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GENERAL

PROJECTACTIVITIES

BURLINGTONWOOD GASIFICATION

PROJECT READY FOR STARTUP SOON

Thermal gasification of biomass for utilization in

gas turbine combined-cycle plants is a technol

ogy under commercial development that will al

low improved efficiencies and a reduction of capi

tal intensity in the forest and paper industry. The

status of the Burlington Project, a commercial

demonstration of biomass gasification, was dis

cussed by S. Farris and S. Weeks of Future

Energy Resources Corporation (FERCO) at the
Seventh National Bioenergy Conference held in

Nashville, Tennessee, last September.

FERCO's Low Inlet Velocity Gasification (UVG)

technology utilizes an extremely high throughput

Circulating Fluid Bed (CFB) gasifier in which

biomass (which typically contains 85 to

90 percent volatiles) is fully devolatilized with hot

sand from a CFB char combustor. The fuel gas

is then cooled and conditioned by a conventional

scrubbing system to remove particulate, conden

sable organics, ammonia and metal aerosols

which could otherwise cause turbine emission

and blade fouling problems. Alternate hot gas

conditioning systems are also being developed

for final gas cleanup. The fuel gas heating value

is 450 to 500 BTU per standard cubic foot. The

LIVG technology has over 20,000 successful

hours of operation at Battelle Columbus Labs

(BCL) Process Research Unit (PRU), including

the first United States demonstration of a gas tur

bine operating on fuel gas produced by the ther

mal gasification of biomass, according to Farris

andWeeks.

FERCO is constructing for commercial

demonstration purposes a nominal 200 dry ton

per day UVG system at the McNeil Station in Bur

lington, Vermont. The McNeil Station serves the

New England Power Pool on a dispatch basis,

and is one of the largestwood-fired power plants,

rated at 50 megawatts and capable of using

85 tons per hour ofwood chips.

The project consists of three Phases. Phase I,

which has been completed, consisted of detailed

scale-up design and permitting. Phase II has a

duration of 24 months and began in June 1995.

Phase II includes construction and extensive test

ing of the facility's ability to gasify at least 200 dry
tons per day (dtpd) (or 400 wet tpd) of wood

chips and to generate clean cooled product gas

for combustion in the existing McNeil Station

wood boiler. The fuel feed system will be able to

test feedstock throughputs up to 420 dtpd or ap

proximately 4,000 pounds per hour per square

foot of reactor area through the gasifier. In

Phase III an advanced gas combustion turbine

will be added to the system to generate ap

proximately 15 megawatts of electricity from

100 percent product gas. On-site construction is

scheduled for completion in April.

A mid-size gas turbine combined-cycle plant

utilizing the technology will have an approximate

net cycle efficiency of 35 to 40 percent, say Farris

and Weeks. This compares to a conventional

biomass plant with an overall net cycle efficiency

of 20 to 25 percent. Capital costs are expected

to be low because the process operates at low

pressures without the requirement of an oxygen

plant.

The total project cost for Phases I through III is

approximately $29.1 million.

####

CORPORATIONS

CARBONA TAKES OVER U-GAS

TECHNOLOGY IN FINLAND

Carbona, Inc. has obtained the exclusive rights

to utilize the U-GAS pressurized gasification tech

nology owned and developed by Enviropower of
Finland. U-GAS technology was originally
licensed from the Institute of Gas Technology,
United States.
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Enviropower's pilot plant (20 megawatts) is still

available for testing and development of the

gasification related systems.

Carbona's main product is the gasification plant

based on a fluidized-bed gasifier. In an In

tegrated Gasification Combined-Cycle (IGCC)
process the gasifier gas replaces use of natural

gas or liquid fuel in a gas turbine. See The Sinor

Synthetic Fuels Report, October 1996,

pages 88-91 for a process description.

Carbona plans to concentrate on biomass

gasification. Different gasification methods may

be applied depending on the form of biomass

fuel or the nature/size of energy generation.

With less homogenous (biomass) fuels contain

ing large amounts of fines, fluidized-bed gasifica

tion is the right choice. Due to economy of

scale, in most cases the smallest feasible IGCC

plant size is some 30 megawatts-electric. A low-

pressure fluidized-bed gasifier can be utilized as

a gas producer for boilers/kilns and other in

dustrial fuel users.

A low-pressure fixed-bed gasifier operating in the

updraft mode can be a feasible alternative to

produce energy from biomass fuels with coarse

particle size, like wood chips. This technology

can be applied to electricity/heat generation in

less than 10 MW. or 3 MW size and connected
in e

to a conventional steam cycle.

Carbona's IGCC project locations are shown in

Figure 1.

####

EPRI WILL STUDY THE EFFECT OF

ALTERNATIVE FUELS ON COMBUSTION

BYPRODUCTS

The use of alternative fuels, either alone or in

combination with other (fossil) fuels, may affect

FIGURE 1

CARBONA IGCC PROJECT LOCATIONS

Carbona Inc.

Helsinki-Tampere, Finland

Pilot Plant

Tampere, Finte

Kotka IGCC Project

Kotka, Finland

SOURCE: CARBONA
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the status of combustion byproducts under the

Resource Conservation and Recovery Act. Con

sequently, the Electric Power Research Institute

(EPRI) has initiated preliminary data-gathering ef

forts on the effects that the use of alternative

fuels may have on combustion byproducts.

Specifically of interest are the combustion of

Orimulsion and petroleum coke and the coburn-

ing of non-fossil-fuel materials (e.g., tires, paper,
wood and contaminated soils) with coal.

EPRI is coordinating various research efforts with

the United States Environmental Protection

Agency (EPA) to ensure that appropriate data are

collected and delivered for a well-informed

regulatory determination. A split-sampling effort

is planned in which samples from three co-

management sites will be analyzed by both EPA

contractor and EPRI contractor laboratories for

purposes of data validation and quality as

surance.

In order for relevant data to be available to the

EPA before the completion of its study in

September 1997, all of the research must be com

pleted by June 1997. EPRI will then continue to

work with the EPA to provide additional scientific

data as necessary through March 1998 for the

expected final regulatory determination.

####

Metal Technology, Inc. The companywas estab

lished in 1994 to apply innovative environmental

technologies to the United
States'

most challeng

ing waste streams, including highly radioactive

waste, depleted uranium hexafluoride and chemi

cal warfare agents.

Molten Metal developed the CEP technology
which was summarized in The Sinor Synthetic

Fuels Report, October 1996, pages 16-19.

CEP is different from incineration or other forms

of thermal treatment because it does not rely on

flame combustion to alter the character and com

position of hazardous waste. Instead, CEP relies

on the catalytic and solvent effects of the molten

metal bath to convert hazardous waste into harm

less or useful products.

In the process, hazardous compounds are

reduced to their constituent elements. These ele

ments can then be used as building blocks,

along with other chemical reactants, to form valu

able gases, ceramics and metals.

Last fall, shares of Molten Metal Technology Inc.

plunged 49 percent after the United States

Department of Energy declined to renew a

research contract with the company, amid

doubts that its CEP technology is commercially

viable.

MOLTEN METAL TECHNOLOGYWILL

PROVIDE SYSTEM FOR CHEMICAL

WEAPONS DESTRUCTION IN CHINA

Last September Mitsubishi Corporation (Tokyo,

Japan) agreed to use M4 Environmental LP's

Catalytic Extraction Processing (CEP) to destroy
chemical weapons that the Japanese Imperial

Army left in China after World War II. Mitsubishi,

a top contender for work remediating
chemical-

weapons storage sites in China, will use a CEP-

based system to destroy bulk chemical agents at

small sites.

M4 Environmental LP is a limited partnership be

tween Lockheed Martin Corporation and Molten

The company, which said it planned to
"refocus"

its operations on a few core projects after losing
the $12 million in expected government funding,
saw Its shares fall $13.87 to $14.25 in NASDAQ

Stock Market trading last October. Since then

the company's stock has continued to decline to

$9.75 by mid-March.

####

EMERY RECYCLING CORPORATION

DEVELOPINGWASTE GASIFIER

Emery Recycling Corporation (ERC) of Salt Lake

City, Utah, has designed a gasification process

that is able to recover energy from a variety of
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fuels or wastes including coal, tires, municipal

solid waste, industrial sludges, biomass, wood

and plastic.

This gasifier is expected to provide fuel to fire

kilns for cement plants, brick refractories, ex

panded aggregate plants, hospital waste,

greenhouse support and many other possible

uses such as cogeneration.

The patented gasifier is a tightly sealed,
egg-

shaped vessel admitting only enough air to con

vert fuel or wastes into synthetic natural gas via

autothermal pyrolysis.

After all recyclable material is removed, waste is

fed into a rotating column supported within the

gasifying chamber producing a clean gas which

is withdrawn from the bottom of the gas cham

ber. (See Figure 1.) The gasifier can process

25 tons of waste per day or 1,776 pounds per

hour. One ton per hour will produce 23 million

BTU per hour of gas product. Sterile ash

produced by the process is suitable for use as

lightweight aggregate additives for concrete and

mortar. All solids are reduced to one-tenth their

original volume.

After building four prototypes, ERC requested the

Combustion Engineering Department at Brigham

Young University to verify the process of gasifica

tion of municipal waste. In addition, the United

States Environmental Protection Agency, through

the State of Utah's Division of Air Quality,

evaluated the emissions from the proof-of-

concept prototype and found the results well

below the minimum air quality standards.

ERC has spent approximately $2 million develop

ing and demonstrating the process. Funding up
to this point has been from private sources. Last

April, however, ERC was awarded a

$250,000 low-interest loan (3 percent) from the

Utah State Tire Fund to test the commercial

FIGURE 1
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viability of its waste gasification technology. Un

der the plans approved by the Department of

Community and Economic Development ad

visory board, ERC will put up about $250,000 for

a new test plant to be built in Emery County, and
the state-funded loan will be guaranteed by First

Interstate Bank.

ERC has purchased 80 acres of property in

Emery County, Utah, and fabrication of the first

large gasifier is approximately 70 percent com

plete.

Commercial demonstration of the process will be

conducted in two phases scheduled for comple

tion by September 1997.

Phase I testing will focus on demonstration of a

steady state controllable and safe process with a

full-size gasifier unit. During the Phase I evalua

tion, feedstock will be carefully measured with

small-sized particles of shredded tires.

Energy yield and mass balance figures will also

become available from which economics of the

process can be confirmed.

Phase 2 testing will require additional design, pos

sibly incorporating automated feed and ash han

dling. The additional equipment includes a

hydraulic tire compression feeder. Additionally,

feedstocks of varying sizes (including whole rub

ber tires) and municipal wastes will be tested in

the gasifier.

####

GOVERNMENT

DOE CALLS FOR EXPRESSIONS OF

INTEREST IN PIONEER PLANTS

The United States Department of Energy (DOE)
views the conversion of coal and other car

bonaceous feedstocks (e.g., petroleum coke,

petroleum residua, biomass, municipal waste,

etc.) into liquid transportation fuels as a viable

technical and economic alternative to liquid fuels

production from petroleum, particularly after

about 2015, when transportation fuel shortages

are expected to occur. Because the private sec

tor is unlikely to independently fund the develop
ment and operation of such conversion facilities,

the DOE is pursuing a strategy that will

demonstrate the feasibility of direct and/or in

direct conversion technologies in "pioneer
plant"

facilities. The strategy will utilize financial incen

tives and will encompass research, design, con

struction and operational elements.

As a first step DOE sent out in December a

Research and Development Advance Notice of

the government's potential intent for further

procurement activities. DOE is seeking a
broad-

based response from stakeholders and

developers. According to DOE, entities of par

ticular interest related to this announcement are

key stakeholders that would participate in fund

ing and/or developing the technology necessary
for pioneer plants and direct and/or indirect coal-

derived fuel technologies. Such entities include

state and municipal agencies, technology and

process developers, coal producers, equipment

suppliers, the oil industry, the transportation sec

tor, power producers and chemical manufac

turers.

DOE recognizes that private investors and

process developers are not likely to design and

construct even an entrance plant until technical,

economic and regulatory risks are acceptable.

These risks can be made acceptable by following
a development path from bench-scale research

to the construction of a small entrance plant, or

"pioneer
plant."

A pioneer plant is envisioned to

be a small-scale, possibly single-train commer

cial facility adjacent to an existing refinery or

IGCC power plant. Such a plant would

demonstrate sustained integrated performance

and the ability to successfully scale the in

tegrated technologies, providing a database to

make technical, economic and regulatory risks

manageable.

The undertaking of a pioneer plant represents

great financial risks for the project team because
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of the nature of the project. Accordingly, a

higher rate of return on the investment would be

needed to compensate for these risks. A poten

tial mechanism to boost the investment return is

the use of incentives such as the exemptions

from the federal and state fuel excise taxes for

fuels produced from these plants. This type of

incentive, as well as others, will be pursued by
DOE during the early stages of work related to

this activity. It is envisioned that, once the tech

nologies to convert domestic carbonaceous

resources to liquids have been proven at the

pioneer-scale, larger "entrance
plants"

and even

tually stand-alone commercial plants will be

economically viable without government incen

tives or other support.

DOE expects that construction of the pioneer

plant would begin around 2002. The initial phase

would focus on teaming arrangements, concep
tual process design, feasibility assessment,

lab/bench-scale proof-of-concept testing, and

site selection. A second phase would involve the

final process design as well as firm establishment

of the teaming and funding arrangements. The

third phasewould involve construction and opera

tion of the pioneer plant. Construction of the

pioneer plant(s) is envisioned to be funded solely

by the private sector, potentially with tax credits

or other incentives from various government en

tities. DOE's contribution to the program would

consist of cost-shared efforts to perform concep

tual designs as well as to perform experimental

and developmental activities necessary to mini

mize risk for pioneer plant implementation. Non

federal project cost-sharing on the order of 20 to

50 percent will be required for the early work. It

is envisioned that at least one and possibly two

pioneer plants would be supported as part of this

activity.

####

GAO REPORT MINIMIZES VALUE OF ENERGY

SECURITY

Oil accounts for about 40 percent of all United

States energy consumption. If prices remain low,

oil imports are projected to rise from about

50 percent of the nation's oil consumption in

1995 to over 60 percent over the next 20 years.

Since the early 1970s, the world oil market has

experienced three major supply disruptions that

harmed the United States economy. Concerned

that growing dependence on low-priced im

ported oil increases the economy's vulnerability

to oil supply disruptions and price shocks (oil

shocks), the current administration, through its

1995 National Energy Policy Plan (NEPP), has

adopted policies and programs intended to

reduce that vulnerability and its associated

economic costs.

At the request of Congress, the General Account

ing Office (GAO) recently evaluated the United
States'

vulnerability to oil supply disruptions and

options for mitigating their effects.

Benefits of Imports Versus Costs

of Disruptions

According to the GAO, estimates of the day-to

day economic benefits of using low-priced im

ported oil exceed the estimated economic cost

of occasional oil supply disruptions.

GAO estimates, for example, that reducing the

expected growth of future United States oil im

ports by between 2.0 million barrels per day

(mmbd) and 3.2 mmbd below the forecast level

of 11.4 mmbd in 10 years would cost the United

States between $50 billion and $100 billion per

year in 1994 dollars in lost Gross Domestic

Product (GDP). This hypothetical reduction rep
resents only a portion of the nation's actual oil

imports, and the cost would increase if imports

were further reduced. Thus, the nation's current

level of oil imports provides hundreds of billions

of dollars in economic benefits per year.

While the costs of occasional oil supply disrup
tions are concentrated in the periods following
disruptions, when averaged over time, estimates

of past and potential future costs ranged from

$22 billion to $73 billion per year, considerably
less than the estimated benefit of oil imports.
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Substituting increased domestic oil production

for imported oil would reduce the benefits from

imports but would not substantially lower the

costs of future disruptions, according to GAO.

As long as oil prices are set in the marketplace

and the United States is a part of the world oil

market, United States consumers and businesses

would pay the same higher world oil price for

both domestically produced and imported oil

during a disruption, with likely similar economic

consequences. Under these conditions, the

costs of a disruption depend on the level of oil

consumption rather than the level of oil imports.

Reducing oil imports by increasing more costly

domestic production would increase output and

employment in the domestic oil industry, but this

benefit would be more than offset by losses in

other sectors of the economy. For example,

reducing oil imports by 4.7 mmbd in 2015 would

increase output in the mining sector (which in

cludes the drilling and production of oil) by about

$16 billion per year. Increases in employment

would accompany such increases in output.

However, reducing imports would also reduce

output and employment in most other sectors,

and the total estimated net decline in GDP would

be about $100 billion per year.

The economic benefits of importing low-priced oil

are at least partially offset by the human and

financial costs of military and national security

operations in the Persian Gulf, where many ofthe

world's low-cost reserves are located. The es

timated costs of preserving the stability of oil sup

plies range from as little as a few billion dollars

per year to as much as $65 billion per year.

However, it is unclear how military or security

costs would change if the United States imported

less oil, says GAO.

U.S. Vulnerability to Oil Shocks

The NEPP contains many policies and programs

aimed at reducing the economy's vulnerability to

oil shocks, including:

- Energy efficiency programs to reduce

the consumption of oil or develop alterna

tive energy sources

- Fossil energy programs to increase the

production of domestic fuels

- Policies to draw down the Strategic

Petroleum Reserve and other oil stocks

during an oil supply disruption and

facilitate the diversification of interna

tional oil supplies

The United States Department of Energy (DOE)
projects that, If other factors remained constant,

their energy efficiency programs could collec

tively reduce the nation's oil consumption by
about 2.1 mmbd by 2010 and by up to 3.5 mmbd

by 2020. In addition, DOE projects that their fos

sil energy programs could collectively increase

U.S. oil production by about 0.8 mmbd by 2010

and by up to 1 .4 mmbd by 2020.

Adopting the NEPP's initiatives may keep the

economy's vulnerability lower than it otherwise

would be; however, the Energy Information

Agency's projections to 2015 indicate that in

creases in the demand for oil may offset many of

the gains. While the initiatives result in other

benefits, such as reduced pollution and greater

domestic economic activity and employment,

only over a longer term do energy analysts see

the potential for a significant reduction in the

economy's vulnerability to oil shocks.

Options forMitigating Vulnerability

Oil experts and industry analysts offered several

near- and long-term ways to reduce the nation's

vulnerability to oil shocks, some of which also

appear in the NEPP. For the near term, they

generally agreed that early use of the Strategic

Petroleum Reserve during an oil supply disrup
tion is the most effective tool available to mitigate

a disruption's adverse economic effects.

While not directly related to oil markets,

monetary policy was cited by some experts as
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potentially effective in offsetting the short-term

economic costs of an oil supply disruption.

Over the long term, the experts generally favored
research to develop cost-competitive alternatives
to petroleum, especially in the transportation sec

tor. In addition, some experts suggested raising
the domestic gasoline sales tax in order to in

crease the price and thus both lower the demand

for gasoline and increase the cost-

competitiveness of alternative fuels.

Comments on GAO's Evaluation

GAO provided a draft of the report for review and

comment to DOE and the energy modeling ex

perts consulted during GAO's study. While the

experts who responded generally agreed with the

report's overall message, DOE was critical of the

report, stating that:

- GAO's approach to analyzing the

economic benefits of importing oil is

seriously flawed and yields no insight

into the overall consequences of oil im

ports.

- GAO did not perform an adequate

analysis of the expected changes in the

economy's vulnerability to oil shocks

largely because the report does not

show the results both with and without

the effects of DOE's programs.

####

ENERGY POLICY & FORECASTS

WORLD ENERGY TRENDS ARE STABILIZING

IN THE 1990S

The 7996 Annual Energy Review, published in

September by the European Commission's

Directorate-General for Energy (DG XVII), reports

that the growth in total energy production in the

world as a whole increased from 1980 to 1994 by
about 1.4 percent per year, but by only

0.4 percent since 1990 (Figure 1). This recent

trend results partly from the large reduction of

production in the Community of Independent

States (CIS) (-452 Mtoe (million tonnes of oil

equivalent) or a reduction of 28 percent between

1990 and 1994) and in Central and Eastern

European Countries (CEEC) (-27 Mtoe or a reduc

tion by 11 percent). It was compensated by in

creases in all other regions of the world, mainly in

Asia (+175 Mtoe or +13 percent), the Middle

FIGURE 1

PRIMARY ENERGY PRODUCTION

BY FUEL TYPE
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SOURCE: EUROPEAN COMMISSION DG XVII
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East (+137 Mtoe or +14 percent), in North

American Free Trade Agreement (NAFTA)
countries (+86 Mtoe or +4 percent), and in

European Free Trade Agreement (EFTA)
countries (+51 Mtoe or +39 percent).

In 1994 oil was still the most important fuel with

38 percent of total energy production (45 percent

in 1980) but its production has grown slower than

total energy (0.3 percent per year in the period).

The second most important fuel is solids which

kept a constant share of the total of about one-

quarter. Natural gas ranks third in meeting world

needs with 20 percent in 1994 (18 percent in

1980) and it has seen a steady growth of

2.4 percent per year in the period. Renewable

energy sources (hydro, geothermal, biomass and

wind) come fourth in satisfying world energy

demand with almost 10 percent in 1994

(9 percent in 1980) and have had an annual

average growth rate of almost 2 percent. Finally,

nuclear energy grew the fastest in the period,

mainly up to 1986 (16 percent per year); its rate

of growth slowed down between 1986 and 1990

to 6 percent per year and only 2.8 percent per

year between 1990 and 1994.

Consumption

Looking at total gross energy consumption by

region, the developments in the period are

characterized by a faster growth in the non-

OECD (Organization for Economic Cooperation

and Development) area during the 1980s

(2.9 percent per year against 1 percent per year

in the OECD). However, since 1990, while the

OECD area continued to increase its energy

needs by 1.4 percent per year on average, the

non-OECD world had a slight drop in demand.

This drop in the non-OECD demand resulted

from the significant decreases in Central and

Eastern Europe and the former USSR that was

not totally compensated by the buoyant demand

in the Middle East (+6.5 percent per year on

average), in Asia (+4.8 percent) and in Latin

America (+2.7 percent). The OECD Pacific

region was also presenting sustained growth

(+2.6 percent per year on average, but

+4.5 percent in 1994) mainly justified by an in

crease in energy intensity of the Japanese

economy.

The world energy trade (net energy imports)
shows that the European Union is by far the

largest net importer with a steady annual growth

of 3.7 percent per year between 1985 and 1992.

But in 1993 net imports declined by 4.1 percent

and by 2.8 percent in 1994. OECD Pacific is

second ranking with a relatively stable level since

1980, except for the drop in mid-1980s and the

sharp increase of 7.3 percent in 1994. The

NAFTA region is also an important importer. In

1993 and 1994, net imports continued to grow at

an accelerated rate in the NAFTA region

(25.1 percent and 10.1 percent, respectively).

The net exporters remained: first the Middle East

(776 Mtoe in 1994), second Africa (306 Mtoe)
third CIS (219 Mtoe) and fourth EFTA (131 Mtoe);

all four mainly export hydrocarbons. If OPEC

continued to dominate the oil market, it must be

stressed that Russia accounted for 40 percent of

the exchange of natural gas in 1994.

Two of the main energy indicators are energy

consumption per capita and energy intensity.

However, while consumption per capita is to a

large extent related to wealth and living stan

dards, the comparison between different regions

can be misleading. Different economic struc

tures combined with diverse types of technology

being applied, typically result in different levels of

energy intensity, even if the consumption per

capita is the same. As illustrated in Figure 2,

comparing the energy intensity with the Gross

Domestic Product (GDP) per capita for each

region in 1994, it appears that those countries

with Centrally Planned Economies constitute a

group with relatively low income and high energy

intensity, and separate from all other world

regions. Most of the economic development of

these countries was based on energy-intensive

industries with low-efficiency energy equipment

in all other sectors. Latin America, on the other

hand, has an intensity about the same as in the

NAFTA region, but the income is significantly
lower.
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FIGURE 2

ENERGY INTENSITY AND ECONOMIC DEVELOPMENT IN 1994
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Comparing energy consumption per capita in

1994 across regions, it is clear that NAFTA shows

by far the highest ratio although the inclusion of

Mexico diminishes this indicator to some extent.

At the other extreme, Africa and Asia have the

lowest levels, significantly below the world

average (two-thirds). As a whole, OECD regions

(Mediterranean excepted) occupied the first four

places with an energy consumption per capita

between two (European Union) and four (NAFTA)

times the world average. CIS, which still oc

cupied the second rank in 1990, appears now as

fifth.

Total world average energy intensity shows a

slight but continuous downward trend by about

1 percent between 1980 and 1994, even an ac

celeration in 1993 (-1.2 percent) and 1994

(-2.0 percent). OECD Pacific has the lowest inten

sity but presented an increasing trend

(1.7 percent in 1993 and 3.4 percent in 1994)

resulting in an energy intensity equivalent in 1994

to the 1985 level. This evolution must be related

to loss in energy efficiency observed mainly in

Japan. Asia demonstrated the best improve

ment. NAFTA has the second lowest ratio to

1980, although a stabilization between 1990 and

1992. The European Union came third with a

profile identical to NAFTA's but an average gain a

little below (1.3 percent per year on average

since 1980). On the other hand, energy intensity
increased in Latin America (0.3 percent per year),

in Africa (1.8 percent per year) and in the Middle

East (+5.1 percent) mainly in relation to the in-
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dustrialization of these regions. Finally, CIS,
which improved its ratio from around 1 .2 percent

per year during the 1980s, lost in 4 years all this

advantage, presenting in 1994 an energy inten

sity around 10 percent higher than in 1980.

C02 Emissions

Worldwide emissions of C02 increased steadily

by almost 1.5 percent per year until 1990.

However, since 1990, C02 emissions are increas
ing in almost all regions in the world, in some

cases by more than 5 percent per year (Asia and
Middle East), with the exception of the European

Union (-0.9 percent per year), which benefited

from energy efficiency improvements, and former

Centrally Planned Economies due to the drastic

reduction of energy consumption observed,

mainly in CIS since 1990.

####

WORLD ENERGY COUNCIL SUGGESTS THAT

ENERGY COMPLACENCY THREATENS

SUSTAINABILITY

For most people in industrialized countries,

energy supplies may not seem much of a

problem. Reserves of fossil fuels are abundant.

They appear exploitable throughout the next cen

tury provided technology advances sufficiently

and adequate capital is available. This has

created widespread complacency among con

sumers, but is hiding a number of major issues.

An article in the World Energy Council Journal,

December 1996, discusses how energy com

placency threatens sustainability.

Even with big improvements in energy efficiency,

the world will consume much more energy in the

coming decades. The World Energy Council's

(WEC) work indicates at least a doubling by 2050

in most scenarios. With the continuing advance

ment of technology and with the investment of

the necessary financial resources, there would

appear to be adequate accessible oil, gas and

coal to supply most of these future needs.

However, to reconcile the increasing use of

energy in support of economic and social

development with protection of the environment,

i.e., for sustainable energy development, greater

efforts are required:

- To improve the environmental perfor

mance of fossil fuels

- To raise more rapidly the efficiency with

which all forms of energy are provided

and used

- To increase the use of non-fossil forms of

energy

Specifically, the WEC therefore advocates creat

ing rapid and effective measures to raise global

energy efficiency. Means to achieve increased

efficiency include:

- Greater efforts given to national educa

tion and publicity campaigns

- Incentives to increase vehicle and

electricity generating efficiency

- Encouragement to industry and con

sumers to invest in new, energy efficient

capital equipment

The WEC also recommends expanding institu

tional actions to improve the transfer of state-of-

the-art energy and environmental protection tech

nologies between nations.

Only full market prices will discourage waste and
inefficiency-and enable the necessary flows of

capital to occur which will finance the infrastruc

ture investments required. WEC recommends

that energy prices to consumers converge on

market prices by phasing out subsidies. WEC

also advocates extension of the "polluter
pays"

principle, and determined efforts to achieve

widely accepted standards of measurement, with

regard to environmental impacts and costs.

The world by 2050 will need to use all forms of

energy to satisfy its requirements, and continued
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technological advancement is accordingly re

quired for all forms of energy. Thus, the WEC

recommends that particular attention be paid to

the research, development, demonstration

projects and financing of new renewable (solar,

wind, biomass, etc.) forms of energy as these are

not yet fully developed commercially. With ade

quate support the share of new renewable

energy supplies, currently only 2 percent, could

reach 5 to 8 percent of increased world supply

requirements by 2020.

In addition, accelerated improvements to the en

vironmental performance of fossil fuels are

needed through clean coal technology, less pol

luting gasoline and diesel engines, more efficient

power stations and better pollution abatement.

The WEC also recommends establishing condi

tions under which nuclear energy could make an

increased contribution to energy supply.

The actions proposed above can provide the es

sential basis for future sustainable energy

development, says theWEC.

Conclusions

The future resources needed for the expansion of

energy demand due to population increase and

economic development, and for improving ac

cess to commercial energy supplies for the

2 billion people worldwide without them, are

huge. Tomorrow's systems will take many years

to develop. It takes decades for energy projects

to build up the required critical mass needed to

make an impact on a global scale. Unless action

is taken now to accelerate these processes, the

future sustainability of energy production and use

runs the risk of being badly compromised.

####

ECONOMICS

PREFERRED MARKET SEGMENTS FOR FUEL

CELL POWERPLANTS DEFINED

With deregulation of the electricity utility industry,

increased competition is leading to corporate

upheaval and restructuring as utilities adopt new

business techniques and structures. In addition

to the advent of competition in the electric utility

industry, utilities in North America are faced with

relatively low demand growth, public pressure to

avoid adding transmission and distribution

capacity, more stringent environmental require

ments, and other constraints that will change

how they increase their generating capacity.

Large, central generation additions that have

been the industry norm will not always make

economic sense in the new operating environ

ment and will be replaced by smaller, distributed

additions to generating capacity.

At the Power-Gen '96 International Conference

held in Orlando, Florida, in December,
D. Dunnison and D. Smith of Ballard Power Sys

tems Inc. outlined how market changes brought

about by deregulation and moderated by the ex

isting business environment will provide substan

tial market opportunities for fuel cells.

The classic fuel cell product concept has been a

multimegawatt, high electrical efficiency

(40 percent plus), steam cogenerating, site

erected powerplant to capitalize on the classic

fuel ceil benefits of high electrical efficiency and

high temperature operation, to target the follow

ing markets:

- Large steam cogeneration

- Large grid connected powerplants
- Dispersed utility support
- Rural/remote power

12
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Fuel cell powerplant products planned for these
"classic"

markets are typically greater than

1 megawatt in capacity and require custom en-

gineered, site erected, multiple-piece

powerplants. While such characteristics may be

acceptable for large, central powerplants, they
are unlikely to be acceptable to tomorrow's cus

tomer for distributed generation who is con

templating "power in my
backyard,"

say
Dun-

nison and Smith. For fuel cell powerplants to be

successful, they must be developed with a view

to the actual customer requirements, rather than

from a classic utility planning point of view.

According to the authors, the best early markets
for fuel cells will include the following features:

- Powerplants of 100-to 500-kilowatt

capacity

- Commercial and small industrial market

segments

- Power quality

- Commercial cogeneration

100- to 500-Kilowatt Capacity

A review of the market data suggests that rather

than pursue multimegawatt markets, there are

large markets at 1 megawatt and below, though

these applications are definitely larger than re

quired for residential fuel cell powerplants.

Powerplants with output capacities less than

1 megawatt dominate the United States nonutility

market.

Analysis of nonutility powerplants with capacities

of less than 3 megawatts indicates that the

largest market is in the 100- to 500-kilowatt

range. In this 100- to 500-kilowatt market, fuel

cells have the greatest efficiency benefit over the

existing competition. Currently available fuel cell

powerplants demonstrate up to 40 percent electri

cal efficiency compared to approximately

30 percent or lower efficiency demonstrated by

reciprocating engines. Fuel cell powerplants also

have substantially better part-load efficiencies

and produce significantly less noise and air emis

sions than the existing competition. Fuel cell

powerplants in this capacity range are well suited

to provide customer value and meet user require

ments.

In terms of price competitiveness, it is a common

misconception to compare the capital cost of

small powerplants directly with central

powerplants. It is more appropriate to make the

comparison on a cost of delivered electricity and

customer value basis. In terms of the benefits of

distributed generation, the Electric Power

Research Institute has estimated that, while vari

able, this benefit can be as high as $0.05 per

kilowatt-hour. With these economic benefits and

high efficiency, small, distributed fuel cell

powerplants can penetrate the market even with

capital costs that may be 2 to 3 times that of the

central generating plant on a per kilowatt basis.

Another common misconception is that dis

tributed generation can only succeed if it re

places central generation. This presents a truly
competitive scenario; one wins, the other loses.

It is not likely that central generation will be re

placed by distributed generation because the

utility grid infrastructure works well in many

aspects. Distributed generation will supplement

the existing system of central powerplants and

provide advantages through increased capability

and flexibility.

PowerQuality

Providing high quality power is one method of

creating value for electric consumers and power

quality represents a significant market for fuel

cells. The United States market for power quality
mitigation equipment is expected to grow from

$2 billion in 1992 to approximately $5.6 billion in

2002, with an 11 percent compound annual

growth rate. In 1992 commercial users made up
70 percent of this market.

Due to the quality problems experienced by com
mercial and small industrial users, applications

that provide high quality, reliable electricity are

becoming increasingly popular. Secure or
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premium power applications utilize a stand-alone

generating device, such as a fuel cell powerplant,
to provide high quality, reliable electricity to criti

cal loads with unique requirements. These ap

plications ensure that the load receives constant

power by using the utility grid for backup power

in the event of a powerplant outage.

Commercial/Small Industrial

Commercial and small industrial customers are

the least likely to benefit from deregulation and

increased competition in the electric industry.

These customers are generally too small to

receive significant attention from large electricity

generators, and will not receive the same

regulatory price protection as the residential con

sumer. At the same time, these segments

provide the best opportunity for new technology
and power quality products. In addition, these

customers already represent the heart of the

power quality market.

Commercial Cogeneration

Commercial cogeneration applications will

provide both electricity and heat for commercial

buildings and industries requiring relatively low

temperature heat such as hospitals, hotels, institu

tions (e.g., universities), and the food processing

industry. This market will likely lag slightly be

hind the secure power market.

Stationary PEM Fuel Cell Development

Ballard PEM fuel cell powerplants will be targeted

at the distributed power generation market below

1.5 megawatts in size and initially for the 100- to

500-kilowatt market range.

In 1994 Ballard successfully completed the first

stage of its stationary powerplant commercializa

tion program with the construction and success

ful operation of a 10-kilowatt natural gas-fueled,

proof-of-concept powerplant. The program is

now in its second phase, the development and

construction of a natural gas-fueled, market-entry

powerplant targeting the 100- to 500-kilowatt

market range.

Construction of the engineering prototype

powerplant for the 100- to 500-kilowatt market

range is under way. Successful operation of the

powerplant subsystems up to full power has

been proven in preparation for final assembly of

the first unit. In these activities, Ballard says it

has made some substantial breakthroughs. The

PEM stack will incorporate injection-molded com

posite parts. This is a first for PEM and the fuel

cell industry and represents significant cost

savings. Final assembly of the first powerplant

with mechanical and electrical verification is

planned for the first quarter of 1 997. Commission

ing and initial testing will be completed during the

second quarter of 1997. Extensive field testing

and evaluation of the powerplant will then com

mence and additional units will be deployed at

committed host sites later in 1997 and 1998.

Ballard's initial commercial sales are expected to

follow shortly thereafter.

Commercialization Strategy

Like its primary competition, the internal combus

tion engine and the gas turbine, PEM fuel cells

benefit from multiple market applications. Ballard

has developed and delivered fuel cell stacks and

fuel cell systems for transit buses, submarines

and automobiles, as well as stationary

powerplants. Having multiple market applica

tions allows Ballard to increase production

volumes, leverage development funding, estab

lish fuel knowledge and infrastructure, improve

the basic technology and establish supplier net

works.

The stationary power marketplace is expected to

benefit greatly from the automotive research in

vestments in PEM fuel cells.

####
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TECHNOLOGY

BALLASTED GASIFIER CONCEPT IMPROVES

BIOMASS PRODUCT GAS QUALITY

Both high heating value and high methane con

tent of product gases are favored by low oxygen

concentrations in a gasifier. However, most

gasifiers use partial oxidation of the fuel to drive

various endothermic pyrolytic reactions, which

results in the product gas being diluted by
products of combustion as well as nitrogen gas if

air is used for gasification. Oxygen can be

eliminated from the process if an external heat

source is supplied, which is known as indirectly-

heated gasification.

To improve heating value and methane content

of gas produced from biomass gasification,

S. Stobbe et al. of Iowa State University inves

tigated a latent-heat ballasted, indirectly heated

gasifier which stores heat between alternating in

tervals of heat-generating combustion and heat-

absorbing pyrolysis within a single reactor.

The results of this study were presented at the

31st Intersociety Energy Conversion Conference

held inWashington, D.C., last August.

Ballast Development

The function of the latent-heat ballast is to main

tain a high bed temperature during the pyrolysis

portion of the gasification cycle. The approach

taken to accomplish this was the use of several

small diameter stainless steel tubes, vertically
suspended in a fluidized-bed reactor. The tubes

contain a phase-change alloy material. Figure 1

shows a diagram ofthe latent-heat ballast.

The material used in the latent-heat ballast is a

60 percent copper-40 percent zinc alloy, referred

to as Muntz metal or yellow brass. The important

characteristics of this material are its liquidus tem

perature of 1,183 K and its solidus temperature of

1,158 K. The material changes from 100 percent

solid to a 100 percent liquid state in a 25 K tem

perature interval. The latent-heat available be-

FIGURE 1

LATENT-HEAT BALLAST IN

FLUIDIZED-BED REACTOR
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SOURCE: STOBBE ETAL

tween 1,255 K (the maximum reactor operating

temperature) and 1,116 K is approximately
16.3 kilojoules per kilogram for this alloy.

Heat Transfer

A heat transfer model was developed to predict

the performance of the ballasted system. A finite

difference model was developed to describe un

steady heat transfer among the fluidized bed, the
ballast system and the ceramic wall of the reac

tor.

Heat transfer tests of the latent-heat ballast in

volved three different initial conditions. In the first

test, the reactor was heated to 1,200 K without

the ballast. In the second test, the reactor and

ballast were heated to 1,145 K, slightly below the

melting temperature of the Muntz metal. The

final test heated the bed with the latent-heat bal

last to 1 ,200 K, slightly above the melting point of
the Muntz metal.
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Without the latent-heat ballast in the bed, tem

perature drops from 1,200 K to 1,030 K (the

range for gasification) in 180 seconds. With the

experiment started below the solidus tempera

ture of the metal alloy in the ballast, time above

1 ,030 K was extended about 60 seconds. When

the test is started above the liquidus temperature

of the alloy, cooling time is further increased to

310 seconds.

The heat transfer model simulations estimated

that 325 seconds would be required to cool the

sand bed from 1 ,200 K down to 1 ,030 K at an air

flow rate of 23.8 cubic meters per hour. This rep

resents a 5 percent difference between ex

perimental results and model predictions.

Gasification Tests

Gasification testswere performed in a laboratory-

scale reactor with waste seed corn as fuel. The

feed rate of the seed com was increased while

the flow rate of the natural gas was decreased

until the combustion within the reactor was sus

tained entirely by seed com.

Figure 2 shows the cyclic pattern of a typical

gasification test using the latent-heat ballast. The

peak at 37 minutes marks the beginning of the

first pyrolytic cycle. The cycle then ends at

40 minutes. Five more cycles follow before the

test is terminated. Rat areas on each peak indi

cate the temperature ranges where the ballasting

alloy underwent a phase change and stored

latent-energy from the combustion process.

The heat loss from the bed during the gasification

test was calculated to be roughly 30 percent of

the sensible heat release of the fuel during
steady-state operation.

Cooling cycles were timed during the gasification

tests. Initially, the amount of time required to

cool the bed from 1 ,200 K to 1 ,033 K without the

FIGURE 2
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ballast in place was measured as a basis of com

parison. An average cooling time without the bal

last in the bed was 63 seconds. With the ballast,
average cooling time increased to 101 seconds.

This represents a 60 percent increase in pyrolysis

time.

An alternate ballasting arrangement was also

evaluated. In the original ballast configuration,

the tubes were positioned in two concentric

rings. The new arrangement distributed the

tubes evenly throughout the bed. The average

cooling time for the gasification tests increased

to roughly 130 seconds. This represents an im

provement of nearly 30 percent over the original

ballast arrangement and 100 percent over the

unballasted tests.

Conclusions

The authors conclude that the use of the latent-

heat ballast allowed a single reactor to gasify fuel

without an added external heat source. Heat

transfer tests revealed that a 70 percent increase

in the amount of time above 1,033 K was

achieved. During gasification trials, the ballast

boosted pyrolysis times 100 percent compared

to unballasted tests.

Further gasification trials are planned with a

larger gasifier using alternate arrangements of

ballasting tubes. The ballast is expected to have

an enhanced effect on the operation of a gasifier

operating on a larger scale.

####

TECHNOLOGYVISION 2020 FOCUSES ON

NEEDS FOR IMPROVED CATALYSTS

The United States chemical industry is the

world's largest producer of chemicals (value

shipped, $367.5 billion in 1995), representing

10 percent of all United States manufacturing and

employing more than 1 million Americans.

In December the American Chemical Society pub

lished Technology Vision 2020: The U.S. Chemi

cal Industry, a report which outlines a 25-year vi

sion for the chemical industry, identifying technol

ogy and research challenges that must be ad

dressed in order to achieve this vision. The

report is a joint project of the American Chemical

Society, the Chemical Manufacturers Associa

tion, the American Institute of Chemical En

gineers, the Council for Chemical Research and

the Synthetic Organic Chemical Manufacturers

Association.

Four technical disciplines were selected as cru

cial to the progress of the chemical industry.

They are:

- New Chemical Science and Engineering

Technology

- Supply Chain Management

- Information Systems

- Manufacturing and Operations

Technical recommendations were made for each

of the four initial areas

New Chemical Science and Engineering

Technology

Chemical science is the most fundamental driver

of advances within the chemical industry. Main

taining and improving the competitiveness of the

United States chemical industry requires ad

vances in three areas of chemical science:

chemical synthesis, bioprocesses and biotechnol

ogy, and materials technology.

The vast majority of products made today are

being produced with traditional synthesis

methods developed between 40 and 50 years

ago. Though classical organic and inorganic syn

theses are used widely to support much of the

chemical industry, catalysis-based chemical syn

theses account for 60 percent of today's chemi

cal products and 90 percent of current chemical

processes. Given this dominance, catalysis is

the primary focus for developments in chemical

synthesis.
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To advance chemical science, the industry must
move beyond the current state-of-the-art in syn

thesis and catalysis and should work to:

- Develop new synthesis techniques incor

porating the disciplines and approaches

of biology, physics and computational

methods

- Enhance research and development col

laborations in surface and catalytic

science relevant to commercial products

and processes

- Promote enhanced understanding of the

fundamentals in synthesis, processing

and fabrication for structure control of

complex molecular architectures

- Support fundamental studies to advance

the development of chemistry in alterna

tive reaction media (gas phase, water,

supercritical fluid, etc.)

Bioprocesses are increasingly used to produce

chemical products, and there is a whole world of

potential biocatalysts to be discovered.

Industry, academe and government should work

to define research and development necessary to

improve bioprocesses and broaden the

knowledge base relevant to industrial

bioprocesses.

The development of new synthetic materials has

fueled the growth of the chemical industry and

has resulted in products with lowerweight, better

energy efficiency, higher performance and

durability, and increased design and manufactur

ing flexibility.

Further improvements can be made only if in

dustry works together with academe to promote

inter-disciplinary approaches to materials

science, including the integration of computa

tional technology.

Process Science and Engineering Technology
(PS&ET)--which includes engineering tech

nologies, engineering science, and engineering

design, scaleup and construction-is the founda

tion for the development, scaleup and design of

chemical manufacturing facilities.

Vision 2020 states that to exploit the potential of

PS&ET, industry should:

- Work with government and academe to

develop relevant process software and

real-time measurement tools

- Support engineering research in non-

traditional reaction and separation sys

tems (e.g., plasma, microwave,

photochemical, biochemical, supercriti

cal, cryogenic, reactive extraction and

distillation, and membrane reactors)

- Pursue the development of new con

cepts in flexible manufacturing, process

technology for high-performance

materials and structures, disassembly
and reuse of materials, solids process

ing, and
"smart"

processes

Supply Chain Management

While the chemical industry has given substantial

attention to manufacturing, it has given less atten

tion to the supply chain, defined as the critical

link between the supplier, the producer and the

customer.

Today, many estimate the costs associated with

supply chain issues to be approximately

10 percent of the sales value of delivered

products domestically and as much as

40 percent internationally. Thus industry should

improve its efficiency in managing the supply

chain, thus increasing its competitiveness.

Information Systems

Throughout the chemical industry, the ways in

which data are turned into information and used,

managed, transmitted and stored will be critical

to its ability to compete. Improved and

enhanced information systems are at the heart of

THE SYNTHETIC FUELS REPORT, APRIL 1997

18



 



GENERAL

the vision. The industry should achieve the fol

lowing:

- Encourage technology providers to

develop open systems

- Work with government to improve

knowledge of molecular modeling and

simulation

- Encourage the development of stan

dards for transferring models and model

parameters

- Encourage the development of expert

systems and intelligent decision-support

tools

####

ENVIRONMENT

EUROPEAN GROUP SEEKS INCREASED

TRANSPORT ENERGY EFFICIENCY TO

REDUCE GREENHOUSE EFFECT

Road transport accounts for approximately

80 percent of greenhouse gases from transport

in Western Europe and of this, two-thirds is at

tributable to the car, primarily in the form of car

bon dioxide. In addition, travel by car has in

creased significantly over the last 50 years in the

Organization for Economic Cooperation and

Development (OECD) countries as incomes have

grown and life styles have become increasingly
car dependent. The trend toward higher demand

for cars is rapidly spreading to countries with tran

sitional economies in Central and Eastern Europe

and in the developing world. Faced with

demand, which is high and growing for road

transport, government and industry leaders are

seeking ways to address these problems.

At the AREA Canada Second National Climate

Change Conference held in Ottawa, Ontario,

Canada, last September, M. Crass of the

European Conference of Ministers of Transport

(ECMT) discussed how the ECMT is working wfth

government and industry leaders to identify realis

tic, efficient, policy tools to address C02 emis

sions.

ECMT is a semi-autonomous branch of the

OECD, representing ministries of transport of

34 European countries. For over 40 years ECMT

has served as a Forum for high-level debate on

all areas of transport policy and has become in

creasingly active in the global warming issue.

The ECMT has carried out a number of sig

nificant policy studies and expert workshops to

debate this issue, and is currently in the midst of

a comprehensive study of its member
countries'

and associate member
countries'

C02 emissions
inventories and their programs to stabilize and

reduce transport related carbon dioxide.

Preliminary results indicate that there is con

siderable uncertainty on the part of countries as

to how to approach this problem from a policy

perspective.

Transport Ministers in ECMT have embraced the

idea of robust, innovative policy solutions to en

sure sustainable development of transportation

systems. This includes addressing C02, yet it

appears clear that new forms of cooperation are

needed among local and international govern

ment agencies and industry to move these policy
ideas forward to implementation.

According to Crass, improving the efficiency of

the overall management and operation of the

transport system is essential to all efforts to

reduce the effect of transport activity on climate

change. Better traffic management, improved

public transport, integrated land use and

transport planning enhance the efficiency of the

overall transport system by facilitating reduced

car use, fuel consumption and vehicle emissions.

Better traffic management involves a number of

possibilities, including:

- Vehicle sharing
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- Promoting opportunities for telecommut

ing

- Encouraging walking and cycling for

short trips

- More efficient parking policies

Cars have become more fuel-efficient with a

variety of different standards, such as the Cor

porate Average Fuel Economy (CAFE) standards
in the United States. ECMT is encouraging use

of this type of standard as a more well-rounded

policy package to bring incentives on the part of

consumers and incentives on the part of industry

working together.

ECMT feels that improvements in vehicle fuel ef

ficiency alone are unlikely to improve enough to

lead to a greenhouse gas emissions reduction.

Significant increases over the long term will help
consumers to not get rid of their cars, but to use

other means where possible. So to manage the

growth in this sector, an increase in fuel

economy can lead to a drop in prices, which can

also lead to an increase in vehicle use. This is

called the rebound effect. Physical instruments

or other economic instruments can be important

in balancing that out, says Crass.

In general, measures addressing transport re

lated greenhouse gases focus heavily on regula

tions and economic instruments. There are rela

tively few voluntary agreements that are being
addressed in the transport sector. In June 1995

ECMT signed a voluntary agreement with the two

European vehicle manufacturers associations on

reduction of C02 from cars. In a separate initia

tive the European Commission is talking with

those two associations for 25 percent improve

ment in fuel consumption between 1990 and

2005. Voluntary agreements offer considerable

potential to stimulate improvements in vehicle

fuel economy; however it remains to be seen

how effective they can be in the transport sector,

says Crass.

Crass concludes that the ECMT is in favor of

policy packages: combinations of initiatives that

provide the right stimulant without crunching out

industry but also providing the right incentives to

the consumers. Technical and economic

measures must accompany research and

development initiatives. Education and informa

tion programs have to be a part of this as well.

Encouraging modifications in driver behavior is a

critical component. Finding the right mix of

policies will be the key to bringing about a reduc

tion of C02 emissions.

####

JOINT IMPLEMENTATION OFF TO A SHAKY

START

The 1992 United Nations Framework Convention

on Climate Change (the Climate Convention) is

an agreement through which countries around

the world are facing up to the risk that human ac

tivities are altering the global climate. But getting

the first round of greenhouse gas reduction initia

tives off the ground-identifying sound projects,

lining up financing, and creating the institutional

framework-requires forming North/South and

public/private partnerships, defining fair "terms of
trade,"

assessing financial risks, and coming to

grips with a host of technical questions that only

experience can answer.

"Joint
Implementation"

was conceived to catalyze

this work in the energy sector. Backed by the

United States, the Nordic nations came up with

the idea of allowing countries to support

greenhouse gas reduction projects in other

countries to offset their own emissions. The

proposal was introduced during the negotiating

sessions leading to the Climate Convention in

order to speed treaty implementation and to

promote the most cost-effective actions possible.

These actions might include energy efficiency

improvements, fuel switching from high-carbon

sources to low-carbon fuels, investments in

renewable energy projects, and the protection

and planting of forests as "carbon
sinks."

In WRI Issues and Ideas October 1996,
P. Zollinger of World Resources Institute (WRI)
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and R. Dower of Sycom Enterprises report that

Joint Implementation of global greenhouse gas

reductions is off to a shaky start.

From an economic and ecological standpoint,

Joint Implementation is a
"win/win"

proposition.

Country A gets partial credit for reducing

greenhouse gases and Country B gets the invest

ment and the technology of the development

project. Further, Joint Implementation could aug
ment development assistance to nations in the

South and give them an incentive to embrace the

broader goal of the Climate Convention: the sta

bilization of greenhouse gas concentrations in

the atmosphere.

On the other hand, many developing countries

and environmental Non-Governmental Organiza

tions (NGOs) dismiss Joint Implementation as a

way for developed countries to avoid making real

changes in technology or resource use. They
also see it as a substitute for current forms of

development assistance and another way to im

pose the North's priorities on countries already

caught in the vise of the structural adjustment

policies imposed by the multilateral lending
agencies from the 1980s onward.

By the time of the first Conference of Parties to

the Climate Convention, held in Berlin, Germany,
in March and April of 1995, all participants recog

nized in these serious concerns the makings of a

stalemate. In Berlin, a political compromise was

worked out to buy time so that all parties could

further wrestle with this dilemma and the lack of

mutual trust it implies. Under a pilot phase for

Activities Implemented JointlyJoint

Implementation's official name for now-OECD

(in convention language, "Annex I") countries can

launch greenhouse gas reduction projects with

any of the parties to the convention. But these

investor countries would not be allowed to apply

any emission reductions achieved against their

own national commitment under the convention.

The pilot phase is supposed to spur experimenta

tion, but because any benefits from Joint Im

plementation projects are not counted toward

national commitments, OECD countries have

little incentive to invest.

However, from a bottom-line perspective, the

global economic and environmental benefits of

an international trading system are potentially

huge. Zollinger and Dower cite a recent study

which estimates that the global costs of meeting

any given greenhouse gas reduction target could

be reduced 50 to 70 percent-compared to the

cost without international cooperation-through a

trading program that took advantage of regional

differences in the costs of implementing projects.

Full-scale Joint Implementation projects will also

deepen the practical knowledge needed to

answer conceptual questions and clarify the roles

and benefits of participants.

With these important questions looming, the use

of Joint Implementation to reach the goals of the

Climate Convention is gaining support. As of

June 1996, 12 countries have included this

program in their convention-mandated National

Climate Action Plans: Australia, Canada, Costa

Rica, Germany, Japan, The Netherlands, Den

mark, Finland, Iceland, Norway, Sweden and the

United States. The group of host countries trying
to attract Joint Implementation investments is

also growing. Bolivia, Costa Rica and six other

Central American countries, Chile, Pakistan and

South Africa have all signed statements of intent

to cooperate with the United States. See Table 1 .

Only a handful of projects are actually under way
and fully financed, and practical experience im

plementing projects remains sorely lacking.

Only 4 of 15 of the official United States Joint im

plementation projects have been fully financed,

and only 9 of the 44 proposals submitted to the

utility partnership are even being considered for

further development. The 80 proposals sub

mitted to World Business Council for Sustainable

Development (WBCSD) are potentially worth

$3 billion (almost half in a single project), but a

review team supported by theWorld Bank Group
concluded that few are far enough along to

qualify as pilots. The main reason these

proposals have yet to become projects is that as

investment opportunities, Joint Implementation
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TABLE 1

JOINT IMPLEMENTATION PROJECT SUMMARY

Investor/

Sponsor Country: Australia Germany Netherlands Norway United States

Total Number of

Projects 2 7 6 2 15

Host Countries South Pacific Czech Republic, Bhutan, Czech Mexico, Belize, Costa

region Indonesia, Republic, Poland Rica, Czech

Jordan, Latvia, Ecuador, Republic,

Portugal, Hungary, Honduras,

Russian Uganda Nicaragua,

Federation Russian

Federation

Proiect Tvoe

Energy Efficiency
1a

2 (1a, 1)
1b 1b

Fuel Switching 2 (1a, 1*)
1b lb,e 1a

Resource Exploitation

Fugitives

Renewables

Afforestation

Reforestation/Restor

ation/Preservation

Gases Concerned CO,

3 (2s, I6)

co2

1D

C02, precursors C02, precursors

1a

7 (6a, 1")

2(1a,1b)

4 (1a, 3")

C02, CH4,

precursors

aProject is in the planning stage.

"Project is in the implementation stage.

cProject description does not clarifywhether project is planned or implemented.

dNot clear from submission whether this project converts an existing plant to natural gas, or is building

a new plant.

eOne project implemented at two separate sites.

projects in a voluntary system combine substan

tial risks with low financial returns.

At the Second Conference of the Parties to the

Climate Convention held in Geneva, Switzerland,

in July 1996, the United States delegation called

for binding targets for greenhouse gas reduction

and for flexible and cost-effective market-based

approaches to reaching them. This should in

crease the chances that many Joint Implementa

tion policy reform options will be accepted and

adds to the urgency of removing obstacles to

private-sector investments, say Zollinger and

Dower.
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A package of investment incentives is needed to

build on the promising United States an

nouncement. Zollinger and Dower identified ac

tions for investor countries, host countries, multi

lateral development banks, and business.

Actions for investing countries include:

- Create financial incentives through

domestic credits for greenhouse gas

reductions achieved both domestically
and abroad.

- Lower transaction costs and private in
vestors'

risks by streamlining
project-

approval mechanisms, offering technical

help in carrying out feasibility studies,

negotiating approval, finding financing,

monitoring, and making the commen

surate institutional and policy changes.

- Increase project financing by creating a

venture capital fund for Joint Implementa

tion or directly allocating funds for valu

able pilot projects with low financial

returns and high social and environmen

tal returns, including climate stabilization.

- Develop insurance mechanisms to make

would-be investors feel more secure.

Actions for host countries include:

- Build an institutional framework for Joint

Implementation. For their part, host

countries can scarcely think about what

it takes to make Joint Implementation

work apart from the incentives, macro-

economic conditions and institutional

policies needed to attract investment

more generally. This is a plus insofar as

efforts to make Joint Implementation

work will pay off broadly and a minus in

sofar as the many interlocking deter

minants of success make for a high drag
co-efficient in policy making. Still, two

steps would make an enormous dif

ference on both fronts. First, host

countries that have signed the Climate

Convention can promote Joint Implemen

tation investments by linking their

programs to their National Action Plans.

Several have already set up the national

project-approval and offset registries

needed to support project developers as

they design projects and prepare the

proposals and business plans for fund

raising. Going further, countries such as

Costa Rica are working hard to simply

"get there
first."

(For its efforts, it can

claim 8 out of the first 15 projects ap

proved by the United States, though 4 of

these still await funding.)

- Create Joint Implementation securities

by combining projects for financing pur

poses only and eventually adding

governmental backing by adapting its in

stitutional framework.

Actions for Multilateral Development Banks

The Multilateral Development Banks can also

catalyze Joint Implementation by absorbing part

of project-preparation and review costs, and

providing debt money and venture capital for

small- and mid-sized projects.

Actions for Business and Industry

The fourth partner needed to make Joint Im

plementation succeed comprises industry, con

sultants, academic institutions and non

governmental organizations. Three initiatives by
this diverse group could further familiarize poten

tial partners with the market conditions and trig
ger investments.

- Promote Joint Implementation to a

broader range of industries than the

North American utilities.

- Form investor pools.

- Bring much-needed specialists in busi

ness development and strategic planning

into project development with environ

mental experts.
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Conclusion

It is not too early to evaluate the Joint Implemen

tation pilot phase. The current track record is

clear-many Joint Implementation proposals, few

projects actually financed and under way. But It

is not too late to make the current program work,

say the authors. Bridging the financing gap for

some projects will require lowering the transac

tion costs. Other projects might benefit from

more explicit recognition of the non-climate re

lated benefits. And projects and policies must be

matched to each country's and

resources and needs.

region s

The pilot phase of Joint Implementation is more

than a precursor to a more full-fledged response

to climate change. The technical, political and

financial experiments at its core will help answer

the tough questions that stand between concept

and results in financing global environmental

protection.

####
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COMING EVENTS

1997

APRIL 1-3, CHICAGO, ILLINOIS-American Power Conference, fax 312 567 3892

APRIL 13-17, SAN FRANCISCO, CALIFORNIA-Clean Fuels Symposium. American Chemical Society.

fax 412 892 4604

APRIL 14-16, CARTAGENA, COLOMBIA-The 1997 Americas Coal Conference, fax 44 171 779 8946, United

Kingdom

APRIL 14-19, HANNOVER, GERMANY-Third Joint Presentation pf Hvdroaen Technologies at Hannover

Fair

APRIL 21 -23, BRIGHTON, ENGLAND-20th International Power Sources Symposium, fax 44 1 892 723 408

APRIL 22-25, RESEARCH TRIANGLE PARK, NORTH CAROL!NA-Fifth Annual North American Waste-to-

Energy Conference, phone 301 585 2898

APRIL 26-30, VANCOUVER, BRITISH COLUMBIA, CANADA-General Meeting pf Canadian Institute pf M|Q;

ing Metallurgical and Petroleum Engineers, fax 416 488 6598

MAY 10-13, ANCHORAGE, ALASKA-12th Pacific Rim Coal Conference, fax 908 254 6812

MAY 25-27, TORONTO, ONTARIO, CANADA-Eiohth Canadian HydrogenWorkshop, phone 416 978 2551

MAY 25-28, NEW YORK, NEWYORK-Eiohth International Global Warming Conference, fax 630 910 1 561

MAY 26-29, VANCOUVER, BRITISH COLUMBIA, CANADA-Technolooies for Activities Implemented Jointly.

fax 44 1242 680 758, United Kingdom

JUNE 2-5, AACHEN, GERMANY--F]fth International Symposium on Solid Oxide Fuel Cells.

fax 49 2461 61 3830

JUNE 8-1 1 , CALGARY, ALBERTA, CANADA-The Petroleum Society "Integrating Disciplines: Meeting the

Needs of the Resource
Industry."

fax 403 231 9714

JUNE 9-1 1
, BALI, INDONESIA-Coaltrans Asia, fax 44 1 71 779 8946, United Kingdom

JUNE 10-13, COPENHAGEN, DENMARK-World Gas Conference, fax 45 45 76 70 15 or 45 45 17 1900

JUNE 17-19, MADRID, SPAIN-Power-Gen Europe '97. fax 713 963 6284, USA

JUNE 23-25, LAXENBURG, AUSTRIA-Joint Meeting pf the International EnergyWorkshop and the Energy

Modeling Forum, fax 43 2236 71 313

JULY 7-10, LISBON, PORTUGAL-Fourth International Conference on Technologies and Combustion for a

Clean Environment, fax 351 1 847 5545, Portugal

JULY 1 3-1 7, TOKYO, JAPAN-lnternational Conference on Power Engineering, fax 81 3 3244 531 3
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JULY 27-AUGUST 1 , HONOLULU, HAWAII-32nd Intersocietv Energy Conversion Engineering Conference.

phone 301 330 0048

JULY 30-AUGUST 1, FLORENCE, ITALY-Flowers 9L Florence World Energy Research Symposium.

fax 39 55 479 6342

SEPTEMBER 7-11, KYOTO, JAPAN-Fourth International Conference pn Carbon Dioxide Utilization.

fax 81 75 7717285

SEPTEMBER 7-1 2, ESSEN, GERMANY-!EA International Conference pn Coal Science

SEPTEMBER 9-12, CALGARY, ALBERTA, CANADA-ltth Internationa! Conference pn Coal Research.

fax 403 247 4811

SEPTEMBER 14-16, VICTORIA, BRITISH COLUMBIA, CANADA-42nd Canadian Conference pn Coal.

fax 403 265 7604

SEPTEMBER 22-25, LONDON, UNITED KINGDOM-Frfth Grove Fuel Cell Symposium, fax 44 1 865 843 958

SEPTEMBER 23-27, TAIYAN, SHANXI, CHINA-14th Annual International Pittsburgh Coal Conference.

phone 412 624 7440

SEPTEMBER 28-OCTOBER 1, LAKE BUENA VISTA, FLORIDA-National Mining Association Convention

OCTOBER 5-8, EDMONTON, ALBERTA, CANADA-47th Canadian Chemical Engineering Conference.

fax 613 232 5862

OCTOBER 6-8, SAN FRANCISCO, CALIFORNIA-Gasification Technologies Conference.

phone 703 276 01 10

OCTOBER 20-24, GATUNBURG, TENNESSEE-Tenth Symposium on Separation Science and Technology

for EnergyApplications, fax 423 576 7468

OCTOBER 26-29, DENVER, COLORADO-International Joint Power Generation Conference.

phone 212 705 7793

NOVEMBER 1 6-21 , DALLAS, TEXAS-International Mechanical Engineering Congress, phone 21 2 705 7037

DECEMBER 1-12, KYOTO, JAPAN-UN Framework Convention on Climate Change: Third Conference pf

the Parties, fax 49 228 815 1999, Germany

1998

MAY 4-7, PERTH, AUSTRALIA-Twelfth International Conference on Liquefied Natural Gas.

fax 61 6 2471554

MAY 19-22, BEIJING, CHINA-Seventh UNITAR International Conference on Heavy Crude and Tar Sands.

fax 403 439 2423, Canada
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SEPTEMBER 13-18, HOUSTON, TEXAS-1 7th Congress of theWorld Energy Council, fax 202 331 0418

NOVEMBER 8-1 1
, SAN DIEGO, CAUFORNIA-lntemational Gas Research Conference, fax 773 399 81 70

2000

JUNE, CALGARY, ALBERTA, CANADA-16thWorld Petroleum Congress
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PROJECTACTIVITIES

BECHTEL COMPLETES PRECONSTRUCTION

ENGINEERING FOR STUART PROJECT

Southern Pacific Petroleum (SPP) and Central

Pacific Minerals (CPM) announced in their

December Quarterly Reports that the principal

engineering contractor (Bechtel Australia) for

Stage I of the Stuart oil shale project had com

pleted work on the engineering preconstruction

phase.

This work was undertaken by a Bechtel project

team averaging 50 staff, conducted over

12 months. The work program was designed to

refine cost and operational factors of the Stuart

Stage I plant upon which to base a formal En

gineering Procurement and Construction (EPC)
contract.

The Stuart Energy Co-Venturers (SPP/CPM and

Suncor) are now negotiating a formal EPC con

tract.

Based on the upgraded Bechtel estimated cost

of construction and after adding allowances for

mining capital, working capital, owners costs,

commissioning contingencies and other related

items, the estimated cost of Stuart Stage I is

A$250 million. This amount is approximately

15 percent above the
sponsors'

1995 estimate

and considered a satisfactory level upon which to

conduct the negotiations concerning cost and

operational factors.

Implementation of an EPC contract is dependent

on finalization of financing arrangements for

Stage I which can now be moved forward based

on expected contract arrangements.

Stage I of the project is the first of three planned

stages to develop the Stuart oil shale deposit

near Gladstone, Queensland, Australia. Initially,

the co-venturers propose to construct a plant to

produce 4,500 barrels per day. It is planned, fol

lowing the successful operation of Stage I, that

subsequent stages could increase production

progressively to a total of 85,000 barrels per day
with the prospect of additional production there

after.

####

TECHNOLOGY

HIGH-PERFORMANCE CEMENT BASED ON

OIL SHALE

The Swiss company Sika has developed a high-

performance, fast-setting cement based onwaste

from burning oil shale used for electricity genera

tion, as reported in European ChemicalNews.

Sika received the Grand Prize award by
Monaco's annual European Invention Competi

tion for the product, which is a blend of burnt oil

shale, cement clinker, sulfo-aluminates and cal

cium sulfates.

Burnt oil shale contains minerals which can react

with water to form a slow-setting cement. Sika

has managed to accelerate the process so the

compressive strength normally achieved after

7 days of setting for conventional concrete is

reached in only 2 hours. It can be used in ap

plications such as grouting, concreting and floor

ing, and has good resistance to frost, salt and

chemicals.

The product has been used to repair a runway at

Zurich airport.

####

SWEEP GAS IMPROVES OILYIELD FROM

GOYNUK SHALE

The Goynuk region in Northeastern Turkey con

tains one of the country's largest deposits of oil

shale
(109

tonnes). Much of this shale generally

contains less than 30 percent mineral matter con

tent and it has been classified as an immature

type I kerogen. It has been previously shown
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as sweep gas. However, the general characteris
tics of type I kerogen, i.e., high molecular weight
n-alkanes (C^-C^ still persisted.

Gas chromatography analysis of the alkane frac

tion and 1H NMR analysis of the aromatics

qualitatively indicated that the alkene concentra

tion broadly increases with increasing steam

velocity. For example, in a self-generated atmos

phere the ratio of n-alkenes to n-alkanes was

found to be 0.23 compared to 0.44 with steam for

the highest sweep velocity. Thus, either the

steam is actually promoting bond cleavage reac

tions, creating a greater demand for transferable

hydrogen, or is merely providing a more protec

tive environment, limiting the extent of cyclization

and aromatization of the alkenes by passivating

the acidic clay minerals.

Hydropyrolysis

At 550C, the temperature used in atmospheric

pressure hydropyrolysis to maximize oil yields,

the hydrocarbon gas yield is appreciable

(9 percent). To increase the selectivity to oil, the

temperature was reduced to 520C. The same

oil yield was obtained at both temperatures but

the hydrocarbon gas yield was reduced to

8 percent at 520C. The beneficial effect of high

pressure hydrogen in terms of mediating bond

cleavage reactions is offset by the increased

mass transfer to volatiles released within the coal

bed.

The use of a dispersed Mo catalyst slightly in

creased the total conversion to almost

100 percent, the oil yield increased to 82 percent

dry-ash-free shale and the hydrocarbon gas yield

was reduced to 4 percent.

A number of major compositional differences

have been found between the hydropyrolysis and

atmospheric pressure pyrolysis oils. For Goynuk

oil shale, the hydropyrolysis oils contain fewer

asphaltenes and more polars and have lower

oxygen and sulfur content due to mass transfer

and hydrogenolysis effects, respectively. In addi

tion, the hydropyrolysis oils are much more

aromatic.

Static pyrolysis gave rise to a large net

aromaticity increase. Both the use of effective

sweep gases and hydrogen at pressure nullify

this change and, with catalyst in hydropyrolysis,

an overall decrease occurs indicating that

hydrogenation has occurred.

The highly aromatic nature of the atmospheric

pressure pyrolysis oils agrees well with the

hypothesis that it is principally the aliphatic car

bons in the oil shale that contribute to pyrolysis

oils. Thus, a major advantage of hydropyrolysis

is that it enables most of the aromatic carbon to

be released from oil shale.

####

INTERNATIONAL

OIL SHALE COULD SUPPLY ISRAEL FOR

80 YEARS

Oil shale is the only source of energy and the

only organic natural resource in Israel. Large

deposits of high-sulfur oil shales are widely dis

tributed throughout Israel (Figure 1). The main

deposits are concentrated in the Northern Negev

Desert, where nearly half of the total reserves

(12 billion tons) are located. The deposits are

equivalent to 600 million tons of oil. At the

present level of liquid fuel consumption

(approximately 8 million tons per year), there will

be enough fuel value in oil shale to meet Israel's

requirements for 80 years. V. Fainberg and

G. Hetsroni of the Technion-lsrael Institute of

Technology in Haifa, Israel, discussed oil shale

as an energy source in Israel in Energy Sources,
Volume 18, pages 95-105, 1996.

The Rotem-Yamin deposit is the largest and the

most investigated. The shale beds overlie

phosphate-rich rocks. The thickness of the shale

ranges from 35 to 80 meters.

The average organic content for the Rotem-

Yamin deposit is 14 to 18 percent and oil yield is

60 to 71 liters per tonne, based on FischerAssay.
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FIGURE 1

OIL SHALE DEPOSITS IN ISRAEL

SOURCE: FAINBERG AND HETSTROM

Economically, the relatively low grade of Israeli

shale may be compensated by the easy acces

sibility of the deposits in the phosphate mining

areas, where low-cost, large-scale, open-pit min

ing techniques can be applied.

The low oil yield and high-sulfur content of Israeli

oil shale require special methods for processing

and combustion.

Oil Shale Technology

Since 1981 Israeli companies, with government

support, have been carrying out a multiyear

program directed toward use of the oil shale. Oil

shale reserves are being evaluated, a demonstra

tion plant for power generation is being con

structed, and the first steps in shale processing

at experimental units are being taken.

Since 1989 a 25-megawatt demonstration plant

for power generation has successfully operated

in Israel. Oil shale consumption of this plant is

about 50 tonnes per hour. A few projects involv

ing large-scale oil shale powerplants with a

capacity of 75 to 450 megawatts are now being
developed by the government and private com

panies.

A prospective process for oil shale retorting has

been developed by the PAMA Company. The

process is based on heating the fine-grained oil

shale by mixing it with circulating hot ash. The

mixture of the spent shale with the ash is com

busted in a separate apparatus, and the major

part of the hot ash is recycled to the retorting

reactor. Excess ash is cooled with air and dis

charged. The hot air is used for combustion of

spent shale and drying of raw shale.

For Israeli oil shales, gasification may turn out to

be a more attractive process compared to retort

ing because the high-sulfur shale oil requires ex

pensive hydrotreating, whereas the gas may be

easily cleaned of sulfur and other impurities.

An advanced method of gasification (the

GENESIS process) is being developed at Hebrew

University. Oil shale is processed by pyrolysis

and gasification of the organic matter with hot air

in the first fluidized bed. The solid residue is

oxidized in the second fluidized bed. The mix

ture of the solid products from the first and

second steps is combusted in the third step. The

reported total efficiency of the oil shale utilization

is 86 percent. The process has been tested on a

small pilot unit.

Both direct combustion and retorting of oil shale

have their drawbacks.

For this reason, researchers at Technion have

developed the SCITECH process (Figure 2), com

bining retorting and combustion in one process

and achieving an exhaustive utilization of the

energy and chemical potential of oil shale. The
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FIGURE 2

EXHAUSTIVE PROCESSING OF OIL SHALE INTO ENERGY AND CHEMICALS
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principle of the process is two-stage oil shale

pyrolysis with conversion into gas and liquids

and then utilization of the products of pyrolysis

as a fuel for powerplants, e.g., for boilers or tur

bines, and as a source for chemical products.

In the first stage the oil shale is processed at a

temperature where a maximal yield of products

of kerogen thermal decomposition is observed,

i.e., 500 to 530C. In the second stage the

products of the shale decomposition undergo

thermocatalytic conversion at higher tempera

tures. By varying the temperatures, composition

of the gas medium, catalysts and other process

conditions, it is possible to regulate yield and

composition of the products in a wide range.

The proposed method has a number of ad

vantages compared with traditional methods, in

cluding the possibility of producing gas of high

calorific value and high-quality chemical

products, such as benzene, ethylene and

thiophene.

As a result of oil shale combustion or processing,

about 640 kilograms of ash are produced from

every metric ton of oil shale. Shale ash may be

used as a building material, fertilizer, material for

highway construction, etc. A project is proposed

in Israel for the utilization of shale ash as a

material for the construction of artificial islands

and lagoons. The main target is to find methods

for production of high-grade cement from the

shale ash.

####

CORE SAMPLES FROM HIMMETOGLU OIL

SHALE FIELD ANALYZED

Bituminous sediments or oil shales occur

throughout Turkey in formations of mainly Ter

tiary age. The Himmetoglu field is a good ex

ample of the oil shale fields in Turkey. M. Sener

of the General Directorate of Mineral Research

and Exploration, Ankara, Turkey, and

M. Gundogdu of Hacettepe University, Ankara,

Turkey, reported results of a geochemical and

petrographic investigation of the Himmetoglu oil

shale field in Fuel, Volume 75, Number 11,

pages 1313-1322, 1996.

Geochemical and petrographic analyses were

carried out on core samples of 1 1 drillholes from

the Himmetoglu oil shale field in Southern

Goynuk, Turkey. The oil shales occur in a 75- to

124-meter thick calcareous-dolomitic bituminous
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limnic series of Miocene age. This series can be

divided into three zones: Bituminous Laminated

Marl (BLM), Bituminous Banded Marl (BBM) and
Himmetoglu Oil Shale (HOS) (Figure 1).

In an attempt to resolve the nature of the HOS,

130 core samples were analyzed using optical

microscopy, XRF, a.a.s., ultimate analysis, Fis

cher Assay, solvent extraction and fractionation,

FIGURE 1

STRATIGRAPHIC SECTION OF HIMMETOGLU FORMATION
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gas chromatography, mass spectrometry and

carbon isotope analysis. A summary of results is

presented in the paper.

Organic Carbon (OC) and Total
SulfurContents

The OC content of the complete Himmetoglu for

mation varies from 0.16 to 47.9 weight percent.

The arithmetic mean OC is 30.9 weight percent

for HOS, 8.8 weight percent for BBM and

6.0 weight percent for BLM. Thus from bottom to

top in the Himmetoglu formation the OC content

decreases.

In the Himmetoglu formation, the total sulfur con

tent varies from 0.32 to 4.68 weight percent. The

average values are 2.46 weight percent for HOS,

1 .28weight percent for BBM and 1 .85 weight per

cent for BLM zones.

Oil Content

Oil contents vary from 4.4 to 46.8 weight percent

(air-dried basis) in the Himmetoglu formation.

The arithmetic means are 16.5, 6.5 and

5.2 weight percent for HOS, BBM and BLM,

respectively.

####

POTENTIAL FOR UNDERGROUND OIL SHALE

MINES IN ESTONIA ANALYZED

Estonian oil shale is mined by two methods, un

derground (six mines) and surface (three open

pits). Up to 30 percent of commercial reserves of

oil shale in underground mines and up to

15 percent in open pits are being left as protec

tive pillars and mining losses. Also, 36 percent of

extracted mined rock is separated out at prepara

tion plants. These high losses during oil shale

mining and its relatively low heat of combustion

produce small yields per volume of the organic

part during thermal treatment, and a high share

of ash residue during oil shale burning. Thus Es

tonian researchers are evaluating the complex

utilization of natural resources: carbonate rocks,

underground water and heat of rock mass, within

the oil shale mines to improve the overall

economics of oil shale processing.

J. Fraiman and I. Kuzmiv of the Estonian Oil

Shale State Company discussed the potential for

underground oil shale mines in Estonia in Energy

Sources, 18:661-676, 1996.

Two different approaches to the complex utiliza

tion of natural resources in the Estonian oil shale

mines are:

- To use them within the boundaries of the

mine only, using incidentally exposed

carbonate rocks, underground water,

heat of rock mass, and underground

chambers

- To use them within the overall

geographic boundaries of the deposit

and the Northeast region of the Republic

Fifteen mines have been classified on the basis of

their prospects of oil shale reserves:

- Operating with prospective lifetime of

more than 20 years (three mines)

- Operating, finishing their reserves in less

than 5 years (three mines)

- Closed and flooded (six mines)

- Open pits, operating and having
prospects (three open pits)

The types of natural resources considered in

clude:

- Carbonate rocks (in mine depths and in

heaps)

- Underground water

- Heat of rock mass

- Quaternary lightweight aggregate clays

34
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- Gravel mixtures and sands

A market estimation of a salable mix of products

from the processing of these natural raw

materials was prepared. Industrial utilization of

the above natural resources is based on the prac

tical experience gained in Estonia.

Heat of Rock Mass. Oil shale mines are venti

lated in winter using heat exchange districts,
where air is heated up to 10-12C using the heat

of the rock mass.

Underground Water. Underground water from

closed mines N2, N4 and Kukruse has been used

for watering gardens and hothouses for more

than 10 years. The water is biologically pure,

with a total hardness of up to 12.0 milligrams per

liter.

Carbonate Rocks (Limestones). Carbonate

rocks have been used for construction for many

decades. Limestones with compressive stress of

400 to 600 kilograms per square centimeter are

used for broken stone and manufacture of cover

ing plates.

Site-Specific Example

Natural resources from Tammiku and mine N2

were evaluated as an example of complex utiliza

tion at a working enterprise (Tammiku) and the

adjacent field of a worked-out and flooded mine

(N2). The one operating mine with its com

munications and industrial site and three closed

adjacent mines can be used for extraction of

resources (beginning with underground water

and heat) after the oil shale main reserves are

exhausted.

Assuming that preparation for industrial utilization

of underground water and heat are completed in

1995-1996 (first stage), output of the finished

product could come to $10.4 to $10.8 million in

1997 (second stage). Then the level of full

resource utilization could ensure realization of

more than $41.7 million. For comparison, the

cost of oil shale production in the Tammiku mine

was $5 million in 1994.

Conclusions

The authors conclude that Estonian oil shale un

derground and open pit mines have natural

resources of underground water, heat and car

bonates, all of which are of value. In addition,

these resources are available for withdrawal at

rates up to 80 percent during operation of the oil

shale seam, meaning that borrowed capital will

not be required for their development.

According to Fraiman and Kuzmiv, guaranteed

profit (not less than 10 to 12 percent) from con

version of oil shale mines to complex utilization

of natural resources is ensured by two factors:

- Stable consumer demand for under

ground heat, cleaned underground water

and carbonate products

- Payback of borrowed funds for develop
ment of these resources will not exceed

4 years

####

HIMMETOGLU OIL YIELDS BETTER THAN

SEYITOMER OR BEYPAZARI

The Tammiku mine and industrial site adjoin the

commercial and residential districts of Kohtla-

Jarve, Johvi and Ahtme. The main water lines

have been built in the immediate proximity of the

mine. Two hothouse complexes, Kohtla and

Johvi, are situated on the field of mine N2 ad

jacent to Tammiku. Sales forecasts of the main

types of production and services are given in

Table 1 (next page).

The results of a study using conventional ther-

mogravimetric analyzer (tga) apparatus to deter

mine the overall kinetics of pyrolysis of three

Turkish oil shales: Beypazari, Seyitomer and Him

metoglu were summarized by O. Dogan and

B. Uysal of Gazi University, Turkey, in Fuel 1996,

Volume 75, Number 12, pages 1424-1427.
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greater between 400 and 550C than between

550 and 700C. This observation is consistent

with the well-known fact that a temperature of

approximately 550C is the optimum for pyrolysis

of oil shales.

Examination of porosities and surface areas of

raw and spent shales obtained after non

isothermal pyrolysis up to final temperatures of

400, 550 and 700C confirmed the tga finding
that the higher the final temperature, the higher

the conversion.

Proximate and elemental analyses of raw oil

shales, as well as Fischer Assay data, implied

that Himmetoglu shale is better in giving higher

oil yields than Beypazari and Seyitomer shales.

####
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PROJECTACTIVITIES

STEEPBANK MINE PROJECTWILL INCLUDE

OIL SAND HYDROTRANSPORT

Suncor has been mining oil sands at the existing

mine since 1967 on leases located west of the

Athabasca River. These reserves will be ex

hausted in the year 2001 at current production

rates and as a result a new mine will be opened

and put into production by the year 1999 to main

tain continuity of operations. The Steepbank

Mine Project, which was approved by Suncor's

Board of Directors last April (see The Sinor Syn

thetic Fuels Report July 1996, page 46) was

reviewed by R. Doucet of Suncor Inc., Oil Sand

Group at the 10th Annual Heavy Oil/Oil Sands

Conference held in Calgary, Alberta, Canada, last

December.

In 1995 Suncor's production of Synthetic Crude

Oil (SCO) averaged 76,000 barrels per calendar

day and plans are in place for a stepwise in

crease to 85,000 barrels per calendar day SCO

by the end of 1997, and to 105,000 barrels SCO

per calendar day by year 1 999.

Suncor plans to sustain and expand its opera

tions by opening a new mine, to be called the

Steepbank Mine, on the east side of the

Athabasca River opposite the existing plant site.

Modifications to the existing plant will result in

lower emissions per unit of production while

maintaining total emissions within existing ap

proval limits, and increased production of SCO

and other marketable products.

Advancing the plant expansion regulatory

schedule into early 1996 enabled Suncor to

begin construction in mid-1996 and will allow it to

complete modification tie-ins to its existing

facilities during a plant wide maintenance shut

down scheduled for May 1997 (see The Sinor

Synthetic Fuels Report January 1997, page 3-1).

Several modifications and additions to the extrac

tion process will be required to increase recovery

and production of bitumen to 105,000 barrels per

day. These include screen replacement, modify

ing the deaerators, installing a froth tank and

other modifications to increase throughput. Addi

tional pumps will be installed to increase

capacity, centrifuges will be upgraded, and addi

tional filters and heaters installed. Diluted

bitumen storage tankage will be increased and

diluted bitumen lines modified. Three new 240-

ton trucks will be added to the mine fleet to in

crease haulage capacity.

After modifications to the extraction facilities in

the Extraction Plant Expansion Project in 1997, a

step change of 9,000 barrels per calendar day in

SCO production to 85,000 barrels per calendar

day will occur. This requires an ore feed rate of

approximately 56 million tonnes per year. The

Steepbank Mine will provide over 50 percent of

the total ore feed in the years 1999 and 2000, and

100 percent in 2001 after the existing mine is

decommissioned in the fourth quarter of 2000.

Startup of the hydrotransport system is expected

in the year 1999 and complete conversion to

hydrotransport feed in the extraction plant will

occur in the first quarter of 2001 . SCO produc

tion will increase to 105,000 barrels per calendar

day after January 1999.

Oil Sand Processing

A simplified process flow diagram for Suncor's

processing of oil sand to synthetic crude oil is

shown in Figure 1. The major bitumen produc

tion areas are:

- Mining by shovel/truck

- Sizing oil sand to 1 6-inch top size

- Slurry system consisting of three

cyclofeeders/pump trains

- Hydrotransportation by pumps and

pipeline

- Primary extraction, separation cells and

froth heating

38
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approximately 700 in 2002 (full production from

Steepbank Mine) to approximately 880 in 2020

(final year of the feasibility study). Current base

crew manpower level is 700.

####

The total Surmont resource is currently estimated

at 10 billion barrels in-place with 2 billion barrels

recoverable.

####

GULF CANADA PLANS PILOT TEST FOR

SURMONT PROJECT

Gulf Canada Resources Limited's Steam Assisted

Gravity Drainage (SAGD) pilot project at Surmont

is slated for startup this April. If the pilot project

is successful, the company could move quickly

to a commercial project. "Surmont could easily

support a number of 20,000-barrel-per-day
plants,"

said J. Anders of Gulf Canada Resources

Ltd., "and total production of 100,000 barrels per

day is possible by
2006."

While SAGD is a proven technology at other oil

sands locations, it must be tested at Surmont

because Surmont geology differs from other oil

sands areas in that it contains water and a

producing gas cap above the oil sands produc

ing zone, which is about 300 meters deep. There

is also shale present, and the pilot project will

determine if these conditions affect SAGD

recovery.

Gulf holds approximately 135,000 acres at Sur

mont, which is 60 kilometers southeast of Fort

McMurray. Gulf drilled 10 vertical wells at Sur

mont in 1996 to delineate the resource base

within the project area. The company planned to

drill two pairs of SAGD horizontal wells in Novem

ber. Pending final approvals, steam injection is

scheduled to begin in April 1997.

Production from the test is expected to be

around 500 barrels per day, with the bitumen

produced being trucked out. It is expected to

take about 1 year of injection before Gulf is able

to determine rf SAGD works at the site. But if a

commercial decision is taken in mid-1998, Gulf

could boost production to 20,000 barrels per day
within a year.

CROWN ENERGY SET TO BEGIN MINING

UTAH TAR SANDS THIS SUMMER

In December Crown Energy Corporation of Salt

Lake City, Utah, received final regulatory ap

provals for construction of the company's first

permanent production facility at its Asphalt Ridge

oil sand deposit nearVernal, Utah.

The facility, located on 45 acres of Crown's

7,500-acre site at Asphalt Ridge, is designed to

initially process approximately 2,000 tons of oil

sands daily for an average production of

1 ,000 barrels of premium asphalt per day over an

estimated 15-year life. Crown anticipates ship

ping product during the 1997 construction

season and will expand output from the facility in

1998 in response to market demand.

According to J. Middleton, Chief Executive Of

ficer of Crown Energy Corporation, timing of the

approvals is ideal, because the regional market

for performance grade (PG-modified) asphalt is

growing at a rate of 30 to 40 percent. This

tremendous growth rate is attributable largely to

the more stringent road performance standards

required for a growing number of regional high

way construction and resurfacing projects.

Crown is prepared to capitalize on this growth

with its ability to provide a superior base product

at a significantly lower production cost. The

natural quality of Crown's product is said to meet

high standards with no additives or modifiers,

using only a separation process. Crown's loca

tion allows ft to take advantage of low transporta

tion costs because some of the markets targeted

by Crown are purchasing asphalt binder from as

far away as Trinidad and Alberta, Canada.

####
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SUNCOR, SYNCRUDE PRODUCTION

RECORDS UPDATED

tion accounts for about 12 percent of Canada's

daily oil requirements.

Statistics published by the Alberta Energy and

Utilities Board for synthetic crude production at

Suncor and Syncrude through October 1996 are

summarized in Figures 1 and 2.

After 18 years of production, Syncrude, in Decem

ber, shipped its 900 millionth barrel of crude oil.

With reserves totaling over 6 billion barrels, only
a fraction of the oil contained on its leases has

been produced. Syncrude is Canada's largest

single source of oil, producing some

205,000 barrels per day of syncrude. Its produc-

####

SENLAC THERMAL PROJECT IS FIRST

APPLICATION OF SAGD IN HEAVY OIL

RESERVOIR

CS
Resources'

Senlac Thermal Project is the first

application of twin-well Steam Assisted Gravity
Drainage (SAGD) technology, originally

developed for recovery of immobile bitumen, in a

heavy oil reservoir. N. Edmunds of

FIGURE 1

SUNCOR SYNTHETIC CRUDE OIL PRODUCTION 1992-1996
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FIGURE 2

SYNCRUDE SYNTHETIC CRUDE OIL PRODUCTION 1992-1996
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CS Resources Limited reviewed the project's

development and early operating experience at

the 10th Annual Heavy Oil/Oil Sands Conference

held in Calgary, Alberta, Canada, in December.

A simplified process flow diagram of the Senlac

Thermal Project is presented in Figure 1.

The East Senlac pool was selected as the site for

this pilot project because existing pipelines,

roads and services in the Lloydminster heavy oil

belt could be used, decreasing the scale of

development and increasing the product value.

Economic Optimization

The long-term economic analysis assumed a

lower oil price and higher gas price than current.

The effect on the design is higher capital but

lower operating cost. Steam is the dominant

component of the capital cost, as shown in

Table 1 . It is inefficient to construct in increments

because the infrastructure requirements expand.

Operating Experience

Early operating experience showed that most

wells, including injectors, experienced failure of

42
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FIGURE 1

SENLAC THERMAL PROJECT
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the wire-wrapped screens. In addition, the injec

tors are subject to backflow and crossflow and

need sand control. Several promising new

designs are being developed for evaluation.

Thermal gas lift was evaluated because it is low

cost, high performance, and has no temperature

restrictions. In addition, it is tolerant of sand and

free gas.

On the downside, thermal gas lift is dynamically

complex, and successful operation is a learning
experience. Basic automation has been success

fully applied; and special methods are under in

vestigation, says Edmunds. Gensim has been

successfully used for transient design of thermal

gas lift and associated controls.

SAGD operation with edge water, i.e., at the

oil/water/paleozoic contact, was evaluated.

Edge water is different from either bottom water

or a reservoir with no water, and not like some

thing in between, says Edmunds. No perfor

mance penalty is expected but operation is spe

cial. Because thewater connectivity between the

aquifer and steam chamber is dynamic and drf-

ficult to predict, connectivity and

chamber/aquifer pressure balance must be as

sessed empirically, and reassessed as required.

Outlook

According to Edmunds, the given design looks

sound on the basis of observed performance to

date. One well pair is paying most of the bills so
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TABLE 1

SENLAC THERMAL PROJECT

AS-BUILT CAPITAL BUDGET

%of % Due

Cdn $m Total to Steam

Horizontal Wells (3 pairs) 5,100 17% 0%

Water Treating & Steam Generation 5,700 19% 100%

Production Treating, Tankage 4,500 15% 50%

Utilities, HEx, Misc. Piping, Offsites 10,200 33% 75%

Engineering 3,700 12% 61%

Saskatchewan E&H Tax 1,250 4% 61%

Total 30,450 100% 61%

far. The remaining two pairs have been subject

to mechanical problems but indicated production

capability is still as forecast. The incremental

steam cost per barrel of oil is approximately

$2.00.

####

CORPORATIONS

AEC CONSIDERS NEW ATHABASCA OIL

PIPELINE

AEC Pipelines, a division of Alberta Energy Com

pany Ltd. (AEC), is Alberta, Canada's largest

intra-provincial transporter of oil, operating two

major pipeline systems-the Alberta Oil Sands

Pipeline and the Cold Lake Heavy Oil Pipeline, as

shown in Figure 1 .

The Alberta Oil Sands Pipeline is a 22-inch

pipeline moving synthetic crude oil from the

Syncrude plant northwest of Fort McMurray to

Edmonton. The pipeline began operation in 1978

and from that time almost 900 million barrels of

synthetic crude oil have been pumped without in

terruption to the Syncrude plant. This 280-mile

pipeline has seven pumping stations with a total

installed horsepower of 25,000. The pipeline

design capacity is 250,000 barrels per day and

AEC Pipelines is currently undertaking an expan

sion of the pipeline to its fully powered capacity

of 270,000 parrels per day.

The Cold Lake Heavy Oil Pipeline extends

150 miles from Edmonton to the Cold Lake area

connecting three major heavy oil plants. The sys

tem consists of a 24-inch blended heavy oil

pipeline moving product southwest to Edmonton

and a 12-inch diluent pipeline moving natural gas

condensate from three sources in the Edmonton

and Fort Saskatchewan areas to Cold Lake.

There are currently two pump stations on the

blend mainline with a total installed horsepower

of 29,000. The capacity of the blend pipeline is

currently being upgraded to 260,000 barrels per

day; however additional pumps could increase

the pipeline to its fully powered capacity of

400,000 barrels per day.

As outlined by J. Pasini of AEC Pipelines at the

10th Annual Heavy Oil/Oil Sands Conference
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FIGURE 1

ALBERTA OIL SANDS LEASES AND AEC PIPELINES
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held in Calgary, Alberta, Canada, in December,
the company is currently assessing the merits of

building theAthabasca Oil Pipelinewhich comple

ments AEC's existing infrastructure in Northeast

Alberta.

The leases shown in Figure 1 generally follow a

northwesterly alignment from Cold Lake toward

and north of Fort McMurray. In anticipation of

development of these heavy oil leases, the

Athabasca Oil Pipeline could essentially follow a

corridor through these leases.

Amoco's production forecasts in the Wolf Lake

area have required AEC Pipelines to increase its

existing Wolf Lake blend lateral from a 10-inch to

a 16-inch pipeline. However, instead of installing
a 16-inch pipeline, AEC Pipelines is currently con

structing and taking the risk on a 24-inch blend

pipeline in anticipation of expansion northward.

The next phase of the expansion will be to extend

the pipeline to the Primrose AirWeapons Range.

AEC's Oil and Gas division is developing a Steam

Assisted Gravity Drainage (SAGD) heavy oil pilot

plant at Foster Creek on the Primrose Range.

When AEC puts the site into commercial produc

tion, currently expected to be in the

1999 timeframe, the pipeline will be extended to

the site. Similarly, as leases are developed in this

corridor, the pipeline can be built northward in

crementally.

Design Considerations

Figure 1 shows a possible route for the

Athabasca Pipeline, traversing 236 miles from the

Cold Lake area to the Fort McMurray area. At

Cold Lake blended heavy oil could then be

moved to Edmonton on AEC's Cold Lake

Pipeline. The Athabasca Pipeline proposal as

sumes a 24-inch pipeline moves blended heavy
oil southward, and a 12-inch diluent pipeline

moves natural gas condensate northward. The

blended heavy oil pipeline will have an initial

design capacity of approximately 75,000 barrels

per day and a fully powered design capacity of

315,000 barrels per day. The capital cost will be

in the range of $200 to $250 million.

Although AEC Pipelines is advocating a
phased-

in approach to the construction of the Athabasca

Pipeline, it is uncertain whether or not the leases

will be developed in succession. In any case,

AEC will build the pipeline as required by the

producers.

####

AMBER ENERGY INCREASES HEAVY OIL

HOLDINGS

In January Amber Energy Inc. announced that it

acquired 100 percent working interest in

17,920 acres (28 sections) of Crown Oil Sands

Development Leases for C$13.7 million in the

Wabasca area of Alberta, Canada. Amber now

owns 100 percent working interest in

52,160 acres of contiguous Crown Oil Sands

Development Leases in this area.

Amber is currently drilling horizontal oil wells on

this acreage and expected to complete this initial

24-well drilling program by March 1997. The first

four horizontal wells drilled are now in produc

tion. Each of these first four horizontal wells has

initial production rates of 250 barrels of oil per

day.

####

MAHKESES CENTRAL PROCESSING PLANT

TO PRODUCE BITUMEN AND POWER

Imperial Oil Company's Mahkeses Project

Central Processing Plant has been designed to

be a highly cost-effective system for the produc

tion of bitumen and electric power. Strategies to

achieve this goal include the use of a "Cost
Based,"

"Incentive
Driven"

contract, the best avail

able processing technologies, and the cogenera

tion of power and steam. The economics and ef

ficiency of the conceptual design were reviewed

by P. Elder of Delta Hudson Engineering Ltd. at

the 10th Annual Heavy Oil/Oil Sands Conference

held in Calgary, Alberta, Canada, in December.
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Processing Plant

The conceptual design for the Mahkeses Central

Plant is based on many years of operating history
for the commercial and pilot plants in the area.

Production fluids enter the central plant and are

cooled by heat exchange to a temperature where
free water can be separated easily from the

bitumen. Cooled production fluids will enter the

FreeWater Knockout Vessels (FWKO) which will

separate the produced gas and steam from the

liquids and sand. Wet bitumen from the FWKO

vessel will be dehydrated in two electrostatic

treaterswith the aid of diluent.

Hot wet produced gas from the FWKO vessel will

be cooled and partially condensed by heat ex

change with the sweet fuel gas.

Produced water will be de-oiled in two steps: a

gravity separation process and a gas flotation

process. An Induced Static Flotation (ISF) sys

tem is proposed for the gas flotation de-oiling
process.

Produced water from the de-oiling process and

make-up water is heated by exchange with inlet

produced fluids and fed to a hot lime treater. The

final water treating steps are Weak Acid Cation

exchange (WAC) and a secondWAC in series ac

ting as a polisher.

Steam and Power Generation

Steam and power are generated in an integrated

arrangement of boiler feedwater pumps, combus

tion turbine generators and once-through heat

recovery steam generators.

Two heavy-duty Combustion Turbine Generator

sets (CTG) are provided for operation in

cogeneration service. Each unit is nominally

rated at a power output of 1 1 0 megawatts. A dry,

low-NO burner is provided that is capable of

achieving 25 ppm NOx and 10 ppm carbon

monoxide in the exhaust gas.

Eighty percent quality steam will be produced in

two once-through Heat Recovery Steam Genera

tors (HRSGs), one for each combustion turbine.

Each HRSG is equipped with duct burners for

supplementary firing.

A major portion of the cost of production of

bitumen from a reservoir using an in situ process

is the cost of energy, fuel for both steam genera

tion and electric power. The Mahkeses Project

has selected the cogeneration of power and heat

as a means of controlling the total cost of energy.

With the cogeneration of power and steam, there

can be significant thermal efficiencies; the overall

plant efficiency is in the order of 80 percent com

pared to a Rankin cycle coal-fired powerplant's

efficiency in the range of 35 percent.

A detailed economic evaluation of the cost to

produce power from four different sizes of tur

bine was conducted. This evaluation considered

capital costs, fuel costs (incremental to fuel re

quired for steam generation), and other operating

and maintenance costs.

The results clearly indicated that the use of two

110-megawatt turbines produced the lowest cost

(life-cycle) power. Two 165-megawatt turbines

had a 15 percent higher average cost of power

and two 85-megawatt turbines had a higher

average power cost of 4 percent.

According to Elder, theMahkeses Central Plant is

expected to be an efficient producer of both

bitumen and power.

####

SUNCOR BUILDING NEW PIPEUNE TO

HANDLE INCREASED OIL SANDS

PRODUCTION

In December, Suncor Inc. announced plans to

build a 530-kilometer pipeline from its oil sands

operation near Fort McMurray, Alberta, Canada,
to the Hardisty area, southeast of Edmonton (see
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Figure 1). The C$250 million pipeline will give

Suncor added flexibility to deliver a variety of

products to customers and provide access to

new markets.

Suncor currently operates a synthetic crude

pipeline between Fort McMurray and Edmonton.

The new pipeline will complement the existing
operation and enable Suncor to ship a wider offer

ing of custom-blended products to its customers.

The existing pipeline will be used to ship fully
processed sweet crude and the new pipeline will

ship semi-processed products and bitumen

blends. Operating two pipelines also ensures

product quality and enhances Suncor's reliability.

Initially the proposed 24-inch pipeline will have

the capacity to ship 55,000 barrels per day.

Capacity can be expanded as Suncor's produc

tion grows. Suncor's oil sands plant is expected

to be producing 105,000 barrels per day by 1999,

up from current production of 79,500. Construc

tion of the pipeline is scheduled to begin in the

summer of 1997 and be completed in late 1998,

pending all necessary approvals.

The pipeline will have potential links with other

pipeline systems including Interprovincial Pipe

Line Inc. and Express Pipeline Ltd.

####

GOVERNMENT

OIL SANDS ORDERS AND APPROVALS

LISTED

The recent orders and approvals in the oil sands

area issued by Alberta, Canada's Energy and

Utilities Board are listed in Table 1, next page.

####

FIGURE 1

ATHABASCA PIPELINE

Alternate

Pipeline

SOURCE: SUNCOR,Ma
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TABLE 1

SUMMARY OF OIL SANDS ORDERS AND APPROVALS

Order Number Date

OSA1B 15 Dec 95

App 3369H 20 Dec 95

App 7847

App 5742H

App 4746G

App 6726D

App 7623A

App4700B

App 7055B

App7118C

App 7303A

11 Dec 95

19 Dec 95

11 Dec 95

11 Dec 95

12 Dec 95

12 Dec 95

11 Dec 95

11 Dec 95

11 Dec 95

Description

Expires/

Rescinds

Oil Sands Areas

Experimental Oil Sands Schemes

Consolidates Apps 1503, 2483 and 2484

31 Dec 95

Experimental Oil Sands Schemes

Solv-Ex Corp.

Bitumount Area

1 Oct 2002

Commercial Oil Sands Schemes 31 Dec 2011

ConsolidatesApps 2337 and 5199

Amoco Canada Resources Ltd.

Wolf Lake Sector

Commercial Oil Sands Schemes

Consolidates App 3375, 4012 and 4448

Amoco Canada Petroleum Co. Ltd.

Lindbergh Sector

Commercial Oil Sands Schemes

Amoco Canada Petroleum Co. Ltd.

Lindbergh and St. Paul Sectors

Commercial Oil Sands Schemes

Suncor Inc.

Mildred Lake Area

Primary Recovery Schemes

PanCanadian Petroleum Ltd.

Lindbergh Sector

Primary Recovery Schemes

Amoco Canada Petroleum Co. Ltd.

Lindbergh Sector

Primary Recovery Schemes

Amoco Canada Petroleum Co. Ltd.

Lindbergh Sector

Primary Recovery Schemes

Amoco Canada Petroleum Co. Ltd.

Lindbergh Sector

31 Dec 2006

30 Apr 2003

App 4765
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App 7389A 1 1 Dec 95 Primary Recovery Schemes

Amoco Canada Petroleum Co. Ltd.

Lindbergh Sector

App 7407B 12 Jan 96 Commercial Oil Sands Schemes

Amoco Canada Resources Ltd.

Primrose Sector

App 661 9F 30 Jan 96 Primary Recovery Schemes

CS. Resources Ltd.

Pelican Lake Area

App 6984F 22 Jan 96 Primary Recovery Schemes

PanCanadian Petroleum Ltd.

Frog Lake Sector

App 7164F 16 Jan 96 Primary Recovery Schemes

AEC Oil and Gas Co.

Frog Lake Sector

App 7885 23 Jan 96 Primary Recovery Schemes

Amber Energy Inc.

Brintnell Area

App 7550B 21 Feb 96 Commercial Oil Sands Schemes

Syncrude Canada Ltd.

App 6984G 13 Feb 96 Primary Recovery Schemes

PanCanadian Petroleum Ltd.

Frog Lake Sector

App 7771A 26 Feb 96 Primary Recovery Schemes

PanCanadian Petroleum Ltd.

Frog Lake Sector

App 7895 7 Feb 96 Primary Recovery Schemes

Husky Oil Operations Ltd.

Frog Lake Sector

App 5561G 1 9 Mar 96 Experimental Oil Sands Schemes

Imperial Oil Resources Ltd.

Cold Lake Sector

App 6809B 1 9 Mar 96 Experimental Oil Sands Schemes

Gibson Petroleum Co. Ltd.

Athabasca Area

App 7908 5 Mar 96 Experimental Oil Sands Schemes

Elan Energy Inc.

Wolf Lake Sector

30 Jun 2018

31 Dec 2025

30 Jun 96

31 Dec 97

28 Feb 99
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App 7909

App 3950L

5 Mar 96 Experimental Oil Sands Schemes

Texaco Canada Petroleum Inc.

Frog Lake Sector

4 Mar 96 Commercial Oil Sands Schemes

Imperial Oil Resources Ltd.

Cold Lake Sector

App 7285

31 Jan 97

31 Dec 2015

App 5545D 21 Mar 96 Commercial Oil Sands Schemes

Shell Canada Limited

Cadotte Lake Area

App 7920 1 3 Mar 96 Primary Recovery Schemes

Poco Petroleums Ltd.

Frog Lake Sector

App 7922 30 Apr 96 Commercial Oil Sands Schemes

Amoco Canada Resources Ltd.

Wolf Lake Sector

App 661 9G 1 Apr 96 Primary Recovery Schemes

CS. Resources Ltd.

Pelican Lake Area

App7164G 4 Apr 96 Primary Recovery Schemes

AEC Oil and Gas Co.

Frog Lake Sector

App 7936 3 Apr 96 Primary Recovery Schemes

Numac Energy Inc.

Wolf Lake Sector

App 6772A 27 May 96 Experimental Oil Sands Schemes

Amoco Canada Petroleum Co. Ltd.

Brintnell Area

App 661 9H 27 May 96 Primary Recovery Schemes

CS. Resources Ltd.

Pelican Lake Area

App 3369I 28 Jun 96 Experimental Oil Sands Schemes

Consolidates Apps 1503, 2483 and 2484

Imperial Oil Resources Ltd.

App 5561H 28 Jun 96 Experimental Oil Sands Schemes

Imperial Oil Resources Ltd.

Cold Lake Sector

App5692B 14 Jun 96 Primary Recovery Schemes

Norcen Energy Resources Ltd.

Lindbergh Sector

31 Dec 2014

App 5742

31 Dec 2011

31 May 99

30 Sep 96

30 Sep 96
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App 6723F 6 Jun 96 Primary Recovery Schemes

Amoco Canada Petroleum Co. Ltd.

Brintnell Area

App 7964 6 Jun 96 Primary Recovery Schemes

Canadian Natural Resources Ltd.

Brintnell Area

App3950M 19 Jul 96 Commercial Oil Sands Schemes

Imperial Oil Resources Ltd.

Cold Lake Sector

App 4746H 5 Jul 96 Commercial Oil Sands Schemes

Consolidates App 3375, 4012 and 4448

Amoco Canada Petroleum Co. Ltd.

Lindbergh Sector

App 6804A 25 Jul 96 Commercial Oil Sands Schemes

Suncor Inc.

Primrose Sector

App 6280C 8 Jul 96 Primary Recovery Schemes

Texaco Canada Petroleum Inc.

Frog Lake Sector

App 6984H 31 Jul 96 Primary Recovery Schemes

PanCanadian Petroleum Ltd.

Frog Lake Sector

App 7306C 24 Jul 96 Primary Recovery Schemes

Consolidates Apps 6454 and 7252

Koch Exploration Canada, Ltd.

Cold Lake Area

App 7812A 23 Jul 96 Primary Recovery Schemes

Husky Oil Operations Ltd.

Frog Lake Sector

App 8002 22 Aug 96 Primary Oil Sands Recovery Schemes

Elan Energy Inc.

Beaverdam Sector

App 8003 21 Aug 96 Primary Oil Sands Recovery Schemes

PanCanadian Petroleum Ltd.

Lindbergh Sector

App 8004 21 Aug 96 Primary Oil Sands Recovery Schemes

PanCanadian Petroleum Ltd.

Elk Point Area

31 Dec 2015

31 Dec 2006

31 Dec 201 3
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App 3369J 30 Sep 96 Experimental Oil Sands Schemes

Consolidates Apps 1503, 2483 and 2484

Imperial Oil Resources Ltd.

App 5561 1 30 Sep 96 Experimental Oil Sands Schemes

Imperial Oil Resources Ltd.

Cold Lake Sector

App 8040 30 Sep 96 Experimental Oil Sands Schemes

Elan Energy Inc.

Beaverdam Sector

App 3950N 1 1 Sep 96 Commercial Oil Sands Schemes

Imperial Oil Resources Ltd.

Cold Lake Sector

App 6292H 16 Sep 96 Primary Recovery Schemes

Norcen Energy Resources Ltd.
St. Paul and Lindbergh Sector

App6984l 16 Sep 96 Primary Recovery Schemes

PanCanadian Petroleum Ltd.

Frog Lake Sector

App 7990 5 Sep 96 Primary Recovery Schemes

Husky Oil Operations Ltd.

Frog Lake Sector

App 8017 25 Sep 96 Primary Recovery Schemes

Husky Oil Operations Ltd.

Frog Lake Sector

App 8018 25 Sep 96 Primary Recovery Schemes

Koch Exploration Canada, Ltd.

Frog Lake Sector

App 8030 17 Sep 96 Primary Recovery Schemes

PanCanadian Petroleum Ltd.

Frog Lake Sector

App 8035 1 1 Sep 96 Primary Recovery Schemes

Koch Exploration Canada, Ltd.

Lindbergh Sector

App 8041 30 Sep 96 Primary Recovery Schemes

Norcen Energy Resources Ltd.

St. Paul Sector

App 7372A 1 Oct 96 Experimental Oil Sands Schemes

Koch Exploration Canada, Ltd.

Beaverdam Sector

31 Dec 96

31 Dec 96

30 Sep 99

31 Dec 201 5

31 Dec 96
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App 8006 2 Oct 96 Experimental Oil Sands Schemes

AEC Oil and Gas

Athabasca Area

App 3950P 25 Oct 96 Commercial Oil Sands Schemes

Imperial Oil Resources Ltd.

Cold Lake Sector

App 6984J 22 Oct 96 Primary Recovery Schemes
PanCanadian Petroleum Ltd.

Frog Lake Sector

App 7936A 31 Oct 96 Primary Recovery Schemes
Numac Energy Inc.

Wolf Lake Sector

App 8050 17 Oct 96 Primary Recovery Schemes
Elan Energy Inc.

Lindbergh Sector

App 3950Q 25 Nov 96 Commercial Oil Sands Schemes

Imperial Oil Resources Ltd.

Cold Lake Sector

App 8058 25 Nov 96 Primary Recovery Schemes

AEC Oil and Gas

Fisher Area

App 8061 25 Nov 96 Primary Recovery Schemes

Amber Energy Inc.

Brintnell Area

App 8069 29 Nov 96 Primary Recovery Schemes

Murphy Oil Company Ltd.

Lindbergh Sector

App 3369K 16 Dec 96 Experimental Oil Sands Schemes

Consolidated Apps 1503, 2483 and 2484

Imperial Oil Resources Ltd.

App 5561 J 16 Dec 96 Experimental Oil Sands Schemes

Imperial Oil Resources Ltd.

Cold Lake Sector

App 7372B 20 Dec 96 Experimental Oil Sands Schemes

Koch Exploration Canada, Ltd.

Beaverdam Sector

App 7853A 1 9 Dec 96 Experimental Oil Sands Schemes

Elan Energy Inc.

Lindbergh Sector

1 Oct 99

31 Dec 201 5

31 Dec 2015

31 Mar 97

31 Mar 97

31 Mar 97

30 Nov 98
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App 7859A 3 Dec 96 Experimental Oil Sands Schemes

Elan Energy Inc.

Lindbergh Sector

App 8075 6 Dec 96 Experimental Oil Sands Schemes

CS. Resources Ltd.

Pelican Lake Area

App 3950R 1 9 Dec 96 Commercial Oil Sands Schemes

Imperial Oil Resources Ltd.

Cold Lake Sector

App 641OC 1 2 Dec 96 Commercial Oil Sands Schemes

Murphy Oil Co. Ltd.

Lindbergh Sector

App 7632B 20 Dec 96 Commercial Oil Sands Schemes

Suncor Inc.

Mildred Lake Area

Replaces App 4765

App 661 91 6 Dec 96 Primary Recovery Schemes

CS. Resources Ltd.

Pelican Lake Area

App 6619J 23 Dec 96 Primary Recovery Schemes

CS. Resources Ltd.

Pelican Lake Area

App 71 1 8D 3 Dec 96 Primary Recovery Schemes

Elan Energy Inc.

Lindbergh Sector

App 8042 1 8 Dec 96 Primary Recovery Schemes

Canadian Natural Resources Ltd.

Wolf Lake, Seibert Lake and

Bonnyville Sectors

App 8043 1 1 Dec 96 Primary Recovery Schemes

Elan Energy Inc.

Cold Lake Sector

App 8075 1 1 Dec 96 Primary Recovery Schemes

Barrington Petroleum Ltd.

St. Paul Sector

App 8085 19 Dec 96 Primary Recovery Schemes

Northstar Energy Corp.

Wabasca Area

30 Nov 98

1 Dec 99

31 Dec 201 5

31 Dec 2009
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App 8087

App 8093

App6723G

App 7964A

20 Dec 96 Primary Recovery Schemes

Canadian Natural Resources Ltd.

Lindbergh Sector

23 Jan 97 Experimental Oil Sands Schemes

Black Rock Ventures Inc.

Hilda Lake

20 Jan 97 Primary Recovery Schemes
Amoco Canada Petroleum Co. Ltd.

Brintnell Area

24 Jan 97 Primary Recovery Schemes
Canadian Natural Resources Ltd.

Brintnell Area

31 Jan 2000

TECHNOLOGY

ELAN ENERGY FINDS SINGLE HORIZONTAL

WELL PROMISING FOR THERMAL

RECOVERY AT CACTUS LAKE

Horizontal wells have been used in conjunction

with thermal enhanced recovery for several years

now, and various well configurations have been

applied. In the Steam Assisted Gravity Drainage

(SAGD) process, a horizontal injector is located

above a horizontal producer. The producer

below collects and drains away the mobilized oil

and water (condensed steam). Often the injector

contains tubing for delivering steam to the well

toe, while the annulus directs the steam to the for

mation and produces the excess for circulation.

Recently, there has been interest in heavy oil

reservoirs in the application of a single dual-

stream horizontal well, where the annulus as

sumes the role of the producer. Elan Energy has

started producing oil at Cactus Lake from a

single horizontal well whose success has

prompted more companies to consider this tech

nology.

V. Oballa and W. Buchanan discussed the use of

a single horizontal well using new simulation tech

nology (hybrid grid surrounding a discretized

wellbore) at the International Conference on

Horizontal Well Technology held in Calgary, Al

berta, Canada, last November.

The modeling study was done with a reservoir

that approximates some heavy oil reservoirs

found in Alberta. The reservoir oil is a live oil with

10 mole percent of solution gas at reservoir con

ditions. Two different oil viscosities were con

sidered:

- Mobile Oil: Oil that can be produced par

tially by primary production.

- Viscous Oil: Oil, almost like bitumen,

that does not have significant mobility at

initial reservoir conditions.

To obtain a broader picture of the application of

a single horizontal well, both drainage and cyclic

processes were examined.

Of the four combinations of oil viscosities

(mobile/viscous) with two processes

(drainage/cyclic), the following three were ex

amined.

Mobile Oil/Drainage Process. In the simulation

with mobile oil, two operating strategies are

used. The first corresponds to Liquid Replace-
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ment (LR) where the amount of liquid injected is

equal to the amount produced. In the second

operating strategy, Net Liquid Withdrawal (NLW),
the amount of liquid injected is only two-thirds of

the amount produced. NLW produced 4 times

more oil than LR. This implies that with LR only a

small portion of the well lengthwas producing oil,

even though the oil was mobilized.

On the other hand, the NLW case has total pres

sure drop in the wellbore between 4,150 kPa and

2,350 kPa. This observation convinced the

authors that wellbore behavior dominates the

drainage process, such that any action in the

wellbore (e.g., pumping, sand deposition, etc.)

may have a positive or negative effect on oil

production beyond what is normally expected.

Viscous Oil/Drainage Process. In the drainage

process, energy efficiencywas much worse than

for mobile oil because more steam was needed,

not only to mobilize the oil but also to retain the

proper friction pressure drop along the wellbore.

The steam oil ratio for viscous oil is high, indicat

ing that the drainage process is uneconomical.

Viscous Oil/Cyclic Process. Another possible

process for a single well is cyclic steam injection.

The following 100-day cycle was simulated

20 times: steam injected at 300 cubic meters per

day for 30 days with a maximum pressure con

straint of 8,000 kPa; then 300 cubic meters per

day of liquid produced for 70 days with a mini

mum pressure constraint of 500 kPa.

At 2,000 days, cumulative oil production from the

cyclic process is almost twice that of the

drainage process, even though the cycle dura

tion was not optimized. Looking at the

cyclic/drainage simulation over its 10-year his

tory, the average oil rate during the cyclic seg

ment is about 20 cubic meters per day whereas

during the drainage segment (after 2,000 days)
the average is larger at 34 cubic meters per day.

This implies that it is advantageous to start with

cycling and then convert to drainage at some op

timal time determined by a balance between

production and steam oil ratio.

The authors conclude that the cyclic process

with a single horizontal well is a promising opera

tion and should be studied further.

####

BOREHOLE MINING DEEMED UNSUITABLE

FOR COLD LAKE OIL SANDS

The Cold Lake oil sands deposit in Northeastern

Alberta, Canada, contains over 40 billion cubic

meters of bitumen. Imperial Oil currently

operates several pilot and commercial oil sands

production projects in this area.

As part of an ongoing research and development

effort, Imperial Oil has embarked on a program

to develop new low cost in situ recovery tech

nologies for oil sands as an alternative to cyclic

steam stimulation. One such technology is

borehole mining, which utilizes high pressure

water jets to create a cavern in the formation and

force the liberated bitumen to the surface

through the annular space between the casing

and the jetting string.

In an article in The Journal of Canadian

Petroleum Technology, January 1997,

Volume 36, Number 1
, pages 58-63, J. Sharpe, of

H.A. Simons Ltd., et al. reviewed the borehole

mining concept and discussed the results of two

field pilots conducted in 1990 and 1991 at Im

perial Oil
Resources'

Cold Lake lease.

1990 Pilot

The first field pilot was conducted in late 1990.

The objectives of the 1990 pilotwere to:

- Validate the borehole mining concept

- Determine the produced slurry charac

teristics

- Determine the residual bitumen content

in the produced sand

57
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The 1990 pilot was of short duration, with a total

jetting time of 14 hours, and therefore the conclu
sions are based on limited data. The 1990 pilot

demonstrated that the hydraulic mining concept

works and that oil sands mining rates up to

50 tonnes per hour can be achieved, and that

production rates on the order of 15 tonnes per

hour can be sustained. The produced sand con

tained less than 1 percent by weight bitumen, in

dicating a bitumen separation efficiency greater

than 90 percent, and the produced bitumen froth

contained 40 percent water and 20 percent solids

by weight. The produced water contained less

than 2 percent solids and about 0.5 percent

bitumen byweight.

Overall, the 1990 results were encouraging and

therefore furtherworkwas initiated.

1991 Pilot

The primary objective of the 1991 pilot was to

create a cavern immediately below the shale in

order to expose a span in excess of 5 meters,

and to monitor its stability over a period of

several months. During this period the pressure

in the cavern would be kept above the ambient

pore pressure in the reservoir (approximately
3 MPa) in order to ensure that there was a resul

tant force supporting the roof. The fluid used for

the testwas produced-water from Cold Lake CSS

operations.

Secondary objectives of the 1991 pilot included:

- Establish the stand-off distance when jet

ting at a velocity of 200 meters per

second and a flow rate of 2.5 cubic

meters per minute

- Determine the angle of the cavern walls

- Demonstrate the improvements in the

nozzle design developed for the 1991

test

- Ascertain oil sands mining rate

- Establish mining efficiency

The pilot took place in November 1991. The plan

was to initially jet at velocities of 200 meters per

second to cut into the formation and form a

cavern. As soon as the oil sands material above

the initial cavern began to slough, these jets

would be replaced with jets of larger diameter

providing a velocity of 40 meters per second to

recover the sloughed material more efficiently.

After two days of jetting at high velocities the first

sonar log was taken. A cavern with a diameter of

5 meters, a height of 1.5 meters and a volume of

23 cubic meters had been formed, but no sig

nificant quantities of bitumen or sand were

produced.

The second sonar log showed that the roof had

collapsed and the cavern volume had more than

doubled to 49 cubic meters. Encouraged by this

result, jetting was continued with the low velocity

jets, but again no significant quantities of

bitumen or sand were produced. The high

velocity jets were reinstalled and for the next

2 days the production rate of both sand and

bitumen increased substantially.

The third sonar log indicated that the test objec

tive had been achieved. A cavern with a volume

of 172 cubic meters had formed, with a flat roof

at the shale/oil sands interface. The roof span

was between 6 and 8 meters.

Jetting continued with the high velocity jets for a

further 2 days. Considerable quantities of sand

and bitumen were produced. The fourth sonar

log showed that the cavern had grown to

275 cubic meters, and the span of the shale roof

was 8 to 10 meters.

To monitor the stability of the roof over time, the

cavern pressure was maintained by topping up

the well with produced water on a daily basis. A

gamma log run 12 days later indicated that the

shale had started to fail at a rate of about 1 meter

per week. The cavern continued to grow verti

cally upward across its entire width and during
the nextweek the sloughed material expanded to

fill the original cavern in addition to some of the

space previously occupied by the shale roof.

THE SYNTHETIC FUELS REPORT, APRIL 1997

58



 



OIL SANDS

A gamma log run a month later confirmed that

the roof had become stable.

Sharpe et al. conclude that the existing
"vision"

of

borehole mining is not an economic approach to

producing the Cold Lake reservoir. The

1991 field pilot has shown that reasonable

production rates can be achieved, nozzle wear

problems have been overcome and the stand-off

distance is greater than expected. However, the

shale roof will not remain stable, the mining ef

ficiency is poor and the cavern will angle steeper

than expected. These factors eliminate borehole

mining as an extraction method at Cold Lake.

####

RESERVOIR SCREENING GUIDELINES

DEVELOPED FOR SAGD/VAPEX PROCESSES

The SAGD and VAPEX processes appear promis

ing from a technical point of view. However the

viability of these processes is sensitive to the

reservoir characteristics of the specific target

areas. A. Singhal et al. presented guidelines for

screening heavy oil reservoirs for exploitation by
Steam Assisted Gravity Drainage (SAGD) and

VAPEX processes at the International Conference

on Horizontal Well Technology held in Calgary,

Alberta, Canada, in November.

Steam Assisted Gravity Drainage

Of all the thermal processes, the SAGD tech

nique appears to be the most promising for the

exploitation of heavy oil and bitumen. In this

process steam is injected through a horizontal

well and forms a steam chamber in the reservoir

sand. Steam condenses at the bitumen interface

and heats the oil. The hot oil, being less viscous,

drains by gravity to the horizontal production

well. With the remarkable advancement of the

technology for drilling long horizontal wells, high

production rates are achievable in the SAGD

process.

Vapor Extraction (VAPEX) Process

The viscosity of heavy oil and bitumen can also

be reduced by the addition of solvents. Thus the

energy losses of steam processes can be largely
avoided if, instead of steam, solvent is used to

leach the heavy oil and bitumen. This concept is

utilized in the VAPEX process in which hydrocar

bon (low molecular weight) vapors at a pressure

close to their dew points are injected into the

reservoir using a horizontal injection well.

Hydrocarbon vapor dissolves in the bitumen or

heavy oil and reduces the viscosity; the diluted

oil drains by gravity to a horizontal production

well.

With proper design, production rates for this sol

vent process are close to that of SAGD.

Comparison of SAGD and VAPEX Processes

In SAGD the operating temperature is guided by
the injection pressure which depends on the

reservoir pressure and injectivity. In VAPEX, al

though the operating pressure is again controlled

by the reservoir pressure and injectivity, the

operating temperature may be close to the reser

voir temperature. This eliminates the necessity

for thermal completions and reduces the cost.

Moreover, the volume of solvent injected is

smaller than the volume of steam and thus the

operating pressure would be lower in VAPEX.

The surface facilities requirement for VAPEX,

therefore, is much less than that for SAGD. The

produced oil with dissolved solvent behaves as a

live oil and in some cases may even be produced

without a subsurface pump.

Thus VAPEX may be ideal for thin heavy oil reser

voirs where SAGD may be uneconomic because

the energy dissipation in the VAPEX process will

be negligible compared to the SAGD process.

However, if there is a lack of confinement of the

vapor chamber the solvent loss may pose a

serious economic problem.
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In SAGD operations about 3 barrels of steam are

used per barrel of produced oil. On the other

hand, with VAPEX, less than 1 barrel of solvent

(liquid equivalent) under reservoir condition is in

jected per barrel of oil produced. Ninety percent
of this injected solvent is produced back with the

oil. Comparing the latent heat of vaporization of

water and the solvents (mainly propane and

butane) this translates to about a 3 percent

energy requirement in VAPEX compared to

SAGD for the same production rate. Moreover,
the injected steam in SAGD is produced as con

densed water, increasing the fluid handling by
2-fold compared with VAPEX. This factor reflects

upon the size of surface and subsurface facilities.

Most of the heavy oil reservoirs are underlain by
aquifers which often cause energy loss problems

using the SAGD process. On the other hand, the

VAPEX solvents are virtually insoluble in water,

therefore losses are minimal.

In the VAPEX process, it is possible to de-asphalt

the crude to some extent by controlling the sol

vent pressure. The precipitated asphaltenes are

left behind in the reservoir, thus reducing many

downstream problems for transportation and

refining. In SAGD there is no significant upgrad

ing except some thermal degradation of the as-

phaltic components.

The SAGD process has been field tested with

several successful projects in operation, whereas

the VAPEX process has been limited to

laboratory-scale investigations.

Common Features of SAGD and VAPEX

Both SAGD and VAPEX are applicable for the ex

traction of high viscosity crudes. Gravity
drainage is the drive mechanism in both these

processes. A pair of horizontal wells is the

preferred configuration for both of these

processes.

The key for the success of both of these

processes lies in confining the solvent vapor or

steam within the vapor chamber. The loss of sol

vent or steam outside the region of interest will

adversely affect the economic feasibility of the

process. Thus an impermeable and extensive

cap rock is highly desirable for these processes.

Other geological features such as fractures and

thief zones may also affect the success of the

steam/vapor process. Small-scale fractures may

be beneficial in distributing the solvent vapor or

steam in viscous oil, and aiding in the mass trans

fer or the heat transfer process. However, large

extensive fractures may lead the vapor beyond

the desired region, decreasing the efficiency of

the extraction process. The same is also true of

the worm holes induced by excessive sand

production in heavy oil reservoirs. These may be

helpful if they do not extend too far away from

the well.

Factors Promoting High Oil Drainage Rates

and Oil Recovery

The recoveries from SAGD and VAPEX

processes depend upon the volume of the vapor

chambers. The production rates, on the other

hand, depend upon the ease with which the mobi

lized oil can be drained. Both of these depend in

turn, upon reservoir description and design fea

tures ofthe recovery projects.

The higher the gravity drainage contribution, the

higher will be the production rate. Thus a project

will be more economic in thicker, continuous

reservoirs. A continuous pay zone thicker than

10 meters is desirable for an economic produc

tion rate.

A large chamber size offers high recovery from a

single operation. The chamber shape and size is

controlled by the geological features of the forma

tion. Lower vertical permeability would result in

more lateral spreading of the chamber. Presence

of shale barriers will also affect the shape of the

chamber. However, low permeability streaks

may also hold up some of the diluted oil in the

VAPEX process or heat in the SAGD process,

besides impeding the drainage of the mobilized

oil, thereby reducing the recovery efficiency.
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Project Screening Criteria

The following criteria are proposed for screening
of prospects for the application of SAGD/VAPEX

processes. Features that include attractive

prospects include:

- Fluvial sandstones that display a fining
upward sequence (channel and point bar

deposits). The fining upward sequence

is important for confining the injected

vapor inside the chamber.

- Stacked sandstones (fluvial or marine)

without significant shale barriers be

tween sandstones. The presence of a

good seal rock at the top of the stacked

sands is important for vapor/steam con

finement.

- Wide and continuous flow units.

- Internallywell-connected pay intervals.

- Pay zones with a high horizontal to verti

cal permeability ratio.

With the currently available technology it is not

possible to economically exploit the following

reservoirs, say Singhal et al.:

- Thin oil pay zone less than 5 meters.

- Regions with large gas caps or bottom

water.

- Oil sand zones with multiple shale

breaks.

- Regions with significant and unpredict

able fades changes between sand and

shale.

- Regions with significant and unpredict

able shale plugs, or those containing

poorly mapped shale filled channels.

- Regions with communicating fractures,

faults and thief zones that may lead to

bypassing of a significant portion of the

pay zone.

- Zones where controlled propagation/

confinement of the steam/vapor cham

ber is difficult.

The authors conclude that screening of

SAGD/VAPEX would have to be done on a site-

specific basis. Also as the technology and

economic factors change, the above criteria

need to be reviewed.

####

ORIMULSION TECHNOLOGY AVAILABLE FOR

CLEAN POWER GENERATION

In addition to the need to manage electric utility

industry deregulation and accelerating competi

tion, the industry must now prepare to also cope

with CAPI (Clean Air Power Initiative), the oncom

ing proposed regulations by the United States

Environmental Protection Agency (EPA) to revise

standards for powerplant emissions.

Bitor America Corporation (BAC), a subsidiary of

Bitumenes Orinoco, S.A. (BITOR), in turn a sub

sidiary of Petroleos de Venezuela, S.A. (PDVSA)
and the marketer and supplier of Orimulsion in

North America, has undertaken a series of tests

and powerplant modification design studies to

determine the cleanliness and competitiveness of

various Orimulsion power system applications. A

summary of BAC's findings was presented by
R. Quig and E. Hernandez-Carstens of BAC at

the Power-Gen '96 International Conference held

in Orlando, Florida, in December.

Orimulsion

Orimulsion is produced as a mixture of

70 percent bitumen and 30 percent water, typi

cally priced to compete with delivered coal. The

fuel is produced in the Orinoco tar belt in Central-

Southeast Venezuela. The Orinoco belt is ap

proximately 20,000 square miles and has proven
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economically recoverable reserves currently es

timated to be 270 billion barrels.

After production, the liquid Orimulsion is

transported by pipeline to the Jose Marine Ter

minal on the Northern Venezuelan coast, from

where it is shipped to North American, European

and Pacific Rim power markets. Table 1 iden

tifies the current and pending projects under

various long-term contract supply arrangements.

Approximately 2,000 megawatts of capacity is

currently in service.

Conventional Pollution Control Systems

Because of a 2.7 percent sulfur content in Orimul

sion, the generating units listed in Table 1 have

been equipped with a variety of pollution control

systems. Stack testing has been performed at all

worldwide Orimulsion power projects. In most

instances, air and water quality standards in

BITOR's diverseworld market sectors are at least

equal to or sometimes more stringent than that

encountered in the United States.

Orimulsion conversion generally Involves some

boiler modifications. Basic pollution control sys

tems installed typically include:

- Installation and/or reinforcement of

electrostatic precipitators.

- Installation of wet SO. scrubbing.

TABLE 1

CURRENT AND PENDING ORIMULSION PROJECTS

Country

Japan

Japan

Japan

U.K.

Denmark

Canada

Lithuania

China

Italy
Japan

U.S.A.

U.K.

Plant Name

Current Plants Using Orimulsion

Mitsubishi Kasei

Kashima-Kita

Osaka #4

Ince
"B"*

Asnaes #5

Dalhousie

Lietuvos

Plants Planning to Use Orimulsion

Dagang (North China Power Group)
Brindisi (ENEL)
Shiriuchi #2 (Hokkaido Electric)
Manatee (Florida Power & Light)
Pembroke (National Power)

Operation Plant/Unit

Date

An

Ratina (MW)

%Mtt

1992 70 + steam

1991 125 + steam

1994 156

1991 500

1995 700

1994 315

1995 300

?ion

1997 643

1997 660

1999 350

1998 1,500

1999 2,000

"Scheduled for final retirement in April 1997
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- The removal of Orimulsion ash as a pel

letized product for further treatment to

recover vanadium and nickel alloys.

- Possible alternative use of aqueous am

monia as S02 absorbent to recover

byproduct ammonium sulfate.

Table 2 summarizes the average stack emissions

measured to date in Europe and North America.

Japanese experience has been similar or better.

The Orimulsion-based powerplant results are sub

stantially less than United States New Source Per

formance Standards (NSPS). One exception is

NOx. The Orimulsion plants with no de-NOx bur
ners and/or other de-NO controls are equal to

NSPS.

Given the increasing focus on air toxic (volatile

organic compounds) emissions by the govern

ments of Europe, Canada, the United States and

Japan, BITOR and several of its current and pend

ing clients pooled resources to undertake com

prehensive stack tests.

To a large degree, say the authors, the

Orimulsion-based powerplant tests for air toxics

could not detect many trace elements. For those

trace elements for which reasonably reliable

measured levels could be detected, such levels

were low, (in terms of pounds per trillion BTU).

All powerplants were equipped with conventional

precipitator/scrubber systems, the one excep

tion being a heavy oil-fired powerplantwhich was

equipped only with an electrostatic precipitator.

The Orimulsion-based levels for chlorides and

the trace organics are now expected to be even

lower because of modifications being made for

Orimulsion production in Venezuela.

NO Reburn Technology

Throughout 1996, BAC and various client utilities

worked closely with the Energy and Environmen

tal Research Corporation (EER) to determine the

effectiveness of Orimulsion as a reburn fuel.

Reburn is the staging of combustion in existing

boilers to achieve NOx reductions of 60 percent

or more, dependent upon site specific boiler
con-

TABLE 2

STACK EMISSIONS

Pollutantfe)

PM

so2

NOx

co2

NSPS1

(Ib/MMBTU)

0.03

0.60

0.30

no standard

Average of

Orimulsion-Fired

Europe/North America
(Actual)2

(Ib/MMBTU)

0.01

0.35

0.30
1753

1New Source Performance Standards - United States

2Electrostatic Precipitator & Wet Scrubber installed

3Orimulsion derived C02 approximately 1 8% less than

bituminous coal
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ditions. The inclusion of de-NO burners and

other supplementary de-NOx technologies could
enhance these results.

SO. reduction in excess of 95 percent.

Cost-effective air toxics emission control.

Orimulsion achieved essentially the same NO

reduction as natural gas and heavy fuel oil in

rebuming tests. Natural gas has a slightly better

performance because Orimulsion has some fuel

nitrogen. However, firm natural gas delivered

pricing is currently more expensive than

delivered Orimulsion.

The Orimulsion rebum test results are considered

to be significant because BAC's market oppor

tunities tend to be the conversion of existing

powerplants located at major urban load centers.

Most of these urban locations are nonattainment

NOx zones.

HotWindbox Repowering

Working in cooperation with D.B. Grogan As

sociates, BAC has initiated reviews of the hot

windbox repowering concept, which includes the

integration of Orimulsion conversion in existing

boilers with natural gas-fired simple cycle Com

bustion Turbines (CTs). The CT exhaust gas is

sent directly into the existing boilerwindbox con

taining sufficient 02 to support complete combus
tion of Orimulsion.

Hot windbox integration offers the following ad

vantages:

- Significant heat rate improvement with

25 percent additional capacity.

- Fuel diversity:

75 to 80 percent Orimulsion at coal

prices

20 to 25 percent natural gas prices

- NO reduction of 50 to 60 percent. In

conjunction with selective non-catalytic

reduction, NOx rates of 0.15 pound per

million BTU are achievable.

- Clean, relatively low cost base

load/dispatchable power.

The hot windbox approach allows Orimulsion to

be effectively used in urban load centers. Older

plants destined for closing could be revitalized.

Gasification/ Integrated Gasification

Combined Cycle (IGCC)

The gasification of Orimulsion provides the

lowest emission conditions with integrated sys

tem heat rates in the vicinity of 8,500 BTU per

kilowatt-hour being achievable.

The hot windbox repowering concept can be ex

panded to include Orimulsion gasification.

Texaco Syngas has conducted extensive pilot

plant tests to confirm product gas composition

needed to guarantee full IGCC capacities in the

500 megawatt range.

BITOR business units worldwide are being re

quested to study several IGCC project oppor

tunities. The concept of initially installing a

Phase I combustion turbine that would tem

porarily fire distillate fuel followed by a Phase II

Orimulsion gasification plant appears to have

high interest to many project developers.

Presently, BAC is evaluating a 500-megawatt fuel

gas plant which would be installed at an existing

powerplant site. The existing site becomes a

"heat
sink"

for the gasification plant which would

supply medium BTU gas to remote combined-

cycle plants at other nearby generation sites.

The authors expect these arrangements to sub

stantially reduce the previous high capital cost of

IGCC because of the use of existing infrastruc

ture. Project capital costs in the range of $950 to

$1,100 per kilowatt seem viable.

####
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INTERNATIONAL

GASIFICATION OF ORIMULSION TESTED IN

JAPAN

In Japan the Central Research Institute of Electric

Power Industry (CRIEPI), the Chubu Electric

Power Company, Inc. and Mitsubishi Heavy In

dustries, Ltd. have started a joint research

project aimed at using Gasification Combined-

Cycle (GCC) electric power generation based on

Orimulsion. The heavy oil gasification experimen

tal facility and gasification characteristics of

Orimulsion were described by M. Ashizawa of

CRIEPI et al. at the Power-Gen '96 International

Conference held in Orlando, Florida, in Decem

ber.

The project began in June 1994with investigation

of the gasification concept and method, followed

by the design and building of a bench-scale

gasifier. Gasification experiments were run be

tween January 1996 and September 1996, includ

ing:

- Determination of gasification efficiency
- Analysis of gasification reaction products

- Evaluation of materials of construction

Heavy Oil Gasification Experimental Facility

The gasification experiment facility is located at

the Yokosuka Research Laboratory of CRIEPI.

The gasifier can process 2 tons of fuel per day.

Combined-cycle electric power generation by tur

bines is envisioned, and operation is performed

under high pressure. During gasification opera

tion the inside of the furnace reaches tempera

tures on the order of 1 ,200C or higher. The prin

cipal specifications of the main gasification fur

nace are given in Table 1 .

Results of the Heavy Oil Gasification

Experiment

The principal properties of Orimulsion include

30 weight percent water, 3 weight percent sulfur,

0.15 percent ash and a calorific value of

7,200 kilocalories per kilogram (wet basis). In

addition, the fusion characteristics of the ash frac

tion differ greatly depending on the presence of

an oxidizing or reducing atmosphere. The ash

consists mainly of magnesium and vanadium

along with other elements such as nickel and cal

cium.

To date the Orimulsion gasification experiment

has been repeated 17 times for a cumulative

TABLE 1

SPECIFICATIONS OF THE GASIFIER

Item

Fuel Capacity

Operating Pressure

Burner Type

Test Section

Specifications

100 kg/h

19
kg/cm2

Single/Pressure Spraying/

Downward Flow

- Refractories lining waterwall
- Refractory materials
- Tube materials

THE SYNTHETIC FUELS REPORT, APRIL 1997

65



 



OIL SANDS

gasification time of 260 hours, the longest con

tinuous operation period being 48 hours.

Within the range of this experiment, the calorific

value of product gas varies between 2,200 to

2,600 kilocalories per cubic meter, the carbon

conversion efficiency is above 98 percent and the

cold gas efficiency is between 70 and 80 percent.

The product-dust is about 80 percent or more car

bon, and the remainder is ash. The particle

diameter of the formed dust averages several

microns to several tens of microns.

The sulfur in the Orimulsion is mostly converted

to H2S and COS in the gasifier. In the present

experiment, about 1 .3 percent by volume of H.S

and several hundred parts per million of COS

were formed.

Material test pieces installed inside the gasifier

and the gas cooler are presently undergoing

analysis.

FutureWork

In the future, it is planned to perform similar ex

periments on other fuels such as asphalt and

high viscosity heavy oil, and to identify problems

that require attention in the development of a

demonstration plant.

####
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PROJECT ACTIVITIES

DETAILS OF FERC RULING ON DAKOTA

GASIFICATION CASE REVIEWED

Last December the Federal Energy Regulatory
Commission (FERC) approved the settlements

signed in 1994 by Dakota Gasification Company
(DGC), the United States Department of Energy
(DOE) and four pipelines taking natural gas from

the synfuels plant-Natural, Tennessee, ANR and

Transcontinental, reversing Administrative Law

Judge M. Levant's December 1995 decision

against DGC. (See The Sinor Synthetic Fuels

Report, July 1996, page 71, April 1996, page 55

and January 1996 4-5.) No party filed for a

rehearing by the January 17, 1997 deadline, so

the three settlements are now final.

Background

The Great Plains Synfuels Plant (Dakota Plant)
was developed in response to the energy crisis of

the 1970s. It was established as a demonstration

project to assess the technical, environmental

and economic viability of a coal gasification plant

and to provide a basis for evaluating the potential

role of coal gasification in mitigating the

country's serious energy situation.

The Dakota Plant project commenced with a

1975 application by five interstate pipeline com

panies and their affiliates for authorization to

transport Synthetic Natural Gas (SNG) from the

Dakota Plant to the Northern Border Pipeline

Company and sell it to five natural gas pipeline

companies.

In Opinion No. 119, issued in 1981, the FERC

approved a proposed settlement, which provided

that the four interstate pipeline applicants would

purchase the SNG at the tailgate of the Dakota

Plant on an unregulated non-jurisdictional basis

and recover the rolled-in cost ofthe SNG through

their Purchased Gas Adjustment (PGA)
mechanisms. Under agreements executed by
these four pipelines, Dakota's predecessor, Great

Plains Gasification Associates, agreed to con

struct a pipeline to provide transportation of the

SNG from the tailgate of the plant to the intercon

nection with Northern Border.

Plant operations commenced in 1984, but

decreasing energy prices soon rendered Great

Plains unable to meet its debt service obligations;

therefore it forfeited its more than $500 million in

vestment and defaulted on Its $1 .5-billion loan

agreements with DOE. In mid-1985, DOE as

sumed responsibility for operation of the SNG

plant.

In 1987 the United States Court of Appeals for

the Eighth Circuit held that the original Gas Pur

chase Agreements (GPAs) were enforceable by
DOE against the Pipelines and that those con

tracts required the Pipelines to purchase the

plant's entire output of SNG, so long as the SNG

met contract specifications and the Commission

continued to permit the Pipelines to pass through

the SNG costs.

Also in 1987, DOE accepted the offer of Basin

Electric Power Cooperative to purchase the SNG

plant. Basin Electric formed Dakota as a sub

sidiary to own and operate the plant. Dakota

paid $85 million for the plant and granted DOE

the right to a limited share of future revenues gen

erated from the sale of SNG.

In 1990 another proceeding arose out of a dis

pute between Dakota and the four Pipelines. At

issue were:

- The
Pipelines'

maximum purchase obliga

tions under the original GPAs

- The proper method of calculating the

SNG price under the original GPAs

- The appropriate rate for transportation

The Settlement Agreements of 1994 established

the
Pipelines'

collective purchase obligations at

168,000 million BTU per day. The Settlement

Agreements also established an immediate price

reduction that was effective from May 1, 1993,

through December 31, 1993. Beginning
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January 1, 1994, under the Settlement Agree

ments, the Pipelines began paying $3.70 per mil

lion BTU for the SNG. Over a period of

84 months this price is reduced and beginning in

the 85th month the price for SNG will be only the

free market commodity price, defined as the Ven

tura spot price less $0.25.

In December 1995 an Administrative Law Judge

(AU) issued an initial decision finding that the

pipelines acted imprudently in executing the

Settlement Agreements and that the costs

proposed to be passed through to the
Pipelines'

ratepayers are excessive (Initial Decision). The

AU also modified the pricing formula of the

original GPAs and ordered the Pipelines to

refund excess charges to their customers ap

plicable to the period from May 1, 1993, to the

present.

The Pipelines, DOE and Dakota filed exceptions

challenging the ALJ's findings that the Pipelines

did not act prudently in executing the Settlement

Agreements.

In determining whether the Pipelines acted pru

dently in entering into the Settlement Agree

ments, the Commission addressed:

- The limits of its jurisdiction in this case

- The appropriate price to be paid for the

SNG

- The
Pipelines'

maximum purchase obliga

tions

- The value of the transportation service

from the tailgate of the Dakota Plant to

the interconnection with Northern Border

Discussion

In the Initial Decision, the AU found that sig

nificant changes have transpired in the gas

pipeline industry since Opinion No. 119, includ

ing the deregulation of wellhead prices and the

restructuring of pipeline services under Order

No. 636. As a result, ANR, Tennessee and

Transco pipelines are essentially no longer mer

chants of natural gas and have reformed or ter

minated most of their gas purchase contracts.

The
Pipelines'

few remaining high-priced gas pur

chase contracts control the annual SNG price cal

culation under the original GPA pricing formula

and serve to drive up the price of SNG well

above the average market price. In the AU's

view, these changes constitute exceptional cir

cumstances that would permit the Commission

to order changes in the authorizations granted in

Opinion No. 119.

FERC said that it shares the AU's concerns

about the continuation of Opinion 119 authoriza

tions in today's natural gas market. However, the

Commission's authority to act in this proceeding

is limited by statutory and judicial constraints.

Therefore, the Commission found that approval

of the Settlement Agreements is the best avail

able means of bringing the ratepayer contribu

tions to the Dakota project more in line with cur

rent market conditions and ultimately phasing out

ratepayer support for the Dakota project.

FERC has jurisdiction over flowthrough of the

SNG costs in the
Pipelines'

rates. However, the

Commission found that its authority to modify

approved tariff provisions must be prospective

only and may not include refunds.

In reviewing the proposed Settlement Agree

ments, the Commission noted that its "primary

statutory duty [is] to protect the interests of

ratepayers."

However, given the constraints on

its legal authority, the Commission concluded

that approval of the Settlement Agreements in

volves less cost and less risk for ratepayers (as

well as for the Pipelines) than any other alterna

tive. Accordingly, the Commission reversed the

AU decision and approved those Settlement

Agreements.

As the Ratepayers conceded during oral argu

ments, the Settlement Agreements contain an

overall price that is likely to be less than the price

established by theAU in the Initial Decision. The

commodity charge under the Settlement Agree

ments is the Ventura spot price minus $0.25, plus
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a demand charge that in 1996 would have been

approximately $0.55 per million BTU. Therefore,
the overall Dakota SNG price under the Settle

ment Agreements would approximate the Ven

tura spot price plus $0.30. During 1996 this

would have been, on average, less costly than

purchasing natural gas in the Louisiana spot

market.

FERC notes that the Settlement Agreements are

actually accomplishing a phase-out of ratepayer

support for the Dakota Plant. After 84 months,

the price will be reduced to the Ventura spot

price minus $0.25. Thus the ratepayer subsidy

(the Pipeline passthrough of above-market costs)

should cease after the 84 months.

FERC also recognized that, when the settlement

demand charges are spread among all of the
Pipelines'

customers, their impact on the
Pipelines'

rates is minimal. The rate impact is

$0,006 per million BTU to $0,014 per million BTU.

Further, approval of the Settlement Agreements

and the potential for continued operation of the

plant will permit DOE, and through it the nation's

taxpayers, to recoup a portion of their con

siderable investment in the project.

Commission PrudenceAnalysis

The Commission concluded that rejection of the

Settlement Agreements could only benefit the

ratepayers if the Commission could

order refunds. However, the Commission may

not order refunds because it cannot find that the

Pipelines acted imprudently in entering into the

SettlementAgreements.

####

sidiaries, Encoal Corporation and Americoal

Development Company, signed contracts with

Mitsubishi International Corporation for the con

struction of a full-scale Liquids-From-Coal (LFC)
plant in Wyoming. Completion of the facility is

subject to certain conditions, including obtaining

construction, permanent financing and all neces

sary permits.

The permitting process on this plant was initiated

last fall. (See The Sinor Synthetic Fuels Report,

January 1997, pages 4-4, 4-5.)

Mitsubishiwould engineer and build, under a con

tract worth $460 million, a three-module facility
capable of consuming about 6 million tons of

Powder River Basin coal annually and producing

3 million tons of a high-BTU, low-sulfur, solid fuel

known as PDF and 3 million barrels per year of a

hydrocarbon liquid fuel known as CDL The

facility would be located at Zeigler's North

Rochelle mine.

The LFC technology is owned and licensed by

Tek-kol, a partnership between a Zeigler sub

sidiary and SGI International, the inventor of the

technology. Mitsubishi and Tek-kol have for the

past year been engaged in advanced feasibility
studies regarding the prospective joint engineer

ing and construction of commercial LFC plants,

including the Wyoming plant and potential

projects in Indonesia and Russia.

This technology qualifies for Section 29 tax

credits. Under the federal Section 29 require

ments, project contracts had to be in place by
the end of 1996 and projects have to be up and

operating by July 1, 1998. Zeigler says projects

using this technology are viable even without the

tax credit.

ENCOAL TO CONSTRUCT 16,500-TON PER

DAY LIQUIDS-FROM-COAL PLANT IN

WYOMING

Late last year, NuCoal, LLC, a new company

formed by Zeigler Coal Holding Company sub-

Construction could start as early as the second

quarter of 1997, with initial operations beginning
in the first or second quarter of 1999. Full plant

capacity is not expected until 2001 .

####
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CONSTRUCTION CONTRACTS LET FOR

COGA PROJECT

In January 1997 COGA Industries LLC awarded

Bechtel a contract to provide engineering and

construction services for its coal-to-fertilizer com

plex near Girard, Illinois.

When completed in the year 2000, the

$950 million plant will produce 2,200 tons per day
of urea, urea-ammonium-nitrate solution and

other fertilizer products. The facility, which will

gasify more than 1 million tons per year of Illinois

coal, would become one of
Illinois'

largest users

of coal. The plant is expected to create some

1,325 permanent new jobs in the state, including
250 at the facility itself.

Bechtel joins Freeman Energy Corporation,

Springfield, Illinois; Monsanto Enviro-Chem,

St. Louis, Missouri; Unicom Resources, Inc.,

Chicago, a subsidiary of Unicom Corporation;

the Chase Manhattan Bank, New York, New

York; and Hydro Agri North America, Tampa,

Florida, as project participants.

Under terms of the agreement, Bechtel will

provide technical advisory services prior to a

financial closing, followed by engineering,

procurement, construction and startup services

for the complex. The work force is expected to

peak at 2,000 during the 3-year construction

cycle.

COGA has already received a permit from the Il

linois Environmental Protection Agency to con

struct the facility (see The Sinor Synthetic Fuels

Report, January 1997, pages 4-5, 4-6).

####

K-FUEL PLANT DAMAGED BY FIRE

The first commercial K-Fuel coal upgrading plant,

located at the Fort Union surface coal mine near

Gillette, Wyoming, faced a setback in December

when a fire caused an estimated $2.5 million in

damages.

While the fire did not harm the plant's four K-Fuel

processors, it did destroy one of the plant's two

oil heaters and its auxiliary oil storage tank. The

500,000-ton per year coal processing plant is

jointly owned by Thermo Ecotek of Waltham,

Massachusetts, and Colorado-based KFx Inc.

The plant had been going through startup proce

dures when the fire started. Flames broke out at

the KFx plant about 4:45 a.m., and the fire was

contained by about 9:00 a.m. Fire officials

reported flames shooting up to 200 feet above

the plant. Company officials said three

employees were working at the time of the fire,

but none were injured.

The plant was developed in part with an

$1 1 .7 million loan made to former owner Energy
Brothers under the state's "clean

coal"

program

in the late 1980s. Under the program, the state

made low-interest loans to companies to help
them develop technologies to make Wyoming's

coal more attractive to large utilities.

The state lost more than $4 million in interest pay

ments on the original loan, but in agreeing to the

deal to sell the plant to KFx, the state agreed to

forgive the unpaid interest in exchange for a

share of future royalties from the K-Fuel process.

KFx has a contract in place with the Ohio Valley
Electric Corporation, a subsidiary of American

Electric Power Corporation, for part of the

production of the Gillette plant.

The company is also moving forward with various

expansion plans. KFx has applied for permits to

increase the capacity of this plant by
150,000 tons per year and to build another plant

with a capacity of 650,000 tons per year for a to

tal combined annual output of 1 .3 million tons of

K-Fuel.

KFx Inc. and Kennecott Energy have formed a

joint venture in which Kennecott will provide

$1 million in cash and $4 million in research and

development to improve the process over the

next 2 years. The venture is called K-Fuel LLC.
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KFx Inc. also has reported projects in Turkey, the

Czech Republic and Indonesia.

####

COVOL SELLS FIRST PRODUCTION

Covol Technologies Inc. reported the sale of the

first 5,000 tons of synthetic coal produced at the

Utah Synfuel No. 1 facility in Carbon County,

Utah, to the Carbon Power Plant in Utah.

Covol's technology processes waste coal fines

into a synthetic fuel that qualifies for tax credits

under Section 29 of the Internal Revenue Service

Code. The synthetic coal product can be used

along with conventional coal by the electric utility

industry. Covol signed a letter of intent in Novem

ber with Arthur J. Gallagher & Company for the

sale of Utah Synfuel No. 1 .

Last April Covol Technologies and Alabama

Power signed a contract in conjunction with a

planned coal-fines recovery project in Alabama.

In a January financial statement, filed with the

Securities and Exchange Commission, Covol

notes that due to project delays it is in technical

default on that contract. Covol is
"uncertain"

whether the utility will take any action in response

to that default.

This was a 5-year coal supply contract with a

start date of January 1
,
1997. Base price for the

product was listed as $22 per ton at the process

ing plant.

####

ROSEBUD SYNCOALWANTS TO BUILD

PLANT IN NORTH DAKOTA

The SynCoal process has been developed by the

Rosebud SynCoal Partnership (RSCP) through

the United States Department of Energy's Clean

Coal Technology Program. RSCP is a Colorado

general partnership formed for the purpose of

conducting the Clean Coal Technology Program

demonstration and the commercializing of Ad

vanced Coal Conversion Process (ACCP) tech

nology.

Western SynCoal Company, a subsidiary ofMon

tana Power Company's Energy Supply Division,

is the managing general partner of RSCP. The

other general partner is Scoria Inc., a subsidiary

of NRG Energy, the nonutility entity of Northern

States Power Company ofMinnesota.

R. Sheldon of Rosebud SynCoal Partnership dis

cussed the Rosebud SynCoal demonstration

project and commercialization plans for a Syn

Coal plant in North Dakota at the Fifth Annual

Clean Coal Technology Conference held in

Tampa, Florida, in January.

SynCoal Process

The patented ACCP process improves the heat

ing quality of low-rank coals to produce an

upgraded coal product called SynCoal.

There are three major steps to the SynCoal

process:

- Thermal treatment of the coal in an inert

atmosphere

- Inert gas cooling of the hot coal

- Removal of ash minerals (Figure 1)

During the thermal treatment process, raw coal

from the stockpile is screened and fed into a two-

stage thermal processing system. In the first

vibratory fluidized-bed reactor, surface water is

removed from the coal by heating it with hot com

bustion gas. The coal is further heated to nearly

570F in a second reactor to a temperature suffi

cient to remove pore water and promote decar

boxylation. Here, particle shrinkage causes frac

turing, destroys moisture reaction sites, and

separates out the coal ash minerals.
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FIGURE 1

SYNCOAL PROCESS FLOW DIAGRAM
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The coal then enters the coal cooler, where it is

cooled to less than 150F by contact with an inert

gas (carbon dioxide and nitrogen at less than

100F) in a vibrating fluidized-bed cooler.

In the last stage-the coal cleaning
system-

cooled coal is fed to deep bed stratffiers where

air velocity and vibration separate mineral matter

from the coal with rough gravity separation. The

low specific gravity fractions are sent to a

product conveyor while heavier specific gravity

fractions go to fluidized-bed separators, for addi

tional ash removal. Fines from various parts of

the cleaning process are collected in baghouses

and cyclones, cooled and made available as an

additional product line.

The SynCoal is a high quality product with less

than 5 percent moisture, sulfur content of

0.5 percent, ash content of about 9 percent, and

a heating value of about 1 1 ,800 BTU per pound.
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Colstrip, Montana, Demonstration Project

The RSCP manages the $105-million demonstra

tion project adjacent to the Rosebud Mine at

Colstrip, Montana, and all activities related to

technology commercialization. DOE has com

mitted $43,125 million in funding to the

demonstration project.

When operated continuously, the demonstration

plant produces over 1,000 tons per day (up to
300,000 tons per year) of SynCoal with a

2 percent moisture content, approximately
11,800 BTU per pound and less than 1.0 pound

of SO. per million BTU. This product is obtained

from Rosebud Mine subbituminous coal which

starts with 25 percent moisture, 8,600 BTU per

pound and approximately 1.6 pounds of S02 per

million BTU.

Nearly 1.3 million tons of raw coal have been

processed and over 850,000 tons of SynCoal

have been produced through October 1996. The

plant has consistently operated at over

100 percent of design capacity and over

75 percent availability.

UtilityApplications - Customer Results

A total of 204,478 tons of SynCoal was burned

between mid-1992 and April 1996, at the 160-

megawatt J.E. Corette plant in Billings, Montana.

The testing involved both handling and combus

tion of SynCoal in a variety of blends. Overall the

results indicated that a 50 percent SynCoal/raw

coal blend provided improved results with S02
emissions reduced by 21 percent overall, in

creased generation at normal operating loads

and no noticeable impact on NOx emissions.

SynCoal is now being tested in the twin 320-

megawatt pulverized-coal-fired plants in Colstrip.

The results of these tests will provide information

on: boiler efficiency, output and air emissions. A

total of 61 ,339 tons have been consumed.

In May 1993, 190 tons of Center, North Dakota,

lignite were processed at the ACCP demonstra

tion facility in Colstrip, producing 10,740 BTU per

pound product and 47 percent reduction in sulfur

and a 7 percent reduction in ash. In

September 1993 a second test was performed

processing 532 tons of lignite, producing a

10,567-BTU per pound product with a 48 percent

sulfur reduction and a 27 ash reduction.

Approximately 190 tons of these upgraded

products were burned in an initial test at the

Milton R. Young Unit #1 showing dramatic im

provement in cyclone combustion, improved slag

tapping and a 13 percent reduction in boiler air

flow, reducing the auxiliary power loads on the

forced draft and induced draft fans. Additionally,

the boiler efficiency increased from 82 percent to

in excess of 86 percent and the total gross heat

rate improved by 123 BTU per kilowatt-hour.

Minnkota Power has tested the use of SynCoal

as a substitute for fuel oil when removing cyclone

slag and also as a steady additive to reduce the

boiler slagging and convective fouling to reduce

the number of cold boiler washings necessary.

SynCoal has been shown to be at least as effec

tive in removing cyclone barrel clinkers on a

BTU-for-BTU basis as fuel oil. The SynCoal

produces a much higher temperature in the

cyclone barrel than lignite increasing the cyclone

barrel front wall temperature as much as 900F

and more closely matched the design tempera

ture profile which improves the cyclone combus

tion operation dramatically.

IndustryApplications - Customer Results

A total of 129,056 tons of SynCoal have been

delivered to industrial cement and lime plant cus

tomers from 1993 through October 1996. In their

testing and use of SynCoal they have found that

it improves their production capacity and product

quality from their direct-fired kiln applications.

SynCoal appears to allow tighter process control

and process optimization in their operations.

Since 1993 a bentonite producer has used ap

proximately 30,569 tons of SynCoal as an addi

tive in their green sand molding product for use

in the foundry industry.
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Research and Development Projects

RSCP was contracted by the United States

Department of Energy (DOE), National Energy
Technology Center (NETC) to provide 25 tons of

upgraded high-sulfur subbituminous
"C"

coal for

use in Morgantown Energy Technology Center's
coal gasification test program. The coal

provided was a specific sized SynCoal that was

uncleaned and produced in the ACCP facility in

Colstrip. The ACCP plant had to be carefully ad

justed and monitored to produce the product

with the required specifications. The SynCoal

was sized to 14 x 60 mesh using DOE-supplied

screening equipment. The finished product was

shipped during October 1996.

Commercialization

Design and engineering already has started on

the plant. If construction starts on schedule in

April, the plant should be completed by the end

of March 1998 and begin commercial operation

in June 1998, according to Sheldon.

Center's plans for a SynCoal plant depended on

Congress extending the Section 29 tax credit,

which gave the Rosebud Partnership a 2-year ex

tension to build the plant and get it running. The

State of North Dakota has agreed to contribute

$4.1 million to the project.

####

TAMPA ELECTRIC IGCC PROJECT

SUMMARIZED

Western SynCoal Company has moved closer to

building a $37.5-million commercial SynCoal

plant at Minnkota's Milton R. Young Power Sta

tion near Center, North Dakota. Minnkota is a

generation and transmission cooperative supply

ing wholesale electricity to 12 rural electric

cooperatives in Eastern North Dakota and

Northwestern Minnesota.

Minnkota owns and operates the 250-megawatt

Unit #1 at the Young Station, and operates the

438-megawatt Unit #2 which is owned by Square

Butte Electric Cooperative of Grand Forks, North

Dakota. This power station is already one of the

lowest-cost electric generating plants in the na

tion; however, with the use of SynCoal the opera

tions of the plant could further improve, says

Sheldon.

The SynCoal plant would produce an estimated

403,000 tons of finished product annually, which

would be blended with the lignite. The reduced

slagging and fouling improves generating plant

maintenance and allows potentially longer runs

between downtimes to ultimately produce more

electricity. The process is anticipated to boost

the lignite heating value by 60 percent and could

lower its sulfur content by 50 percent with an an

ticipated second phase of the project.

The Tampa Electric Company (TEC) Integrated

Gasification Combined-Cycle (IGCC) project was

selected by the United States Department of

Energy (DOE) as a Clean Coal Technology
Program Round III demonstration project.

Demonstration of this advanced IGCC

powerplant was initiated in October 1996. The

project status was summarized in 'Topical Report

Number 6-The Tampa Electric Integrated

Gasification Combined-Cycle
Project"

published

in October 1996.

The greenfield site is located south of Lakeland,

Polk County, Florida. The project is demonstrat

ing use of Texaco's coal gasification process to

fuel an advanced General Electric gas turbine

generator whose exhaust is integrated with a

Heat Recovery Steam Generator (HRSG) and a

steam turbine generator to produce

250 megawatts of electric power.

The project gasifies about 2,000 tons per day of

coal in a single gasifier.

The process is illustrated in Figure 1 .

Texaco Gasification Process

The Texaco coal gasification technology uses a

single-stage, downward-firing, entrained-flow
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FIGURE 1

TAMPA ELECTRIC IGCC PROCESS FLOW DIAGRAM
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coal gasifier in which a coal/water slurry (60 to

70 percent coal) and 95 percent pure oxygen are

fed to a gasifier, at a temperature of about

2,700F.

The hot gas flows downward into a radiant syn

gas cooler where high pressure steam is

produced. The syngas passes over the surface

of a pool of water at the bottom of the radiant syn

gas cooler and exits the vessel. The slag drops

into the water pool and is fed from the radiant

syngas cooler sump to a lockhopper. The

radiant syngas cooler is about 17 feet in

diameter, 100 feet long, and weighs about

900 tons. The
"black"

water flowing out with the

slag is separated and recycled after processing

in the dewatering system.

Gas Cleanup Process

Gas cleanup equipment in an IGCC powerplant is

relatively inexpensive compared to flue gas

cleanup in a conventional coal-steam

powerplant. Smaller equipment is required be

cause a much smaller volume of gas is cleaned.

Cold-Gas Cleanup-The raw syngas exiting the

radiant syngas cooler is first sent to parallel con

vective syngas coolers. Ninety percent of the

syngas flows to the cold-gas cleanup system

where it is first treated in water scrubbers for

removal of entrained solids and the gas then

flows to the low-temperature syngas cooling sys

tem. The scrubber bottoms are routed to the
"black"

water handling system where the solids

are separated.
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The particulate-free gas is water-washed to

remove contaminants thatwould degrade the sor

bent in the absorber. The washed syngas flows

to the amine absorber where the H2S and some

of the C02 (acid gases) are absorbed. The
"rich"

amine is stripped of acid gas in the stripper.

The cold-gas cleanup system is designed to ac

cept 100 percent of the raw syngas.

Hot-Gas CleanupThis unit is designed to

handle 10 percent of the hot, raw syngas.

Entrained fine particles in the hot syngas are

removed in the primary cyclone and sent to the
"black"

water handling system. Halogens are

removed to minimize corrosion of the gas tur

bine. Solids collected from the second cyclone

are sent off-site for disposal in a permitted landfill

and the gas flows to the absorber.

A large fraction of any remaining particulate mat

ter is captured in the absorber. Syngas, contain

ing H2S and carbonyl sulfide (COS), enters the

bottom of the absorber and flows countercurrent

to the moving bed of sorbent pellets. The sulfur

compounds react with sorbent to form metal sul

fides. Syngas exiting the absorber is expected to

contain a maximum of 30 parts per million of H2S

and COS.

The spent sorbent is regenerated to avoid exces

sive sorbent replacement costs.

Combined-Cycle PowerGeneration

The gas turbine is a General Electric

Model MS 7001 F, designed for low-NOx emis

sions when firing syngas and with low-sulfur fuel

oil that is used for startup and backup. Rated out

put from the hydrogen-cooled generator on syn

gas is 192 megawatts-electric. The gas turbine is

an advanced turbine that has been proven in a

utility environment.

Nitrogen is used as a syngas diluent to reduce

NO formation and also to increase mass flow,

resulting in a higher gas turbine power output.

The HRSG is a three-pressure design with natural

circulation and reheat. The steam turbine is a

double flow reheat unit with low-pressure extrac

tion. Nominal steam inlet conditions are

1,450 psig and 1,000F with 1,000F reheat tem

perature. Expected generator output during nor

mal operation is 121 megawatts-electric.

Air Separation Unit

The air separation unit provides 95 percent pure

oxygen for the gasifier operation and wanned

compressed nitrogen for the gas turbine. Low-

pressure 95-percent oxygen is also supplied to

the sulfuric acid plant.

Sulfuric Acid Plant

In the sulfuric acid plant, the sulfur-containing

gases from the hot- and cold-gas cleanup sys

tems are converted to 98 percent sulfuric acid for

sale to the local Florida fertilizer industry. About

200 tons per day of H2S04 are produced.

Environmental Considerations

All federal, state and local environmental permits

have been obtained. An Environmental Monitor

ing Plan developed by TEC gives details of the

performance monitoring of environmental control

equipment, stack emissions, and also for the site

and surrounding area.

Costs/Schedule/Results

The estimated cost of the TEC IGCC project, in

cluding the operation and testing phase, is ap

proximately $506 million. DOE is providing about

$142 million.

Work on the projectwas initiated with the comple

tion of an agreement between TEC and DOE in

July 1992. Groundbreaking took place in

November 1994, and the facility was released to

operation in October 1996. The 4-year

demonstration program began at that point
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Operating on a Pittsburgh No. 8 bituminous

coal, results have been positive and encourag
ing. A 101.6-hour run of the IGCC system was

conducted in mid-October. Long-term stable

operation and full capacity were achieved.

Operating on syngas, the combustion turbine

achieved the design values of

192 megawatts-electric on syngas, and

121 megawatts-electric was furnished from the

steam turbine, for a total output of

313 megawatts-electric.

Byproduct evaluation is in progress. The brine

concentration system has produced chloride

crystals which will be evaluated by potential pur

chasers for reuse. The sulfuric acid plant has

produced sulfuric acid which will be sold through

the sulfuric acid trading market in Florida. The

slag is being evaluated by the purchaser to deter

mine how it will be utilized.

Testing of the IGCC system is planned to op

timize operation, improve overall cycle efficiency

and achieve emission targets. TEC will begin

with parametric testing of key subsystems, includ

ing the hot-gas cleanup system. Four types of

coals will be used in accordance with the

demonstration test plan.

####

WABASH RIVER PROJECT SUMMARIZED

The Wabash River Coal Gasification Repowering
Project was selected in September 1991 by the

United States Department of Energy (DOE) as a

Clean Coal Technology Program Round IV

demonstration project. Demonstration of this

advanced Integrated Gasification Combined-

Cycle (IGCC) powerplant was initiated in

December 1995. Now in commercial operation,

the project is the world's largest single-train

IGCC powerplant. The project was summarized

in Clean Coal Technology Topical Report

Number 7 published in November.

The participant isWabash River Coal Gasification

Repowering Project Joint Venture, formed in

1990 by Destec Energy Inc. and PSI Energy, Inc.

They formed this joint venture to demonstrate

coal gasification repowering of an existing PSI

generating unit.

The project is located at PSI'sWabash River Gen

erating Station nearWest Terre Haute, Indiana.

Project Description

This project is demonstrating integration of

Destec's gasification process with a General

Electric Model MS 7001 FA gas turbine generator,

a Heat Recovery Steam Generator (HRSG), and

the refurbished Unit 1 (of six) steam turbine gen

erator of theWabash RiverGenerating Station.

This IGCC powerplant is expected to function as

a substantial element of PSI's plan to comply

with the Clean Air Act Amendments of 1990

(CAAA) with sulfur dioxide emissions as low as

0.02 pound per million BTU of fuel. Emissions

are expected to be less than the CAAA Phase II

limits for the year 2000. The efficiency of the

repowered unit is expected to be about

20 percent better than its preproject derated con

dition.

The Wabash River IGCC Powerplant is designed

to use a range of local coals with a maximum sul

fur content of 5.9 percent (dry basis) and a

higher heating value of over 13,500 BTU per

pound (moisture and ash free). The coal

selected for initial operation is a high sulfur Mid

western bituminous from the Number 6 seam at

Peabody's Hawthorn Mine in Indiana. During the

3-year demonstration period, alternative

feedstocks may be tested for up to 60 days each

year.

Process Description

The design of theWabash River Coal Gasification

Repowering Project gasifier is based on that of

Destec's LGTI gasifier, which is similar in size and

operating characteristics to the project gasifier.

A flow diagram of the process is shown in

Figure 1 .
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FIGURE 1

WABASH RIVER COAL GASIFICATION REPOWERING PROJECT
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A coal/water slurry feed is prepared and, with

oxygen, fed to the first-stage of the Destec

gasifier. Partial combustion of the coal maintains

a temperature of about 2,500F. Most of the coal

reacts chemically with steam to produce raw fuel

gas; the ash melts and flows out of the bottom of

the vessel as slag. Additional coal/water slurry

added to the second gasification stage un

dergoes devolatilization, pyrolysis and partial

gasification to cool the raw gas and enhance its

heating value.

The raw gas is further cooled, with production of

steam for power generation. Particles contained

in the gas are removed by candle filters and

recycled to the first stage for gasification of

residual carbon. Only a single gasifier vessel is

required to process the 2,544 tons per day of

coal required for operation of the IGCC

powerplant.

The particle-free gas is further cooled to ambient

temperature and at least 98 percent of sulfur con

taminants are removed by a proven technology.
High quality sulfur (over 99.9 percent pure) is

recovered and sold for agricultural applications.

The slag byproduct of gasification can be used

for applications such as road paving and roof

shingles.

The heating value of the cleaned-fuel gas is ap

proximately 285 BTU per standard cubic foot (dry
basis). The cleaned gas is moisturized to aid in

control of NOv emissions, heated and fed to
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General Electric's Model MS 7001 FA gas turbine

where it is combusted. Gas turbine exhaust heat

is recovered in an HRSG to produce steam for

production of electricity. Flue gas is emitted to

the atmosphere via a 225-foot stack.

The repowered powerplant has a design heat

rate of about 9,030 BTU per kilowatt-hour

(37.8 percent efficiency), higher heating value

basis.

The total cost for the project is approximately
$438 million, including escalation, environmental
and permitting costs, startup costs, license fees

and demonstration programs. Costs are equally
shared by DOE and the joint venture. Repower

ing the Unit 1 steam turbine and reusing
ancil-

laries from the existing plant saved the project

about $30 to $40 million.

Demonstration Milestones

Initially the combined-cycle facility was tested

alone on No. 2 distillate. The first gasifier run

(23 hours) took place without significant

problems on August 25, 1995. First gas turbine

operation on syngas took place October 3, 1995.

Commercial operation of the gasification facility
was achieved November 18, 1995, kicking off the

planned 25-year operating life of the facility.

In mid-February 1996, the Wabash River Coal

Gasification Repowering Project was operated

continuously for over 12 consecutive days with

all parameters at acceptable levels. The gasifier

achieved 100 percent capacity for the first time

and produced the most syngas ever from a

single-train gasification plant. The gas turbine

also achieved 100 percent of rated load on syn

gas by generating 192 megawatts-electrical.

Results

Since commercial operation began in

November 1995, operations of most of the

process units in the IGCC facility have met or ex

ceeded expectations. The gas turbine

generator's fuel consumption at design output is

well below the design guarantee, causing the

plant heat rate to be improved over design. The

gasification facility has demonstrated outputs of

up to 103 percent of design.

Sulfur emission rates of less than 0.1 pound per

million BTU (coal input basis) have been consis

tently demonstrated, which are better than the

plant design point of 0.2 pound per million BTU

and greatly surpass the 1.2 pound per

million BTU guideline for the year 2000 as set by
the CAAA.

In the gasification plant, the slurry preparation,

gasification, high temperature heat recovery, acid

gas removal and continuous slag handling sys

tems have all functioned well. The combustion

turbine, steam turbine and water treatment sys

tem at the power generation facility have also

operated satisfactorily.

The early operation was marked by significant

problems in certain process units. At the gasifica

tion facility, problems in the particulate removal

system have resulted in repeated outages, con

stituting the majority of the plant's downtime and

promoting modifications to this process area.

The gasification facility has also seen downtime

due to metallurgical problems in the low tempera

ture heat recovery systems.

Feedwater heating problems have required use

of a portion of the high pressure steam for direct

condensate heating in the deaerator rather than

power production in the steam turbine. This has

caused the maximum net output in the first

8 months to be 252 megawatts-electrical, instead

of the design value of 262 megawatts-electrical.

The plant is expected to achieve the rated output

when this problem is corrected.

The plant heat rate, already about 1 .5 percent bet

ter than the design point, is expected to improve

to the 8,600 to 8,700 BTU per kilowatt-hour range

(39 to 40 percent efficiency), higher heating value

basis, when plant systems are optimized.
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Future

Results of the Wabash River Coal Gasification

Repowering Project are expected to establish the
basis for future powerplants based upon the

demonstrated technologies. As the technology
matures and powerplant sizes increase, costs are

expected to decrease further and performance is

expected to improve. The performance improve

ments will stem from gasifier system enhance

ments, improved overall steam conditions and

thermal integration, use of commercially available

hot-gas cleanup, and advances in gas turbine

technology.

Destec and DOE estimate that future IGCC green

field powerplants based upon mature and im

proved technology will cost $1,000 to $1,350 per

kilowatt (1995 basis) and will have a heat rate in

the range of 7,000 to 7,500 BTU per kilowatt-hour

(46 to 49 percent efficiency), higher heating value

basis. Costs will be further reduced if an existing

steam turbine is repowered and existing site in

frastructure utilized.

####

PINON PINE PROJECT SUMMARIZED

The Pinon Pine Power project was selected un

der Round IV of the United States Department of

Energy's (DOE) Clean Coal Technology
Demonstration Program. Sierra Pacific Power

Company (SPPCo), whose service area is

primarily Northern Nevada and Northeast Califor

nia, will demonstrate an advanced Integrated

Gasification Combined-Cycle (IGCC) technology
at SPPCo's Tracy Power Station near Reno,

Nevada.

The Pinon Pine Power Project was summarized

in Topical ReportNumber 8 published in Decem

ber.

Powerplant

The project employs the KRW pressurized

fluidized-bed coal gasification technology which

operates at moderate temperatures and uses air

in the gasification step. The technology utilizes

advanced hot-gas cleanup to control emissions

of sulfur and particulates and results in greater ef

ficiency than plants with cold-gas cleanup.

Low-sulfur bituminous coal from the Uinta Basin

in Utah, air, limestone and steam are fed to the

gasifier. Some of the coal is burned to maintain

an operating temperature of about 1,800F, and

the remainder devolatilizes and reactswith steam

to yield a raw fuel gas. The gasifier operating

temperature is high enough that the product gas

is free of tars and oils.

About half of the sulfur is removed within the

gasifier by the limestone, and a mixture of ash,

any unreacted char, spent limestone and un

reacted limestone is withdrawn from the gasifier

bottom.

After cooling the gasifier effluent to 1
,000F,

with

production of steam for power generation, the

raw fuel gas is cleaned of remaining sulfur to

20 parts per million by a regenerable zinc

oxide/nickel oxide sorbent. The hot-gas cleanup

system utilizes a transport absorber, and spent

sulfur sorbent is regenerated in a transport

regenerator that is integrated with the absorber.

Entrained dust is removed from the fuel gas by
means of ceramic filters using a system provided

byWestinghouse Electric Corporation.

The cleaned hot-gas is delivered at 1 ,000F to a

General Electric Model MS 6001 FA gas turbine

unit, where it is combusted to produce about

61 megawatts-electrical (MWe) of electric power.

The advanced firing system (rotor inlet tempera

ture of 2,350F) and cooling system of F-Class

gas turbines provide combined-cycle

powerplants with the highest total-cycle ef

ficiency of any proven type of fossil-fueled

electric power generation system.

As a result of the air-blown gasification process,

the KRW fuel gas contains about 49 percent

nitrogen. This diluent moderates the peak tem-
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peratures reached within the gas turbine combus

tors, reducing the formation of NO .

NH3 in the fuel gas, at a concentration of about

200 ppmv, is partially combusted in the gas tur

bine, producing some NO .

Hot turbine exhaust produces steam in a Heat

Recovery Steam Generator (HRSG) that

produces another 46 MWe by means of a steam
turbine generator. Facility auxiliaries consume

about 7 MWe, resulting in a net output of about

100 MWe.

Solids exiting the gasifier are treated in the sul-

fator, where gasifier sorbent is converted to cal

cium sulfate, and the remaining char is burned

and steam is produced. Exit gas from the

transport regenerator is also routed to the sul

fates for S02 capture by limestone. The sulfator

product solid waste may be sold to the agricul

tural and construction industries or landfilled.

Fines captured by the ceramic filter are routed to

the fines combustor.

The project IGCC powerplant is designed to have

a net heat rate of 8,390 BTU per kilowatt-hour

(efficiency of 40.7 percent), higher heating value

basis, which is 20 percent greater than a conven

tional coal steam powerplant of similar output.

Environmental Considerations

The Pinon Pine IGCC powerplant is expected to

use about 20 percent less water than a conven

tional modern pulverized coal-burning

powerplant of the same output. This is a

desirable feature, especially for this project lo

cated in arid, water-scarce Nevada.

Because water is not condensed in the gasifier is

land, there is no waste water effluent or cost as

sociated with waste water treatment. Boiler feed-

water treatment effluent and cooling tower
blow-

down flow to the evaporation pond. No waste

water is discharged from the site.

Solid waste will either be sold to the agricultural

industry or the construction industry or disposed

of in a nearby private landfill.

Atmospheric emissions are expected to be lower

than requirements. Conservatively about

91 percent of the sulfur fed to the plant will be

captured by the hot-gas cleanup system.

NOx emissions are expected to be lower than

values used for permitting. These values conser

vatively assume that all of the ammonia

produced in the gasifier is converted in the gas

turbine to NOx. Unreported data indicate that

less than halfwould be expected to be converted

to NOx.

The hot ceramic filter system is expected to be

more effective than an electrostatic precipitator

or baghouse in controlling particulate emissions.

Cost/ScheduleMilestones

The estimated construction cost of the Pinon

Pine powerplant is approximately $232 million

and the 42-month demonstration is estimated to

cost $104 million; the total cost of $336 million is

being shared 50/50 with DOE.

Startup, performance testing of the combined-

cycle system and synchronization with the grid

was achieved with a minimum of issues. First-fire

on the gas turbine occurred on August 15, 1996.

In December 1996, the combined-cycle unit

operating on natural gas was designated as

being available for commercial operations, and is

formally available for dispatch purposes on the

SPPCo system.

The demonstration period was scheduled to

begin in February 1997. Operation will be

primarily on low-sulfur Uinta Basin bituminous

coal from Utah. An objective is to achieve

70 percent capacity factor in 24 months.
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Operation is also planned to demonstrate perfor

mance on a high-sulfur Eastern or Midwestern

bituminous coal.

Future

SPPCo and DOE believe that future IGCC green

field powerplants, based upon mature and im

proved technology, will cost in the range of

$1,000 to $1,350 per kilowatt-hour (1995 basis).

Heat rate is expected to be in the range of 7,000

to 7,500 BTU per kilowatt-hour (46-49 percent

efficiency), higher heating value basis.

####

ENERGY POLICY & FORECASTS

COAL LIQUIDS SEEN AS OPTION FOR

2010-2020

A study by Mitretek Corporation indicates that

world oil production will peak around the

year 2015. Consequently, despite continued ef

forts in conservation and energy efficiency im

provements, United States oil demand may not

be met by the conventional oil supply from

domestic and import sources by 2015 because of

the competition for world oil supply by other na

tions. Liquid fuel production from direct coal li

quefaction is dependent on several key issues-

such as the economics of the coal-derived liquids

relative to World Oil Price (WOP), the quality of

coal liquid and its utility for refinery upgrading,

and the strategy for commercial demonstration

to mitigate the technical risk in this era of tight

federal budgets.

These three issues were discussed by
E. Schmetz, of the United States Department of

Energy (DOE), et al. at the 13th Annual Interna

tional Pittsburgh Coal Conference held at the

University of Pittsburgh last September.

A domestic industry based on converting coal to

2 million barrels per day of liquid fuels would

provide over 600,000 high-paying jobs in coal

mining, manufacturing, construction, operations,

management and supporting indirect labor.

Deployment of such an industry will require over

$100 billion of new investment. A balance of pay

ments savings of at least $350 billion would be

realized to the year 2030. In terms of coal con

sumption, this new industry will increase the an

nual production by 250 million tons, or less than

25 percent.

Direct Coal Liquid Economics

Direct coal liquids from stand-alone plants, based

on current two-stage Proof-Of-Concept (POC)
unit data, is estimated by Mitretek to cost $34 per

parrel. The liquid yield is over 70 percent by
weight of coal and is composed of almost all dis

tillate. Recent analysis indicates that the cost

could be further reduced to $19 to $23 per barrel

by use of coprocessing coal with a resid and

wastes such as plastics in an "entrance
plant."

The lower cost is due to a combination of chemi

cal synergism from cofeeding and the lower capi

tal cost because of the plant location next to an

existing refinery. Coal liquids from entrance

plants would be competitive with crude in the

time frame of 2005 to 2010 based on price projec

tions.

Direct Coal Liquid Quality and Utility in

Refinery Upgrading

Under a DOE contract, Bechtel et al. have been

studying the refining options for coal liquids un

der commercial conditions and the engine test

ing of refined coal liquids. Table 1 shows the

properties of a direct coal liquid used in this

study and a reference crude. These data show

that direct liquid would be an excellent feedstock

for a refinery, a conclusion supported by the

preliminary results of the ongoing refining study.

Commercial Demonstration toMitigate

Technical Risks

Private investors and process developers are not

likely to design and construct an entrance plant
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TABLE 1

PROPERTIES OF REFERENCE CRUDE AND

DIRECT COAL LIQUIDS

Reference Liquefaction

Crude Product

Whole Liquid

API

Sulfur, ppm

Total Nitrogen

32.8

1,340

33.9

10

42

Light Naphtha (Cs - 180F)
Vol.% of Total

API

6.7

61.7

5.4

60.6

Medium Naphtha (180 - 350F)
Vol.% of Total

API

13.3

57.2

25.5

49.7

Light Distillate (350 - 500F)
Vol.% of Total

API

15.3

45.2

24.0

32.3

Heavy Distillate (500 - 650F)
Vol.% of Total

API

17.0

35.0

43.0*

23.3

Atmospheric Resid (650F+)
Vol.% of Total 46.2

Vacuum Gas Oil

API 26.6

*Composed of 38% heavy distillate and 5% 650F+ material

until the technical risks are acceptable. This prob

ably will not occur without "pioneer
plant"

demonstration located adjacent to a refinery.

The economics of a conceptual pioneer plant

have been analyzed by Mitretek. Results of the

Return On Equity (ROE) versus direct liquid sell

ing price are tabulated as shown in Table 2.

At the projected WOP ($22 per barrel) in 2005,

the plant would have a 17 percent ROE which is

probably still not sufficient because of the high

risks associated with a first-of-a-kind project,

says Schmetz. Incentives of $3 to $15 per barrel

above the benchmark price would be needed to

make the project more attractive by raising the

ROE to the 20 to 30 percent range.
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TABLE 2

DIRECT LIQUID ECONOMICS

FROM PIONEER PLANT

Coal Liquid

Return on Selling Price,
Eauitv. % $/bbl

17 22

20 25

30 37

One incentive option for the pioneer plant is the

federal fuel tax exemption. At $0.18 per gallon,

this would correspond to an incentive around

$8 per barrel which would raise the ROE from 17

to 24 percent. The tax revenue loss by the

federal government would be recouped later by
the individual and corporate taxes paid to make

this a
"revenue-neutral"

option.

Road Map to Commercial Direct Liquid Plants

The above analysis shows that the first direct liq
uid production is most likely to come from a

pioneer plant which coprocesses coal with resid

and waste plastics in a timeframe around 2005.

Additional work is needed both on the bench-

and POC-scale units to provide the firm database

required to design the first pioneer plant. With a

price of $27 per barrel, the deployment of stand

alone plants could take place around 2015 based

on Energy Information Administration projec

tions.

####

Energy Office requested that a thorough review

be made of the most pertinent incentives studies

and that recommendations be developed for

their further consideration. Emphasis was placed

on developing a federal incentives approach

which would be tax revenue neutral to the federal

government.

D. Spencer of SIMTECHE evaluated the incen

tives necessary to introduce commercial-scale

Advanced Clean Coal Technologies (ACCTs),

specifically Integrated Coal Gasification

Combined-Cycle (ICGCC) and Pressurized

Fluidized-Bed Combustion (PFBC) powerplants.

He summarized his recommendations at the Fifth

Annual Clean Coal Technology Conference held

in Tampa, Florida, in January.

In order to place the incentives necessary for ini

tial commercial ACCTs in proper perspective, a

review of previous federal incentives used to

stimulate fuels/energy production was con

ducted. Spencer summarized the key results

from each of eight previous incentives studies

which impacted directly on the approach taken in

this analysis as follows:

- Use of highly leveraged financing to mini

mize cost of capital.

- Deferred income taxes from the First-Of-

A-Kind (FOAK) plants.

- Emphasis on performance based incen

tives, as contrasted to capital subsidiza

tion.

- Need for
"benchmark"

technology perfor

mance and electricity cost for defining

electricity price parity incentive require

ments.

PRICE GUARANTEES RECOMMENDED FOR

FIVE COMMERCIAL IGCC PLANTS

With increasing pressure to minimize further

federal funding for Clean Coal Technologies, the

United States Department of Energy (DOE) Fossil

Need for adequate financial rewards for

risk taking of FOAK and early commer

cial plants.

Importance of a federal government role

in overcoming high financial costs of

early ACCT plants.
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- Importance of balancing financial risks

among all stakeholders, i.e., the power

producers, ratepayers, the federal

government, taxpayers and state govern

ments.

- Any federal incentives to assist the intro
duction ofACCTs should have a decreas

ing incentive basis as later units are

deployed.

- The benchmark technology against

which ACCTs should be compared

should be Natural Gas-Fired Combined-

Cycle (NGCC) powerplants.

- Care should be taken in defining incen

tives which do not result in a
"windfall"

profit at the expense of taxpayers or

ratepayers.

- Differential tax revenues between NGCC

powerplants and ACCT plants may be an

effective way of reducing the full incen

tive burden on the federal government.

Delivered Incentive Analysis

In order to define a clear basis for the financial

incentives necessary to bring ACCTs into

electricity price parity with NGCC powerplants,

financial, performance and cost bases for each

plant type must be defined. For projected natural

gas prices, three cases were evaluated:

- $2.41 per million BTU with escalation of

1.4 percent per year.

- $2.55 per million BTU with escalation of

2.7 percent per year.

- $3.36 per million BTU with escalation of

5 percent per year.

These natural gas prices/escalation rates result

in levelized current dollar costs of electricity from

baseload natural gas-fired powerplants of

$0.0383, $0.041 1 and $0.0540 per kilowatt-hour.

Three cases were considered for two Advanced

Clean Coal Technologies, ICGCC and PFBC.

The three cases are:

- First-of-a-Kind Plants: $1,500 per

kilowatt and 8,400 BTU per kilowatt-hour.

- Enhanced Plants: $1,300 per kilowatt

and 7,800 BTU per kilowatt-hour, annual

ized heat rate.

- Mature Commercial Units: $1,100 per

kilowatt and 6,800 BTU per kilowatt-hour.

A high-sulfur coal cost of $0.87 per million BTU

was adopted, with a real price escalation rate of

1 .4 per year. These costs result in levelized cur

rent dollar costs of electricity of $0.0545, $0.0487

and $0.0426 per kilowatt, respectively.

Recommended Electricity Price Incentives

Approach

These costswere compared for each of the three

natural gas price scenarios and the three ACCT

cost/performance improvement projections to

provide a basis for defining a federal incentives

program to stimulate commercialization of

ICGCC and PFBC systems. Early FOAK plant

price subsidies of $0.0162 per kilowatt-hour

would be necessary. This represents ap

proximately a 30 percent price support level for

FOAK plants, for each ACCT system. This incen

tive provides levelized electricity price parity be

tween NGCC and FOAK ACCTs over their 30-

year electricity production periods. However,

regulated utility and Independent Power

Producers (IPPs) recommended that the first

plants of each type receive a 20-year price

guarantee incentive. This also provides some

risk sharing between the federal government and

the power producer.

As engineering experience is gained, capital

costs decrease and performance improves,
Plants 3 and 4 of each type should receive a

lesser incentive. It appears that a 20-year price

incentive of $0.0104 per kilowatt-hour might be
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adequate for Plant 3, and $0.0076 per kilowatt-

hour for 15 years for Plant 4. Plant 5 might

receive a small incentive of $0,005 per kilowatt-

hour for 10 years If natural gas prices remain low,
or none If gas prices escalate rapidly. The total

incentive amount would be approximately
$5.42 billion for the first five ICGCC and PFBC

plants.

Although this is a significant amount, part of this

incentive would be made up from the higher

federal taxes which would be produced from the

ACCTs, compared with NGCC powerplants.

An estimate of the federal income tax from each

of the first two ICGCC and PFBC plants in their

first 20 years of operation is approximately

$450 million, compared with approximately

$180 million for an NGCC powerplant. This

produces a net tax benefit to the federal govern

ment of $270 million dollars per plant. Similarly,

Plants 3 and 4 of each type produce a net tax

benefit of approximately $210 million, each, in

their first 20 years of operation. Plant 5 of each

type would have a projected net tax benefit of

$150 million.

The implications of these tax benefits are shown

in Table 1. The incremental tax benefits are

projected to be $2.22 billion for the first five

ICGCC and PFBC powerplants, which is ap

proximately 40 percent of the recommended

federal Incentives amount. Thus, the net incen

tive to the federal government is reduced to

$3.20 billion.

If this incentive is distributed as a price guarantee

over an approximate 25-year period, i.e., plants

coming on-line from 2005 to 2010, net annual

expenditures for such a program are ap

proximately $130 million per year.

With a net incentive requirement from the federal

government of approximately $3.2 billion, a

TABLE 1

NET FEDERAL INCENTIVE ANALYSIS FOR

ADVANCED CLEAN COAL TECHNOLOGY

COMMERCIALIZATION

(Billions of Dollars)

Initial Total Incremental

Commercial Federal Tax Net
Plants*

Incentive
Income**

Incentive

First 1.84 0.54 1.30

Second 1.52 0.54 0.98

Third 1.18 0.42 0.76

Fourth 0.64 0.42 0.22

Fifth 0.24 0.30 -0.06

5.42 2.22 3.20

*One ICGCC and one PFBC per incentive

**lncremental federal tax - advanced coal vs. NGCC
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revenue neutral basis for the federal government

does not appear to be possible within the context

of deployment of the first five plants of each

ACCT, says Spencer.

However, once these technologies have matured

and become the technology of choice for future

baseload capacity, there will be a continuing
stream of net tax revenues flowing to the federal
government.

Conclusions

The recommended federal government price

guarantee program for up to 10 Advanced Clean

Coal Technology powerplants, 5 each of ICGCC

and PFBC systems, would establish these tech

nologies commercially by 2010. By utilizing a

decreasing incentives approach as the tech

nologies mature, and considering the additional

federal government tax benefits of these plants

versus natural gas fired combined-cycle

powerplants, federal government net financial

exposure is minimized. The federal government

is essentially revenue neutral within 10 years of

the outlays and perhaps sooner.

Absent this program, or one comparable to it,

natural gas will be the primary, and perhaps only,

new powerplant fuel in the near future, says Spen

cer. If natural gas prices begin to escalate

rapidly due to increased usage for power genera

tion, conventional coal technology, with its low

coal-to-electricity efficiencies, will be the only vi

able coal alternative.

####

IEA SEES SLOW GROWTH FOR IGCC

Coal is abundant and is low-cost compared with

oil or gas, perhaps between a quarter and
one-

half the price for the same primary energy con

tent. Many countries have economically viable

domestic resources of coal to support economic

development.

J. Ferriter of the International Energy Agency

(IEA) discussed the progress of clean coal tech

nology at the Fifth Annual Clean Coal Technol

ogy Conference held in Tampa, Florida, in

January.

The IEA Secretariat conducts a wide range of

policy research, on energy technology, energy-

environment and energy diversification issues.

Clean coal technology research is also con

ducted by groups of IEA Member Countries un

der "Implementing
Agreements."

The oldest of

these, IEA Coal Research-The Clean Coal

Centre, publishes a wide range of studies, from

basic coal science through exploration and

production, to coal beneficiation, transport and

use.

The IEA Coal Industry Advisory Board (CIAB),

representing coal industry interests from

16 countries, is concerned with promoting the

use of clean coal technologies. The CIAB has

produced a series of three reports published by
the IEA on clean coal technologies, examining

industry attitudes to the take-up of both

gasification/combined cycle and advanced

steam cycle technologies.

The CIAB studies confirm that there is a wide

range of state-of-the-art coal-fired technologies

suitable for different conditions in both developed

and developing countries. These range from

large-scale supercritical steam-cycle power gen

eration, through smaller-scale fluidized-bed

plants for power generation and industrial heat,

to Integrated Gasification Combined-Cycle

(IGCC) technology for clean power generation.

Progress in installing such technologies is slower

than had been hoped and expected. Neverthe

less, supercritical steam-cycle plants are success

fully established in Japan, Germany and Den

mark, and there is no shortage of industrial-scale

and demonstration plants for many of the other

technologies.

The CIAB has been studying reasons for this

slower progress and is now examining what may
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be done to accelerate the adoption of advanced

coal-fired technology in different regions. The

IEA expects to publish a new report from the

CIAB, looking at the regional factors influencing
the take-up of clean coal technologies

during 1997.

Based on the lEA's WorldEnergyOutlook (1996):

- Coal has, and will retain, a central role in

meeting theworld's future energy needs.

- The growth area of coal use is in power

generation.

- In OECD countries, coal's share in the

electricity output mix will be maintained,
but coal demand for other uses will fall.

- In the Rest of the World, coal will lose

share in final energy consumption, but Its

use in power generation will grow at over

6 percent per year. The region where at

tention needs to be focused is Asia.

Technology Choices

The CIAB has conducted a survey of Independ

ent Power Producers (IPPs) in several regions.

The survey found that at present, IPPs will

choose mainly sub-critical pulverized-coal tech

nology (that is, conventional coal-fired power gen

eration technology), and in some cases Atmos

pheric Fluidized-Bed Combustion (AFBC) technol

ogy. This technology can be clean and

economic. Sulfur dioxide, NOx and particulates

can be reduced to acceptable levels, and provide

low-cost electricity. At present, environmental

standards, especially in developing economies,

do not require environmental performance

beyond the range of a conventional plant with

add-on pollution control.

When asked what their expectations were for

2005, the IPPs responded that they would expect

more supercritical steam-cycle plants, and Pres

surized Fluidized-Bed Combustion (PFBC) in spe

cial uses, but IGCC technology would not be in

widespread use for coal before 2010.

The survey revealed that the advanced steam-

cycle technologies are considered to be commer

cially proven, but to be more costly and riskier,

especiallywhen built in non-OECD countries.

There are more than 350 supercritical units

operating worldwide. Their early technical

problems have been overcome and improve

ments incorporated in areas such as metallurgy,

equipment design and water treatment. The

reliability of these plants is now considered as

good as for sub-critical plants. Nonetheless, the

IPPs surveyed were cautious in selecting this

form of coal technology.

IGCC was considered to be too costly to com

petewithout some form of support.

Accelerating the Take-Up of Clean Coal

Technologies

In the absence of private economic incentive to

use clean coal technology, more advanced tech

nologies will not be chosen until governments

choose to place a higher value on environmental

performance, including reducing carbon dioxide.
Of course, developers might then turn away from

coal if competing fuels, particularly gas, are more

economic under a stricter environmental regime.

In the past, says Ferrlter, governments have seen

their role as supporting the take-up of new tech

nologies in many fields, through direct financial

support such as support for research and

development, demonstration plants and capital

subsidies.

Where clean coal technologies are commercially

competitive, the situation is fairly straight forward.

Governments have a role to develop sound en

vironmental regulations, and to strive for undis-

torted energy markets where fuel prices reflect

costs, including environmental costs.

For the technologies which are close to commer

cial or not yet generally accepted as proven, the

situation is more complex, possibly calling for a

range of policy measures.

THE SYNTHETIC FUELS REPORT, APRIL 1997

88



 



COAL

A variety of measures have been proposed to

complement the more traditional direct financial

assistance measures. According to Ferriter,
measureswhich have been proposed include, for

example:

- Promotional measures to break down

perception barriers concerning the use

of coal, and to disseminate information

on advanced clean coal technologies.

- Sharing the risk: This might take the

form of governments providing as

surances against political risk for new

developments, while manufacturers offer

longer warranty periods to reduce tech

nology risks.

- Developing
"innovative"

financing
packages for new developments. This

suggestion is based on the assumption

that the risk-averse nature of lenders will

influence technology choices.

- Activities Implemented Jointly (AU). AU

has been proposed as a means bywhich

countries might achieve reductions in

global emissions of carbon dioxide by
projects and activities conducted outside

their borders. There is scope for huge

reductions in carbon dioxide emissions

from Asia through the use of advanced

technologies.

Research and development, promotion of tech

nology development and deployment, and tech

nology cooperation are all proper roles for

government in relation to coal technology. None

theless, industry has an important role in ensur

ing the future of coal, says Ferriter. The coal In

dustry needs to look to its own long-term inter

ests, and companies along the length of the coal

chain-from production to utilization-should see

that their interests are bound up in the future of

the clean coal technologies.

####

EIA SEES LIMITED OPPORTUNITY FOR COAL

TECHNOLOGIES IN THE U.S. FOR THE NEXT

20 YEARS

Over the next 20 years, the combination of slow

growth in the demand for electricity, even slower

growth in the need for new capacity-especially

baseload capacity-and the competitiveness of

new gas-fired technologies limits the market for

new coal technologies in the United States. The

market for new coal powerplant technologies in

the United States was summarized by M. Hutzler

of the Energy Information Administration (EIA) at

the Fifth Annual Clean Coal Technology Con

ference held in Tampa, Florida, in January.

Based on its 1997 Annual Energy Outlook, EIA

says that over the next 20 years the demand for

electricity is expected to continue to increase

with economic growth. However, the combina

tion of increased market saturation of electric

appliances, improvements in equipment ef

ficiency, utility investments in demand-side

management programs and legislation estab

lishing more stringent equipment efficiency stan

dards has slowed the rate of growth from the

level seen in the 1960s and 1970s. Overall the

demand for electricity is projected to grow

1 .5 percent annually, with the residential and in

dustrial sales growing faster than commercial

sales.

The need for new capacity, especially baseload

capacity, is expected to grow slower than total

demand. Between 1995 and 2015 total United

States generating capacity increases from 767 to

970 gigawatts, an annual rate of increase of

1 .2 percent. However, due to the expected retire

ments of 38 gigawatts of existing nuclear

capacity and 71 gigawatts of existing fossil-steam

capacity, total capacity additions amount to

31 0 gigawatts over the next 20 years.

Natural gas-fired combustion turbines and

combined-cycle units are expected to dominate

new plant additions, especially in the near term

(Figure 1). About 80 percent ofthe capacity
ad-
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TABLE 1

COSTS OF PRODUCING ELECTRICITY FROM NEW PLANTS,
2000 AND 2015

2000 2000 2015 2015

Conventional Advanced Conventional Advanced

Pulverized Combined- Pulverized Combined-

Coal Cvcle Coal Cvcle

1995 Mills per Kilowatt Hour

Capital 25.3 10.6 23.5 6.9

O&M 5.6 4.4 5.6 4.4

Fuel 14.9 24.8 10.3 23.4

Total 45.8 39.9 39.4 34.5

BTU per Kilowatt Hour

Heatrate 9,928 6,985 9,463 5,700

nologies are the rate of growth of the demand for

electricity, the prices of competing fuels, espe

cially natural gas and the rate of technological

innovation. To test the sensitivity of the results to

higher electricity demand growth a case was

prepared assuming a rate of growth in the

demand for electricity of 2.0 percent annually,

much higher than the 1 .5 percent annual growth

rate in the reference case. The impact on the

need for new capacity is large, over

100 gigawatts of capacity beyond that required in

the reference case is brought on-line. The higher

demand growth increases the market for all

capacity types, but coal plants gain the most.

Between the reference case and the high

demand case the amount of new coal plants

added more than doubles, reaching a cumulative

total of over 80 gigawatts between 1995 and

2015. The reasons for this are two-fold. First, the

higher demand level increases the total need for

new capacity. And, second, the higher demand

level has a stronger impact on natural gas prices

than it does on coal prices, making new coal

plants relatively more economically attractive.

Two additional cases were prepared to assess

the sensitivity of the results to the rate of tech

nological improvement. A high technology case

was developed, with capital cost reductions due

to learning effects assumed to be 50 percent

greater than in the reference case, and optimism

factors (which increase the cost of the earliest

units constructed) assumed to be 50 percent

lower than in the reference case. These assump

tions result in costs for advanced technologies

being approximately 12 percent lower than in the

reference case. A low technology case was also

prepared assuming that only those technologies

available (beyond the initial testing and pilot

program phase) as of 1996 are permitted to com

pete. The most significant result between the

low- and high-technology cases is a shift from

conventional gas-fired technologies to advanced

gas-fired technologies.

If, as many expect, the restructuring of United

States electricity markets results in lower

electricity prices, the demand for electricity is

likely to be somewhat higher, though how much
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is unclear. However, this may not result In In

creased needs for capacity. The need for

capacity is determined by the highest demand

for electricity occurring during a given period, the
so called peak demand. Prices during these

supply constrained time periods may actually be

much higher in a restructured electricity market

than they are today and consumers may respond

by reducing their consumption during these time
periods while increasing it in lower cost time

periods.

Conclusions

Over the next 10 to 20 years natural gas-fired gen

eration technologies are expected to meet most

of the needs for new capacity, says Hutzler.

Their relatively low capital costs, high thermal ef

ficiencies and low emissions rates make them at

tractive. New coal-fired technologies are ex

pected to account for around 1 1 percent of new

capacity added, though that number could be

larger if the demand for electricity or natural gas

prices prove higher than expected. The major

market of new clean coal technologies in the

United States may be in retrofitting or repowering

existing plants to meet new environmental re

quirements.

####

ECONOMICS

PARSONS STUDIES SHOW TRANSPORT

GASIFIER TO BE STRONG COMPETITOR

As the United States Department of Energy's

(DOE) Clean Coal Technology Program readies a

suite of technologies for commercial application,

and as deregulation unfolds, the electric utility

industry begins to look at the potential for

repowering existing sites. The decision to

repower is influenced by factors that include

market demand, power station characteristics,

and technology choices.

D. Bonk ofMorgantown Energy Technology Cen

ter et al. compared thermal and economic perfor

mance of a suite of clean coal technologies in a

repowering application. The approach taken was

to define a reference Pulverized Coal (PC) fired

power station, and then apply each candidate

technology in succession. Each case was

modeled In a modified version of the ASPEN/SP

flow-sheet simulation program, along with a

suitable combustion turbine, where applicable,

and the host plant steam cycle. Pittsburgh No. 8

coal is used for most of the cases evaluated, ex

cept for one case involving a natural gas-fired

combustion turbine, another case where the tech

nology variable is the use of a Process Derived

Fuel (ENCOAL Corporation PDF) in place of coal,

and a third case where coal is the primary fuel,

but some natural gas is used for topping combus

tion.

A reference PC host plant was defined, consist

ing of a site containing twin 150-megawatts-

electric, net, PC units, with steam conditions of

1 ,800 psig/1000F/1000F. The units each utilize a

steam turbine with a triple flow low-pressure tur

bine section, with 23-inch diameter last stage

buckets exhausting to a single pressure con

denser at 1.0 inch of mercury.

In this study the original steam turbines are refur

bished and reused, along with much of the steam

cycle equipment. Refurbishment of the original

turbine includes replacement of selected steam

path components, improving adiabatic efficiency

by about 1.5 percent relative to the original

machinewhen new.

The configuration of the coal burning/gasifying

technology equipment was patterned after the

corresponding Clean Coal Technology (CCT)
Demonstration Project. Some modifications and

adjustments were made, based on application of

conventional scaling laws and/or substitution of

support system technologies where it enhances

the overall configuration.
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Description ofTechnologies

Technologies considered in this study are shown

in Table 1 and include commercial through ad

vanced generations of technologies currently in

the DOE CCT Demonstration Program. Several

conventional alternatives, including plant life ex

tension or refurbishment, are also included.

TABLE 1

REPOWERING TECHNOLOGIES

Technology

Reference Plant

Atmospheric Fluid Bed Combustor

Refueling with Process Derived Fuel
(Encoal Corp.)

Pressurized Fluid Bed Combustor

(Bubbling Bed)

Pressurized Fluid Bed Combustor

(Circulating Bed, First Generation)

Pressurized Fluid Bed Combustor

(Circulating Bed, 1.5 Generation)

Pressurized Fluid Bed Combustor

(Circulating Bed, Second Generation)

Integrated Gasification Combined

Cycle (Air Blown KRW Gasifier)

Integrated Gasification Combined Cycle

(Oxygen Blown Entrained Bed Gasifier)

Integrated Gasification Combined Cycle

(British Gas/Lurgi Oxygen Blown Gasifier)

Integrated Gasification Combined Cycle

(Air Blown Transport Reactor)

Combustion Turbine/Combined Cycle

Station Heat Rate Gas No. of Steam

Output BTU/kWhr Turbine Turbines

MWe (HHV) Class Used

294 9,010 N/A 2

290 9,130 N/A 2

293 8,890 N/A 2

350 8,680 ASEA Stahl

GT-140P

2

314 8,506 W501D5 2

368 8,087 W501D5 2

434 7,040 W501G 2

406 7,374 W501G 2

353 7,378 W501G 1

313 7,667 W501G 1

368 6,853 W501G 1

312 7,080 W501G 1
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Performance Results

The completed study provides thermal perfor

mance for each repowering application, and con

ceptual cost estimate and economic data. The

study results should be interpreted with caution,

because changes in site conditions, financial in

puts or other factors could impact the relative per

formance of the technologies.

Figure 1 illustrates heat rate for the various

repowering configurations. In several instances,

only one of the two existing steam turbines is

reused. For these cases (CT/HRSG, Transport

Gasifier, Destec, and British Gas/Lurgi Gasifiers),
utilization of the second steam turbine would re

quire additional combustion turbine capacity and

would yield about twice the net power. This large

increment of power was considered to be

beyond the site transmission capacity and there

fore was not attempted.

Figure 2 presents plant capital costs on a Total

Plant Cost (TPC) basis. As a group, the ad

vanced technologies range from about $700 to

$1,000 per kilowatt, in this repowering applica

tion.

Figure 3 (page 96) shows the effect of capacity

factor on levelized carrying charges for a range

of values (45, 65 and 85 percent).

In general, cases involving relatively large capital

investment result in plants that offer better operat

ing efficiencies and costs. Cases that only re

quire minimal capital investment may offer little or

no change in variable operating costs. The

authors point out that a complete appraisal of

each case can be obtained only by evaluating it

in a specific simulation representing an actual

application. The relative ranking of the repower

ing alternatives may vary from one actual applica

tion to another, depending on how all of the cost,

financial and economic parameters are specified.
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FIGURE 2

TOTAL PLANT COST PER KILOWATT
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####

TECHNOLOGY

COAL DILUTION MAY ALLOW LIQUEFACTION

AT LOWER PRESSURES

Researchers at the Pittsburgh Energy Technol

ogy Center (PETC) have been evaluating the ef

fects of pressure in coal liquefactjon. The objec

tive of this effort is to reduce pressure and main

tain overall coal conversions, yields and product

quality.

The effect of H2 partial pressure and coal con

centration on catalytic coal liquefaction and

coprocessing was discussed by A. Cugini et al.

of PETC at the 212th American Chemical Society

National Meeting held in Orlando, Florida, last

August.

The initial studies were directed toward the effect

of solvent type. Coal was found to suppress the

catalytic hydrogenation of 1-methylnaphthalene

(1-MN). Two other aromatic solvents, pyrene

and phenanthrene, were tested to evaluate the ef

fect of coal addition on aromatic hydrogenation.

The data indicate that catalytic hydrogenation of

pyrene and phenanthrene is suppressed by the

presence of coal. Further, exposure to coal con

tinues to suppress the catalytic hydrogenation of

phenanthrene even after coal is removed from

the system. The rate of catalytic hydrogenation

of pyrene was also suppressed by exposure of

the catalyst to coal.

Short-time tests were made to compare the ef

fects of catalyst and tetralin on coal conversion.

Fast heat-up rates and 2-minute and 30-minute

duration tests were conducted. The results of
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FIGURE 3

LEVELIZED CARRYING CHARGES

(Mills per Kilowatt-Hour)
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these tests indicate that, in this time interval, coal

conversion was enhanced in the catalytic case

over the tetralin case.

The effects of pressure and coal concentration in

coal/oil coprocessing were studied in batch

autoclave tests. The results are shown in

Figure 1. The results indicate an area at low coal

concentration (between 0 and 10 percent coal)

where the distillate conversion is higher than with

no coal. Above 10 percent coal, the distillate con

version falls with increasing coal concentration.

This trend was observed at two pressures, 1,000

and 2,500 psig. As catalyst concentration was

increased from 100 ppm Mo to 300 ppm Mo, con

version increased. It appeared that catalyst con

centration could be used to compensate for the

effect of pressure reduction.

Summary

The results obtained indicate that the catalytic

hydrogenation of two-ring aromatic compounds

and several types of multiring compounds are

suppressed in the presence of coal. It appears

that the suppression is the result of a combina

tion of competition and poisoning of specific

catalytic sites. Catalytic hydrogenation of

aromatics remains suppressed even after coal is

removed from the system, say the authors.

In the case of tetralin as a donor solvent for coal

liquefaction, it seems that there is insufficient

hydrogen donated during the early stages of coal
liquefaction to prevent the formation of hydrogen

deficient species. This results in lower coal con

version compared to catalytic cases.

Coal/oil coprocessing may be most effective at

lower coal concentrations. The distillate yields

are higher at coal concentrations between 0 and

10 percent. At higher coal concentrations the dis

tillate conversion drops. In coal/oil coprocess

ing at lower pressures, increasing catalyst con

centration increases conversions and distillate
yield.
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FIGURE 1

EFFECT OF

COAL CONCENTRATION

AND PRESSURE

IN COPROCESSING
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####

BIOPROCESSING IS A POTENTIALAVENUE

FOR COAL CONVERSION

electric power generation, still make it relatively

expensive.

K. Srivastava et al. of ARCTECH, Inc. discussed

coal bioprocessing as an alternative at the 13th

Annual International Pittsburgh Coal Conference

held at the University of Pittsburgh last Septem

ber.

Coal Bioprocessing for Enhanced Value
Products from Coal

Recent studies on coal chemistry have confirmed

the heterogeneous nature of coal and identified

some of its low and high molecular weight frac

tions, especially for low-rank coals such as lig
nites, that provide < 10,000 BTU per pound. The

high molecular weight fraction is comprised of

two- and three-ring fused aromatics of a variety

of chemicals interlinked through carboxyl,

etheral, carbonyl and different aliphatic linkages.

These linkages make up the complex, highly
aromatized structure of coal from relatively

simple fulvic, caffeic and humic acids that also

constitute lignin, the difficult-to-biodegrade plant

tissue constituent.

The different linkages in the chemical structure of

coal provide unique ligands or functional groups

not present in petroleum or natural gas. These

groups enable the smaller coal constituents,

such as humic acids, to chelate a variety of cat

ions and anions that provide nutrition to

microbes. This is also the reason why coal con

tains metallic ions such as iron, calcium and mag

nesium, among others, and heteroatoms: N and

S.

Historically, 80 percent of the coal consumed in

the United States is used for electric power gener

ation, and the remaining for industrial uses includ

ing coking, activated carbon generation and burn

ing in residential/commercial boilers. While ad

vancements in conventional coal conversion tech

nologies have led to better coal carbon utilization

and reduced stack emissions, the capital and

operating costs, together with the environmental

implications associated with this method of

Lignites have relatively high oxygen content

which makes them more amenable to microbial

degradation. Biological processes, albeit per

ceived to be slow, are environmentally benign

and potentially more cost-effective than conven

tional thermochemical technologies because

bioprocessing takes place at near ambient condi
tions of temperature and pressure. Moreover,
the air toxic emissions are minimized when com

pared with thermochemical methods.
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The coal biorefinery concept illustrated in

Figure 1, the MicGas process, developed by
ARCTECH during the mid-1980s, utilizes

anaerobic microbial consortia to biotransform

coal into: biogas, volatile fatty acids, fuel al

cohols, and the residue into humic acids. Based

on these laboratory results, ARCTECH developed

a conceptual process design. Fluor Daniel then

conducted a process economic analysis which

demonstrated the technical feasibility of the

process. Further bench-scale development es

tablished that:

- The kinetics of methane production

could be enhanced by 7.5-fold.

- The process could be further scaled up

in a bioreactor to tolerate 10 percent

coal solids loading.

- The microbes could tolerate up to

50 percent solids.

- The nutrient amendment cost was

decreased by >99 percent to $6 per ton

of coal.

- MicGas technology could be applied to

other ranks of coal and to other

feedstocks.

The ARCTECH MicGas technology for
bioconver-

sion of coals to biogas, chemicals and humic

acids does not leave any process residues that

require post-processing waste treatment. This is

because 26 percent of coal carbon is

biotransformed to value-added products, such as

clean fuel and chemicals from the gas and liquid

phases of the process. The residual coal solids

that are now enriched in humic acid are further

processed and a liquid product obtained.

The first product of a coal biorefinery, actosol,

helps combat the problem of topsoil erosion and

enhances agricultural production, especially in

arid zones. In field studies conducted at Ocean

City, Maryland, actosol treatment stabilized sand

dunes because it induces a rapid root growth.

Recent field data from Saudi Arabia show that ac-
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tosol increases yields of alfalfa, cucumber,

tomato, strawberry, potatoes, etc. These results

have also been confirmed by greenhouse studies

in the United States on wheat.

Another product derived from coal bioprocess

ing, HUMASORB, removes United States Environ

mental Protection Agency-regulated organics as

well as inorganics from soil and groundwater in a

single step process. HUMASORB was used for

contaminants removal from both an actual waste

stream from a superfund site and a simulated

waste stream containing contaminants such as

heavy metals, radionuclides, chlorinated and fuel

hydrocarbons. The results indicated the

presence of more than one type of binding site

for metal removal. The results also indicate

higher adsorption capacity for the chlorinated

hydrocarbons compared to fuel hydrocarbons.

####

MOVING BED HOT-GAS CLEANUP TESTED

AT NAKOSO IGCC PILOT PLANT

A 4-tonne per day Moving Bed Hot-Gas Cleanup
System (MBHGCS) was jointly tested by the En

gineering Association for Integrated Coal
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Gasification Combined-Cycle Power System and

Kawasaki Heavy Industries, Ltd. on coal gas from
the 200-tonne per day Integrated Gasification

Combined-Cycle (IGCC) pilot plant at Nakoso,
Fukushlma Prefecture, Japan. The operation ran

from February 1992 through December 1995 with
1 ,702 hours of cumulative time of gas introduc

tion. The results of these testswere summarized

by K. Kamei, of Kawasaki Heavy Industries,

Ltd., et al. at the 13th Annual International Pitts

burgh Coal Conference held at the University of

Pittsburgh last September.

Process Principles

In the MBHGCS coal gas from the gasifier goes

into the absorber and passes through layers of

sorbent granules. Sulfur and dust particulates in

the gas are removed simultaneously.

The dust is removed from the inlet gas by dust

cake filtration formed at the front part of the

layers and by interaction of dust particulates with

sorbents (inertial impaction, gravity setting diffu

sion, interception, electrostatic force etc.).

Sorbents gradually move down by gravity

through the absorber. The sorbents together

with dust particulates and sulfide are drawn out

of the absorber to a pneumatic conveyer. Sor

bents are blown up by circulating gas to the top
of the facility through a transportation pipe; dust

particulates are stripped off the surface of the sor

bents and move to the circulating gas. A

separator at the top separates sorbents from the

mixture of dust particulates and recirculating gas.

Recycled sorbents as necessary are sent to a

regeneratorwhile the rest goes to a sorbent feed

vessel. The sorbents are regenerated by oxidiz

ing iron sulfide with air, releasing diluted SO. that

is transformed into gypsum, sulfuric acid or

elemental sulfur. Dust particulates dispersed in

the circulating gas are removed from the system

by a metallic fiber filter.

Results and Discussion

Performance of the MBHGCS tests is sum

marized in Table 1 for each of the four types of

coal tested. Both sulfur and dust removal results

exceeded the target values of below 100 ppm

and 10 milligrams per standard cubic meter,

respectively.

Summary

According to Kamei et al., the MBHGCS proved

to have steady and reliable characteristics that

are indispensable for power generation. Its ad

vantages include:

TABLE 1

DESULFURIZATION AND DUST REMOVAL PERFORMANCE

OF TEST PLANT

Sulfur Dust Particulate

Inlet Outlet Removal Inlet Outlet Removal

Coal (PpmV) (ppmV) Efficiencv (%) (oomW) (opmW) Efficiencv (%)

Taiheiyo 150-300 18-87 53.6-95.8 100-450 <4 96.0-99.8

Moura 500-750 12-90 86.3-98.0 150-500 <2 98.7-99.8

Moura 900-1,350 17-77 92.9-98.7 250-500 <2 98.7-99.8

Warkworth 520-700 19-52 90.3-97.3 200-550 <1 >99.5

99

THE SYNTHETIC FUELS REPORT, APRIL 1997



 



CO>lL

No-micropore-firtration principles enable

plugging-free dust collection.

Continuous movement of sorbents

enables smooth operation throughout

the system that favors mechanical and

thermal reliability.

####
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CORPORATIONS

SYNTROLEUM DEVELOPS COOPERATIVE

AGREEMENTS

Syntroleum plans to build a series of natural gas

refineries to manufacture synthetic lubricants, sol

vents and chemical feedstocks.

####

Late last year Texaco Natural Gas and

Syntroleum Corporation signed two agreements

regarding Syntroleum's modified Fischer-

Tropsch (F-T) process for producing fuels from

natural gas.

The first, a nonexclusive
"master"

license agree

ment, grants Texaco broad rights to use the

process, according to Syntroleum. The com

panies also have agreed to work jointly to

develop cost-savings improvements to

Syntroleum's synthetic fuels process (see The

Sinor Synthetic Fuels Report, January 1997,

page 5-2).

Criterion Catalysts Company LP will manufacture

and supply the proprietary catalyst used in

Syntroleum's F-T process. Product yields and

qualities have been confirmed in large-scale pilot

plant studies using the Criterion catalyst.

The Syntroleum process cost-effectively converts

natural gas into liquid fuels and other products

via the F-T process. Synthetically produced

hydrocarbons are claimed to be high-quality
products and are free of sulfur, metals, particu

lates and aromatics. The Syntroleum process

technology and economics are described in The

Sinor Synthetic Fuels Report, July 1996,

pages 102-104.

Syntroleum has also formed an agreement with

Lyondell Petrochemicals licensing division to

gain rights to a new synthetic wax isomerization

process based on Lyondell's catalytic dewaxing
technology. The technology was developed by

Lyondell, Criterion, Zeolyst and Syntroleum. It

produces synthetic lube base stocks from waxy

synthetic crude produced by Syntroleum's F-T

process, when a special catalyst system is used.

RENTECH WINS PATENTS FOR GAS

CONVERSION TECHNOLOGY, BUT OUTLOOK

DIMS

In September Rentech, Inc. of Denver, Colorado,

received four new patents from the United States

Patent Office. The patents include claims for

methods of production for its gas conversion

technology using iron-based catalyst and

products produced by the technology.

According to the company, the claims of the

patents give Rentech protection in the following
areas:

- Production of a diesel fuel from natural

gas using Rentech's proprietary
iron-

based catalyst. The diesel fuel is an

oxygenated fuel which is "much cleaner

burning than commercially available

diesel derived from crude
oil."

The diesel

fuel meets all commercial standards and

is free of sulfur and aromatic com

pounds.

- A method of
"cracking"

or converting all

or select portions of the wax produced

by Rentech's technology into clean

diesel fuel.

- A method using Rentech's proprietary

synthesis reactor to produce an

oxygenated diesel fuel from an iron-

based catalyst which can be used as a

blending stock to raise the quality of com

mercial grade diesel fuel.

In November Rentech, Inc. received notice that

three new patents will be issued pertaining to
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claims on Rentech's gas conversion technology
and Its end products.

Two ofthe additional patents to be issued protect

process steps that improve Rentech's carbon

conversion efficiency by over 30 percent. Be

cause Rentech's iron-based catalyst is sig

nificantly less expensive than cobalt catalysts,

the improvement in conversion efficiency makes

Rentech's process cost competitive.

Additionally, due to their toxicity, cobalt catalysts

are less environmentally friendly because they
create a waste hazard. Rentech's iron-based

catalyst can be disposed of in a landfill with no

environmental concerns.

The Company also received a third patent

notification for Rentech's oxygenated, sulfur- and

aromatic-free diesel fuel as an additive. This

solidifies its previous patent which "increases the

oxygen content in diesel fuel while maintaining

diesel fuel specification limits for
viscosity."

Rentech's conversion technology is based upon

the Fischer-Tropsch process. A slurry phase

reactor is used. The primary feedstocks for con

version plants using the Rentech technology are

natural gas resources that cannot be produced

economically due to their remote location; gas

wells containing diluents such as carbon dioxide

or nitrogen; oil wells that flare associated gas;

and synthesis gas produced by gasification of

coal.

Synhytech Plant

The first commercial-scale gas conversion plant

to utilize Rentech's technology was the

Synhytech Plant. In 1985 Fuel Resources

Development Company (Fuelco), a wholly-

owned subsidiary of Public Service Company of

Colorado, funded the construction of the first

plant, located near Pueblo, Colorado. This plant

was constructed at a cost in excess of

$20 million and was to use the gas from a landfill

as its feedstock. The plant was designed to

produce approximately 235 barrels of liquid

hydrocarbons per day. The Synhytech plant

began operations in January 1992. Rentech says

that its technology, including its synthesis reac

tors and catalyst, performed as expected.

Fuelco was unable to produce enough gas from

the landfill to operate the plant, and operations

were suspended in May 1992.

Rentech converted the Synhytech plant during

1993 to use only natural gas rather than landfill

gas and the modified Synhytech plant was

operated successfully in 1993.

In 1995 the Company sold the Synhytech plant

and it was removed from the site by the licensee

of the Arunachal Pradesh, India, plant.

India Projects

Rentech has entered into Memoranda of Under

standing for the design and construction of three

process plants in India using Rentech's technol

ogy. The first plant, now under final design, is to

be a 350-barrel per day plant using flared gas in

the State of Arunachal Pradesh in Northeastern

India. The owners are Donyi Polo Petrochemi

cals, Ltd., the state government of Arunachal

Pradesh, and Oil India, Ltd. Gas feedstock that is

presently flared from oil wells has been allocated

to this project by the state government of

Arunachal Pradesh.

A second Memorandum of Understanding has

been entered into for a plant to produce

300 barrels of hydrocarbon products per day and
to be located in the State of Gujarat in

Northwestern India. The plant is planned to use

flared gas and will be owned by Metropolitan Or

ganic and Chemical Industries, Ltd., Gujarat

Petrochemicals Corporation, Ltd., and ITN, Inc.,
Rentech's Indian representative.

A third Memorandum of Understanding is for a

plant ranging from 500 to 2,500 barrels per day,
using synthesis gas produced from coal as Its
feedstock. The owners will be OSWAL Agro

Mills, Ltd., New Delhi, and Rentech, India, a

proposed subsidiary of Esquire Gujarat
Petrochemicals Corporation, Ltd.
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Quarterly Report

In its Form 10-KSB, filed for the quarter ended

September 30, 1996, Rentech, Inc. noted that It

has incurred losses since its inception that raise

substantial doubt about its ability to continue as

a going concern. For the quarter ended

December 31, 1996, the Company posted a loss
of $258,000 and zero sales. In order to provide

operating income, the Company now plans to

diversify into other fields unrelated to natural gas

conversion.

In 1994 Future Fuels (a Rentech subsidiary) en

tered into a contract with an Australian joint ven

ture (the "JV"). The JV had an underlying con

tract with the Chinese Government for ap

proximately $10,916,000 to provide basic en

gineering design and certain equipment for a gas

conversion plant to be located in the Henan

Province, China. During 1995 a dispute arose

between the JV and Future Fuels. The JV as

serted that Future Fuels breached the contract

for failure to timely deliver the final portion of the

basic design documentation and final reports on

a centrifuge test and bubble column reactor test

that had been requested by the JV. Future Fuels

asserted that it had delivered all required

documentation and reports on a timely basis.

This dispute led to the discontinuance of work

under the contract and Future Fuels was liquida

ted.

The discontinuance of Future
Fuels'

subcontract

for the Henan project deprived the company of

what it had expected to be the major source of

its income through 1998.

The company intends to continue to license its

gas conversion technology and expects to real

ize income from license fees and construction

subcontracts for the Arunachal Pradesh project

in India and from other projects that it seeks in

India and elsewhere. However, additional in

come from the gas conversion technology is not

anticipated until after startup and production

from the plant, which is not expected before

late 1997.

####

GOVERNMENT

DOE STRATEGIC PLAN FOR NATURAL GAS

INCLUDES ADVANCED GAS-TO-LIQUIDS

TECHNOLOGY

The United States depends on oil and gas for

approximately 63 percent of the energy it con

sumes. Many forecasts project that relatively low

oil and gas prices and high United States depend

ency on these fuels will continue well into the

next century. The United States Department of

Energy (DOE) has developed a strategy to help
achieve its Oil Technology, Natural Gas Research

and related Environmental Research, Develop
ment and Demonstration (RD&D) Program goals

that support projected demand. Because of

tightening budgets, the strategy was formed to

achieve the goals at minimum cost without allow

ing unacceptable environmental costs or national

security risks.

The component programs, goals and strategies

are grouped into major technology groupings:

- Reservoir Life Extension

- Advanced Drilling, Completion and

Stimulation Systems

- Advanced Diagnostic and Imaging Sys

tems

- Effective Environmental Protection

- Emerging Processing Technology Ap
plications

- Crosscutting Program Areas
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The Emerging Processing Technology Applica
tions area seeks to improve oil refinery efficiency
and develop gas technologies that convert un

economic or low quality gas to commercial

products.

In partnership with industry, DOE seeks to

develop and transfer to industry, cost-effective

gas-to-liquids conversion technologies based on

research on catalytic and non-catalytic

processes.

Specific goals regarding advanced gas-to-liquids

technology include:

- Complete pilot plant testing of

breakthrough gas-to-liquids technology
to convert unmarketable Alaskan and

other remote natural gas to high quality

transportation fuels by 2000.

- Application of advanced natural gas-to-

liquids conversion technology in Alaska

to provide increased liquid fuels neces

sary to keep the Alaska pipeline volume

at required levels by 2015.

####

Today, eight countries are LNG exporters (four in

Asia, two in Africa, one in the Middle East, and

one In North America) for nine importing

countries (three in Asia, five in Europe, and one

in North America).

The LNG trade in 1995 represented 92 billion

cubic meters (bcm), accounting for 23 percent of

world gas trade (395 bcm). The LNG growth rate

is extremely high, in the range of 7.5 percent per

year since 1980 and 5 percent for the last

5 years.

Outlook for Demand

The growing trade for LNG, climbing at the rate

of 20 bcm every 5 years, can be expected to con

tinue at the same rate, if not faster says Cedigaz.

The high demand potential in the year 2010,

which accounts for all new trade flows likely to

emerge in Asia and Europe, indicates an average

increase of 50 bcm every 5 years (see Figure 1).

However, this rate will be realized only in

favorable conditions, particularlywith an increase

in the price of competing energies in the coming

decade and/or a significant drop in the cost of

LNG.

ENERGY POLICY & FORECASTS

CEDIGAZ SEES CONTINUED STRONG

GROWTH IN WORLD LNG TRADE

Over the last 30 years, the Liquefied Natural Gas

(LNG ) industry has succeeded in responding

and adapting to the growing needs of the market,

particularly the Asia/Pacific area. Propelled by

growing gas demand in Asia in the currently im

porting countries, and also in countries where

domestic production is inadequate to cover local

needs, the LNG trade is expected to grow rapidly

in the future, according to a report recently pub

lished by Cedigaz, "World LNG Outlook: A New
Market?"

FIGURE 1

WORLD LNG DEMAND FORECAST
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In Asia, the demand of the three leading im

porters (Japan, South Korea, Taiwan) could

settle between 120 and 135 bcm in 2010 against

71 bcm in 1995. Alongside these three traditional

players, many countries such as India, China and
Thailand also plan to buy LNG by 2000 and

beyond. The total potential demand of these ad

ditional countries (including Israel and Jordan)
amounts to 18 bcm in 2005 and 39 bcm in 2010.

In the Atlantic market (Africa to Europe and the

United States) LNG competes directly with gas

trade by pipeline. In the United States especially,

theweakness of prices is unlikely to cause a mas

sive reliance on LNG, although opportunities may
exist in connection with specific projects.

In Europe many factors brighten the picture for

LNG including sharply rising demand in certain

Southern European countries, relatively far from

traditional supply sources, combined with the

need to diversify energy suppliers. Furthermore,

the competitiveness of combined-cycle

powerplants enables a higher fuel price, which

could favor this transport means. Also, the poten

tial gas deficit in the European market by the

year 2010 could encourage buyers to turn to

LNG.

Additional growth potential estimated at 22 bcm

is associated with new trade flows, generated by
the Middle East or South America, for example.

Outlook for Supply

World liquefaction capacity at the end of 1995

was 107 bcm.

Faced with rising demand, new liquefaction

capacities will gradually be commissioned in the

next 5 years, making a total of 40 to 56 bcm (see

Table 1). Of this total, 20 bcm is the result of

revampings and expansions of existing plants,

with the remainder supplied by three to five new

units.

Beyond the year 2000, the analysis of the

supply/demand balance shows that competition

will be fierce between the expansion of existing

plants and the initiation of new projects. Plants

which already have the basic infrastructure in

place (port, etc.) will normally be better placed to

meet future market needs. Extension of the cur

rent plants in Malaysia, Australia and the Middle

East (especially Qatar) will be the most competi

tive locations for satisfying progressively rising

demand in the Asian market by 2005.

After this date, in the high demand scenario, new

capacities will be necessary for the Asian and

European markets. In this event, many projects

are likely to appear in Yemen, Venezuela, Russia

(Sakhalin) and Indonesia (Natuna). Cost competi

tiveness will be crucial for the choice of these

new projects and to ensure the effective develop
ment of new trade flows in Asia and Europe.

TABLE 1

WORLD LIQUEFACTION CAPACITY FORECAST

Billion 2000 2005 2010

CubicMeters 1996 Min Max Min Max Min Max

Atlantic Basin 20 40 44 44 44 44 75

Pacific Basin 87 107 119 123 151 136 191

Total 107 147 163 167 195 180 266

####
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TECHNOLOGY

HYNOL PROCESS USES NATURAL GAS AND

BIOMASS AS COFEEDSTOCKS

The Hynol process was proposed to utilize

biomass as a feedstock and natural gas as a

cofeedstock In order to increase methanol yield

and reduce costs.

A theoretical evaluation of the Hynol process con

ducted by the Air Pollution, Prevention and Con

trol Division (APPCD) of the National Risk

Management Research Laboratory, United States

Environmental Protection Agency (EPA), showed

that the Hynol process represents a promising

technology for maximizing fuel production inex

pensively and with minimum greenhouse gas

emissions. Consequently, the APPCD estab

lished a laboratory to further assess the process

feasibility. In the first phase of the study, a Ther-

moBalance Reactor (TBR) was installed and

used to evaluate biomass reactivity in gasification

at the operating pressure, temperature and feed

gas composition specific for the Hynol process.

The experimental work also attempted to im

prove understanding of the variables affecting

Hynol gasification and identify needs for process

development. Y. Dong of Acurex Environmental

Corporation and R. Borgwardt of the EPA sum

marized the TBR results at the 212th American

Chemical Society National Meeting held in Or

lando, Florida, last August.

The process consists of three reaction steps:

- Gasification of biomass with the H -rich

gas recycled from methanol synthesis

- Steam reforming of the produced gas

with an addition of natural gas feedstock

- Methanol synthesis from the H2 and CO

produced by the reformer

A schematic flow diagram of the process is

shown in Figure 1. Because the reaction of

FIGURE 1
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biomass with the H2 in the recycle gas to form

CH4 is exothermic, the heat so generated is able

to offset the energy required for other endother

mic reactions in a Hynol gasifier. As a result, no

expensive 02 plant or external heat source is

needed for gasification. The use of natural gas

as cofeedstock eases the requirement for a con

sistent composition of biomass feedstock. The

integrated cyclical process configuration helps

ensure the completion of overall conversion and

increases thermal efficiency. CO shifting is not

necessary and the requirement for acid gas

removal is reduced, which lowers capital and

operating costs.

Results

A kinetic model was developed to correlate the

experimental data obtained from TBR tests and

showed good agreement between the experimen

tal data and the model regression over the entire

reaction period.
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Four different sizes of poplar particles were used

to investigate the effects on gasification: 0.44-

inch diameter cylinders, 0.25-inch diameter

cylinders, 0.125-inch cubes and 20- to 30-mesh

sawdust. The rate ofthe rapid reaction increased

significantly as a result of higher heat transfer

and intraparticle diffusion rates when particle size

was reduced from 0.44-inch to 0.125-inch. Ag
glomeration during gasification was observed for

the particles larger than 0.125-inch, which in

hibited gas diffusion within the particles. Saw

dust heated up more quickly, and no agglomera

tion was observed. Experimental results showed

that, at 30 atmosphere and 800C, about

87 percent of the 0.125-inch poplar particles and

90 percent of the sawdust can be gasified by the

Hynol feed gas in 60 minutes.

The agglomerates of residual chars formed in the

TBR were fragile. If a fluidized-bed gasifier is

used, agglomeration is not likely to occur as a

result of attrition; therefore, higher reaction rate

and conversion than observed in TBR testing are

expected in such systems, say Dong and

Borgwardt.

The rapid-reaction stage of poplar gasification

was found to be essentially completed in less

than 0.2 to 0.3 minutes, contributing most of the

biomass conversion. A small additional conver

sion is contributed by the slow reaction. To

achieve high biomass conversion, sufficient

gasification time must be provided. Tests

showed that biomass conversion increased from

85 to 90 percent when gasification time extended

from 20 to 150 minutes. The comparison be

tween the compositions of chars after 20 and

150 minutes gasification indicated that there was

virtually no further conversion of H and O in the

char after 20 minutes and that the additional con

version resulted from the reaction of carbon with

the process gas.

Experimental results of 60-minute gasification

with sawdust and 0.125-inch poplar particles at

different reaction temperatures showed great in

crease in biomass conversion and gasification

rates when temperature increased from 750 to

950C. The activation energy obtained for the

rapid reaction was low, implying that heat trans

fer dominates the rates of devolatilization and

pyrolysis of biomass in the TBR.

The effect of feed gas composition on poplar

gasification was investigated by varying the flow

rates of individual gas components under con

stant system pressure. Helium was used as an

inert
"make-up"

gas for this purpose. At 30 atm

and 800C, the final conversion of poplar wood

gasified by pure helium after 60 minutes was

about 6 percent lower than that obtained under

pure H2. When steam partial pressure in the feed

gas was varied from 7 atm to zero while the par

tial pressures of other gas components remained

constant, the conversion was proportional to

steam partial pressure (0.003 x P^. Negligible

effects on the gasification conversion and reac

tion rate of 0.125-inch poplar particles were ob

served as the CH4 in the feed gas was reduced

from the simulated Hynol composition,

1 1 .63 percent, to zero. Replacing CO and C02 in

the feed gas with helium did not affect the

gasification rate. The conversion and reaction

rates of 0.125-inch poplar particles gasified by
the Hynol feed gas were nearly the same as

those observed by the feed gas containing no

CO and C02.

####

RESOURCE

DEEP-SEA CORES REINFORCE POTENTIAL

FOR LARGE METHANE HYDRATE RESOURCE

Gas hydrate forms under conditions of high pres

sure and low temperature, when a regular lattice

of water molecules includes a molecule of gas-

often methane, but also higher hydrocarbons up
to pentane. The resulting solid is stable at tem

peratures below about 7C and pressures greater

than 50 atmospheres. In marine sediments, the

depth below the ocean bottom at which hydrates

can form depends on the gas concentration,

geothermal gradient and ambient pressure.

Below this depth, methane exists as free gas,
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above as hydrate. The contrast between sound

velocity in sediment and in a hydrate/free-gas
layer generates a distinctive seismic reflector-the

phase-boundary conditions tend to track a con

stant depth beneath the water bottom in a given

region, often cutting across tilted bedding
planes, faults and other reflectors.

The direct measurement of in situ methane

stored as gas hydrate and free gas in a sediment

sequence from the Blake Ridge, Western Atlantic

Ocean was reported by G. Dickens, ofthe Univer

sity of Michigan, et al. in Nature, Volume 385,
Number 30, January 1997.

In 1995 Ocean Drilling Program Leg 164 drilled a

series of holes through the Blake Ridge hydrate

layer. Dickens et al. used a Pressurized Core

Sampler (PCS) to recover samples at in situ pres
sure to measure the quantity and composition of

gas directly. Analyses of gas released from the

PCS indicate that it is >98.5 percent CH4, with

the remainder consisting largely of C02.

The downhole profile of in situ methane quan

tities showed that sediment from 0 to 190 meters

below sea floor (mbsf) and from 240 to 380 mbsf

contains relatively low quantities of methane;

sediment from 190 to 240 mbsf, from 380 to

450 mbsf, and from below 470 mbsf contains

moderate quantities of methane; sediment from

450 to 470 mbsf contains an exceptional quantity

of methane (see Figure 1). Methane saturation in

sea water/methane hydrate systems increases

from approximately 0.05 to 0.17 mol CH4 per

cubic decimeters sea water at water depths from

2,775 to 3,225 meters below sea level (mbsl)
(0 to 450 mbsf), whereas methane saturation in

seawater-free methane gas systems decreased

from approximately 0.17 to 0.16 mol CH4 per

cubic decimeters sea water at water depths from

3,225 to 3,525 mbsl (450 to 750 mbsf). Thus,

pore water is undersaturated with methane in

sediment from 0 to 190 mbsf, and saturated to

greatly oversaturated in sediment beneath

190 mbsf.

Assuming that methane in oversaturated pore

water exists as methane hydrate above 450 mbsf,

FIGURE 1

IN SITU METHANE QUANTITIES
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SOURCE: DICKENS ETAL.

pore space from 190 to 450 mbsf contains be

tween 0 and 9 percent methane hydrate by
volume, says Dickens et al.

There should be a unique depth along the

geotherm in a sediment sequence at which both

solid methane hydrate and free methane gas are

in equilibrium. Above this depth, only methane

hydrate and methane-saturated pore water

should be present; below, only free methane

bubbles and methane-saturated porewater. This

phase boundary occurs at approximately

450 mbsf (Figure 1).

After analyzing the core samples, the authors cal

culated that pore space at 462 mbsf contains ap

proximately 12 percent methane gas bubbles by
volume. This direct evidence indicates that

volumes of free gas beneath the gas-hydrate

zone on the Blake Ridge are significantly higher

than have been previously estimated (1 to

2 percent) on the basis of seismic reflection

profiles.
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Seismic reflection profiles indicate that gas-

hydrate and free-gas zones extend over

26,000 square kilometers of the Blake Ridge. If

the new results are representative of this entire

area, gas-hydrate and free-gas zones on the

Blake Ridge contain approximately 4.7 X
1016

grams CH4, or 35 gigatonnes of carbon. This is a

quantity of methane that could meet the

1996 United States natural gas consumption rate

for the next 105 years, and a quantity of carbon

that is approximately 7 percent of total terrestrial

biota.

Abundant geological evidence indicates that

rapid drops in sea level and deep ocean wanning
have occurred in the past. Because several of

these time intervals are characterized by a major

input of carbon (from some source) to the ocean

and atmosphere, and because the stability of gas

hydrate decreases with reduced pressure and

elevated temperature, it has been speculated that

release of methane from oceanic hydrates has

played a role in past climate change. A major

assumption behind such hypotheses has been

that a large mass of methane indeed exists in

oceanic gas-hydrate zones. Results presented

by Dickens et al. validate this assumption (at

least for the present-day Blake Ridge).

Unfortunately, the scientists have not yet found a

way of getting this bountiful source of methane

out of the Earth in a usable form.

####

CAPILLARY SEALS COULD HOLD LARGE

NEW GAS RESERVOIRS

Gas Research Institute (GRI) has been involved

in the study of geological seals since 1989. Ob

servations made in two separate Gulf of Mexico

natural gas drilling operations, in which drillers

were discovering sedimentary basin natural gas

deposits in unexpected places, prompted GRI to

do further research on gas capillary seals.

GRI's Basic Research Business Unit, with the

help of Cornell University and the Woods Hole

Oceanographic Institution, has created a new

gas exploration model that recognizes the exis

tence of gas capillary seals which could hold new

natural gas reserves, as reported In GRID,

Winter 1996/1997.

According to GRI, the formation of the seals

begins as fluids (e.g., oil, gas and water) migrate

in the Earth's subsurface. The fluids naturally

move upward toward the Earth's surface while

decreasing in temperature and pressure. At ap

proximately 9,000 feet, natural gas bubbles form.

At this point gas capillary seals are created-a

sort of film created by the strong surface tension

between the gas and accompanying fluid. This

film is held within tiny openings in the porous,

sedimentary rock, trapping the natural gas.

Laboratory capillary seal simulations are under

study at Cornell. In one key test meant to simu

late subsurface conditions, gas-saturated liquid

at varying temperatures and pressures was

passed through a tube containing alternating

1 -centimeter-thick layers of fine material and

several centimeter-thick layers of coarse material,

created to stimulate interfingering sands and

shales.

Because there was no major pressure drop from

one end of the tube to the other, liquid was not

impeded, and a seal could not form.

Researchers then created pressure and tempera

ture conditions that allowed gas bubbles to form,

simulating conditions closer to the Earth's sur

face. In these experiments, pressure drops oc

curred at each layer of fine material, slowing the

flow of the fluid. Experiments with added layers

produced an even bigger total pressure drop,
which completely impeded fluid flow. This

strongly suggested that capillary seals could

form at depths where gas bubbles are present

with the thinnest of shale layers in a sedimentary

basin, provided there are enough layers.

These lab findings may help explain previously
difficult to explain pressure changes and seals

observed in the Gulf of Mexico. In addition, the

potential for new natural gas discoveries may
in-
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crease dramaticallywhere sands and shales
inter- Researchers now hope to show gas capillary

seal-

leave like fingers in sedimentary basins. Deep ing as a significant presence
and tool that can be

water exploration, such as in the Gulf of Mexico, used in the discovery and production of oil ana

could be one beneficiary of this idea. gas.

####
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