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GENERAL

PROJECT ACTIVITIES

BGL GASIFIER TO BE INSTALLED AT

SCHWARZE PUMPE FOR WASTE

GASIFICATION

The British Gas/Lurgi (BGL) slagging gasifier is

to be used for waste gasification at Schwarze

Pumpe, in the former East Germany. The proj
ect was described by H. Hirschfelder, of Lurgi,
et al. at the Conference on Gasification Tech

nology in Practice, held in February in Milan,
Italy.

History of Schwarze Pumpe

The Schwarze Pumpe site is located about

150 kilometers southeast of Berlin, Germany.

Large lignite reserves are found in the area

around Schwarze Pumpe. The town-gas plant

Schwarze Pumpe started production in 1964;
with 24 fixed-bed gasifiers. Schwarze Pumpe

finally supplied about 75 percent of the total

town-gas consumption of the German Demo

cratic Republic. After reunification, the town-

gas from lignite was replaced stepwise by natu

ral gas until 1996, when town-gas production

ceased completely. In order to use the existing

plants, which were largely in good condition, the

idea was pursued to use the existing facilities for

the conversion of all sorts of wastes, such as

contaminated solids/liquids, sewage sludge,

plastics, rubber and other difficult wastes.

In 1 996 Schwarze Pumpe-now 'SVZ Sekundar-

rohstoff Verwertungszentrum Schwarze
Pumpe'

(Center for the Re-use of Secondary Raw Mate

rials) was acquired by BWB-Berliner Was-

serbetriebe (Berlin Water Authority) from the

German Treuhand, the government agency in

charge of privatization of former state-owned

industry.

German and European Waste Situation

New environmental laws and regulations for the

re-use of materials in Germany are having a

major impact on the entire German waste sce

nario. Consequences will include:

Drastic reduction in waste production by
households, industries, etc.

Change in waste composition and heating
value depending on the local collection

scheme (heating value can go up or

down)

Need for the re-use of plastics, glass,

metals, etc.

It is expected that most European countries will

eventually issue similar laws and regulations.

Residual wastes, i.e., material not suitable for

re-utilization, has to be disposed of in a disposal

area-if permitted-or by thermal treatment. The

latter may be via conventional combustion on a

grate, pyrolysis or by gasification.

Compared to the former two methods, gasifica

tion offers the following advantages:

Production of synthesis~or fuel gas under

atmospheric or elevated pressure

Recovery of mineral matter in the waste

as slag (e.g., in the BGL process)

Environmentally friendly

High thermal efficiency

Feedstock flexibility (solid and liquid

wastes)

Favorable economics

SVZ's choice was based on the above and on

the proven track record of most units making up
the gasification process chain.

Description of the SVZ Plant

The SVZ plant as operating at present consists

of:
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Receiving bunkers for sewage sludge,

plastics, contaminated wood, fluff, waste

pellets, others

Agglomeration facilities for sewage

sludge (piston press briquetting) and

plastics (extruders)

Seven fixed-bed gasifiers

Two types of entrained-flow gasifiers

Partial gas conditioning (CO-shifting)

Rectisol gas purification/sulfur removal

Until startup of the new methanol synthesis and

combined-cycle powerplant, the syngas is being
used as fuel in an adjacent powerplant.

Solid wastes such as plastics, sewage sludge,

rubber, fluff, contaminated wood, residues of

paint, household wastes etc. are processed in

the seven fixed-bed Lurgi gasifiers. The gasifi

ers have an inner diameter of 3.6 meters and

operate at a pressure of 24 bar. Gasification

agent is a mixture of steam and oxygen. Gasi

fier capacity ranges from 8 to 14 tons per hour

depending on feedstock composition. Because

fixed-bed gasifiers require fuel in lump form

(20 to 80 millimeters), prior agglomeration-

briquetting, pelletizing or some other method-is

required.

Liquid wastes such as tar/oil from above fixed-

bed gasifiers, used oils, solvents, oil/water

emulsions, etc. are gasified in a refractory-lined,

entrained-flow gasifier derived from a former

fixed-bed gasifier. This type of entrained-flow

gasifier has been in operation since 1969 for the

gasification of tar and oil from lignite coking.

The former GSP entrained-flow reactor for dry
lignite gasification has also been modified to

process liquid feedstocks, both oils and slurries.

The gases from the entrained-flow reactors are

partly shifted prior to Rectisol gas purification.

Installation of BGL Gasifier

In 1994 discussions between SVZ and Lurgi

considered the use of the BGL gasifier as a re

placement for the SVZ grate gasifiers, which

had been in operation for more than two dec

ades. When compared to the grate gasifiers the

BGL gasifier offers the advantages of double to

treble throughput, significantly lower gasification

steam requirement, production of completely

molten slag, possibility of partial/total recycle of

tars/oil to the gasifier and other positive fea

tures. In 1996 Lurgi received the order for the

engineering, erection and startup for one BGL

gasifier (Phase I ofthe SVZ extension plan).

Waste materials such as sewage sludge, plas

tics, household wastes of fine consistency or in

rags will require agglomeration prior to being fed

to the gasifier. Mannesmann Seiffert/Berlin in

1996 received the order for a plant to make

pellets from household waste, shredder light

fraction, plastics and contaminated wood. After

removal of iron and other metals, and drying,
the 'fluff thus produced is pelletized on an an

nular pelletizing press using a binder, such as

bituminous coal, molasses or some other suit

able material. A binder is required to achieve

the necessary strength for the transportation of

the pellets and for the necessary thermal stabil

ity when the pellets are being exposed to the

conditions of the carbonization/gasification zone

in the fixed-bed gasifier.

In cases where the waste's volatile matter and

ash contents are high, as is the case especially
for plastics, addition of coal or coke is required.

The pellets and other wastes will be gasified at a

pressure of 27 bar using steam and oxygen as

gasification agent. The BGL gasifier was devel

oped by British Gas and Lurgi for the gasifica

tion of coals and cokes. It is the only gasifier in

which gasification of large particles and vitrifi

cation of inorganic matter can be carried out

under pressure in the same reactor.

Steam and oxygen are introduced at the bottom

through tuyeres. Slag is withdrawn automati-
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cally-after quenching in the water-filled quench

vessel-from the slag lockhopper as a frit of

about 3-millimeter size. Crude gas leaves the

gasifier at the top at a temperature of between

400 and 500C. It is then scrubbed with recy
cled gas liquor. CO-shifting of the gas going to

the methanol synthesis is required to obtain the

necessary H2/CO ratio. Gas liquor from gas

cooling contains tars and oils from the car

bonization zone in the gasifiers. After separa

tion by gravity the tars and oils are recycled to

the gasifier.

In the first step one BGL gasifier with a maxi

mum capacity of 30 tons per hour will be in

stalled. The gasifier capacity will vary with

feedstock properties and composition. Startup
is scheduled for 1998.

Committed Extensions of the SVZ Plant

Since reunification, the Schwarze Pumpe com

plex has undergone a number of major

changes. Some plants have already been

pulled down, e.g., the coke ovens; others will be

replaced by modem ones, such as the

1 ,000-megawatt lignite-fired powerplant pres

ently under construction, and new plants will be

added to serve SVZ's new purpose as a center

for the use ofwastes. Those plants include:

Waste receiving and pelletizing

BGL gasification of various wastes; gas

liquor separation

1 00,000-ton per year methanol synthesis

wastes are then dried from about 30 percent to

below 10 percent moisture, mixed with binder-

e.g., bituminous coal or molasses-and fed to

pelletizing presses. In the presses wastes and

binder are pressed through a rotating die ring

having a large number of 10- to 20-millimeter

holes, by inner rollers. In this way pellets of

20- to 70-millimeter length are produced.

The plant will have a capacity of 120,000 tons

per year of household waste in the first exten

sion step, with startup scheduled for 1998.

Economics

About US$200 million is being invested at

Schwarze Pumpe for the preparation and stor

age of various wastes, the combined-cycle pow

erplant with steam system for other uses, proc

ess water treatment, methanol synthesis and

ancillary units. Another US$62 million will be

required forwaste pelletizing and the BGL plant.

Hirschfelder et al. point out that at Schwarze

Pumpe the situation for the erection of a waste

processing center is advantageous because a

number of plants already exist. To prove the

viability of the BGL gasification concept, how

ever, it is necessary to look at a
'grass-roots'

plant. They presented a case for a 400,000-ton

per year plant, using 60,000 tons per year of

coal. According to their calculations, such a

plant will be economically viable if a disposal

fee for the wastes of US$124 per ton can be

collected.

60-megawatt gas/steam-turbine com

bined-cycle powerplant

Household and similar industrial wastes as well

as plastic waste, shredder light fraction and con

taminated wood received by rail or road are first

crushed in a shredder to pieces below

80 millimeters. Iron and metals are removed

magnetically and electrically, respectively. If re

quired, organic and inorganic residues are re

moved either for disposal or separate pelletiz

ing, which provides pellets of better quality. The

CORPORATIONS

MOLTEN METAL REPORTS LOSS

Molten Metal Technology Inc. reported a first

quarter loss of $23.5 million on sales of $5 mil

lion, a drop of 78 percent from the year-ago pe

riod. The decline was due to the completion of

a United States Department of Energy demon

stration program and a decrease in activity for

THE SYNTHETIC FUELS REPORT, JULY 1997



 



GENERAL

the company's M4 joint venture with Lockheed

Martin Corporation. See 7he Sinor Synthetic

Fuels Report, April 1997, page 3.

Molten metal generated $3.9 million from its

Oak Ridge, Tennessee-based radioactive waste

processing services. The company is currently

undergoing an extensive restructuring program

to achieve commercial profitability, laying off

certain workers and realigning its sales and

marketing force.

The company outlined key operational goals for
1997. The company plans to achieve profitabil

ity by the end of the year at its Q-CEP (Catalytic

Extraction Processing) facility by processing ion

exchange resins from nuclear utilities; to begin

commercial operations of two mixed-waste

processing systems at its Oak Ridge facility by
August; and to start up its industrial hazardous

waste CEP system at Hoechst Celanese's Bay
City, Texas, plant in late fall. CEP is Molten

Metal's core technology that transforms waste

into reusable industrial products using a molten

metal bath.

GOVERNMENT

NEW PANEL TO EXAMINE U.S. ENERGY

R&D STRATEGY

President Clinton has appointed a new panel to

review the United States energy research and

development program.

The 21 -member panel, under the President's

Committee of Advisors on Science and Tech

nology, will address fossil-fuel technologies, re

newables, nuclear fission and fusion, and en

ergy and end-use efficiency.

The panel will present its findings and make

recommendations on federal support of energy

research and development, private sector in

vestment in energy R&D, and the United
States'

commitment to international cooperation in en

ergy R&D in October.

The panel is to address the widely perceived

lack of a coherent national energy research

agenda and the fear that the United States is

slipping behind in the global race for the multi-

billion-dollar energy market emerging mostly in

the developing world.

Data collected by federal agencies for 1993

show $493 billion in total United States energy

expenditures and $5.6 billion in R&D, split be

tween the federal government ($2.9 billion) and

the private sector and utilities ($2.7 billion).

This works out to slightly more than 1 percent of

energy sales going to energy-related R&D and

compares unfavorably with the average for all

U.S. manufacturers of 3.3 percent of sales spent

for R&D.

The panel resulted from recommendations

made last December by the President's Com

mittee of Advisers on Science and Technology.

The Committee identified a national energy

R&D strategy as one of five technical issues

that merit more attention during the second term
of the Clinton Administration. Noting that the

U.S. government's energy R&D spending is less

than half that of Japan's and declining, the

Committee called for increased public and pri

vate research funding for renewable energy

sources, energy efficiency, nuclear energy and

clean, efficient fossil fuel technologies.

The United States energy R&D portfolio has

been declining for a long time. In 1996 the fed

eral government's whole energy technology
portfolio was just about one-fourth (in real

terms) of what it was in 1978. The studies also

suggest that private spending has fallen by one-

third.
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ENERGY POLICY AND FORECASTS

MITRETEK FORESEES LARGE DEMAND

FOR NON-PETROLEUM TRANSPORTATION

FUELS

Mitretek has developed long-term energy sup

ply/demand models. At the Energy Frontiers

International meeting held in Tucson, Arizona, in

April, G. Tomlinson and D. Gray presented their

latest results with respect to future transporta

tion fuel demand.

Energy use patterns during the last 25 years

give insights into the pervasive nature of the

growth in transportation energy. Oil prices gy

rated wildly at times during this period. As a

result, the growth of total energy consumed was

reduced for a time, actually stopping for a cou

ple of years. Oil use dropped dramatically, indi

cating that other alternatives were quickly sub

stituted for oil where it was practical to do so.

Transportation energy use, however, maintained

a steady growth throughout the period.

The percentage of oil devoted to transportation

increased rapidly after oil prices rose in the late

1970s, which is why the world was able to re

duce oil demand without reducing transporta

tion. There are practical limitations to how far

this trend can go because of competing de

mands for some of the petroleum barrel, and

refinery limitations.

Mitretek has estimated future oil demand com

pared to Hubbert type projections of oil that

might be expected to be produced from two es

timates of world oil resources. The lower curve

in Figure 1 is based on the United States Geo

logical Survey (USGS) estimate of 2.3 trillion

barrels. The higher curve is based on 3.2 trillion

barrels, which is 1.4 times the USGS number.

This is equivalent to increasing the average field

recovery rate from 34 percent to 50 percent.

The timing of the crunch may be argued, but

unless the possibility of resource limitations is

totally ignored, it is evident that the world's reli

ance on oil as the one and only source of trans

portation energy is about to be challenged.

Tomlinson and Gray note that their projections

of future oil demand are quite conservative

compared to some. They consider it likely that

the ultimate production of oil will exceed even

the highest estimate shown in Figure 1 . How

ever, the technology and resources which con

tribute to this greater yield will play out over a

long time period, and affect the tail of these

curves much more than the peaks.

Figure 2 shows the apparent demand for non-

petroleum fuels for transportation using Tomlin

son and Gray's more conservative projections of

supply and demand. The baseline projections

incorporate the basic assumption of a doubling

of efficiency over the next hundred years. In

personal transport, this amounts to increasing

fuel mileage from the current world average in

the 20-mile per gallon to the low 40-mpg range.

The lower curve shows how much the projected

deficit could be trimmed if light-duty vehicles

could double this rate of efficiency improvement

and achieve an 80-mpg standard. It was as

sumed that half the baseline transport demand

is for light vehicles. The curves illustrate the

significant role that efficiency improvements can

play in reducing future energy demand.

Table 1 lists alternatives of current interest.

Discussions of alternatives do not always make

a clear distinction between alternative fuels and

alternative sources for the fuels we now con

sume. Both can reduce the world's dependence

on petroleum. The rate of penetration of alter

native fuels is limited by factors like customer

acceptance, logistics of fueling stations, as well

as resource limitations and economics. Alter

native sources for conventional fuels need only

contend with economics and resources.

Biofuels get considerable attention as a poten

tial energy source because of the theoretical

possibility that they could be produced and con

sumed with no net impact on CO2 emissions.

The United States is one country wfth enough

land to make biofuels a realistic candidate for

some portion of transportation fuels. On a

worldwide basis, however, Tomlinson and Gray
have observed that demands for products from

field and forest increase somewhat more rapidly
than energy consumption as countries develop.
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FIGURE 1

POTENTIALWORLD SUPPLYDEMAND BALANCE
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FIGURE 2

POTENTIAL DEMAND FORNON-PETROLEUM TRANSPORTATION FUELS
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TABLE 1

TRANSPORTATION FUEL OPTIONS

Sources:

Conventional:

Crude Oil

Alternate Sources:

Natural Gas

Biofuels

Coal

Heavy Oils/Bitumens

Nuclear Electric

Renewable Electric

Fuels:

Conventional:

Gasoline/Diesel/Jet

Alternate Fuels:

LPG

CNG

LNG

Ethanol

Methanol

DME

DME Derivatives

Electric Power

Hydrogen

They have projected future cereal and round-

wood production based on present relationships

between per capita consumption of these prod

ucts and per capita energy consumption. These

are shown in Figure 3 (next page). In view of

the greatly increasing demand for products from

field and forest for the growing world population,

it is not reasonable to expect much acreage to

be devoted to competing energy crops. How

ever, advanced forms of biofuel production

which are not competitive with the food and

wood demand, such as algae grown in saline

water in desert ponds, could be significant in the

future.

Table 2 (next page) gives estimates of heavier

hydrocarbons which could be used to augment

crude oil as a source of transportation fuels.

Available heavy oil resources are estimated to

be on the order of 600 billion barrels, about the

same as conventional oil reserves credited to

the Middle East. These resources are far more

concentrated than oil and gas resources, resid

ing principally in Canada and Venezuela. How

ever, alternatives like heavy oils and bitumens

are likely to come on line more slowly than con

ventional petroleum because of the more inten

sive extraction and production procedures.

Shale oil resources are even larger, but are also

geographically limited. Principal assets are in

the United States, Brazil, Russia and Australia.

Coal resources are truly enormous. These are

available worldwide, including countries with

high energy growth rates and limited fossil en

ergy resources other than coal.

Tomlinson and Gray say that the availability of

these alternative resources would seem to as

sure that we will have energy to meet our needs

for the next 100 years or so, even ifwe continue

to use the types of hydrocarbons that we now

use. They conclude that:

Rapidly growing world oil demand as a

result of increased transportation could

result in a demand/supply imbalance

around 201 5.

Alternatives to petroleum will be neces

sary-no one solution will be sufficient.

Efficiency improvements will have a sig

nificant effect on demand.

Biomass applications are limited because

ofworld food needs.

Coal can be used via clean coal tech

nologies to produce transport fuels with

minimum environmental impact.

In the long term, sustainable solutions will

be necessary.

WORLD OIL PRODUCTION COULD PEAK BY

2000

In Newsletter #97/2 published by the M. King
Hubbert Center for Petroleum Supply Studies at
the Colorado School of Mines, C. Campbell, a

European petroleum consultant, presents "A

European View of Oil
Reserves."

According to

Campbell, the subject of oil reserves is about as
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FIGURE 3

RELATIVE GROWTH OF POPULATION. FOOD AND FOREST PRODUCTS

- Human & Animal Catenas

Roundwood

Human Catenas

Population

2000

SOURCE: TOMLINSON AMD Gft/tf

2040 2060 2060 2070 2080 2090

YEAR

TABLE 2

ESTIMATES OF RECOVERABLE RESOURCES

Coal (Proved Rese

Billion Tons

rves), Other (Estimated Reserves),
Billion Tons Oil

Bituminous

Subbituminous

521

189

Heavy Oils 86

Bitumins 54

Lignite 328 Shale Oil 334

Total 1,038 Total 474

slippery as oil itself. It is surprising that audited

numbers, considered so important in many

spheres, such as company reports or tax re

turns, are not required when reporting oil re

serves.

While no one can exactly measure the amount

of oil in a reservoir far underground, the techni

cal assessment of reserves is a straightforward

business, being based on modem seismic,
modem electric logs and an advanced knowl-

THE SYNTHETIC FUELS REPORT, JULY 1997



 



GENERAL

edge of the geological and engineering factors.

There will always be some uncertainty until the

field is finally abandoned, when its initial re

serves equal its cumulative production, but the

range of uncertainty can be defined and under

stood.

The technical aspects of reserve estimation are

not the main problem, says Campbell-it is in

the reporting of them that difficulties arise.

There are many vested interests involved, and it

suits them to work in an environment of unclear

definitions and to be free of audit. They can

pretty much say whatever suits them.

Major Oil Companies

Explorers estimate the reserves of a prospect

prior to drilling, based on their best guess of

what it contains having taken into account all

available information. But in practice they are

often under pressure to exaggerate to sell their

idea or to pass corporate economic hurdles. So

the number ends up on the high side, possibly

having a 30 to 40 percent probability rating in

stead of the ideal 50 percent.

If the well is a success, engineers take over and

with good reason prefer a much more conserva

tive number both for reserves and oil-in-place.

They use numbers having a probability of about

80 to 90 percent. They call the reserves

"Proved."

The management too likes a low ini

tial number subject to upward revision. It

means that fluctuations in their assets can be

smoothed to cover the lean years between oc

casional discoveries; it helps with collateral on

debt; it comforts the shareholders by permitting

the magic words of "replacing
reserves"

to ap

pear in the annual reports; and it may even re

duce tax by permitting a higher charge against

depletion allowance. The reserve growth as it is

called is commonly attributed to technology,

when in fact much of it is nothing more than cor

recting initial understatement.

In short, major companies use reserves as a

sort of pragmatic inventory to be held as low as

possible for as long as possible.

Understatement by Countries

The British are known for a propensity to under

statement. They report 4.5 Bnb (billion barrels)
for Proved; and 10 Bnb for "Proved and Prob
able."

The United States Geological Survey

(USGS) says they have 19 Bnb. Campbell be

lieves the median probability number is about

15 Bnb. You would not have expected the best

guess to be 3 times the
"Proved"

number for a

shelf as well known as the United Kingdom

North Sea.

Overstatement by Companies

Some independent companies may make wildly

optimistic statements about new discoveries, al

though those subject to rigorous stock exchange

controls are generally cautious in what they for

mally report.

Overstatement by Countries

Most of the world's reserves are now owned by
government companies in the main producing

countries. They have their own definitions and

motives in what they report, and are certainly

free of external audit. Much of the difficulty
arises from a failure to distinguish conventional

oil from non-conventional oil. The numbers as

given, for example, by the Oil and Gas Journal

in its annual report are supposed to be for con

ventional oil only, but in fact sometimes include

undeveloped heavy oil. There are two main

examples: Mexico and OPEC.

Mexico exaggerated its numbers by the inclu

sion of the large but barely producible Chiconte-

pek Field. It may have had a reason for doing
so as reserves were being taken as collateral for

debt.

In 1987 Venezuela almost doubled its reserves

by including some 20 Bnb of heavy oil, which

had been known for a long time. Venezuela's

action had the consequence of increasing its

OPEC quota, which prompted several other

OPEC countries to retaliate with huge unsub

stantiated increases, including Iran, Iraq, Ku
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wait, Abu Dhabi and Saudi Arabia. Although the

increases in 1988 were evidently motivated by
quota considerations, it is possible that the pre

vious numbers were understated, having been

inherited from the major companies before they
were expropriated.

The Soviet Union also in practice exaggerated

its reserves because in its system it did not take

into account economic and technical con

straints. In effect, its numbers were "High
Case"

reserves with a probability of 5 to 10 percent.

Implausible Unchanged Reports

In 1996, 43 countries reported numbers that

were unchanged for one or more years. Be

cause production inexorably eats into reserves,

to hold the same number year after year is

clearly implausible. Possibly the studies were

simply not updated; or those responsible may

have found it politically unpalatable to report

declining reserves.

United States Geological Survey Numbers

For many years, the USGS has reported world

reserves. However, the Survey uses its own

definitions, not considering technical and eco

nomic constraints. In fact its reserves es

timates, like those of the Soviet Union, are

"High
Case"

reserves with a probability of occur

rence of no more than 5 to 10 percent.

The foregoing briefly explains some of the fac

tors that have to be taken into account in as

sessing world reserve data. It becomes critically

important in estimating future production and

trends. It is also important to back-date reserve

revisions to the discovery of the fields. Many
people are misled by the huge reported in

creases in 1988. Quite apart from the validity of

the numbers themselves, most of the reported

revisions related to fields found up to 50 years

before: nothing particular happened in 1988 in

terms of technology or recovery.

Campbell's best estimate is that world "median
probability"

conventional oil reserves stood at

just over 800 billion barrels as of the end of

1996. Median probability means that the

chance of the actual amount being above or

below the estimate are equally matched. On

this basis and plotting the past discovery trend,

he computes that there are just under 200 Bnb

yet-to-fmd. The world is producing about

24 Bnb per year yet finding less than 6 Bnb

each year.

On this basis; peak production can be expected

around 2000 when half the world's ultimate en

dowment of conventional oil will have been pro

duced. About half of what remains to produce

lies in just five Middle East countries whose

share of world production is inexorably rising.

The scene must be set for another oil price

shock to be followed by increasing shortages as

production declines due to resource constraints.

The production of non-conventional oil will no

doubt rise in these circumstances.

It is surely time to pay some serious attention to

this issue, says Campbell.

EIA'S INTERNATIONAL ENERGY OUTLOOK

SEES STEADY GROWTH IN WORLD

ENERGY CONSUMPTION

The International Energy Outlook 1997 (IE097)
presents an assessment by the Energy Informa

tion Administration (EIA) of the outlook for inter

national energy markets through 2015.

The outlook for energy use worldwide continues

to show strong prospects for rising levels of de

mand over the next 20 years, led by growing

demand in Asia. In the countries of developing

Asia-especially China and India-consumption

is expected to more than double.

Total world energy consumption is projected to

reach almost 562 quadrillion BTU in 2015, an in

crease of about 200 quadrillion BTU

(54 percent) over the 1995 total (Figure 1).

Most of the world's energy growth will occur in

the developing countries. In 1995, energy con

sumed by the industrial countries exceeded that

10
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FIGURE 1

WORLD ENERGYCONSUMPTION,
1970-2015
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in the developing countries by almost

88 quadrillion BTU (78 percent); by 2015 the

gap narrows to 35 quadrillion BTU (1 5 percent).

Developing economies in Asia are expected to

dominate nonindustrialized energy consumption,

accounting for 53 percent of the total by 201 5.

Growth in the industrial sector is the driving
force behind Asia's strong economic perform

ance. However, much uncertainty attends the

energy projections-particularly in China, where

marked increases in transportation demand

could evolve.

Energy consumption in the transitional econo

mies of Eastern Europe and the Former Soviet

Union (EE/FSU) is another major source of un

certainty. IE097 projects EE/FSU energy

growth at 1 .8 percent annually over the next

2 decades, much slower than the 4.2 percent

projected for developing Asia. While the Rus

sian Federation and other countries of the FSU

have had a difficult time recovering from the

collapse of their centrally planned economies,

this region is expected to return to positive

growth in 1997.

The long-term projections for world oil prices in

the IE097 reference case reflect a small down

ward revision relative to those presented last

year. Growing understanding of the world's oil

and natural gas resource base, along with im

proved methods of oil recovery, promise the

potential of large future supply increments at

relatively stable development and production

costs. In the IE097 reference case, oil prices

rise to about $21 per barrel (in con

stant 1995 dollars) in 2015.

Oil production is expected to reach nearly

105 million barrels per day in 2015, 50 percent

higher than the 1995 level of 70 million barrels

per day.

Oil's share ofworld energy consumption actually

drops slightly in the IE097 forecast, from

39 percent in 1995 to 38 percent in 2015

(Figure 2). Slow growth is projected for oil de

mand in the industrial countries-increasing by
an average of 1.1 percent annually over the

forecast horizon-reflecting continued imple

mentation of efficient energy-using technologies

and the use of natural gas in place of oil for

many applications.

Growth in oil use in the industrialized countries

will occur mainly in the transportation sector,

where it has limited competition. Oil use in the

developing countries-projected to grow by
3.5 percent annually-increases in all end-use

sectors.

Natural gas is expected to have the highest

growth rate among the primary fuels, at

3.1 percent per year, gaining share relative to oil

and coal (Figure 2). In fact, by 2015, natural

gas consumption should surpass coal consump
tion on a worldwide basis. Total world con

sumption of natural gas reaches nearly

145 trillion cubic feet in 2015, 85 percent higher

than the 1995 level of 78 trillion cubic feet.
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FIGURE 2

WORLD ENERGYCONSUMPTION

SHARES BY FUELTYPE
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The highest regional growth rates in natural gas

use are projected for the developing countries.

In developing Asia, for example, the demand for

natural gas is expected to increase by almost

8 percent annually. Gas markets in Central and

South America are also expected to experience

substantial development over the forecast pe

riod, growing by about 5.3 percent annually

through 2015.

Coal consumption is expected to increase by
about 2.3 billion short tons over the next

2 decades (an increase of about 45 percent).

Although coal use is expected to grow slowly in

the industrialized nations and decline in the

EE/FSU over the forecast period, the coal share

of total energy consumption decreases only

slightly, from 26 percent in 1995 to 24 percent in

2015, mostly because of large increases pro

jected in developing Asia. China and India

combined are projected to account for

82 percent of the world's total increase in coal

consumption (on a BTU basis) over the next

2 decades.

Worldwide nuclear capacity is projected to de

cline from 344 gigawatts in 1995 to

332 gigawatts in 2015 in the IE097 reference

case. Market competition from natural gas,

public concern about the safety of nuclear reac

tor operations, and problems associated with the

disposal of nuclear waste are constraining the

expansion of nuclear power programs in many

nations. Nevertheless, the operating perfor

mance of existing reactors continues to im

prove, and increased reliance on nuclear power

is projected in the developing countries of Asia,

including China, India, South Korea and Taiwan.

In Western Europe-for environmental reasons-

and in rural areas of developing countries where

populations live far from institutional electricity

grids, there is sustained interest in increasing
the use of renewable energy sources. Con

sumption of hydroelectricity and other renew

able resources is projected to grow by
56 percent over the forecast period, to about

46 quadrillion BTU in 2015.

Net electricity consumption increases to almost

20 trillion kilowatt-hours in the IE097 reference

case in 2015, a 75-percent increase from the

1995 level of 11.4 trillion kilowatt-hours. In the

industrialized countries, increased demand is

fueled principally by economic growth and grow

ing electrical applications for computers, com

munications and other electronics for home and

business uses. In the developing world, the use

of electricity for conventional lighting and ap

pliance operation is still in the early stages of

development and electricity use in those areas

tends to match or exceed rates of growth in in

come.

If world energy consumption reaches the levels

projected in the IE097 reference case, carbon

emissions will rise by 3.5 billion metric tons be

tween 1995 and 2015. According to this projec

tion, world carbon emissions would exceed

1990 levels by 61 percent at the end of the fore

cast period. The increase in emissions in the

nonindustrialized countries will represent about

two-thirds ofthe projected increase worldwide.

12
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There are 166 countries that have signed the

United Nations Framework Convention on Cli

mate Change, which encourages efforts to sta

bilize greenhouse gases at their 1990 levels. If

the industrialized countries were able to achieve

such stabilization, world carbon emissions would

still increase by 2.7 billion metric tons between

1995 and 2015 due to increases in the develop
ing world.

USEA ASKS FOR END TO GLOBAL ENERGY

COMPLACENCY

The 10th Annual Assessment of America's en

ergy situation by the National Energy Outlook

Committee of the United States Energy Asso

ciation (USEA) was published in May. USEA,
as the U.S. Member Committee of the World

Energy Council (WEC), is an association of

180 public and private energy-related organiza

tions, corporations, universities and government

agencies.

The WEC released a WEC Message for 1997

which pleaded for an end to global compla

cency. As the United States prepares to host

the 17th Congress of the World Energy Council

next year in Houston, Texas, the USEA hopes

that Americans will be focused again on why

energy is critical. The American lifestyle, strong

economy and standard of living would be impos

sible without continued access to abundant and

reasonably priced supplies of energy.

Although energy prices from all sources, meas

ured in constant terms, are either remaining

stable or are declining and energy supply stabil

ity is good, a variety of energy issues both do

mestically and internationally warrant attention

from policy makers, according to the USEA.

Domestic petroleum production can be in

creased if access to federal lands and certain

off-shore areas is allowed. Environmental

regulations that lack an economic test for cost

effectiveness continue to impact domestic pe

troleum production and refining as well as pro

duction and utilization of other energy supplies.

In spite of a national consensus, progress on

dealing with nuclear waste disposal issues re

mains inadequate.

Both federal government and private-sector re

search and development budgets continue to

decline. Questions go unanswered as to who

will pay for long-term globally oriented devel

opment of basic science and deployment of ad

vanced technology.

The recommended approach is one that con

tinues essential research in target areas that

simultaneously solve a public interest issue

while keeping United States industry accessible

to the most advanced technology to ensure

continued leadership in global markets. This

approach, which involves joint indus

try/government programs, avoids replication of

the private sector research and development,
and also avoids developing advanced technol

ogy without an industry or public interest or a

market.

The United States utility industry is rapidly un

dergoing a substantial restructuring. The trends

are increased competition in the generation

sector, independent system operators of trans

mission systems, disintegration of vertically in

tegrated utility operations, growing presence of

power marketers and aggregators, and the con

vergence of the natural gas and electric power

business. Competition in the electric industry
may bring lower prices and more choices for

customers.

Energy efficiency gains are now driven solely by
technology development. The combined power

of market mechanisms and advanced technol

ogy will move the United States, as well as the

rest of the world, to reduced energy intensities

and increased fuel source diversity.

Significant attention continues to be dedicated

to addressing local and regional atmospheric

pollution. Americans enjoy greatly improved air

quality, a result of significant investments in im

proved fuel combustion and emissions control.

While further gains are achievable without new

regulations, additional regulations should only
be put in place based on sound economic

13
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analyses that consider both the costs and the

benefits, says the USEA.

Concerns involving the potential for emissions

of greenhouse gases to contribute to global cli

mate change will be the focus of much debate

as international negotiations strive to draft a

treaty this year that binds nations to reduce

emissions to a fixed level by a certain date.

Rather than punitive and economically disrup
tive taxes on carbon or energy use, more mod

erate efforts to speed up capital investments

through mechanisms such as investment tax

credits can achieve the same result long term

without an unacceptable negative impact on the

United States economy.

USEA concludes that policy decisions dealing
with these and other issues should be based on

allowing market mechanisms for decision mak

ing. Consumers will benefit most from having
an opportunity for selecting from a robust mix

ture of fuels and technology as well as an ex

panded choice of from whom they purchase en

ergy. Policies should strive to allow all re

sources and all technologies to compete in the

market, and let the customer make choices as

to which fuel to use and which technology to

select.

TECHNOLOGY

CFB GASIFICATION PROVING ITSELF ON

BIOMASS AND WASTE FEEDSTOCKS

At the Conference on Gasification Technology
in Practice held in February in Milan, Italy,

C. Greil and J. Loeffler of Lurgi presented an

overview on the Circulating Fluidized-Bed Com

bustion (CFBC) and the Circulating Fluidized-

Bed Gasification (CFBG) processes. CFBC

units are state-of-the-art and have proven their

capability for converting biomass into power

and/or steam. The application of CFBG in in

dustry and power production is also progressing.

Lurgi's CFB gasification technology is at present

applied in two industrial plants. According to

Greil and Loeffler, this process is the key proc

ess for Lurgi's advanced thermal waste treat

ment processes and is also well suited for bio

mass gasification and for the replacement of

town-gas fixed-bed gasifiers.

Atmospheric CFB gasification is suitable for

feedstocks like coal, biomass or wastes. The

Lurgi CFB gasifier operates at near atmospheric

pressure and is therefore well suited for smaller

capacities (i.e., up to around 20 tons per hour of

coal). The CFB gasification unit (Figure 1) con

sists of a vertical, cylindrical, refractory-lined

vessel with recycle cyclone, bottom ash cooling,

and if required, dry fly ash removal and wet gas

scrubbing systems. The CFB gasifier operates

in a mode between the classical bubbling bed

and the pneumatic transport reactor. Under

those conditions the slip velocity between solids

and gas (or the velocity differential) is highest,

leading to maximum heat and mass transfer

between gas and solids, requiring the smallest

reactor diameter of all fluidized-bed principles.

FIGURE 1

LURGI CFB GASIFICATION UNIT
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Coal, biomass, wastes or other solid fuels are

introduced into the reactor near its bottom.

Gasification agents-depending on product gas

specification-air, oxygen and steam or oxygen

and carbon dioxide are introduced through a

nozzle grate in the lower part of the reactor.

Ash is partly withdrawn through the reactor's

grate (bottom ash) and partly recovered from

the product gas (fly ash).

Gasification reactions begin close to the bottom

of the reactor at the fuel feeding point. Reaction

temperature typically ranges from 800 to

1 ,050C, depending on the type of feedstock.

The dust laden product gas leaves the reactor at

its top and passes through a cyclone. The ma

jor portion of the dust is removed from the gas

and recycled to the gasifier bottom through a

stand pipe with seal pot, leading to high carbon

conversion.

The product gas is then cooled, dedusted and

purified depending on the requirements of its

further use. Commercial gasification plants are

in operation or under construction with capaci

ties of up to 1 00 megawattsth.

The High Temperature Winkler (HTW) gasifier,
a development of Rheinbraun/Germany, oper

ates as a bubbling fluidized-bed at pressures

between 1 and 2.5 MPa. Thus the HTW gasifier

lends itself to larger capacities of up to around

700 MWth in one reactor. It is being engineered

and marketed by Lurgi in cooperation with Uhde

Company.

According to Greil and Loeffler, a wide variety of

biomass feedstocks is suitable for CFB gasifica

tion:

Wood chips, tree bark, forest wastes

Miscanthus, straw, other farm biomass

Biomass wastes (bagasse etc.)

e Municipal waste, sewage sludge, paper

sludge, plastic refuse, etc.

As an alternative to combustion plants, which

produce steam for power production or Com

bined Heat and Power (CHP) only, the gasifica

tion plants convert the fuel into a product gas for

a variety of uses:

e Fuel gas used for supplemental firing of

existing powerplants, kilns, etc.

e Synthesis gas for chemical processes

(methanol, etc.)

Fuel gas for combined-cycle power gen

eration

Status of Technology

Lurgi's CFB gasification pilot plant has been

operated since 1983 for more than 5,000 hours.

The gasifier has a thermal capacity of 1 .7 MWth.

During the test periods various feedstocks such
as hard coal, lignite, biomass, petcoke and dif

ferent kinds of waste material have been tested

successfully. The CFB gasification technology
has been commercially available since 1985,
and has been or will be used in the projects

listed in Table 1 .

The operation of the CFB gasifier at Zellstof-

twerke POIs AG in Austria has proven that gas

produced from tree bark in a CFB is suited to

bum quick lime in a rotary kiln. In this plant the

bark drying process as well as the CFB gasifica

tion process was optimized with respect to gas

quality. However, because at PGIs the lime was

cycled in a closed loop the addition of the pro

duced gas dust proved to be harmful in the long
run.

The Rudersdorf CFB plant came on line in

September 1996 and achieved an availability of

approximately 80 percent by December 1996.

The plant reliably provides gas for precalcining.

The ash from the CFB gasifier is used as an

additive to the raw material of the cement proc

ess.
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TABLE 1

LURGI CFB GASIFICATION PROJECTS

Location Capacity Product Startup Fuel

Pols, Austria 27 MWth Fuel gas 1987 tree bark

Rudersdorf, 100MWth Fuel gas 1996 wood, waste wood, RDF,

Germany lignite waste, rubberwaste

Project 1 12MWe Electric Power 1998 short rotation forestry product

Project 2 20 MWth Fuel gas 1999 municipal waste

Project 3 30 MWe Electric Power 1999 wood, waste

INTERNATIONAL

IGU REPORTS ON GAS PRODUCTION FROM

OIL SHALES, TAR SANDS AND PEAT

During the 1994-1997 triennium, the Interna

tional Gas Union (IGU) Working Committee B

has been studying a wide range of topics in

cluding the clean gasification of coal, biomass

and wastes, the production of biogas by fer

mentation processes, recovery of methane from

coal seams, the production of hydrogen as a

fuel gas and the management of contaminated

former gas works sites. The Committee's report

was presented at the 20th World Gas Confer

ence held in Copenhagen, Denmark, in June.

Working Committee B's assessment of the

status of gas production from oil shale, tar

sands and peat is outlined here.

Oil Shale and Tar Sands Resources

Oil shale and tar sands constitute large energy

resources. Worldwide oil shale deposits are es

timated at
13x1015

cubic meters oil equivalent of

which 15 percent is located in North America.

Tar sand resources are less extensive at

16x1012

cubic meters of bitumen, but 68 percent

are found in North America, chiefly in Canada.

Also associated with oil shale is in situ methane.

For example, the North-Central Piceance Creek

Basin holds as estimated 1 50x1
09

cubic meters

of methane. There are no active commercial

projects producing gas from these resources,

primarily because of the current low prices of

crude oil and natural gas.

Status of Technology

For energy extraction from oil shale, the major

ity of the processes focus on oil production from

shale.

For tar sands, gas production is more significant

in coking processes than for extraction- or ag

glomeration-based processes.

Studies on the production of hydrogen and

methane from oil shale and tar sands continue

to be conducted in Israel, Japan, Germany, Es

tonia, Australia, Russia and the United States.

Hydrous pyrolysis has been shown to produce

mainly methane, C02 and monocarboxylic ac

ids. The most encouraging period for growth in

these areas is expected after 2010 as develop
ment efforts in unconventional resources of

natural gas are implemented on a large scale.
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Gasification of Peat

The countries using peat in their energy system

are limited and include Russia, Ireland, Finland

and to a small extent Sweden. In most cases

peat is combusted for the production of electric

ity and/or heat. However, over the last few

years there has been a growing interest in gasi

fication of peat.

While peat has advantages such as a high reac

tivity, only limited experience has been

achieved with gasification of peat. The main

reason may be the way peat is produced and

handled. The most well known experience is

with U-Gas and High Temperature Winkler

technologies.

In Kemira, Finland, a plant was erected in the

early 1980s with the aim to produce ammonia.

The technology used was the German High-

Temperature Winkler process. The plant

(140 megawatts) was in operation for about

2 years. After that enough information existed

to conclude that the process economics were

poor. It was by then, as well as now, cheaper to

produce ammonia from natural gas.

WOOD-FUELED IGCC DEMONSTRATION

PLANT RUNNING IN SWEDEN

The world's first complete Integrated Gasifica

tion Combined-Cycle (IGCC) powerplant which

utilizes wood chips as fuel began its demonstra

tion phase last spring. The plant is located in

Varnamo, Sweden. The gasification technology
was developed in a cooperation between

Sydkraft AB and Foster Wheeler Energy Inter

national Inc.

K. StShl and M. Neergaard of Sydkraft AB,

Sweden, discussed the demonstration program

at the 20th World Gas Conference held in Co

penhagen, Denmark, in June.

The VSrnamo demonstration plant is aimed at

demonstrating the complete integration of a

gasification plant and a combined-cycle plant,

fueled by biomass. The basic idea is to demon

strate the technology rather than to run a fully
optimized plant. Flexible and conservative so

lutions were chosen for the plant layout and de

sign to ensure the success of the project and to

make the plant suitable for research and devel

opment activities.

The Process

The wood fuel is dried in a separate fuel prepa

ration plant, using a flue gas dryer, to a moisture

content of 10 to 20 percent.

The dried and crushed wood fuel is pressurized

in a lockhopper system and is fed by screw

feeders into the circulating fluidized-bed gasifier

(see Figure 1). The operating temperature of

the gasifier is 950 to 1 ,000C and the pressure

is approximately 20 bar.

The fuel is pyrolyzed immediately on entering

the gasifier. The gas transports the bed mate

rial and the remaining char toward the cyclone.

In the cyclone, most of the solids are separated

from the gas and are returned to the bottom of

the gasifier through the cyclone return leg. The

recirculated solids contain some char which is

burned in the bottom zone where air is intro

duced into the gasifier. Combustion maintains

the required temperature in the gasifier.

After the cyclone, the produced gas flows to a

gas cooler and is cooled to a temperature of

350 to 400C before it enters the ceramic filter

vessel where the particulate cleanup occurs.

Ash is discharged from the ceramic filter and

from the bottom of the gasifier.

The gasifier is of air-blown type and about

10 percent of the air is extracted from the gas

turbine compressor and is compressed further in

a booster compressor and then flows to the bot

tom of the gasifier.

The gas generated is burned in the combustion

chambers and expands through the gas turbine,

generating 4 megawatts of electricity. The fuel

supply system, fuel injectors and the combus-
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FIGURE 1

VARNAMO IGCC DEMONSTRATION PLANT
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tors have been redesigned to suit the low calo

rific value gas (5 megajoules per cubic meter

(MJ/nm3).

The hot flue gas from the gas turbine is ducted

to the Heat Recovery Steam Generator

(HRSG). The steam generated, along with

steam from the gas cooler, is superheated in the

HRSG and is supplied to a steam turbine

(40 bar, 455C). The relatively small steam tur

bine is of a simple design and does not have a

particularly high efficiency, which affects the

electrical efficiency as well as the power-to-heat

ratio.

Electric power is generated both by the gas tur
bine (4 megawatts) and by the steam turbine

(2 megawatts). The combined cycle can be run

as a cogeneration plant and be cooled by a dis
trict heating system or by separate air coolers.

The technical data are summarized in Table 1 .
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TABLE 1

TECHNICAL DATA FOR THE VARNAMO

DEMONSTRATION PLANT

Fuel Input

Fuel

Lower Calorific Value of Product Gas

Gasification Pressure

Gasification Temperature

Total Net Efficiency (LCV)
Power Generation

Heat for District Heating

Steam Pressure

18MWfuel(85%ds)
Wood Chips

5 MJ/m3n

20 bar (a)
950-1,000C

83%

6 MWe

9MWth

40 bar

Plant Commissioning

Commissioning ofthe plant started late in 1992

with startup of the fuel preparation plant. Com

missioning of the combined cycle was com

pleted on liquid fuel in March 1993. The first

gasification test on wood chips at an elevated

pressure was performed in June 1993. As of

May 1996, the gasification plant had been in

operation for more than 4,000 hours.

In 1995 the modified gas turbine commissioning

on liquid fuel was completed and the first com

bined-cycle test runs on product gas were per

formed. Observations during the fuel change

over phase and during operation on 100 percent

product gas showed no adverse effect on either

combustion performance or turbine behavior.

During the spring of 1996, the commissioning

was concluded.

Demonstration and Development Program

A demonstration/development program will be

carried out during 1996-1999 to confirm the

technical and economic viability of the technol

ogy and to provide engineering data for the de

sign of commercially rated powerplants. The

demonstration/development program has been

organized as follows:

Technology: Some components/systems

do not allow long-term operation (months)
between overhauls. Improved designs

will be developed and then tested in the

plant. Possibilities for increasing the effi

ciency of the plant will also be investi

gated.

Economics: Based on actual main

tenance and operating cost in Varnamo,

the investment cost for different sized

complete IGCC's will be assessed. Reli

ability and availability for this type of

plant will also be evaluated and op

timized.

Environment: An emission measurement

program including NOx, HCN, CO, UHC,

etc. as well as heavy metals and dust has

been established. The results from this

program may generate need for a further

development of components/systems.

Fuel Flexibility: So far only normal wood

waste from pine trees has been used as

fuel for the plant. The plant's ability to

operate on fuels based on short rotation

forestry such as salix and Refuse De

rived Fuel (RDF) will be evaluated.
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According to Sydkraft, the results so far from

the demonstration program are promising and

during 1 week in September 1 996 the gas tur

bine ran entirely on gasifier-produced gas for

approximately 140 hours. During this test dif

ferent loads were tested up to 100 percent as

well as full plant integration. Also the emission

levels from the gas turbine look promising.

There is still a need for further basic research

work on the process itself and in related areas,

note the authors.

ENVIRONMENT

COz CAPTURE COULD BE COMPETITIVE

WITH OTHER METHODS FOR

GREENHOUSE GAS REDUCTION

Combustion of fossil fuels is the main anthropo

genic source of carbon dioxide, the principal

greenhouse gas. Generation of electricity is the

single largest user of fossil fuels, world-wide.

Thus technologies which could reduce or elimi

nate greenhouse gas emissions associated with

the production of electricity from fossil fuels will

be important, if the world needs to make sub

stantial reductions in greenhouse gas emissions.

The capture and disposal of greenhouse gases

from flue gases to achieve substantial reduc

tions in greenhouse gas emissions has been

investigated by the International Energy Agency

(IEA) Greenhouse Gas R&D Program, an inter

national collaborative activity. P. Freund of the

IEA Greenhouse Gas R&D Program discussed

this option at the 22nd International Conference

on Coal Utilization and Fuel Systems held in

Clearwater, Florida, in March.

There are four stages involved in removal of

carbon dioxide from flue gases-power genera

tion, capture of carbon dioxide, methods of

storing it and ways of utilizing it.

Power generation technologies may be coal or

natural gas-fired systems, using current technol

ogy such as pulverized fuel/steam-cycle plant,

natural gas combined-cycle, or more advanced

concepts such as the integrated gasification

combined-cycle.

Capturing carbon dioxide from flue gas streams

can be done with any of a wide range of tech

niques, including solvent absorption (either

chemical or physical solvents), adsorption,

membrane separation and cryogenic capture.

However, the cost of electricity may be in

creased by up to 50 percent compared with a

similar plant without C02 capture. Because of

the extra energy used in the process, the

amount of carbon dioxide captured is greater

than the amount of emissions avoided (see Fig
ure 1). Thus the use of capture is best ex

pressed in terms of the emissions-avoided,

rather than the amount removed, says Freund.

Having captured the carbon dioxide, it would

have to be sequestered away from the atmos

phere for several hundred years. It could be

stored in deep, saline aquifers, disused oil or

gas fields, or in the deep ocean (which is the

eventual natural sink for carbon dioxide from

the atmosphere). The first commercial storage

of carbon dioxide in an aquifer is now underway

offshore Norway in a field operated by Statoil;
this will store 1 million tonnes of carbon dioxide

per year for the next 25 years. Estimated global

capacity for storing carbon dioxide is

>1 ,280 gigatonnes of carbon (GtC). This may be

compared with current global emissions of

6 GtC per year from combustion of fossil fuels.

It can be seen that these natural reservoirs

would provide adequate storage capacity for

many years. Studies of storage schemes indi

cate the cost is likely to be less than $20 to

avoid emission of 1 tonne of carbon, which is

less than 20 percent of the cost of capture.

An alternative to storage of the gas would be to

use it to make products or for some other pur

pose, such as producing a biofuel by using mi

cro-algae. Another option would be to en

courage the growth of forests to remove more
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FIGURE 1
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C02 from the atmosphere. A further utilization

option is for enhanced oil recovery.

Compared with the annual emissions of carbon

dioxide, some of the options for utilization of

C02 would be able to sequester useful amounts

of C02 but, by themselves, could not handle all

emissions from combustion of fossil fuels.

Conclusions

Capture of C02 would add substantially to the

cost of electricity produced. Nevertheless, says

Freund, this is competitive with otherways of ef

fecting deep reductions in carbon dioxide emis

sions and could be implemented relatively

quickly with technology which is known today.

Storing carbon dioxide is comparatively cheap

underground or in the ocean within several hun

dred kilometers of the site of generation. There

is sufficient potential capacity for this to be vi

able as a means of sequestering carbon dioxide.

However, there are substantial uncertainties

about the environmental impact, particularly the

length and security of storage and the accept

ability of using oceans for this purpose.

Utilization of C02 is potentially attractive but

practical difficulties concern the limited net re

duction of carbon dioxide emissions which can

be achieved in making chemicals and the en

vironmental impact of large forests grown to

store carbon.

Production and distribution of an energy carrier,

such as hydrogen, with storage of the carbon

dioxide generated, might provide distributed

users with similar opportunities to minimize car

bon dioxide emissions as for central-station

plant.

Current Work of the IEA Greenhouse Gas

R&D Program

The knowledge built up through the Program is

already used in international activities such as

the Intergovernmental Panel on Climate
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Change. Practical research and development

projects are also being undertaken-one, in

volving combustion of fossil fuel in recycled

C02, is already under way; others, on ocean

storage and aquifer storage, are expected to

begin in the near future. The IEA Greenhouse

Gas Program continues to work to develop bet

ter understanding of the technology of capture

and storage, as well as promote relevant re

search and development.

In the current phase of the program, further

power generation technologies are being as

sessed to see whether more novel concepts

(e.g., fuel cells) would provide competitive ap

proaches for capturing carbon dioxide. More

radical ideas to reduce the cost of capture are

being sought. Key areas of uncertainty about

ocean storage of C02, including the important

legal and jurisdictional issues, are being ex

amined through a series of specialist workshops;

from these come recommendations about nec

essary research. Identification of chemicals,

which could offer useful reduction in emissions

of C02, will be aided by a simple screening

technique.

MAGNESITE ORE PROPOSED FOR

LARGE-SCALE DISPOSAL OF CARBON

DIOXIDE

If the nations of the world ever agree to limit

carbon dioxide emissions because of their con

tribution to global warming, fossil fuels

(particularly coal) will be severely handicapped

in the future fuels market. A method for sepa

rating and sequestering the carbon dioxide re

leased during combustion at large industrial and

electric power facilities would be of critical im

portance. Methods are known for separating

C02 from exhaust stacks. The problem lies in

finding a way to keep the C02 from finding its

way into the atmosphere for a period of hun

dreds or thousands of years. Various proposals

have been suggested, such as disposal in con

centrated form in the deep ocean, in aquifers or

in submarine lakes of C02 covered by solid car

bon dioxide hydrates. The latter are clathrate

compounds that form at deep sea pressures and

temperatures near freezing. All of these pro

posals have large technical uncertainties con

cerning their long-term effectiveness and con

cerning short-term environmental and safety

hazards.

A new approach has been proposed by re

searchers at Los Alamos National Laboratory.

K. Lackner et al. described the approach at the

22nd International Conference on Coal Utiliza

tion and Fuel Systems, held in March in Clear

water, Florida.

Their approach is based on forming chemically

stable and environmentally benign mineral car

bonates. The carbon dioxide is collected at the

source and shipped to the disposal site. Here,

in an industrial above-ground process, mineral

ores containing magnesium or calcium are

chemically combined with carbon dioxide to

form stable carbonates. Although many varia

tions of this approach are possible, the present

work focuses on a particular route involving acid

extraction of magnesium hydroxide which is

subsequently combined with carbon dioxide to

form magnesium carbonate. The overall proc

ess is exothermic and, by performing it in an

industrial setting, it is possible to guarantee the

formation of stable carbonates and to avoid

large energy penalties. Figure 1 shows a sketch

of the carbon flow in electric power generation

with the magnesium hydroxide route to carbon

dioxide disposal.

The Chemistry of Carbon Dioxide Disposal

The carbonation of magnesium and calcium sili

cates, including the basic chemistry and avail

ability of mineral deposits, is known. Although

both classes of minerals are widespread, mag
nesium bearing minerals are much richer, typi

cally 2 to 2.5 tons of rock are required to bind

1 ton of CO, as opposed to 7 tons of calcium-

bearing rock. Furthermore, the magnesium

bearing rocks are easier to decompose. The

overall reaction is the carbonation of serpen-

tinite:

0.33 Mg3Si205(OH)4 + C02 = MgC03 + 0.67

SiQ2 + 0.67 H20
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FIGURE 1

COMBINED OPERATION OF COAL MINING, ELECTRICITY GENERATION,

CARBON DIOXIDE COLLECTION AND CARBON DIOXIDE DISPOSAL
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The reaction is exothermic and is thermody-

namically favored at low temperatures.

Nevertheless, the direct solid/gas reaction is dif

ficult to perform because the reaction rate is

slow. It was possible to partially carbonate

samples of 100 micron radius serpentinite to

about 25 percent of the stoichiometric maximum

by treating the mineral with C02 at 340 bar and

500C for 2 hours. It is also possible to car

bonate heat-treated serpentinite in a weak car

bonic acid in an aqueous solution.

In the magnesium hydroxide process, rapid ki

netics are achieved by first extracting mag

nesium from the ore using concentrated hydro

chloric acid. The hydrochloric acid can be re

covered in a second step, the hydrolysis of

MgCI2. The end product is magnesium hydrox

ide that can be carbonated in a direct gas solid

reaction. The process is sketched in Figure 1 .

Toward a Plant Design

There is no theoretical obstacle to the chemical

process described in Figure 1 . All the individual

steps have been performed in the laboratory.

This includes complete carbonation of mag
nesium hydroxide powder in 30 minutes using
carbon dioxide at 52 bar pressure, as well as

steps reproduced from old literature on magne

sium extraction from minerals.

The greatest challenge is to manage the thermal

energy consumption, despite the fact that the

overall process is exothermic by a substantial
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margin. This is because some individual proc

ess steps are endothermic, and some such

steps occur at higher temperatures than the

exothermic steps which release the corre

sponding heat. Thus the heat for these reac

tions would either have to be provided exter

nally or some device such as vapor recompres

sion would have to be used to transfer heat from

lower to higher temperatures.

Costs other than energy appear to be dominated

by mining, crushing and grinding of the ore, plus

replacement of the carbonated product into the

mine site.

The proposed mining operation to produce the

serpentinite rock is large but quite conventional.

The mineral ore occurs in large bodies that ex

tend over large areas. Those of practical inter

est are exposed at the surface and at the same

time they reach quite deep, sometimes more

than 1 ,000 meters. Thus, it is possible to dig

deep pits that produce ore with only an insignifi

cant amount of overburden. The magnesium

content of the ore ranges between 35 and

45 percent of MgO by weight. Because of the

large thickness of the ore deposits, mining areas

are small. The environmental impact of the

serpentinite mining does not dominate the fossil

fuel cycle. Some 50,000 to 60,000 tons of rock

per day would need to be excavated to bind the

C02 output of a 1 ,000-megawatt powerplant.

Estimated Costs

One of the largest cost items is the well-under

stood mining and milling operation. This first

step adds about $6 to $10 to the cost of the dis

posal of a ton of carbon dioxide. For the nomi

nal powerplant outlined in Figure 1 , a

$10 charge per ton of C02 adds exactly $0.01 to

the cost of a kilowatt-hour.

An accurate cost estimate of the chemical proc

essing steps requires a more detailed design.

However, the preliminary rough estimates for

these items are low and therefore Los Alamos is

optimistic that the overall cost will not greatly

exceed that for excavating, crushing and grind

ing the ore.

In order to reduce the cost even further it may

be possible to take credits for byproducts. The

magnesium bearing ores contain substantial

amounts of iron. Thus the process could gener

ate 0.15 ton of iron in oxide form for each ton of

C02 disposed. The value of the iron oxide by
product of the serpentinite extraction process is

approximately $10 per ton of C02.
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1997

July 7-10, Lisbon, Portugal-Fourth International Conference on Technologies and Combustion for a

Clean Environment, fax 351 1 847 5545, Portugal

July 13-17, Tokyo, Japan-International Conference on Power Engineering, fax 81 3 3244 5313

July 14-16, St. Michael, Barbados-Natural Gas in the Americas, fax 847 768 0842

July 22-24, Pittsburgh, Pennsylvania-Advanced Coal-Based Power and Environmental Systems '97,
phone 304 285 4750

July 27-August 1, Honolulu, Hawaii-32nd Intersociety Energy Conversion Engineering Conference,
phone 301 330 0048

July 30-August 1, Florence, Italy-Flowers 97, Florence World Energy Research Symposium,
fax 39 55 479 6342

August 24-29, Edmonton, Alberta, Canada-APEC EnergyWeek, phone 613 995 7184

August 26-28, Morgantown, West Virginia-Fuel Cells 97, fax 304 285 4459

August 25-29, Washington, D.C.-EPRI-DOE-EPA Combined Utility Air Pollutant Control Symposium,
phone 415 855 8763

September 3-4, Pittsburgh, Pennsylvania-Coal Liquefaction and Solid Fuels Contractors Review Con

ference, phone 304 285 4750

September 7-11, Kyoto, Japan-Fourth International Conference on Carbon Dioxide Utilization,
fax 81 75 771 7285

September 7-12, Essen, Germany-IEA International Conference on Coal Science

September 8-13, Kazan, Russia-Third International Conference on New Energy Systems and

Conversions, fax 84 32 366 032

September 9-11, Singapore-Power-Gen 97, phone 713 621 8833

September 9-12, Calgary, Alberta, Canada-11th International Conference on Coal Research,
fax 403 247 4811

September 14-16, Victoria, British, Columbia, Canada-42nd Canadian Conference on Coal,
fax 403 265 7604

September 14-17, Newport Beach, California-World Chemical Congress, phone 718 876 8800

September 22-25, London, United Kingdom-Fifth Grove Fuel Cell Symposium, fax 44 1865 843 958

September 23-27, Taiyan, Shanxi, China-14th Annual International Pittsburgh Coal Conference,
phone 412 624 7440
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September 24-27, Aspen, Colorado-Aspen Energy and Environment Roundtable IV,
phone 303 777 4540

September 28-October 1 , Lake Buena Vista, Florida-National Mining Association Convention

September 30-October 2, Singapore-ASME Asia '97 Congress, phone 404 847 0072

October 2-3, Tokyo, Japan-Advanced Clean Coal Technology International Symposium,
fax 81 3 3263 7577

October 5-8, Edmonton, Alberta, Canada-47th Canadian Chemical Engineering Conference,
fax 613 232 5862

October 5-8, San Francisco, California-Gasification Technologies Conference, phone 703 276 0110

October 13-15, Istanbul, Turkey-CoalTrans 97, fax 44 171 779 8946, United Kingdom

October 14-16, Jakarta, Indonesia-Asia-Pacific Initiative for Renewable Energy and Energy Efficiency,
fax 872 25 74 1997, phone 202 383 2561

October 20-24, Gatlinburg, Tennessee-Tenth Symposium on Separation Science and Technology for

Energy Applications, fax 423 576 7468

October 21-23, Houston, Texas-DeWitt Conference on MTBE, Oxygenates and Methanol,
phone 281 774 7299

October 26-29, Denver, Colorado-International Joint Power Generation Conference,
phone 212 705 7793

October 28-29, Morgantown, West Virginia-Advanced Turbine Systems Conference,
phone 304 285 4108

October 28-30, New Delhi, India-EnergyWeek India, phone 713 963 6218

November 12, Calgary, Alberta, Canada-Improving Profitability in Diverse Horizontal Well Applications,
phone 403 237 5112

November 16-21, Dallas, Texas-International Mechanical Engineering Congress, phone 212 705 7037

December 1-12, Kyoto, Japan-UN Framework Convention on Climate Change: Third Conference ofthe

Parties, fax 49 228 815 1999, Germany

December 9-11, Dallas, Texas-Power-Gen 97, phone 713 621 8833

December 9-12, Houston, Texas-Monetizing Stranded Gas Reserves, phone 713 952 9500

1998

March 9-13, Clearwater, Florida-International Technical Conference on Coal Utilization and Fuel

Systems, phone 202 296 1 133
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March 30-31, Leeds, England-Second International Conference on Combined Cycle Power Generation,
phone 44 113 233 2496

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

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

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

September 13-18, Houston, Texas~17th Congress oftheWorld Energy Council, fax 202 331 0418

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

Kingdom

November 8-1 1 , San Diego, California-International Gas Research Conference, fax 773 399 8170

November 29-December 2, Dubai-18th International LNG, Natural Gas, LPG Conference

2000

June, Calgary, Alberta, Canada-16th World Petroleum Congress

June 6-9, Nice, France-21st World Gas Conference, fax 33 1 42 27 49 43
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OIL SHALE

PROJECT ACTIVITIES

SUNCOR AND SPP/CPM HAVE FINANCING

IN PLACE FOR STUART PROJECT

In June Suncor Energy, Southern Pacific Pe

troleum (SPP) and Central Pacific Minerals

(CPM) announced that they have financing in

place for the first phase of the Stuart oil shale

project, and will proceed with construction of the

first phase.

The complete development is valued at

US$1 .6 billion to US$2 billion and could be pro

ducing 85,000 barrels per day of high-quality
synthetic light crude oil within 10 years. The

first phase is estimated to cost US$1 98 million

for a demonstration plant that is expected to

start producing 4,500 barrels of oil per day by
the end of 1999.

The commitment to proceed follows a success

ful capital raising by SPP/CPM in which the

companies are completing a $90-million place

ment of shares to institutional investors. This

was the final requirement to enable the partici

pants to go ahead with the project.

Suncor Energy will act as the operator for

Stage 1 while SPP/CPM will assume the role of

developer and focus on preparing for future

stages of development.

The Stuart project has been planned in three

stages. Stage 1 involves building a demonstra

tion plant to prove the technology and test the

commercial viability of producing oil from shale.

If Stage 1 is successful, the owners will look at

building Stage 2, a 15,000-barrel per day plant.

The third stage is a full-scale commercial opera

tion, at which time total production would rise to

approximately 85,000 barrels per day.

Over the next 2 years Bechtel Australia will con

struct the plant.

The Stuart oil shale project has been awarded a

grant of $7 million under the Australian Federal

Government's Strategic Assistance for Re

search and Development (START) Program run

by Auslndustry. It also has the support of the

Queensland State Government through an in

frastructure support package.

History of Stuart Oil Shale Project

The Stuart oil shale deposit near Gladstone,

Queensland, was discovered by SPP/CPM in

1977. Subsequent exploration and evaluation

identified resources of 3.0 billion barrels of shale

oil in situ.

In 1996 SPP/CPM formed Stuart Energy with

Suncor Inc. as a 50/50 joint venture. Stuart En

ergy is responsible for the development and

operation of the Stuart resource.

As reported in SPP's 1996 Annual Report, 1996

was focused on completing the steps required

for commitment to the construction of the Stuart

Stage 1 plant.

Having initially been involved in the confirma

tion of the design and operability of the Stage 1

plant, Bechtel Australia was appointed to un

dertake a preconstruction engineering program.

The program was designed to refine cost and

operational factors of the Stage 1 plant upon

which to base a formal Engineering, Procure

ment and Construction (EPC) contract.

The Bechtel project team completed the pre

construction phase early in 1997. Based on

their estimated Stage 1 fixed-price cost of con

struction of A$1 81 .9 million (with performance

guarantees in the form of liquidated damages)
and after adding allowances for mining capital,

working capital,
owners'

costs and other related

items, the estimated cost of Stage 1 is

A$250 million (see Table 1). This amount is ap

proximately 15 percent above the
sponsors'

1995 estimate and is considered satisfactory.

The financing of Stage 1 , the research and de

velopment phase, was originally based primarily
on the research and development financial syn

dicate program instigated by the previous fed

eral government to increase research in Austra

lia. Unfortunately, this was terminated by the
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TABLE 1

TOTAL COSTS OF THE STUART STAGE 1

Bechtel E.P.C. Contract (including escalation)
Owners'

Costs, Plant Additions and Contingencies

Mining Pre-production

Working Capital

Total

$A Million

182

56

5

7

250

new federal government in July 1996 and the

companies were not grandfathered even though

they had preliminary approvals.

The current strategy for Stage 1 is based upon

the income tax on mining provisions, particularly

those relating to exploration and prospecting,

and has been refocused accordingly.

SPP/CPM's combined available funds at the

end of 1996 stood at A$59 million.

Following the satisfactory completion of state

government requirements including an Environ

ment Impact Assessment Study into the pro

posed development and a process of com

munity consultation, the Queensland Govern

ment granted a Mining Lease (ML 80003) in re

lation to Stuart Stage 1 . The Mining Lease cov

ers an area of 527 hectares of the Stuart deposit

and has been granted for a term of 30 years

commencing August 1 , 1 996.

In December 1996 the High Court of Australia

produced a judgment in the Wik case which

dealt with, among other matters, the degree to

which native title claims over pastoral and other

leases had been extinguished.

Pending the federal government clarifying its

position regarding the Wik judgment, the

Queensland Government temporarily sus

pended approving all transfers of mineral titles

including certain titles required by Stuart

Stage 1 . Meanwhile the Queensland Govern

ment amended the conditions of the Stuart

Stage 1 Mining Lease (ML 80003) to require the

time of a commitment to construction of the

proposed Stage 1 plant (previously March 31 ,

1997) to be extended to within 3 months after

the date that the above Wik matters have been

resolved.

SPP/CPM has been prospecting and studying

this land for over 20 years and have carried out

widespread reviews of Aboriginal usage. There

are none, according to SPP/CPM chairman

I. McFariane. Coupled with this is the fact that

90 percent of the Stuart deposit lies under free

hold land which could not be affected by native

title claims. The only area of leasehold is one

included in the mining plans for part of Stage 1

and this shows no record of any Aboriginal in

habitants. Based on this experience,

SPP/CPM's conclusion is that any native title

claim adverse to the Stuart Mining Lease would

be unlikely.

In June following discussions with the Queen

sland Government, Suncor and SPP/CPM said

they are satisfied the uncertainties surrounding

the status of the Mining Lease have been over

come.
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GOVERNMENT

DOE BACKS AWAY FROM SALE OF NAVAL

OIL SHALE RESERVE

The National Defense Authorization Act for Fis

cal Year 1996 (the NDA Act) requires the United

States Department of Energy (DOE) to deter

mine which of the following options, or combi

nations of options, would maximize the value to

the United States of the five Naval Petroleum

and Oil Shale Reserves (NPOSR), excluding

Elk Hills:

Retention and operation of the Reserves

by the Secretary of Energy under the Na

val Petroleum Reserves law (current

situation).

Transfer of all or a part of the Reserves to

the jurisdiction of another federal agency

for continued administration under the

Naval Petroleum Reserves law.

Transfer of all or a part of the Reserves to

the Department of the Interior for leasing
in accordance with the Mineral Leasing
Act and surface management in accor

dance with the Federal Land Policy and

Management Act.

Sale of the interest of the United States in

the Reserves.

Elk Hills Naval Petroleum Reserve Number 1 is

not addressed in the study or this report be

cause the NDA Act requires the United States to

divest its interest in Elk Hills by February 10,

1998. A comprehensive process to implement

the divestment requirement for Elk Hills has

been under way since February 1996 and is

presently proceeding on schedule to meet the

February 1998 deadline. The remaining five

reserves in the Naval Petroleum and Oil Shale

Reserves include Naval Petroleum Reserve

(NPR) Numbers 2 and 3, and Naval Oil Shale

Reserve (NOSR) Numbers 1 , 2 and 3.

Background

As a result of a concern about the long-term

availability of crude oil supplies for the Navy,

between 1912 and 1924 the federal government

established three petroleum and three oil shale

reserves totaling over 232,000 acres in four

Western States. Except for a period of lease

production by the Department of the Interior in

the 1920s and operation directly by the federal

government during World War II for national

defense needs, the petroleum and oil shale re

serves were maintained in an essentially under

developed status until the 1973-1974 Arab oil

embargo.

Congress subsequently passed the Naval Pe

troleum Reserves Production Act of 1976 which

required the three petroleum reserves (but not

the three oil shale reserves) to be fully devel

oped and produced at their maximum efficient

rates of production for a period of 6 years, with

provision for continuing production authority.

Revenues from product sales were to be depos

ited into the general Treasury. This

1976 statute changed the fundamental rationale

for the petroleum reserves program from that of

a reserved source of fuel for the military to one

of generating revenues for the United States

Treasury.

From the initiation of development of the

NPOSR in 1976 through fiscal year 1996, the

program has generated $16.5 billion in revenues

for the United States Treasury against expenses

of $3.1 billion. The vast majority of these reve

nues and expenses are associated with the giant

Elk Hills field in NPR-1 in California. One of the

11 largest oil and gas fields in the Lower 48

States, Elk Hills dwarfs the other five Reserves

in all aspects of production, revenues, remain

ing recoverable hydrocarbon reserves and mar

ket value.

Legislation creating DOE in 1977 transferred ad

ministration of the NPOSR from the Navy De

partment to DOE. Current NPOSR program

operations are comprised of the management

and operation of oil and/or gas development
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and production activities by DOE at two of the

three petroleum reserves: NPR-1 (Elk Hills) in

California and NPR-3 (Teapot Dome) in Wyo

ming. The third petroleum reserve, NPR-2

(Buena Vista), which is adjacent to the Elk Hills

field in California, has been leased to private

industry since the 1920s, and DOE undertakes

no development or production activities on that

property at this time, aside from monitoring the

leases and collecting royalties.

The Naval Petroleum Reserves Law does not

authorize DOE to fully develop and produce

hydrocarbons from the three oil shale reserves.

The statute generally limits operations on the oil

shale reserves to activities needed to conserve

the
reserves'

hydrocarbons in the ground.

NOSR-1 in Colorado and NOSR-2 in Utah are

completely undeveloped and largely unex

plored. Because the cost of producing oil from

shale is prohibitively high, oil production from

any of the oil shale reserves is uneconomic for

the foreseeable future. Recent analyses con

ducted by the United States Geological Survey
indicate that there could be significant reserves

of natural gas in NOSR-1 and NOSR-2, but

those resources are unproved.

DOE is producing natural gas from NOSR-3 in

Colorado. DOE has drilled 56 offset wells on

NOSR-3 to prevent the United
States'

natural

gas reserves underlying NOSR-3 from being
drained and recovered by the owners of the ad

jacent, privately owned properties. The Naval

Petroleum Reserves Law, however, prohibits full

development of NOSR-3's natural gas re

sources.

Table 1 summarizes fiscal year 1996 operations

at each of the NPOSRs.

Today, oil production from the NPOSR supplies

less than one-half of 1 percent of daily domestic

crude oil consumption. Moreover, the Strategic

Petroleum Reserve, with its stockpile of

563 million barrels of oil and drawdown rate of

3.9 million barrels per day, can provide the

military and the Nation with significant emer

gency crude oil supply capabilities. Finally, the

commercial production and sale of oil and natu

ral gas in competition with private sector com

panies is not a uniquely federal function. For

these reasons, the Administration and Congress

decided to undertake to sell NPR-1 (Elk Hills)
and to re-evaluate the historic role of the five

other Reserves to determine the management

TABLE 1

NAVAL PETROLEUM AND OIL SHALE RESERVES

(Fiscal Year 1996 Operations)

Dailv Production Annual (million $)

Natural Gas Natural Gas

Oil (million Liquids DOE DOE

Reserve Acreaae (barrels) cubic feet) (aallons) Cost Revenues

NPR-1 47,409 59,800 358 445,900 $140.9 $397.0

NPR-2 10,446 211 1 400 $0.10 $1.7

NPR-3 9,481 1,774 4 6,300 $11.7 $12.4

NOSR-1 36,406 0 0 0 $0 $0

NOSR-2 88,890 0 0 0 $0 $0

NOSR-3 20,171 0 9 0 $3.7 $3.1

31

THE SYNTHETIC FUELS REPORT, JULY 1997



 



OIL SHALE

strategy that will maximize their value to the

United States.

Independent Consultants Recommendations

In December 1996 the consulting firm of

John Gustavson and Associates completed the

study required by the NDA Act. Table 2 pres

ents the independent consultant's valuations of

the four legislatively prescribed options for each

of the five Reserves.

The independent consultant recommended the

following dispositions for each of the reserves:

NPR-2 (Buena Vista), sell all or part of

the United
States'

interest.

NPR-3 (Teapot Dome), retain for con

tinued operation by DOE under the Naval

Petroleum Reserves Law, with the elimi

nation of the management and operating

contract.

NOSR-1 (Colorado), sell all or part of the

United
States'

interest.

NOSR-2 (Utah), sell all or part of the

United
States'

interest.

NOSR-3 (Colorado), sell all or part of the

United
States'

interest.

The independent consultant's recommended

disposition of each of the Reserves is based on

an appraisal of the value of the mineral rights

and collateral surface estate of the Reserves

under the various disposition options specified

in the Act. They are strictly economic analyses,
which make no conclusions regarding any sub

jective value of the Reserves to the public, such

as their scenic, historic and cultural value, the

value of public access to the properties for rec

reational purposes or their potential for wilder

ness or habitat preservation.

DOE Recommendations

DOE concurs with the independent consultant's

recommendation that the United States retain its

interest in NPR-3 (Teapot Dome). DOE would

continue to operate the field under the Naval

Petroleum Reserves Law to the end of the

field's economic life (projected to be in 2003).

At such time, DOE would be authorized to sell

or otherwise dispose of the United
States'

inter

est in NPR-3 in a manner that would maximize

its value.

TABLE 2

VALUE OF OPTIONS FOR FIVE RESERVES

Transfer to Transfer to

Retain in DOE Department of OtherAgency
for Operation Interior for Leasing for Operation

Under Current and Surface Under Current

Reserve Leaislation Manaaament Leaislation Sale

NPR-2 $5,024,300 $5,025,100 $5,006,500 $6,013,095

NPR-3 $5,249,200 $2,536,000 not viable $3,114,300

NOSR-1 -$482,000 -$768,600 not viable $2,236,000

NOSR-2 $260,000 $790,000 not viable $2,800,000

NOSR-3 $4,400,000 $2,844,500 not viable $5,541,000
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DOE does not concur with the recommendation

of the independent consultant that the U.S. sell

all of its interest in NPR-2 (Buena Vista).

Rather, DOE recommends that, with the excep
tion of certain lots located within Ford City,

California, NPR-2 be transferred to the Depart

ment of the Interior for leasing and surface

management.

DOE also does not concur with the independent

consultant's recommendation that the three

NOSRs be sold. Rather, DOE recommends that

the NOSRs be transferred to the Department of

the Interior for leasing and surface manage

ment. The DOI routinely leases and manages

the federal government's oil and gas properties,

a system that enables the private sector to de

velop the reserves but also provides a stream of

revenue for the government. Additionally, exist

ing law calls for the DOI to share oil and gas

revenues from federal properties with the states

where those reserves are located.

If DOI takes control of the reserves and leases

the gas field, both the federal and state govern

ments stand to make money on the deal over a

period of many years. Additionally, the public

could still have access to the properties, which

include major rivers and popular recreational

sites. DOE believes that the potential long-term

benefits, both economic and noneconomic, of

the transfer of these properties to the DOI sig

nificantly outweigh any near-term economic

benefits that might be realized by the outright

sale of these properties.

A 1994 Energy Department study determined

the existing wells alone were worth $42 million,

and that full development of the field could bring
between $83.5 to $220 million, depending on

market prices for gas.

A separate study by the Colorado Oil and Gas

Conservation Commission estimates full devel

opment of NOSR-3 could yield up to

$253 million of royalties for the state alone.

With respect to the transfer of NOSR-3, how

ever, because of issues of possible environ

mental contamination relating to portions of

NOSR-3, the transfer of NOSR-3 to the DOI

would be subject to a determination of the ap

propriate allocation of responsibility for envi

ronmental restoration and remediation. DOE

recommends that the DOI conduct a lease sale

of the mineral interests underlying NOSR-3

within 1 year from the effective date of legisla

tion authorizing the transfer.

In order to implement these recommendations,

DOE plans to submit the necessary implement

ing legislation to Congress for approval.

TECHNOLOGY

JAPANESE RESEARCH IMPROVES

HYDROREFINING OF SHALE OIL

Hydrorefining processes and catalysts for up

grading shale oil to synthetic crude oil were

evaluated by T. Hisamitsu of Petroleum Refin

ing Research and Technology Center. The re

sults were reported in Sekiyu Gakkaishi 1997,

40(1), 11-22.

The arsenic present in shale oil was confirmed

to poison the hydrorefining catalyst significantly,
and a mechanism for deactivation was proposed

based on the analysis results for the used cata

lyst.

Reaction conditions and catalysts for concurrent

removal of the arsenic and unstable olefmic

compounds present were investigated.

The nitrogen compounds present in shale oil

were classified into three types based on ba

sicity. Hydrodenitrogenation (HDN) reactivity

increased in the order: acidic <basic< neutral.

The effects of reaction conditions on the HDN

reaction rate and catalyst deactivation were also

studied.

Based on the results-shale oil was hydrorefined

using a guard reactor for removing the arsenic

and unstable olefinic compounds. It was dem

onstrated that shale oil can be upgraded to a
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good quality synthetic crude oil by hydrorefining
at reaction pressures above 100 kilograms per

square centimeter, and with oil feed rates and

catalyst cycle lengths which are plausible and

reasonable industrially.

efficiency, upon
400

pyrolysis, from kukersite to

Gdynuk oil shale. This confirmed the general

usefulness for fullerene production by laser py

rolysis from the insoluble residues obtained at

400
from raw oil shales composed of Type I

kerogens.

LABORATORY TESTS YIELD FULLERENES

FROM OIL SHALES

Bitumen-free raw kukersite, torbanite and

Gflynuk oil shale were evaluated in an attempt

to observe whether these materials might be

used as fullerene precursors. The results were

reported by K. Fisher et al. of the University of

New South Wales in Org. Geochem. 1996, 24.

Solid-state 13C-NMR and FTIR spectra and ele

mental analyses indicated that, upon pyrolysis

at
400

under helium flow, the oil shales un

dergo an efficient loss of alkyl groups and aro-

matization, affording mainly polycyclic aromatic

insoluble residues. Species that are easily con

verted to fullerenes are thus obtained; such

residues can produce fullerenes via laser abla

tion, at much lower laser powers than with

graphite.

In contrast, the residues from heating the origi

nal shale to
300

were not suitable fullerene

precursors. The minimal power required for

fullerene production with
400

residues sig

nificantly increased from kukersite to torbanite

and to Gdynuk oil shale. The latter feature was

associated with some decrease in aromatization

INTERNATIONAL

CEMENT MADE FROM RUSSIAN OIL SHALE

WASTES

The use of residues from processing of oil shale

in Northwest Russia as starting materials in ce

ment production was discussed by L. Freimann

and M. Kougija in ZKG International 1997,

50(1), 44-49.

The properties of oil shale and their effect on

the burning of cement clinker were investigated.

A modernization of the cement works was re

quired to feed the limestone waste containing 2

to 6 weight percent kerogen to the calciner and

the clay components to the top stage of the cy

clone preheater. This process led to complete

conversion of the raw material basis to oil shale

wastes. Cement clinker is formed from stock

piled ash and limestone waste. The portland

cements produced from this clinker fulfilled the

requirements of the
"400"

quality class of the

Russian cement standard.
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PROJECT ACTIVITIES Capital Programs Support Expansion and

Growth

SUNCOR ACHIEVES RECORD

PRODUCTION-WILL CHANGE NAME

Suncor's Oil Sands division continued to meet

and exceed its operating and financial targets,

posting growth in earnings, cash flow and pro

duction in 1996 while maintaining plant integrity
and accelerating growth-related activities.

The unit posted earnings of $164 million in

1996, up 26 percent over 1995.

The largest factor contributing to earnings

growth was the increase in crude oil prices in

1996. During the year the benchmark West

Texas Intermediate (WTI) crude oil price in

creased 20 percent. Oil Sands achieved an av

erage sales price of $26.84 per barrel in 1996

compared with $24.46 per barrel in 1995.

For the third consecutive year, Oil Sands

achieved record production of light sweet crude

and other oil products. Average production in

1996 was 77,600 barrels per day, compared

with 76,000 barrels per day in 1995 and

70,700 barrels per day in 1994. Sales volumes

also increased to 78,000 barrels per day, up

from 75,600 barrels per day in 1995. Higher

sales volumes increased earnings by $12 million

in 1996.

Cash cost per barrel increased in the year to

$15.75 per barrel from $13.75 in 1995. The in

crease was a direct result of higher operating

costs and modifications to the upgrading and

energy services plants to improve overall plant

performance. Cash costs are expected to be

about $15.00 in 1997 as Oil Sands continues

with plant modifications to improve performance

and support Suncor's growth strategy.

Suncor's cash margin was $8.37 per barrel in

1996, 1 percent lower than in 1995. The posi

tive impact of higher prices on cash margins

was more than offset by increased royalties and

cash costs. As targeted production increases,
cash costs per barrel are expected to decline.

In 1996 capital investment was $306 million, up

59 percent from $192 million in 1995. The in

crease was due to investment in the Steepbank

Mine and plant expansion, improving environ

mental performance and enhancing plant reli

ability.

In 1997 Oil Sands plans to spend $318 million

accelerating its expansion and Steepbank Mine

work.

In 1996 community consultation, completion of

an environmental impact assessment and an ef

fective regulatory approval process combined to

put Suncor's oil sands expansion project 2 years

ahead of original expectations. The company

has now advanced its oil sands production tar

get of 105,000 barrels per day from the

year 2001 to 1999.

The current cost estimate for the Steepbank

Mine is $340 million, of which $33 million had

been spent to the end of 1996.

In 1996 Suncor announced that it proposes to

build a new pipeline to help handle projected in

creases in oil production and ship a wider offer

ing of products to customers.

The proposed Athabasca Pipeline would trans

port semirefined oil products to Hardisty, south

east of Edmonton, which has links to other pipe

lines connecting to North American crude oil

markets. The $250 million pipeline would give

Suncor added flexibility to deliver a variety of

products to customers and provide access to

new markets. The pipeline would be able to

ship 55,000 barrels per day, with the ability to

expand as Suncor's production grows.

Suncor is currently assessing financing options

for the project, including possible cost-sharing

arrangements such as joint ventures. Pending
finalization of all necessary arrangements and

approvals, construction could begin as early as

1997, with completion in late 1998.
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Environmental Responsibility

In 1996 Suncor received a 10-year operating

approval under the Alberta Environmental Pro

tection and Enhancement Act. The approval

combines air, water and land reclamation li

censes.

1996 marked a turning point for Oil Sands with

the startup of the $190 million sulfur dioxide

reduction plant. The plant was designed to

complement other sulfur dioxide reduction initia

tives to reduce overall emissions by 75 percent

of 1990 levels. Preliminary data from the new

plant indicates this goal should be achieved.

Significant improvements in local air quality

have already been measured during the com

missioning phase.

According to R. George, president of Suncor,
the company is evolving into a unique and sus

tainable energy company, ready to pursue new

opportunities on a global basis. To symbolize

and mark this transformation, Suncor is adopt

ing a new corporate logo and changing its name

to Suncor Energy.

BLACKROCK VENTURES BEGINS WORK

ON COLD LAKE IN SITU RECOVERY

PROJECT

BlackRock Ventures Inc. was created by a reor

ganization of Discovery West Corporation. Un

der the arrangement, 18.8 percent of the out

standing common shares of Rayrock Yellow-

knife Resources Inc., an oil sands lease near

Cold Lake, Alberta, Canada, was transferred to

BlackRock.

BlackRock's strategic niche is in the heavy oil

business. Initially, BlackRock's main activity will

be to develop its Cold Lake property, estimated

to be underlaid by 700 million barrels of in situ

bitumen.

The $8 million project is being funded from the

proceeds of a successful common share rights

offering. Launched in December 1996, and

closed in January 1997, the rights offering
raised approximately $15.6 million.

The Pilot Project

BlackRock successfully completed drilling an

initial Steam Assisted Gravity Drainage (SAGD)
well pair in late 1996. With the funding avail

able from the rights offering, the company be

gan construction of the surface facilities in early
May. Those facilities will primarily consist of a

steam generation plant, oil separation and stor

age facilities for the oil that flows to the surface

via the production well.

When the facilities are complete, BlackRock will

begin the process of steaming a portion of the

700-million barrel Clearwater deposit. Pilot pro

duction is expected, at peak capacity, to reach

600 barrels of oil per day. The plant is designed

primarily to test the production parameters of

SAGD technology as they relate to BlackRock's

oil sands reservoir. Information gained from this

phase of the project will be applied to an ex

pected expansion of the pilot and, ultimately, to

construction of a commercial-scale plant ex

pected to produce approximately 25,000 barrels

of oil per day. The pilot expansion will add two

or three more SAGD well pairs to test optimal

well-spacing and reservoir positioning.

The Commercial Project

The state-of-the-art commercial project will pro

duce approximately 25,000 barrels of oil per day
over a 30-year life. By virtue of completing the

pilot project, BlackRock's interest in the project

will increase to 75 percent from 65 percent.

Norcen Energy Resources Limited's interest will

drop from the current 35 to 25 percent. The

anticipated production and project life is calcu

lated by using the technology's anticipated re

covery rate of 35 percent. The commercial

plant is expected to be in operation by 2001 .
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IMPERIAL OIL MOVES TO EXPAND COLD

LAKE

In February Imperial Oil Limited applied to the

Alberta Energy and Utilities Board and Alberta

Environmental Protection for approval to further

expand its operations at Cold Lake, Alberta,
Canada.

The company's application seeks approval for

an expansion project that includes:

A new operating site, called Mahkeses,
that will produce an additional

30,000 barrels per day of bitumen from

new field and plant facilities

A 220-megawatt electrical power cogen

eration facility at the Mahkeses plant

Additional development work to maintain

and optimize bitumen and steam produc

tion from the company's existing opera

tions at Cold Lake

Assuming regulatory approval later this year and

an assessment of favorable market conditions,

procurement and construction activities could

begin in late 1997, with startup ofthe Mahkeses

plant, including cogeneration, in late 1999. The

cost of the development, which will add proven

bitumen reserves of 290 million barrels, will be

about $440 million, increasing to $520 million by
2006 with the addition of further field facilities.

SUNCOR SHIPS OIL SANDS COKE TO

JAPAN

In May Suncor Energy entered into an agree

ment to sell approximately 63,000 tonnes of

petroleum coke to Ube Ammonia Industries

Limited during the summer. The Japanese

company will conduct commercial tests on the

coke to ensure it is conducive to the production

of ammonia. If the trial is successful, Suncor

will supply approximately 1 million tonnes of

petroleum coke to Ube over the next 5 years.

Petroleum coke is produced at Suncor's Fort

McMurray oil sands plant when bitumen is

heated to create hydrocarbon vapors that, in

turn, are used to produce a variety of oil prod

ucts. The waste product from the process is

petroleum coke. Some of the coke is used as a

fuel source at the Suncor plant to produce

steam and energy. The rest-about

300,000 tonnes per year-is stockpiled. The

coke pile is currently estimated to contain

5 million tonnes.

Ube Industries purchases about 500,000 tonnes

per year of petroleum coke from suppliers in the

United States, Venezuela and Japan. Nego

tiations with Suncor began after the price of im

ported petroleum coke soared. Because petro

leum coke is a vital raw material for producing

ammonia, Ube wanted to diversify its supply
source and stabilize the price.

The financial terms of the sale agreement are

not being disclosed.

SHELL CANADA INTRODUCES NEW

TECHNOLOGIES AT PEACE RIVER

Two of Shell Canada Limited's key assets for

long-term growth are oil sand holdings: The

Peach River in situ oil sands and the Athabasca

oil sands.

Shell's Peace River resource contains 10 billion

barrels of bitumen. So far Shell has developed

only 1 percent of this resource, with current pro

duction of 6,100 barrels per day. Although

Peace River has proven to be a viable venture,

future gains will depend on the success of new

technologies, states the Shell Canada Limited

1 996 Annual Report.

Horizontal wells provide higher bitumen recov

ery for lower capital and operating costs. Shell

drilled eight horizontal wells in 1996 as a follow-

up to four horizontal wells drilled in 1995. The

results of all 12 wells are being evaluated. The

Company also drilled five Steam Assisted

Gravity Drainage (SAGD) well pairs in a new
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area of the Peace River lease. Each pair of

these horizontal wells consists of a steam injec

tion well above a producing well. In addition to

adding production to the existing plant, the

SAGD well pairs will test the potential of new

drilling technology to unlock the vast reserve

potential at Peace River.

Over the past year, the Company renewed its

focus on developing Lease 13 in Northern Al

berta's Athabasca oil sands, which contains

5 billion barrels of mineable bitumen. Detailed

evaluation of commercial development options

is ongoing, including downstream integration

with Shell's Scotford Refinery.

To allow sufficient time to develop a commercial

project on Lease 13, the Alberta Government

granted Shell a 5-year extension of the lease

term to the year 2003.

In 1996 Shell purchased oil sands leases from

Amerada Hess Canada Limited containing an

additional 4 billion barrels of mineable bitumen.

The development of this resource would be a

natural extension of Shell's longer-term plans

for Lease 13.

CS RESOURCES INAUGURATES

OPERATIONS AT SENLAC PROJECT

According to CS Resources Limited's 1996 An

nual Report, heavy oil from thermal activities

contributed 675 barrels per day to the com

pany's production in 1996. However, within 2

years, it is expected to approach production

from primary heavy oil (1 1 ,036 barrels per day
in 1996). This optimistic outlook is due in part

to successes at the Senlac Thermal project, and

the fact that with thermal enhancement, the re

ward is recoveries of 60 to 70 percent as op

posed to 10 percent or less from primary activi

ties.

The Senlac reservoir has approximately

100 million barrels of heavy oil in place. To ac

cess this resource, Steam Assisted Gravity
Drainage (SAGD) was selected as the ap

propriate technology because it offered the most

efficient method of maximizing recoveries using

non-primary technology.

In 1995 CS Resources Enhanced Oil Recovery
(EOR) group focused on the design and con

struction of a 5,000-barrel per day thermal proj
ect at Senlac, Saskatchewan, Canada.

The Senlac project was constructed with an ini

tial capital cost of $30 million, with further capi

tal expenditures to be incurred in the future for

additional well pairs.

The facility was commissioned and began op

erations in March 1996. Despite a series of op

erational challenges and startup difficulties ex

perienced during the year which delayed the

production schedule, the company made a num

ber of notable achievements by year-end.

During the startup of the Senlac Thermal project

the most problematic operating issue was con

trolling sand in the production process. The

original sand-control device in the wells has not

met expectations. However, significant prog

ress has been made in developing alternate

methods of sand control. In addition, as the

reservoir temperature of 270C is too hot to use

conventional devices to take the fluids to the

surface, a new concept, using natural gas to lift

fluids to the surface was introduced, which has

worked beyond expectations.

The Senlac Thermal project has demonstrated

that SAGD technology is sound and economical.

The average steam-to-oil ratio, an indication of

profitability, has met the forecast rate of 2.5. All

three well pairs have produced in excess of

1 ,000 barrels per day.

The Senlac Thermal project has the steam ca

pacity to support a peak production rate of

5,000 barrels per day. This production rate is

expected to be achieved through a combination

of infill drilling in the existing three-well pair pat

tern and the drilling of additional well pairs out

side of this pattern.

Once the Senlac Thermal project is fully util

ized, the experience gained will be used in suc-
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cessive thermal projects. Reservoir modeling

and facility design for thermal projects are al

ready under way at two other CS Resources

properties, Paradise Hill and Christina Lake.

SUNCOR'S BURNT LAKE PROJECT COMES

ONSTREAM

The pilot phase of Suncor's Burnt Lake heavy oil

project came onstream in the first quarter of

1997. The project uses Steam Assisted Gravity
Drainage (SAGD) technology to bring the oil to

the surface. The first phase of Burnt Lake is ex

pected to achieve its average daily production

target (net to Suncor) of 800 barrels per day for

the year. Subject to the technical success of the

project and the price and markets for heavy oil,

a second, larger phase of development could

begin in 1999.

FOUNTAIN OIL TO TEST ELECTRICAL

STIMULATION OF SYLVAN LAKE

Fountain Oil has exclusive rights to a technol

ogy for thermal stimulation of oil wells by elec

tric heating called Electrically Enhanced Oil Re

covery (EEOR). Fountain Oil holds the tech

nology rights under an agreement with the Illi

nois Institute of Technology Research Institute,

and through patents owned by the company.

The potential advantages of the EEOR technol

ogy include improved production rates, energy

efficiency, environmental acceptability, absence

of practical depth limits, suitability for extremely
cold climates, preventing or removing paraffin

build-up and counteracting or removing hydrate

formation.

According to Fountain's 1996 Annual Report, in

January 1997 the company closed an agree

ment to acquire 60 percent of a heavy oil field in

the Sylvan Lake area.

The Sylvan Lake field is a heavy oil field located

150 kilometers north of Calgary, in Alberta,
Canada. The field is at 2,000 meters depth,
with a reservoir temperature of 39C and an oil

gravity of
15

API. The field produced about

60 barrels of oil per day from two wells in Janu

ary 1997, with a third well temporarily shut in. A

new well will be drilled in 1997. Fountain's

technology for EEOR will be installed in this

well, to stimulate production rates. The test will

provide performance data and a basis for further

improvements and development. Upon suc

cessful results from the planned well, additional

wells will be drilled in the field.

CORPORATIONS

AEC ACCELERATES PRIMROSE RANGE

DEVELOPMENT

Alberta Energy Company Ltd. (AEC) is the sec

ond largest owner of Syncrude, the world's larg
est producer of synthetic oil. In addition to

AEC's 13.75 percent ownership interest, AEC

holds a 6 percent gross overriding royalty on

another 6.25 percent Syncrude interest. AEC

also owns and operates the Alberta Oil Sands

Pipeline which transports all of Syncrude's daily
output to Edmonton, Alberta, Canada. AEC's

1996 Annual Report outlines the company's oil

sands exploration and development program

over the last year and plans for the future.

AEC holds a 97 percent working interest in the

petroleum and natural gas rights on the

2,000-square mile Primrose Air Weapons

Range in East-Central Alberta. AEC drilled

27 gas wells, 5 cold production oil wells and

8 Steam Assisted Gravity Drainage (SAGD)-

related wells on the property last year, acceler

ating the evaluation of this major asset.

Primrose comprises one of AEC's highest-

potential, unrealized assets; an estimated

21 billion barrels (net to AEC) of oil in place at
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Primrose. AEC is currently piloting SAGD,

which combines steam injection and horizontal

drilling technologies, with a view to commercial

application.

AEC's pilot project consists of three parallel

horizontal well pairs; an upper steam injection

well and a lower oil production well. The pro

ducing well, with 2,100 feet of horizontal well

bore, has been drilled and completed. The

steam injection was scheduled for completion

this spring, enabling AEC to complete a thor

ough project evaluation and decision-making
process by year-end 1997.

If the Primrose SAGD project proves commer

cial, AEC's holdings could potentially sustain

several 30,000-barrel per day plants. The

1 ,500-barrel per day pilot project could lead to

AEC's first commercial facility coming onstream

over the period 1998-2000. Each 30,000-barrel

per day commercial facility could add approxi

mately 100 million barrels of reserves, the

equivalent of AEC's current conventional re

serves base.

GOVERNMENT

officer only if those findings "were not based on

competent substantial
evidence."

During a 2-year application process, numerous

government agencies and a state hearing officer

who evaluated significant scientific testimony,

all recommended approval of the FPL project,

which involved burning Orimulsion instead of

residual fuel oil at its powerplant in Manatee

County.

FPL has spent a year improving and refining the

project in anticipation of a favorable court deci

sion. Three major community concerns about

the project have been addressed, including:

Stricter limits on air emissions, especially

nitrogen oxide

Improved spill prevention and cleanup

The use of rail rather than trucks to re

move byproducts from the plant

Additionally, the company has proposed using a

portion of the fuel cost savings from Orimulsion

to establish a $200-million trust fund for preser

vation and restoration of Tampa Bay.

FLORIDA CABINET TO REHEAR

ORIMULSION PLAN

ENERGY POLICY AND FORECASTS

In May a Florida appeals court ruled that Florida

Power & Light Company (FPL) should get a

second chance to present its proposal to bum

Orimulsion to Governor L. Chiles and the Cabi

net, which initially rejected the project by a 4 to

3 vote a year ago. The Cabinet, overriding the

recommendations of nine agencies and a state

hearing officer, cited what it believed were three

major community concerns as reasons for de

nial.

The decision from the First District Court of Ap
peals states that the governor and the Cabinet,

sitting as the Powerplant Siting Board, could

override the positive findings of a state hearing

CANADIAN SYNCRUDE PROJECTED TO

ALMOST DOUBLE OUTPUT IN NEXT

10 YEARS

J. Blair of Husky Oil Limited discussed the out

look for Canadian syncrude at the CERI North

American Crude Oil and Liquids Conference

held in Calgary, Alberta, Canada, in January.

According to Blair, the Western Canada syn

thetic oil supply growth potential is not neces

sarily limited to the expansion plans of existing

mining plants as has been set out by other fore

casts.
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As shown in Figure 1
,
it is reasonable to suggest

that additional projects may take synthetic crude

oil production from 350,000 barrels per day to

over 600,000 barrels per day over the next

10 years, as a result of a growing, lower-cost

heavy oil and bitumen feedstock base, says

Blair.

With commercial supply costs for non-

conventional light oil estimated by the National

Energy Board (NEB) in 1994 to be in the C$22

to C$27 range against a C$26 crude price out

look, new synthetic oil projects appeared to be

only marginally profitable. However, commer

cial potential exists below the NEB range for

new projects which have access to the lowest

cost feedstock through recent advances in tech

nology, says Blair.

ECONOMICS

SUNCOR EXPECTS TO REDUCE CASH

OPERATING COSTS TO $3 PER BARREL

FOR BITUMEN

In 1997 Suncor will celebrate the 30th anniver

sary of its oil sands operations and produce its

600 millionth barrel of oil. When the Great Ca

nadian Oil Sands plant came on stream in 1967,
it was the world's first commercial-scale oil

sands venture.

The evolution of technology for bitumen produc

tion at Suncor was reviewed by D. Riva of Sun

cor Inc. at the CERI North American Crude Oil

and Liquids Conference held in Calgary, Al

berta, Canada, in January.

FIGURE 1

SYNTHETIC OIL PRODUCTION FORECAST
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Original Technology: 1967-1993

The original mining systems included separate

operations for overburden and oil sand produc

tion. Overburden was removed by conventional

truck and shovel mining. Over the period

shovel size grew from 15 to 25 cubic yard

bucket capacity, and trucks increased in size

from 85 to 190 tons. Oil sand was mined using

four bucketwheel excavators operating on three

benches. Belt wagons were used in conjunction

with the bucketwheel excavators to reduce con

veyor moves. Oil sand was transported through

the use of seven movable face conveyers and

ten fixed-trunk conveyers into an 8,000-ton

surge bin located at the extraction plant.

The extraction process installed at Suncor is

known as the Clark hot water process. Bitumen

is extracted in three process stages which are:

conditioning, primary separation and froth clean

ing.

Conditioning occurs in rotating drums in which

the oil sand is mixed with hot water, caustic and

steam to produce a pulp or slurry which is dis

charged at about 70C.

Primary separation takes place in separation

cells, where bitumen froth is skimmed from the

surface by rakes into a peripheral launderwhere

it is collected and pumped to the froth cleaning

plant.

Froth cleaning involves a two-stage centrifuging

process after the heated froth is diluted with

naphtha to reduce viscosity.

Numerous technical problems had to be ad

dressed during this period including wear of

bucketwheel teeth, oil sand sticking to con

veyers, idler wear, process heat distribution,

pump wear, abrasion in centrifuges and fine tail

ings disposal. Successfully dealing with these

and many more problems resulted in the cost of

bitumen production dropping from about

$9.00 per barrel in the early 1980s to $5.90 per

barrel in 1992 (cash operating costs in

1996 dollars).

Current Technology: 1993-2000

By the early 1990s, Suncor undertook a number

of initiatives to improve the long-term viability of

the oil sands operation and to make production

costs competitive with conventional crude oil.

Bucketwheel excavators and bench conveyers

were replaced with 58-cubic yard cable shovels

and 240-ton haulage trucks. To facilitate truck

haulage, large sizer/crusher systems were in

stalled to accept the loads being dumped from

the trucks and reduce the lumps in size, in order

for the oil sand to be conveyed to the extraction

plant. These changes resulted in the cost of oil

product decreasing by over $4.00 per barrel.

Capital investment required to make these

changes totaled $108 million.

In the extraction area, a number of changes are

under way as part of expansion plans and the

construction of the Steepbank Mine facilities.

Most prominent is the decision to utilize hydro-

transport to move oil sand from the mining area

to the extraction plant by pipeline. A significant

feature of hydrotransport is that conditioning of

the oil sand takes place while traveling
2.5 kilometers to the plant. As a result, the con

ditioning drums will no longer be needed. Addi

tionally, the longer conditioning time allows for

the separation process to take place at 50C as

opposed to the current 70C temperature, re

sulting in large energy efficiency gains.

Another process improvement being installed is

a tertiary bitumen recovery system which sepa

rates process water from the primary tailings

and recycles it through flotation to recover bitu

men not recovered in the separation cell. This

system is expected to improve extraction plant

yield by 2 to 3 percent.

Tailings disposal management is in the midst of

technological change through the implementa

tion of the Consolidated Tailings process. This

process recombines fine tailings from existing

ponds with the thickened tailings from extrac

tion, which, with the addition of gypsum, creates

a mixture that will consolidate and not separate
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when placed in tailings ponds. This technology
offers the promise of rapid reclamation of exist

ing ponds, smaller ponds in the future, and a

high quality water from recycle.

The result of mining technology changes in

1993 and additional changes made related to

expansion, extraction, and the Steepbank Mine

results in the cost of bitumen production drop

ping from $5.90 per barrel in 1992 to about

$3.75 before the year 2000. Cost of bitumen

production in 1996 was about $3.90 per barrel.

(Cash operating costs in 1996 dollars for bitu

men, not for syncrude.)

Next Generation Technology: 2000-2005

According to Riva, technology applications and

cost efficiency opportunities in the mining area

offer great potential in the next few years. The

most dramatic application of technology in the

mining area is the increased use of automation,

robotics and control of mining equipment. Addi

tionally, the size of trucks continues to grow

from the current size of 240 tons to the 310- to

340-ton range.

The drive towards lower extraction temperatures

will result in continuous improvements in energy

utilization with primary separation process tem

peratures moving downward from 50C toward

25C. Downstream impacts of the conditioning

taking place during hydrotransport or in alter

nate mechanical conditioning mechanisms, may

result in more compact and productive separa

tion without the use of caustic.

Froth treatment is moving toward higher ef

ficiency separation while at the same time re

ducing the number of mechanical pieces of

equipment such as centrifuges.

Tailings disposal will continue to apply con

solidated tailings technology and, combined with

the reduced use or elimination of caustic, will

accelerate the trend toward smaller ponds,

higher quality recycle water and earlier recla

mation.

According to Riva, the bottom-line impact of on

going development into the early 21st century

will be a continued reduction in the cost of pro

duction estimated to be in the range of 15 to

25 percent in the period from 2000 to 2005, to

ward a $3.00 per barrel level (cash operating
costs in 1997 dollars).

TECHNOLOGY

USE OF OXYGEN CAN ENHANCE GRAVITY

DRAINAGE IN HEAVY OIL RESERVOIRS

During the past 2 decades, the partial oxidation

of crude oils has been studied to support in situ

combustion technology and the application of

oxygen-containing displacing media for En

hanced Oil Recovery (EOR). Abundant data

are now available for reaction kinetics, propaga

tion of reaction zones, modification of chemical

composition of liquid phases and change of

physical properties of oil. However, the new

EOR methods and the individuality of the reser

voir systems repeatedly raise some questions

which cannot be answered by the present

knowledge. Such an area is the low tempera

ture oxidation of heavy crude oils in presence of

oxygen-containing gas used to enhance gravita

tional segregation in fractured carbonate reser

voirs.

The most profitable EOR method applied re

cently at the Nagylengyel field, located in the

Southwestern region of Hungary, is the injection

of C02 into a heavy crude oil bearing fractured

reservoir in order to enhance gravitational

drainage. During the primary and secondary

stage of production 48.4 percent of the Original

Oil In Place (OOIP) was recovered (a

9.79 percent increase).

Although the injection of C02 has led to recov

ery of substantial amounts of "roof
oil,"

it was

desired to re-evaluate the injection of air or

air/C02 mixture as a possible alternative.

Therefore, in laboratory studies the effect of

air/natural C02 mixtures on the chemical com

position of crude oil and the gas phase, the
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rheological properties, and the flow mechanism

were analyzed in detail. The results ofthe study

were published in Erddl Erdgas Kohle by
I. Lakatos et al. of the Hungarian Academy of

Sciences.

The effect of oxygen on crude oil was studied

under reservoir conditions (200 bar, 109C) us

ing natural formation rock, oil and gas samples.

The oxygen content of the gas phase and the

gas/oil ratio varied within wide limits. Both

crude and asphaltene-free oil were used to de

termine the consequences of the low tempera

ture oxidation.

Effect of Oxygen on Asphaltene Content

The first series of tests was focused on deter

mination of the effect of C02 and 02 on asphal

tene content of the crude oil. Under identical

experimental conditions, crude oil was thermal

treated under natural C02 (Bill) pillow and then

in gas atmosphere made of Bill gas and air in

different ratios. A decrease of C02 results in a

sharp increase in asphaltene content.

The final asphaltene content formed under ther

mal treatments seems to approach a limiting
value of 26-28 percent, which suggests that the

different blocks of the reservoir contain oils

which have undergone different partial oxidation

during the evolution and migration process. The

results also involve a prediction on probable

enhancement of asphaltene content if an oxy

gen containing gas cap would be created in dif

ferent blocks. According to this prediction the

physical and chemical properties of the crude oil

will only slightly be influenced by injection of air

or air/C02 mixture in those blocks which bear

crude oils having asphaltene content close to

the limiting value.

Effect of Oxygen on Rheological Properties

The crude oils derived from different blocks of

the Nagylengyel reservoir have unique rheologi

cal properties. Their common feature is high

viscosity and non-Newtonian flow behavior. At

low temperature and shear rate the dynamic

viscosity can be as high as 4,000 to 5,000 mPa,

but even at reservoir temperature it is still in the

range of 500 to 1 ,000 mPa.

It was found that dissolution of C02 resulted in a

measurable decrease in viscosity, but the treat

ment apparently did not influence the non-

Newtonian flow behavior. This kind of positive

effect of C02 on rheological properties may be

considered favorable in porous systems, where

any increase in mobility of oil contributes to

higher recovery efficiency. In fractured or kar-

stic reservoirs, however, the changes have neg
ligible effect on displacement mechanism be

cause of the low shear rate gradient existing in

fractures and caverns and the relatively high

formation temperature.

The treatment of oil in 02 or 02-containing at

mosphere results in just the opposite change in

rheological properties. A slight increase in vis

cosity was measured at both the ambient and

the elevated temperatures, meanwhile the non-

Newtonian flow behavior remained almost the

same.

The detrimental effects of oxygen on the dis

placement process and surface technology is

probably negligible in fractured or karstic sys

tems containing heavy crude oils.

Conclusions

Lakatos et al. concluded that when replacing the

C02 or inert gases with oxygen-containing cap

gas the chemical reactions can be regulated in

situ without jeopardizing the recovery efficiency.

Thus the application of an artificial gas cap con

cept may open new vistas in EOR operations in

karstic and fractured reservoirs bearing medium

or heavy crude oils even in those cases when

natural C02 or hydrocarbon sources are not lo

cally available.
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INTERNATIONAL

BITOR EXPECTS ORIMULSION SALES TO

REACH 21 MILLION METRIC TONS PER

YEAR BY 2000

Since 1991 Orimulsion has been used con

tinuously in power generation plants in Canada,

the United Kingdom and Japan with excellent

results. Recently, SK-Power from Denmark

made the decision to utilize Orimulsion as a

baseload fuel in their Asnaes station. Lietuvos

from Lithuania has also decided on Orimulsion.

According to F. Marruffo and W. Sarmiento of

Bitor, S.A., more than 4 million metric tons per

year of Orimulsion are being used worldwide for

power generation. In addition, over 10 million

metric tons per year more is slated for future

power generation (see Tables 1 and 2).

Bitor, a subsidiary of Petroleos de Venezuela

S.A., hopes to increase its production of Orimul

sion to 21 million tons per year by 2000 and

50 million tons per year by 2030, according to

the East-West Center, a United States govern

ment-funded energy and trade research group.

Orimulsion's future in the United States is linked

to the conversion of under-used oil-fired plants,

and Bitor officials see electric industry restruc

turing as an excellent opportunity for the fuel.

Because of high fuel prices, only 23 out of

142 oil-capable units in the U.S. had capacity

factors greater than 50 percent in 1993; the av

erage was a mere 24 percent.

With low, predictable prices, abundant supply

and the close proximity to United States mar

kets, U.S. utilities are now evaluating Orimul

sion as a serious alternative to oil.

"We have five or six mature projects-mostly

underutilized oil-fired stations that can be con

verted to high
capacity,''

says E. Hernandez of

Bitor America. By using Orimulsion, these

plants can become competitive with coal-fired

economics.

TABLE 1

CURRENT PLANTS USING ORIMULSION

Operator

Power Gen pic

Power Gen pic

Kashima Kita

Kansai Electric

Mitsubishi Kasei

New Brunswick Power Corp.

SK Power

Arawak Cement

Operation Plant/Unit Consumption

Location Date Ratina (MWJ (MT/vrt

Ince, UK 1991 1,000
1,300,000*

Richborough, UK 1991 360

Kashima, Japan 1991 225 250,000

Osaka, Japan 1992 56

Mizushima, Japan 1992 70 300,000

Osaka, Japan 1994 156 200,000

Dalhousie, Canada 1994 315 700,000

Asnaes, Denmark 1995 700 1,400,000

Lietuvos, Lithuania 1995 300 700,000

China 1996 undefined 500,000
*

Barbados 1997 not applicable 40,000

Consumption during test period
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TABLE 2

PLANTS PLANNING TO USE ORIMULSION

Country

China

Italy
Japan

USA

UK

Lithuania

Planned

Operation Plant/Unit Consumption,
Plant Name Date Ratine (MW) Metric Tons/Yr

Dagang (North China Power Group) 1997 643 N/A

Brindisi (ENEL) 1997 660 1,000,000-2,000,000

Shiriuchi #2 (Hokkaido Electric) 1999 350 N/A

Manatee (Florida Power & Light) 1998 1,500 4,000,000

Pembroke (National Power) 1999 2,000 4,000,000 - 5,000,000

Lithuania Power 1998 150 500,000

The future is bright for Orimulsion because utili

ties now must compete in a deregulated en

vironment, and produce efficiently. The best

U.S. markets for Orimulsion are the Northeast

and Southeast, where it can compete with fuel

oil and coal for generation capacity in existing

plants, Hernandez says.

Orimulsion's greatest market potential may be in

the developing world, where environmental

standards do not require the use of pollution

control equipment. The fuel appears to have an

especially strong future in Asia, where new

powerplants and sources of low-cost burner fuel

are desperately needed to keep up with surging

demand.

In May the Chinese Government agreed to buy
500,000 tons of Orimulsion for a test of its elec

tricity generation and steel production capabili

ties. China's National Petroleum Corporation is

considering building a $320 million Orimulsion-

buming powerplant through a joint venture with

Bitor. Japan, which uses small amounts of

Orimulsion in pilot projects, is another potential

market, given its scarce energy resources,

though it has strict environmental standards.

Bitor also recently signed a 20-year contract to

supply a plant in Taiwan, and is negotiating with

national governments in India, Malaysia and

Thailand.

Eastern Europe, with its lower environmental

standards and aging powerplants may be an

other attractive market. Orimulsion also is be

ing tested or considered for use in Brazil, India,

Italy, Korea, Lithuania and Puerto Rico.

As a "fourth fossil
fuel,"

Orimulsion appears to

be competitive in markets traditionally domi

nated by coal and heavy fuel oil.

ENVIRONMENT

ENVIRONMENTAL IMPACT OF ORIMULSION

USE IN LARGE BOILERS ANALYZED

There is considerable interest in the use of

Orimulsion, an emulsified fuel comprising

70 percent bitumen and 30 percent water, as a

replacement fuel in both oil- and coal-fired utility

boilers. Practical experience of such applica

tions has been gained in Canada, United King

dom, Japan, Europe and United States of

America. Fundamental work has demonstrated

the different combustion characteristics of

Orimulsion (which has been termed the
"fourth"

fossil fuel to the fossil fuels normally used for

power generation) and how, in certain circum-
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stances, these can be used to advantage in the

application of Orimulsion in utility boiler com

bustion systems.

J. Allen and P. Beal of International Combustion

Limited discussed the environmental impact of

Orimulsion combustion in large boilers at the

22nd International Technical Conference on

Coal Utilization and Fuel Systems held in

Clearwater, Florida, in March.

Magnesium is added to Orimulsion to mitigate

against the potential harmful effects of Na, V

and S deposits on boiler tubes and the catalytic

effect of V205 in promoting S03 formation.

However, the addition results in a friable reflec

tive deposit on boiler and convection pass tubes

which alters heat transfer patterns in the various

boiler sections. Therefore, attention needs to be

given to improved cleaning of boiler convection

pass tubes and the economizer, togetherwith an

assessment of heat transfer and consequent

tubing modifications in these areas, say Allen

and Beal.

Reported losses of boiler efficiencies in Orimul

sion firing vary from 0 to 3 percent depending
upon boiler conditions, i.e., clean versus fouled

boiler, etc.

Generally speaking, the mass of flue gas per

unit of energy input, when firing Orimulsion, is

greater than that from fuel oil but less than that

from coal combustion.

To meet environmental legislation requirements

the Orimulsion-fired boiler plant will require Flue

Gas Desulfurization (FGD) and flue gas dust

collection equipment. Typical fly ash concen

trations from Orimulsion combustion are in the

200 to 300 milligram per normal cubic meter

range and Electrostatic Precipitators (ESPs)
have been used successfully for particulate

capture. Problems may arise with the ESP if

fuel oil is used occasionally to substitute

Orimulsion fuel.

Impact on the Atmospheric (Global)
Environment

These impacts concern the emission of acid rain

gases, greenhouse gases, air toxics and particu

lates into the atmosphere.

Dust Emissions - Particulates are handled

satisfactorily by ESP. Typical ex-ESP dust con

centrations may be further reduced in the FGD

plant, resulting in stack particulate emissions in

the 10-20 milligram per normal cubic meter

(mg/Nm3) range, i.e., approximately one-third of

the United States New Source Performance

Standard requirement.

SOx Emissions - The sulfur content of Orimul

sion corresponds to a 4 percent sulfur fuel oil

and a 2.5 percent sulfur coal, on an equivalent

calorific value basis. An FGD plant can reduce

flue gas S02 levels by 90 to 95 percent and thus

comply with current emissions regulations with

respect to S02.

However, S03 is not absorbed significantly in

the FGD plant. Low excess air combustion,

magnesium-based fuel additive and magnesium

hydroxide injection into the flue gas stream are

the techniques used to minimize S03 levels.

Ammonia can be added upstream of the ESP to

form particulate ammonium sulfate to minimize

S03 levels and consequent acid condensation

on ESP electrodes and the collected ash.

Carbon Gas Emissions - C02 emissions from

Orimulsion combustion are at a similar level to

those from heavy fuel oil firing but some

1 5 percent below those from pulverized coal

firing. Because of the good combustion quality

of Orimulsion CO emissions are significant only

when excess air is reduced below flue gas 02
levels around 0.2 percent.

NOx Emissions - The main approach to NOx

emission control has been with low NOx burners.
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Low NOx burner development work on Orimul

sion has indicated the potential for NOx levels in

the 0.2 to 0.3 pound per million BTU range (300

to 450 mg/Nm3), with perhaps a further NOx re

duction of up to 20 percent if the burners are

used in a staged over-fire air system.

Orimulsion has also been known to respond to

in-fumace staging techniques, i.e., over-fire air

and rebum systems.

Recent small-scale work has demonstrated that

Orimulsion can be effective in rebum low NOx

technology which has the potential to reduce

NOx to 1 50-300 mg/Nm3.

Air Toxics - Hazardous air pollutants from

Orimulsion combustion are well below any exist

ing regulations with respect to hazardous air pol

lutants.

Fine particulate matter (below 2 microns) is of

increasing concern. With the fine size distribu

tion of Orimulsion fly ash there is potential for

release of this fine material into the atmosphere.

Final fine filtration of flue gases, via specially

designed bag or ceramic gas filters, is under

investigation for application in all fossil fuel flue

gas streams.

Impact on Local Plant Environment

Sea-borne transportation is required for Orimul

sion from its single Venezuelan source. Con

siderable effort has been given to ensure safe

transportation, e.g., the use of limited size dou

ble-walled tankers, off-loading arms and double

hoses to deliver the fuel. To date some

12 million tons of fuel have been shipped with

out major incidents as a result of the safety

management programs currently in existence.

Work has also shown that sea spillages of

Orimulsion behave differently to those of heavy
fuel oil. Orimulsion can sink some 2 to 3 meters

below the surface and remains suspended,

therefore not affected by wind direction and

more easily contained.

At the discharge end of the plant Orimulsion

dust is a low density vanadium- and nickel-rich

material and can be conditioned by pelletizing.

This material can be landfilled; however, plants

are now being established in order to extract the

metals from the pelletized dust.

Waste water from boiler, air heater and precipi

tator cleaning will contain metals similar to

those of the ash, as will the liquid waste from

FGD plants which collect some of the ash pass

ing through the ESP. Waste water can be

treated by precipitation techniques and the

clean water recycled within the plant. Tests

have shown that the cleaned waste water has no

toxic effect on sea-borne organisms.

Extending the Potential for Orimulsion

Utilization in Power Generation

Orimulsion has been demonstrated as a viable

fuel for power generation and information on

plant modifications necessary for the successful

application of continuous Orimulsion utilization

is available, as plants have now been operating

for some 5 to 6 years. Some 1 ,600 to

1 ,700 megawatts of direct-fired power generat

ing plants are reported to be currently operating,

continuously fired by Orimulsion. Discussions

are at an advanced stage which could lead to a

further 5,000 to 6,000 megawatts of Orimulsion-

fired plants coming onstream in the next 2 to

3 years.

Pilot plant tests have indicated that Orimulsion

is suitable for gasification processes in which

many of the environmental impacts discussed

previously will be more easily contained.

Orimulsion could therefore offer a route to im

proved economics of integrated gasification

combined-cycle power generation. Studies

have also been carried out to show that Orimul

sion can be effectively used in conventional

combined-cycle processes in which the gas tur

bine plant gases are used in a conventional

water tube boiler, fired by coal, oil, gas or

Orimulsion. Orimulsion could offer an economic

route to this potentially increased capacity, in

creased efficiency power generation technique,

similar constraints applying as with the direct

combustion processes.

48

THE SYNTHETIC FUELS REPORT, JULY 1997



 



OIL SANDS

CONVERSION OF DANISH COAL-FIRED

PLANT TO ORIMULSION REDUCES C02
AND NOx EMISSIONS

SK Power Company (SK Power) is the largest

power generating company in Denmark with an

annual production of 9.6 terawatt-hours of elec

tricity and 11,465 terajoules of heat (in 1995). A

broad range of fuel types is used, mainly coal

but also oil, natural gas, biomass and Orimul

sion.

SK Power and Deutsche Babcock Energy have

entered into a cooperation agreement to work

together to market and sell Orimulsion technol

ogy applied in turnkey power station projects

and in a number of boiler projects as well as in

conversions of existing firing systems (coal/oil)
into Orimulsion.

L. Meisingset, of SK Power, et al. discussed the

conversion of the 640 megawatt coal- and oil-

fired Asnaes Power Plant to Orimulsion at the

22nd International Technical Conference on

Coal Utilization and Fuel Systems held in

Clearwater, Florida, in March.

Unit 5 at Asnaes Power Station (ASV5) was

commissioned in 1981 as a coal- and oil-fired

unit with subcritical steam conditions and single

reheat (180 bar, 545C). In 1992 and 1993 it

was retrofitted with low-NOx burners and a wet

Flue Gas Desulfurization plant (FGD). When

the burners were replaced in 1992, it was de

cided to test the combined coal/heavy fuel oil

low-NOx burner in a single burner test.

In 1994 a contract was signed for the supply of

100,000 tons of Orimulsion for a test firing and

an additional 2 million tons in order to continue

with Orimulsion, if the test firing was completed
successfully.

By the end of January 1995, the modifications

for commissioning and operation on Orimulsion

were implemented. The major modifications

were:

Installation of an Orimulsion pipe system

from the tank yard to the burners as a

parallel to the heavy fuel oil system with

pump station and heating equipment.

Installation of heating and insulation of

the pneumatic fly ash transport system

from the Electrostatic Precipitator (ESP)
to the fly ash silo.

Installation of a fly ash granulation unit.

Installation of storage capacity for granu

lated fly ash in big bags.

Installation of extra soot-blowing equip
ment.

The total costs for the modifications amount to

approximately DKK 175 million or

US$30 million.

By mid-January 1997, 2.1 million tons of

Orimulsion had been fired.

Unit efficiency is reduced by approximately
1 .5 percent mainly due to higher flue gas outlet

temperature and higher CO content in flue gas.

Currently, it is possible to keep the unit at a sta

ble load of approximately 610 megawatts. After

the yearly overhaul in 1997, it is expected that

the unit can achieve a constant load of

640 megawatts (the maximum rated capacity)
between the yearly overhauls.

Emissions

The C02 emission from Orimulsion is around

80 grams per megajoule and can be compared

with the C02 emission from heavy fuel oil firing
which is about 15 percent lower than from coal

firing.

The plant is equipped with low-NOx burners and

the NOx emission rate when using Orimulsion is

around 560 milligrams per cubic meter

(mg/Nm3) (3 percent 02, dry), which is about

1 5 percent lower than when firing with heavy
fuel oil and about 45 percent lower than coal

firing.
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Denmark limits NOx emissions from new plants

to 450
mg/Nm3

and for solid fuels at

650 mg/Nrr?.

Orimulsion has a sulfur content of approxi

mately 2.7 percent, which corresponds to heavy

fuel oil with approximately 4 percent S and coal

with 2.5 percent S. The emission of S02 without

a desulfurization plant would be about

6,800 mg/Nm3. With a desulfurization efficiency

of 95 percent this will be reduced to about

340
mg/Nm3

(3 percent 02, dry).

For a plant larger than 500 MW, the Danish le

gal directive states a limit value of 400
mg/Nm3

and by using Orimulsion this requirement is met.

The ash content of flue gas is approximately

300
mg/Nm3

at the entrance to the electrostatic

precipitator and is reduced to approximately

20
mg/Nm3

(3% 02, dry) at the exit. More ash is

removed in the FGD unit and the ash content of

the flue gas is less than 10
mg/Nm3

(3 percent

02, dry), which is well below the legal limit of

50 mg/Nm3.

Residuals

The ash content of Orimulsion is approximately

0.3 percent. For ASV5 this means an ash pro

duction of 3,000 to 4,000 tons per year. The

ash will be processed for extraction of vana

dium, nickel and magnesium. Bitor Europe

Limited is under an obligation to set up a re

processing facility for the ash. This facility is

expected to be in operation in the middle of

1997.

The annual production of about 165,000 tons of

gypsum from the FGD unit at ASV5 will be sold

for industrial purposes, primarily for the plaster

board industry.

NPE

Orimulsion consists of an emulsion of bitumen

in water at the ratio of 70:30. This emulsion is

made possible by the surfactant Nonyl-Phenyl-

Ethoxylate (NPE). Because NPE is harmful to

the environment, special demands are placed

on the prevention of accidents that could lead to

spills.

NPE is one of the substances that the North Sea

Conference in 1995 decided to eliminate from

production by the end of the year 2000. Bitor

has therefore started investigations for replacing

NPE with an environmentally less harmful sur

factant.

Conclusions

The conversion of the 640-megawatt coal- and

oil-fired Unit 5 at Asnaes Power Station has

confirmed that it is possible to convert a coal-

and oil-fired unit into an Orimulsion-fired unit. It

is also possible to handle the fuel and its residu

als, such as fly ash and gypsum, in an environ

mentally acceptable way which meets the

Western European requirements.

Orimulsion has turned out to be a viable and

cost-effective option to reduce C02 and NOx

emissions. It can also be a financially attractive

alternative for regions with unreliable fuel sup

plies and for companies with interests in fuel

diversification, say Meisingset et al.
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PROJECT ACTIVITIES

LIQUID PHASE METHANOL PLANT STARTS

UP AT 2,000 BARRELS PER DAY

Operation of the Liquid Phase Methanol

(LPMEOH) Process facility is now under way at

Eastman Chemical Company's coal gasification

facility in Kingsport, Tennessee. The

demonstration facility is a 25-to-1 scale-up of a

liquid phase syngas-to-methanol conversion

system developed by Air Products under United

States Department of Energy (DOE) funding.

The unit quickly achieved one of its initial

performance targets by producing methanol at

an 80,000-gallon per day rate. The liquid-phase

reactor has run for more than 700 hours at

varying feed rates, and the methanol has met all

purity requirements and is being used directly as

a chemical feedstock.

The liquid-phase methanol plant is a

cooperative effort between Air Products Liquid

Phase Conversion Company-a limited

partnership between Air Products and Eastman-

-and DOE, which is funding 43 percent of the

project's $213.7-million cost under its Clean

Coal Technology Program.

The demonstration technology's novel reactor

combines the reaction and heat-removal sys

tems, distinguishing the LPMEOH process from

other commercial methanol-production

processes which send synthesis gas through a

fixed bed of dry catalyst particles. The heart of

the LPMEOH process is the slurry bubble

column reactor (Figure 1). In contrast to fixed

beds, the liquid phase consists of a micron-size,

temperature-sensitive methanol catalyst

suspended in an inert mineral oil. The liquid-

phase reactor provides a significant improve

ment, particularly for methanol catalysts where

strict temperature control is needed. Because

of this superior heat management capability, the

LPMEOH reaction vessel can directly handle

the carbon monoxide-rich synthesis gas typically
produced in modem gasifiers.

Liquid-phase reactor technology can be used to

lower costs for other indirect liquefaction

applications to produce no-sulfur, aromatic-free,

high-octane diesel transportation fuels such as

Fischer-Tropsch diesel or dimethyl ether.

The next operational goal at the facility is to

maximize methanol production beyond

80,000 gallons per day and to demonstrate long-

term catalyst life while operating with the coal-

derived synthesis gas. Over the next 4 years,

the liquid-phase reactor system will be tested

over a wide range of operating conditions to

gain commercial acceptance of the LPMEOH

technology.

The LPMEOH operating test plan outline, by
year, is summarized in Table 1 (page 53). The

demonstration test plan encompasses the range

of conditions and operating circumstances

anticipated for methanol coproduction with

electric power in an Integrated Gasification

Combined-Cycle (IGCC) powerplant. Because

Kingsport does not have a combined-cycle

power generation unit, the tests will simulate the

IGCC application.

The operations will also demonstrate the

enhanced stability and heat dissipation of the

conversion process, its reliable on/off operation

when the cyclical power demand decreases and

increases, and its ability to produce methanol

suitable for use as a fuel-or a precursor to

MTBE-without additional upgrading.

DOE says that, based on recent economics, a

commercial-scale IGCC coproduction facility

generating 426 megawatts of electric power

could also manufacture 152,000 gallons per day
of methanol at a cost of about $0.45 to

$0.50 per gallon. This compares favorably to

new world-scale chemical-grade methanol

plants-producing 700,000 to 900,000 gallons

per day-having a U.S. Gulf Coast delivered

cost of $0.55 to $0.60 per gallon.

Beginning in May 1998, off-site testing of the

methanol will be conducted in small modular

power generators, including fuel cells, and in
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FIGURE 1

LIQUID-PHASE METHANOL-FROM-CQAL PROCESS
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mobile applications to illustrate the advantages

of using a clean-buming substitute fuel for

buses and van pools. Methanol will also be

analyzed to determine its suitability in producing

methyl tertiary butyl ether, a gasoline octane

enhancer used in reformulated gasoline.

According to P. Tijm et al. of Air Products and

Chemicals Inc., successful demonstration of the

LPMEOH technology will add significant

flexibility and dispatch benefits to IGCC electric

powerplants, which have traditionally been

viewed as strictly a baseload power generation

technology. Now, central clean coal technology

processing plants, making coproducts of

electricity and methanol, can meet the needs of

local communities for dispersed power and

transportation fuel. The LPMEOH process

provides competitive methanol economics at

small methanol plant sizes, and a freight and

cost advantage in local markets vis-a-vis large

remote gas methanol.

BILLION-DOLLAR CPICOR PROJECT

SCHEDULED FOR CONSTRUCTION NEXT

YEAR

Last October the United States Department of

Energy (DOE) awarded the last project selection

in Round V of the Clean Coal Technology
Program (CCT) to the CPICOR Management

Company, L.L.C, which is composed of sub

sidiaries of Centerior Energy Corporation, Air
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TABLE 1

LPMEOH DEMONSTRATION TEST PLAN OUTLINE

Yearl

Catalyst Aging
Catalyst Life Versus LaPorte Process Development Unit and Lab

Autoclaves

Process Optimization/Maximum Reactor Productivity
Catalyst Slurry Concentration
Reactor Slurry Level

Catalyst Slurry Addition Frequency Test
Establishment of Baseline Condition

Years 2 & 3

Catalyst Slurry Addition and Withdrawal at Baseline Condition

Catalyst Attrition/Poisons/Activity/Aging Tests
Simulation of IGCC Coproduction for:

1 . Synthesis Gas Composition Studies for Commercial Gasifiers

Texaco, Shell, Destec, British Gas/Lurgi, Other Gasifiers

2. IGCC Electrical Demand Load Following:

Rapid Ramping, Stop/Start (Hot and Cold Standby)
3. Additional Industry User Tests

Maximum Catalyst Slurry Concentration

Maximum Throughput/Production Rate

Year 4

Stable, Extended Operation at Optimum Conditions

99% Availability
Potential Alternative Catalyst Test

Additional Industry User Tests

Products and Chemicals, Inc., and the Geneva

Steel Company. The objective of the Clean

Power from Integrated Coal/Ore Reduction

(CPICOR) Project is to demonstrate the integra
tion of a direct iron-making process (COREX)
with the coproduction of electricity using various

United States coals in an efficient and environ

mentally responsible manner. The project, in

cluding the operations phase, will last 76 months

at a total cost of $1 ,065,805,000. The DOE

share will be 14 percent, or $149,469,242.

The plant will be located at Geneva Steel's

Vineyard, Utah, plant. A nominal 3,300 tons per

day of hot metal will be produced, while the

clean, medium-BTU (220-225 BTU per standard

cubic foot) gas generated in the process will be

used to fuel a combined-cycle power generation

facility producing 195 megawatts of net export

power.

As shown in Figure 1 the three major systems of

the CPICOR demonstration project are: 1) the

COREX Unit, 2) the air separation unit, and 3)
the gas combined-cycle powerplant. The

thermal efficiency of the CPICOR plant is over

35 percent greater than competing commercial

53

THE SYNTHETIC FUELS REPORT, JULY 1997



 



COAL

FIGURE 1

CONCEPTUAL FLOW DIAGRAM

COREX* Procow Combined Cycle PowerGeneration

technology when consideration is given to the

production of both hot metal and electric power.

The COREX technology, consisting of a melter-

pyrolyzer connected to a reduction shaft, is a

process of iron ore reduction in which the reduc

ing gas comes directly from coal pyrolysis;

hence, unlike blast furnaces, there is no need

for coke ovens. (See The Sinor Synthetic Fuels

Report, January 1997, page 4-19.) The process

has inherent environmental advantages over

conventional blast furnace technology.

The thermal efficiency of the COREX process is

9 percent higher than the conventional coke

oven/blast furnace, primarily attributable to the

single, self-contained process that effectively

retains and uses the heat generated in the

process.

The combined-cycle power generation section

of the CPICOR plant includes a 149-megawatt

combustion turbine, a heat recovery steam

generator and a 122-megawatt steam turbine.

Energy consumption, including 36 megawatts

required by an Air Separation Unit (ASU),

31 megawatts for export gas compression and

COREX process requirements, and

9 megawatts for combined-cycle power

generation auxiliary equipment, reduce the net

power output to about 195 megawatts. The

CPICOR plant will include a wet scrubber

system to remove particulates from the COREX

unit's product gas.
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The combined-cycle electric generating system

achieves nearly 50 percent energy efficiencies

compared to a maximum of 34 percent with

conventional coal-based power systems with

flue gas S02 scrubbing, for a 47 percent

improvement.

In addition to demonstrating the use of COREX

gas in the combined-cycle unit, another key in

novative feature of the CPICOR design is the

potential integration of the gas turbine with the

ASU. The ASU is designed to produce nitrogen

and 3,000 tons per day of high-purity oxygen for

the COREX process. A portion of the nitrogen

produced by the ASU may be delivered to the

gas turbine, mixed with the compressed hot gas

stream, and used to boost power output.

CPICOR technology is less complex and is en

vironmentally superior to conventional

processes. All criteria air pollutants, particularly

the acid rain precursors, SOx and NOx, are

reduced by more than 85 percent. This reduc

tion is due largely to the desulfurizing capability
of the COREX process, efficient control systems

within the CCPG facility, and the use of oxygen

in place of air in the COREX process.

The project is currently working on getting the

environmental, air, state and local permits

needed before construction can start. That

process is expected to take a year or more

allowing construction to begin late next year.

The project will be demonstrated at Geneva

Steel's Vineyard plant in Utah. Geneva Steel,

Provo, Utah, is a partner on the project along
with Centerior Energy Corporation of Cleveland,
Ohio. Construction is expected to be completed

by July 2000, and the project is expected to be

completed by December 2002.

Commercial Outlook

CPICOR is intended to replace commercial

coke oven/blast furnace technology in the

production of hot metal for use in steelmaking.

The best candidates for utilizing CPICOR

technology are expected to be existing

integrated steel plants with blast furnaces and

coke ovens nearing the end of their useful lives

and located where the local electric utility
requires additional capacity. While

commercialization of the COREX process is

driven primarily by the need for an environmen

tally sound source of hot metal for the steel in

dustry, the production of electric power from the

COREX export gas is key to the economic com
petitiveness of the technology. Thus, commer

cialization will be facilitated by the ability of this

project to obtain an attractive price for the

power created by the plant.

SASOL LETS CONTRACTS FOR

MANUFACTURE AND INSTALLATION OF

ADVANCED SYNTHESIS REACTORS

The Fischer-Tropsch (F-T) reaction, which con

verts synthesis gas into hydrocarbons, was dis

covered in the 1920s and has been used by
Sasol for the production of synthetic liquid fuels

and chemicals from coal-based synthesis gas

for over 40 years. Circulating Fluidized-Bed

(CFB) process reactors have traditionally been

used for the high-temperature Fischer-Tropsch

synthesis-synthol process.

These reactors are characterized by the well-

known loop connecting the reactor and catalyst-

settling hopper and have been used by the plant

since the commissioning of Sasol One, in Sasol

burg, South Africa, in 1955.

Two improved types of the F-T conversion

process have been developed by Sasol and are

operated by the plants. The slurry-phase

reactor produces waxes and distillate fuels,

while the Sasol Advanced Synthol (SAS) uses

the advanced synthol reactor to produce mainly

light olefins and gasoline fractions.

The commissioning of the SAS reactor at Sasol

Synthetic
Fuels'

plant in Secunda in June 1995

marked the culmination of intensive research

and development work by the company.

SAS technology differs significantly from the

CFB process, which requires constant high
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velocity circulation of both feed gas and catalyst

through the reactor and the catalyst hopper

circuit.

In the case of the SAS reactor, in which a fixed

fluidized-bed process is applied, the entire syn

thol process takes place within the confines of

the reactor vessel itself through the application

of a specialized gas distribution system. The

numerous benefits of this process over its

predecessor may be summarized as follows:

higher production, higher efficiency, lower

operating costs, capital cost savings, lower

maintenance costs, lower energy consumption,

improved thermal efficiency, easier operations,

lower gas recycling and less vibration.

The demonstration reactor produces liquid

product at the rate of 1 1 ,500 barrels per day.

With the efficiency and superiority of the SAS

technology over the CFB process proven, Sasol

has recently approved the replacement of Sasol

Synthetic
Fuels'

existing 16 CFB reactors at

Secunda with a reduced number of larger reac

tors at a cost of R820 million. The first of the

new reactors is scheduled to be commissioned

in May 1998 and the last in February 1999.

Last fall Sasol Synthetic Fuels let a $90 million

contract to Japan's Hitachi Zosen Corporation

and Marubeni Corporation to build seven SAS

reactors. The 1,600-ton reactors are expected

to be the biggest coal gas-to-liquids products

reactors in the world.

Earlier this year, Raytheon Engineers and Con

tractors was awarded a $13.6 million contract to

install the new SAS reactors.

NEW IGCC POWERPLANT STUDIED FOR

YORKSHIRE

Britain's RJB Mining and Texaco have initiated

a joint study investigating the feasibility of

building a 400-megawatt coal gasification power

project in Yorkshire. The proposed project

would be constructed adjacent to

Kellingley Colliery in West Yorkshire.

RJB's

The powerplant, which is expected to take

2 years to construct, would incorporate Texaco

coal gasification technology in an Integrated

Gasification Combined-Cycle (IGCC) plant. The

power station would bum around 1 million tons

of coal each year.

By the end of the year, the project partners hope

to complete a preliminary evaluation including
an estimate of funding needed from the

government to complete the plant.

K-FUEL PLANT RECOVERS FROM

DECEMBER FIRE

In December of last year a fire of unknown

origin caused an estimated $2.5 million in

damages to the Wyoming K-Fuel plant owned

by KFx. The fire caused a 2-month delay in

making the first product shipment. One-half of

the four-train plant was damaged less severely

and was brought back on-line within a few

weeks. Repairs on the other two trains were

finished in June. Operation at full capacity is

expected later this year.

American Electric Power is slated to receive

about one-third of the plant's 500,000-ton per

year product capacity.

The plant uses low-sulfur, high-moisture coal

from Wyoming's Powder River Basin to create

"K-Fuel,"

a low-moisture product with a higher

energy content. The plant is designed to turn

about 700,000 tons of coal per year into

500,000 tons of K-Fuel.

The company has applied for state Department

of Environmental Quality permits to add a fifth

processing unit at the existing plant and also to

create a companion plant with a production

capacity of 650,000 tons per year.
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DAKOTA GASIFICATION COULD TRIPLE

BYPRODUCT REVENUES IN 1997

With its legal battles behind it, (see The Sinor

Synthetic Fuels Report, April 1997, page 67)
Dakota Gasification Company (DGC) is con

centrating on its diversification efforts, says

K. Janssen of DGC.

"Major construction work was completed in 1996

on a $100 million desulfurization system that

produces ammonium sulfate fertilizer rather

than a waste product. The scrubber removes

sulfur dioxide from flue gas in the plant's main

stack and produces a pure, granulated
fertilizer,"

Janssen said.

He said this is the first commercial application

of this technology, which uses anhydrous

ammonia as the reagent in the process instead

of the more conventional lime or limestone.

About 150,000 tons of ammonium sulfate will be

produced and marketed each year under the

trade name, Dak Sul 45. This production level

represents about 7 percent of the annual con

sumption of ammonium sulfate in the United

States.

The scrubber was built to solve environmental

deficiencies that DGC inherited when the syn

fuels plant was purchased. Janssen said low

natural gas prices and efforts to economically

solve the synfuels plant's environmental

deficiencies demanded an innovative solution.

The 1993 air pollution control permit issued by
the North Dakota Health Department required

the scrubber to be operating by this past

March 23 and attain a removal efficiency of

93 percent for sulfur dioxide.

To produce the needed reagent for the scrubber

and to further diversify the synfuels plant, DGC

rebuilt an anhydrous ammonia plant on the plant

site in 1996. The anhydrous ammonia facility
was constructed from a used plant from

Fort Madison, Iowa, that had been closed.

Production of this fertilizer

350,000 tons per year.

will be about

Janssen said DGC has been approached as a

supplier of carbon dioxide to Canadian oil com

panies contemplating enhanced oil recovery
projects. DGC would provide compression and

pumping facilities as well as a pipeline to

transport the product to the oil field.

Also for the future, DGC could develop cresylic

acids from its tar oil stream. DGC continues to

look for suitable markets for the catechols and

methylcatechols that could be processed from

an existing stream at the synfuels plant.

Catechols can be used in insecticides, perfumes

and cosmetics while methylcatechols have uses

in adhesives and resins.

This diversification effort is paying off.

Byproduct sales revenue from the Great Plains

Synfuels Plant increased by more than

25 percent from $19.2 million in 1995 to

$24.4 million in 1996, according to

R. Hattenbach, DGC's general sales manager.

"We could triple that total in 1997 as our

fertilizers enter the
market,"

Hattenbach said.

He said all of DGC's marketing and distribution

arrangements are in place for both ammonium

sulfate and anhydrous ammonia once a consis

tent quality and quantity of the products are

available from the new facilities. Both facilities

are experiencing some operational problems

during the startup phase.

Hattenbach said three byproducts DGC has

been producing for several years were

responsible for most of the increased revenue in

1996. Sales of a mixture of krypton and xenon

gases achieved a record because more product

was made. The unit that produces the rare

gases has been improved over the years. In

addition, more cresylic acids were produced and

sold and DGC acquired new customers for its

phenol. The current synfuel plant byproducts

are listed in Table 1 .
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TABLE 1

SYNFUELS PLANT PRODUCTS

Natural Gas

Anhydrous Ammonia

Phenol

Crude Cresylic Acid

Naphtha

Krypton/Xenon Gases

Liquid Nitrogen

Ammonium Sulfate

Production Capability

54 billion standard cubic feet/year

25,000 short tons/year

(up to 350,000 in 1997)
35 million pounds/year

33 million pounds/year

7 million gallons/year

3.1 million liters/year

24 million gallons/year

150,000 short tons/year in 1997

Markets

Fuel

Fertilizer, refrigerant

Resins forwood products,

foundry molds, paper and in

dustrial coatings, pipe insulation

Wire enamel solvent, phenolic

and epoxy resins, antioxidants,

manufacture of pesticides

Gasoline blend stock, solvents,

benzene production

High intensity lighting, lasers,

thermopane window insulation

Cryogenic storage medium, oil

well additive, chemical processes

Fertilizer

SASOL BUILDING OCTENE PRODUCTION

PLANTS AND EXPANDING CRESOL

CAPACITY

South Africa's Sasol has concluded a long-term

supply agreement with Dow Chemical for

product from its planned octene-1 plant at

Secunda to feed Dew's expanding polyethylene

business.

Sasol's board has approved the first phase of a

program to separate and purify 100,000 tonnes

per year of comonomer-grade octene-1 . About

R225 million (US$50 million) will be invested in

Phase I, which involves the construction of a

50,000-tonne per year plant due to start produc

tion in 1999.

Work on the project has already started with

Sastech, Sasol's technology division, supplying

the separation and purification process and

German firms Linde and Krupp Uhde carrying

out engineering and construction.

A second plant, set to start in 2001 ,
will produce

a further 50,000 tons of octene-1. All the

capacity is aimed at Dew's future comonomer

needs.

Dow is the leading producer of octene-based

polyethylene, consuming some two-thirds of the

world's octene output. Dow has announced

plans to add another 1 million tons of

polyethylene capacity over the next 4 years in

Germany, Canada, Thailand and Argentina. At

an average comonomer loading of 8 percent,

Dow will need some 80,000 tons of octene-1 to

produce this new resin.
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Sasol is also expanding capacity at the site for

hexene-1
,
another comonomer for polyethylene

production. Engineering has started on the

project, which will raise production to

160,000 tonnes per year by June 1998. Sastech

is providing technology while Linde has been

appointed contractor.

Phenolics

Sasol Phenolics, a division of Sasol Chemical

Industries, plans to extract an additional 20,000

to 25,000 tonnes per year of phenolic products

from a coproduct stream at Secunda. The

stream contains 4,000 tonnes of phenol,

5,000 tonnes of ormo-cresol, and about

11 ,000 to 16,000 tonnes of a mixture of meta-

and para-cresols and xylenols.

CORPORATIONS

SGI AND ENCOAL RAISING MONEY FOR

NEW PROJECTS

ENCOAL Corporation, a wholly owned indirect

subsidiary of Zeigler Coal Holding Company,

has essentially completed the demonstration

phase of a 1 ,000-ton per day Liquids From Coal

(LFC) plant near Gillette, Wyoming. The plant

has been in operation for 4.5 years and has

delivered 15 unit trains of Process Derived Fuel

(PDF)-a low-sulfur, high-BTU solid product-to

five major utilities. More than 3 million gallons

of Coal Derived Liquid (CDL) have also been

delivered to seven industrial fuel users and one

steel mill blast furnace.

Commercialization of the LFC process is now

under way. J. Frederick and B. Knottnerus of

ENCOAL Corporation discussed the worldwide

outlook for commercialization at the Fifth

Annual Clean Coal Technology Conference held
in Tampa, Florida, in January.

ENCOAL has a sublicense for the LFC technol

ogy from the TEK-KOL Partnership. The

partnership, owned by SGI International and a

subsidiary of Zeigler Coal Holding Company, is

responsible for the commercialization and

licensing of the LFC technology. Under the

TEK-KOL Partnership Agreement, Zeigler is the
administrative partner and SGI International is

designated as the Licensing Contractor

responsible for licensing and promoting the LFC

technology.

SGI recently executed an agreement pursuant

to which the company expects to raise

$4 million through September 1997. The first

tranche provides for a $1 million investment in

the company in April 1997. After the initial

tranche, the closing of the additional tranches is

subject to certain minimum levels of price and

trading volume of the company's common

stock. These transactions, if consummated as

anticipated, will provide the company with

working capital needed to position the company

to make the transition from a research and

development company to a marketing company.

Commercialization of the LFC technology con

sists of marketing the products, PDF and CDL,

to interested consumers at prices that will

support the construction of commercial plants.

Concurrently, the LFC technology must be

licensed to the prospective plant owners.

In order to determine the viability of potential

LFC plants, TEK-KOL has already completed

several detailed commercial plant feasibility
studies. These studies include plant design,

layout, capital estimates, market assessment for

coproducts, operating cost assessments and

overall financial evaluation. Operation of the

ENCOAL plant provided the basis for estimating

operating cost and commencing product market

development. Full-scale shipment and test

bums made possible by the near-commercial

size of the ENCOAL plant has provided actual

market information for the basis of these

studies. Operating experience of the ENCOAL

facility was also used for the design basis and

capital estimates. In February 1996 TEK-KOL

and Mitsubishi Heavy Industries (MHI) signed an

agreement to jointly produce Design and

Engineering Cost Estimates for commercial LFC

plants. To date, three detailed LFC feasibility
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studies have been completed by the TEK-

KOL/MHI team.

Domestic Markets

The most promising markets for the application

of the LFC technology in the United States are

the subbituminous coal deposits in the Powder

River Basin (PRB). Close behind are the sub

bituminous reserves in Alaska's Beluga field, lig
nites in North Dakota, followed by Texas lignites

near San Antonio, Texas. Testing on all of

these coals has been conducted in the TEK-

KOL Development Center (Center) Sample

Production Unit (SPU) with favorable results.

Powder River Basin

A Phase II technical and economic feasibility

study was completed on one potential PRB site

in 1996. This study was for a commercial-size

LFC plant to be located at Triton Coal

Company's North Rochelle Mine site. The site

includes three 5,500-ton coal per day LFC

modules, a 240-megawatt cogeneration plant,

and CDL upgrading facilities integrated with the

mine-site infrastructure. Results of the study

indicated that products compete in current

markets at current prices. This study was

recently refined in order to confirm the project

economics, and to assemble design information

for submittal of permit applications required by
the State of Wyoming to allow construction to

begin. An air permit application was submitted

in November 1996 followed by Land Quality and

Industrial Siting Permits around the end of the

year.

The Wyoming Industrial Siting Council has ap

proved ENCOAL's permit application for a

16,500-ton per day LFC plant in the Gillette

area. Late last year, Zeigler Coal Company
announced that subsidiaries, ENCOAL

Corporation and Americoal Development

Company, have combined to form NuCoal LLC.

NuCoal has signed contracts with Mitsubishi for

construction of the $460-million LFC plant.

(See The Sinor Synthetic Fuels Report,

April 1997, page 69.)

Alaska. There are two promising areas in

Alaska for the installation of commercial LFC

plants, namely the Beluga fields and the Healy
deposits. Both areas have extensive reserves,

are largely subbituminous in nature and have

low ash and sulfur. However, in the case of the

Beluga coal there is essentially no infrastructure

to produce these reserves and this would be a

costly venture. At Healy, there is an existing

producing mine and coal is shipped by rail to the

coast for export. The Healy coal has been

tested at the Center with good results.

However, the cost of mining is fairly high,
transportation costs are high and there is no

local market.

North Dakota Lignite. Significant reserves of

lignites are present in the Williston Basin of

North Dakota and tests on some of them

indicate good potential for LFC processing.

Overall, the economics of commercial LFC

plants for the North Dakota lignites appear

attractive. The coal seams are relatively thick

and the sulfur and ash content are low, although

not as low as the PRB.

Texas Lignite. Numerous tests on Texas

lignites have been conducted at the Center.

With some lignites, the PDF quality and CDL

recoveries have proven to be acceptable.

However, other Texas lignites, although

extensively available, are not considered to be

viable candidates because of poor coal quality.

International Markets

TEK-KOL is also actively pursuing international

opportunities for applying the LFC technology.

Primary areas of immediate interest are in

China, Indonesia and Russia. Other potential

international applications for the LFC technology
(such as the Pacific Rim, Southeast Asia, India

and Pakistan, Eastern Europe, and Australia)
have been identified by TEK-KOL as longer

range development projects.

China. China is the largest producer as well as

the largest consumer of coal in the world. The

LFC technology has been actively promoted in
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China for several years with the Ministry of Coal

Industry. China has great reserves of sub

bituminous and lignite coals that are ideal can

didates for upgrading using the LFC technology.

Representatives of SGI International have

visited various mining areas in China that could

be potential sites for LFC projects.

Indonesia. Approximately 93 percent of

Indonesia's reported 36-plus billion metric tons

of reserves are in the form of subbituminous

and lignite coal. Work has been ongoing in

Indonesia for over 5 years to promote the

advantages of the LFC process. Employment of

the LFC process to upgrade low-rank coal would

permit Indonesia, which is close to Japan, South

Korea, Taiwan and Hong Kong, to become

competitive in the steam coal markets. A Phase

II study using several of the coals of the

Tanjung Enim region of South Sumatra was

completed in September 1996. This project

included one to three LFC modules with a range

of 40 to 100 megawatts of cogeneration, along

with CDL upgrading facilities, transportation

infrastructure and living quarters. Economics of

the P.T. Tambang Batubara Bukit Asam (PTBA)

study were encouraging.

Russia. Representatives of the Russian coal

group ROSUGOL and the Kemerovo Coal Cer

tification Center in South Central Siberia have

been evaluating a project using the LFC

technology in the Kemerovo region. The Phase

I study was completed in late 1995 and

indicated that the coals tested were suitable for

LFC upgrading.

TEK-KOL recently signed a deal with several

Russian Government and private companies to

do the Phase II feasibility study to determine the

viability of the LFC plant, which would upgrade

1 .5 million tonnes per year of coal at KOKS, a

private company in Kemerovo. The Kemerovo

Regional Administration approved $150,000 to

pay for the study.

WORLD BANK DEVELOPS CLEAN COAL

INITIATIVE

J. Gilling of the World Bank outlined the World

Bank's recent Clean Coal Initiative at the

January Clean Coal Technology Conference in

Tampa, Florida.

The Clean Coal Initiative has no separate World

Bank funding but is melded with current bank

lending operations. According to Giling, the In

itiative is driven by the need for efficiency in the

power and coal sectors of developing nations.

Emerging economies often have legal,

regulatory, fiscal and institutional frameworks

that provide little or no incentive to capture the

low-cost/no-cost management and operational

performance improvements across the coal-

energy chain. The Initiative's main objectives

are to help client countries to restructure their

coal, transportation and conversion sectors; to

develop and enforce sound environmental prac

tice; and to deploy clean coal

technologies/projects.

The Initiative, begun in June of last year, also

plans a variety of information sharing activities

at roundtables and seminars, as well as on the

internet (http://www.worldbank.org).

COVOL SETS FAST PACE IN BUILDING NEW

BRIQUETTING PLANTS

Covol Technologies, located in Lehi, Utah, has

developed a technology to recycle waste

byproducts of the steel and coal industries into a

marketable source of fuel and revert material in

the form of briquettes. Covol's technology uses

a special binding formula, which allows its high-

grade coal and iron briquettes to withstand

degradation during shipment and the bum cycle.

Coal briquettes produced under Covol's technol

ogy are not an advanced coal product in terms

of BTU value. The BTU value of the source
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coal, from which coal fines are extracted,

dictates the quality of the synthetic coal. The

key advantages of Covol's briquetting

technology are its ability to control moisture

content and the ease of handling and shipping.

Early in 1996 the company began concentrating

nearly all of its efforts on its
"coal"

briquetting

technology due to the limited time window of the

Internal Revenue Service (IRS) Section 29 tax

credit. Covol's coal briquettes qualify as a "solid

synthetic
fuel"

under Section 29 of the IRS

code, and therefore can generate between

$22 and $30 (depending on BTU value) in tax

credits per ton sold. The credit is available until

the year 2007 for facilities placed in service by
June 30, 1998, and pursuant to a binding
contract that was in effect by
December 31, 1996. The tax credit can only be

used to offset
"passive"

or regular corporate

income. However, this credit was placed in

jeopardy when President Clinton's budget

proposal for fiscal year 1998 included a

provision to back-date the "placed in
service"

deadline for facilities under Section 29 from

July 1, 1998 to Julyl, 1997. Covol believes

that the provision will not be part of the final

budget passed by Congress and that Covol can

continue to develop its projects as scheduled.

Currently, the company has one prototype bri

quetting plant and two commercial plants. One

of the commercial plants is located at Geneva

Steel in Utah and is operational for briquetting
coke and revert material. However, the plant is

currently sitting idle.

Covol's other commercial plant, Utah Synfuel

#1, located in Price, Utah, is producing coal bri

quettes at an annual rate of 150,000 tons per

year. The plant has a capacity of 360,000 tons

per year, with the potential to double to

720,000 tons per year with an additional produc

tion line. Covol finalized the sale of the plant to

Coaltech No. 1, L.P., a limited partnership con

sisting of Covol Technologies Inc. as general

partner (holding a 1 percent interest), AJG

Financial Services Inc. and Square D.

Company, in March for an initial license fee of

$1.4 million, a production goal fee of

$1.1 million, a $3.5 million note for the sale of

the facility and an earned license fee that should
be approximately $7 million in total annual

revenues if annual projected production levels

are met.

Covol negotiated licensing deals for 21 plants

before the Section 29 tax credit contract period

ended on December 31, 1996. Covol also

signed a design and construction agreement for

an additional nine plants, with the intention of

licensing them to third parties in the future. See

Table 1
,
next page.

The most notable joint-venture partner of the

group is PacifiCorp, which signed a letter of in

tent for seven plants, that would produce

360,000 tons of coal briquettes each at full

capacity. Under the proposed deals, PacifiCorp
will invest $5 million in Covol, through a

convertible debenture that will finance the first

facility in Alabama. For the remaining six

plants, PacifiCorp will finance the construction

of the plants.

ENERGY POLICY AND FORECASTS

INDUSTRY RESTRUCTURING DIMS U.S.

OUTLOOK FOR CLEAN COAL

TECHNOLOGIES

Many of the technologies developed in the

Clean Coal Technology (CCT) Program have

taken a competitive position in the marketplace,

and many others are on the verge of being
competitive in the marketplace. However, there

are several hurdles that still impede their

deployment including the higher first-of-a-kind

cost and technology risk factors that accompany

not-yet mature technologies, which have existed

since the initiation of the CCT Program. In

addition, several new hurdles are further

impeding the market penetration of CCTs.

M. Mudd of AEP Energy Services discussed

these hurdles at the Fifth Annual Clean Coal
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TABLE 1

LICENSING AGREEMENTS FOR COAL BRIQUETTING PLANTS

Number

Licensing Partner of Plants

PacifiCorp 7

Arthur J. Gallagher 5

Pace Carbon Fuels 4

Savage Industries 3

Ferro Resources 2

To be announced 9

Total 30

Annual Ton

Capacity (000s)

2,520

2,160

2,000

650

720

3,000

11,050

Est. First

Production

4Q/FY97

2Q/FY97

1Q/FY98

3Q/FY97

2Q/FY98

NA

Technology Conference held in Tampa, Florida,
in January.

Industry Restructuring

The restructuring of the electric utility industry
from cost-based prices to market-based prices

will have a great impact on the

commercialization of CCTs in the domestic

electric utility industry. This is because the

pending change in the electric utility industry
has resulted in the deferral of construction of

new plants in the United States into the next

decade or beyond. Until the rules of the newly

restructured market place are known, electric

utilities are not likely to add new base-load coal-

fired capacity, says Mudd.

The load growth of electricity is lower than was

projected 20 years ago when the electric utility

industry was adding significant capacity to the

grid. As a result, there is ample base-load

capacity to serve the electric system in most

areas of the united States. Most of the

projected load growth for the next 10 to 15 years

can be absorbed by increasing the capacity
factor of existing powerplants, decreasing
reserve margins, and by life extension of

existing capacity. It will not be met by adding
base-load solid-fuel powerplants, says Mudd.

Financing of New Plants

In a regulated environment, utilities based deci

sions to erect new facilities on prudency,
life-

cycle costs, and the regulatory compact,

whereby utilities were allowed to recover the

cost of prudent investments provided the

facilities were used and useful, and a reliable

source of electricity was provided to the

ratepayers. In the deregulated environment, the

key to building a new powerplant is financing.

One of the keys to financing is to obtain a

Power Purchase Agreement, which is

dependent on the ability of the generator to

provide reliable power at competitive prices.

The utility would seek a transmission company,

distribution company, customer, or power broker

to sign an enforceable long-term contract for the

electricity produced by the new facility. Absent

a Power Purchase Agreement, the plant would

be a
"merchant"

facility (e.g., the plant is built

without any assured purchaser of the power)
which entails considerable financial risk.

Most studies which project the market price for

power in the 2000 to 2005 timeframe point to an

average market price for energy in the range of

20 to 25 mill per kilowatt-hour and 30 to 35 mill

per kilowatt-hour when capacity is included in

the cost. With natural gas at less than $2.00 per
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million BTU, a Natural Gas Combined-Cycle

(NGCC) plant can be competitive with that price

level. Most new solid-fuel plants, whether a

conventional or a CCT plant, cannot provide

power at that price.

Natural Gas

Since 1988, approximately 75 percent of new

generation has been gas fired. The dominance

of natural gas in recent years can be attributed

to economics associated with the price

differential between natural gas and coal, the

efficiency of natural gas combined-cycle plants,

and the decreasing capital cost of combustion

turbines. The combination of lower fuel prices,

higher efficiency and lower capital cost has

resulted in lower projected life-cycle costs for

NGCC plants compared to coal-fired plants-

both conventional designs and CCT designs.

There are many other issues which impact the

evaluation of whether or not a utility should build

new generation, and what type of generation

should be used. Some of them include environ

mental considerations, location of plant relative

to the availability and cost of fuel, system

stability requirements, and system needs

(peaking, intermediate or base load), to name a

few. There will be selected niche markets

where a coal-fired plant is the economic choice.

However, in the short term, natural gas is

expected to dominate new plant construction.

Clean Coal Technologies

According to Mudd, there will not be a viable

wide-scale market for solid-fuel, base-load

powerplants-whether clean coal or

conventional-in the United States until the need

for base-load power re-enters the market place,

and coal can re-establish its competitiveness

compared to natural gas.

At the same time, CCTs continue to be good

technologies. They have cost advantages, ef

ficiency advantages and environmental ad

vantages compared to conventional tech

nologies. They have a potential to provide the

higher efficiency and lower capital cost to bring

coal back to the forefront for new electric gener

ation. But before CCTs can be competitive with

natural gas, they must complete their path along
technical and cost maturation curves.

In the long run, coal-based generation must con

tinue to be a viable and important part of future

generating needs. The dominant market for

new generation in the foreseeable future will be

in smaller-size generating stations, says Mudd.

Fluidized-bed combustion boilers, especially

Circulating Fluidized-Beds (CFBs), can continue

to serve this important market niche, especially
where low-grade fuels and alternate fuels (such

as pet coke and biomass) are economically

available. At the same time, this smaller-size

market is where the competition between coal

and natural gas will be the greatest. Both

Pressurized Fluidized Bed Combustion (PFBC)
and Integrated Gasification Combined-Cycle

(IGCC) technologies could be the
"swing"

choices for new generating facilities, which

could allow coal to capture a large share of the

intermediate-size power generating stations in

the future.

The challenge remains to continue the develop
ment of these important technologies despite

the fact that the near-term market for new

generation, especially coal-fired, is bleak.

Absent opportunities in the United States

domestic market, Mudd says, it is important to

continue to focus on developing these

technologies overseas.

Incentives

Proper incentives are still required to ensure

that not-yet-mature CCTs are commercially

deployed as opportunities become available.

Those incentives must make these not-yet-

mature
CCTs'

cost indifferent to the customers.

If the only market for CCTs is overseas, and if

incentives are required to ensure that CCTs can

be proven in this market, then it is better to

pursue an international cost-sharing program

than to lose the momentum gained through the

CCT Program, says Mudd.
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BECHTEL IDENTIFIES BARRIERS TO CCT

DEPLOYMENT

Over the last decade, the United States Depart

ment of Energy's (DOE's) Clean Coal Technol

ogy (CCT) Program has succeeded in develop

ing more efficient, cleaner, coal-fired electricity
options. The CCT Program was undertaken in

an era of unstable oil and gas prices, concern

over acid rain and guaranteed markets for

power suppliers. Regulations, fuel prices,

emergence of competing technologies, and

institutional factors are all affecting the outlook

for CCT deployment.

L. Papay et al. of Bechtel Technology and Con

sulting identified some of the barriers and ways

to overcome them at the Fifth Annual Clean

Coal Technology Conference held in Tampa,

Florida, in January.

The growth in the market share for clean coal

technologies will be driven by

institutional/regulatory structure, environmental

issues and costs (both capital and fuel).

Bechtel's capacity addition forecasts show that

95 percent of new coal-fired capacity will be

built in two geographic regions~(1) Europe,

Africa, Middle East and East Asia and (2) Asia

Pacific. The largest markets for coal-fired

capacity within these regions will be India, China

and Indonesia, with markets also in Eastern

Europe and South Africa. Only one-third of

world capacity additions will be coal-fired.

Natural-gas-fired capacity is expected to be the

technology of choice in North and South

America, as well as much of Western Europe

and the Middle East.

Institutional Barriers

Today the market for new capacity additions in

the United States is not large. Uncertainty over

the impact of deregulation on utilities is causing

them to postpone many capacity additions. In

addition, deregulation affects the independent

power producers while they await the impact of

deregulation on issues such as future cost

recovery.

Deregulation of the United States market will

lead to a big market shake-up during the next

5 to 7 years, say Papay et al. Under such

market instability, suppliers will not commit to

building large coal-fired powerplants

(>400 megawatts). Even if a supplier wished to

build one, without an assured long-term market,

the supplier is unlikely to get external financing.

Easily installed capacity in modest sizes (i.e.,
gas turbines) will be the technology of choice in

early phases of deregulation, predict the

authors.

In the later stages of deregulation, competition

could result in large generators (i.e., utility)

mergers, and a shake-out of Independent Power

Producers, meaning there would be fewer sup

pliers in the market. However, technology
choice might also begin to affect the market,

i.e., centralization versus decentralization. For

example, continued progress in
"mini"

turbines,
fuel cells and the like, could allow businesses,

housing complexes, and even homes to have a

powerplant in their basement. This might be an

attractive choice if power quality problems

(expected to occur with deregulation) are not

solved.

In the two largest markets, India and China, in

stitutional factors can affect capacity choices in

other ways. In India, regulations are specific to

individual states.

Building a standardized powerplant in several

states may be difficult, which can pose barriers

to building optimized, inexpensive (i.e.,

standardized) CCT plants. China prefers to

build its own boilers and other components,

which will favor cheap, simple technology, a

barrier to CCT. However, outside financing and

international institutions could accelerate the

adoption of local regulations that would promote

the use of CCT.

Environmental Barriers

While the clean coal program has successfully

demonstrated virtual elimination of precursors to

acid rain, today, global warming has emerged

as a major environmental driver. Carbon
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dioxide emissions, a key component in global

warming, are now the biggest technical

challenge to future environmentally benign coal

consumption.

Coal-fired electricity generation releases rela

tively more greenhouse gases than does natural

gas-based Combined-Cycle, Combustion-

Turbine technology (CCCT). If the international

community ever agrees upon greenhouse gas

emissions quotas, the quotas could encourage

use of clean coal technology relative to conven

tional coal capacity, but generally discourage

coal use, relative to natural gas use.

Repowering and retrofitting have been proposed

by many as one of the solutions to revitalize the

aging United States power industry. However,
environmental regulations in the United States

discourage retrofits of coal-fired powerplants.

For example, retrofitting a plant makes it subject

to updated emissions requirements, and also re

quires asbestos removal, etc. These

regulations/environmental factors discourage

retrofitting older coal-fired capacity with new

CCT.

Cost Barriers

The projections of levelized life-cycle cost per

kilowatt-hour for a number of electric generating

technologies in Table 1 demonstrate that cost

poses a significant barrier to CCT adaptation,

even though the cost of CCT could approach

that of conventional coal-fired generation on a

levelized life-cycle basis.

The capital costs of coal technologies are at

least twice the capital costs of CCCT (i.e.,

$0,022 to $0,029 per kilowatt-hour for coal-fired

capacity compared to $0,011 per kilowatt-hour

for CCCT). From a front-end investment

standpoint, the cost of coal-generation certainly

disfavors coal-fired capacity relative to gas-fired

generation.

The long-term potential to decrease CCT capital

costs will come from new technologies, such as

ceramic membrane technology to decrease the

cost of oxygen production for technologies that

can benefit from an enriched oxygen source,

such as Integrated Gasification Combined-Cycle

(IGCC). Unless someone invests in these

developments, however, these new

technologies will not be built.

Fuel costs are relatively a much larger com

ponent of the total cost of electricity from natural

gas-fired plants than they are for coal. In the

absence of any decrease in capital costs for

coal, natural gas costs would have to increase

significantly over a sustained period to equalize

costs (on a levelized life-cycle cost basis) be

tween CCCT and CCT. Natural gas costs would

have to increase by about 50 percent (about

$1 .50 per million BTU) relative to coal to make

CCT competitive with CCCT.

Challenges to Market Introduction of CCT

Coal Variability - The variability of coal makes

it difficult to take full advantage of standard

plant designs (which are the cheapest).

Therefore, one needs to remove, as much as

possible, the differences among coals of equal

rank. This entails beneficiation, washing, etc.

Coal blending is one method already being
practiced in some cases to improve plant

availability and stabilize sulfur control systems.

Removing coal variability also enables more of

a standardized approach to CCT.

"Blending"

coal with other fossil fuels can also

mitigate environmental impact. The use of

natural gas in the pressurized fluidized-bed top

ping cycle is an example of blending that im

proves environmental performance.

Another way to incrementally improve the value

of CCT is by developing a market for the CCT

with low-price fossil fuels other than coal, i.e.,

heavy oils, petroleum coke, Orimulsion,

biomass, etc. This expansion of the market for

CCT could speed plant optimization.

Bechtel believes that the implementation of

clean coal technologies will be difficult for a

variety of reasons. Innovation and new

approaches to commercialization,
standardiza-
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TABLE 1

LEVELIZED LIFECYCLE COSTS FOR ALTERNATIVE ELECTRIC

GENERATING TECHNOLOGIES

400 - 600 MW Range

PC

(steam coal)

CCCT

(natural gas)

PFBC

(waste/low

grade coal)

IGCC

(waste/low

grade coal)

Capital 0/kWh

O&M 0/kWh

Fuel 0/kWh

Based on Delivered

$/MMBTU Range

2.2

0.6

1.2-2.2

1.50-2.50

1.1

0.4

2.0-3.4

2.50-3.80

2.6

0.6

0.6-1.2

0.60-1.20

2.9

0.9

0.5-1.0

0.60-1.20

Total Lifecycle Busbar Cost 4.0-5.2 3.5-4.9 3.8-4.6 4.3-4.8

1,400 MW Range LNG CCCT NuclearABWR

Capital 0/kWh

O&M 0/kWh

Fuel 0/kWh

Based on Delivered

$/MMBTU Range

1.6-1.2 (2x1,400 MW)
0.5

2.5-3.3

3.50-4.50

4.5-4.0 (2x1 ,400 MW)
1.0

0.6

0.60

Total Lifecycle Busbar Cost 4.2-5.4 5.6-6.1

tion and improved environmental performance

are keys to more widespread use in the next

millennium.

TECHNOLOGY

DIMETHYL ETHER COULD BE NEW CLEAN

FUEL FROM COAL

In Asian countries economic growth is spurring a

rapid increase in energy consumption, which

may soon lead to a tight energy supply and

demand situation and serious environmental

problems (C02, SOx, NOx, etc.).

On the energy supply side, an increase is

forecast in the total volume of crude oil and oil

products imported from outside Asia, but it will

be necessary to also use unexploited energy

resources such as lignite, subbituminous coal,

coal bed methane and unexploited small

deposits of natural gas within the region.

To deal with stationary pollution sources such as

electric powerplants and large factories, desul

furization and denitrification plants are effective.

For the consumption of fuel in the residential,

commercial and transportation sectors, the

sources of pollutants are widely dispersed, and

measures to clean the fuel itself must be taken.

The production of Dimethyl Ether (DME) by syn

thesizing from gas obtained by coal gasification
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could be significant from the point of view of en

vironmental protection.

An overview of the physical properties, uses and

synthesis reactions of DME, and an estimation

for commercial production of DME was

presented by Y. Ohno, of NKK Corporation, et

al. at the 213th American Chemical Society
National Meeting held in San Francisco,

California, in April.

Synthesis of DME From Coal

Figure 1 shows a block diagram to produce

DME from coal. Because the H2/CO ratio of

synthesis gas obtained by coal gasification

ranges from 0.5 to 1.0, the gas composition is

adjusted by the shift reaction so that H2/CO = 1
,

and it is then supplied for DME synthesis.

DME is obtained by removing the impure water

and methanol to a required level.

Uses of DME

It is expected that DME will be introduced as a

liquefied petroleum gas-like home-use fuel to

replace coal and coal briquettes and as an

engine fuel to replace the light oil used in diesel

engines in China, India, Indonesia and other

heavily populated countries with rich coal

resources.

A concept of a system in which coal is gasified

and converted to DME at a coal mine, then

transported to the final consumption area in

Japan for use in electric power production has

been created. This system would provide the

following potential benefits in comparison with

the conventional coal flow:

FIGURE 1

DME SYNTHESIS FROM

COAL DERIVED SYNTHESIS GAS

JL

Hj/CO=0.5~J

3IVK0 > O^OCHs-COil L(w.a,,mMh^HEI U

SOURCE: OHNO ETAL.

The effluent from the slurry reactor is cooled

and chilled in order to separate the liquid phase

(DME, C02 and small amounts of methanol and

water) from the gaseous phase containing un

reacted H2 and CO. Most of the separated gas

is recycled to the reactor. Because the once-

through reaction rate is high, the recycle ratio is

sufficient at 1:1. After C02 removal, the product

At the coal mine, coal is prepared to

reduce transportation costs and provide

assurance of sufficient quality, but coal

cleaning would be unnecessary and all

could be used effectively.

e It would be possible to use low quality

coal, for example, lignite with high mois

ture content.

Coal bed methane produced as a

byproduct of coal mining is generally an

unexploited energy resource. It could be

used effectively by injecting it into the

coal gasification reactor in which the

methane is reformed to synthesis gas.

e At the transportation stage, DME could be

handled in the same way as liquefied

petroleum gas, so the shipping and

receiving equipment could be simple and

would produce no dust.

e In the final consumption area, the use of

this ash-free clean fuel would eliminate

the need for desulfurization and ash dis

posal treatment.
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As a gaseous fuel, it would provide high

power generation efficiency, and the

problems of providing a coal yard and

dealing with ash would be resolved so it

could be constructed in the suburbs of

cities, thereby reducing transmission

power loss.

Cost Estimation of DME Production

and Electricity From DME

The cost of the total plant for DME production of

910,000 tons per year from coal is estimated to

be 55 billion yen. If the plant costs are 55 billion

to 75 billion yen the DME production cost will be

2.22 to 2.86 yen per thousand kilocalories at the

production site, while the electric power genera

tion cost would be 8.2 to 9.4 yen per kilowatt-

hour in Japan. These costs of electricity would

be either equal to or lower than the cost of coal

burning power generation.

Comparison of the Environmental Load of

Coal Burning and DME Burning

A switchover to a DME flow system would

sharply cut the environmental load as follows:

The volume of C02 emissions would

remain almost unchanged.

No sulfur compounds would be dis

charged into the atmosphere in the DME

flow system.

As DME does not contain nitrogen, there

would be no fuel NOx. By incorporating
denitrification measures, the amount dis

charged into the atmosphere could be cut

to approximately one-ninth of that

discharged from a coal-powered plant.

Ash would be discharged as molten slag

and no heavy metal elution would occur.

Conclusions

Ohno et al. conclude that if DME is developed

to the stage where it is a practical product and is

then distributed as an energy source for home

use, transportation and electric power genera

tion, it will make a significant contribution to the

resolution of energy and environmental

problems, not only in the country using it for

these purposes, but in other Asian countries as

well.

LEAS CATALYTIC GASIFICATION PROCESS

CLAIMS HIGH EFFICIENCY

The successful development and

commercialization of catalytic processes in the
20th

century has resulted in great benefits for

both the chemical and petroleum industries.

Recently the development of catalysts for use in

power generation has begun to take place.

Leas Industrial Associates (LIA) of Richmond,

Indiana, has developed a process which incor

porates the use of a catalyst in fuel gasification.

A. Leas of Leas Industrial Associates discussed

the process at the Power-Gen '96 Conference

held in Orlando, Florida, last December The

process was also described in a recent issue of

Modem Power Systems.

According to Leas, the main advantage of using
the catalyst is that process temperatures are

reduced and efficiency enhanced which im

proves the economics of gasification.

LIA has been developing the catalytic process

over the past 10 years in a 10-ton per day pilot

plant, and has also carried out a short full-scale

commercial test run of the catalyst preparation

process in a 35,000-barrel per day petroleum

catalytic cracker.

The actual process is essentially the same as

numerous other gasification techniques.

The catalyst used is AI203.Si02.Na20, and due

to the functions it performs, it must be

continually purified. Its main function is to

reduce the temperature required for gasification.

With the use of this catalyst, temperatures of
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between 540 and 815C can be used depending

on the fuel.

The use of the catalyst also has other ad

vantages. It enables the removal of arsenic and

mercury compounds through adsorption, and

the presence of a hydrated metal oxide additive

on the catalytic reagent acts as a moving bed

filtering agent. This allows virtually complete

recovery of hot residual particulates from stack

gases and fuel gases.

Coal, limestone and superheated steam are

passed into the gasifier. The LIA technique in

cludes the addition of the catalyst, synthesis

coal (syncoal) and a superheated air-carbon

dioxide (C02) jet. The syncoal and the catalyst

are continually recycled.

The air-C02 jet instantaneously produces dry
carbon which is uniformly deposited on the

recycle catalytic agent and the recycle syncoal.

The circulation of these two agents allows the

reaction of the carbon with the superheated

steam to produce clean syngas.

Heat to the process is supplied by the syncoal, a
substance made of carbon on ash. The syncoal

is passed through a heater before entering the

gasifier at the base.

Removal of organic sulfur is achieved by hot

conversion to H2S, CaS and CaS04; similarly,
organic chlorine is converted to HCI and BaCI2.

Thus with the use of a catalyst, lime and barium

carbonate (BaC03), sulfur, chlorine and heavy
metals are totally removed.

The ash produced by the process is clean and

solidified. The use of C02 as a gasifying agent

is claimed to reduce the air compressor horse

power by around 50 percent.

LIA believes that capital and operating costs of

its process are about half that of typical thermal

gasification techniques.

ZINC-BASED HOT-GAS SCRUBBER UNDER

STUDY AT BIRMINGHAM UNIVERSITY

Gasification Combined-Cycle (GCC) power sys

tems offer considerable potential for clean and

efficient use of combustible materials.

However, the hot fuel-gas generated by the

gasification process must be substantially
"clean"

prior to entering the gas turbine

combustor if it is not to damage the turbine, or

to result in unacceptable levels of emissions.

Hot gas clean-up is therefore an important

element of the process.

Zinc-based desulfurization presents one option

for removing sulfur from the fuel-gas stream in

GCCs. Because this process would generate

zinc sulfide (ZnS) concentrates, the opportunity

exists to integrate direct zinc smelting with the

process. The integrated system could offer both

economic and environmental advantages.

Birmingham University is currently developing a

novel direct zinc smelting process for treating
ZnS concentrates, which potentially offers zero

gaseous emissions combined with sulfuric acid

manufacture.

In addition, Birmingham University is

undertaking a study to assess the viability of

integrating the two technologies to the benefit of

advanced power generation (see Figure 1).

This latter study comprises five activities:

Techno-economic assessment of zinc-

based sulfur removal from hot coal-

derived fuel-gas

e Evaluation of the potential for combining

this process with sulfur fixation based on

dolomite/limestone reaction at elevated

temperature with high strength sulfur

dioxide

Preliminary design and costing for in

tegrating the zinc smelting process with

zinc-based desulfurization in GCCs, and

in particular the Air Blown Gasification

Cycle
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FIGURE 1

INTEGRATED ZINC SMELTING

AND ZINC-BASED

SULFUR REMOVAL SCHEME

Liquid zinc

evaporator

Solid zinc

feeder

Zinc gas

Hot coal-

derived "

fuel-gas

Recycled

sulphur
_

oxides and

oxygen

H,S

and

COS

removal

Product gas

*
to power

generation
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> suiphidJOxygen

Electric zinc smelter

High strength S02

SOURCE: DBWrrMENT OF TRADE AND INDUSTRY

e Evaluation of resulting plant safety, cycle

efficiency and process performance

Definition of further development needs

and development of a strategy for the

design and demonstration of the in

tegrated technology

Successful development of the integrated tech

nology could result in significantly improved per

formance of GCCs, in terms of emissions, ef

ficiency and economics.

The project runs from January 1995 to

November 1997 at a total project cost of

505,936.

INTERNATIONAL

DEVELOPMENT OF ARCH

HYDROGASIFICATION PROCESS

UNDER WAY IN JAPAN

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

evaluating coal hydrogasification technology

since 1990. This work has resulted in the

development of a new coal-based Synthetic

Natural Gas (SNG) process called ARCH

(Advanced Rapid Coal Hydrogasification).

The ARCH process was discussed by K. Itoh, of

the Japan Gas Association, et al. at the

20th World Gas Conference 1997 held in

Copenhagen, Denmark, in June.

The conventional technology of coal gasification

at high temperature with steam and oxygen can

be used to produce primary products of

hydrogen and carbon monoxide, which can be

converted to methane in further catalytic

processes. However, current commercial

processes based on this route are not economi

cally competitive with Liquefied Natural Gas

(LNG) owing to their high capital cost and low

efficiency (63.0 percent thermal efficiency).

Coal hydrogasification is an alternative

approach to coal conversion in which the coal is

reacted with hydrogen at high pressure and

temperature to produce methane and

hydrocarbon liquids directly. This new coal-

based SNG process comprises a rapid

decomposition zone at the coal inlet and an

isothermal hydrodecomposition zone with

internal circulation tubes as shown in Figure 1 .

The thermal efficiency of the ARCH process is

77.5 percent.

In the process, the methane-to-BTX yield ratio

can be adjusted by controlling the degree of
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FIGURE 1

ARCH GASIFIER

Oxygen
^

Hydrogen

Char

SOURCE: ROM ETAL.

reaction in the two zones. As necessary, opera

tion can be set to maximize SNG yield, BTX

yield or thermal efficiency.

In the ARCH gasifier, the pulverized coal reacts

with hydrogen under high temperature (1,100 to

1.500K) and high pressure (3,000 to 7,000 kPa).

Approximately 50 percent of the coal is gasified,
residual coal is discharged from the bottom of

the ARCH gasifier as char and fed into the

partial combustion gasifier, where it is further

gasified to produce hydrogen for the ARCH

gasifier.

A wide range of coal including lignite, sub

bituminous coal and bituminous coal can be

used.

The ARCH process features high thermal ef

ficiency, permitting carbon dioxide emission

reduction. In addition, carbon dioxide is col

lected at high concentration in the gas-

purification unit, simplifying subsequent treat

ment. Moreover, nitrogen and sulfur contained

in coal are also removed in the gas-purification

unit as ammonia and elementary sulfur,

respectively. Ash is recovered in the form of

stable slag. The ARCH process therefore

imposes little environmental burden, according
to Itoh et al.

Economy

If the ARCH process with a capacity of 3 million

cubic meters per day were constructed and

operated to produce SNG today, it would be

more costly than LNG. However, given the fact

that LNG price increases more than coal price,

coal-based SNG will have become more cost-

competitive than LNG by the 2010s. Figure 2

shows the projected cost of the city-gas cost.

Development Plan

To validate the concept of the ARCH process,

basic research began in 1996 as the Japanese

National Project. After basic research is com

pleted, operational research with a 50-ton per

day pilot plant and demonstration plant is ex

pected to be launched, and commercialization is

estimated to be realized in the 2010 timeframe.

Basic research will be carried out for 5 years.

The key areas for basic research include the fol

lowing:

e Verification for the enhancement of BTX

yield with two-stage reaction using

hydrogen-oxygen injector

Development of a durable hydrogen-

oxygen injector

Determining the optimum inner structure

for ARCH gasifier

Development of peripheral technologies

for ARCH gasifier including char dis

charge with fluidized cooling
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FIGURE 2

PROJECTED CITY GAS COST
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HTI AND CHINA'S CENTRAL COAL MINING

RESEARCH INSTITUTE WORKING TOWARD

LIQUEFACTION PLANT IN CHINA

Last December Hydrocarbon Technologies Inc.

(HTI), of Lawrenceville, New Jersey, signed a

letter of intent with the Chinese Central Coal

Mining Research Institute to work jointly toward

building a pioneer direct coal liquefaction plant

in China. The program was begun in early

1997, and operation is scheduled for 2002. The

United States Department of Energy (DOE) with
HTI jointly led a delegation to China and will

provide a Continuous Bench Unit for a test run

of 50 kilograms per day on a selected China

coal. The commercial plant would produce

50,000 barrels per day of gasoline and diesel

fuel while feeding 10,000 to 12,000 tons per day
of bituminous coal.

In HTI's process, powdered coal is dissolved in

recycled heavy process liquid at about 2,500 psi

and 800F, while hydrogen is added. Light frac

tions are produced in this stage. Liquefaction is

completed in a second stage at a slightly higher

temperature and about 2,200 psi. A ferric-

sulfate-based catalyst is dispersed in the slurry

for both stages.

The agreement specifies that HTI and the

Chinese Central Coal Mining Research Institute

will cofund the initial DOE study phase. Later

stages would involve testing up to three Chinese

coals using HTI's pilot plant; a 5-ton per day
proof-of-concept phase, in which ABB Lummus

also would participate; basic engineering and

design along with a more in-depth feasibility

study; detailed engineering, and finally,
construction and operation.

Work in the United States on scale-ups of

earlier HTI designs suggests that a large grass

roots plant making motor fuels would turn out

product competitive in the United States with

$30-per barrel oil. In China, says HTI, studies

suggest the coal-derived fuel would be

competitive with $18 oil.

HISTORY OF COAL LIQUEFACTION IN THE

UNITED KINGDOM RECOUNTED

G. Kimber, a Coal Science and Technology
Consultant, presented an overview of the coal li

quefaction studies carried out by the British Coal

Corporation (BCC), between 1967 and 1992, at

the 213th American Chemical Society National

Meeting held in San Francisco, California, in

April.

Practical processes using hydrogenation date

from 1913, when Bergius showed that brown

coal could be converted to a heavy crude oil.

The main early developments took place during
the 1920s and 1930s in Germany. United

Kingdom Imperial Chemical Industries built a

plant at Billingham to produce 100,000 tons per
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year of liquid fuels from bituminous coal, which

operated until 1939. At this time, Germany con

tinued to depend heavily upon coal liquefaction

and built several plants, in total producing

3 million tons per year, with the largest complex

requiring 50,000 workers to produce

600,000 tons per year.

The price and availability of crude oil throughout

most of the world since the 1950s has meant

that coal liquefaction has not been economically

attractive.

Between 1955 and 1962 laboratory-scale experi

ments were carried out in the UK to examine

whether a useful balance of products could be

obtained economically via the solvent-extraction

of low- or medium-rank coals.

Based on these initial results, in 1967 it was

decided to focus on experiments to establish the

feasibility of markedly increasing the yield of ex
tract from the 20 percent level.

Electrode Coke Via the Solvent-Extraction

Process 1967-1979

British Coal Utilization Research Association

(BCURA), as part of a collaborative project with

the National Coal Board (NCB), initially con

centrated its investigations into the solvent ex

traction of coal, upon the influence of operating
conditions on extraction yields and product dis

tributions. The experiments showed that UK

coals could be solvent-extracted but when a

United States economic study of the Solvent-

Refined Coal (SRC) process was converted to

the UK situation, it was evident that the process

was not at that time economic in the UK; the

relative cost of coal and oil in the United States

was much more favorable for liquefaction than

in the UK. Other factors that favored the

economic viability of the process in the US in

comparison to the UK included the relatively

high sulfur content of US coals, combined with

the incentives to reduce atmospheric emissions.

During the experimental work at BCURA,

however, quantities of coal extracts were

prepared under different conditions from those

used in the SRC process. UK outlets for this

reconstituted, de-ashed coal were sought, e.g.,

as potentially high value feedstocks for the

manufacture of electrode binders and carbon

fibers. The properties of coke made from the

coal extract compared favorably with premium-

grade petroleum coke used in the manufacture

of electrodes. At that time, such a grade of

coke had about 3 times the value of coal, thus

providing the basis for a potentially economic

process. The electrode-coke process, which did

not require the use of expensive hydrogen and

the associated high-pressure equipment, was

thus developed.

To further evaluate the process on a pilot scale,

a 0.5-ton per day plant was built at the Coal

Research Establishment (CRE) at Stoke

Orchard, near Cheltenham. Commissioning
was completed in February 1972 and coal first

fed in March 1972.

During the following 6 years nearly 90 runs were

carried out. Run 45 started on January 13,

1975, and continued for 168 days, during which

time over 30 tons of coke were produced.

In 1973, to improve the project's ability to

assess the coal-extract coke, facilities were set

up at Stoke Orchard to produce and test small-

diameter graphite rods. The NCB graphite

electrodes were vigorously tested at the Craig-

neuk works of British Steel Corporation (BSC)

and normal production levels were maintained

throughout the test period. It was concluded

that coal-extract coke should be suitable for

manufacture of electrodes up to and including

610 millimeter diameter, the largest in use at the

time.

New designs and costings of larger plants,

based upon specifications produced by the

project, were obtained in 1977 from Catalytic

Inc. However, the market for electrode coke

was shrinking due to the severe contraction of

the steel industry, particularly in Europe.

Much had been learned about the various unit

operations that made up the coal-to-electrode

coke process. This was invaluable in the

development of a process to produce transport

fuels from coal when interest in this re-emerged
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because ofworld crises in crude oil supply in the

mid-1970s.

Transport Fuels From Coal-The Liquid

Solvent Extraction (LSE) Process 1973-1986

The first coal hydrogenation studies in the UK

since the 1960s at BCURA began in June 1973

using a 2-liter autoclave. The extract plant sited

at CRE was capable of supplying various

streams which could have been hydrogenated

(or pyrolyzed) to liquids.

By 1976 coal-extract solutions were provided to

British Petroleum (BP) for tests in their

Continuous-Hydrocracking Unit (CHU). BP built

a new CHU unit which, together with associated

facilities built at various times, e.g., extract

production using a dedicated Integrated

Solvent-Extraction Plant (ISEP), was the key
experimental facility for the research program.

The main criteria by which success during
repeated recycling was gauged were that

100 percent recovery of solvent was achieved,

that the power of the solvent to dissolve the coal

remained adequate and that pitch-plus-filter

cake represented no more than 40 percent

weight (dmmf) of the coal. Solvent quality

during repeated recycling demanded much

attention; obtaining the balance between

hydrocracking (of the extract) and

hydrogenation (of the solvent) proved to be

particularly difficult. However, solutions to all

the problem areas were found and in 1984 what

was deemed a totally successful run was carried

out.

During the period 1977-1986, over 30,000 hours

running of the CHU-ISEP equipment [or the In

tegrated Liquefaction Plant (ILP), as it was

renamed in 1983] were achieved. Such long
periods of operation were essential to prove

catalyst life. Mass balances were carried out for

virtually every day of operation and closures of

over 95 percent became standard. In addition

to the studies supporting the ILP program, much

work was carried out during this period on the

various unit operations, particularly on filtration

using both small- and large-scale equipment

(e.g., the extract plant in which other filters were

installed). Secondary refining facilities were

constructed with which finished gasolines and

diesels were prepared, tested and also

demonstrated in various vehicles.

Proposals to build demonstration plants were

made in the late 1970s and subsequently the

siting of such a plant at Point of Ayr, North

Wales, was agreed upon at an early stage.

Consequently, Point of Ayr coal was chosen as

the standard coal for use in experiments from

1981. Many other coals from around the world

were tested on the small-scale and several in

the ILP, including Illinois No. 6 coal which

proved extremely easy to process. One of the

major advantages of the LSE process that has

emerged is its ability to handle virtually any coal

regardless of rank or ash content.

LSE Process Development Pilot Plant, Point

ofAyr 1980-1992

Support came relatively quickly for the
fluidized-

bed combustion project (at Grimethorpe, UK)
but it was some time before an acceptable pilot

plant project for the LSE process was

formulated.

In 1985 a project to develop NCB's LSE process

and to design, build and operate a 2.5 ton per

day Process Development Pilot Plant (PDPP)
was approved and eventually carried out. The

primary objective was to demonstrate that the

LSE process can be operated continuously

using solvent derived from the feed coal; this

requires that solvent quality and quantity be

satisfactorily maintained and controlled, and

satisfactory yield pattern of distillates obtained.

In addition to the CRE experimental work,

studies have also been made on economic

aspects. This included a commercial plant

design and costing performed by Costain Ltd.

The design reflected the evolved LSE process

and the costing procedure enabled variations in

the process (e.g., when using different coals) to

be estimated with some confidence.

Another study commissioned in 1991 was to

consider how coal liquefaction might be

introduced into the European refinery scene.
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This required the contractor, Trichem

Consultants Ltd., first to predict the future

European oil refinery situation well into the next

century and then to estimate the value to

refiners of coal-derived liquids.

A way of expressing the process economics is

to calculate what the price of crude oil has to be

for a coal liquefaction plant to give a nominal

internal rate of return, e.g., 10 percent.

Currently, this
"

breakeven oil
price'

is around

$35 per barrel (for coal priced at $60 per ton)
although this could be reduced in several ways,

says Kimber. For example, if the coal price was

reduced to $20 per ton, the breakeven oil price

could be as low as $25 per barrel. Clearly, a

liquefaction plant located near a cheap source

of coal would seem to be a good solution.

Unfortunately, most locations of cheap coal are

such that the plant construction costs would be

much higher (than for the base-case coastal

location) and no net benefit would accrue.

Consequently, the search for the ideal

combination of cheap coal and cheap plant

construction costs continues.
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PROJECT ACTIVITIES

DOE/INDUSTRY TEAM WILL FUND MAJOR

DEVELOPMENT PROJECT FOR CERAMIC

MEMBRANE TO MAKE SYNGAS

In May the United States Department of Energy

(DOE) Office of Fossil Energy selected a pro

posal from Air Products and Chemicals Inc. to

develop a novel ceramic membrane that could

sharply reduce the cost of converting natural

gas to transportation-grade liquid fuels and

premium chemicals. The membrane could also

offer a way to produce much less expensive

hydrogen from natural gas. Air Products and

Chemicals will head a technology and business

team that will carry out the research project and

provide $54 million of the overall costs. The

$84 million project will span a period of 8 years.

The Air Products team is composed of Babcock

& Wilcox, Cerametec, Eltron Research, Atlantic

Richfield Company, Argonne National Labora

tory, Pacific Northwest National Laboratory,
Pennsylvania State University and the Univer

sity of Pennsylvania.

The key technology to be developed is a ce

ramic membrane discovered in the early 1990s.

The membrane separates oxygen from air

flowing on one side of the membrane. The oxy
gen is transported as oxide ions through the

membrane and partially oxidizes methane

(flowing on the other side of the membrane) to

form synthesis gas.

This would eliminate the need for a facility to

produce the pure oxygen required to manufac

ture synthesis gas.

The 8-year project is to include three test plants

with capacities of 12,000, 500,000 and

15-million cubic feet per day. The last unit will

be a precommercial facility to be built at Air
Products'

industrial gas complex at LaPorte,

Texas, near Houston.

It is expected that the cost of making syngas

from natural gas by partial oxidation could be

reduced by as much as 25 percent.

The ceramic membranes are called Ionic

Transport Membranes (ITMs). Oxygen is driven

through the membrane by a partial pressure dif

ference. ITMs can produce 02 of more than

99.99 percent purity. They work best at 800 to

1,000C, so they are compatible with the re

forming process.

Specifically, the group is working with brownmil-

lerite, a ceramic developed by Eltron Research

Inc. (Boulder, Colorado), a team member. El

tron has produced oxygen continuously for

1 0 months from a laboratory-scale reactor. The

fabrication skills of Cerametec Inc. (Salt Lake

City, Utah), another member of the group, will

be used to scale up the technology.

In order to promote the partial oxidation reaction

utilizing an ITM the ceramic membrane material

needs to be formed into an appropriate reactor

shape such as a thin plate, tube or monolith. A

schematic illustration of the process is shown in

Figure 1 .

Eltron is one of several research groups that are

studying the use of mixed conducting ceramic

membrane reactors for the partial oxidation of

methane to syngas.

Eltron has prepared novel mixed conducting

brownmillerite materials and successfully fabri

cated them into sintered disks and tubes. The

outside of the tube was coated with a partial

oxidation catalyst consisting of Ni supported on

a perovskite-type metal oxide. The inside of the

tube was coated with La08Sr02CoO3 which

served as the oxygen reduction catalyst. The

experiment was performed at atmospheric pres

sure and 900C. These materials have shown

complete chemical and mechanical stability un

der expected operating conditions, including a

long-term performance testing of over

3,000 hours, according to M. Schwartz et al. of

Eltron Research.
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FIGURE 1

PARTIAL OXIDATION OF METHANE

USING A

CERAMIC MEMBRANE REACTOR
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MOSSGAS CONSIDERS SWITCHING

PRODUCT SLATE TO HIGHER VALUE

CHEMICALS

Mossgas, the South African natural-gas-to-

liquids plant located at Mossel Bay, has been

operating since 1993 but has been considered a

financial failure. Writing in the March/April is

sue of Hydrocarbon Engineering, K. Terblanche

ofMossgas says the production cash cost is be

tween $9 to $10 per barrel. At current oil prices,

an operating surplus of $140 million is forecast

for the 1996/1997 financial year. Local tariff

protection would add another $10 million to the

bottom line.

Despite the positive cash flow, this strategic

project, having cost close to $2.4 billion, has not

been an economic success because of the his

torically low oil prices of $12 to $16 per barrel in

the last few years. The project has therefore at

tracted severe criticism and has become a po

litical football during the political transition ex

perienced in South Africa over the past 3 years.

Implementation of the new government's policy

of restructuring state-owned assets, resulted in

Mossgas being put up for sale late in 1995. De

spite the savings that could be associated with

using the company's infrastructure, instead of a

greenfield petrochemical development, no bids

were offered that matched the value calculated

by Mossgas's own internal investigations. This

resulted in the Central Energy Fund, owner of

Mossgas on behalf of the government, terminat

ing the sale process in favor of
'valorization.'

This conclusion coincided with the appointment

of a new chief executive and extensive restruc

turing of the executive team. The new manage

ment team recognizes that exclusive reliance on

higher oil prices to improve economic perfor

mance will put the future of the complex at risk.

This is especially true because of the continued

requirement for natural gas exploration and res

ervoir development investments to secure long-

term gas feedstocks. Accepting synfuels as the

company's core competence, the future chal

lenge lies in the exploitation of its intermediate

products as chemical feedstocks, says Ter

blanche.

Future beneficiation (into chemical derivatives)
of potentially valuable intermediate streams

such as the synthesis gas, light olefinic gases

and heavier olefinic oils (C10 - Cu products) has

been defined as a key component of the new

business vision of the company.

CORPORATIONS

SASOL AND STATOIL FORM ALLIANCE TO

EXPLOIT NATURAL-GAS-TO-LIQUID FUELS

Sasol Limited of South Africa is forming an al

liance with Statoil of Norway for the conversion

of natural gas to synthetic liquid fuels by
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Fischer-Tropsch technology. The rationale be

hind the alliance is the mutually complementary

technology capabilities of the two companies:

Sasol's technology for the conversion of gas to

synthetic crude oil and liquid fuels, and Statoil's

offshore and floating production technology for

oil and gas. Statoil prefers to cooperate with

Sasol rather than rely on the further develop
ment of its own Fischer-Tropsch technology.

Sasol and Statoil are already well under way

with the development of a concept for a floating
Fischer-Tropsch conversion plant. These plants

would be placed on ships (or on offshore pro

duction systems) used for oil and gas produc

tion, and would convert the gas to syncrude.

Such facilities would allow the natural gas to be

utilized at the point of production, rather than

being piped ashore or re-injected into the reser

voir. This can also eliminate the flaring of natu

ral gas and its associated environmental disad

vantages. The intention of Sasol and Statoil is

to make these floating gas conversion facilities

available on a commercial basis also to other oil

and gas producers.

Sasol and Statoil will cooperate exclusively in

developing the floating and offshore applica

tions, and on a nonexclusive, case-by-case ba

sis for other applications. It is the intention that

both parties will be able to hold equity in facili

ties arising from the exploitation of opportunities

to convert gas to oil and fuels. Of particular

interest is the possible utilization of Statoil's

large gas reserves in Northern Europe.

With the Sasol/Statoil floating plant concept, the

gas-to-liquids plant would carry out the first two

steps of the gas-to-diesel process creating syn

thetic crude oil. When utilizing associated gas

produced in oil fields, the syncrude would then

be mixed with produced crude and sent to

shore.

SYNTROLEUM SIGNS AGREEMENTS FOR

GAS-TO-LIQUIDS TECHNOLOGY

Syntroleum Corporation has announced a series

of licensing agreements involving its natural-

gas-to-liquids technology. Atlantic Richfield,

Texaco and Marathon have executed nonexclu

sive licensing agreements allowing them to use

Syntroleum's technology.

Syntroleum also has signed agreements with

Bateman Engineering and Brown & Root which

authorize both companies to market and license

its process. The two companies will offer en

gineering, procurement and construction serv

ices as well as providing process design pack

ages to Syntroleum licensees.

Criterion Catalyst has agreed to supply catalysts

for the technology.

An update on the Syntroleum Process was pro

vided by M. Agee at the American Institute of

Chemical Engineers 1997 Spring National Meet

ing held in Houston, Texas, in March.

Agee says that Fischer-Tropsch (F-T) chemistry
can be used in many cases to convert natural

gas to synthetic liquid fuels at a cost that is

competitive with conventional petroleum prod

ucts at current prices. In a variety of designs

developed by Syntroleum Corporation, eco

nomical conversion of gas to synthetic liquids

can be accomplished in a wide range of site-

specific situations-from small remote fields to

large industrial locations.

The Syntroleum Process

At Syntroleum, design considerations have been

shaped by the variety of field sizes found in the

shut-in deposits of remote natural gas around

the world. To take advantage of the widespread

availability of gas, an economical conversion

plant must be small enough to fit a significant

percentage of fields that need to be converted.
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At plant capacities as small as 5,000 barrels per

day, Syntroleum claims that its process offers a

potential solution for almost 40 percent of the

world's gas fields. Recent development work in

dicates economic applications in much smaller

sizes, extending applicability to still a greater

number of shut-in fields. Also, the smaller foot

print could lend itself to certain offshore, plat

form-mounted applications. Portable (barge or

ship mounted) plants could allow many of the

smaller, offshore fields to be monetized without

the need for long-term reserves.

Syntroleum uses the same two-step chemistry

found in other F-T processes: Natural gas is

converted into synthesis gas, then the synthesis

gas is reacted in an F-T reactor to polymerize

hydrocarbon chains of various lengths. But the

Syntroleum process is markedly different in

several important ways, notes Agee.

In typical F-T processes, more than 50 percent

of the capital cost has been related to the pro

duction of synthesis gas, usually generated from

natural gas via steam reforming, partial oxida

tion with oxygen, requiring an air separation

plant, or a combination of the two. These meth

ods are relatively expensive. They also have

inherent problems that must be solved in vari

ous ways to produce an acceptable syngas for

the F-T reaction. In these approaches, nitrogen

is eliminated from the syngas stream as an un

wanted inert.

In the Syntroleum Process, by contrast, the syn

gas step is based on Autothermal Reforming

(ATR) with air (rather than oxygen) in a reactor

of proprietary design. The reactor is mechani

cally simple, easy to start up and shut down,

and relatively inexpensive to build.

The ATR consists primarily of a refractory-lined

carbon steel reactor vessel and a catalyst. Air

and natural gas are fed in at proper ratio and

pressure, producing a nitrogen-diluted synthesis

gas with the desired H2/CO ratio of ap

proximately 2.0. The syngas ratio can be ad

justed further by the introduction of a small

amount of steam or C02 into the ATR reactor.

Synthesis gas diluted with approximately

50 percent nitrogen raises an obvious concern.

That is that any savings from the much simpler

ATR reactor would be lost due to the increased

F-T reactor section needed to handle the added

inert volumes. However, in the Syntroleum

Process, this is not the case because its F-T

section has no recycle loop. The one-pass de

sign avoids any build-up of nitrogen in the sys

tem, thus allowing the use of nitrogen-diluted

syngas without impairing performance. The

Syntroleum F-T reactor configuration is compa

rable in size but less complicated than compa

rable systems with recycle because the recycle

compressor loop, which must handle and be

rated for hydrogen service, has been eliminated.

Process Development and Pilot

Demonstration

Initial work on the process began in late 1984.

Next came construction and operation of a

2-barrel per day pilot plant in 1990 and 1991.

The process requires a special catalyst system

tailored to operate in the unique environment

created by the ATR. Syntroleum began devel

opment of F-T catalysts optimized for such syn

gas in 1991. The company's high alpha catalyst

system is a proprietary, highly active cobalt

catalyst. This catalyst produces a waxy syn

crude that is primarily uniform straight-chain

hydrocarbon molecules with relatively low yields

of methane (below 10 percent).

With conventional hydrocracking and fractiona

tion, the processing of syncrude can be tailored

to optimize diesel yield or kerosene yield.

These fractions are exceptional blending stocks

for upgrading conventional fuels and should

bring a premium price as such in most circum

stances.

"Chain-Limiting"

F-T Catalyst Development

Work on this catalyst began in 1994, with partial

funding from three major oil companies. The

goal of this program was to produce a catalyst

that limits the growth of hydrocarbon chains to
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eliminate wax production, while at the same

time minimizing the production of light hydro

carbons. The company says it has made sig

nificant progress toward this goal. Recent mul-

tiweek test runs in a fluid-bed reactor at the pilot

plant yielded a product profile that indicates

success.

Economics of Syntroleum Process

In examining the economics of synfuel produc

tion from natural gas, one fact quickly becomes

paramount, says Agee. That is the crucial role

played by capital costs. Industry studies have

indicated a gas-to-liquids plant would be eco

nomic in a number of situations at installed

capital costs of less than $30,000 per barrel of

daily capacity. Syntroleum has collaborated

with Bateman Engineering to develop several

commercial-scale design and capital cost es

timates. A 1995 study was made for a nominal

5,000-barrel per day first generation plant

equipped to produce three fuel feedstocks

(diesel/kerosene/naphtha). The estimated in

stalled cost for the facility was $1 35 million or

$27,000 per barrel of daily capacity. A more

recent study of a second generation design of

5,600-barrel per day capacity yielded a cost of

$97 million fully installed, or $17,300 per barrel

of daily capacity.

Further cost reductions will result from improve

ments in the technology which are under devel

opment.

Significant economies of scale are achievable

with the Syntroleum Process, particularly in the

air compression trains. Preliminary review of a

"maximum train
size"

configuration indicates the

likelihood of constructing a 20,000- to 25,000-

barrel per day single train facility for $12,000 to

$14,000 per barrel of daily capacity. That is

roughly the same cost as a world-scale conven

tional refinery, a truly revolutionary develop

ment, says Agee.

Syntroleum currently is working with a major

company to adapt a design for a 2,000- to

2,500-barrel per day barge-mounted plant at a

remote location; the initial estimated cost is

$55 million.

RENTECH RECORDS LOSS FOR SECOND

QUARTER

Rentech Inc., the Denver, Colorado-based de

veloper of a process for the conversion of gases

into synthetic liquid fuels, announced a loss of

$289,993, or $0.02 per share, for the second

fiscal quarter ended March 31 . Total revenue

for the quarterwas $1 09,81 7.

See 77?e Sinor Synthetic Fuels Report, April

1997, page 101 for a summary of Rentech's

position and problems.

ENERGY POLICY AND FORECASTS

IGU SEES POTENTIAL GAS SUPPLY

SUFFICIENT FOR OVER 100 YEARS

Committee J (World Gas prospects, strategies

and economics) of the IGU (International Gas

Union) completed a new study on the long-term

prospects (2030) for world supply and demand

of gas which was presented at the World Gas

Conference in Copenhagen, Denmark, in June

1997.

Two forecasts were prepared regarding the po

tential natural gas supply:

e In the "reference
scenario,"

the average

price of a barrel of crude oil on the mar

ket rises moderately (from US$20 to

US$25 in the year 2000, to US$20 to

US$30 in 2030).

In the "high supply
scenario"

no energy
prices were assumed but the general
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context in each country (financing, use of

existing technologies...) was assumed to

be more favorable for the gas production.

e The "base
case"

was set in a context of

regular economic growth, promotion of

world trade, developments on environ

ment and energy saving along current

trends, a moderate rise in the cost of en

ergy, a consensus in favor of gas, and no

unfavorable national energy policies.

e The "alternative
scenario"

represented a

context of discontinuity and major con

cern over questions of energy: economic

growth is limited, world trade is re

strained, energy saving and energy ef

ficiency improvements are promoted ac

tively, the cost of energy rises sig

nificantly and is highly variable, exploita

tion of any commercial advantages of

natural gas is limited, national energy

policies promote other energy solutions.

Potential Gas Supply

The total gas reserves of the world were esti

mated at 404,400 BCM (1 BCM =
109

cubic

meters), in January 1996. 146,700 BCM of

these were proven recoverable reserves, which

is the energy equivalent of over 95 percent of

the total proven crude oil reserves.

The area of Eastern Europe-Northern Asia has

by far the largest reserve base with 40 percent

ofthe world's total. Regarding proven reserves,

38 percent are located in Eastern Europe-

Northern Asia, 31 percent in the Middle East,

while the shares of the other areas are all less

than 10 percent.

In spite of additional years of production, re

serve estimates have still risen by 24 percent

since 1989. This is mainly the result of tech

nological advances in natural gas recovery un

der almost stable energy price conditions-most

of the evolution is due to new geological assess

ments in the known gas fields.

The world supply is projected to rise rapidly

from 2,160 BCM in 1995 to a level between

2,520 BCM and 2,890 BCM per year in 2000,
and then between 2,960 and 3,640 BCM per

year in 2010. In both forecasts, this rise will

then level off so that the potential supply level

will be between 3,110 and 4,130 BCM per year

in 2030.

The potential supply is expected to show a

steady rise in all areas except Western and

Central Europe where it is expected to start fall

ing slowly after the year 2000. This drop is only

significant after 2010.

The lifetime (the ratio of the gas reserves to

production for a given year) of the total world

gas reserves is currently 187 years. Depending
on the forecast, the lifetime of the total known

reserves will be in the range of 99 to 124 years

in the year 2010 after deduction of the con

sumed quantities. A figure of 68 years, based

solely on the proven reserves, is considerably

higher than the 45 years for crude oil.

Potential Gas Demand

World energy consumption is expected by Com
mittee J to continue growing, reaching

475 Exajoules (EJ) in 2010 and 680 EJ by 2030,
which is more than twice the current level. This

growth will be moderate in the industrialized

countries, which will continue investing in en

ergy efficiency. However, a sharp increase is

expected in the newly industrialized countries

and developing countries, particularly in Asia

and Africa.

The base case for potential gas demand is set in

this particular context. According to this fore

cast, world gas demand will reach 2,550 BCM in

2000, 3,200 BCM in 2010, and 4,100 BCM in

2030. In this case, the share of natural gas in

world energy demand would exceed 24 percent

in 2010.

Gas will continue to be the fastest growing en

ergy source in North America, Europe and

Northern Asia with new opportunities particularly
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in electricity generation and transportation natu

ral gas vehicles.

The highest growth rates will be observed in the

other areas of the world, and in particular in Af

rica, Central and Eastern Asia and the Middle

East where their shares of world gas demand

are expected to increase from 16 percent cur

rently to 26 percent in 2030.

These predictions depend heavily on the sets of

assumptions made. Especially in North Amer

ica, a hypothesis of reduced economic growth

greatly influences the energy demand. In this

case, gas consumption would rise slowly from

the current level. In Eastern Europe-Northern

Asia, the gas market potential would be reduced

by nearly 20 percent if the general economic

performance resulted in a stagnation of indus

trial production.

Comparison of Supply and Demand

The comparison of world potential supply and

demand for the two cases considered is shown

in Figure 1 .

The supply increase until 2010 depends on proj

ects currently being studied and which are for

the most part clearly defined (known reserves).

Beyond that horizon, projects become more

speculative and it is difficult to make detailed

assessments. Therefore, the two supply fore

casts are to be considered as conservative pre

dictions toward the end of the study period.

As for demand predictions, it is difficult to elimi

nate the influence of the current situation, which

prompts high expectations, particularly in the

electricity generation sector where policy

changes are always possible. Therefore, it is

reasonable to think of the
"base"

forecast as the

maximum estimate of potential growth in de

mand as it was in the past.

Under these conditions, the predictions resulting

from the study show that the supply will be able

to satisfy potential world demand, and no struc

tural tensions in the supply market are foreseen

during the upcoming decades.

As a consequence of the growth in potential

demand and of the geographical distribution of

reserves, international trade of natural gas will

have to increase significantly, both within and

between regions.

Inter-regional trade represents today 11 percent

of total natural gas consumption. It would, how

ever, increase to 20 percent in 2030. Combined

with increased demand, it represents nearly a

quadrupling of inter-regional trade between now

and 2030.

It can be deduced from this analysis that the in

crease in world gas consumption will be accom

panied by significant increases in gas transmis

sion capacities (long-distance pipelines and li

quefied natural gas chains) between the major

zones of production and the importing markets.

In this respect, in many cases the related in

frastructures of production and transportation

will only be built with contributions of capital and

technologies from outside the production areas.

Conclusions

Some general conclusions emerge from this

analysis of supply and demand scenarios.

These conclusions fall into four categories:

Price and Productivity, Economic Stability,
Capital Availability and Technological Progress.

Price and Productivity: The study assumes a

moderate growth in energy prices throughout

the timeframe of the report. If actual gas prices

are higher, more gas supplies and less gas de

mand will generally result. Demand is depend

ent on the pricing of competing energy sources

as well.

Productivity efforts are essential in all areas of

the gas industry, including exploration and pro

duction (some huge gas reservoirs are still not

economical to develop), transmission and dis

tribution (so that gas improves its competitive

ness with respect to other energies), and utiliza

tions (for a more efficient use of natural gas en

ergy).

Economic Stability: Considering the invest

ments at stake, the delivery security of the gas
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FIGURE 1

COMPARISON OF WORLD POTENTIAL SUPPLY AND DEMAND

19*5 1990 1995 2000

SOURCE: KU COMMITTEE i

chain constitutes a major challenge for produc

ers as well as for transporters, distributors and

customers.

In the timeframe of this report, gas supplies

could be much greater than the world demand.

The major constraint in making this massive

supply of gas available to possible consumers is

the extremely high cost of moving the gas from

one region to another. These projects, to be

economical, must transport enough gas to pay

back the capital and operating costs of the ven

ture.

expected to continue throughout the timeframe

of this report. The rate at which the new tech

nologies will be adopted throughout the world

will depend on the economic, regulatory and

social framework of each country.

Natural gas has great development potential

and all available evidence indicates it will con

tinue to play an increasing part in meeting the

world's energy needs.

Technological Progress: Technological im

provements in gas activities have been par

ticularly impressive in recent years. Almost

every aspect of the gas industry is being con

stantly improved today, incorporating new

equipment and techniques in the performance

of routine tasks. Implicit in this study is the ex

pectation that the progress that has defined

technological growth in the past 20 years can be

AGA PREDICTS 34 PERCENT INCREASE IN

U.S. GAS DEMAND BY 2015

The American Gas Association's (AGA) 1997

Energy Analysis projects continued growth in

the United States consumption and domestic

production of natural gas through 2015. Total

natural gas demand is projected to rise from an

estimated record breaking 22.8 quadrillion
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(Quads) BTU in 1996 to a projected 30.5 Quads

in 2015 (see Figure 1). This represents a

34 percent increase over the period. By 2015

United States natural gas consumption is pro

jected to represent 27.6 percent of the nation's

total primary energy use, an increase of

2.9 percentage points from 1996.

Industrial natural gas consumption is projected

to climb from 10.0 Quads in 1996 to 12.3 Quads

by 201 5, despite strong competition from elec

tricity. The demand for gas used in industrial

cogeneration is expected to decline, as utility

and Independent Power Producers (IPP) elec

tricity becomes more competitive in a restruc

tured utility environment.

Electric utilities and IPPs are projected to in

crease their natural gas use by 3.1 Quads from

1 996 to 201 5, the most of any sector. Electricity

restructuring is expected to provide opportuni

ties for natural gas demand growth particularly

after the maximum utilization of coal capacity

and retirement of old nuclear capacity.

Natural gas demand in the transportation sector

(including pipeline transportation requirements)

is projected to grow from about 0.8 Quads in

1996 to 1.5 Quads by 2015. Most of the trans

portation demand growth for natural gas will oc

cur in natural gas vehicle fleet and long-haul

consumption.

Natural gas supply is expected to grow and

equal projected demand for gas with only mod

est wellhead price increases over the period.

Domestic production is projected to increase

7.0 Quads and supply over 85 percent of total

FIGURE 1

U.S. NATURAL GAS DEMAND
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natural gas demand throughout the projection

period.

Canadian gas imports will satisfy most of the

remaining gas requirements, and are projected

to increase from 2.9 Quads in 1996 to

3.7 Quads in 2005 and stabilize at that level

through 2015.

Only 0.4 Quads of United States natural gas

supply (1 .2 percent) is projected to originate

from overseas by 2015 in the form of liquefied

natural gas.

Natural gas field price, the linkage that balances

demand and supply, is projected to rise mod

estly from $1 .99 per thousand cubic feet in 2000

to $2.19 per thousand cubic feet in 2010 and

remain at that level through 2015 in

1997 dollars. As a result of gains in transmis

sion and distribution efficiency, the average real

natural gas end-use price declines from

$4.02 per million BTU in 1996 to $3.29 per mil

lion BTU in 2015.

ECONOMICS

BECHTEL DESIGN STUDY SHOWS

NATURAL GAS-BASED F-T PLANT

ECONOMICAL AT LOW GAS PRICES

Bechtel Corporation has completed a concep

tual plant design and economic analysis for a

grass-roots Fischer-Tropsch (F-T) plant produc

ing about 45,000 barrels per day of liquid hydro

carbon fuels from about 410 million standard

cubic feet per day of natural gas. Results of the

study were presented by G. Choi et al. at the

American Institute of Chemical Engineers

Spring National Meeting held in Houston, Texas,

in March.

In this design the natural gas is converted to

synthesis gas via a combination of non-catalytic

partial oxidation and steam reforming. The syn

thesis gas then is catalytically converted to liq

uid products in a two-stage, F-T, slurry-bed re

actor system. The F-T wax and liquid hydrocar

bons are upgraded to naphtha and diesel

blending stocks by conventional petroleum re

finery processes which include hydrocracking,

hydrotreating, catalytic reforming, isomerization

and alkylation. In addition, this plant produces

about 25 megawatts of excess electric power for

sale.

Figure 1 is a simplified block flow diagram

showing the overall process configuration. The

design uses proven commercial technology for

syngas generation. A cobalt-based catalyst in

slurry-bed reactors is used for the F-T synthesis.

The plant is located at a hypothetical Southern

Illinois mine-mouth site to be consistent with a

previous coal-based F-T liquefaction study.

A cobalt-based catalyst was selected for F-T

synthesis because it has negligible activity for

the water-gas shift reaction compared to iron-

based catalysts. Using syngas from methane

the shift reaction is not required.

A total of 24 slurry-bed, F-T synthesis reactors

(16 feet in diameter) are required to process the

syngas. These reactors are arranged in eight

parallel trains with each train having two first-

stage slurry-bed reactors feeding a single sec

ond-stage slurry-bed reactor. The unconverted

syngas leaving the first-stage reactors is cooled

and flashed to condense and remove liquids

before being reheated and fed to the single sec

ond-stage reactor. The CO conversion in each

of the two parallel first-stage reactors is about

56 percent, and in the single second-stage re

actor the CO conversion is about 59 percent.

This gives an overall CO conversion per pass of

about 82 percent.

The primary liquid products are liquefied petro

leum gas, a C5-177C fully upgraded gasoline

blending stock, and a 177+C distillate. The

gasoline product has a clear (R+M)/2 octane of

about 88 and is basically a mixture of C3/C4/C5
alkylate, Cs/C6 isomerate and catalytic refor-

mate. The distillate product also is high quality
and has a high cetane number, on the order of

70. Both products are essentially free of sulfur,
nitrogen and oxygen containing compounds.
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FIGURE 1

OVERALL PROCESS CONFIGURATION
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Major input and output flows are listed in Ta

bid.

Economic Studies

Total capital cost is about $1 .84 billion. The es

timated plant cost is about 40 percent less than

that for the corresponding coal-based design. A

brief summary of the estimated capital cost

breakdown is given in Table 2.

A discounted-cash-flow analysis of the produc

tion cost of the F-T products for a 15 percent in

ternal rate of return on investment was carried

out. Results are expressed in terms of a Crude

Oil Equivalent price (COE) which is defined as

the hypothetical breakeven crude oil price where

the F-T liquefaction products are competitive

with products from crude oil at a typical United

States refinery.

The primary liquefaction products are gasoline

and diesel blending stocks. Their relative val

ues to the crude oil price were determined by a

linear programming model. The F-T gasoline

blending stock had a value of $10.07 per barrel

more than crude oil, and the F-T diesel blending
stock had a value that was $7.19 per barrel

more than crude oil.

Figure 2 shows the results of the economic cal

culations. With natural gas priced at $2.00 per

gigajoule, the calculated COE price is

$31.60 per barrel. The economics are strongly
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TABLE 1

MAJOR INPUT AND OUTPUT FLOWS

Feed

Natural Gas

RawWaterMake-up
N-Butane

Primary Products

F-T Gasoline

F-T Diesel

Propane

Electric Power

11.0 M NnrVday
79.5 k m3/day

1 .4 metric t/hr

81 .6 metric t/hr

134 metric t/hr

5.9 metric t/hr

592 MW-hr/day

(16,870 GJ/hr or 17.8 billion BTU/hr)

(54.0 m3/day or 340 bpd)

(2,703 m7day or 17,000 bpd)
(4,165 m3/day or 26,200 bpd)
(270 m3/day or 1,700 bpd)

dependent on the natural gas price. If natural

gas is available at $0.50 per gigajoule, the COE

drops to only $19.30 per barrel.

Figure 2 also shows the effects of increased

capital cost (by 25 and 50 percent) and de

creased capital cost (by 10, 25 and 50 percent).

The former are included to show the effect of

higher construction costs at remote sites. The

latter are included to show the potential im

provement in the economics via advanced

technologies, especially in the syngas prepara

tion area.

TABLE 2

CAPITAL COST BREAKDOWN

Description Cost(106$)

Syngas Preparation 707

F-T Synthesis 226

Upgrading & Refining 132

Offsites 426

HO Service/Fee and Contingency 351

Total Cost 1.842

Bechtel concludes that attractive natural gas

F-T economics can be attained only with low-

cost gas. There are numerous reserves located

at remote areas and/or offshore where the gas

has little value because transportation systems

are not available to ship it to market. F-T syn

thesis offers an option to convert these other

wise worthless resources into hydrocarbon liq
uids which easily can be transported to existing

refineries.

Major opportunities for reducing the estimated

cost include:

Integrating the F-T design with an existing

infrastructure.

Investigating and incorporating more ad

vanced processes for syngas generation

such as combined autothermal reforming,

fluid-bed autothermal reforming and ce

ramic membranes oxidation.

Developing a practical design for larger

diameter slurry-bed reactors.
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FIGURE 2

COE PRICE AS A FUNCTION OF NATURAL GAS PRICE AND CAPITAL COST

4S.0 |

?30% Capital ?%-(.

4Q0
Be*..,

38.0

300

*
ao : """1 ^

-
"^^^<^^^

~
"

-

^*

5 aao

S
110

:-::^S-
10.0

8.0

ao as io is io i io

Natural One rlc. 1/OJ

SOURCE: CHOI ETAL.

TECHNOLOGY

EXXON HAS 300 PATENTS ON

GAS-TO-LIQUIDS TECHNOLOGY

Exxon is considering a commercial plant in

Qatar to produce synthetic liquid fuels from

natural gas using the AGC-21 process (see 7ne

Sinor Synthetic Fuels Report, January 1997,

page 5-1).

An update on Exxon's AGC-21 process was

given in a paper by L. Ansell et al. at the World

Conference on Refining Technology and Refor

mulated Fuels, held in San Antonio, Texas, in

March.

The process features a high-capacity, fluid-bed
synthesis gas generation system and a high-

productivity, cobalt-based, three-phase slurry
hydrocarbon synthesis step (see Figure 1).

These processes link with a flexible upgrading

technology in a three-step train for high capacity
gas-to-liquids conversion. Each process step
employs novel catalysts tailored for desired

chemistry within the reactor system. According
to Exxon, new advances provide a product slate

of over 75 percent zero-sulfur diesel with cetane

well over 70 (see Table 1). Naphtha, the only
additional product from this process configura

tion, is impurity-free and provides excellent feed

for steam cracking.

Exxon developed the AGC-21 process in a

3-year program involving a 200-barrel per day
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FIGURE 1

AGC-21 ADVANCED GAS CONVERSION
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pilot plant at a cost of over $100 million. The

company says its technology is protected by
over 300 patents.

TABLE 1

AGC-21 DIESEL PROPERTIES

Conventional AGC-21

Cetane No. 45 74

Sulfur, ppm 330 <10

Specific Gravity 0.84 0.78

Flash Point, C 71 81

Cloud Point, C -17 -12

INTERNATIONAL

SASOL DISCUSSING GAS CONVERSION

WITH QATAR

It has been widely reported that Sasol Limited is

discussing with Qatar General Petroleum Cor

poration a joint project to convert natural gas to

liquid fuels in Ras Laffan, Qatar, using Sasol

technology. The proposed project would initially
have a capacity of 20,000 barrels per day of liq
uid fuels, which could be expanded later.

The product from the two-train plant would be

mostly diesel fuel. The project would use Sa

sol's Slurry Phase Distillate process. Prelimi

nary studies indicate that the project is eco

nomically feasible.

Last year Sasol indicated it was pursuing a

similar project in Mozambique.
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