy security issues, DOE's research

program in the GTL area focuses on processes

for making clean fuels from natural gas, the

most prominent process being advanced

Fischer-Tropsch (F-T) conversion technology.

In F-T processing, the majority of the capital

investment is for the generation of syngas, with

syngas manufacture accounting for about

60 percent of the total cost of making F-T liq
uids. One focus is on the development of ce

ramic membrane reactors to replace the con

ventional synthesis gas generation loop that will

result in significant cost savings (25 to

35 percent) by eliminating the cryogenic air

separation plant.

As a result of recent breakthroughs in develop

ing ceramic membrane technology, an 8-year

program using Ionic Transport Membranes

(ITM) was initiated with Air Products and

Chemicals. A smaller effort was initiated with

the University of Alaska to look at alternative

materials and techniques to produce ceramic

membrane reactors. The current DOE effort

focuses on moving aggressively with Air Prod

ucts and Chemicals into their Phase II endeav

ors. The primary focus of Phase II is to demon

strate ITM syngas production technology at a

larger scale, appropriate for demonstration size

plants. In addition, work will continue with the

University of Alaska on oxygen transport ce

ramic membranes, as well as a study of the use

of the Trans Alaska Pipeline System (TAPS) for

transporting F-T products.

Another company working on ITMs is Praxair.

Praxair has begun development of an advanced

technology for producing synthesis gas from

natural gas. This process combines the use of a

short-reaction time catalyst with Praxair*s gas

mixing technology to provide a novel reactor

system. This system requires significantly less

energy than conventional syngas plants, does

not need steam, and has a substantially lower

capital requirement. This new technology could

be a key contributor to making GTL an eco

nomic reality for the exploitation of stranded

natural gas reserves. Compactness, elimination

of steam, and reduced oxygen requirements

make this technology particularly attractive for

deployment in remote locations where capital

costs are inherently high due to lack of infra

structure and for locations where water quality

or availability is a problem.

Economic and Process Analysis

Continued process and economic analysis of

existing and promising new natural gas conver

sion technologies is a necessary and integral

part of the GTL program. Recent studies in

clude the technical and economic potential for

offshore GTLs conversion and an economic as

sessment of Alaska North Slope gas utilization

options. Of particular importance in the latter

work was the identification of a window of op

portunity to extend the life of TAPS. Identifica

tion and implementation in the 2009-

2016 timeframe of a viable technology to con

vert natural gas to pipeline quality liquids could

extend the life of TAPS by 20 years or more.

Although research and development on GTL

technology is continuing, the effort has been

sufficiently successful that an initial demonstra

tion-scale plant could be built with only a rea

sonable technical risk. The main deterrent to

implementation of GTL technology is economic;

capital costs are high, in the neighborhood of

$30,000 per daily barrel of liquid products. Also,
economics are highly dependent on the cost of

the natural gas feedstock. This means that in

the near term, GTL use is likely to be limited to

locations where stranded gas is available at a
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low price. In the United States, the only location
with substantial reserves of stranded gas is the

North Slope of Alaska. Based on a recent

study, there is potential for production of

400,000 barrels per day of liquids.

Utilization ofGas Hydrates

Methane hydrates represent an enormous natu

ral gas resource. They are solid, ice-like mate

rials containing molecules of methane bound in

a lattice of water molecules. These hydrates

are stable under conditions of low-temperature

and high-pressure and, thus, are found on

ocean slopes. Domestically, major deposits are
located off the Carolina coast, in the deep-water

portions of the Gulf of Mexico slope, and be

neath the permafrost in Alaska. The utilization

of the methane contained in natural gas hy
drates would eliminate concerns regarding the

adequacy of energy resources and mitigate

global climate change effects by displacing fuels
with a higher carbon content.

DOE is developing an Initiative for Methane Hy
drate Research and Development Program.

While the goals of this program are the determi

nation of the extent of the methane hydrate re

source and the commercial production of natural

gas from this resource, the basis for achieving

these goals is dependent upon the scientific un

derstanding of the nature of methane hydrates,

including their formation, dissociation, structure

and properties. Through these studies, this pro

gram expects to develop technology to the point

of providing options for the production of natural

gas from methane hydrates in a safe and envi

ronmentally acceptable manner.

ECONOMICS

CHEM SYSTEMS SEES GOOD POTENTIAL

FOR FISCHER-TROPSCH LIQUIDS

"Stranded Gas Utilization II: Production of High

Value Specialty Chemicals and
Basestocks"

is a

new Chem Systems study which provides an in-

depth analysis for converting large, remote

natural gas reserves to high-value specialty

products via Fischer-Tropsch (F-T) synthesis.

A previously issued Chem Systems study on

remote gas reserves: "Stranded Gas Utilization:

Methane Refineries of the
Future,"

provides an

in-depth analysis of the use of gas from remote

reserves to produce synthetic fuels and com

modity chemicals such as olefins, ammonia and

methanol. The processes evaluated in that

study included those based on F-T synthesis.

Although most emphasis has generally been

placed on the role of the F-T process as a

means of producing liquid fuels from coal or

natural gas, the ability of the process to produce

high-value specialty products is an important

commercial factor in the selection of the tech

nology. These long-chain waxy paraffins can be

sold as they are or can be hydrocracked to yield

desired products in the middle distillate range.

High-value products available from F-T conver

sion of natural gas include:

Lube oils

Drilling fluids

Alpha-olefins

n-Paraffins

The increased interest in the production of syn

thetic fuels from low-cost, remote gas reserves

has spurred interest in the production of these

high-value products in the same facility. With

recent improvements in F-T technology, the

ability to produce these products and the poten

tial global market for them is an important con

sideration along with the ability to produce fuel-

grade liquids.

The new Chem
Systems'

study provides a

quantitative and qualitative analysis of the vari

ous end-uses, manufacturing processes, and

economics for converting large, remote natural

gas reserves to high-value specialty products

via F-T synthesis.

The study analyzes the current and emerging
state-of-the-art technologies for converting
stranded natural gas to the following products:
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Lube Oils: The C23+ fraction can be used as a

basestock in synthetic lubricants. Increasingly
higher standards for lubricants, especially motor

oils, have expanded the demand for high per

formance lubricant oil basestocks.

Drilling Fluids: Synthetic drilling fluids (the

C17-C22 fraction from the plant) are starting to

replace the conventional water and diesel-based

materials in petroleum exploration and devel

opment well drilling. The drilling fluid business

is undergoing a period of transition away from

traditional water-based and oil-based
"muds"

to

a much more complex formulation and chemis

try. Synthetic drilling fluid base materials sell at

relatively high prices and represent an attractive

market opportunity.

Alpha-Olefins: Alpha-olefins are basic petro

chemical building blocks with a wide range of

end-uses, which can be used in production of

polymers, detergents, lubricants, plasticizers

and others. The product stream from F-T syn

thesis contains a wide range of alpha-olefins of

all carbon numbers (odd and even) which can

be separated for the various end-uses.

n-Paraffins: Normal paraffin (the C10-C16 frac

tion from the plant) is an ideal feedstock for Lin

ear Alkyl Benzene (LAB) production. Normal

paraffins are conventionally produced by either

extraction of normal paraffins from a paraffinic-

based kerosene stock, or by polymerization of

ethylene. These are relatively expensive proc

esses, although they start from low-priced feed

stocks, i.e., kerosene and ethylene. The LAB is

then used to produce linear alkyl sulfonate, a

major surfactant in the detergent industry.

TECHNOLOGY

RADICALLY NEW GTL PROCESS

DEVELOPED AT TEXAS A&M UNIVERSITY

At the American Institute of Chemical Engi
neers'

Spring Meeting held in Houston, Texas,

in April, K. Hall et al. presented a radically new

process for converting natural gas into hydro

carbon liquids.

Conventional wisdom has gravitated to some

variation of Fischer-Tropsch technology to pro

duce hydrocarbon liquids from natural gas.

Texas A&M has developed an entirely different

approach for this conversion and the Texas

A&M University System has licensed the tech

nology to Synfuels International of Dallas,

Texas, for commercialization.

The new process has several advantages: It is

simple; it should be economical for flows rang

ing from 3 million standard cubic feet per day

(MMSCFD) through 500 MMSCFD; it can be

skid-mounted (at lower flow rates) for easier

transportation; it appears that the cost of fluids

produced would be about $12 to $15 per barrel;
it is energy self-sufficient, water can be a by
product, and the product is a light naphtha with

about a C6 molecular weight that can be con

verted into a heavier fraction with extra proc

essing. The paper presents some details of the

process and discusses a 1 00-thousand standard

cubic feet per day pilot unit.

Fischer-Tropsch technology provides versatile

processes that convert natural gas into syngas

(a mixture of carbon monoxide and hydrogen)
and then converts the syngas into liquids, gases
and solids. A large amount of research has ad

vanced the technology through catalyst devel

opment and process optimization. However, the
process is complicated and requires many unit

operations to achieve its purpose. As a result,

the plants are rather expensive and require a

relatively high price for oil to be competitive.

Another technology that can achieve the desired
results is plasma processing. By subjecting the
natural gas to a plasma torch or by using the

natural gas as the plasma gas, it is possible to

convert natural gas into acetylene and then to

process the acetylene into liquids. While this

technology is less complicated than Fischer-

Tropsch, it is not much less expensive. The

plasma is expensive to produce (requiring a

large amount of electricity) and difficult to oper

ate in a stable manner.
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At Texas A&M, researchers began developing a

plasma process that was thought to have some

inherent advantages for converting natural gas

into liquids. However, along the way they dis

covered a better way to perform the chemistry
without resorting to a plasma process. The

process discovered is less expensive than a

plasma process and much more stable and

easier to operate.

The paper by Hall et al. presents the new proc

ess and discusses bench-scale tests as well as a

pilot unit. The pilot unit has a capacity of

100,000 standard cubic feet per day of natural

gas and produces about 10 to 12 barrels per day
of light naphtha as product.

Process Description

The Synfuels process is essentially two reaction

steps and two separation steps. Of course, the

process contains compressors, heat exchangers

and other unit operations for efficient operation,

but the reaction and separation steps are the

crux of the technology. It is assumed that the

gas has been treated to remove most of the

heavy components because it would be more

efficient to do so using conventional technology.

It is also assumed the gas has been sweetened

because hydrogen sulfide would pass through to

the product making it sour and less useful. The

process would convert carbon dioxide in the

feed into carbon monoxide and ultimately use it

as fuel, but it is preferred to keep C02 out of the

process.

To begin the process, the inlet gas mixes with a

hydrogen recycle stream to enter the first reac

tor through a preheat step that raises the tem

perature to approximately 500C or 1,000F.

The hydrogen serves to reduce coke formation

in the reactor. The reactor is an electrically
heated furnace that cracks the natural gas hy
drocarbons into olefins, primarily ethylene

and/or acetylene. Residence time in this reactor

is crucial and must be less than 70 milliseconds

to keep coke production to a minimum. For

relatively lean gas the residence time would be

relatively longer (approaching 70 milliseconds),

the temperature would be relatively higher (on

the order of 1,300C or 2,400F), and acetylene

would be the dominant, reactive C2 product.

For relatively rich gas, say on the order of

10 mol percent C2+, the residence time would

be relatively shorter (approaching 20 millisec

onds), the temperature would be relatively lower

(approximately 900C or 1
,700F)

and ethylene

would be the dominant C2 product. In either

case, the product stream contains significant

unreacted methane and hydrogen (both from

recycle and reaction). Nitrogen passes through

unchanged (although hydrogen cyanide could

result thermodynamically, the kinetics are too

slow to produce measurable amounts before the

reaction is quenched). The reaction is

quenched with water at the exit of the reactor to

approximately 500C or 1 ,000F.

After cooling and washing steps, this stream

mixes with a light gas recycle stream from the

liquid separator. The recycle stream contains

Ci and small amounts of C2-C4 hydrocarbons,

any carbon monoxide and nitrogen. The com

bined stream passes to a hydrogen separator in

which nearly all of the hydrogen passes to recy

cle or to turbine fuel. This separator can be a

membrane unit, a pressure swing adsorption

unit or a fractionator. The hydrogen that does

not recycle and a purge stream from the light

gas recycle constitute turbine fuel to produce

the electricity required by the process. The

combined stream contains sufficient energy to

produce enough electricity to run the entire

process.

The hydrocarbon stream exiting the separator

passes to a catalytic reactor. In this reactor, the

reactive C2 molecules combine with the meth

ane to make heavier hydrocarbons. Bench tests

have produced a liquid product with about C5
average molecular weight. This light naphtha

consists of mostly isoalkanes.

The outlet from the catalytic reactor passes to a

standard separation unit that produces the liquid

product and the light gas recycle.

Estimated Costs

A reasonably good estimate of cost for a

10-MMSCFD process is $20 million ($17,000 to

$20,000 per barrel per day capacity). In addi-
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tion, product cost is estimated at $12 to $15 per

barrel (capital cost and operating expenses) as

suming remote gas at $0.50 per MSCFD,
10-year depreciation on a $25-million capital

investment and $1 to $3 per barrel for operating
costs.

UNIVERSITY OF OKLAHOMA USES PLASMA

TO CONVERT GAS TO LIQUIDS

Although natural gas (methane) can be used to

cleanly fuel an automobile, handling liquid fuels

is more convenient.

Sponsored by United States Department of En

ergy's National Energy Technology Laboratory,
the University of Oklahoma is developing novel,

economical processes to convert methane to

more valuable products such as synthesis gas,

or to directly convert methane to methanol, eth

ylene and other organic oxygenates, or higher

hydrocarbons. As an example, the researchers

have developed a unique method that uses

electric fields and plasma to convert methane to

liquid fuel.

To convert methane to liquids at room tem

perature, the methane is initially reacted with

steam and oxygen to produce a mixture of car

bon monoxide and hydrogen (synthesis gas).

The synthesis gas is then heated in the pres

ence of a catalyst to produce liquid hydrocar

bons such as gasoline, diesel fuel, or wax, and

water as a byproduct. The optimal conversion

process would be one that could convert meth

ane to liquid fuel in one step.

Although most researchers would consider

methods that use high-energy electrical dis

charges and plasmas for making molecules un

dergo chemical reactions to be exotic, the use

of a catalyst with plasma was found effective for

converting methane with small amounts of oxy

gen to acetylene, hydrogen and carbon monox

ide. Considerable effort still remains to develop
a workable process.

SYNTROLEUM SEES SYNTHETIC FUELS

PLAYING KEY ROLE IN TRUCK PROGRAM

"The goals of the
21st

Century Truck Program

become more achievable when synthetic fuels

are used in lieu of conventional
fuels,"

stated

Syntroleum's M. Agee, as the United States

Army's National Automotive Center unveiled its

SmarTruck at the Society of Automotive Engi
neers'

International World Congress and Expo

sition, held in Detroit, Michigan, in March.

The SmarTruck was developed by the United

States Army Tank-Automotive and Armaments

Command, under the federal
21st

Century Truck

Initiative. Program partners in the Initiative,

which was announced last year, include the

Army, the United States Departments of Energy
and Transportation, the Environmental Protec

tion Agency and the United States truck indus

try. For the past 2 years, Syntroleum has been

providing synthetic fuels to a number of military,

automobile manufacturers and fuel cell com

pany testing programs for the purpose of dem

onstrating the benefits of synthetic fuels and

their ability to operate across multiple power-

train technologies.

The 10-year goal of the
21st

Century Truck pro

gram is to develop technologies that will in

crease fuel economy and safety in four specific

classes of commercial trucks and buses, leading
to production prototypes that:

Triple the fuel economy of heavy pick

ups, large delivery vans and full-sized

passenger buses.

Double fuel economy for 18-wheeler

long-haul trucks.

Improve safety.

Achieve superior operational perform

ance and lower costs for truckers.

Exceed expected emission requirements

for 2010 by making major reductions in

NOx, particulates and other local air pol

lutants.
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Priorities for the program include development

of advanced propulsion technology, with focus

on advanced diesel engine, hybrid electric, fuel

cell and advanced drive-trains, and clean burn

ing fuels that are adaptable to the full range of

propulsion sources.

Because Syntroleum's synthetic fuels are virtu

ally free of sulfur, aromatics and metals, they
inherently reduce harmful emissions. They also
enable exhaust aftertreatment devices that can

reduce emissions of nitrogen and sulfur oxides

and particulates, to the target levels anticipated

for 2010 regulations. The high hydrogen density
of the synthetic fuels also makes them useful for

fuel cell systems. The ability to use the same

fuel in internal combustion engines as well as

fuel cells satisfies another major objective of the
21st

Century Initiative program.

Synthetic
fuels'

ability to be "power-train
neutral"

may also play an important role in military appli

cations. The military has been investigating the

possibility of standardizing a "single battlefield
fuel,"

so that the same fuel that can be used in

turbine engines of jets, tanks and helicopters, as

well as in diesel engines of trucks and in fuel

cell systems that are expected to be found on

the battlefield of the future. About 70 percent of

the bulk tonnage needed to sustain the military

during a conflict is fuel. Using a single fuel

would simplify logistics and reduce total tonnage

moved. The fuel must also meet military safety

requirements for flammability. Recent tests on

Syntroleum fuels indicate that synthetic fuels

can meet all of these requirements.

"We believe that the
21st

Century Truck Pro

gram is going to have a big impact on the effi

ciency and competitiveness of not only the

United States military, but on United States in

dustry as
well,"

stated Agee. "Over 80 percent

of the nation's freight is moved by trucks that

consume over 42 billion gallons of fuel each

year. Since the 1973 oil embargo, essentially

all of the increase in United States highway fuel

consumption has been due to trucks. So im

provements in fuel economy and emissions in

this vital industry will pay substantial dividends

to the United States
economy."
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