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GENERAL

GOVERNMENT ENERGY POLICY & FORECASTS

CONGRESS EXTENDS SECTION 29 TAX

CREDIT FOR ALTERNATIVE FUELS, BUT IN

UNDESIRABLE FORM

In August United States President Clinton signed

legislation to extend the Section 29 federal tax

credit for alternative fuel production projects.

The legislation was included as part of a small-

business tax relief measure included in the Mini

mumWage Bill.

In order to qualify for the existing Section 29 tax

credits, a facility needed to be in operation by the

end of this year. The new legislation extends the

in-service deadline to July 1, 1998. This gives

companies more time to develop projects that

have already been organized, but is probably too

short a time period to stimulate any entirely new

projects.

The final bill also extends the deadline for par

ticipating companies to sign a project contract,

from January 1, 1996, to January 1, 1997.

To qualify for the Section 29 credit, each technol

ogy has to undergo a lengthy review by the Inter

nal Revenue Service to see if the technology fun

damentally alters the chemical structure of the

feedstock. It was the length of the review that

put several projects in danger of not meeting the

old deadline.

The value of the credit varies from project to

project, but could be about $25 to $28 a ton for a

coal product.

####

MARKETS FOR GASIFICATION

TECHNOLOGIES WILL GROW IN NEW

WORLD OF COMPETITIVE ENERGY

Gasification technologies have been successfully

utilized in the oil and chemical industries for over

40 years. These gasification plants are economi

cally attractive commercial operations for produc

tion of high-value synthesis gas-based chemi

cals, generally in situations where gasification

has advantages over the natural gas/steam

reforming alternative.

More recently, thanks to the extensive financial

and technical support of several major vendors,

research organizations, and governments, the

option of Gasification Combined Cycle (GCC) for

power generation also has become a technical

reality.

The future markets for gasification technologies

are quite attractive, according to D. Simbeck of

SFA Pacific. Simbeck spoke at the 1 996 Gasifica

tion Technologies Conference held in October in

San Francisco, California. Simbeck says the

single most important factor in these markets is

the ongoing deregulation of all the energy in

dustries, but especially electric power genera

tion. Gasification assures maximum flexibility for

the uncertain newworld of competitive energy.

Power

It is usually forgotten that both the gas and

electric utility industries began with gasification.

Long before the influence of Thomas Edison and

GeorgeWestinghouse, gasification was the basis
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of the utility town-gas industry for urban lighting
and heating. The first commercial town-gas com

pany was formed in London in 1812. Many of

today's electric utilities actually began as town-

gas producers and distributors.

The greatest market potential for gasification is in

electric power generation. Electricity is the only

energy product for which demand continues to

grow at the same rate as gross domestic product

in both developed and developing nations.

Electricity is unquestionably the key energy

market of the future.

A great deal of short-term confusion currently ex

ists in power generation markets due to excess

capacity, delays in deregulation, cheap natural

gas, retail wheeling (of existing capacity, priced

at only incremental operating cost), and the

presence of too many independent power

producers. However, the long-term future is

ciear-the future will be controlled by the lowest-

cost power generators.

When new base-load capacity is needed, it will

likely be natural gas combined cycle in those

areas of the world with access to natural gas or

liquefied natural gas. Thanks to the high quality

and strong competition among
"state-of-the-art"

combustion turbine vendors, natural gas

combined-cycle powerplants can be built in less

than half the time and half the capital cost of any

steam-cycle alternative. Furthermore, the

combined-cycle units are significantly higher in

efficiency. The near-term dominance of combus

tion turbine-based power generation is the key to

the long-term dominance of gasification in power

generation.

As excess natural gas supplies dwindle, natural

gas prices will move toward distillate fuel prices.

Gasification is the only technology that provides

a fuel alternative to natural gas and distillate oil

for use in modern combustion turbines.

Figure 1 shows the important transition of new

power generation from traditional steam turbines

to combustion turbines. Figure 1 also shows low

powerplant orders during the 1980s due to

FIGURE 1

WORLDWIDE ORDERS FOR

FOSSIL POWERPLANTS

BY TECHNOLOGY
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Years

worldwide over-building resulting from the poor

forecasts in the 1970s.

Oil Refining

In the future, oil refineries could comprise a

major segment of the power industry, thanks to

electricity deregulation, gasification-based power

generation, and the lack of high-value markets

for low-quality liquid residues and coke. Unlike

many other gasification related developments,
such refinery-based power generation is begin

ning to materialize without any dependency on

government subsidies.

Industrial Cogeneration

The impact of combustion turbine-based in

dustrial cogeneration could be enormous. For

example, an analysis of existing industrial boilers

in Japan concluded that repowering with combus

tion turbines could generate an additional

17.5 gigawatts of power and increase the na

tional power generation efficiency by 16 percent.

The potential for additional industrial cogenera

tion will fully materialize only when there is com

plete deregulation of power sales and a need for

new base-load power. Higher gas and oil prices

in the future will encourage the replacement of
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existing steam boilers with combined combus

tion turbine and heat recovery steam generator

systems.

Gasification is the only technology that can trans

form low-value fuels, such as residue, coke and

coal, to a fuel that can be used in modern com

bustion turbines.

Chemicals and Fuels

Because most of the current interest in gasifica

tion is for combined-cycle power generation,

many people tend to forget about the current use

of gasification. As shown in Table 1, there is al

ready a large established gasification market that

is primarily based on the production of chemicals

and premium fuels. Sophisticated chemical com

panies such as African Explosives and Chemical

Industries, BASF, Tennessee Eastman and Ube

Ammonia have quietly been making high-value

chemicals via gasification for many years. The

largest gasification projects in the world-Sasol

and Dakota Gasification-also make both

premium fuels and high-value chemicals.

Simbeck states that the future market for

premium fuels and chemicals via gasification is

closely tied to refinery trigeneration, expanded

hydrogen and synthesis gas applications, and

China's industrial development. The largest

potential markets for new synthesis gas applica

tions are direct reduced iron and iron carbide for

the iron and steel industries.

TABLE 1

WORLDWIDE GASIFICATION FACILITIES

Total Facilities: 113

Total Gasifiers: 354

Million scf/dav Share

Feedstocks

Gas 806 8%

Petroleum (mostly resid) 4,697 47%

Petroleum Coke and

some RefineryWastes 280 3%

Coal 4.207 42%

Total 9,990 100%

Products

Liquid Fuels 2,630 26%

Gaseous Fuels 542 5%

Chemicals 4,451 45%

Power 2.367 24%

Total 9,990 100%

Equivalent Volume 268 million Nm3/day
Energy Content 480,000 bbl/day (oil equiv.)
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China is already a major gasification market.

However, this market is currently limited to chemi

cals, the only energy market that has thus far

been deregulated in China. Both Shell and

Texaco gasification technologies are already well

established in this market. Only after there is

deregulation and market pricing for oil, town-gas

and electricity will China represent the largest

market for gasification in theworld.

The Organization for Economic Coopera

tion and Development (OECD)

Eastern Europe and the Former Soviet

Union (EE/FSU)

Non-OECD Asia

Africa

Conclusion Middle East

The dominant use of gasification for high-value

chemicals will continue where fuel prices make

gasification more competitive than steam

methane reforming. However, oil companies al

ready have the essentials-expertise, fuels and

financing-to be a dominant force in the new

world of competitive energy markets. Refinery-

based gasification therefore can be expected to

proliferate as deregulation of electric power gen

eration promotes the efficiency and economic

advantages of cogeneration and trigeneration.

Gasification also has fundamental environmental

advantages over direct combustion that are quite

important to the oil and chemical industries

which already are being forced to meet more

stringent environmental standards than tradi

tional utility powerplants, particularly in the area

of solid waste disposal.

In the future, gasification technology will be one

of the most important energy technologies. It of

fers strategic flexibility in the uncertain new world

of competitive energy.

####

EIA INTERNATIONAL ENERGY OUTLOOK

INCREASES ENERGY DEMAND FORECAST

The International Energy Outlook 1996 (IE096)
presents an assessment by the Energy Informa

tion Administration (EIA) of the outlook for inter

national energy markets through 2015.

Projections in IE096 are displayed according to

six basic country groupings:

- Central and South America

According to IE096, strong economic growth is

expected to substantially boost world energy

demand over the next 2 decades. By 2015 world

energy consumption increases to 542 quadrillion

BTU, 1.6 times the current level (Figure 1). New

discoveries of oil and natural gas reserves, tech

nological developments that allow more energy

sources to be recovered, and increased ef-

FIGURE 1

WORLD ENERGY CONSUMPTION
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ficiency of generating plants will make it possible

to obtain enough energy to accommodate great

increases in energy demand.

In this year's forecast for 2010, world energy

demand is projected to reach 495 quadrillion

BTU, 23 quadrillion BTU more than last year's

projection for 2010. Higher standards of living in

emerging economies are propelling increased

use of energy for electric power generation and

for personal automobile transportation. Gains in

demand are offset, in some measure, by improv

ing efficiency in the industrial sector of develop

ing countries; however, the rate of such improve

ment is uncertain and has been scaled back for

this projection.

The emerging economies of nations outside the

OECD account for almost 69 percent of the

projected increase in world energy demand over

the projection period. The increase is a result of

rapid economic development, particularly in non-

OECD Asia. By 2015, advanced economies

within the OECD account for less than one-half of

world energy consumption, whereas in 1970 they
consumed 65 percent (Figure 2).

The largest gains in energy use occur in the
non-

OECD Asia region, where energy demand in

creases by 150 percent between 1993 and 2015,

led by the economies of China and India. In com

parison, a 32-percent increase is projected for

the OECD.

In contrast to the rapid energy growth in non-

OECD Asia, little net growth is projected over

1990 levels in the region of Eastern Europe and

the former Soviet Union. By 2015 the region

gains only 4 quadrillion BTU over its

1990 consumption level in the reference case

projections. The dramatic economic declineswit

nessed in the 1990s are projected to stop in the

FSU only by 2000. On the other hand, economic

recovery has already begun in Eastern Europe.

The projections in this report assume that more

normal economic growth and energy consump

tion will resume by the end of the projection

period throughout the EE/FSU region.

FIGURE 2

OECD AND NON-OECD

ENERGY CONSUMPTION
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The outlook for the international oil market over

the next 20 years is one of sufficient sources of

supply to meet anticipated growth in demand

with only moderately increasing (or potentially

stable) world oil prices. For the current reference

case, oil prices rise from about $16 to $25 be

tween 1995 and 2015. New technology and addi

tional discoveries have led to stable or slightly in

creased levels of production in non-OPEC areas

in recent years, which are expected to continue

through 2015.

Oil's share of world energy consumption actually
drops slightly over the projection period, from

39 percent in 1993 to 37 percent in 2015

(Figure 3). Slow growth is projected for oil

demand in the OECD-with increases of less than

1 percent annually between 1993 and 2015-

mainly because of the implementation of more ef

ficient energy-using technologies and because

natural gas is replacing oil for many uses. Con

versely, non-OECD oil demand is projected to
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FIGURE 3

WORLD ENERGY CONSUMPTION

SHARES BY FUEL TYPE
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grow by almost 3 percent annually over the

projection period. Strong economic growth,

rapidly increasing transportation demand, and an

expansion of oil demand for industrial, residential

and commercial uses all contribute to the expec

tation of strong growth in the demand for oil by
non-OECD nations.

Natural gas is projected to gain a larger share of

world energy consumption over the projection

period, rising from 22 percent in 1993 to almost

25 percent in 2015. The fastest growth in natural

gas consumption is projected for OECD Europe

and developing countries in non-OECD Asia and

Central and South America. Natural gas is ex

pected to fuel the vigorous electric power

development needed by non-OECD countries to

sustain economic growth. In fact, by 2015, world

gas use is expected to equal coal consumption.

Coal consumption is projected to increase by
almost 2.6 billion short tons over the projection

period. Nevertheless, coal's share of world

energy consumption remains virtually
unchanged

between 1993 and 2015 (Figure 3).

The nuclear share of world energy consumption

declines by nearly 2 percent between 1993 and

2015. Growth is expected mainly in developing

countries-especially those in non-OECD Asia

that are just beginning their nuclear programs

(including China, India, South Korea and

Taiwan)-and in Japan.

Hydroelectricity and other renewable resources

make only small gains in their share of total

energy consumption, exceeding current levels by

only 1 percent in 2015.

While environmental concerns are expected to

create appropriate market conditions for growth

in renewable energy demand, competitive fossil

fuel prices may hinder the expansion of renew

ables, especially in the OECD countries. Con

sumption of renewables grows slightly faster in

the non-OECD, as a result of aggressive develop
ment of hydroelectric resources in countries of

non-OECD Asia (such as Indonesia, Malaysia

and Vietnam).

Electric power is projected to be the fastest-

growing source of end-use energy supply

worldwide over the next 2 decades. Growing
world dependence on electricity should result in

dramatic changes in the electric power industry,

which will affect ownership, regulation and in

dustrial structure (i.e., unbundling of electricity

generation, transmission and distribution).

####

PERMANENT OIL CRISIS FORESEEN BY

WORLD RESOURCES INSTITUTE'S

MacKENZIE

Writing in the publication Issues In Science and

Technology, J. MacKenzie of the World

Resources Institute states that the early

1996 spike in gasoline prices was not a signal of

any fundamental worldwide shortage of crude oil.

But, says MacKenzie, it looks as though such a
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shortfall is now within sight. With world demand

for oil growing at 2 percent per year, global

production is likely to peak between the years

2007 and 2014. As this time approaches, we can

expect prices to rise-markedly and, most likely,
permanently.

In the 1970s, as Americans waited in gasoline

lines, concern was focused primarily on falling
domestic production and its implications for na

tional security. Was the United States really

"running
outM

of oil and would the nation become

ever more dependent on imported oil, especially

from the unstable Persian Gulf? Should we

develop synfuels based on coal and oil shales to

hold down imports? In a country where most

people and corporations look ahead only as far

as the next quarter, the prospect of a true

shortage in global oil supply was never con

sidered.

MacKenzie points to a growing body of evidence

that a decline in world production is likely to oc

cur in less than 20 years. As the peak in produc

tion approaches, prices will begin to rise and the

United States-consumer of 25 percent of world

output-will have to quickly shift to new energy

sources to mitigate the impacts on its heavily oil-

dependent economy.

Two decades is precious little time for such a

sweeping transformation, a point few decision

makers appreciate. The transportation sector,

almost totally dependent on oil, will be especially

hard hit.

Many who remember the warnings of disaster in

the 1970s shrug off this analysis with "We've

heard this all
before."

Not really, says MacK

enzie. He first addresses the arguments of those

who maintain that the world is awash with oil and

that there will be no supply problems in the

foreseeable future. After the 1974 oil shock, oil

prices rose and worldwide exploration increased

greatly. In the United States, drilling quadrupled,
but proved reserves and production both

declined. (Production in the Lower 48 States has

fallen 44 percent since 1973. Alaskan production

peaked in 1988 and has fallen 25 percent since

then.) Worldwide, many new oil fields were

found, but their sizewas disappointing.

Thus, the evidence grows stronger daily that a

resource-driven global peaking of the sort that

occurred in the Lower 48 States in 1970 will soon

be upon us. According to scores of studies, ul

timately recoverable global oil reserves are

simply not that large and we will be about

halfway through them sometime between 2005

and 2015. Typically, when half of the recoverable

oil from a well has been produced, production

begins to decline. This is the prospect for global

production as well.

This does not imply that the world will soon "run
out"

of oil or hydrocarbon fuels. Oil production

will continue, though at a declining rate, for many
decades after its peak.

The annual production of crude oil depends on

the amount of oil still in the ground, the cost of

extracting it, and the availability and price of

global alternatives. During most of this century,
United States production in the Lower 48 States

rose steadily as large oil fields were discovered.

Over time, older fields reached their peak and

new, smaller discoveries offset some of the

production losses. As production from older

fields begins an inevitable decline, technologies

such as water flooding and gas injection may be

introduced to slow the rate of depletion, but there

is no reversing the trend. In 1970 United States

production in the Lower 48 states peaked and

began to decline (see Figure 1). As it did, the na

tion turned increasingly to imported oil. In 1973

the United States imported 35 percent of its oil,

and in 1995 it imported 44 percent of its oil.

(Production from Alaska provided only a tem

porary relief from this growing dependence on oil

from overseas.)

Calculating the area under the curve of annual

production (Figure 1), one can estimate that ul

timately recoverable crude oil in the Lower 48

States will total about 190 billion barrels. Of this

amount 160 billion (84 percent of the total) had
been produced by December 1 995.
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FIGURE 1

CRUDE OIL PRODUCTION

IN THE LOWER 48 STATES
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A similar analysis can be carried out for global oil

production. An analysis of 40 studies of Es

timated Ultimately Recoverable (EUR) oil pub

lished between 1975 and 1993 found that most

fell in the range of 2,000 to 2,400 billion barrels.

By the end of 1995, the world had consumed

about 765 billion barrels; global consumption in

1995 was 22.3 billion barrels. Assuming that

worldwide demand will grow by a modest

2 percent per year, as population and economies

grow, and using a simple depletion model, it is

straightforward to calculate that oil production

will peak sometime between 2007 (for

1,800 billion barrels) and 2013 (for 2,200 billion

barrels). An implausibly high reserve base of

2,600 billion barrels would postpone peaking

only another 6 years, to 2019. The five scenarios

shown in Figure 2 show plausible production

curves for various values of EUR oil. Each curve

passes through the actual production value for

1994 (22 billion barrels) and the United States

Energy Information Administration projection for

the year 2000 (25.1 billion barrels). It is evident

that the timing of peak production is relatively in

sensitive to the amount of ultimately recoverable

reserves.

Hope Springs Eternal

Despite the many studies on global reserves,

says MacKenzie, some analysts still believe that

huge amounts of oil remain to be found-for ex-

40
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ample, in Russia, China or unexplored offshore

areas. But there are sound reasons for doubting
that there are many giant new fields still to be

found. Great strides have been made in the past

several decades in the science of identifying

promising areas for exploration and in under

standing plate tectonics and oil formation. By
now, the whole world has been thoroughly ex

plored. It has become clear that no new

provinces comparable with the North Sea and

Alaska await discovery.

Making the Transition

Finding huge new oil fields is unlikely. The only

other way to extend the life-span of oil produc

tion is to reduce projected consumption through

conversion and increased efficiency.

Unfortunately, the political and technological dif

ficulties of holding demand constant probably

exceed the daunting problems of expanding oil

production. Non-OECD nations are expected to

increase their demand for oil by more than

50 percent by 2010. Convincing these countries

to halt their growth in demand will be politically

impossible.

It is time for decision makers to reckon with the

inevitable, says MacKenzie: to establish a

framework for shifting from oil to other energy

sources as soon as possible and to begin to

implement specific initiatives.

It seems almost certain that current national in

vestments in new technologies are too small to

ensure a smooth transition to new, more sus

tainable energy sources and technologies.

Some analysts argue that as oil production

peaks, prices will rise and provide a natural

market force for development of alternative

energy sources.

There is, MacKenzie admits, an element of truth

to this. However, waiting for price increases

could leave little time to revamp our present mas

sive oil infrastructure. A more significant problem

with this argument is that United States oil prices

do not reflect the full social costs of consumption

and so do not provide the correct market signal

that economists say is needed. As a result, oil

prices are artificially low, too low to spur the

needed private investment in alternative tech

nologies that have a long-term payback. What

incentive do United States investors have to

develop alternative energy sources when

gasoline costs scarcely more than a dollar per

gallon?

####

MMS GREATLY INCREASES ESTIMATE OF

UNDISCOVERED OILAND GAS IN THE OCS

The United States Outer Continental Shelf (OCS)

likely holds enormous amounts of undiscovered

oil and natural gas, according to a new national

assessment prepared by the Minerals Manage

ment Service (MMS).

In the first review of undiscovered OCS

resources since 1987, MMS studied 180 plays in

the OCS and estimated undiscovered crude oil

resources to be between 37 billion and 55 billion

barrels. Undiscovered natural gas resources

were put at 268 trillion cubic feet (tcf).

The new figures represent a huge jump from the

1987 study, which put undiscovered crude

resources at 17.9 billion barrels and natural gas

resources at 145 tcf.

The results presented reflect information and

data available to the MMS as of January 1
, 1995.

The assessed commodities for the OCS include

crude oil and natural gas present in conventional

reservoirs; unconventional resources (such as

clathrates) were not assessed. Estimates of un

discovered resources are presented in two

categories:

- Undiscovered conventionally
recoverable resources

- Undiscovered economically recoverable

resources
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Undiscovered conventionally recoverable

resources refer to quantities of hydrocarbon

resources expected to be present, as of the date

of assessment, in undiscovered pools within a

play, using technology and exploration and

development efficiency available or reasonably

foreseeable at the time of the assessment. No

explicit consideration for economic viability was

implied in the estimation of the undiscovered con

ventionally recoverable resources.

Undiscovered economically recoverable

resources are the portion of undiscovered con

ventionally recoverable resources that can be

explored, developed and commercially produced

at given cost and price considerations using

present or reasonably foreseeable technology.

The estimates of economically recoverable

resources are presented as continuous curves of

resource values corresponding to changing

oil/natural gas prices.

Areas Assessed

For this assessment, the nation's OCS is divided

into four regions: Alaska, Atlantic, Gulf of Mexico

and Pacific OCS (Figure 1). These regions were

subdivided by the regional assessment teams

FIGURE 1

FOUR OCS REGIONS

OF THE UNITED STATES

SOURCE: MMS

into assessment provinces, defined on geologic

affinities, and these provinces were further sub

divided into basins or geographic areas.

Assessment Results

Estimates of the undiscovered conventionally

recoverable oil and natural gas resources for the

OCS are presented in Table 1 (next page) for the

four OCS regions and total OCS.

Table 2 (next page) presents the estimates of

undiscovered economically recoverable

reserves, calculated on the basis of an oil price of

$18 per barrel and a gas price of $2.11 per

thousand cubic feet.

Comparison with Previous Assessments

The MMS notes that any conclusions drawn from

direct comparisons of this assessment with previ

ous assessments of undiscovered oil and natural

gas resources on the OCS may be misleading

because of the numerous changes in assess

ment methodology and models employed. MMS

is not able to quantify the relative portion of the

change in estimates attributable to the modeling

changes.

A considerable increase in the Alaska OCS

Region's undiscovered conventionally

recoverable oil and natural gas resources was

the primary factor in the significant increase in

overall OCS conventionally recoverable es

timates.

####

ECONOMICS

ERC PROJECTS COST OF $1,250/KILOWATT

FOR DIRECT FUEL CELL POWERPLANTS

Energy Research Corporation (ERC) has been

engaged in the development of carbonate fuel

cell technology since the late 1970s, primarily

focusing on the development of the Direct Fuel

10
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TABLE 1

ESTIMATES OF UNDISCOVERED CONVENTIONALLY

RECOVERABLE RESOURCES FOR THE OCS

Region/ Natural Gas Oil Total BOE

Subreaion (Tcf) (Bbbl) (Bbbl)

Alaska 125.9 24.3 46.7

Arctic 99.4 22.0 39.6

Bering Shelf 18.8 0.9 4.3

Pacific Margin 7.7 1.4 2.8

Atlantic 27.5 2.3 7.2

Gulf ofMexico 95.7 8.3 25.4

Pacific 18.9 10.7 14.1

Total OCS 268.0 45.6 93.4

Tcf = trillion cubic feet; Bbbl = billion barrels;

BOE = barrels of oil equivalent

TABLE 2

ESTIMATES OF UNDISCOVERED ECONOMICALLY

RECOVERABLE RESOURCES FOR THE OCS

(At $18 per Barrel of Oil and

$2.1 1 per Mcf natural gas)

Region/ Natural Gas Oil

Subreaion (Tcf) (Bbbl)

Alaska 1.1 3.8

Arctic 0.2 3.4

Bering Shelf 0.9 Negligible

Pacific Margin Negligible 0.3

Atlantic 5.2 0.4

Gulf of Mexico 57.9 4.9

Pacific 8.3 5.3

Total OCS 72.5 14.4

Mcf = thousand cubic feet; Tcf = trillion cubic feet;
Bbbl = billion barrels
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Cell (DFC) technology, which through the use of
a unique internal reforming feature, allows utiliza

tion of a hydrocarbon fuel directly in the fuel cell

without requiring an external reforming reactor

and associated heat exchange equipment. This

approach provides upgrading of waste heat to

chemical energy; thereby contributing to higher

overall efficiency for conversion of fuel energy to

electricity with low levels of environmental emis

sions.

A 5-year program designed to advance car

bonate fuel cell technology to the commercial

design stage was initiated in December 1994.

Accomplishments of the past program year were

discussed by H. Main of ERC et al. at the Fuel

Cells '96 Review Meeting held at the Morgantown

Energy Technology Center (METC) in West Vir

ginia in August.

ERC is currently in the second year of the

program, for development and demonstration of

a megawatt-class powerplant, supported by
United States Department of Energy and METC

with additional funding from Department of

Defense/Defense Advanced Research Project

Agency and the ERC team.

ERC has completed a technology program for

product design verification, where the powerplant

design, as well as the technology development,

was carried out to support a full-size field

demonstration. These activities culminated in

130-kilowatt stack tests in ERC's subscale

powerplant, subscale stack tests in utility and in

dustrial sites around the world, and a 1.8-

megawatt powerplant design for demonstration

at a utility site. The design and procurement

were completed and testing of this world's

largest multi-megawatt advanced fuel cell

demonstration plant has begun.

ERC plans to offer commercial DFC powerplants

in various sizes, initially focusing on the

megawatt-scale units. The plan is to offer stan

dardized, packaged megawatt-scale DFC

powerplants operating on natural gas or other

hydrocarbon-containing fuels for commercial

sale by the end of the decade. These

powerplants, which can be shop-fabricated and

sited near the user, are ideally suited for dis

tributed generation, industrial cogeneration and

uninterrupted power for military bases. After gain

ing experience from the early megawatt-scale

powerplants, and with maturing of the technol

ogy, ERC expects to introduce larger

powerplants operating on natural gas and/or

coal gas or other fuels in the beginning of the

21 st century.

The planned baseline powerplant is rated at

2.85 megawatts on natural gas and has a heat

rate of 6.22 x
106

Joules per kilowatt-hour

(58 percent efficiency based on low heating
value). Additional optional features will be avail

able to include non-standard site conditions and

other fuels.

The powerplant approach consists of several

factory-constructed truck-transportable modules.

The proposed powerplant is expected to have a

gross output of 3.03 megawatts, providing net

2.85 megawatts AC.

A preliminary Reliability and Maintainability (RAM)
assessment concluded that the base case com

mercial fuel-cell powerplant should achieve an

availability in excess of 95 percent, with a 1 week

per year scheduled outage period.

Dynamic simulation results indicate that the out

put power can be ramped from 25 percent to

100 percent of the rated load in less than

10 minutes, a feature desired by some

powerplant buyers.

ERC's cost estimate based on budgetary quotes
from vendors is a capital cost of $1,250 per

kilowatt (1995 dollars) for the matured commer

cial product (based on production of

200 powerplants per year). AMonte Carlo simula

tion showed that the probability of attaining this

cost goal is better than 75 percent.

Because the powerplant is expected to operate

automatically, the fixed and variable operating
cost is projected to be low, about 4 mills per

kilowatt-hour. Fuel cell replacement cost is
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projected to be 7 mills per kilowatt-hour, and the

capital carrying charge is estimated to be 16 mills

per kilowatt-hour. Assuming fuel cost to be

$2.45 per million BTU, the 30-year levelized cost-

of-electricity is projected to be about $0.04 per

kilowatt-hour.

The ERC standard product can provide several

optional features such as grid-independent opera

tion and dual-fuel operation, using natural gas or

the military logistic fuels (JP-8 and diesel), for

fixed-base powerplant applications. The logistic

fuel operation requires a front-end fuel processor

to convert logistic fuels to a fuel cell compatible

feed stream.

ERC is now in the final phase of designing a com

mercial powerplant. Equipment packaging ap

proaches and plant layout are being finalized.

The cell area scaleup is completed. Components

cost reduction, performance enhancement and

life extension efforts are on track. Future ac

tivities will focus on finalization of powerplant

design, and verification of stack module

enclosure and full-height stack designs.

####

TECHNOLOGY

GASIFICATION OF PETROLEUM COKE

BECOMES MAINSTREAM REFINERY

PROCESS

Fuel-grade petroleum coke is formed from high-

sulfur residue which produces a higher sulfur,

low-value coke. With its higher heating value of

over 14,000 BTU per pound, this coke is mainly

used as a substitute for coal or fuel oil. Due to its

high BTU content, its transportation cost on a

BTU basis is attractive relative to coal. Neverthe

less, its undesirable properties (high sulfur con

tent, hardness, low volatility and relatively high

metals content) cause many customers to use

petroleum coke only as the fuel of last choice.

The commercially proven Texaco Gasification

Process (TGP) is an excellent option for clean,

cost-effective coke disposition as demonstrated

by new coke gasification units coming on-line

and under design.

Costs, economics and commercial applications

of the Texaco Coke Gasification Process were

discussed by F. Jahnke et al. of Texaco, Inc. at

the 1996 National Petroleum Refiners Association

Meeting held in San Antonio, Texas, in March.

Texaco Gasification Process

The TGP has been operated commercially for

over 45 years and with coke feedstock for

10 years. There are currently 39 operating

gasification plants with 19 plants under

engineering/construction which will produce

over 3,400 million standard cubic feet per day of

syngas (H2+CO). This is equivalent on a BTU

basis to roughly 175,000 barrels per day of oil.

The syngas is used for a wide variety of products

ranging from H2 and chemicals to power and

fuel. The process can use almost any hydrocar

bon feed and commercial unit feedstocks include

natural gas, liquefied petroleum gas, naphtha,

heavy oil, residues, coke and coal.

For coke gasification, a quench configuration is

recommended as shown in Figure 1. As the

simplest design, the quench configuration is also

the most robust and lowest maintenance design.

The TGP gasifier operates at pressure and high

temperature.

The high operating temperatures produce essen

tially no hydrocarbons heavier than methane.

Even methane production is generally less than

0.5 percent of the syngas. There are no tars or

heavy oils produced which can cause environ

mental and regulatory difficulties, regardless of

the feedstock.

A small percentage of the feed carbon is uncon

verted and exits the gasifier as
"char"

(carbon
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FIGURE 1

GASIFICATION OF COAL

AND OTHER SOLIDS -
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SOURCE: JAHNKEETAL.

with some ash). The char may be recycled to ex

tinction in the gasifier but may also be sold as a

byproduct fuel.

Metals and ash in the feed are removed from the

syngas using a water scrubbing system, and

either sold for metals recovery, sold as construc

tion aggregate material, or sent to landfill. Due to

the gasifier's high temperature and reducing at

mosphere, it typically produces a glassy slag

which is non-hazardous under the United States

regulations.

Sulfur in the feed is converted into H2S with small

amounts of COS. Using a standard refinery acid

gas removal system, such as an amine scrubber,

a sulfur removal greater than 98 percent is readily

achieved. Where higher levels of sulfur removal

are required, COS hydrolysis may be employed

to obtain over 99.5 percent sulfur removal.

Economics of Typical Plant Configurations

The most common refinery configuration for

gasification of coke is for the coproduction of

multiple products, typically hydrogen, steam and

power.

By producing steam with the power, the refinery

obtains the benefits associated with cogenera

tion. While typical power generation units

operate at efficiencies up to 45 to 50 percent,

cogeneration efficiency can easily exceed

75 percent.

Assuming reasonable values for the various

products, Jahnke et al. state that refiners can ex

pect a 15 percent return on investment These

returns do not include side benefits which are

available with the gasification system. These

benefits include:

- Low cost oxygen for increasing the

capacity of a Claus sulfur unit or FCC

unit.

- Low cost nitrogen for purging and

blanketing within the refinery.

- Potential use of off-spec or contaminated

waste as feedstock.

- Potential use of new technology in the fu

ture, especially for the production of high

value Fischer-Tropsch liquids.

Commercial Coke Projects-Status

Ube - The TGP operated at the Ube Ammonia

facilities in Ube, Japan, is the oldest commercial

unit operating with coke. Although originally

designed for coal gasification, the attractive pric

ing of petroleum coke in Japan has resulted in a

gradual change in feedstock. Coke was first

gasified as a mixture of coke and coal beginning
in 1986. Ube recently changed to 100 percent

coke feed.
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As the feed to an ammonia facility, extremely

high reliability is required to avoid shutdown of

the ammonia synthesis process. To obtain this

reliability, Ube operates a multiple train gasifica

tion process with a spare gasifier. With this con

figuration, they have obtained an on-stream

reliability greater than 99 percent.

El Dorado Refinery - In June Texaco completed

startup of an $80 million coke gasification facility
located at its El Dorado, Kansas, refinery. This

unit gasifies the excess coke production (above

a long-term sales agreement), and is sized for

only 166 tons per day of coke feed. The unit

produces syngas for power and steam produc

tion.

Because of the limited feedstock quantity, the

gas turbine fuel is supplemented with natural gas

which comprises roughly two-thirds ofthe fuel on

a BTU basis. The unit is designed to provide the

power requirements of the refinery,

35 megawatts, in a cogeneration unit which also

provides 180,000 pounds per hour of steam to

the refinery.

Although no hydrogen is produced by the facility,
the project does take advantage of the side

benefits of gasification, providing oxygen to the

refinery to debottleneck the sulfur unit, providing

pressurized air and nitrogen, and disposing of

refinerywaste material.

Typical composition of the coke feed to the

gasifier is: 90 percent carbon, 4 percent

hydrogen, 4 percent sulfur, 1 .5 percent nitrogen,

0.5 percent oxygen and 0.5 percent ash. In addi

tion to coke, this unit will also feed approximately

15 tons per day of refinery waste to the gasifier.

The waste streams processed in the gasifier in

clude:

- API separator bottoms

- Acid-soluble oils from the alkylation unit

- Primarywaste water treatment sludge
- A small amount of phenolic residue

The United States Environmental Protection

Agency (EPA) authorized exemption from hazard

ouswaste permitting requirements and other haz

ardous waste regulatory requirements. The EPA

determined that the syngas produced in the

Texaco gasifier met the fuel exemption and

would not be considered a hazardous waste, and

that no permit would be required for the secon

dary materials used in the process (as long as

the materials are not stored for a period greater

than 90 days). The use of the synthesis gas in a

turbine to generate electricity and steam is also

allowed without imposition of hazardous waste

permitting requirements on the turbine.

The implications of the EPA ruling are important.

Oily refinery secondary materials are now used

as a fuel to a Texaco gasifier. Rather than incur

ring expense for treatment and disposal, with all

of the associated long-term liabilities, materials

that would otherwise be considered hazardous

waste can now be used to generate a valuable

refinery product-syngas.

Before startup of the gasifier, the El Dorado

refinery had been the local utility company's third

largest customer, spending $12 to $14 million per

year. The refinery now pays only a few million

dollars a year for stand-by service.

In addition, the refinery is saving more than

$1 million per year in waste shipment and dis

posal costs, and almost $1 million per year in

nitrogen costs. Steam production costs have

been reduced by more than half.

Other unqualified savings result from oxygen

enrichment of the sulfur plant, which will enable

Texaco to process a greater proportion of high-

sulfur crudes when the sweet/sour differential is

attractive.

Koch Refining Company - In the United States,
Koch Refining Company plans to build a coke

gasification project to convert low value, high sul

fur coke into hydrogen, power and steam. This

unit will incorporate a combined-cycle system to

produce 180 net megawatts of power. In addi

tion, the unit will export various levels of steam

and high purity hydrogen to the refinery. Design
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of this system is in progress with startup

ticipated in 1998.

an-

Farmland Industries - Farmland Industries Inc.,
Texaco Inc. and Praxair Inc. are considering

building a plant that would be North America's

first facility producing ammonia from gasified

petroleum coke.

Farmland has signed a co-development letter

with T&P Syngas Supply Company, a

50/50 partnership between Texaco and Praxair,

to study the project economics.

The proposal would use Texaco's TGP and

Praxair's air separation technology to convert

coke into synthesis gas and nitrogen at a site ad

jacent to Farmland's Coffeyville, Kansas, refinery.

Conclusion

Coke disposition by refineries can be difficult,

especially for high-sulfur, fuel-grade coke. Con

version of coke to more valuable products such

as hydrogen, power, steam and chemicals using

the TGP has become an attractive alternative to

exporting coke. This process produces minimal

emissions even from the highest sulfur coke and

has the flexibility to adapt to new technology and

respond to regulations of the future. Side

benefits with respect to hazardous waste dis

posal and refinery debottlenecking can also be

important.

####

HIGH-TEMPERATURE-WINKLER GASIFIER

COMBINED WITH MOLTEN METAL BATH TO

TREATWASTE

The UHDE PreCon process combines the High-

Temperature-Winkler (HTW) gasification process

developed by Rheinbraun AG of Germany and

the Catalytic Extraction Processing (CEP) tech

nology developed by Molten Metal Technology,

Inc. of Massachusetts, to treat and process

municipal waste and sewage sludge and to con

vert it into valuable materials and energy. UHDE

acts as an engineering partner and contractor for

both processes and has developed the PreCon

technology as a combination of HTW and CEP

for this special purpose. The system was

described by C. Lutge of UHDE at the

1996 Gasification Technologies Conference held

in October in San Francisco, California.

High-Temperature-Winkler Gasification

As early as 20 years ago, Rheinbraun AG began

to develop the HTW fluidized-bed gasification

process operating at elevated pressure. Since

then, UHDE has acted as an engineering partner

and contractor for this process. In the meantime,

various demonstration and industrial plants for

the gasification of several types of brown coal

and biomass have been built and are operating

successfully to produce syngas.

The feedstocks are gasified at pressures of up to

30 bar in a fluidized bed using oxygen or air as a

gasification agent. The temperature in the reac

tor is below the ash softening point of the

feedstock, between 800C and 1,100C. The

pretreated feedstock is pressurized in a lockhop
per system and fed to the gasifier by a screw

feeder or a gravity pipe (see Figure 1).

The gasification agent is introduced at different

levels into the fluidized bed and into the zone

above it, termed freeboard. The entrained car

bon is partially oxidized in the fluidized bed at a

uniform temperature. The major part of the ash

is removed from the hot raw gas by a cyclone at

the top of the reactor and returned to the

fluidized bed via a downpipe. The bottom ash is

withdrawn via a cooling screw and a lockhopper

system similar to the feeding system.

The first extensive operating experience was

gained during more than 38,000 hours at a pilot

plant in Frechen, Cologne. Rheinbraun and

UHDE then designed two commercial-scale

plants using the HTW process which went

onstream successfully in 1985 and 1988. In 1989

Rheinbraun commissioned an advanced pilot

plant operating at elevated pressures up to ap

proximately 30 bar.
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FIGURE 1

UHDE HIGH-TEMPERATURE

WINKLER GASIFICATION SYSTEM
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SOURCE: LUTGEETAL.

In order to obtain a satisfactory carbon conver

sion in the fluidized-bed gasification, the reac

tivity of the feedstock must be sufficiently high at

temperatures below the ash softening point. This

prerequisite is met by many feedstocks. Opera

tional experience with the HTW gasifier on a com

mercial scale is available for brown coals and a

variety of biomass types, such as peat and wood,

as well as the cogasification of dried sewage

sludge and plastic waste in combination with

brown coal.

Catalytic Extraction Processing

CEP has been developed by Molten Metal Tech

nology, Inc., as a means to recycle hazardous

and unwanted wastes into useful raw materials.

Since January 1996, UHDE and Molten Metal

Technology have been cooperating in a strategic

alliance for theworldwide marketing of CEP.

Based on technology developed in the steel in

dustry, CEP incorporates a molten metal bath to

break down waste into its constituent elements.

The CEP reactor is a refractory-lined vessel

which is equipped with an induction furnace for

heat input during startup. Depending on the

waste characteristics, it is fed into the reactor via

a top hopper system (for solid waste), a top
lance injection system (for liquid and solid

wastes) or a submerged bottom tuyere injection

system (for gaseous and liquid wastes).

The dissolution capacity of the molten metal bath

(e.g., nickel or iron) causes the waste feed to be

dissolved and broken down into its constituent

elements. By adding co-reactants to the bath,

such as oxygen and oxides, elements will be

recombined to form commodity gases (CO, H2),

ferroalloys and unleachable ceramic products

(mainly consisting of CaO, Si02, Al203).

CEP can process various types of organic and

inorganic contaminants, i.e., plastic wastes,

electronic wastes, auto shredder residue, fly ash,
industrial wastes and radioactive wastes. To

demonstrate the technology for various

feedstocks, Molten Metal Technology has

developed a recycling, research and demonstra

tion facility in Fall River, Massachusetts. The

facility is equipped with several CEP systems, in

cluding three commercial-scale systems. Three

commercial plants have been commissioned or

will be commissioned by the end of 1996.

UHDE PreCon Process

The extensive and positive operating experience,

which was gained when gasifying various types

of coal and biomass using the HTW process,

provided the incentive for considering other pos

sibilities for its use. Experimental runs gasifying

plasticwastes and sewage sludge in combination

with brown coal were promising. The results un

derline the flexibility of the HTW gasifier. In the

meantime, the cogasification of plasticwaste was

THE SYNTHETIC FUELS REPORT OCTOBER 1996

17



 



GENERAL

carried out continuously. The major difference

between municipal solid waste and sewage

sludge, on the one hand, and brown coals and

other biomass, on the other hand, is the amount

of ash.

The residues of the HTW gasification process are

bottom and fly ash. To fulfill the demands of the

market to produce unleachable slag, additional

processing of the bottom and fly ash is required.

CEP is an ideal tool to convert the bottom and fly
ash to unleachable ceramic and ferroalloy while

recovering the unconverted carbon as carbon

monoxide. By adding select co-reactants, the

ceramic phase can be formed to create a valu

able raw material for the cement industry.

Figure 2 shows a simplified flow diagram of the

PreCon process. After receipt and storage, the

municipal waste is pretreated by crushing and

subsequently separating useful materials, such

as metals and minerals. In the next step, the

pretreated municipal solid waste and sewage

sludge are dried to a residual moisture content of

less than 10 percent by weight. Then, the

feedstock is fed to the gasifier via a lockhopper

system. The use of either air or oxygen as the

gasification agent depends on the required

quality of the product gas.

The bottom and fly ash (from gas treatment) of

the HTW gasification is processed in the CEP

reactor. Co-reactants are oxygen and oxides,

such as CaO and Si02. The products of the

process are ceramic, ferroalloys and product

gas. Organic contaminants are converted to syn

gas and the inorganic contaminants are safely

converted to a non-leachable ceramic phase.

The flow diagram shows that the syngas streams

produced are cleaned in one gas treatment train

after the latent heat has been recovered. Valu

able materials of the gas treatment are sulfur and

hydrochloric acid. An insignificant amount of

FIGURE 2
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residue with high concentrations of heavy metals
requires disposal.

The product gas can be used for power genera

tion (i.e., gas turbine, gas engine, steam boiler,
cocombustion in an existing powerplant) as well

as for chemical synthesis. Furthermore, the

product gas can be used as a reducing gas in

blast furnaces or as an energy source for cement

kilns.

The UHDE PreCon process combines modules,

based on those used in mechanical pretreatment

and coal gasification processes, that have been

tested in commercial plants. Several pilot and

commercial plants are at UHDE's disposal to

carry out field tests for thermal treatment of

municipal solid waste. A first test phase is

planned for autumn 1996 and a second phase

will follow in spring 1 997.

####

GASIFICATION BECOMING ROUTE OF

CHOICE FOR MANY CHEMICALS

Gasification is a partial-oxidation process for con

verting various hydrocarbons into clean syn

thesis gas, or syngas, for a production of electric

power, chemicals, fuels, fertilizers and industrial

gases. According to J. Philcox of Praxair,

gasification technology has reached a state of

demonstrated maturity that makes it an attractive

precursor for many chemical reactions. It is the

technology that could enable a variety of chemi

cals to be produced at locations, in quantities,

and at costs that previously were inconceivable.

Philcox explained these facts at the 1996 Gasifica

tion Technologies Conference held in San Fran

cisco, California, in October.

The products that result from partially oxidizing

hydrocarbon feedstocks are the basic raw

materials for the synthesis of many petrochemi

cals and agricultural chemicals. Gasification

facilities now produce syngas (carbon monoxide

and hydrogen) for chemical reactions, hydrogen

for chemical and refinery processing, hydrogen,

nitrogen and carbon dioxide for fertilizer manufac

turing, and syngas for energy production. The

gasification of natural gas provides several

products which are raw materials for manufactur

ing acetic acid and oxo-alcohols. The same raw

materials can be produced by gasifying heavier

hydrocarbon feedstocks. In areas where these

feedstocks are available in substantial quantities

and with a long-term and reliable supply, the

gasification facility can become the hub for the

development of large petrochemical enclaves.

The Texas City Project

The Texas City Gasification Project-designed,

constructed, owned and operated by Praxair and

Texaco-resulted in a recent example of an in

tegrated gasification facility. By combining this

new gasification facility with existing Praxair air

separation and cogeneration plants, the overall

complex provides the basic framework for an in

dustrial gas utility island. This gasification facility,

started up in June of 1996, processes a natural

gas feed to produce multiple products.

The Sterling Chemicals Group manufactures

acetic acid, oxo-alcohols and other chemicals at

its facility in Texas City, Texas. Sterling con

sidered expanding their facility and solicited com

petitive bids for the supply of carbon monoxide

from third-party industrial gas suppliers. The bid

responses included steam methane reforming,

auto-thermal reforming and gasification. The

Texaco Gasification Process, with over

50 gasification plants in service, was selected to

provide the carbon monoxide by processing a

natural gas feed. The Sterling production com

plex also uses blend gas and hydrogen for oxo-

alcohol production, and has an appetite for

byproduct steam. Adjacent to the Sterling
facility, Praxair has a 1 ,500-ton per day air separa
tion unit which provides atmospheric gas

products into Praxair's Houston Ship Channel

supply network. The site also includes a 42-

megawatt cogeneration facility operated by
Praxair and Sterling as a joint venture. Excess

hydrogen from the gasification facility feeds

directly into PraxairJs 170-mile hydrogen pipeline

system.
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The Texas City Gasification Project process is

shown in Figure 1. Natural gas, received via a

commercial pipeline, is compressed and then

preheated prior to entering the gasifier. Oxygen

from the oxygen supply pipeline is compressed

and modestly heated before being introduced

into the gasifierwith the natural gas. The gasifier

produces a gas stream consisting primarily of

hydrogen, carbon monoxide and carbon dioxide.

This hot gas enters a syngas cooler where it is

cooled and high pressure saturated steam is gen

erated. The gas is further cooled before entering

an acid gas removal system where the carbon

dioxide is removed and recycled back to the

gasifier. The synthesis gas stream is then dried

and is fed into a cryogenic separation process-

the
"coldbox."

The carbon monoxide separates

from the hydrogen in the coldbox, is com

pressed, and then is sent to Sterling for use in

manufacturing acetic acid. Hydrogen from the

FIGURE 1

TEXAS CITY GASIFICATION PROCESS
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coldbox flows into a Pressure Swing Adsorption

(PSA) system where it is purified. This pure

hydrogen stream enters the Praxair hydrogen

pipeline network. Portions of the product

hydrogen and carbon monoxide streams are

diverted for blending prior to being delivered to

Sterling's oxo-alcohol plant. The tail gas from the

PSA is recycled.

The Texas City Complex is a good example of a

production enclave made possible by a multiple-

product industrial gas complex. A large-scale air

separation facility provides incremental oxygen

to the gasification process, oxygen and nitrogen

to Praxair pipeline networks, and argon for mer

chant customers. A pipeline for exporting

coproduct hydrogen from the gasification facility
is also a part of the complex. Although this com

plex has been developed in stages, the end result

is an "Industrial Gas Utility
Island."

AWorld-Scale Gasification Utility Island

Where the Texas City Complex illustrates the

development of a simple integrated complex,

Figure 2 depicts a more extensive integration-a

world-class industrial gas utility island. The term

"industrial gas
utility"

suggests that the gasifica

tion process provides a continuous, reliable

supply of resources for a variety of processes

that produce a host of products.

The utility island concept requires investment by
a business entity or entities to produce products

that are shared by many consumers. The

products can be provided at a low cost because

of the economies of scale. This concept is par

ticularly attractive in those markets where raw

materials such as natural gas are not available at

a low cost, but heavier hydrocarbon feeds are.

Examples are vacuum resid feedstocks in Italy,

and asphaltenes, petroleum coke and coals in

the Pacific Rim.

Economics

In market arenas where power capacity is limited

and a reliable supply of power is not available,

the attraction for gasification is strong. Any low-

value feed that is available can be gasified, and a

large part of the syngas can be used to make

power and steam. Now, the challenge is to build

a plant for a cost low enough to take advantage

of this feedstock opportunity. However, lower-

value feedstocks can increase the capital cost of

a project due to required sulfur handling, slag

processing and wastewater treatment. The attrac

tion of gasification is that it can provide a multi

tude of high-value products that justify the invest

ment.

These gasification utility islands are most needed

in less-stable investment climates where natural

gas is not available and rapid economic develop
ment is creating a large demand for all

products-

especially steam and power. The economic pic

ture in these locales is much more compelling

due to the availability of feedstocks and demand

for the products.
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FIGURE 2

WORLD-CLASS INDUSTRIAL GAS UTILITY ISLAND
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COMING EVENTS

1996

OCTOBER 1-4, SAN FRANCISCO, CALIFORNIA-Gasification Technologies Conference.

phone 415 855 2503

OCTOBER 13-17, HOUSTON, TEXAS-Joint International Power Generation Conference and Exposition.

fax 201 882 1717

OCTOBER 21-23, MADRID, SPAIN-Coaltrans 96. fax 44 (4) 171 779 8946

OCTOBER 22-24, BEIJING, CHINA-IEA Coal Liquid Mixtures Workshop, fax 202 223 3504

OCTOBER 25-27, SAN FRANCISCO, CALIFORNIA-EPRI Conference on New Power Generation Technol

oav. phone 415 855 2127

OCTOBER 31 -NOVEMBER 1, TOKYO, JAPAN-!nternational Symposium on Ocean Disposal of Carbon

Dioxide, fax 81 3 5391 1744

NOVEMBER 10-15, CHICAGO, ILLINOIS-American Institute of Chemical Engineers Annual Meeting.

fax 212 705 8400

NOVEMBER 17-20, KISSIMMEE, FLORIDA-1996 Fuel Cell Seminar, fax 202 347 6109

NOVEMBER 18-20, CALGARY, ALBERTA, CANADA-Second International Conference on Horizontal Well

Technoloav. phone 403 237 51 12

DECEMBER 2-4, VICTORIA, AUSTRALIA-Seyenth Australian Coal Science Conference.

fax 61 (0)51 321 580

DECEMBER 2-4, LAS VEGAS, NEVADA-IGT Symposium on Energy Marketing, phone 847 768 0783

DECEMBER 3-6, VIENNA, AUSTRIA-Gastech 96, the 17th International LNG /LPG Conference.

phone 44 171 436 9774, United Kingdom

DECEMBER 4-6, ORLANDO, FLORIDA-Power-Gen International '96. phone 713 963 6236

1997

JANUARY 7-1 0, TAMPA, FLORIDA-Fifth Annual Clean Coal Technology Conference, phone 202 586 7920

JANUARY 22-24, NEW DELHI, INDIA-Energy and Economic Growth: ]s Sustainable Development

Possible?, fax 91 1 1 462 1770

JANUARY 26-30, ORLANDO, FLORIDA-Twelfth International Symposium on Management and Use of Coal

Combustion Byproducts

FEBRUARY 26-27, MILAN, ITALY-Gasification Technology and Practice, phone 44 1788 578 214,

United Kingdom
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MARCH 17-20, CLEARWATER, FLORIDA-The 22nd International Conference on Coal Utilization and Fuel

Systems, fax 202 223 3504

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

JUNE, TORONTO, ONTARIO, CANADA-Ejghth Canadian HydrogenWorkshop, phone 416 978 2551

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

JULY, TOKYO, JAPAN-lnternational Conference on Power Energy, fax 81 46 857 5829

SEPTEMBER 7-12, ESSEN, GERMANY-IEA International Conference on Coal Science

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

phone 412 624 7440

1998

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

fax 61 6 247 1554

SEPTEMBER 1 3-1 8, HOUSTON, TEXAS-17th Congress of theWorld Energy Council

2000

JUNE, CALGARY, ALBERTA, CANADA-16thWorld Petroleum Congress
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PROJECT ACTIVITIES

STUART PROJECT MAKING PROGRESS

DESPITE SETBACKS

Southern Pacific Petroleum NL (SPP) and Central

Pacific Petroleum NL (CPM) in partnership with

Suncor Inc. (Canada) have been working to

develop and adapt technology to establish the

Eastern Queensland oil shale industry in

Australia. The partners are currently investing
C$10 million to carry out preliminary engineering

and to complete commercial negotiations to

build a 4,500-barrel per day shale oil plant in

Gladstone, Australia. It is planned that subse

quent stages should raise production progres

sively to a total of at least 84,000 barrels per day.

In July SPP announced the placement of

8 million ordinary shares of $0.50 each fully paid

at $1.75 per share. The shares were placed with

institutional clients ofWilston HTM. Proceeds of

the placement will be used to augment the

Company'sworking capital.

Also in July the new Australian Government can

celed the program for Research and Develop
ment Syndicates which the Stuart Project had

planned to utilize. The government indicated,

however, that syndicates which had received ad

vanced approval would still be allowed. In its offi

cial statement, the Australian Government still

expressed support for "genuine projects which

may have previously relied on research and

development syndication for
support."

The

government also stated that they "support the

principle of providing support to research and

development,"

and will consider a new program

of loans and grants to replace the former tax in

centive.

The sponsors of the Stuart Oil Shale Stage 1

R&D development (SPP/CPM and Suncor Inc.)
are presently seeking clarification of the

government's statement in order to determine

the impact on the project's present funding

proposals which, to this point have been based

on the previous R&D regulations.

Another change made by the newly elected

Liberal-National Coalition was to modify the

widely praised scheme of 150 percent tax deduc

tion for industrial research and development ex

penditures. The new amount allowable is

125 percent. This change also affects the Stuart

economics.

While clarification is being sought, the other

aspects ofthe preconstruction phase are continu

ing to move forward and the prime contractor,

Bechtel, currently has 72 engineers and staff in

Brisbane dedicated to the engineering aspects of

the development.

In August the shareholders of SPP/CPM ap

proved resolutions to issue Restricted Class

Shares to Suncor Inc., on financial close of

Stage 1 of the Stuart Project. In effect, these

issues, when made, will provide Suncor Inc. with

approximately 22 percent of the outstanding capi

tal of SPP/CPM (excluding their cross

shareholdings). The terms of the Restricted

Class Shares also place some restrictions on

their marketability and voting rights.

The
shareholders'

approval of the issue of

Restricted Class Shares to Suncor Inc. fulfills one

of the conditions precedent to financial closing.

Another such condition precedent has been ful

filled with the announcement, also in August, of

the grant of a 30-year Mining Lease (ML 80003) in

relation to the Stage 1 development by the

Queensland Government. The Mining Lease

covers an area of 527 hectares of the deposit and

has been granted for a term of 30 years com

mencing August 1, 1996.

The granting of the lease by the Queensland

Government follows an Environmental Impact

Assessment Study into the planned development
of Stuart Stage 1 and a process of community

consultation.
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The Australian Government has approved the

Stuart Project structure, in which Suncor will hold

a 50 percent interest, with the two Australian

partners-SPP/CPM-each holding 25 percent.

####

INTERNATIONAL

ESTONIA OFFERS OIL SHALE COMPLEX FOR

SALE

European Chemical News reports that the Es

tonian Government is selling off its largest chemi

cal company, RAS Kiviter, in the latest round of

privatization.

Based in Kohtla-Jarve in northeast Estonia,

Kiviter produces shale oil-derived products,

phenols, resins, aromatics and formaldehyde.

Sales last year were Kroon938 million

(US$76.7 million).

The Estonian Privatization Agency (EPA) which

will handle the sale will take bids from any or

ganization in which the state or its municipalities

do not own more than one-third. The EPA will

take into consideration the bid price, investment

commitments, employment guarantees and com

mitment to the environment. The closing date for

bidswasAugust 1 and the EPA will make its deci

sion public by December.

In September the EPA said it had received five

bids.

Bids have come from Estonian investment

groups Talinvest and Arengufinantseeringu,

Denmark-owned Eurodec, AS Maino of Estonia

and Estonian expatriate Jaan Uustalu.

If a suitable buyer willing to invest new capital is

not identified, it is possible RAS Kiviter could go

bankrupt. Because the company employs nearly

3,500 people in the Russian-dominated north

east, this would have disastrous economic and

social consequences for the region.

####

U.S. UTILITY MAY INVEST IN ESTONIA

SHALE-FIRED POWERPLANTS

In April NRG Energy, owned by Minneapolis-

based Northern States Power Company, signed

a Memorandum Of Understanding (MOU) with

the Estonian Government for joint ownership in

three of the state-owned Eesti Energia's

powerplants. The three plants covered by the

MOU burn mainly imported Russian coal and

domestic oil shale, with smaller use of oil and

natural gas. The chief assets will be the Baltic

and Eesti power stations, which have capacities

of 1,390 megawatts and 1,610 megawatts,

respectively.

Under the agreement, NRG will refurbish the

Eesti and Baltic units to improve their overall

reliability and install environmental controls. The

company will be responsible for managing and

operating the stations.

In the largest single foreign financial commitment

to date in Estonia, NRG could invest up to

$250 million in the country's electric utility sector.

Eesti Energia which was instituted as a state-

operated enterprise in 1991
, is slated for privatiza

tion in 1996.

Eesti Energia supplied 99 percent of Estonia's

electricity in 1995 and 35 percent of its thermal

energy, with combined usable capacity of

3,300 megawatts and a current load of

2,000 megawatts.

NRG Energy will not have a stake in the retail

business of Eesti Energia, nor will it operate

steam plants for the utility's extensive district

heating system.
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NRG already operates in Eastern Europe, and is

playing a lead role in upgrading the Energy Cen

ter Kladno in the Czech Republic. NRG owns

18.3 percent of the Energy Center Kladno.

The signing of the MOU is the first step to defin

ing future cooperation terms. Details of the ar

rangement are expected to be defined by the end

of the year.

Eesti Energia has joined with major power sup

pliers in the Baltic region to facilitate the comple

tion of a "Baltic
Ring,"

a ring-shaped electric net

work running around the Baltic Sea. The com

mercial goal of the Ring is to facilitate electricity

trade between companies within the Ring.

Over the Baltic area, it is possible to better utilize

the existing powerplant capacity and thus avoid

the erection of a new plant. The Baltic Ring
should aid the integration of the electricity

marketswhich in turn is expected to enhance the

utilization of various power stations and reduce

environmental impact.

The development of the Baltic region electricity

markets will contribute to wide industry develop
ment. However, opening up of the market will

mean that the price of electricity will be based on

the world market price and real fixed costs of

fuel. In many countries, this will mean an in

crease in the price of electricity to correspond to

the real production costs.

####

SCITECH PROCESS COULD LEAD TO MANY

DIFFERENT PRODUCTS FROM ISRAEU OIL

SHALE

Oil shale is the only source of energy and only

organic natural resource in Israel. 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.

Since 1981 Israeli companies, with government

support, have been carrying out a multiyear

program directed toward use of the oil shale.

The program includes feasibility studies and pilot

plant investigations of several processing tech

nologies. The SCITECH process, developed at

Technion-Institute of Technology was recently

described in an article by V. Fainberg and

G. Hetsroni of Technion in Energy Sources,

Volume 18:95-105, 1996.

The SCITECH process combines two principal

techniques of oil shale utilization-retorting and

combustion-in one process. The principle of the

process is two-stage oil shale pyrolysis with con

version into gas and liquids and then utilization of

the products of pyrolysis as a fuel for

powerplants, e.g., for boilers or turbines, and as

a source for chemical products (Figure 1).

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 general scheme for oil shale processing ac

cording to the proposed method is presented in

Figure 2 (page 29). The first step of this scheme

is oil shale retorting. The products of decomposi

tion make up only 15 percent of the initial oil

shale; they are directed to treating a form of

vapor-gas mixture having a temperature of

500C, immediately at the outlet of the retort. As

a result of this processing, two principal

products-gas and liquids-are obtained. Thanks

to a special thermocatalytic treatment, the liquid

products have a simpler composition compared

to the initial shale oil, and can be used for produc

tion of chemicals.

The products of conversion are cooled, and the

liquid is condensed and separated from the gas
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FIGURE 1

CHEMICAL AND

ENERGY POTENTIAL OF

ISRAELI OIL SHALES
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stream. The gas is cleaned of hydrogen sulfide,

etc., if necessary. The cleaned gas may be used

for chemical processing or as a fuel for energy

production in an efficient power unit. The liquid

part is subjected to refining and chemical

processing.

The oil vapor-gas mixture leaving the retort is

directed to the reactor for thermocatalytic conver

sion. The pyrolyzed products are directed for

cooling and further processing. The solid heat

carrier with coke deposits is discharged from the

reactor into the combustor. Coke depositions

that are formed on the surfaces of the reactor

and catalyst are burned out with air or oxygen-

containing gas.

This proposed method for oil shale processing

could have a number of advantages compared

with traditional methods, including:

- Produces a gas of high calorific value

and high-quality chemical products.

- Requires lower investment and lower

operating costs due to the production of

chemicals and use of a high-quality, ash

less, moistureless, and sulfurless gas

fuel, which can be combusted in tur

bines.

- Process can easily be controlled such

that quantity, assortment of chemicals,

and gas/chemical ratio may be varied.

- Heating and conversion of vapors and

gases, which do not contain a ballast (of

solid mineral materials), do not present

any technical problems.

- Gas and liquid products are easily

transportable.

####

GEOCHEMICAL CHARACTERISTICS

DETERMINED FOR DILBI OIL SHALE

DEPOSITS IN ETHIOPIA

Geological survey and exploratorywork for a pos

sible oil shale reserve investigation was con

ducted in the Dilbi area, Jimma zone, Ethiopia.

Potential oil shale reserves were estimated to be

100 to 120 million tonnes. Core samples from

stratigraphically selected horizons and several

outcrop samples from the Eastern and Western

parts of the Dilbi area were chemically analyzed

and geologically evaluated. The geochemical

characteristics of the Dilbi oil shales were sum

marized in a paper by T. Lemma and M. Betru of

the Ethiopian Institute of Geological Surveys,

Addis Ababa, Ethiopia, published in the Bulletin

of The Chemical Society of Ethiopia, Volume 9,

Number 2, December 1995.
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FIGURE 2

GENERAL SCHEME OF PROCESSING OIL SHALE

INTO ENERGY AND CHEMICALS
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Dilbi oil shales are characterized by high fixed

carbon (0.2 to 50 percent) and mineral matter (50

to 87 percent); low moisture (2.3 to 7.3 percent),

volatile matter (8 to 30 percent), sulfur (1.1 to

1.6 percent), phosphorus (0.3 to 0.8 percent),

chlorine (0.3 to 0.8 percent), and oil content (5 to

15 percent); with a calorific value of 540 to

5,700 kilocalories per kilogram. The Eastern Dilbi

sub-unit is a swampy environment which favored

the formation of coal/carbonaceous shale rather

than the brown oil shales found in the upper

(Western Dilbi) sub-unit. Long-chain aliphatic

(saturates) and alicyclic compounds are abun

dant in the oil shale obtained from Eastern Dilbi,

while aromatic compounds are predominant in

the oil shale obtained fromWestern Dilbi. Ratios

of saturates to aromatics are less than 1 forWest-

em Dilbi, while they are greater than 3 for the

Eastern Dilbi oil shales.

####

SULFONATED SHALE OIL PROMOTED FOR

HAIR CARE

A paper by A. Wendt, published in Parfuem. Kos~

met. (1995), 76 (10), pages 630-1, discusses the

use of sulfonated shale oil for
"natural"

hair care.

Wendt describes the suitability of Na shale oil sul

fonate (SSOS) as an antkfandruff substance.

Because of its water solubility, the application of

SSOS in shampoos and hair tonics is recom

mended. Examples of formulations are given.

####

ANALYSIS BY PARTIAL COMBUSTION IS

CORRELATED TO FISCHER ASSAY

There are about 190 oil shale deposits in

62 countries, and about 17 trillion barrels (oil
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equivalent) of oil shale resources exist at a grade

of 104 Titers per tonne. However, several

problems still need to be resolved before oil

shale will be commercially applicable. Along with

a need to reduce production costs, the selection

of high-quality oil shale resources, and the

development of innovative processes for the

production of light shale oil and for the reduction

of C02 emissions need to be addressed. A study

by S. Sato et al. of the National Institute for

Resources and Environment, published in Shigen

Kankyo Gijutsu Sogo Kenkyusho Hokoku 1996,

16, 1-80, reviewed the structure analysis of oil

shale kerogen; the properties and the structure of

crude shale oil; decomposition of shale oil during
retorting; partial combustion retorting of oil shale;

and the upgrading of shale oil.

The development of an innovative oil shale

evaluation method, based on the relationship be

tween partial combustion of oil shale and Fischer

Assaywas also discussed in the report.

The retorting apparatus used for analysis of oil

yield in many laboratories is similar to an external

retort with heat being supplied by electricity.

However, most commercial retorts are designed

to provide heat by combustion of the carbon

residue produced in a retort. Therefore the

authors devised an analytical method which

would determine whether enough heat energy for

retorting can be provided from the carbon

residues.

Partial combustion retorting was evaluated using

a simple apparatus in which the retorting and

combustion zones were separated. This allowed

the retorting and combustion processes to occur

independently.

Results of the partial combustion retorting of

1 1 kinds of oil shales showed almost the same oil

recovery as the Fischer Assay except oil shales

from Ohio (USA), Condor (Australia) and

Sweden. In the case of oil shales from Ohio and

Sweden, it was considered that the oil trap was

inefficient because of the dilution of oil mist with

air. In the case of Condor oil shale there was an

insufficient amount of carbon residue to supply

the retorting heat. In such a case, adding a small

amount of coal or lignite was effective to keep oil

recovery high.

The properties of product oils were heavier than

those obtained by the Fischer Assay, and con

tained less paraffinic and more polar com

pounds.

####

OPTIMIZATION OF PYROLYTIC CONDITIONS

FOR MOROCCAN OIL SHALE YIELDS 240

PERCENT OF FA

The results of an experimental design to optimize

pyrolysis conditions for Timahdit (Morocco) oil

shale were published in a paper by N. Salhi of

Laboratoire de Chimie OrganiqueAppliquee, Mar-

rakech, Morocco, et al. in Fuel Volume 75,

Number 5, pp. 633-640, 1996.

The influence of the following factors on the yield

and composition of the shale oil were inves

tigated:

- Sampleweight

- Final temperature

- Residence time at final temperature

- Heating rate
- Pressure

- Nature of the pyrolysis atmosphere

The first-order interactions between the most in

fluential factorswere analyzed.

According to Salhi et al., the maximum yield of oil

obtained (>240 percent of the Fischer Assay or

168 liters per tonne) and the oil quality

(asphaltenes, paraffins, etc.) are satisfactory.

####
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RESOURCE

WHITE RIVER RESOURCE MANAGEMENT

PLAN AND FINAL EIS ISSUED

The White River Proposed Resource Manage

ment Plan (PRMP) and Final Environmental Im

pact Statement (EIS) was issued in June by the
Colorado State Office of the United States

Bureau of Land Management.

The PRMP and Final EIS describes and analyzes

the future management proposed for lands ad

ministered by the Bureau of Land Management

(BLM) in the White River Resource Area for the

next 20 years. The PRMP decisions affect a total

of 1,455,900 acres of BLM surface and

365,000 acres of split mineral estate. The

management plan is divided into the following
areas:

- Air Quality
- Soil andWater

- Minerals

- Hazardous Materials

- Vegetation

- Forestry
- LivestockGrazing
- Wild Horses

- Wildlife

- Wilderness

- Wild and Scenic Rivers

- Visual Resources

- Areas of Critical Environmental Concern

- Recreation

- Motorized Vehicle Travel

- Cultural Resources

- Paleontological Resources

- Lands and Realty
- Fire

The oil shale management plan and likely im

pacts are summarized here.

Oil ShaleManagement

The purpose of the BLM's oil shale management

policy is to provide for a prudent and planned fu

ture leasing and development program for the oil

shale resource.

The oil shale management decisions developed

in the Piceance Basin Resource Management

Plan (March 1985) remain in place. A total of

223,860 acres would be available for oil shale

leasing. Of this amount, 39,140 acres would be

available for open pit development. An additional

70,820 acres would be made available for multi-

mineral (oil shale, nahcolite and dawsonite) leas

ing following development of acceptable multi-

mineral recovery technology.

At the discretion of the Secretary of Interior,

research lease tracts would be considered within

the multimineral zone, based on the merits of the

technology proposed. The Secretary of Interior

would also propose research tract development

to further the goals of a federal energy policy.

No definitive limits on research tract size would

be set forth at this time. No commercial-scale

operations would be permitted on a research

tract lease. However, if the research tract tech

nology successfully demonstrates an adequate

multimineral reserve recovery, the Secretary of

Interior would have the discretion of expanding

the research tract into a commercial multimineral

lease.

The two existing prototype leases would be

developed subject to their approved Detailed

Development Plans. Future leasing would be

dependent upon promulgation of final regulations

for the administration of federal oil shale

resources. Additional leasing would not be con

sidered until the existing federal lease tracts and

private oil shale projects were being diligently
developed or a national energy crisis material

ized.

Impacts ofthe PRMP On Oil Shale

Development

Making the multimineral zone (70,820 acres) un

available for oil shale leasing until all minerals

present (oil shale, nahcolite and dawsonite) can

be successfully recovered would result in a lost

opportunity to develop oil shale while the restric-
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tion is in effect. According to the BLM this would

not affect the oil shale industry in the short term

because oil shale is not expected to be

developed during the life of this plan (15 to

20 years). In the long term, an opportunity exists

to improve technology so that all minerals can be

recovered.

Making 223,860 acres available for oil shale leas

ing and development could provide production

of an estimated 19 to 25.5 billion barrels of

kerogen using today's technology. When tech

nology has been developed, this could be a valu

able resource and could supply 6 to 8 years of

the country's current total demand for crude oil.

Analyzing areas near the Dinosaur National Monu

ment (DNM) for visibility impacts prior to issuing
an emissions permit would affect oil shale

development. Oil shale operations could emit

pollution that would be visible near the DNM.

Continuing to comply with the existing laws and

policies for the protection of air and water quality

would cause an adverse economic impact on oil

shale mining proposals. Actual costs of the air

monitoring program would depend on the size of

the operation and the type of mining method

being proposed. Monitoring of surface water

would add a minimum of $10,000 per year to a

mining operation's budget. Developing wells for

monitoring aquifer changes would be dependent

on the size of the proposed operation and would

vary in cost, averaging around $75,000 per com

pleted well.

Making the Piceance Dome (51,350 acres) un

available for oil shale leasing because of exten

sive oil and gas development, and unfavorable

geologic settings for oil shale mining, would

preclude the extraction of an estimated 5 billion

barrels of kerogen until favorable development

technologywould evolve.

Various surface stipulations including No Surface

Occupancy (NSO) (12,040 acres), timing limita

tion (83,410 acres) and Controlled Surface Use

(CSU) (99,880 acres), required to protect soils,

threatened and/or endangered plants, sensitive

plants, wildlife and cultural resources, would not

make lands unavailable for leasing and develop
ment but would likely increase development

costs.

The cost of complying with surface stipulations

would vary with the restrictions necessary to

mitigate impacts to an acceptable level.

The costs associated with botanical, cultural

resource and paleontological inventories would

be included in the costs of some of the NSO and

CSU stipulations.

####
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PROJECT ACTIVITIES

SYNCRUDE ANNUAL REPORT SUMMARIZES

RECORD-BREAKING YEAR

Syncrude Canada Ltd. is the largest operator in

the Alberta oil sands. Syncrude operates a large

oil sand mine, utilities plant, bitumen extraction

and upgrading facility that processes bitumen

and produces a value-added high-quality light

(32API), sweet crude oil. At its Mildred Lake

plant, 40 kilometers north of Fort McMurray, Al

berta, Canada, Syncrude currently produces

about 12 percent of Canada's annual petroleum

requirements. This makes Syncrude the nation's

largest single source of crude oil. In 1995,

73.9 million barrels of Syncrude Sweet Blend

were shipped, setting a new company record for

production (see Figure 1).

Having broken the $15.00-a-barrel barrier in

1994, the Syncrude organization set its sights on

a step-change reduction in operating costs. The

result was not only record production, exceeding

the target, but also unit operating costs that were

9 percent lower than 1994 and the lowest in his

tory.

Production in 1995 represents the sixth consecu

tive year that Syncrude has achieved a new an

nual production record. Production exceeded

planned output by 400,000 barrels.

The total unit cost of $13.69 per barrel

(US$9.98 per barrel) is a reduction of $1.29 com

pared to 1994's results (see Figure 2).

Management has set a goal of "12 and 12 by
2000"

or $12 per barrel (approximately US$9.00)
and 12 percent return on equity by the year 2000.

As measured in barrels of crude oil production

per employee, productivity in 1995 increased by
over 1 1 percent. Syncrude expects to produce

its billionth barrel of light sweet crude oil in early
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1998, 5 years ahead of the schedule set when

production started in 1978.

In September 1995, Syncrude became the first

company in the oil sands industry to produce a

billion barrels of bitumen.

The Evolution ofMining

In 1995 a record 149.1 million tonnes of oil sands

were delivered to the Extraction Plant, an in

crease of more than 6 percent over 1994. A

monthly mining record was also

broken-16.42 million tonnes of oil sands were

mined in May 1995. These increases are the

result of an evolution in Syncrude's mining

process.

Trucks and shovels are the front end of a new,

Syncrude-invented system of hydraulic

transportation~hydrotransport--that promises to

revolutionize oil sands mining. This new method

cuts processing costs because the separation of

oil from sand begins in the pipeline. The current

standard truck is the 240-ton Caterpillar.

Syncrude commissioned eight new trucks in

1 995 for a total of 24, with 1 6 more owned by con

tractors to complement the fleet of 24 170-ton

and 190-ton trucks Syncrude also has on-site.

The move of mining operations from the East

Mine to the North Mine in 1998 will be an oppor

tunity to convert approximately half of

Syncrude's mine feed to truck and

shovel/hydrotransport technology. This system

is forecast to feed a maximum 14,000 tonnes of

oil sand per hour from the North Mine, translating

into roughly 8,400 barrels of bitumen oil per hour.

Increasing Extraction Throughput

To enable more oil sand throughput, the slurry

from the Extraction Auxiliary Production System

(EAPS) is now diverted directly to a Tailings Oil

Recovery (TOR) vessel by-passing the Primary

Separation Vessels. In effect, this has created a

fifth Primary Separation Vessel (PSV). As well,

the froth produced in the TOR vessel is being fed

through the PSVs for cleaning and heating.

These changes have increased Extraction's

throughput to over 500,000 tonnes of oil sand

feed per day.

Pushing Upgrading Technology

At the heart of the upgrading process are

Syncrude's two cokers. Built with an original

rated capacity of 70,000 barrels per day, both

now routinely process over 110,000 barrels per

day. The improved performance is equivalent to

adding a complete new fluid coker.

Syncrude's Coker 2000 project is pushing coker

technology even further by implementing equip

ment modifications and addressing fluid coking

operability issues.

A LookAhead

The first production train for the Aurora Mine, lo

cated 35 kilometers northeast of the current site,

has the potential to go into operation by 2001 .

Current planning indicates that this mine offers

the potential for increased bitumen production,

which may lead to the opportunity for further

debottlenecking of the Upgrading Plant, to in

crease its processing capacity.

Annual syncrude shipments have the potential to

increase to 82 million barrels by the year 2000.

Syncrude's current business plans include major

capital investments over the next 10 years.

These plans, which collectively are referred to as

"Syncrude
21,"

include the North Mine with

hydrotransport, Phase I Upgrading Debottleneck

to 82 million barrels per year, Phase II Upgrading
Debottleneck to 94 million barrels per year,

together with product blend enhancements, and

development of two production trains on the new

Aurora Mine leases. This integrated suite of capi

tal investment, estimated at over $2 billion, will

establish the basis for production increases to

over 94 million barrels by 2005.

####
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SOLV-EX REPORTS PROGRESS ON OIL

SANDS PROJECT

At the end of 1995 Solv-Ex Corporation reported

that it had received approval from the Alberta

Energy and Utilities Board (Canada) to start build

ing a coproduction plant that will produce oil

and, eventually, alumina from the oil sands tail

ings on the Bitumount Lease.

in January of this year, Solv-Ex signed an initial

agreement with Ledcor Industries Ltd. to build

the $170-million, 14,000-barrel per day bitumen

extraction and processing operation.

In September Solv-Ex said it was beginning star

tup operations on the first phase of the project, a

5,000-barrel per day oil sands mine, about one-

third of project proposed capacity. Solv-Ex has

financing of about $80 million on hand to

proceed with initial development and expects this

part of the project to be completed by mid-1 997.

In mid-summer, federal stock regulators began

an investigation into huge swings in the price of

Solv-Ex stock. In its fiscal year ended June 1995,

the company had a loss of $1.1 million on

revenue of $90,000.

Yet beginning last fall, Solv-Ex stock started a

sharp run-up from about $8 a share to more than

$38. It then dropped $6 before recovering to

about $13 in August of this year. Solv-Ex says

these developments are due to activities by Wall

Street short-sellers that have gravely harmed the

company's reputation and its prospects for ob

taining the next $100 million of financing needed.

Solv-Ex has filed a lawsuit against several short-

sellers in federal court in New York, alleging they
committed fraud to get confidential information

about Solv-Ex, which they then distorted to paint

the company in a negative light.

####

IMPERIALWILL SPEED UP EXPANSION AT

COLD LAKE

Imperial Oil Ltd. is speeding up expansion of its

Cold Lake heavy oil project with plans to spend

about C$450 million over the next 4 years.

The proposed expansion includes:

- Development of an additional

30,000 barrels per day of bitumen

production from a new operating area

known as Mahkeses

- Installation of cogeneration equipment to

generate electrical power in conjunction

with steam

- Development work to maintain bitumen

production from existing operations

Imperial expects to apply for approval of these

developments to the Alberta Energy and Utilities

Board and Alberta Environmental Protection

around year-end 1996.

The Mahkeses development is located southeast

of Imperial's Maskwa and Leming sites. By the

end of the decade, Mahkeses will bring total

production at Cold Lake to about 150,000 barrels

of bitumen per day. Field development will ini

tially include 400 wells to be drilled from 17 pads,

and construction of steam and bitumen pipelines

and other surface facilities. Following startup,

the total number of wells will be increased to 600,

drilled from 25 pads. Additional wells and pads

will be developed later.

TransAlta Energy Corporation has signed an

agreement with Imperial for joint development of

a C$90-million cogeneration plant to supply

electricity and steam to the proposed Cold Lake

expansion.

The cogeneration plant will be designed to gener

ate 220 megawatts of electricity. About
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35 percent of total capacity will be required to

supply power for Imperial's Cold Lake site, with

the surplus power available for sale to Alberta's

Power Pool.

####

IMPERIALMODIFIES PLANS FOR LEMING

LAKE DEVELOPMENT

The Alberta (Canada) Energy and Utilities Board

(EUB) issued Approval No. 3950 to Imperial Oil

Resources Limited (Imperial) in September 1983

for commercial development of the Clearwater oil

sands deposit using cyclic steam stimulation. On

January 31, 1995, Imperial applied to the EUB for

an amendment to Approval No. 3950 to allow the

use of a combination of directional and horizontal

wells to access the oil sands reserves beneath

Leming Lake.

In April EUB recommended approval of the ap

plication subject to some additional measures

imposed to reduce the risk of casing failures,

which could contaminate water supplies.

The EUB directed that all wells associated with

this project must have surface casing installed to

the base of the Fish Scale zone and the final

casing design must allow for monitoring of the

annulus for detection of possible casing failures

in the primary production string.

Imperial had planned to begin drilling
92 directional wells and 4 horizontal wells from

five pads this year. Instead, it now plans a series

of pilot tests for several years to deal with con

cerns over casing optimization. Work is under

way to ensure that Imperial's Cold Lake produc

tion will still increase by a targeted 9,400 barrels

per day.

####

KOCH WILL SPEND $200 MILLION IN

EXPANSION OF REITA LAKE PROJECT

Koch Exploration Canada Ltd. plans a

$200 million (Canadian) project to increase

production at its oil sands operation at Bon

nyville, Alberta, Canada. Koch has operated in

Reita Lake since the mid-1980s. In 1993 when it

acquired leases from Suncor Inc., Koch sub

mitted an application to the (then) Energy and

Resources Conservation Board for the staged

development of a primary recovery scheme.

Now, in the interest of expanding this project,

Koch has submitted three applications to the Al

berta Energy and Utilities Board for approval.

Two applications involve drilling about 140 wells

this year and the third involves the construction

of a processing facility to increase output to

40,000 barrels per day from 14,000 barrels per

day by 1998. Koch uses progressing cavity

pumps to recover bitumen and sand for process

ing.

####

EXPERIMENTAL PHASE EXTENDED FOR

UNDERGROUND TEST FACILITY

In August the Government of Alberta, Canada,

and nine industry partners agreed to extend the

experimental phase of the Underground Test

Facility (UTF) located 70 kilometers north of

Fort McMurray until December 31, 1997. Gibson

Petroleum Company Limited, which took over

from the Alberta Department of Energy as

operator of the facility in October 1995, will con

tinue as operator of the facility.

The UTF is an experimental bitumen production

facility built by the province in 1987 to test

Steam-Assisted Gravity Drainage (SAGD) technol

ogy. This technology has the potential to unlock

a large portion of Alberta's oil sands buried too
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deep for surface mining. These deep reservoirs

contain about 900 billion barrels of bitumen.

Now in the second phase of its experimental

program, the UTF is testing the SAGD technol

ogy using two horizontal well pairs drilled from

the surface. It is currently producing

2,300 barrels of bitumen per day, which is sold

on a competitive basis.

The Government of Alberta holds a 25 percent

stake in the UTF. Amoco Canada, Chevron

Canada, Chinese National Petroleum Corpora

tion, Gibson Petroleum Company Limited, Im

perial Oil, Japex Oil Sands Ltd., Petro Canada,
Shell Canada and Suncor Inc. each hold an eight

and one-third percent interest.

####

CORPORATIONS

CANADIAN GOVERNMENTS AND

COMPANIES LAUNCH C$5 BILLION OF OIL

SANDS INVESTMENT

In June Canadian Prime Minister J. Chretien

joined Natural Resources minister A. McLellan

and Alberta Energy Minister P. Black and the

presidents of 18 of Canada's largest oil com

panies in signing a Declaration of Opportunity for

further oil sands development. The ceremony

kicked off an initial $5.6 billion in planned new

projects over the next few years. These initial

projects, which represent 10,000 new jobs for

Canadians, are summarized in Table 1.

The National Oil Sands Task Force, a group com

posed of private and public sector oil sands

stakeholders, which promotes development of

the resource, believes that with an eventual in

vestment of $21 to $25 billion over the next

25 years as many as 44,000 new jobs will be

created if the industry meets its goal of tripling

production from current levels of 400,000 barrels

per day to 1 .2 million barrels per day.

The Task Force offered a number of recommen

dations as part of a coordinated plan to foster in

dustry efficiency and growth. Those recommen

dations and progress made toward their achieve

ment are presented in a report prepared by the

Task Force titled, "A New Era of Opportunity for

Canada's Oil
Sands,"

which is summarized here.

Science and Technology

The dramatic history of productivity improvement

leading to today's significantly reduced costs of

recovery has been based in part on the applica

tion of new and advanced technology. Recogniz

ing that further improvement is necessary to the

success of the expansion program, the Task

Force put forward recommendations to: expand

partnerships; focus on critical enabling tech

nologies; and maintain an attractive investment

climate for science and technology.

The creation of the required technology for the

future is already underway with the development

and application of hydraulic oil sands transport

and lower-energy extraction technologies. As

well, in October 1995, a new $1.5 million froth

treatment facility was officially opened at

NRCan's Western Research Centre. Improved

froth treatment will save process steps and lower

production costs, improve overall energy ef

ficiency, and reduce environmental impact.

In March 1996 the federal government renewed

its commitment to fund oil sands science and

technology through CANMET, allotting

$25 million over the next 3 years to fund this

work.

Fiscal Framework

In the past, fiscal terms for oil sands develop
ments were negotiated on a case-by-case basis,

creating uncertainty for investing companies.

The Task Force recommended that the federal

and Alberta governments develop a generic set

of harmonized tax and royalty measures based

on economic profits. Such a system will provide

a consistent fiscal framework for all oil sands
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TABLE 1

ALBERTA OIL SANDS PROJECTS

Project

Cold Lake Projects

Alberta Energy Co. Ltd.

Primrose - Foster Creek

Amoco Canada Petroleum Co. Ltd.

Primrose - Wolf Lake

ELAN Energy Inc.

Lindbergh - Elk Point/Wolf Lake/Cold Lake

Imperial Oil Ltd.

Cold Lake Phases 1-10 pad development

Cold Lake Phases 1 1-12 (proposed)

Koch Exploration Canada, Ltd.

Re'ita Lake

Suncor Inc.

Primrose - Burnt Lake

Wabasca Projects

Amoco Canada Petroleum Co. Ltd.

Wabasca

Peace River-Projects

Shell Canada Ltd.

Peace River

Athabasca Projects

Gibson Petroleum Co. Ltd.

UTF

Gulf Canada Resources Ltd.

Surmont

Canada Oil Sands Co., Ltd.

Hangingstone

Solv-Ex Corp.

Bitumount

CS Resources Ltd.

Christina Lake

Suncor Inc., Oil Sands Group
Fort McMurray Plant

Investment StartuD

$13 million Immediate

$200 million 1997-98

$500 million Immediate-

2000

$225 million 1996-2000

$250 million Immediate

$250 million 1999

+$200 million Immediate-

1998

$120 million 1996-99

$100 million 1996-2000

$43 million

$10 million

$69 million

$128 million

$250 million

$200 million

1995-1996

1996

$15 million 1996-97

$200 million 1999-2000

1997-2004

$170 million 1997

1997-2000

Immediate

Description

SAGD heavy oil pilot plant: 1 ,000 bpd

Commercial heavy oil project: 30,000 bpd

Various horizontal well technologies that will

increase in situ production to 55,000 bpd

Vertical and horizontal SW-SAGD

process installation

Increase in situ bitumen production to approx.

130,000 bpd

Additional in situ bitumen production of approx.

20,000 bpd

In situ bitumen project: 40,000 bpd

Phase 1 : SAGD pilot plant: 2,500 bpd of heavy oil

Phase 2: commercial plant: increase production

to 12,500 bpd

Develop properties using horizontal well

technologies: increase production to 15,000 bpd

In situ Oil Sands Project: increase production

to 12,500 bpd

Test SAGD bitumen production from Surface

AccessWell: increase production to 3,000 bpd

Phase 1 : SAGD bitumen project: 1 ,500 bpd

Phase 2: if appropriate production increase

to 20,000 bpd

Phase 1 : SAGD bitumen project: 2,000 bpd

Phase 2: SAGD bitumen project: 10,000 bpd

Bitumen mine and extraction complex: 14,000 bpd

Minerals extraction plant: 100,000 tonnes

alumina annually plus 200,000 tonnes synthetic

silica from tailings annually

In situ bitumen thermal development

50,000 bpd

Environmental measures: reduce plant-wide

S02 emissions by at least 75%
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Suncor Inc., Oil Sands Group
FortMcMurray Plant

Suncor Inc., Oil Sands Group
Steepbank Mine

Syncrude Canada Ltd.

North Mine - Mildred Lake

Syncrude Canada Ltd.

Aurora Mine

Total Oil Sands Investment

SAGD = Steam Assisted Gravity Draining

TABLE 1 (Continued)

$320 million 2001

$360 million 2001

$500 million 1998

$1 .5 billion

$5.6 billion

projects and result in a balanced sharing of

profits.

In November 1995 Premier R. Klein announced a

standard royalty formula for the oil sands in

dustry. All oil sands projects will pay a minimum

royalty of 1 percent regardless of their financial

situation. The terms also include: a net royalty

of 25 percent after recovery of costs; no uplifts

on operating and capital costs; no royalty-free

natural gas; and an interest allowance on costs

(capital and operating) carried forward and in

dexed to the long-term bond rate.

The generic terms will be phased in over a 10-

year period to minimize the fiscal impact on

government. Royalty agreements for current

production will be honored and any move to the

new royalty arrangement will occur only by
mutual consentwith the Alberta Government.

In the March 1996 Federal Budget, Finance Minis

ter P. Martin created a uniform tax policy for all

oil sands operations regardless of the method of

extraction. To apply almost immediately, in situ

operations will be treated equally with mining

operations.

These government endorsements of generic tax

and royalty terms have lowered the hurdles in the

race to attract investors and helped trigger the

2001-2006

Upgrader and plant modifications: increase

production to 105,000 bpd of light sweet

crude and custom blends

New bitumen mine: increase production to

105,000 bpd for 20 years

New bitumen mine and debottlenecking of

upgrading plant: increase production to

82 million bbls/yr of light sweet crude

New bitumen mine and remote extraction plant

and debottleneck 2: production increase to

94 million bbls/yr of light sweet crude

announcement of over $5 billion in near-term in

vestments in oil sands projects, as listed in

Table 1.

Sustainable Development/Environmental

Excellence

New production methods-horizontal well drilling,

for example-have helped reduce the impacts of

oil sands operations on the environment. Land

disturbance, acid and greenhouse gas emis

sions, volatile organic compounds, and negative

impacts on water quality have all been reduced.

Oil sands producers have cut carbon dioxide

emissions by 3 percent per unit of production

since 1990. By the year 2000, the industry is

committed to reducing C02 emissions by
22 percent per unit of production. And with new

technologies-cold water separation processes

that reduce energy requirements to 40 percent of

what is now required, for example-the prospect

exists for the industry to more than double cur

rent extraction activity with no increase in C02
emissions.

Between 1990 and 2000, total oil sands mining

industry S02 emissions per unit of production will

be reduced 57 percent through the use of new

technologies and improved processes.

THE SYNTHETIC FUELS REPORT OCTOBER 1996

39



 



OIL SANDS

Mine operators have spent $135 million to date in

land reclamation. An example of the success of

these efforts is the Syncrude-Fort McKay Wood

Bison Facility, 260 hectares of reclaimed land sus

taining a wood bison herd that has grown to

more than 100 animals.

The industry has also made major strides reduc

ing the amount of fresh water used in generating

steam to heat the oil sands reservoir-95 percent

of produced water is now recycled to steam.

Market Development

In concert with proposals for new pipelines, the

industry is working aggressively to develop new

markets in the United States. Market evaluation

is continuing on products to meet customer

refinery needs in light of reformulated fuel

specifications.

Pipeline Transportation

As new bitumen production increases come on

stream, the Task Force recommended that

market access should be provided by optimizing
the existing infrastructure and/or building new

pipelines.

Conclusions

The Task Force report concludes that Canada's

oil sands offer huge potential for wealth creation

and enduring social benefits. Putting the plans

developed by the Task Force into action will help
unlock this potential and realize the benefits.

With a stable fiscal regime, increasing demand

for products, additional breakthroughs in technol

ogy, and a sophisticated infrastructure in-place,

investment in the oil sands has become increas

ingly attractive.

New capital investment will generate significant

environmental, social and economic benefits.

####

SHELL CANADA CONSIDERING NEW OIL

SANDS MINING AND EXTRACTION PROJECT

Shell Canada Ltd. is reported to be considering a

new oil sands project on leases it holds north of

Fort McMurray, Alberta. Shell is studying the

most economic way to conduct the project. The

first phase could involve a 500-barrel per day
pilot in 1997-1998, followed by a demonstration

project of 15,000 barrels per day in mid-2000.

The first phase of the project has a projected

capital cost of about $739 million. Shell plans to

seek partners that will bring specific expertise to

the project, particularly in the mining field.

The commercial phase of the project is expected

to produce 100,000 barrels per day of bitumen,

with potential production of up to 300,000 barrels

per day of bitumen.

Shell hopes to have the project ready to start by

2003, the current expiration date of some of its

leases. More leases were acquired in 1996,

giving Shell reserves of more than 9 billion bar

rels of bitumen.

####

GOVERNMENT

DOE TO PRIVATIZE NATIONAL INSTITUTE

FOR PETROLEUM AND ENERGY RESEARCH

The National Institute for Petroleum and Energy
Research (NIPER) Bartlesville, Oklahoma, which

is one of the government's longest-operating
research and development institutions, dating to

1918, is targeted for privatization as part of the

United States Department of Energy's (DOE)
Strategic Alignment Initiative, a reform and cost

savings plan unveiled a year ago.

DOE said the action will save taxpayers at least

$25 million in the next 5 years and permit more
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funding to go to petroleum research rather than

to administrative overhead.

Under the privatization plan, BDM-Oklahoma,

DOE's petroleum management contractor, would

move research staff from NIPER to leased space

at Phillips Petroleum Company's Bartlesville

Research and Development Center.

BDM will continue with DOE-sponsored oil

research projects for the remaining 2 years of its

management and operating contract with the

agency while seeking other projects from the

private sector and federal and state agencies.

The private research facility is expected to be

self-sustaining by November 1998, when DOE's

contract with BDM expires. About 85 of the

200 BDM scientists, engineers and support

employees will be moved to the Phillips facilities

by October, 20 will be laid off, and the rest will

remain at the federal site for shutdown and en

vironmental cleanup activities.

####

NEW FUNDING WILL EXTEND AACI

RESEARCH PROGRAM TO YEAR 2001

A new 5-year agreement worth $15 million

(Canadian) extends the Alberta Department of

Energy (ADOE)/Alberta Research Council (ARC)
Program (AACI) to the year 2001 .

The AACI research program, operated by ARC,

develops economically viable in situ recovery

technologies for heavy oil and bitumen

resources. It is a consortium of ARC, ADOE and

13 international corporations. ADOE and ARC

will each contribute one-third of the funding, with

industry providing the other third.

A major focus of the 1996-2001 program will be

linking the research and development effort to

industry operations. One of the most promising

applications is Steam-Assisted Gravity Drainage

(SAGD). A number of Alberta companies are

now involved in pilot and commercial SAGD

projects, with a total value of nearly $1 billion.

####

TECHNOLOGY

PIPEUNE TRANSPORT OF

NAPHTHA-DILUTED BITUMEN FROTH

STUDIED

Syncrude Canada Limited is currently evaluating

the development of a new oil sand lease known

as the Aurora Mine project, located about

35 kilometers from its current Mildred Lake opera

tion in Northern Alberta. One possible way of

shipping bitumen from the remote extraction

plant to mildred Lake would be to reduce the vis

cosity of bituminous froth by adding naphtha and

then pipelining naphtha-diluted froth to Mildred

Lake for further separation and recovery of clean

bitumen. A pilot-scale test program involving
pipeline transportation of naphtha-diluted froth

was discussed in a paper by C. Grant et al.,

presented at the Petroleum Society 47th Annual

Technical Meeting held in Calgary, Alberta,

Canada, in June.

According to Grant et al., the two critical techni

cal uncertainties identified for the naphtha-froth

pipelining option are:

- The effect of long duration conditioning

(shearing in pumps and pipeline) on the

processability of froth following transpor

tation

- The operational problem due to line
"sanding"

Batch Test Results

Laboratory tests simulated, in batch mode, the

effect of a long period of low-shear rate such as

occurs in a long distance pipeline. Factors that

were varied included mixing time, mixing
tem-
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perature and the ratio of Naphtha to Bitumen

(N/B) in the diluted froth.

These data initially suggested that the product

quality obtained for both types of test feed (0.4

and 0.7 N/B ratios) following mixing was not af

fected by the mixing durations for mixing tem

peratures less than 70C. At 70C, the product

quality remained unaffected below 240 minutes

of mixing and resulted in a high water content

(10 weight percent) for mixing durations of

greater than 240 minutes (see Figure 1).

Water droplets ranging from 3 to 20 microns

were present in all of the samples including the

undiluted (raw) bitumen froth sample. The latter

observation suggests that not all of the 3 micron

droplets were generated during mixing and the

increased water content could not be attributed

to these difficult-to-coalesce droplets. The

hydrocarbon yield was observed to be independ

ent of the N/B ratio, mixing temperature and

mixing durations for all of the tests.

The high shear test (70C, 900 rpm) using the

feed (N/B 0.7) resulted in a high water content

(8 weight percent) in the centrifuge product fol

lowing mixing for durations greater than

240 minutes. A similar result was also achieved

for the low-shear test (690 rpm) using the same

feed at 70C. The naphtha-diluted feed samples

for the two tests analyzed had higher solids and

water contents of 10 and 38 weight percent

respectively compared to about 8 and 30 weight

percent reported for the other test feeds. It is not

certain whether the high shear or the high solids

and water contents of the feed contributed to the

high water content in the centrifuge product.

Continuous Pipeline Loop Test Results

Pilot-scale tests were conducted in a

50 millimeter diameter pipeline loop of about
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100 meters in length. This set-up addressed the

total and wasted energy and peak-shear issues.

The effect of temperature and shearing on froth

processability were evaluated in the pilot pipeline

tests. The test results suggest that the proces

sability of naphtha-froth declined substantially

over 30 minutes of pipelining. The water content

in the hydrocarbon product was about 3 times

higher (3.1 percent versus 11.4 percent) than ob

tained for the non-sheared froth at time zero.

This was due to the formation of a tight, difficult

to separate, Water-in-Oil (W/O) emulsion.

Further testing suggested that the detrimental ef

fect of shearing on naphtha-froth feed was rapid

and that emulsion formation occurred within a

few minutes of passing through the pump. Inter

estingly, this effect did not accumulate with in

creases in pipelining duration.

At lower pumping speeds (i.e., low flow rates),

the froth processability did not deteriorate with

pipelining durations of about 10 hours as

reflected by the low water content of the

hydrocarbon product. Thus, the researchers con

cluded that the shear rate (pump speed) genera

ted in a centrifugal pump can cause substantial

froth processability problems which can be

mitigated by reducing pump shear.

Furthermore, an N/B ratio as low as 0.4 can also

cause processability problems even at low pump

speed. This can be attributed to the higher shear

stress stemming from higher viscosity (8 times)

at 0.4 N/B ratio than at 0.7.

Low-Shear Progressive Cavity Pump

A series of tests was carried out to distinguish

between the effect of total energy input in pump

ing (including wasted energy) and the pump

peak-shear rate (pump speed) on processability.

A Progressive-Cavity (PC) pump was run at

various flow rates to compare its performance

with that obtained using a centrifugal pump. The

PC pump did not cause any froth processability

problems with pipelining durations of about

10 hours.

Testing also showed that both a lower N/B ratio

(0.4 versus 0.7) and lower temperature (25 ver

sus 75C) can lead to processability problems

even with the use of a low-shear PC pump.

Even though the application of PC pumps is tech

nically feasible for large-scale applications, the

presence of solids in froth feed could lead to sig

nificant wear and maintenance expense. Alterna

tively, for a commercial application, it is possible

to use several stages of low speed, low head

centrifugal pumps for a given pipeline length to

minimize froth processability problems.

Application of Demulsifier

The addition of demulsifier in the naphtha-froth

feed prior to being subjected to shearing in

pumps and pipeline was evaluated as a strategy

to prevent the formation of the tight emulsion

(W/O).

No processability problems were observed. The

water content in the hydrocarbon product

remained low for the entire 10 hours of pipelining

and met the target of less than 3 weight percent.

Conclusions

The authors conclude that naphtha-diluted

bitumen froth when subjected to a high rate of

shear in a centrifugal pump will form a tight emul

sion (W/O) and cause poor froth processability.

The pump efficiency (wasted energy input) could

also cause processability problems in a manner

similar to that of the peak-shear rate.

As an alternative, froth processability problems

can be avoided by the application of positive dis

placement or screw-type pumps which generate

a low rate of peak-shear.

Addition of demulsifier to the froth prior to being
exposed to shear eliminates the froth proces

sability problem at all pumping conditions,

namely, high peak-shear rates, low temperature

and low N/B ratios.

####
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MARKETABLE PRODUCTS PRODUCED

FROM OIL SANDSWASTES

used as an ancillary fuel after pelleting with lime

stone.

The processing of oil sands results in the produc

tion and storage of significant amounts of waste

materials, including coke, fly ash, coarse sand

and fine tailings. The potential uses for coke , fly
ash and value added products separated from

fine tailings were investigated by A. Majid et al. of

the National Research Council of Canada. Poten

tial applications were summarized in their paper

presented at the Petroleum Society 47th Annual

Technical Meeting held in Calgary, Alberta,

Canada, in June.

Fine Tailings

Fine tailings, which are currently stored in large

tailings ponds on the Syncrude and Suncor sites,

constitute the largest and most difficult reclama

tion problem for the oil sands industry. At cur

rent mining levels, the equivalent of about

20 million cubic meters of thickened fine tailings

are added each year to the tailings ponds.

Fine tailings can be separated into several poten

tially marketable components including:

bitumen, for production of synthetic crude oil or

ancillary fuel; clean kaolin, for fine paper coating;
a gelling agent, for drilling mud applications;

emulsifying solids, for surfactant replacement;

and a mineral fraction, for the recovery of

titanium and zirconium. Based on a preliminary

economic assessment of theworth of these com

ponents as basic raw materials, the value of oil

sands tailings has been estimated at $8 to

$12 per cubic meter.

Oil phase agglomeration or flotation which relies

on selective wettability between mixtures of li

quids and solids of different hydrophobic or

hydrophilic character to effect a separation of the

components is used in this work. Typically, a

hydrophobic solid, such as ground coal or coke,

is vigorously agitated with the fine tailings, result

ing in the formation of agglomerates comprising

oil and adsorbent which may be separated from

the aqueous phase by screens, cyclones or flota

tion. These coal/coke-oil agglomerates can be

Once the bitumen and heavy metal components

are removed, other useful materials may be

separated using a series of centrifugation steps

to fractionate the solids by particle size for

specific applications. Figure 1 summarizes the

separation scheme. About 30 percent of the fine

tailings solids are recoverable as useful products.

The remaining solids are relatively coarse and

readily settle to a dense sediment. Concentra

tion of the fines fractions by ultra-filtration, to

reduce volume, results in the release of water for

recycle to the primary bitumen extraction

process.

FIGURE 1
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This tailings treatment approachwould require in

tegration into the long-term development plans

for site remediation; it does not represent a short-

term solution.

Scroll Centrifuge Tailings

Scroll centrifuge tailings, produced at the

dilution-centrifuge plant during the treatment of

bitumen froth for the removal ofwater and solids,

are known to be enriched in titanium and zir

conium minerals. These tailings would provide

sufficient feed for a large-scale titanium pigment

plant, and sufficient zircon to satisfy Canadian

demand for metallic zirconium.

Nonoptimized, small-scale laboratory tests were

used to produce a coke-oil-solids concentrate

from ground coke and as-received samples of

scroll centrifuge tailings. These concentrates

contained 25 percent Ti02 and 1.8 percent Zr02
respectively. In these tests over 90 percent

recovery of titanium and close to 100 percent

recovery of zirconium was achieved.

Sulfur

Sulfur produced as a byproduct of the upgrading

of bitumen to synthetic crude oil is already avail

able for local use or for export. The largest use

for sulfur is for the manufacture of sulfuric acid,

much ofwhich is further processed into fertilizers

and a variety of chemical products.

Coke

The coking processes used in the upgrading of

Athabasca oil sands bitumen, to form a synthetic

crude oil, produce approximately 4,000 cubic

meters of coke per day. Owing to serious en

vironmental and corrosion problems associated

with the combustion of this coke, its use as a

boiler fuel has been limited and a significant por

tion of the coke is being stockpiled as a waste

product.

As already discussed, liquid-phase agglomera

tion techniques, with oil sands petroleum coke

from both Suncor and Syncrude plants, have

been used to recover bitumen or heavy oil from

wastewater produced in oil sands surface mining

or in situ recovery operations. The coke-oil ag

glomerates can be further treated to recover oil

or they can be used as an enriched fuel source

after pelleting with limestone.

The coke used to collect oil from aqueous ef

fluents also acts as an adsorbent for dissolved

organics. Tests on the aqueous phases for a

number of systems have shown a reduction of to

tal dissolved carbon from 300 to 600 ppm down

to less than 50 ppm.

Oil sands coke with a calorific value of about

33 megajoules per kilogram would be an attrac

tive boiler fuel if it could be desulfurized economi

cally. Fluidized-bed burners, incorporating lime

stone as a sulfur adsorbent, are emerging as a

promising technology capable of high combus

tion efficiency and significantly reduced sulfur

dioxide emissions.

According to the authors, sulfur dioxide adsor

bents can be incorporated directly into coal or

coke agglomerates during liquid phase ag

glomeration using bitumen or heavy oil as the

binder.

Samples of petroleum coke from both Suncor

and Syncrude operations were successfully
co-

agglomerated with either limestone, lime or

hydrated lime using bitumen as the binding li

quid. Test results indicated sulfur capture of over

60 weight percent for Syncrude coke and over

50 weight percent for Suncor coke at a calcium-

to-sulfur molar ratio of 1:1.

However, to meet proposed United States and

Canadian emission standards a sulfur capture

capacity of more than 80 percent may be needed

to burn these cokes. Agglomeration of finely
divided sulfur dioxide sorbents in amounts repre

senting a Ca:S molar ratio of 1 to 2 could result in

the reduced S02 emissions necessary to achieve
these emission levels.

Co-agglomeration of coke with calcium com

pounds will have the added advantage that the
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ash from the burnt agglomerates will be more

suitable for the recovery of nickel and vanadium

by acid leaching. The ash residue from the burn

ing of coke-oil-limestone agglomerates could

also have potential applications as a flocculant

for fine tailings and possibly for acid mine

drainage treatment.

Based on its excellent adsorption potential oil

sands coke also offers itself as an excellent

medium for treating oil-in-water emulsions, for

extraction of hydrocarbons from ground water

contaminated by leakage of petroleum products

from underground storage tanks, pipelines and

other facilities. Other potential applications of oil

sands petroleum coke include water treatment

for the removal of odors, dissolved organic mat

ter, oils, heavy metals and phosphorous.

FlyAsh

The fly ash, a byproduct of burning coke

produced from Athabasca oil sands bitumen, con

tains significant quantities of vanadium, titanium,

nickel and iron. However, the metal values in this

fly ash are not particularly amenable to acid

leaching. Preliminary tests have shown that oil-

phase agglomeration technology is particularly

suitable for the beneficiation and eventual

recovery of metals and carbon values from fly
ash.

####

WATER INJECTION MAY IMPROVE VAPEX

PROCESS

Much of the heavy oil resources of Alberta and

Saskatchewan, Canada, are present in thin reser

voirs. Primary production using horizontal wells

in reservoirs underlain by active aquifers is ac

companied by the production of large quantities

of water from the bottom water layer and fre

quently becomes uneconomic even before

5 percent of the oil in place is recovered. In addi

tion, due to excessive heat losses to the base

and cap rocks, thermal processes such as

Steam-Assisted Gravity Drainage (SAGD) are of

ten not viable in these reservoirs. These reser

voirs may be potential candidates for the newly

developed VAPEX (vapor extraction) process or

its variations, as discussed by S. Das and

R. Butler of the University of Calgary at the

Petroleum Society 47th Annual Technical Meet

ing held in Calgary, Alberta, Canada, in June.

In the VAPEX process, vapors of low molecular

weight hydrocarbons (usually propane or

butane) are injected into the reservoir using a

horizontal injection well. Hydrocarbon vapor dis

solves in the bitumen or heavy oil and reduces

the viscosity; the diluted oil drains by gravity to a

horizontal production well.

In a thin heavy-oil reservoir the relatively higher

mobility of the diluted oil may be utilized for the

benefit of the process if the horizontal injector

well is placed near the top of the reservoir at a

distance from the horizontal producer placed

near the bottom of the reservoir. Initially the car

rier gas is injected which produces a substantial

amount of oil by displacement and in the process

fingers through the high viscosity oil. This is fol

lowed by co-injection of the earner gas and the

solvent vapor; the latter penetrates through these

fingers and contacts the oil at a larger area in the

sand matrices resulting in a higher mass transfer

of solvent in the oil. The diluted oil is displaced

by the carrier gas and this yields a surge in

production rate for a short period. If water is in

jected during this displacement phase, water (the

wetting fluid) is imbibed in the extracted sand

matrix yielding a higher efficiency in the displace

ment. This higher production rate during the ini

tial stage should improve the economic viability

of the process.

Results of five experiments are described in the

paper by Das and Butler. In the first three experi

ments i-butane was used as the solvent while the

other two were carried out using n-butane.

Table 1 presents a summary of the injection and

production rates in these experiments.
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TABLE 1

SUMMARY OF INJECTION AND PRODUCTION RATES

Expt#1 time, h 0-2.5 5.0 7.5 9.5 12.0 14.0 21.0

21.7C i-C4. g/h 23.2 23.2 23.2 31.9 31.9 21.8 23.2

779 kPa N2,g/h 2.8 2.1 3.6 1.5 2.0 3.15 2

Oil Prod., g/h 39 39 52.8 49.5 37.8 28 29

Expt#2 time, h 0-0.5 1.7 2.8 4.0 5.5 7.5 13.5 15.5 17.5

22.0C j-C4,g/h 0 23.2 23.2 23.2 23.2 23.2 23.2 23.2 23.2

779 kPa N2,g/h 3 3 1.6 4 0.9 2.4 2 3.6 3

H20,g/h 0 0 194 194 0 0 70 0 0

Oil Prod., g/h low 25.6 100 100 100 69 33.8 18.5 62

Expt#3 time, h 0-1.0 3.5 5.5 6.5 8.5 10.5 12.5

21.5C i-C4,g/h 5.8 14.5 14.5 23.2 23.2 23.2 26.1

779 kPa N2,g/h 6.7 11 4 4 4 4 4

H20,g/h 0 0 0 45 120 85 40

Oil Prod., g/h 48.7 79.3 15 47 34.2 22 26.3

Expt#4 time, h 0-2.0 4.0 6.0 7.25 7.75 12.75 17.25

21.8C n-C4, g/h 1.5 11.6 23.2 23.2 23.2 23.2 23.2

779 kPa N2,g/h 5 5 2.8 2.9 2.9 2.9 2.9

Oil Prod., g/h 15 22.5 22.5 126 51 45 30.6

Expt#5 time, h 0-0.5 1.5 2.5 3.5 5.5 7.5 8.33

21.8C n-C4,g/h 0 23.2 23.2 23.2 23.2 23.2 23.2

779 kPa N2,g/h 27 16.1 16.1 6 5.5 5 5

H2Otg/h 0 0 20 20 20 20 215

Oil Prod., g/h 139.4 47.7 49 116 60.1 42.4 low

Experinient#l Experiment #2

This experiment was carried out at 21.5C and

0.779 MPa (100 psig). Experiment #1 serves as

a reference for assessing the performance of

other experiments in which i-butane and water

were injected. Nitrogen was injected until it

broke through and then nitrogen and i-butane

were co-injected at controlled rates.

The oil recovery is about 57 percent in 21 hours

(5.7 field years).

Most of the injected solvent was recovered with

the produced oil and the rest was obtained

during the blow down.

This experiment involves injection of water along

with solvent vapor and carrier gas. The experi

ment started with pressurizing the cell (at 22C)

slowly to the operating pressure (0.779 MPa). Ini

tially only nitrogen was injected at a controlled

rate. The injection of i-butane started after the

nitrogen broke through (0.5 hour). Water injec

tionwas started at 1 .7 hours.

The average rate of oil production in this experi

ment corresponds to about 45 percent enhance

ment in the production rate compared to Experi

ment #1, mainly due to the water injection.

However, it was thought that injection of water at

a lower rate may give a better result.
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Experiment #3

Experiment #3 started with injection of nitrogen

only for a short period followed by co-injection of

i-butane and nitrogen after nitrogen broke

through. At 5.5 hours water injection started

slowly. The oil recovery was 44 percent at

20 hours.

The low solvent injection rate at the beginning

along with higher carrier gas injection rate

proved to be beneficial. In this experiment the

beginning of water injection was delayed and the

response to water injection is poor compared to

that in Experiment #2. The extraction rate at the

later part of the experiment is even lower than

that of Experiment #1 .

Experiment #4

In Experiment #4 the nitrogen stream was

saturated with water vapor by passing through a

pot of water. This experiment was carried out

using n-butane. After initial breakthrough,
nitrogen and butane were injected simul

taneously. Water injection started at 7.75 hours.

The production rate was slightly higher than that

in Experiment #1 without anywater and it seems

that there was only a marginal effect of this water

injection. The water content of the produced oil

was trace amounts only. The production rate

quickly dropped to the usual gravity drainage

rate of Experiment #1 .

Experiment #5

In Experiment #5 only nitrogen was injected ini

tially at a high rate for 0.5 hour, then solvent injec

tion started while the nitrogen injection rate was

maintained. At 2.5 hours the nitrogen injection

rate was reduced. Water injection started at

1.5 hours at a low rate. Once the solvent dis

solved and diluted the oil, the mobile oil was

pushed by gas and water in the capillaries; the oil

production rate rose to 20 percent recovery

within 3.5 hours. The production rate dropped

afterward, butwas still higher than the solvent ex

traction rate withoutwater injection.

Conclusions

The production rate depends on the injection

rates of solvent, carrier gas and water. A mini

mum amount of solvent is required to render the

oil mobile. However, Das and Butler conclude

that higher injection rates may lead to accumula

tion of liquid solvent in the chamber affecting the

production rates. The carrier gas, if injected at a

higher rate, will only unnecessarily recycle a

great proportion of the solvent vapor. At the

beginning the carrier gas should be injected at a

higher rate with slowly increasing solvent injec

tion. This results in a higher extraction rate as

observed in Experiment #3. Low solvent injec

tion rate at the beginning of the project may also

reduce the initial investment in buying the sol

vent. As the production commences the

produced solvent may be recycled back with the

make-up amount of solvent.

Although the water injection is beneficial, the in

jection rate and the time of injection are impor

tant. Injection at a later stage when the gravity

drainage chamber is formed counteracts the sol

vent effect by reducing accessibility of solvent

vapor to the oil interface. The enhancement in

the production rate by water injection may be

due to the reduction of viscous forces on the flow

ing film of oil due to the presence of a film of

mobile water near the wall of the water wetted

capillaries in the porous media. Also the spon

taneous spreading of the diluted low viscosity oil

over the water film enhances the extraction by
film drainage in presence of the invading solvent

vapor.

Thus, although from the experimental results the

idea of water injection seems to be attractive, a

detailed analysis, with a numerical simulation, is

required to assess field performance.
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INTERNATIONAL

ORIMULSION MAKES PROGRESS ON MANY

FRONTS

Petroleos de Venezuela, S.A. (PDVSA) is aggres

sively developing the massive Orinoco heavy oil

belt, which contains reserves of 1.2 trillion barrels

of crude and bitumen, with about 270 billion bar

rels ofthe crude recoverable with current technol

ogy. By developing strategic associations,

PDVSA's target is production by 2005 of

600,000 barrels per day of Orinoco Belt crude.

Some Orinoco crude, about 42,000 barrels per

day in 1995, is mixed with water and a surfactant

and sold as Orimulsion, a boiler fuel competing
with coal. PDVSA subsidiary Bitumenes

Orinoco, S.A. (Bitor) is seeking to increase its

Orimulsion exports significantly, to approximately
36 million metric tons per year by the end of this

decade.

Bitor's success in marketing the bitumen-based

fuel as an alternative to coal for electricity genera

tion in industrialized countries from Japan to the

United Kingdom was recently highlighted in a

study by New York-based Pira Energy Group.

Sales shot up by 40 percent last year to

3.56 million tons, and another 12 million tons of

provisional contracts are in the works.

Existing and planned contracts Bitor has with

utilities in the United States, the United Kingdom,

Japan, Canada, Denmark, Lithuania, China and

Italy amount to 165,000 barrels per day of Orimul

sion demand.

This summer, the Venezuelan Congress ap

proved a joint venture with Conoco, Statoil and

Inversiones Jandis to build three new Orimulsion

production modules to ensure increased product

output. (See related article in this issue.)

Orimulsion Opportunities

Orimulsion contains 29.5 percent water and has

a calorific value of 12,700 BTU per pound.

Orimulsion's delivered cost to the main markets

is now $0.70 to $1.15 per million BTU. Freight

accounts for 25 to 35 percent of the delivered

cost.

The high content of sulfur and metals requires

the use of pollution control equipment in

powerplants using Orimulsion and has raised en

vironmental concerns in some areas.

The impacts of Orimulsion use continue to be

studied. Results of various Orimulsion research

and demonstration projects presented at the

21st International Technical Conference on Coal

Utilization and Fuel Systems held in Clearwater,

Florida, in March show that Orimulsion is a viable

alternative fuel for power generation, which may

offer economic advantages, depending on site-

specific factors. In addition, negative environ

mental impacts can be minimized with proper pol

lution controls.

United States

In April Florida's cabinet banned Florida Power

and Light Company (FP&L) from converting its

Manatee powerplant to burn Orimulsion.

"Governor Chiles felt that at this time, there are

too many environmental concerns and that the

risks outweigh the
benefits,"

a Chiles spokes

woman said.

FP&L had petitioned the cabinet for approval

after spending 2 years obtaining clearance from

nine state agencies and the consent of a state

hearing officer, who had recommended that

Chiles approve the project.

FP&L has asked the Florida First District Court of

Appeal to review the ruling, which Bitor America

Corporation claimed would deny Florida benefits

in the form of cleaner air, lower cost power and

increased shipping safety.

If it is cleared for Orimulsion use, FP&L would be

Bitor's largest customer.

Undeterred by this setback Bitor plans to line up

more United States customers some time next
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year. Bitor is talking to a handful of large North

east utilities and hopes to sign with one or two of

them in 1997, according to E. Hernandez, vice

president of marketing for BitorAmerica Corpora

tion.

Hernandez said that each of the United States

powerplants under consideration could require

around 2 million metric tons of Orimulsion per

year, or 35,000 barrels per day.

Canada

In June Bitor signed a 3-year technical coopera

tion contract with Canadian boiler manufacturer

Babcock and Wilcox Industries Ltd. (B&W).

"B&W will provide technical support for our

clients that need to modify their boilers for Orimul

sion
use,"

Bitor said.

Italy

According to D. Ramirez-lsava, president of Bitor

Europe Ltd., Italy is expected to sign a deal to

import 1 to 2 million tonnes of Orimulsion per

year by the end of this year or early next year,

and the deal eventually could increase to

5 million tonnes.

Italy is by far Europe's largest fuel oil importer.

United Kingdom

Britain currently imports 1.1 million tonnes of

Orimulsion per year and National Power plans to

modify a mothballed, oil-fired power station at

Pembroke in South Wales to bum 4 million to

5 million tonnes of Orimulsion per year. The

plant stopped operating in March.

National Power still needs permission from

Britain's Department of Trade and Industry and

theWelsh Office before it can bum Orimulsion at

the power station.

Opposition from environmental groups has been

strong. The groups argue that natural gas is less

polluting, but Bitor claims National Power's

Pembroke plant will have the best environmental

performance of existing
oil- or coal-fired utility

power stations in Britain. Plants burning Orimul

sion emit less S02 and dust than plants burning
coal or oil, Bitor stated.

This summer Pembroke met with another set

backwhen the British Government blocked instal

lation of a special jetty for Orimulsion deliveries.

National Power will consider other options for

bringing in the fuel if the jetty proposal fails.

PowerGen's Richborough power station was

closed in March this year. Its contract for

300,000 tons per year of Orimulsion expired at

the end of 1995.

Insurers of Britain's PowerGen have agreed to an

out-of-court settlement over a claim for damage

to hundreds of cars caused by emissions from

PowerGen's Orimulsion-fired Richborough power

station, iron Trades Insurance paid the un

disclosed settlement on a claim made by
Citroen UK, Peugeot Talbot and Gefco UK who

together had initiated a High Court action for

2.7 million pounds in damages. Emissions from

a plant malfunction 5 years ago reportedly

damaged hundreds of cars awaiting distribution

in surrounding parking lots.

Denmark

Earlier this year Danish electricity utility
Sjael-

landske Kraftvaerker signed a contract with Bitor

Europe for a supply of 7.5 million tons of Orimul

sion. The deal, worth around $50 million, covers

a 5-year period from the middle of 1997.

Germany

An Orimulsion recycling plant will be built in Ger

many to recover nickel, vanadium and mag

nesium from Orimulsion residues collected from

Orimulsion burned in Denmark. The plant is

scheduled to start up in 1997.

Venezuela will have majority share in the joint ven

ture, called Orbit, with Stratcor of the United

States and the British company Reakt
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China

China signed an agreement to buy
500,000 tonnes of Orimulsion. China will test the

use of Orimulsion for electricity generation and

steel production.

A $320 million plant to burn Orimulsion is

planned to be built by aVenezuelan-Chinese joint

venture, according to China's National Petroleum

Corporation.

Under the agreement, a 52,000-ton shipment to

China National United Oil Corporation has al

ready been made.

Lithuania

Lithuania's state power group Elektrenai is plan

ning a powerplant to use Orimulsion fuel.

The Danish Government signed an agreement

guaranteeing a $2 million loan from the ABN

AMRO Bank to finance the purchase of environ

mental technology such as special filters, burners

and scrubbing equipment.

Bitor is contracted to deliver 48,000 tonnes of

Orimulsion to Elektrenai's plant in 1996. In a

follow-on contract, Bitor will supply

300,000 tonnes per year to Lithuanian state utility

Lithuanian Power System for 3 years. Deliveries

will then increase to 500,000 tonnes per year by
2012.

Lithuanian Energy Department officials said the

cost of using Orimulsion was 30 to 35 percent

cheaper than importing bitumen or coal from Rus

sia.

####

CONOCO-LED ORIMULSION PRODUCTION

PROJECTAPPROVED

This summer, Venezuela's Congress approved a

$1 -billion joint venture to build three Orimulsion

production modules in the Cerro Negro area of

Eastern Venezuela. Partners are Conoco Inc.

30 percent, Den norske stats oljeselskap A.S.

(Statoil) 20 percent, and Venezuelan firms

Bitor SA 40 percent and Jandis 10 percent.

Each plant is expected to cost about

$320 million.

A major portion of the bitumen-in-water emulsion

fuel to be produced in the new facilities is ex

pected to be sold to Florida Power and Light

Company (USA), pending approval from the

State of Florida. (See related article in this issue.)

####

ARCO/CORPOVEN PLAN $3.5-BILUON

ORINOCO PRODUCTION PROJECT

ARCO and Petroleos de Venezuela SA's Cor

poven SA unit have agreed to form a joint ven

ture to undertake a $3.5-billion heavy oil project

in Venezuela.

Corpoven chairman G. Archila and ARCO chair

man M. Bowlin set terms and conditions of the

deal in a Memorandum Of Understanding signed

in Caracas in August. The strategic association

is a first for Corpoven.

The agreement, as well as details of the joint ven

ture, still needs to be approved by Venezuela's

Congress. As a result, the joint venture may not

be finalized until next year.

The deal calls for partners to produce about

200,000 barrels per day of extra-heavy
(9

API)
crude from the Hamaca zone south of El Tigre in

Anzoategui State and transport the crude by
pipeline to an upgrading plant to be built at Jose.

The proposed upgrader will use the HDH

process, developed at Intevep, to upgrade the

crude to a lighter synthetic crude. The upgraded
25

gravity oil will have characteristics similar to

crude produced on Alaska's North Slope.
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The estimated cost of the three-phase project in

cludes drilling and construction of field, transpor

tation and upgrading facilities.

In the first phase, partners are to start oil produc

tion and lay a pipeline from the production area

to the Jose upgrader. Second phase plans in

clude construction of the first upgrading module,

which the partners expect to be operational in

2001.

In phase three, partners aim to boost crude

production and upgrade capacities to enable

recovery of about 180,000 barrels per day of

processed oil by 2006.

Over the life of the project, Corpoven said it is

expected to generate $33.5 billion, of which

66 percent will remain in Venezuela.

The agreement comes 2 years after the com

panies first agreed to study the feasibility of a

joint project.

####

MOBIL/LAGOVEN AGREE ON ORINOCO

PRODUCTION PROJECT

Mobil Corporation and Petroleos de Venezuela

S.A. (PDVSA) subsidiary, Lagoven S.A., are ex

pected to sign a $2.3 billion deal to produce and

upgrade 100,000 barrels per day of extra-heavy

crude from Venezuela's Orinoco tar belt.

The Memorandum Of Understanding will set out

the terms of a project to produce about

100,000 barrels per day of
8

API gravity Orinoco

crude from the Cerro Negro area to be upgraded

at the Jose industrial complex in Anzoategui to
16

API gravity.

The syncrude will then be refined at Mobil's Chal

mette, Louisiana, refinery and sold in the United

States. The partners, in preparation for the

project, recently processed a shipment of Cerro

Negro crude at Chalmette.

In separate negotiations, Lagoven is discussing
with Mobil the possibility of acquiring 50 percent

of the 160,000-barrel per day Chalmette refinery.

Before a final plan can be completed, the produc

tion agreement needs to be approved by the

Venezuelan Congress, which is likely to occur by
the end of the year or in early 1997.

The projectwas initially due to come to Congress
in the last quarter of 1995 after the companies

signed a Letter of Intent in December 1994.

####

CHINA AND ALBERTA TO COLLABORATE ON

HEAVY OIL

The Research Institute of Petroleum Exploration

and Development (RIPED), Beijing, China, and

the Alberta Research Council (ARC), Alberta,

Canada, have signed a Memorandum Of Under

standing (MOU) to recognize future collaboration

of the two organizations in the development of

heavy oil reserves.

RIPED is the research arm of the China National

Petroleum Corporation supporting technology

development to increase China's energy
self-

sufficiency by developing the country's energy

reserves. The Canadian operation of the China

National Petroleum Corporation is a member of

the Alberta Department of Energy/ARC Core In

dustry Research Program operated by ARC.

Under the MOU, RIPED and ARC will explore the

possibility of providing technical advisory and

laboratory services, designs for laboratory pilot

facilities, as well as developmental strategies for

nonconventional hydrocarbons.

####
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ENVIRONMENT

SOIL-UKE PROFILE CREATED FROM

TAIUNGS SAND AND FINE TAILS

A major challenge in the reclamation and restora

tion of oil sands processing wastes is the re-

establishment of self-sustaining ecosystems. The

primary task is the development of a technology
to create stable aggregates leading to a soil-like

profile capable of supporting a stable vegetative

community. Aggregates (stable agglomerates of

mineral particles and organic matter between

0.1- and 10-millimeter diameter) can enhance the

physical environment of the resulting soil profile,

help with the establishment of a plant and soil

microbial community, and facilitate the develop
ment of natural soil structure.

A procedure to artificially create aggregates

using oil sands mining wastes was developed by
X Li of the Alberta Environmental Centre and

M. Fung of Syncrude Canada Ltd., and was dis

cussed at the Petroleum Society 47th Annual

Technical Meeting held in Calgary, Alberta,

Canada, in June.

The primary characteristics for a soil profile are:

- It must be able to supply sufficient soil

water and nutrients within the root zone

for plant growth.

- It must provide a physically stable

medium for plant growth and be resistant

to soil erosion.

- It must be a chemically and biologically
active medium to buffer the effects of

changing environment on plants and soil

micro-organisms.

Such a soil requires the proper combination of

sand, silt, clay, a certain amount of organic mat

ter and nutrients, and good soil structure. Soil

structure affects many soil processes such as

soil erosion, infiltration, water holding capacity,

aeration, root penetration and mechanical

strength. A good soil structure consists of ap

propriate proportions of macro- and micro-pore

spaces where the plant roots and other or

ganisms can live in harmony. Stable soil ag

gregates (agglomerates of mineral particles and

organic matter between 0.1- and 10-millimeter

diameter) are essential components of a good

soil structure.

This study evaluated procedures to create stable

aggregates using Tailings Sand (TS); Mature

Fine Tails (MFT); Composite Tails (CT); and land

Reclamation Materials (RM, salvaged from the

top 3 meters of undisturbed soil) with peat moss

as an organic amendment to form a soil-like

profile suitable for plant growth.

Laboratory ScaleAggregation

Over 20 tests were conducted for each treatment

to determine the optimum water content and the

amount of peat moss needed.

Due to its sandy nature, CT could not be ag

gregated. Also, MFT did not produce desirable

aggregates due to its high clay content. The ag

gregate size was generally large and individual

aggregateswere dense.

Because of its loam texture, the amount of RM

required to form desirable aggregates with either

MFT or CT was high (up to 60 percent on dry
weight basis). Therefore, using RM to form ag

gregates with either MFT or CT would not be

economically feasible.

Both treatments (TS plus MFT and MFT plus CT)
produced suitable and similar aggregates. The

best mixturewas found at the ratio of 1 :1 MFT:CT

or MFT:TS (on dry weight basis). Increasing the

amount of peat beyond 5 percent (based on dry

weight) did not significantly alter either aggregate

stability or aggregate size distribution. The ag

gregate characteristicswere as follows:

- The resulting materials had a loam tex

ture.
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Over 60 percent of aggregates were less

than 4.8 millimeters in diameter.

Water content at the workable condition

was between 15 to 20 percent. The ag

gregate size could be manipulated by

varying the amount of water during the

aggregation process.

Over 10 percent

water stable.

of aggregates were

Bench-Scale Aggregation

Both treatments of 1:1 MFT:CT and MFT:TS with

the incorporation of 10 percent peat moss were

successfully aggregated using a modified garden

tiller. As with the laboratory tests, over

10 percent of aggregates were stable and more

than 65 percent of aggregates were less than

4.7 millimeters in diameter. The resulting

materials had a loam texture, which was com

parable to the texture of RM (Figure 1).

The clay particles and water content played im

port roles during the artificial aggregation

process. Furthermore, only the treatmentswhich

resulted in a loam texture met the criteria for ag

gregate stability and aggregate size distribution.

FIGURE 1

AGGREGATE SIZE DISTRIBUTION
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Itwas critical to control thewater content at 15 to

24 percent in the aggregation process. Excess

water could result in the formation of undesirable

aggregates with diameter greater than

9.5 millimeters.

The tine speed and machine travel velocity were

also critical factors in producing desirable ag

gregates. When the tine speed was lower than

500 rpm, 60 percent of the aggregates were

larger than 9.5 millimeters in diameter and the

degree of integration among the materials was

poor. The machine travel velocity must be less

than 0.5 meters per minute. Faster travel

velocities also resulted in poor aggregate forma

tion.

The aggregation tests indicated that only

5 percent of peat moss could be well incor

porated using the aggregation procedure. At

more than 5 percent, the additional peat moss

did not improve either the aggregate size distribu

tion or the porosity of aggregates. However, the

higher peat content may improve soil physical

properties and increase aggregate stability later

during soil evolution as it decomposes, say Li

and Fung.

Conclusions and Future Studies

The aggregates made from oil sands processing

wastes were relatively stable and they had a loam

texture which would be suitable for use as a

medium for plant growth.

A study to evaluate the quality of the artificially

created soils is ongoing.

####

RESOURCE

NEW CRUDE BITUMEN RESERVES ATLAS

AVAILABLE FOR ALBERTA

In June the Alberta (Canada) Energy and Utilities

Board (EUB) announced the publication of a new
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edition of the Crude Bitumen Reserves Atlas.

The atlas provides detailed reserves on a pool

basis in conjunction with supporting isopach

maps. Also included in the atlas are:

- Estimated, initial in-place reserves for the

oil sands deposits ofAlberta

- Updated information since the 1 990 publi

cation

- The addition of volumetric reserves deter

mined from the isopach maps for most

pools within the Southern Cold Lake Oil

SandsArea

The atlas sells for C$100.00 and copies are avail

able from Information Services (EUB),

telephone: 403 297 8190.

The EUB has also published Alberta's Reserves

of Crude Oil, Oil Sands, Gas, Natural Gas Li

quids, and Sulphur-As At 31 December 1995

which contains:

- Terminology and abbreviations

- Estimates of established reserves and

other data for conventional crude oil,

crude bitumen and synthetic crude oil in

the Province ofAlberta

- Crude oil and gas reserves tables show

ing the pool average rock and fluid basic

data and recovery factors for oil pools

and major gas pools

- Ultimate potential of conventional crude

oil, crude bitumen, gas, ethane, natural

gas liquids, and sulfur, and data on

reserves of conventional crude oil and

marketable gas

- Data on trends in drilling

- Map showing designated:

Oil Fields

Gas Fields

Oil Sands Deposits

This publication is available for C$250.00 from In

formation Services (EUB).

####
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PROJECTACTIVITIES The gasification ash is non-leachable slag

suitable for use in construction.

PUERTOUANO STARTS UP ON NATURAL

GAS-COAL GASIFICATION WILL START

NEXTYEAR

ELCOGAS S A, a consortium consisting of lead

ing European utility companies from Spain,

France, Portugal, England and Italy, is building
the world's largest Integrated Gasification

Combined-Cycle (IGCC) plant at PuertoUano,

Spain, with a capacity of 300 megawatts-electric

(net) and 45 percent (net) efficiency using coal.

Startup of the IGCC plant at PuertoUano is under

way and the gas turbine has completed initial test

runs with natural gas. The status of the IGCC

plant was updated by W. Schellberg of Krupp
Koppers GmbH and M. Hooper of KruppWilputte

Corporation at the Thirteenth Annual International

Pittsburgh Coal Conference in September and

also by U. Sendin et al. at the Gasification Tech

nologies Conference held in San Francisco,

California, in October.

Figure 1 shows the process flow diagram of the

PRENFLO process for the PuertoUano plant.

PRENFLO is an entrained-flow gasification

process-a further development of the Koppers-

Totzek process. The fuel dust, delivered from the

coal preparation unit, is pressurized in the lock-

hoppers and fed via the feed bin to the PRENFLO

gasifier, where the fuel dust is gasified with

oxygen (purity = 85 volume percent). The

produced raw gas is cooled in the waste heat

boiler system where high-pressure and

intermediate-pressure steam are generated.

High-pressure steam (126 bar) and intermediate-

pressure steam (36 bar) are sent to the power

block for super heating and use in the steam tur

bine. The gas is further cleaned by dedusting of

fly ash using two ceramic candle filters (two
tier-

type), and final cleaning to remove halogens and

alkalis in the Venturi scrubber. The separated fly
ash is recylced with a temperature of ap

proximately 235C directly to the burners of the

PRENFLO gasifier.

PRENFLO gasifies all types of solid fuels (from lig
nite to anthracite and refinery residues) with high

efficiencies. Future testing will verify the use of

liquid fuels, principally low-valuewaste streams.

PuertoUano IGCC Plant

The plant fuel is a 50/50 mixture of high-ash local

raw coal and high-sulfur petroleum coke. The

petroleum coke is delivered from the REPSOL

refinery which is located approximately

1 kilometer from the powerplant and the coal

mine is approximately 6 kilometers from the

plant.

Approximately 2,600 tons per day of this fuel mix

ture will be gasified in a single PRENFLO gasifier

to produce more than 4.3 million standard cubic

meters of raw gas. The sulfur unit will recover

approximately 77 tons per day of flake sulfur.

The highly integrated IGCC system (Figure 2)
with separate generators for the gas and the

steam turbinewas selected where the total air for

the air separation unit is delivered from the air

compressor of the gas turbine.

Schedule

Earlier this year the powerplant was started with

natural gas, and initial turbine and powerplant

test runs have been successfully completed. The

plant will shortly begin supplying electric power

to the region using natural gas. The gasification

section will be commissioned next year with

completion targeted for April 1997.

EnvironmentalAspects of the Plant

The PuertoUano plant will achieve environmental

emissions which are far below the current

European standards (see Table 1).

Nitrogen oxides are controlled by coal gas satura

tion and mixing with waste nitrogen before com-
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FIGURE 1

PRENFL0W PROCESS
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TABLE 1

PLANT EMISSIONS COMPARED TO

EUROPEAN STANDARDS

SOx (6% 02)

NOx (6% O2)
Dust

PuertoUano

<25 mg/m3n

<150mg/m3n

<3 mg/m3n

C.E.U.

<400 mg/m3n

<650 mg/m3n

<50 mg/m3n

bustion. The overall desulfurization efficiency is

better than 99.5 percent in two stages:

- COS is first transformed to H2S by
hydrolysis.

- H2S is then removed using selective

methyldiethanolamine (MDEA) solvent

and transformed to elemental sulfur.

Dust will be removed by ceramic filters and a Ven-

turi scrubber.

Plant Investment Cost

The overnight investment cost of the PuertoUano

demonstration IGCC plant, on 1991 US$ basis, is

$622.5 million, with the breakdown shown in

Table 2 (next page).

According to Sendin et al., the PuertoUano IGCC

plant investment cost could be reduced to

$1,646 per kilowatt, with the same type of

gasification process and the same model of gas

turbine, as a result of the project experience

gained during the last 4 years. Significant further

cost reductions are believed possible.

####

STARTUP OF POLK POWER STATION

GASIFICATION UNIT PROCEEDING

SMOOTHLY

An update on Tampa Electric's Polk Power Sta

tion Integrated Gasification Combined-Cycle

(IGCC) project was given by C. Black and

J. McDaniel at the 1996 Gasification Tech

nologies Conference held in San Francisco,

California, in October.

TECO Power Services (TPS), a subsidiary of

TECO Energy, Inc. and an affiliate of Tampa

Electric Company, is responsible for the overall

project management for the government-funded

portion of this IGCC project. The project is par

tially funded by the United States Department of

Energy under Round III of the Clean Coal Tech

nology Program. Use of a new Hot Gas Clean

up system (HGCU) is a highlight of this

demonstration project.

The Polk Power Station uses a Texaco oxygen-

blown, entrained-flow gasifier. A general flow

diagram of the overall process is shown in

Figure 1 . Coal is ground to specification size and

slurried in water to the desired concentration (60

to 70 percent solids) in rod mills. The unit is

designed to utilize about 2,300 tons per day of
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TABLE 2

PLANT INVESTMENT COST

Cateaorv Million USS %

Gasification 201.69 32.4

Air Separation Unit 32.42 5.2

Combined Cycle 152.10 24.4

Water Supply to Plant 15.12 2.4

Cooling Tower 10.30 1.6

Distributed Control System 13.08 2.1

Coal Handling and Storage 12.90 2.0

Balance of Plant 61.38 9.9

Architect Engineering 34.18 5.5

Project Management 47.13 7.6

Access to Plant 5.70 1.0

Insurance and Transport 8.10 1.3

Miscellaneous 14.31 2.3

Contingencies 14.09 2.3

Total US$ 622.50 100.0

Cost/kW 1,858 US$/kW

coal (dry basis). This coal slurry and an oxidant

(95 percent pure oxygen) are then mixed in the

gasifier burner. This produces syngas with a

lower heating value of about 250 BTU per stan

dard cubic foot. Oxygen is produced from an Air

Separation Unit (ASU). The gasifier is expected

to achieve greater than 95 percent carbon conver

sion in a single pass. The gasifier is a single ves

sel feeding into one radiant syngas cooler where

the temperature will be reduced to about

1,300F.

After the radiant cooler, the gas will then be split

into two parallel convective coolers, where the

temperature will be cooled further to about

900F. One stream will go to the HGCU system

and the other stream to the traditional cold gas

clean-up system.

The ASU is sized to produce about 2,100 tons

per day of 95 percent pure oxygen and

6,300 tons per day of nitrogen.

The HGCU system is being developed by
General Electric Environmental Services, Inc. In

stead of having to cool the gas prior to sulfur

removal, the HGCU will accept gas at 900 to

1,000F.

One specific issue in the HGCU system for the

Polk project is the metal oxide sorbent being
demonstrated. Additional research is being per

formed to identify a suitable sorbent.

Early Operating History

The first gasifier runs were made in July 1996.

According to Black and McDaniel, the gasifier
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FIGURE 1

POLK POWER STATION UNIT NO. 1
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has performed reliably and well to date. TPS is

continuing to map its performance to determine

the optimum operating point on Pittsburgh #8

design coal. There have been no nuisance shut

downs to date (early October)~all automatic shut

downs have been the result of problems in other

parts of the plant which properly tripped the

gasifier unit.

The radiant syngas cooler has been trouble-free.

Fouling has been much lower than expected, so

there has been no need for soot-blowing.

Similarly, the firetube convective syngas coolers

have seen no indications of fouling or plugging in

those areas which received the most attention

during design. There has been some plugging
in

unexpected areas, but TPS is optimistic that they

will be able to correct this with adjustments in

operating conditions.

The combined-cycle power block has produced

196,503 megawatt-hours on distillate fuel since it

was commissioned on May 4. Control system

problems interfered with the first two attempts to

transfer the combustion turbine to syngas fuel

during Gasifier Runs #3 and #8. The next at

tempt during Gasifier Run #10 was successful

and went smoothly. The combustion turbinewas

on 100-percent syngas fuel for 4.1 hours. It

reached a maximum load of 161 megawatts on

syngas. Combined-cycle output reached

210 megawatts.

####
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TEN-MW PILOT PLANT COMMISSIONED FOR

INTEGRATED DRYING, GASIFICATION

PROCESS

Brown coal power stations contribute sig

nificantly to power generation in many parts of

the world. However, they have been under pres

sure recently because of higher electricity costs

and CO. emissions than black coal-fired plants.

These differences result mainly from the high

moisture content of brown coals, leading to

larger boiler plant and lower conversion ef

ficiency.

In Victoria, Australia, a research program was in

itiated in 1989 seeking ways of reducing the cost

of electricity and increasing conversion efficiency
from brown coal-fired power stations. An innova

tive process called Integrated Drying and

Gasification Combined-Cycle (IDGCC) was

developed.

Laboratory and pilot-scale research has been

conducted on key aspects of the process includ

ing: raw coal feeding, pressurized drying,

fluidized-bed gasification, hot gas filtration and

low-BTU gas combustion. These investigations

along with cost evaluations have shown the tech

nical and economic feasibility of the technology.

The work is continuing with demonstration of the

technology in a 10-megawatt-scale development

facility, as discussed by B. Anderson et al. of Her

man Research Pty. Ltd. at the 13th Pittsburgh

Coal Conference held in September.

Process Description

The IDGCC process uses a pressurized coal

dryer coupled to a fluidized-bed gasifier. The in

coming raw coal feed is crushed and screened to

about 10 millimeters top-size. The crushed coal

is fed into the dryer through a lockhopper system

and then dried by direct contact with the hot fuel

gas coming from the gasifier. The gas is cooled

as the coal moisture is evaporated. The water

vapor produced from drying the coal under pres

sure becomes part of the fuel gas that is cleaned

and sent to the gas turbine. There is no dis

charge to the atmosphere from the drier. The

dried coal passes directly to an air-blown

fluidized-bed gasifier.

The gasifier operates at a temperature of about

950C with air plus some steam as the gasifying

agent. The hot gas leaving the gasifier at the top
passes through a cyclone that returns most of

the carry-over dust back to the bottom of the

gasifier.

The cooled gas leaving the coal drier at about

250C passes through a ceramic candle barrier fil

ter which removes virtually all the solid particles

from the gas stream. Sulfur is captured in the

fluidized bed or if more stringent emission limits

apply, additional hot gas cleaning or gas scrub

bing can be included.

The gas is burned in a gas turbine. The turbine

output is higher than normal because of the

steam added to the gas during coal drying.

Some combustor modifications are necessary for

the low heating value gas. The gas from the gas

turbine goes through a heat recovery steam gen

erator, which raises steam to drive a steam tur

bine.

Performance and Cost

According to Anderson et al. the current process

configuration has a thermal conversion efficiency

for Latrobe Valley coal to electricity of

41.9 percent based on the higher heating value

of the coal. This compares to 29 percent for the

most recent pulverized brown coal-fired steam

powerplant in Victoria, about 36 percent for a

black coal-fired steam powerplant and about

44 percent for black coal-fired IGCC plant.

This substantial increase in efficiency leads to a

corresponding reduction in emissions of C02,

from 1,160 kilograms C02 per megawatt-hour for
a pulverized brown coal conventional-fired plant

to 810 kilograms CO per megawatt-hour for the

brown coal-fired IDGCC plant.

Economic evaluations were conducted for a full-

scale 1,000-megawatt power station. Table 1

gives the results for a range of technologies for
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TABLE 1

ESTIMATED COST OF ELECTRICITY

FOR ALTERNATIVE TECHNOLOGIES

Levelized Cost of Energy,

Fuel Cost. $A

cents/kWh

Process $A $US

Brown Coal - IDGCC $2 - $7/t 4.1 - 4.9 3.2 - 3.8

Natural Gas -GTCC $2.9 - $5.1/GJ 3.8 - 5.3 3.0-4.1

Black Coal - Conventional p.f. $32 - $37/t 4.8-5.1 3.8 - 4.0

Black Coal - IGCC $32 - $37/t 5.0 - 5.3 3.9-4.1

Brown Coal - Conventional p.f. $2 - $7/t 5.5 - 6.4 4.3 - 5.0

base load power generation. The figures are

based on an 8 percent discount rate and apply to

a greenfield site development. These results

show the economic superiority of the IDGCC

process for a powerplant in Southeastern

Australia.

Coal Gasification Development Facility

The Coal Gasification Facility at Morwell in the

Latrobe Valleywas commissioned in July 1996 to

evaluate the IDGCC process on a larger scale.

The facility has a throughput up to 10 tonnes per

hour of raw coal, at the full pressure of 25 bar.

This represents a process capacity of

10 megawatts output. An EGT Typhoon gas tur

bine of nominally 5 megawatts generating

capacity operating in simple cycle mode is used.

When operating at the maximum coal feed rate,

the facility will produce more gas than can be

burnt in the gas turbine. A flare stack will dispose

of the excess gas.

A range of coals will be tested, concentrating ini

tially on coal from the Latrobe Valley, with

suitable coals from overseas to be tested later.

Testing was scheduled to begin in August 1996

and continue until the end of December 1997.

####

CALDERON WORKING ON 500,000-TON PER

YEAR ADVANCED COKE MAKING PROJECT

A poster paper on Calderon Energy Company's

cokemaking process project was presented at

the United States Department of Energy's (DOE)
First Joint Power and Fuel Systems Contractors

Conference held in Pittsburgh, Pennsylvania, in

July.

The proprietary Calderon process is a con

tinuous and closed method of coking coal in an

array of circular, horizontal retorts, which are in

directly heated with a portion of the gas

produced, and which are assembled together to

form a battery.

The major features of the Calderon process are:

- Positive displacement of coal feed and

coke discharge
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- Horizontal consolidation and densifica-

tion of coal to greatly increase bulk den

sity to 75-80 pounds per cubic foot

- Integrated carbonization of coal and a

regenerative hot cleanup of raw gas to

yield standard specification blast furnace

coke and a dean, cracked, desulfurized

syngas with elemental sulfur being
produced as a byproduct

- Lockhoppers for charging of coal and dis

charging of coke to provide a completely

closed system

- Pressurized operation to eliminate ex

hausters and boosters

Under a DOE contract the process will be

demonstrated by a full-scale commercial retort in

Alliance, Ohio. The designed capacity of the

commercial retort is 2.8 tons of coke per hour,

exceeding the largest conventional slot oven in

the world. A battery of 22 retorts are required to

produce 500,000 tons of coke per year operating

at an availability factor of 90 percent. It is es

timated that it takes about 50 people to operate

and maintain such a battery. Coking time is

around 22.5 hours using dry coal (preheated to

250F). The space occupied by such a battery is

substantially less than that occupied by conven

tional byproduct cokemaking of equal capacity.

According to Calderon, the process completely

eliminates problems in charging, pushing, and

quenching leakage from doors, standpipes and

lids. It cokes the dry coal by heating it indirectly
in tubular alloy retorts at a pressure of 75 psi and

an inner wall temperature of 1,650F to attain a

temperature of 1,500F at the center (cleavage)
of the annular cake of coke. These conditions

improve coke quality, increase energy efficiency,

lower NO formation and configure the cellular

structure of normal metallurgical coke at the op

timum rate of devolatilization. Once an hour,

8,000 pounds of dry coal are charged into the

cold end of the retort and 5,600 pounds of coke

are discharged. The hot coke is quenched with

steam to make water gas and cool the coke. The

cooled coke is then trimmed with high pressure

water for the final cooling and for moisture con

trol. The raw gas and the water gas are cracked

and desulfurized in Calderon's unique hot gas

cleanup.

The process eliminates the production of hazard

ous wastes, as well as fugitive or process emis

sions and it does not require a water treatment

facility and large amounts of steam for gas ex

hausters and boosters. Because the process util

izes a proprietary cracker to crack all the distilla

tion products of coal (such as tars, ammonia,

light oils, methane, HCN, etc.), a byproduct plant

is not required.

Its modular and integrated construction reduces

capital requirements (when compared to conven

tional cokemaking of comparable capacity) and

construction time by about 40 percent, and

operating and maintenance manpower by about

75 percent.

Calderon says it has in progress a project to

supply 500,000 tons of coke per year to

LTV Steel Company from a facility to be con

structed in 1999. LTV Steel has been evaluating

the Calderon cokemaking technology for the

past 30 months and has agreed to contribute

$1.2 million toward the demonstration. Engineer

ing for this $7.3 million demonstration project has

commenced and the permit is in place.

####

FIRST COVOL BRIQUETTING PLANT UNDER

CONSTRUCTION

In August Covol Technologies, Inc., announced

that it has raised enough capital in a limited

partnership to allow for construction of a coal

fines processing facility in Carbon County, Utah.

The facility, identified as "Utah Synfuel
#1,"

is

Covol's first full-scale coal fines processing

facility. Construction began in mid-July and the

plant is scheduled to begin operating by mid-

October.
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In Covol's briquetting process, the material to be

briquetted is washed to remove impurities. The

material is then mixed with the binding agent and
fed into a briquetter, which utilizes direct pres

sure to combine the feed material into a briquette

having the desired shape, size and density.

During this process the binding agents chemi

cally react with the coal fines and change the

molecular structure so that the coal fines bind

together without any adhesive. Briquettes are

then air-cured to achieve maximum strength.

Cured briquettes are expelled onto a continuous

belt for packaging and handling. The briquetting
process takes approximately 2 hours to com

plete.

Covol has developed the briquetting technology
to recycle waste byproducts from the steel and

coal industries into a marketable source of fuel

and feedstock in the form of briquettes. Coke

breeze is a fine residue resulting from the produc

tion and storage of coke. During the coal mining
process, coal fines (small coal particles ranging

from dust size to less than .25 inch in diameter)
are produced. These waste materials have his

torically presented a disposal problem for steel

and coal producers, who may incur substantial

costs in complying with federal and state environ

mental laws and regulations relating to their

storage and disposal.

Covol says the coke and coal briquettes

produced in their process are suitable for in

dustrial and commercial use and are comparable

to high-grade, newly mined coal and coke.

At full capacity, the Utah Synfuel #1 facility will

produce 400,000 tons of coal product per year

from various sources of coal fines. As a qualified

synthetic fuel, the product produced at this

facility will have the ability to generate ap

proximately $10 million per year in alternative fuel

tax credits under Section 29 of the Internal

Revenue Code (Tax Credits for Producing Fuel

from a Non-conventional Source). The tax credit

is based on the BTU content of the coal product;

the value of the tax credit to the prospective joint

venture partners is estimated at $25 per ton

(based on 12,500 BTU per pound).

The tax credit originally applied to qualified fuels

that are produced in a plant placed in service

prior to January 1, 1997 pursuant to a binding
written contract effective prior to January 1, 1996

and that are sold after December 1992 and

before January 1 , 2008.

However, in August President Clinton signed an

extension of Section 29 into law. The extension

of Section 29 gives Covol through June 30, 1998

to build additional qualified coal processing

facilities. Covol's goal is to build plants to

process up to 2 million tons of additional

capacity above the tons produced from Utah

Synfuel #1 and a second facility "Alabama Syn

fuel
#1."

Covol intends to build Alabama Synfuel #1 once

Utah #1 is up and operational. Funding for the

second plant is continuing through a separate

limited partnership.

The tax credits generated by these coal fines

processing plants far exceed Covol's ability to

take advantage of them. Consequently, as part

of its business plan Covol will sell the plants in

order to optimize the value of operating profits as

well as the tax credits associated with synthetic

fuel production. An additional source of revenue

from these coal fines processing plants will be

the sale of Covol's patented binder. Covol plans

to sell its binder for cost plus 20 percent through

the life of the project.

####

SASOL BOOKED INCREASED PROFITS IN

1996

The 1996 Annual Report for Sasol Ltd. covers the

year ended June 30, 1996.

Overall, Sasol reported a 33 percent increase in

profit after taxes (Table 1 ).
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TABLE 1

SASOL RESULTS BY DIVISION, 1995-1996
(Million Rand)

1996 1995

Revenues

Sasol Mining 2,072 1,744

Sasol Synthetic Fuels 6,510 5,666

Sasol Chemical Industries 5,535 4,858

Sasol Oil 2,465 2,193

Other 182 181

Profit After Tax

Sasol Mining 326 276

Sasol Synthetic Fuels 1,053 710

Sasol Chemical Industries 733 593

Sasol Oil 334 249

Other 79 68

Total Assets

Sasol Mining 2,409 2,216

Sasol Synthetic Fuels 6,769 6,324

Sasol Chemical Industries 6,791 6,323

Sasol Oil 1,791 1,765

Other 380 392

Sasol Mining (Pty) Ltd.

During the year Sasol Mining supplied

45.2 million tons of low-grade coal for beneficia

tion into synthetic fuels and petrochemicals. This

is 2.4 million tons (5.6 percent) more than in the

previous year. Mining activities are conducted at

one mine in Sasolburg and five mines in the

Secunda area.

The Secunda
mines'

production capacity is being
expanded by 10 million tons per year to meet the

greater demand for coal by Sasol Synthetic Fuels

as well as to meet the planned export require

ment of 3 million tons of coal per year.

Sasol Synthetic Fuels (Pty) Ltd.

A 23.4 percent growth in operating profits at

Sasol Synthetic Fuels (SSF) was mainly due to

stable production conditions, a conceited effort

to reduce operating costs, higher crude-oil prices

and the weakening of the rand against the

US dollar.

These favorable factors were partly countered by
a decrease in tariff protection as a result of the

government's decision to phase down the sub

sidy reference price from US$21.40 per barrel to

US$19 per barrel beginning January 1996.
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Sales of synthetic fuels increased by 12.4 percent

to 4.9 million tons.

Almost 75 percent of tonnages sold by SSF is

supplied to fuel markets, with the balance being
supplied as feedstreams to the petrochemical in

dustry (15 percent) and the fertilizer, explosives

and coke industries (10 percent). Gasoline,

diesel, illuminating paraffin, liquid petroleum gas

and fuel alcohol constitute 94 percent of the

fuels, while the balance (6 percent) is sold as in

dustrial heating fuels. Fuel alcohol exports to

Brazil continued successfully during the past

year and the supply contract was recently ex

tended for a further term.

An aggressive investment program to support

the drive to improve international competitive

ness has been initiated. Projects to the value of

R1.8 billion have already been approved. This,
together with the other cost-reduction initiatives,
should enable SSF to reduce the production

costs per ton of product by 25 percent (in

1995/1996 rand terms) over the next 4 years.

Four major projects and a series of smaller ones

form part of this program:

- The existing Synthol reactors will be re

placed by new Sasol Advanced Synthol

(SAS) reactors. This will reduce operat

ing costs approximately US$1 per barrel

by the year 2000. The first reactor is ex

pected to be in operation byMay 1998.

- Limited debottlenecking will achieve an

increase of about 5 percent in pure gas

production from the raw gas purification

and refinery units.

- A hydro-isomerization unit and a TAME

(Tertiary-Amyl-Methyl Ether) plant are

being built to ensure that SSF can cost-

effectively supply the market with un

leaded gasoline.

- The existing 16 methane reformers will

be converted to open-flame reformers

resulting in catalyst and maintenance

cost savings.

- Various smaller projects designed to im

prove production facilities, increase

energy efficiency, improve safety stan

dards, reduce atmospheric emissions

and improve water utilization at Secunda

have been approved.

The prospects of utilizing natural gas to comple

ment the production of synthesis gas from coal

are being studied. At Secunda it may be feasible

to replace up to 20 percent of coal by methane

as a feedstock.

Sasol Chemical Industries Ltd.

Sasol Chemical Industries Ltd. (SCI) produces

and markets more than 120 chemical products

derived almost entirely from the beneficiation of

coal. At its Sasolburg site, its main products in

clude ammonia, creosote and other carbo-tar

products, industrial pipeline gas, methanol,

Methyl Isobutyl Ketone (MIBK) and other sol

vents, phenol and cresols (higher phenols) and

waxes. It also produces hydrogen and paraffins.

Its SMX Division produces nitric acid and am

monium nitrate at Sasolburg.

At the Secunda site, SCI purchases feedstocks

from SSF and beneficiates these into a wide

range of chemicals, among them acetone,

methyl ethyl ketone and other ketones,

acrylonitrile, alcohols and alcohol blends, am

monia, anode coke and other carbo-tar products,

and pentene- 1 and hexene- 1 (alpha olefins).

SCI's operating profit increased by 2.3 percent to

R897 miUion. This result was achieved despite a

general softening in international chemical prices

during the year. The first full financial-year opera

tions of recently commissioned SCI facilities, in

cluding the acrylonitrile and MIBK plants, the

commissioning in 1996/1997 of the new acetic

acid, propionic acid and n-propanol plants, and

the benefits to be derived from Polifin's Midland

Restructuring Project at Sasolburg are expected

to position SCI favorably to achieve further profit

growth.
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SCI's marketing and distribution company, Sasol

Chemicals Europe (SCE), succeeded in increas

ing the turnover of Sasol's phenolic, solvent and

alpha olefins products in Europe by 20 percent.

SCE has consolidated its position as the prime

supplier of certain higher phenols. With an in

creasing range of products the division has also

become an important player in the solvents dis

tribution market.

Further substantial increases in sales, particularly

of solvents and alpha olefins, are projected for

the new financial year.

Sasol Phenolics adds value to low-grade

depitched coal tar acids by producing and

marketing phenol, ortho-cresol and meta-,
para-

cresol and xylenol blends. Higher phenolics are

used in antioxidant, flame-retardant, agrochemi-

cal, electrical equipment, pharmaceutical,

foundry and construction industries. More than

80 percent of the division's production volume is

exported to more than 30 countries on all five

continents, making it one of SCI's major export

divisions.

Cresols are sold largely on their performance and

are thus far less susceptible to the price fluctua

tions affecting chemical commodities such as

phenol. Therefore, despite the average interna

tional phenol prices for the year being lower than

in the previous year, increased sales in the

cresols market enabled the division to increase

its turnover by almost 18 percent to R188 million.

Sasol Carbo-Tar was established to unite SCI's

growing coke and tar product interests in a

single, focused business unit. It produces and

markets awide range of carbo-tar products, such

as anode coke, recarburiser coke, creosotes and

various other tar products.

During the year MIBK, methanol and a variety of

ethanol and solvent blends were introduced to

the market. On the export market appreciable

sales growth was achieved in markets such as

the Middle East and the Indo-Pakistan subcon

tinent, where Sasol Solvents enjoys a logistical

advantage over its major international com

petitors.

Growth was stimulated by the commissioning of

the methanol and MIBK plants at Sasolburg. The

MIBK plant, brought on stream in early 1996,

demonstrated its ability to achieve its design

capacity of 15,000 tons per year and to exceed

the intended-product quality.

Sasol Oil (Pty) Ltd.

Sasol Oil (Pty) Ltd. markets all the liquid and

gaseous fuels as well as the lubricants manufac

tured in the Sasol Group. Liquid fuels include liq
uid petroleum gas, gasoline, fuel alcohol, il

luminating kerosene, jet fuel, diesel and a variety
of fuel oils. About one-third of the liquid fuels

marketed is produced by Sasol Oil from crude

oil. The balance is produced by SSF.

During the past year the domestic demand for liq
uid petroleum products increased by 4.9 percent.

Gasoline and diesel demand, which represents

85 percent of the market, increased by
4.7 percent and 5 percent respectively. The

demand for jet fuel increased by 8.8 percent com

pared with the previous year owing to an in

crease in international air traffic.

Sastech (Pty) Ltd.

The role of the Sastech Research and Develop
ment Division is to expand Sasol's competitive

technology base.

The gasification of coal was subjected to scrutiny

during the year. This project has a significant

strategic impact, and certain optimization fea

tures have already been implemented.

In the area of Fischer-Tropsch technology, the

production units at Secunda were further op

timized, particularly with regard to catalyst use.

The newly installed Sasol Advanced Synthol reac

tor performed better than expected and it has

been decided to convert all the Secunda Synthol

units to the new SAS technology.

THE SYNTHETIC FUELS REPORT, OCTOBER 1996

67



 



COAL

At Sasolburg, the slurry phase distillate process

continued to perform satisfactorily and an innova

tive modification recommended by R&D has im

proved the throughput of that unit by 20 percent.

The potential of the Fischer-Tropsch technology
as a route to produce environmentally superior

diesel from natural gas is being pursued interna

tionally. Various case studies have been com

pleted in association with international engineer

ing companies. A diesel sample produced from

the Sasolburg slurry phase distillate plant was

submitted for independent emission tests in the

United States. Together with two other Fischer-

Tropsch samples supplied by companies using

competing technologies, the results of the first

phase of testing confirmed these
fuels'

superior

emission characteristics. Emissions of carbon

monoxide, hydrocarbons and particulates were

between 25 and 40 percent lower than those

from an alternative emission-friendly diesel and

between 40 and 80 percent better than a stan

dard diesel. Further optimization is in progress

to confirm Fischer-Tropsch diesel as an eco-

diesel.

####

GOVERNMENT

DOE PRODUCT DEVELOPMENT PLAN

TARGETS $25 OIL FROM COAL/WASTE

COPROCESSING

The United States Department of Energy (DOE)
has made a commitment to "provide the nation

by 2005 with an alternative source of liquid fuels

[priced to sell at] $25 per barrel or less, that can

be produced from coprocessing coal and solid

wastes."

A multi-year Product Plan, which

proposes an approach to be followed by DOE's

Pittsburgh Energy Technology Center (PETC) to

deliver a new technology solution, was discussed

by M. Eastman et al. of the PETC in a presenta

tion to the DOE's First Joint Power and Fuel Sys

tems Contractors Conference held in Pittsburgh,

Pennsylvania, in July.

This pan proposes to conduct an integrated

product development effort including process

research and development, business develop
ment and commercial feasibility proof-testing that

will spend nearly $75 million over the next 5 years

to bring a new technology to the point where it is

ready for commercial application. Of this

amount, $25 million will be directed toward the

technology and business development activities

and up to $50 million will be allotted for the

federal cost-share of a new plant to prove the

commercial viability of the new technology.

The primary objective of this technology is to ad

dress the environmental and economic concerns

associated with recycling and disposing the huge

and increasing amounts of waste generated in

the United States. This program will cost-share

with non-federal stakeholders the development of

sufficient technical, economic and environmental

performance information, and support the for

mulation, design, construction and operation of a

commercial readiness proof-test of the technol

ogy. The program intends to develop an

economically acceptable, environmentally advan

tageous technology(s) that can produce

feedstocks for premium transportation fuels or

chemicals from mixtures ofwaste materials and a

fossil fuel resource such as coal. The waste

materials of primary interest in this program are

hydrocarbon-based (plastics, tire rubber, and

waste oil).

Up to 160 million barrels of oil per year could

potentially be produced from wasted plastics

alone. Contributions from tires, lubricating oil

and coal when coprocessed could more than

double this amount.

The direct liquefaction technology base is

believed to be ready to support near-term com

mercial application to waste coprocessing.

Results obtained at the Consortium for Fossil

Fuel Liquefaction Science (CFFLS) and PETC

have indicated the feasibility of coprocessing

coal and hydrocarbon-based (mixtures of rubber,

plastics arid waste oil) waste materials. Larger-

scale tests conducted during 1994, 1995 and con

tinuing in 1996 at Hydrocarbon Technologies,
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Inc. (HTI) build confidence that the process con

cepts being developed can be operated at com

mercial size. The largest of these tests (a 7-day

test) coprocessed 5 tons of mixed plastics and

rubber wastes with 11 tons of coal to produce

70 barrels of oil. Research is focused on optimiz

ing the process performance for various types of

wastes and fossil fuels leading to improved

economics. The feasibility plant would need to

be supported by conducting a proof-of-concept

scale test using the most promising feedstocks

and process conditions resulting from the lab-

scale research. This test is planned for 1998.

Many of the fundamental questions involving
waste coprocessing, at least in a traditional coal

liquefaction configuration, have been dealt with,

say Eastman et al. Of the issues that remain, the

most important involve feed handling and feed

system development (including chlorine and con

taminant handling), thermodynamic data for reac

tor design and scale-up (including vapor-liquid

equilibrium, hold-up and specific heat), and

product definition and characterization for market

ing purposes.

The program contains three distinct elements:

research and development, business develop
ment and a commercial feasibility proof-test.

Research and Development

The research program includes work to evaluate

the performance of a variety of wastes and fossil

fuels (coal and crude oils) and optimization of

processing schemes and conditions.

The primary performers of the research con

ducted to date are CFFLS, HTI and PETC. Their

respective roles are as follows:

The Consortium, which consists of five univer

sities, will examine process conditions, catalysts

and feedstock performance. They also are study

ing the fundamental reaction mechanisms and

chemical and physical aspects ofthe process per

formance. They will conduct a feasibility study

for a site-specific small-scale plant. This work,

begun in August 1995,

April 1997.

will conclude in

HTI will use their experience in direct coal li

quefaction and waste coprocessing to operate

bench and proof-of-concept-scale facilities to test

out process schemes identified by the CFFLS

research efforts.

PETC will use its in-house research capabilities to

help identify process performance opportunities

and analyze the results from CFFLS and HTI test

programs. Tasks include the development of

novel concepts for conversion ofwaste materials,

the use of different waste streams in coprocess

ing, fundamental investigations with practical im

plications, and analytical characterization of test

data.

In addition, MITRETEK will perform economic

evaluations at the commercial scale for the

process schemes being studied, and CONSOL is

performing analytical support work in the area of

process performance assessment.

Business Development

PETC will coordinate a business development ef

fort to encourage the formation of project teams

interested in conducting the proof-test. The key

stakeholders-municipalities, states, waste

management industries, environmental interests,

and the oil industry-will be contacted. Con

ferences, public meetings, focus groups, round-

table discussions and preproposal conferences

will all be used to spread theword.

Commercial Proof-Test (the Demonstration

Effort)

Sponsors will be asked to apply the new technol

ogy to waste streams of particular interest to

them at a site of their choosing and to produce

liquid products (refinery feedstocks or finished

products) again of their choosing. The solicita

tion would be scheduled to allow award on or

before January 1, 1999. Key features of the

solicitation are: federal cost-sharing not to
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exceed 50 percent (may be higher on the front

end), management responsibility for the project

rests with the sponsor, property is owned by the

sponsor, and repayment will be included (on a

doilar-per-barrel basis for the feasibility proof-test

as well as any subsequent commercialization).

The total cost of the project is expected to be in

the $100-to $300-million range and the DOE con

tribution is estimated to be on the order of up to

$50 million.

####

IEA REVIEWS SOUTH AFRICA POLICIES ON

SYNFUELS

A new International Energy Agency (IEA) report,

"Energy Policies of South Africa-1996
Survey"

reviews South Africa's energy policies and

provides recommendations, with detailed descrip
tions and data for all forms of energy. Their sum

mary of synfuels policy analysis is outlined here.

More than one-third of South Africa's liquid fuels

requirements, and about 40 percent of transporta

tion fuels, are produced from coal and natural

gas.

South Africa is virtually alone in the world as a sig

nificant producer of liquid fuels from coal. To

manufacture 55 million barrels of oil equivalent li

quids, Sasol uses 43 million tonnes of low-grade

coal feedstock as well as 116 million tonnes of

water.

The Sasol operations are a highly integrated sys

tem, including coal mining, gasification, liquids

production and crude oil refining and petrochemi

cals, covering a range of more than

120 products. Powerplant-grade coal, as fines, is

produced and used to fire the group's power and

steam needs.

The Sasol Group, originally state owned, was

privatized in 1979. It is one of the most profitable

companies in the country and is currently listed

as a Fortune 500 company.

Mossgas, which operates South Africa's gas-to-

liquids plant, is state owned. It produces

45,000 barrels per day of crude oil equivalent,

which is refined to produce gasoline, diesel,
kerosene and liquefied petroleum gas from a

feedstock comprising 4.9 million cubic meters

per day of natural gas and 3,000 barrels per day
of condensate from an integrated offshore

production platform 90 kilometers off the coast

from Mossel Bay.

Sasol Subsidy and Protection

Sasol's synthetic fuel business has always been

subsidized and protected.

The Sasol price subsidy is the difference between

a floor or reference price and a calculated or

derived imported oil price, the In-Bond Landed

Cost (IBLC). Thus, the size of the unit subsidy for

synthetic products set monthly varies inversely
with an international parity price of equivalent

products calculated in US cents per liter, but is

never lower than the product prices derived from

a reference crude oil floor price, which in

November 1995 corresponded to US$21.40 per

barrel (up to October 1993 the floor price was

US$23.00 per barrel; it has been adjusted on

several occasions). The US$23 per barrel floor

price was designed to provide a 10 percent

return on assets for Sasol's synfuel business and

is equivalent to the lowest guaranteed return for

the oil companies in calculating the Marketing of

Petroleum Activities Return.

Mossgas Subsidy and Protection

Mossgas began production of synthetic fuel from

natural gas and condensate in 1993. It is not

financially viable, although it is reportedly running

a positive cash flow even without the synfuels

subsidy.

The Mossgas plant was originally designed to

operate at 25,000 barrels per day. However,

during the design of the plant it was decided to

use existing Sasol technology, which increased

the processing rate to 45,000 barrels per day.
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However, once production began, it became evi

dent that the reservoir pressures were insufficient

to meet the higher plant rate. Without additional

sub-sea completions and compressors on the

platform, the reservoir pressure will rapidly fall off

and the plant will no longer be able to operate.

In December 1995 the Minister proposed to in

vest another R443 million to develop satellite gas

pools to enhance the value of the plant prior to

putting it to the market for privatization.

The calculation of the Mossgas subsidy is identi

cal to that for the Sasol subsidy. The reference

price US$23 per barrel was based on calcula

tions to provide Sasol Synthetic Fuels a

10 percent rate of return. In 1994 Mossgas

received R400 million in price subsidies.

Source of Funding for the Subsidies

The subsidies to guarantee the price for Sasol's

and Mossgas's synfuels come from the Equaliza

tion Fund Levy (EFL), a tax currently set at

9.4 cents (SA) per liter on gasoline, 8.0 cents per

liter on diesel and 7.0 cents per liter on

"illuminating
paraffin"

or kerosene.

Mossgas and Sasol currently receive payments

from the Equalization Fund in the ratio of 4:11

respectively. The cumulative payment to Sasol

since 1989 has been about R4 billion. Subsidies

to Sasol recently were running at more than

R1 billion per year, or equivalent to one-third of

the total profits of the Sasol Group.

The Future of Synfuels

The IEA approached the question of the synfuels

subsidy from the perspective of a framework of

principles that, in the view of the IEA, should

govern energy policy formulation, serving

broader economic goals and priorities, and set

against the reality of international markets.

These principles of energy policy, expressed as

"Shared
Goals"

agreed to by IEA energy minis

ters in 1993, have as their fundamental point of

departure the establishment of free and open

markets, while recognizing that energy security

and environmental protection need to be given

particular emphasis by governments.

The Shared Goals stress the importance of undis-

torted energy prices; in particular, that prices

should not be held artificially below the costs of

supply to promote social or industrial goals.

They also state that free and open trade and a

secure framework for investment contribute to ef

ficient energy markets and energy security.

These principles generally lead to the conclusion

that providing a government subsidy for liquid

fuels production in South Africa is not a sound

policy for the future.

The South African Government on the other hand

has approached the question of Sasol (and

changes in policies to support it) from the

perspective that any change should lead to a bet

ter overall deal for the country. This could be a

recipe for the status quo because, as with most

policies to implement structural change and

remove subsidies, there will be negative

repercussionssome perhaps immediate

whereas positive results will often be slow to

show.

The government also points to the strategic na

ture of synfuels and to the fact that it is a global

industry with massive economies of scale intri

cately linked to the petrochemical industry. Al

though ensuring oil security is the proper domain

of government (as recognized by the lEA's

Shared Goals), government need not take a

hands-on role in the mechanisms of oil supply;

providing the legislative and market framework

for achievement of oil supply security is usually

all that is required, says the IEA.

Uplifting Synthetic Products

If no change is made in the mechanism of paying

the subsidy, and synfuels production continues

as discrete product streams, synthetic fuels will

either have to be priced such that the oil com

panies would prefer to buy them, or they will

have to continue subject to the current market

sharing (excluding Sasol) arrangement.
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If the lifting arrangement continues until the sub

sidy is phased out, new entrants would either

have to be prevented, or enter into the arrange

ment to bear an equitable share of the burden.

Continuing the Synfuels Subsidy

Sasol argues that it should be treated like any

other manufacturing industry in South Africa,

such as the automobile industry (under the

GATT, tariffs protecting the manufacturing in

dustry from imports must be phased down/out

within 7 years) and that the subsidy should be ex

tended for several years, referring to the original

prospectus for privatizing the Group's assets in

1979, which promised protection until at least

1996. According to the IEA report, these argu

ments are not convincing. First, Sasol does not

compete with the automobile industry. It should

instead be compared with the oil companies with

which it will eventually compete. Second, as to

the original terms of sale, most buyers of Sasol

shares should have taken into account the politi

cal risk of the government of the day lasting in

definitely and thus being able to ensure the lon

gevity of subsidies: presumably the price of the

shares at the time of sale reflected this risk.

Finally, recent investment reports regarding

Sasol suggest that the market has already dis

counted the share value vis a vis the prospect of

deregulation.

The government decided in December 1995 to

reduce Sasol's protection from a floor price of

US$21.40 per barrel to US$19.00 per barrel for

the 6-month period January-June 1996, and fur

ther reduce it to US$16.00 per barrel by

July 1999 (at current oil prices Sasol would not

receive any protection at that time).

####

GAO RECOMMENDS FLEXIBLE TERMS FOR

REPAYING CLEAN COAL TECHNOLOGY

FUNDS

The United States Department of Energy (DOE)
is involved in many cost-shared technology

development programs with the private sector.

In view of the increasing importance of using

creative methods to fund technology programs

under today's budgetary constraints, the General

Accounting Office (GAO) was asked by Congress

to determine the extent to which DOE requires

repayment of its investment in cost-shared tech

nology development, and identify the advantages

and disadvantages of repayment. The results of

the GAO study are summarized in Opportunities

Exist to Recover Federal Investment in Technol

ogyDevelopmentProjects published in June.

DOE generally does not require repayment of its

investment in cost-shared technology develop
ment projects, but GAO found four programs in

DOE that require repayment of the federal invest

ment if the technologies are commercialized.

The four programs are the (1) Clean Coal Tech

nology Program, which accounts for about

90 percent of the funds subject to repayment; (2)
Metals Initiative Program; (3) Electric Vehicles

Advanced Battery Program; and (4) Advanced

Light Water Reactor Program, which requires

repayment for some projects. These offices plan

to devote about $8 billion in federal funds to cost-

shared projects, ofwhich about $2.5 billion is sub

ject to repayment.

The mechanisms used for repayment are similar

in that they generally require a portion of

royalties and fees for licensing technologies and

revenues from commercial sales. The first three

programs provide for up to a 20-year repayment

period and two allow flexibility on when repay

ment begins. A major difference in the programs

is that the Metals Initiative program provides for

up to 150-percent repayment, while the other

programs limit repayment to 100 percent.

Clean Coal Technology Program

The Clean Coal Technology Program is a partner

ship between the federal government and in

dustry for sharing the costs of commercial-scale

projects that demonstrate innovative tech

nologies for using coal in a more environmentally

sound, efficient and economical manner. DOE is

investing more than $2.2 billion in this program
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through the year 2003. DOE funds up to

50 percent of a project's cost, and the non

federal participants fund the balance. Most of the

projects are currently in the design, construction

or operation phases.

In 1985 when the program began, DOE made a

programmatic decision in consultation with in

dustry and the Congress to require the par

ticipants in the clean coal projects to repay the

federal investment in projects within 20 years

after a project ends if the technology is commer

cialized. For projects selected in the first round

of competition, repaymentwas to come from any

net revenues generated from continued project

operations and revenues accruing from the com

mercial sale, lease, manufacture, licensing, or

use of the technology.

During rounds two and three, DOE changed the

repayment provisions to respond to the

industry's concerns and lessen the likelihood that

the repayment requirements could hamper the

project
participants'

competitiveness. Among
other things, DOE:

- Excluded net operating revenues as a

required source of repayment

- Reduced the percentage of revenues

from technology sales that are subject to

repayment

- Excluded foreign sales from repayment

- Eliminated an inflation adjustment re

quirement

- Allowed a grace period before repay

ment begins to facilitate the technology's

initial market penetration

- Provided for a waiver from repayment al

together if repayment would place the

participants at a competitive disad

vantage in the marketplace

According to DOE officials, three clean coal

projects with a federal investment of about

$36.2 million have progressed to the repayment

phase. As of March 1996 DOE had received pay

ments totaling about $377,000 for these projects.

Advantages

The primary advantage of a repayment policy is

that the government could recover some of its

investment in the development of technologies.

A repayment requirement could also provide

more assurance that the project proposals are

sound and economically viable by discouraging
proposals that are too marginal financially for

their sponsors to commit to repayment.

The potential repayment is difficult to quantify,

but the potential is substantial. Based on the

$5.5 billion planned for the remaining cooperative

agreements and contracts, the GAO estimates

that about $400 million could come back to the

federal government in the form of repayment.

While DOE officials generally indicated to GAO a

willingness to consider repayment, they said that

flexibility should exist to be able to structure or

waive repayment to meet programmatic needs.

Some officials believed that repayment may not

be suitable for grants to universities and small

businesses, or for projects that are directed at

basic research.

Disadvantages

According to DOE, most technologies funded by
the Department require further development

and/or funding to bring them to the marketplace

after DOE's participation is complete. Some

DOE officials believe that repayment could lower

industry's rate of return on investment and dis

courage industry from participating in cost-

shared technology development projects in tech

nological areas that DOE wants to promote.

DOE officials generally believe that repayment

would create an administrative burden in nego

tiating, administering, auditing, and enforcing

cost-sharing and repayment agreements. Ac

cording to DOE, the administrative and auditing
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costs may not make it worthwhile to pursue

repayment.

Many DOE officials believe that obtaining in

creased up-front cost-sharing by industry is

preferable to requiring repayment of the federal

investment.

According to DOE, any repayment provisions

must consider the effect of repayment on the

ability of the entity carrying out the project to

compete in the marketplace. If repayment obliga

tions are too demanding, cash flows and

profitability may not be sufficient for the organiza

tion responsible for repayment to remain in busi

ness, or licensing fees and costs may be too high

for the technology to remain competitive with al

ternative technologies.

Conclusions and Recommendations

The GAO report concludes that while cost

recovery should not be a major objective, oppor

tunities may exist for substantial recovery of tax
payers'

dollars if DOE would adopt a policy to

require repayment of its investment in success

fully commercialized technologies. However, a

repayment policy would need to be structured

with enough flexibility so as not to interfere with

program objectives or adversely affect industry's

participation in projects and technology commer

cialization.

GAO recommends that the Secretary of Energy

develop and implement a Department-wide

policy for requiring repayment of the federal in

vestment in successfully commercialized cost-

shared technologies. The policy should provide

criteria and flexibility for determining which

programs and projects are appropriate for repay

ment.

####

DOE INSPECTOR GENERAL CRITICIZES

COAL COST RECOVERY EFFORT

In 1985 the Congress directed the United States

Department of Energy (DOE) to implement the

Clean Coal Technology Program. As a part of

the program, the DOE established a goal to

recover an amount up to the
taxpayers'

invest

ment in each successfully commercialized clean

coal technology project. An audit was con

ducted by DOE's Inspector General (IG) to deter

mine whether clean coal recoupment practices

are achieving the Department's goal and to deter

mine the impact of these practices on future

Departmental recoupment efforts. The results of

the audit were published in a June report titled

"Audit of Department of Energy's Activities

Designed to Recover the
Taxpayers'

Investment

in the Clean Coal Technology
Program."

As of December 31, 1995, the Clean Coal

Program included 42 projects, of which

10 projects were completed, 9 had completed

operational testing, 7 were in operation, 5 were

under construction, and 11 were being designed.

All 42 projects include repayment agreements

predicated on the successful commercialization

of demonstrated technologies. The DOE's cost

share for these projects is approximately

$2.3 billion while industry contributed about

$3.7 billion.

As of December 31, 1995, three sponsors repaid

the Department $377,000 of the $33.4 million tax
payers'

investment in their projects.

Clean Coal Recoupment Practices

A detailed analysis of six clean coal projects indi

cated that the DOE limited its ability to recover

the
taxpayers'

financial investment in various

ways. Decisionswere made to:

- Exempt foreign sales

- Exclude some domestic sales

- Lower the repayment rate
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These decisionswere madewithout the benefit of

any economic analysis to determine their impact

on the Department's goal of recouping the tax
payers'

investment. As a result, the DOE may

not recoup an estimated $133.7 million of the tax
payers'

$151 million investment in six projects

analyzed and may limit its opportunity to recover

future investments in other energy technology

projects, according to the IG's report.

The IG recommended that the Deputy Assistant

Secretary for Coal Technology, working with the

Office of Environmental Management and the Of

fice of Energy Efficiency and Renewable Energy,

formally analyze and justify any recoupment deci

sion in future recoupment efforts that limit the

Department's ability to recover the
taxpayers'

in

vestment in successfully commercialized tech

nologies.

Repayment Policies and Procedures

Prudent business practice dictates that controls

be established to ensure that moneys to which

the government is entitled are tracked, ac

counted for and verified. However, the Morgan-

town and Pittsburgh Energy Technology Centers

had not instituted any mechanism to monitor

clean coal project repayments, and the Depart

ment had not established any formal recoupment

policies and procedures. The Centers were wait

ing until projects were completed and repay

ments were made by project sponsors to estab

lish such mechanisms. Without appropriate

policies and procedures, says the IG, the DOE's

ability to collect moneys due the federal govern

ment from successfully commercialized clean

coal projects may be impaired.

The IG recommended that the Office of Chief

Financial Officer establish financial policies and

procedures over Departmental recoupment ac

tivities and that the managers of the EnergyTech

nology Centers implement, as quickly as pos

sible, mechanisms to ensure that sponsor repay

ments are timely, accurate and complete.

####

ENERGY POLICY & FORECASTS

TAKE-UP OF NEW TECHNOLOGIES IS

NECESSARY FOR THE FUTURE OF THE

COAL INDUSTRY

In June the International Energy Agency released

the third in a series of reports on dean coal tech

nologies. The report, prepared by the Agency's

Coal Industry Advisory Board (CIAB) and entitled

Factors Affecting the Take-Up of Clean Coal

Technologies, responds to the need for informa

tion to overcome the barriers to the use of these

technologies. It is aimed at non-specialists in in

dustry and government who may play a role in

decisions on new investments.

The CIAB study compares available clean coal

technologies using a list of nine key criteria to

suggest where they would be most suitably ap

plied: maturity of technology, plant size, fuel

flexibility, thermal efficiency, operational perfor

mance, environmental performance, availability,

build time and capital cost.

The report reaches several important conclu

sions:

- The various clean coal technologies are

in different stages of development. Only
supercritical Pulverized Fuel (PF) plants

can be regarded as commercially proven

to achieve high efficiencies.

- The various clean coal technologies all

have their individual strengths and

weaknesses and all should find a role in

the global market. The most efficient

plant currently operating is a supercriti

cal PF power station. In terms of fuel

flexibility, fluidized-bed plants are in first

place, but Integrated Gasification Com

bined Cycle (IGCC) is the cleanest of all

the coal technologies.

- Further demonstration of the new tech

nologies, along with financial incentives,
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will be necessary to promote their adop
tion. These demonstrations should be

undertaken in OECD countries prior to

promoting the technologies in develop
ing countries.

- The bulk of new coal-fired powerplants

over the next 10 years will be built in

Southeast Asia (predominantly China)
and the Indian sub-continent. Most of

this capacity will be relatively
low-

efficiency subcritical PF plants.

- There is scope for redirecting the techni

cal development effort on clean coal

technologies to remove barriers to their

adoption.

Future Potential of IGCC

The CIAB says that in the immediate future the

most important development in the field of IGCC

will be the introduction and operation of the first

few commercial-scale IGCC units, such as Bug
genum (The Netherlands), PuertoUano (Spain),
Polk County and Wabash River (both United

States). Operational data from these units will

help to resolve existing areas of uncertainty

about the technology, such as reliability and

operability. These units represent the first genera

tion of large-scale IGCC and their relative perfor

mance should help to identify both the most

promising gasification technologies and also the

relative performance of IGCC versus other forms

of clean coal technologies such as Pressurized

Fluidized-Bed Combustion (PFBC) and supercriti

cal PF. Successful operation of these units

should see the more widespread use of IGCC

technology.

In the short-term, the major technical develop
ment in the field of IGCC will be the introduction

of more advanced gas turbines with higher firing
temperatures and therefore greater efficiencies.

The development of such turbines is being

vigorously pursued by all the major gas turbine

manufacturers in order to meet the demand for

more efficient natural gas-fired combined-cycle

plants.

In the medium term, further technical develop
ments may include the use of high temperature

processes for the desulfurization of the syngas,

thereby increasing the thermal performance of

the plant, and the development of humid air tur

bines which avoid the use of separate gas and

steam turbines.

Hybrid cycles, utilizing partial air-blown gasifica

tion, with char bum-out in a separate fluidized

bed are also under development. Efficiencies

approaching 50 percent are possible because an

air separation unit is not required and high

temperature/pressure steam conditions can be

employed in the fluidized bed.

####

ECONOMICS

"ENTRANCE
PLANTS"

COULD PROVIDE

FIRST COMMERCIAL LIQUID FUELS FROM

COAL

Coal represents an enormous United States

resource with over 500 billion tons of proved in-

place reserves. Coal prices have been stable

and bituminous coal currently sells for about

$1.00 per million BTU. Subbituminous coal is

considerably cheaper, selling at less than

$0.50 per million BTU. Using domestic coal as a

feedstock for producing liquid fuels is equivalent

to increasing domestic resources of oil. A

resource of 500 billion tons of coal is equivalent

to an oil resource of 1 .5 trillion barrels.

It has been estimated that continued research

and development in indirect coal liquefaction can

reduce the cost of coal-derived fuels from

$34 per barrel to about $27 per barrel for a

grassroots stand-alone coal liquefaction facility.

However, there may be an opportunity to deploy
liquefaction plants at existing facilities, thereby

greatly reducing costs. Such plants integrated

with existing facilities are called "entrance
plants"

and preliminary economic analysis has shown

that they can be competitive with crude at
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around $19 to $23 per barrel. D. Gray and

G. Tomlinson of Mitretek discussed the potential

for "entrance
plants"

to lead to the early commer

cialization of coal liquefaction in their presenta

tions at the United States First Joint Power and

Fuel Systems Contractors Conference held in Pit

tsburgh, Pennsylvania, in July.

Pioneer plants will be necessary to reduce techni

cal and economic risks and allow "entrance
plants,"

and eventually stand-alone commercial

plants, to be deployed. There are both technical

and economic risks associated with the design,

construction and operation of pioneer plants.

The desired strategy is to minimize federal

government expenditures in the deployment of

these technologies. For this to happen, the

private sector must feel confident enough to take

the initiative in deployment. If the commercial

sector is to take the lead in this deployment, both

types of risk must be acceptable. The objective

of the pioneer plant concept is to bring the level

of risk into an acceptable regime so that commer

cial entities will continue deployment through fu

ture
"entrance"

and stand-alone facilities. The

government (federal or state) must encourage

the private sector to finance the design, construc

tion and operation of the pioneer plants by provid

ing financial incentives that will allow the

products to yield an acceptable return on the

investor's capital.

Indirect Liquefaction

For indirect liquefaction, the pioneer plant is as

sumed to be located adjacent to an existing

petroleum refinery and uses petroleum coke as

feed to a gasification/gas cleaning plant to

produce clean synthesis gas.

The clean synthesis gas from petroleum coke

gasification is passed once-through a slurry

Fischer-Tropsch (F-T) reactor to produce liquid

fuels that are recovered in product separation,

and the tail gas is sent to power generation. In

the configuration analyzed here, 3,500 barrels

per day of naphtha, diesel and wax are produced

together with 42 megawatts of power. Further

additions to this pioneer plant could include pres

sure swing absorbers so that hydrogen could be

sold to the refinery in addition to power.

A detailed economic analysis was performed for

an indirect pioneer plant located adjacent to a

refinery. According to Gray and Tomlinson, an

adequate return on investment can be obtained

for these plants if it is assumed that the high-

quality F-T liquids can command a premium of

$020 per gallon ($8.40 per barrel) over conven

tional petroleum. If the average of the nation's

state fuel tax ($0.17 per gallon) is exempted, ef

fectively making the total incentive $0.37 per gal

lon, then the Return On Equity (ROE) rises to

over 20 percent. If both state and federal fuel

taxes are exempted, then a ROE of over

25 percent would be realized from this invest

ment. Once the pioneer plant is constructed and

operating, it would confirm proof-of-concept for

integrated operations so that the technical risk is

reduced for future plants. It would also operate

for 25 years as a commercial entity so that the

investors would reap the expected ROE. Even if

the world oil price remains at the low level of

$16 per barrel for the life of the plant, taxes accru

ing to the government are greater than the cost

of incentives to the government. In all cases the

government's net revenuewould be positive.

Direct Liquefaction

For direct liquefaction, the pioneer plant analyzed

in this paper is also assumed to be located ad

jacent to a refinery. It consists of a single train of

the Catalytic Two-Stage Liquefaction (CTSL)
process and a single train of gasification to

produce hydrogen for the plant and for the ad

jacent refinery. Coal and waste plastics are

prepared and fed to the CTSL reactor train where

they are converted into distillate products and

unconverted coal and ash. The distillate is

separated and the unconverted coal and ash are

further separated in a Critical Solvent Deashing

(CSD) unit. The bottoms from the CSD unit are

sent to the gasifier for conversion to synthesis

gas. The distillate product is sent over the fence

to the refinerywhere it is upgraded to transporta

tion fuels. In the configuration analyzed here, if a

50:50 weight ratio of coal and waste plastic is
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processed (about 1,000 tons per day each of

coal and plastic), the pioneer plant will produce

about 11,000 barrels per day of distillate and

about 35 million standard cubic feet per day of

hydrogen for the adjacent refinery.

Waste plastics and coal are fed to the coprocess

ing reactors at a rate of 1 ,050 and 1,115 tons per

day respectively. The gasification plant receives

1,500 tons per day of petroleum coke from the

refinery for production of hydrogen and fuel gas

for both the pioneer coprocessing plant and the

refinery.

The economic analysis for this direct pioneer

plant showed that a ROE of about 25 percent can

be realized if it is assumed that the liquid product

has a $0.10 per gallon ($4.20 per barrel) premium
over conventional petroleum and the state fuel

tax is exempted. Higher ROE is possible if both

state and federal fuel tax is exempted. As in the

case of indirect liquefaction, this analysis shows

that, except for the lowworld oil price projection,

the net revenue to the government, as a result of

taxes is positive.

Conclusions

The authors conclude that domestic coal is a vi

able future alternative feedstock to petroleum for

the production of high-quality transportation fuels

that are compatible with the existing liquid fuels

infrastructure. These fuels are high-quality distil

lates that in many cases are higher quality than

current petroleum fuels. It is recommended that

the current program of research and develop
ment be continued and extended so that suffi

cient performance data can be obtained for the

design of "pioneer
plants."

Once technical risks

have been reduced as a result of "pioneer
plant"

operations, the continued deployment of coal li

quefaction technologies would proceed with no

further government involvement based on

economic feasibility under market conditions.

####

TECHNOLOGY

IEA SUMMARIZES COAL RESEARCH

PROGRESS

The IEA CoalResearch 1995-1996Annual Report

reviews the progress made over the last year and

summarizes the 1996/1997 program plan.

Reports published during 1995/1996 focused on:

- Markets for Coal

- Coal Mining
- Air Pollutants

- Power Generation

Two reports discussing coal gasification and gas

turbine development are outlined here.

Understanding Coal Gasification

Gasification of coal has been developed over the

past 100 years. Today there are over 35 different

types of gasifiers ranging from those under

development to those in full commercial opera

tion. The high number of gasifier types is due to

the fact that every gasifier is designed for a

specific coal and for producing a specific gas.

The increasing requirement to use coal in an en

vironmentally acceptable manner, which involves

the control of emissions of sulfur oxides, nitrogen

oxides, particulates and trace elements, may fur

ther favor coal gasification. In the future, It may

be necessary to gasify coals which are different

from those for which the gasifier was designed.

A fundamental understanding of the gasification

process is essential if one is to influence the

process in a predictable way in order to meet

these requirements.

Gas Turbine Development

Advanced coal-based systems for utility power

generation often involve the use of gas turbines

in combined cycles. Selection of the gas turbine
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for these systems is a key decision. Unlike most

other components, commercial gas turbines are

available in discrete sizeswhich provide optimum

performance only at or near their rated output.

They are not readily adapted to intermediate

ratings and lose efficiency when operated away
from the design point.

There are a number of ongoing developments

which are expected to produce improvements in

the performance of gas turbines. Several of

these developments have direct influence on the

future of coal-based systems. For example, the

present strong emphasis on clean gaseous fuel

as the prime choice for advanced machines may

eventually enhance the prospects for IGCC and

hybrid systems. Other coal-based systems, such

as Pressurized Fluidized-Bed Combustion

(PFBC), require the use of special combustors

and adapted turbine systems.

The Program for 1996/1997

The 1996/1997 program will again concentrate

on power generation and environmental issues.

Reports will be prepared on the following topics:

- The coal prospects in Russia.

- Market aspects of low versus high sulfur

coal.

- Practical aspects of gas migration and of

appropriate control measures.

- Halogens in coal and their removal, the

use of low value coals, optimizing exist

ing plants to meet emerging standards,

the optimum integration of natural gas in

coal-fired boilers, and coal combustion

modeling.

- Advanced power generation and coal

quality, and the co-firing of coal with

waste materials such as plastics, straw,

wood waste, sludge, tires, municipal

waste etc. to produce useful energy.

Recent trends in the planning and con

struction of new powerplants entering

service by the year 2000.

How to overcome the obstacles for new

coal facilities.

Greenhouse gas emission factors over

the complete fuel cycle.

Particulate control systems.

High temperature, high pressure particu

late control, low cost retrofit flue gas

desulfurization systems and develop
ments in NOx abatement and control.

The utilization of pulverized coal ash and

coal residues from advanced coal-use

technologies.

####

NEW S CYCLE COULD INCREASE IGCC

PLANT EFFICIENCY TO 65 PERCENT

The energy efficiency of a typical coal-fired

simple-cycle powerplant is about 35 percent. In

comparison, the energy efficiency of an In

tegrated Coal Gasification Combined Cycle

(IGCC) is in the range of 45 to 50 percent.

An innovative coal-fired electric powerplant has

been designed with a target energy efficiency of

65 percent. To enhance the overall efficiency of

the plant, several new concepts and technologies

are introduced including the S cycle, the high

temperature raw gas cleanup process, the

Pressure-Temperature Swing process, and the

integrated air separation unit. The conceptual

design was discussed by Y. Shao of SciTech at

the American Power Conference 58th Annual

Meeting held in Chicago, Illinois, earlier this year.

The entire system may be broken down into

three subsystems: the S cycle, the Rankine cycle

and the Air Separation Unit (ASU). Coal is first

gasified and burned in the S cycle. Most of the
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exhaust energy of gas turbines is internally util

ized in the S cycle. A portion of the flue gas

flows to the Rankine cycle. An integrated ASU

produces pure 02 on-site. Figure 1 illustrates the

conceptual design of the plant.

The S Cycle

The S cycle includes a coal gasifier, a High Tem

perature raw gas Cleanup Unit (HTCU), three

main Gas Turbines (GT), three Combustors (CB),

a Compressor Turbine Group (CTG), a network

of Heat Exchangers (HX), and a six-stage air com

pressorwith inter-stage cooling.

(RG) through chemical reactions. The pressure

and temperature in the coal gasifier are about

30 bar and 2,000 K, respectively. The tempera

ture of the produced RG is around 1,800 K The

hot RG is first used to heat the compressed air,

then sent to a cyclone where the fly ash is

separated. The separated fly ash is returned to

the coal gasifier for further gasification. In the

HTCU, H2S and COS in the RG are removed.

The clean RG splits into two streams. One

stream of the RG is used to heat steam for the

coal gasifier, then goes to compressor 1 of the

CTG at about 650 K The other stream of the RG

is directly sent to turbine 1 of the CTG.

Pulverized coal, 02 and steam all flow to the coal

gasifier, where they are converted into Raw Gas

In a scheme designed to recover most of the ex

haust energy of the gas turbines internally, the

FIGURE 1
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three main gas turbines are operated at three dif

ferent pressure levels. The exhaust of the GT1

directly flows to the CB2 as its working fluid, and
that of the GT2 goes to the CB3 as its working
fluid. Temperatures of combustion gases of

three combustors (CB1, CB2, CB3) are main

tained at about 1 ,400 K Exhaust temperatures of

three main turbines (GT1, GT2, GT3) are in the

range of 1,000 K to 1,060 K.

The air compressor is directly driven by the gas
turbines. The ambient air is compressed to high

pressures (60 to 130 bar). The compressed air is

heated to about 1 ,1 00 K then sent to CB1 .

The exhaust FG of GT3 splits into two streams;

one is used to generate steam and heat 02 for

coal gasification. The other is used to heat the

compressed air. Both streams go through a

series of HX to recover heat before they are

finally released to the atmosphere.

Rankine Cycle

The thermal energy of the FG streams is used to

generate superheated steam, which expands

through a steam turbine to produce power. The

exhausted pressure and temperature of the

steam turbine are 0.1 bar and 319 K, respectively.

The exhausted steam is condensed, then

pumped to high pressure and heated to produce

more superheated steam.

Air Separation Unit

The ambient air first passes through a dust filter,

then is compressed to about 8 to 10 bar by a

three-stage compressor with inter-stage cooling.

A drier removes water vapor and C02 to avoid

icing in the succeeding processes. In the ASU

the air is separated into liquid 02, N2 and pure

argon. The liquid 02 is stored in a tank for later

use. The argon is produced as a byproduct. The

N is either released to the atmosphere or sold as

a byproduct. The 02 is heated before being sent

to the CTG and then on to the coal gasifier.

Material BalanceAnalysis

The coal gasifier produces 1,000 megawatts of

RG. The total energy of the RG includes thermal

energy and chemical energy. About 18 percent

of the total energy is thermal energy. The rest of

the energy is chemical energy.

Table 1 (next page) summarizes the material

balance of the plant. Here, HO represents

steam orwater, RG raw gas; and FG flue gas.

EfficiencyAnalysis

Two cases are analyzed. In Case I, the plant

uses the latest advanced products. The newest

technologies show that the simple cycle ef

ficiency of the gas turbine is in the range of 38 to

39.5 percent, the adiabatic efficiency of the

steam turbine is about 92 percent, and the com

pressor efficiency can reach 90 to 92 percent.

The overall energy efficiency of the plant is

65 percent. In Case II, economical commercial

products are applied in the plant. Here, the

simple cycle efficiency of the gas turbine is

35.7 percent, the adiabatic efficiency of the

steam turbine is about 88 percent, and the com

pressor efficiency is 88 percent. The overall

energy efficiency of the plant is lowered to

60 percent. There is a tradeoff between cost and

efficiency, says Shao.

####

PHILLIPS Z-SORBWILL BE TESTED AT

TAMPA ELECTRIC AND PINON PINE IGCC

PROJECTS

Phillips Petroleum Company has been testing its

proprietary Z-Sorb sorbent for a number of ap

plications for the removal of hydrogen sulfide. A

new class of regenerate zinc based sorbents

has been developed for the removal of hydrogen

sulfide in the fuel gas that is produced in In

tegrated Gasification Combined-Cycle (IGCC)
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TABLE 1

MATERIAL BALANCE

Inlet Stream Outlet Stream

(kq/s) (kg/s)

S Cycle

Coal Gasifier

Coal 39.24

o2 27.47

H20 15.69

RG 75.75

Slag 6.65

GT Group
Air 634.47

RG 75.75

FG 710.22

Rankine Cycle

H20 14 14

FG 710.22 710.22

ASU

Air 118.6

o2 27.46

N2 89.8

Ar 1.5

powerplants at moderate pressure (5 to 20 atm)

and a broad range of operating temperatures

(600 to 1,000F). Tests have been carried out in

fixed-, moving-, and fluid-bed applications.

Phillips Z-Sorb solvent has been selected as the

first load for both the Tampa Electric Company
Polk Power Station in Tampa, Florida, and Sierra

Pacific Power Company's Pinon Pine Station

near Reno, Nevada, which are starting up com

mercial IGCC demonstration projects this year.

Commercial preparations for these two applica

tions required additional development to meet

specific client needs. The preparation and test

ing ofthe modified sorbents were discussed by

G. Khare et al. of Phillips Petroleum Company at

the Advanced Coal-Fired Power Systems '96

Review Meeting held in July in Morgantown,
West Virginia.

Z-Sorb Sorbent for Tampa Electric Company

(TECO) Polk Station

Sulfur capacity and mechanical strength were

important parameters in the design of the

moving-bed sorbent for the TECO Polk Station.

Z-Sorb lll-M sorbent was tested by Phillips in a

fixed-bed unit under a protocol established by
General Electric. Table 1 shows the relevant

parameters for the test.
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TABLE 1

FIXED BED TESTING OF Z-SORB

lll-M SORBENT

Absorption

Bed Temp. (F)
Absolute Pressure (atm)
Space Velocity (h"1)
Inlet H2S (%)

Regeneration

Initial Bed Temp. (F)
Absolute Pressure (atm)
Oxygen Concentration (%)

900

20

1,000 to 2,000

3.3 to 3.6

1,050

7

2.2 to 3.3

The excellent performance of the sorbent is

demonstrated by the observation that even after

15 cycles, hydrogen sulfide stays low until just

before breakthrough (loadings are based on a

200 ppm breakthrough).

There is a slight fall-off of sulfur capacity with

cycle number, but the loading stayed above the

design limit of 6 pounds per cubic foot at the top
ofthe bed.

A critical feature of the sorbent is the methana

tion reaction that may occur on the nickel-

promoted Z-Sorb sorbent when synthesis gas

passes over it the first time. An exotherm ap

proaching 200F can take place. Initial pilot plant

and lab tests at Phillips showed that using a low

absorption temperature would keep this ex

otherm under control. In addition, because sulfur

is a poison for the methanation reaction, presum

ing the sorbentwas investigated as away to mini

mize the methanation reaction.

Itwas judged not to be possible to sulfide the sor

bent in situ at ambient conditions while it was in

the TECO reactor, so an ex situ presulfiding route

was chosen. In the final commercial preparation,

the manufacturers developed their proprietary

procedure to presulfide the sorbent, hence

poisoning the methanation reaction. The

reduced methane level translates into a lower

exotherm for the large quantities of sorbent used

in a commercial reactor.

Z-Sorb Sorbent for Sierra Pacific Power

Company Pinon Pine Plant

Development of a fluid-bed sorbent for the Sierra

Pacific Power Company plant initially centered

on the issue of flexible operation, that is, ease of

transporting the sorbent in the reactor. Two addi

tional characteristics, attrition and low regenera

tion temperature were also addressed. The attri

tion had to be fine-tuned so that proper transport

control and minimum make-up rate could be

achieved. Regeneration temperature was an

issue because it was desired to initiate the

regeneration without requiring additional heat in

put to raise the sorbent temperature. By com

parison, a moving-bed sorbent is heated at least

100F in going from the absorption zone to the

regeneration zone. Several formulations of the

fluid-bed sorbent were tested in a bench-scale

reactor, and the sulfur capacities of two of these

are given in Table 2. Formulation B is the one

chosen for loading at the Pinon Pine Plant.

Future Activities

Because of the adverse effect of steam regenera

tions at high temperatures (1,400F) on Z-Sorb III

TABLE 2

SULFUR CAPACITIES

AND ATTRITION RESISTANCE

OF FLUID-BED Z-SORB SORBENT

Formulation A

Formulation B

Sulfur

Capacity,

Wt.%

12.8

18.0

Attrition

Resis

tance^

91

99

83

THE SYNTHETIC FUELS REPORT OCTOBER 1996



 



COAL

sorbent, Phillips has undertaken a research and

development program to develop enhanced

steam resistant sorbents. A newly developed

fluid-bed sorbent does not show any sulfur load

ing capacity loss when regenerated in air diluted

with 42 volume percent steam at 1,200F. At

1,400F, however, there is a 30 percent loss in

capacity, but the residual capacity is still high, es

timated to be 16 to 17 weight percent sulfur, in

contrast to the Z-Sorb III sorbent where a similar

treatment resulted in a capacity of only about

6weight percent.

####

TIRE PYROLYSIS UQUIDS TESTED AS

SOLVENT FOR COAL UQUEFACTION

The United States Department of Energy has

reported that 350 million waste tires are disposed

of each year in the United States. A number of

safe and useful waste tire processing tech

nologies have been developed as alternatives to

disposing in landfills. Waste tires have been

used as fuel to generate electricity, as filler in as

phalt road pavement and as raw material for

secondary product production. Waste tire

pyrolysis and liquefaction are two technologies

that can be applied to waste tires to produce

fuels and chemical feedstock, thereby recycling

the hydrocarbon base.

Two-stage coprocessing of waste tires and coal

was discussed by Y. Tang and C. Curtis of

Auburn University at the American Chemical

Society National Meeting held in Orlando,

Florida, in August.

Two-stage coprocessing of coal and waste tires

was investigated to determine if more coal con

version and hexane soluble products could be

produced if the waste tire was liquefied prior to

contact with coal and the carbon black was

removed. The first stage was a coliquefaction of

waste tires with waste oil, the waste oil providing

a dissolving medium for the tires. Two ratios of

waste tires to waste oil, 5:1 and 1:1, were used,

at the reaction conditions of 400C for

30 minutes. After reaction, the unconverted

material, including carbon black and other

mineral constituents in the tire, was removed.

The THF soluble liquid was then used as the sol

vent for the second stage coal reaction.

Thermal Coprocessing Reactions Using First

Stage Liquids as Solvents

Thermal reactions of Beulah Zap lignite and

Wyodak subbituminous coal were performed

with first stage liquids as well as waste oil, waste

tire and two hydroaromatic solvents, including
tetralin and dihydroanthracene (DHA).

The total conversions obtained for Beulah Zap lig
nite and Wyodak coal second-stage reactions

with first-stage waste tire and oil solvents were

similar and ranged from 64.2 to 67.3 percent for

Beulah Zap and 63.9 to 69.2 percent for Wyodak.

The total conversions with DHA and tetralin as

solvents were somewhat higher but also similar

and gave values of 74.6 and 72.8 percent, respec

tively. The total product distribution yields for

gases, hexane solubles and THF solubles were

also similar for all of the reactions with waste tire

and waste oil first-stage liquids. However, tetralin

yielded the highest hexane solubles, while DHA

yielded the lowest. The reaction with DHA gave

the largest amount of THF solubles of any of the

reactions.

For lignite, coal conversion with solvents consist

ing of a 5:1 ratio of waste tires to waste oil was

greater than with the 1:1 ratio regardless of the

type of atmosphere used in the first-stage reac

tion. Coal conversion was also higher when an

H2 atmosphere was used in the first stage rather

than an N2 atmosphere regardless of ratio. The

coal conversion ranged from 34.2 percent for a

5:1 tires to oil ratio in the first stage reacted in H2,

to a low of 25.7 percent when a 1:1 ratio was

reacted in an N2 atmosphere. Higher ratios of

waste tire to waste oil resulted in less hexane

solubles and more THF solubles with a given at

mosphere.

The factors that affected the second-stage lignite

thermal reaction also affected the Wyodak
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second-stage reaction. Higher conversion was

observed with first stage having a 5:1 ratio and

when reacted in H2.

Hydrogen donation from liquefied waste tires to

coal was evaluated by comparing the coal con
version obtained in a liquefied waste tire/waste

oil solvent to that obtained with tetralin and DHA

in an N2 atmosphere. The highest coal conver

sions, 48.7 and 44.5 percent, respectively, were

achieved with these hydrogen donors, thereby

indicating that the waste tire/waste oil solvents

were inferior hydrogen donors.

Catalytic Two-Stage Coprocessing

The low total and coal conversions obtained from

thermal two-stage coprocessing showed the

need for introducing catalysts into one of the

stages. Sulfided NiMo/AI203 and MoNaph plus

excess S catalysts were each added to the

second stage of the two-stage reaction using

Wyodak coal. The coal conversion using SNiMo

catalysts resulted in higher conversion, which

ranged from 61.5 to 73.1 percent, than the ther

mal reaction which ranged from 25.6 to

40.5 percent. The MoNaph was even more effec

tive because reactions with MoNaph plus S and

coal resulted in coal conversion which ranged

from 89.8 to 91.2 percent. Reactions performed

with solvents of the 5:1 ratio of waste tires to

waste oil that had been liquefied in an H atmos

phere yielded the highest conversions with each

catalyst. However, when either catalyst was

added to the first stage, neither was effectual,

which indicated that the catalysts were deac

tivated by contact with the waste tires while they

were being liquefied.

Comparison ofOne and Two-Stage

Coprocessing

The separation of the tire liquefaction reaction

from the coal liquefaction reaction dramatically

improved the efficacy of the SNiMo catalyst. At a

5:1 ratio of waste tire to waste oil, the thermal

conversion was higher in the single-stage reac

tion than in the two-stage reaction. However, the

addition of the catalyst in the single-stage reac

tion resulted in only minimal improvement of less

than 2 percent conversion, while a substantial in

crease in conversion (32.6 percent) was ob

served when the catalyst was added to the

second stage of the two-stage reaction. In addi

tion, with less contact between liquefying waste

tire and catalyst, better overall conversion was

obtained. The single stage conversions with the

catalyst with a waste tire to waste oil ratio of 1:1

were higher than the reactions with ratios of 5:1.

These results emphasize the detrimental effect

on catalytic activity that resulted from direct con

tact between the liquefying waste tire and the

hydrotreating catalysts.

Conclusions

According to Tang and Curtis, the advantage of

two-stage coprocessing of waste tires with coal

was most apparentwhen a catalystwas used.

The waste tire itself was a reasonably effective

solvent for coal dissolution but did not provide

much H-donor capability. Increased reactivity of

the waste tire solvent for coal dissolution may be

possible by pyroiyzing and prehydrogenating the

waste tire. This research is currently underway.

####

METHODS ADVANCED FOR REMOVING

AMMONIA FROM COAL GAS STREAMS

Nitrogen occurs in coal in the form of tightly
bound organic ring compounds, typically at

levels of 1 to 2 weight percent. During coal

gasification, this fuel bound nitrogen is released

principally as ammonia (NH3). When hot coal

gas is used to generate electricity in Integrated

Gasification Combined Cycle (IGCC)
powerplants, NH3 is converted to nitrogen oxides
(NO ) which are difficult to remove and are highly
undesirable as atmospheric pollutants. Similarly,

while the efficiency of Integrated Gasification mol

ten carbonate Fuel Cell (IGFC) powerplants is

not affected by NH3, NOx is generated during
combustion of the anode exhaust gas. Thus NH3
must be removed from hot coal gas before it can
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be burned in a turbine or fuel cell. Methods for

removing ammonia from coal gas streams were

discussed in two papers presented at the Ad

vanced Coal-Fired Power Systems '96 Review

Meeting held in Morgantown, West Virginia, in

July.

The product stream from a high-temperature,
oxygen-blown gasifier, such as Texaco, contains

about 2,000 ppmv of NH3, whereas higher con

centrations (about 5,000 ppmv) occur when the

gasification is conducted at lower temperatures,

such as in the Lurgi or GE air-blown gasifier.

NH3 Decomposition Catalyst

K Jothimurugesan of Hampton University and

S. Gangwal of Research Triangle Institute

evaluated simultaneous removal of both H2S and

NH3 by combining an NH3 decomposition

catalyst with a zinc-based mixed-metal oxide sor

bent for H2S removal.

The extent of NH3 decomposition in a simulated

coal gas was determined for several proprietary

sorbent-catalyst formulations.

Nickel-containing zinc-based sorbent-catalysts

were the initial sorbent-catalysts tested. The

HART-38 sorbent-catalyst showed a high am

monia decomposition activity (>90 percent) for

about 40 minutes. After that, the decline in ac

tivity was mainly due to the poisoning of the

catalyst by H2S. In order to increase this

90 percent decomposition timewindow, catalysts

containing Ni, Co, Mo and W compounds were

tested. The window increased from 40 minutes

for HART-38 to about 150 minutes for HART-49

sorbent-catalyst. The ammonia decomposition

activity increased as the temperature was in

creased from 500 to 700C.

Life-cycle testing, consisting of 30 cycles of sul

fidation, ammonia decomposition, and regenera

tion was successfully performed on the HART-49

sorbent-catalyst to demonstrate its long-term

durability and reactivity. Up to 180 minutes the

sorbent-catalyst showed a high activity

(>90 percent). The decline in activity after

180 minutes is mainly due to the poisoning of the

catalyst by H2S.

The 30-cycle test showed that HART-49 sorbent-

catalyst developed under this project exhibited

superior NH3 decomposition activity, sulfur ad

sorption reactivity and regenerability. By using

this formulation, simultaneous H2S removal and

NH3 decomposition may become viable at practi
cal IGCC temperatures as low as 500C. Carry

ing out these steps simultaneously could result in

reduced operating and capital costs of the IGCC

plant.

High-Temperature Ammonia Decomposition

Research on decomposition of NH3 at high tem

peratures, both with and without a catalyst, was

discussed by S. Qader of Energy and Environ

mental Technology Corporation et al. at the same

conference.

Two processes have been developed for decom

position of ammonia present in coal gases. In

the first process, NH3 undergoes decomposition
on the surface of Alloy RA-330 in the temperature

ranges of 1,200 to 1,300F and 1,500 to 1,600F.

In the second process, NH undergoes decom

position on the surface of an alumino-silicate

catalyst in the temperature range of 800 to

1,000F.

Ammonia decomposition tests were also carried

out in the presence of H2 and CO. Oxygen was

used in the catalytic decomposition tests. Tests

were designed to obtain data applicable to air-

blown as well as oxygen-blown coal gasification-

based IGCC systems.

Figure 1 shows the basic RA-330 Promoted

Decomposition (RAPD) process concept.

Data obtained with methanol injection in the RA-

330 reactor show that total NH3 conversion in

creases from 95 percent at 1,000F to greater

than 99 percent at 1,300F and above. Further

testing showed that most of the NH3 is converted
to amine at temperatures in the range of 1 ,000 to

1,200F. At temperatures of 1,300F and higher,

THE SYNTHETIC FUELS REPORT OCTOBER 1996

86



 



COAL

FIGURE 1

SCHEMATIC OF HIGH-TEMPERATURE RAPD PROCESS

FOR NH3 DECOMPOSITION

Alloy RA-330

Honeycomb Reactor

A
Raw

Coal Gas+
m

o
Ammonl*

Free Gas

NH3 Decomposition

(1500 'F -1600 T)

SOURCE: QADARETAL.

NH3 and any possible amine undergoes decom
position to nearly 100 percent.

Data obtained in the RA-330 reactor without

methanol injection show that NH3 decomposition
of close to 100 percent was obtained at 1,300,
1,600

and 1,800F, which indicates that NH3
decomposes directly to N2 and H2 on the surface
of RA-330 which promotes the decomposition

reaction.

The authors concluded from these sets of tests

that NH3 decomposition by reaction with

methanol is not technically feasible due to the for

mation of amine as an intermediate product. The

data also led to the conclusion that NH3 can be

completely decomposed on the surface of RA-

330 without addition of methanol. Carbon

monoxide does not seem to have any significant

effect on NH3 decomposition.

Ammonia decomposition depends upon tempera

ture and H2 concentration in the coal gas. At H2

concentration of 19 to 20 percent, which is

characteristic of air-blown coal gasification

processes, NH3 decomposition of 80 to

85 percent can be obtained at 1,200 to 1,300F.

At H2 concentration of 30 to 35 percent, which is

characteristic of oxygen-blown coal gasification

processes, NH3 decomposition of 85 to

90 percent can be obtained at 1 ,500 to 1 ,600F.

Figure 2 contains a schematic of the Catalytic

Ammonia Removal (CAR) process for removal of

NH3 from coal gas. In this process, coal gas free

of particulate and H2S enters the reactor in the

temperature range of 800 to 1,000F. Air or

oxygen is injected into the gas stream before it

enters the catalyst bed. The process uses com

mercially available honeycomb catalysts. Tests

were carried out in the temperature range of 850

to 1 ,000F in the presence of H2 and 02.

The CAR process has potential applications for

NH3 removal from both air-blown and
oxygen-

blown gasification based IGCC technologies.
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FIGURE 21

SCHEMATIC OF CATALYTIC PROCESS FOR NH3 REMOVAL
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For air-blown gasification, 80 to 90 percent of

NH3 can be removed in the temperature range of

850 to 900F. For oxygen-blown gasification ap

plication, 85 to 95 percent of NH3 can be

removed in the temperature range of 950 to

1,000F.

to 2.5 percent is required.

In both cases, 02 concentration of 2.0

####

(IGT) and an advanced hot gas clean-up technol

ogy. This gasification and gas clean-up technol

ogy can be used for both coal and biomass type

fuels. A commercial gasification plant is now

being designed by Carbona for a lignite-fueled

IGCC powerplant in India. The project was out

lined byA Horvath of Carbona et al., at the 1996

Gasification Technologies Conference held in

October in San Francisco, California.

INTERNATIONAL

INDIA IS SITE FOR 60-MW IGCC

POWERPLANT

Carbona Inc. (the successor to Enviropower Inc.,

a joint venture of Tampella Power and

Vattenfall AB) has developed a simplified In

tegrated Gasification Combined-Cycle (IGCC)

process based on the U-GAS process originally

developed by the Institute of Gas Technology

IBIL Energy Systems (IES) of India is developing
the lignite-based IGCC project in India to supply

electricity and steam to a cement plant of

2.6 million tons per year being built by Sanghi In

dustries Ltd. (SIL) in the Kutch region of Gujarat

State (Figure 1). The cement plant will consume

a maximum of about 52.5 megawatts electricity

and will be fueled with lignite. The project is ex

ecuted on BOOT basis i.e., the powerplant will be

built, owned and operated by IES for 10 years

supplying electrical power to SIL and will be trans

ferred to SIL after than period. Commercial

production of the cement plant will start in
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FIGURE 1

SANGHI IGCC PROJECT LOCATION

SOURCE: HORVATHETAL

early 1997. The modularly implemented IGCC

plant will start operation in the first half of 1998.

Sanghi Cement Project

The project includes a desalination plant for

water supply and an exclusive port 10 kilometers

from the site. The cement plant uses local lime

stone and will be 100 percent fueled by lignite

supplied from the nearby Panandhoro mines.

The dedicated lignite-fueled 60-megawatt

capacity powerplant will satisfy all on-site power

requirements and supply 40 tons per hour steam

to the desalination plant.

The total cost of the project is about $60 million,

with about $30 million for the power island and

$30 million for the gasification island.

The project is being financed on the basis of an

energy conversion agreement under which SIL

will provide the lignite at no cost to IES. IES will

convert the lignite to power, which will be

provided at no cost to Sanghi Cement.

In return for the power and process steam, San

ghi Cement is paying IES an energy conversion

fee sufficient to cover its fixed and variable costs

of production. IES will be compensated at a

predetermined rate which will be about

1.65 rupees (approximately $0,055) per kilowatt-

hour including an imputed cost for the lignite.

Powerplant Process

The Sanghi IGCC process is divided into three

main parts: Gasification Plant, Gas Turbine Plant

and Steam Cycle. The key component in the

process is the gas turbine which determines both

Gasification Plant and Steam Cycle capacity and

performance. A schematic flow diagram is

shown in Figure 2.

The main fuel of the powerplant will be local lig
nite. When the gasification plant is not installed
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FIGURE 2

SANGHI IGCC PROCESS FLOW DIAGRAM
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or not available the gas turbine, i.e. the combined

cycle, will be operated with naphtha fuel. The

auxiliary boiler and heat recovery steam genera

tor supplementary firing will use furnace oil. The

gas turbine will be started up and shutdown

using distillate.

Lignite is prepared in a separate fuel handling sys

tem at the powerplant site. Lignite is open air

mined and solar dried to 20 to 30 percent mois

ture at the mine site. It is transported by trucks

from the mine to the powerplant.

The gasifier design, based on IGT's U-GAS

process, is an air blown, pressurized
fluidized-

bed technology based on ash agglomeration

which allows most of the ash to fall from the com

bustor through gravity.

The gasifier features hot gas clean-up which uses

ceramic candle filters with pulse cleaning. The fil

ters operate at temperatures in excess of 500C

and clean the gas sufficiently to meet the strin

gent requirements of the gas turbine.

The product gas is a low calorific value gas but

its lower heating value is high enough to be

burned in a slightly modified gas turbine combus

tion system.

The gas cooler is a firetube-type heat exchanger

producing high-pressure saturated steam.
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The power island features a General Electric

38 MW Frame 6 gas turbine. The heat from the

gas turbine exhaust gas will be converted to

steam in a 90-ton per hour HRSG designed by
NEM of Holland and built by IBIL The steam will

be converted to electricity in a 26-megawatt GE

condensing extraction steam turbine, which will

provide the 40 tons per hour of steam to

desalinate seawater for use at the cement plant.

Enviropower, a subsidiary ofTampella Power Cor

poration (now known as Kvaemer Pulping) will

provide the technology and imported com

ponents for the gasifier. IBIL will produce the lo

cal components.

Status of the Project

The gas turbinewas ordered in 1995 and is ready

for shipment. The steam turbine will be installed

in the first half of 1997. Site preparation started

in July 1996.

The gasification plant is in the basic design

phase at Carbona Inc. To support the detailed

design, pilot plant testing will be carried out in

October 1996. The lignite for pilot testing has

been shipped to Finland.

####

PRODUCTION OF TOWN-GAS FROM COAL

CEASES IN CZECH REPUBUC AFTER

150 YEARS

This year marks the 150th year and also the last

year for production of town-gas (low-BTU gas)

from coal in the Czech Republic. The town-gas

network operation is scheduled to be terminated

this year.

The production of town-gas evolved from early

carbonization plants to more modern high-

capacity facilities, utilizing pressure gasification

of lignitewith steam and oxygen.

A brief history of Czech coal-gas production (in

Czech language) is given in Plyn, 1996, 76 (6),

142-145.

####

ENVIRONMENT

DEEP COALBEDS PROPOSED FOR

DISPOSAL OF CARBON DIOXIDE

Various methods have been suggested for the

disposal of C02 in sedimentary basins such as in

geological structures such as salt domes, in

depleted oil and gas reservoirs, in coalbeds, or in

aquifers. Injections of CO. into deep coalbeds

would allow recovery of methane from these coal-

beds. The methane-C02 mixture would be

separated at the surface and the methane used

as fuel. The C02 fraction of the gas that is

returned to the surface could be re-used for more

methane recovery or disposed of in deep
aquifers. B. Hitchon of Hitchon Geochemical

Services Ltd., Alberta, Canada, et al. discussed

the coalbed disposal of CO. at the American

Chemical Society National Meeting held in Or

lando, Florida, in August.

Water and gases are generated during the con

version of plant material to coal, and they are

either adsorbed onto the coal or are dissolved

into the pore spaces. Methane is the dominant

gas (about 95 percent), with the remaining gases

including ethane, C02, N2, He and H ; H2S is

found only in trace amounts, even in high-sulfur

coals. The amount ofmethane formed can be re

lated to the maturity of the coal. The methane

associated with coalbeds is termed CoalBed

Methane (CBM).

The attraction of disposing of C02 in coalbeds is

that it can be coupled directly with the produc

tion of methane (natural gas). However,
research on the recovery of methane from coal-
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beds using C02 is just beginning. It has been

known for 2 decades that C02 is effective in dis

placing methane from crushed coal under

laboratory conditions. In the late 1980s, through

a series of patents, Amoco Corporation

demonstrated the potential use of C02 and other
gases to produce methane from deep coalbeds

that are considered unmineable for technological

or economic reasons. The injected CO is

trapped by sorbing to the coal, thereby displac

ing the methane which flows to the production

well. In 1995 Amoco started their first of a series

of three nitrogen pilots, with an additional C02-

pilot to be tested in the field in 1 996.

Conventional or primary CBM recovery has been

a practical operation in several coal fields around

the world, most notably in the United States. The

process effectively involves the depressuring of

the coalbed, which releases the adsorbed

methane, as well as methane dissolved in the for

mation water. Although the method is concep

tually simple, there are problems with recovering
the methane at the imposed reduced pressure.

The disposal of C02 in these methane-rich coal-

beds partially solves these problems by (1) in

creasing the drive pressure, (2) sorbing the C02
onto the coal and thereby driving off the

methane, hence increasing the rate and the

amount of methane produced, and (3) decreas

ing the relative rate of water production. Conse

quently, it is expected that this new technology

will considerably increase the CBM reserves avail

able for exploitation in North America. The fact

that the coalbeds retain most of the C02 injected
is an additional environmental benefit.

The bulk of the CBM in Canada lies in the Alberta

Basin. There is CBM production from many dif

ferent coal basins in the United States, but

around 96 percent comes from just two-the San

Juan Basin, located in southwestern Colorado

and northwestern New Mexico, and the Black

Warrior Basin in Alabama. In the United States,

estimates of CBM resources range from 275 to

649 trillion cubic feet; in Canada there is con

siderable more uncertainty, and estimates range

over an order of magnitude, from 200 to

3,000 trillion cubic feet.

Using a conservative estimate of 150 trillion cubic

feet for the methane resource of the Alberta

Basin, the total capacity for sorption by the deep
coals of the Alberta Basin is approximately

10 gigatonnes of CO.-similar to that estimated

for the aquifers of theAlberta Basin.

While there is no reported field evaluation, what

work has been done suggests that the concept

of disposing of C02 or flue gas (a mixture of N2
and COJ from the waste stream of powerplants

into coalbeds has considerable merit. According
to Hitchon et al., an evaluation is currently being
carried out for the Alberta Basin.

####
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PROJECTACTIVITIES

BIDS FOR MOSSGAS FAIL TO MEET

GOVERNMENTS MINIMUM CRITERIA

Although South Africa's Central Energy Fund

(CEF) received 12 proposals for buying the

Mossgas natural-gas-to-fuels project, none of

them met the government's minimum require

ments. For the time being, therefore, the project

will continue operations under government

ownership.

Early on, the South African Government had sug
gested three possible options for the conversion

of the plant to petrochemical production. The

options, aimed at attracting investors to the

privatization of Mossgas, included extraction and

purification of olefins from the synthetic fuel

stream, conversion of synthesis gas to methanol,

and converting existing facilities to oil refining

and naphtha-based chemical production.

Later this year, the government appeared to have

moved away from the idea of an outright sale of

the Mossgas assets, which may be due to the

fact that it realized there was little hope of being

fully recompensed for the Rand 11 billion

($2.8 billion) invested in the facility. South

Africa's Minister of Mineral and Energy Affairs,

P. Botha, said that Mossgas could develop into a

profit-making, private sector production plant,

and if the government held shares in such a ven

ture, it could recoup a large part of its original in

vestment.

The CEF said none of the 12 proposals received

met their objectives with regard to "value,

balance of payments and continued

employment."

It was also felt that none of the bids provided for

a more effective use of
Mossgas'

onshore and off

shore assets than the current situation.

However, the CEF said it is looking at "certain

opportunities arising from the proposals, involv

ing possible joint ventures and strategic

alliances."

####

CORPORATIONS

METHANEX PROFITS FOLLOW DECUNE IN

METHANOL PRICES AFTER LASTYEAR'S

SHARP PEAK

Methanex Corporation's latest Interim Report to

shareholders discusses the finances and opera

tions of the corporation for the 6 months which

ended June 30, 1996.

During this period, Methanex recorded net earn

ings of $24.9 million compared with net earnings

of $190.2 million for the same period in 1995.

According to P. Choquettte, Methanex president

and chief executive officer, this decrease in earn

ings is principally due to lower methanol prices.

The average realized price in the 6 months ended

June 30, 1996, was $141 per tonne compared

with $302 per tonne for the 6 months ended

June 30, 1995.

Late in the second quarter, as a result of tighter

supply/demand balance, Methanex's United

States Gulf Coast barge methanol contract price

was raised from $156 per tonne to $173 per

tonne.

Methanol demand remains strong, which has

been reflected in Methanex's sales volumes

which set a company record for the sixth con

secutive quarter. In the second quarter 1996,

sales volumes of 1.54 million tonnes were re

corded compared with 1.45 million tonnes in the

first quarter 1996.

To keep up with expected increases in demand,
Methanex has its second Chilean facility, Chile II,
on course to come onstream at the end of this
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year. The 925,000-tonne per year plant is under

construction at the company's Punta Arenas site.

The new plant will bring Methanex's total Latin

American capability to over 1.7 million tonnes per

year.

Expected investment costs for the new facility
have been put at $250 million. Chile II is

designed to take advantage of low operating and

construction costs and shared infrastructure to

deliver methanol at the lowest cost per tonne for

any facility in the company, for delivery to any
market globally.

Natural gas feed for the facility will be obtained

from government facilities and joint ventures in

Chile and Argentina, via the existing infrastruc

ture and a new pipeline to be installed at the bor

der between Argentina and Chile.

Methanex has also decided to build a third

methanol plant in Chile. The new unit will cost

$300 million and have a capacity of

975,000 tonnes. Construction will begin next

year and should be completed by the first quarter

of 1999.

####

LARGE METHANOL PLANT CONSIDERED

FOR SCOTLAND

International Offshore Chemicals (IOC) of Aber

deen, United Kingdom, has formed a consortium

to seek permission to build a 2,500-ton per day
methanol plant near the St. Fergus terminal in

Northeast Scotland. The $255 million plant,

based on the ICI process, would begin produc

tion in second-quarter 1999.

Three major oil companies, reportedly including

Conoco and BP, are said to be negotiating to par

ticipate in the project.

The plant would require 75 million standard cubic

feet per day of gas. The gas agreement is ex

pected to be in place by November. IOC says

Enron, Total, Mobil, Conoco and Shell are all in

terested in selling gas to the consortium.

IOC wants to apply for planning permission by
the end of this year and have the plant onstream

in 1999.

####

SASOLAND HALDOR TOPSOE PROMOTING

NATURAL GAS TO DIESEL PROCESS

Sasol Ltd. of South Africa and Haldor Topsoe AS

of Denmark plan to market a new integrated

process designed to convert natural gas to diesel

fuel. They have signed an agreement calling for

combined promotion of Sasol's slurry phase distil

late technology and Topsoe's natural gas conver

sion technology.

This combination is expected to economically

convert natural gas from any viable source

worldwide to high-quality environmentally friendly
diesel fuels, with the additional potential to

produce petrochemicals.

The three-step process entails: 1) reforming

natural gas to create synthesis gas; 2) converting
synthesis gas in the Fischer-Tropsch (F-T)
process to produce intermediate products; and

3) upgrading and refining intermediate products

to produce high-quality liquid fuels such as

kerosene, diesel and some naphtha.

In step one, one of Haldor Topsoe's two syn

thesis gas technologies is used. Its autothermal

reforming process combines partial oxidation

and adiabatic steam reforming using a fixed-bed

nickel catalyst. Topsoe's advanced steam reform

ing technology employs a nickel catalyst loaded

into tubes which are heated by radiation from a

uniformly hot furnace wall.

In the second step, F-T synthesis converts syn

thesis gas into heavy hydrocarbons using the

Sasol slurry phase reactor technology.
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The thermal efficiency of the process (based on

the lower heating values) is more than 60 percent
due to the integration of the individual process

units.

In step three, the heavy waxy hydrocarbons from
the slurry phase reactor are converted mainly to

middle-distillate fuel using a standard hydrocrack

ing and hydroisomerization process. Reactor

product is cooled and some of the hydrogen

recirculated. Hydrocarbons are fractionated into

naphtha, kerosene and diesel fractions as re

quired.

Synthetic diesel fuels produced from an F-T

process are known for excellent quality. The

properties of the diesel fuel produced by the new
process make it ideal for use as a blend stock to

allow diesel fuels to meet stringent new stan

dards for reformulated fuel.

Preliminary evaluations of emissions from diesel

fuels produced from natural gas and coal using

advanced F-T processing technology show a

20 percent reduction in hydrocarbons, a

36 percent reduction in carbon monoxide, a

4 percent drop in nitrogen oxides, and a

26 percent reduction in particulate emissions

when compared to a 10 percent aromatic,

50 cetane number reformulated diesel fuel.

The benefits were even more pronounced when

compared to a current United States average

diesel fuel. In this case, the F-T fuels produced a

38 percent reduction in hydrocarbons, a

46 percent reduction in carbon monoxide, an

8 percent drop in nitrogen oxides, and a

30 percent reduction in particulates.

Because they contain no sulfur or aromatic com

pounds, F-T diesel fuels can provide these sig

nificant emissions reductions. Emissions levels

are further reduced by the
fuels'

high cetane

ratings.

Tests have been conducted at Southwest

Research Institute under a contract from Bechtel

Corporation, in cooperation with the United

States Department of Energy and the three in

dustrial participants.

The process can be built in modules, each with a

maximum capacity of 10,000 barrels per day or

425,000 tons per year. Such a module would

consume natural gas at a rate of 100,000 cubic

meters per hour. Preliminary calculations indi

cate that such a module would require a capital

investment of $300 million to $350 million,

depending on the location and on-site infrastruc

ture.

Due to their high quality, products from the

process can be sold at a higher price than that of

conventional fuels. Depending on specific

market conditions, a 20 to 30 percent premium is

possible.

####

ECONOMICS

BECHTEL FINDS GAS-BASED

FISCHER-TROPSCH PLANTS COMPETITIVE

ONLYAT FEEDSTOCK COST BELOW

S0.50/MMBTU

Bechtel, along with Amoco as the main sub

contractor, has developed baseline designs (and

a computer process simulation model) for natural

gas conversion using advanced Fischer-Tropsch

(F-T) technology. A paper by G. Choi of Bechtel

Corporation et al. presented at the First Joint

Power and Fuel Systems Contractors Con

ference held in Pittsburgh, Pennsylvania, in July
discusses the design of this plant, the ASPEN

Plus process simulation model, and the

economics of liquefying natural gas using F-T

technology to produce liquid transportation fuels.

Overall Plant Configuration

Figure 1 is a simplified block flow diagram. The

overall natural gas-based F-T plant consists of

three main processing areas; synthesis gas
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FIGURE 1

NATURAL GAS FISCHER-TROPSCH PLANT

OVERALL PROCESS CONFIGURATION
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preparation, F-T synthesis and product upgrad

ing.

The Synthesis Gas Preparation Area consists of

three major plants; air separation, partial oxida

tion and steam reforming (sulfur is removed from

the natural gas before syngas generation). Most

of the syngas is generated in the Partial Oxida

tion (POX) plant which produces a syngas with a

molar H2/CO ratio of 1.8:1. The steam reforming

plant produces a syngas with a H2/CO ratio of

5.9:1. This is a relatively small plant. It is used

only to supplement the syngas production of the

POX plant by increasing the overall HL/CO ratio

of the total syngas going to the F-T synthesis

area to about 1.9:1.

The Fischer-Tropsch Synthesis Loop area con

sists of five plants; F-T synthesis, C02 removal,

recycle gas compression and dehydration,

hydrocarbon recovery, and hydrogen recovery.

All the hydrogen is recovered from the uncon-
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verted syngas. After satisfying the downstream

hydroprocessing needs, the excess hydrogen is

recycled back to the F-T reactors. The remaining
unconverted syngas is used for fuel.

A cobalt-based catalyst was selected for F-T syn

thesis because it has negligible activity for the

water-gas shift reaction compared to iron-based

catalyst.

A total of 24 slurry-bed reactors are required to

process the syngas. These reactors are ar

ranged in eight trains with each train having two
first-stage slurry-bed reactors feeding a single

second-stage slurry-bed reactor. The uncon

verted syngas leaving the first-stage reactors is

cooled and flashed to condense and remove li

quids before being reheated and fed to the single
second-stage reactor. The CO conversion in

each of the two parallel first-stage reactors is

about 56 percent, and in the single second-stage

reactor, the CO conversion is about 59 percent.

This gives an overall CO conversion per pass of

about 82 percent. The first-stage F-T slurry reac

tor operates at about 428F and 335 psig, and

the second-stage reactor operates at 428F and

290 psig. Excess heat is removed by the genera

tion of 150 psig steam from tubes within the reac

tors.

The Product Upgrading Area consists of eight

processing plants. F-T synthesis produces a

wide spectrum of hydrocarbon products, similar

to crude oil except that naphthenes and

aromatics are absent. Conventional upgrading

technologies are used to produce high-quality

transportation fuels.

Plant Summary

The conceptual plant processes about

410 million standard cubic feet per day of natural

gas and produces about 45,000 barrels per day

of F-T liquid products. The primary liquid

products are liquefied petroleum gas, a C5-350F

fully upgraded gasoline blending stock, and a

350 to 850F distillate. The gasoline product has

a clear (R+M)/2 octane of about 88. The distil

late product also is high quality and has a high

cetane number, on the order of 70. Both

products are essentially free of sulfur, nitrogen

and oxygen containing compounds.

Total capital cost for the natural gas F-T plant is

about $1.84 billion (in 1993 dollars). The es

timated plant cost is about 40 percent less than

that for a corresponding coal-based design. A

brief summary of the estimated capital cost break

down is given in Table 1 .

Economic Sensitivity Studies

A discounted-cash-flow analysis on the produc

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

ternal rate of return on investment was carried

out. Results are expressed in terms of a Crude

Oil Equivalent (COE) which is defined as the

hypothetical break-even crude oil price where the

F-T liquefaction products are competitive with

products from crude oil at a typical United States

refinery. The F-T gasoline blending stock had a

value of $10.07 per barrel more than the crude

oil, and the F-T diesel blending stock had a value

thatwas $7.19 per barrel more than crude oil.

The calculated COE price for natural gas priced

at $2.00 per million BTU is $32.80 per barrel. The

economics are strongly dependent on the natural

gas price. If natural gas is available at $0.50 per

million BTU, the project COE reduces to only

$19.70 per barrel.

Emerging technologies for synthesis gas genera

tion include combined autothermal reforming

and ceramic membranes oxidation. These offer

a potentially significant reduction in plant cosL If

the syngas generation cost can be cut in half, it

would correspond to a 33 percent decrease in to

tal capital.

For a potential remote sitewhere low-cost natural

gas is available ($0.50 per million BTU) capital

servicing costs will drive the overall project

economics. The contribution of advanced tech

nologies to reducing the total capital cost is

greatly enhanced at a remote site.
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TABLE 1

COST BREAKDOWN OF THE NATURAL GAS

LIQUEFACTION PLANT

Area Description Cost WIM$) % ISBL

100 Syngas Preparation 707 66

200 F-T Synthesis 226 22

300 Upgrading & Refining 132 12

Offsites 426

HO Service/Fee and

Contingency 351

Total Cost: 1,842

Bechtel concludes that attractive natural gas F-T

economics only can be attained with low-cost

gas. However, there are numerous reserves lo

cated in remote areas where the gas has little

value because transportation systems are not

available to ship it to market. F-T synthesis offers

an option to convert these otherwise worthless

resources into a syncrude which can be easily

transported to existing refineries.

####

CALCULATION OF HEAT TRANSFER DUTY

ALLOWS ECONOMIC RANKING OF NATURAL

GAS CONVERSION PROCESSES

Numerous process schemes have been

proposed for converting methane to liquid

hydrocarbon fuels. Economic evaluation studies

generally conclude that none except the best of

these schemes are attractive at oil prices of less

than $20 per barrel.

A paper by J.-P. Lange of Shell Research B.V.

and P. Tijm of Shell International Gas Ltd. given

at the 14th International Symposium on Chemical

Reaction Engineering held in Brugge, Belgium, in

May presents simple arguments to showwhat in

fluences the economic viability of various

methane conversion processes at the present

time and what needs to be done Of achievable) to

the processes in order to improve on their

economics.

Capital cost of process plants is usually assumed

to depend on plant scale, according to the
well-

known 0.6 power relation:

0.6
Total capital cost = A *

(Capacity)

A second major cost factor is thermal efficiency.

The thermal efficiency of these processes is deter

mined by the energy lost as reaction enthalpy

and as undesired byproducts. Further reduction

of energy losses requires novel reaction routes

(lower overall reaction enthalpy) or higher selec

tivities (less byproducts).

Interestingly, it has been found that the depend

encies of capital cost on the production scale

and on the thermal efficiency can easily be com

bined into a dependency on energy loss, irrespec

tive of plant scale or types.

Furthermore, it has been shown by means of

statistical analysis that the process cost cor-
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responds in fact to an average cost of heat ex

change duty (Figure 1).

This overall heat transfer duty was calculated by
adding the duties of compressors (including inter
stage cooling), feed preheating, reactor

heating/cooling, and effluent cooling and flash

ing. These dutieswere derived from detailed flow

schemes whenever available or determined by
means of flowsheeting simulations otherwise.

The correlation in Figure 1 embraces strongly

varying processes such as syngas manufacturing

(e.g., partial oxidation, steam reforming, two-step

reforming) and syngas conversion (e.g.,
methanol synthesis, Fischer-Tropsch synthesis

and water-gas shift) as well as hydrocarbon con

version (e.g., hydrocracking, naphtha reforming
and alkylation). In addition to these conversion

processes, the correlation also includes auxiliary

units such as multistage gas compressors,

hydrocarbon distillation and cryogenic air-

separation segments.

Economic Screening ofMethane Conversion

Routes

Because methane conversion processes are capi

tal intensive the relative economics of different

FIGURE 1

EFFECT OF HEAT TRANSFER DUTY

ON THE CAPITAL COST

OF PROCESS SEGMENTS
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process schemes is more affected by differences

in total capital cost than in feedstock cost and

other operating costs. The total capital cost can

be estimated by first estimating the process cost

from the transfer duty of the different process seg
ments and, subsequently, multiplying the result

ing process cost by a proper factor to account

for off-sites and other capital items.

The transfer enthalpy of any conversion segment

T can be approximated by the sum of the reac

tion and the effluent cooling enthalpies. The capi

tal cost index is then obtained by raising the over

all enthalpy of each segment to the power 0.6

and summing the contributions of all conversion

segments. This approach requires nothing more

than the knowledge of representative feed and ef

fluent compositions, the reaction temperature,

and the heat of formation and heat capacity of

the various stream components.

This simple approach to capital cost indices was

used to rank several methane conversion

processes (Figure 2):

- Pyrolysis to ethene/ethyne followed by
oligomerization to gasoline (PYRO)

- Partial oxidation to methanol (POM2)

- Partial sulfation of methane to methyl-

bisulfate, hydration to methanol and

oligomerization to gasoline (PSM)

- Oxidative coupling, air-blown (OCM1)

- Oxidative coupling, oxygen-blown

(OCM2)

- Oxychlorination (OCL)

- Methanol to gasoline (MTG)

- Shell middle distillate synthesis (SMDS)

- Ideal (100 percent yield per pass)

methane to distillate, air-blown (IMTD1)
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FIGURE 2

CAPITAL COST INDICES

OF METHANE-TO-DISTILLATES

PROCESSES
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- Ideal methane to distillate, oxygen-blown

(IMTD2)

Lange and Tijm say these results confirm that the

SMDS scheme is the cheapest scheme proposed

until now. The higher cost of the other processes

is usually due to the higher effluent cooling duty
of their methane conversion segment. It is, there

fore, related to the high temperature and/or the

low product concentration in the reactor effluent.

####

TECHNOLOGY

AMOCO/ARGONNE RESEARCH LEADING TO

CERAMIC MEMBRANE FOR CONVERTING

METHANE TO SYNGAS

Since the early 1990s, the United States Depart

ment of Energy (DOE) division of Fossil Energy

has sponsored basic research on ITM Syngas

(Ion TransportMembrane Synthesis Gas) technol

ogy at the Argonne National Labs through a

cooperative agreement with Amoco Production

Company. Through this project, novel ITM Syn

gas materials have been developed and tested as

dense ceramic membranes which selectively

transport oxygen at high flux to convert methane

at high conversion to syngas (a mixture of CO

and hydrogen) in a single step.

A report by U. Balachandran ofArgonne National

Laboratory et al. presented at the First Joint

Power and Fuel Systems Contractors Con

ference held in Pittsburgh, Pennsylvania, in July
discusses a mechanism for oxygen transport

through mixed-oxide conductors for the partial

oxidation of methane. The in situ separation of

02 from air by a membrane reactor saves the

costly cryogenic air separation step that is re

quired in conventional syngas production.

The mixed oxide of choice is SrCo05FeOx, which

exhibits high oxygen permeability and has been

shown to possess high stability in both oxidizing

and reducing conditions; in addition, it can be

readily formed into reactor configurations such

as tubes.

An understanding of the electrical properties and

the defect dynamics in this material is required to

find the optimal operating conditions for the con

version reactor and provide clues for developing
better materials.

Balachandran et al. propose a defect model to

explain the electrical properties of the

SrFeCo05Ox system that are dependent on tem

perature and partial pressure of oxygen (pO^.

The oxygen permeability of SrFeCo05O is es

timated by using conductivity data and fs com
pared with that obtained from the methane con

version reaction.

This defect model includes normal oxygen sites,

interstitial oxygen ions, and vacancies and

electron holes, together with metal ions of vari

able valence. The concentration of a given

variable-valence ion is determined by the partial
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pressure of oxygen, p02. At high p02, higher

valence states existwhile at low p02, low valence

ions dominate.

In the high-p02 range, interstitial oxygen ions

and holes are the dominant charge carriers, while

in the low-p02 range, oxygen vacancies and

electrons are the dominant charge carriers.

According to comments by R. Miller at the

Hydrogen Technical Advisory Panel Meeting ear
lier this year, ITM Syngas offers a revolutionary
approach for economical conversion of natural

gas to transportable liquid fuels, chemicals and
hydrogen. The economics of current commercial

syngas technologies-primarily steam methane

reforming and partial oxidation-are limited by
capital intensity and/or energy efficiency. For

example, as much as 60 to 65 percent of the capi

tal cost of overall gas-to-liquids conversion (and

considerably more of hydrogen production) cen

ters around the methane-to-syngas generation

process. Hence, a "step
change"

in technology
to reduce the cost of syngas production is the

key to economical gas-to-liquids conversion.

Studies have shown that ITM Syngas can poten

tially lower this cost by 25 percent or more. With

an ITM Syngas process, a thermally efficient par

tial oxidation would be the preferred route and

the energy and capital intensive oxygen plant

would be eliminated.

####

IGTS HSM PROCESS CONVERTS NATURAL

GAS TO GASOUNE VIA CARBON DISULFIDE

The Institute of Gas Technology (IGT) is involved

in a research project to develop a catalytic

process to convert natural gas to liquid transpor

tation fuels. The process, called the HSM

(Hydrogen Sulfide-Methane) Process, consists of

two steps that each utilize a catalyst and
sulfur-

containing intermediates: (1) converting natural

gas to CS ,
and (2) converting CS2 to

gasoline-

range liquids. The process was explained by

E. Erekson at the First Joint Power and Fuel Sys

tems Contractors Conference held in July in Pitts

burgh, Pennsylvania.

Catalysts have been found that convert methane

to carbon disulfide in yields up to 98 percent. An

improved catalyst for the hydrogenation of CS2
to gasoline-range liquids has been found also.

The conversion of methane to gasoline-range li

quids has been demonstrated in a single ex

perimental unit. A preliminary economic study

shows that HSM technology may be practical for

making hydrogen in a refinery.

Currently there are two commercialized methods

for converting natural gas to gasoline-range li

quids.

- Fischer-Tropsch synthesis

- Mobil's MTG process

Each has two basic steps:

- Removal of sulfur compounds (H2S,

COS and mercaptans with sulfur adsorb

ing guard beds to prevent breakthrough

of sulfur to the catalysts)

- Steam reforming to make synthesis gas

which requires 2 moles of superheated

steam for every mole of methane

In Fischer-Tropsch synthesis, the third step is the

conversion of synthesis gas to hydrocarbons. In

Mobil's MTG process, the third step is methanol

synthesis and an additional step of methanol con

version to gasoline liquids is required. The com

mercial steps listed above, i.e., steam reforming,

methanol synthesis, or Fischer-Tropsch syn

thesis, require the removal of sulfur compounds

present in natural gas down to less than 0.1 ppm.

This additional gas cleanup step means extra

cost, but it is necessary because the catalysts

are quickly poisoned by sulfur compounds.

By contrast, IGT's HSM process is a two-step
process that uses HS as a reactant to convert

natural gas to gasoline-range liquids. Sulfur,
which is a poison in other processes, is used as a
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reactant in the HSM process. It usesKS to con

vert methane to CS plus hydrogen. Then CS2
plus hydrogen can be catalytically converted to

gasoline-range hydrocarbons. All of the H2S gen

erated during the CS2 to gasoline reaction is

recycled. This process does not require steam

reforming nor the manufacture of hydrogen. The

process is actually a net producer of hydrogen.

A schematic diagram of the process is shown in

Figure 1.

####

NEDO RESEARCH COVERS TWO

APPROACHES FOR LOWERING THE COST

OF METHANOL

In the conventional steam reforming process for

the manufacture of methanol, a mixture of natural

gas and steam is introduced into catalytic reac

tion tubes filled with a nickel catalyst and heated

externally to 800 to 1,000C, thereby being con

verted to a mixture of CO, C02 and H2. This con

verted gas is compressed to about 100 atm and

introduced into a fixed-bed catalytic reaction ves

sel filled with a copper-zinc catalyst, which main

tains the temperatures at 220 to 280C while

methanol (CH3OH) is synthesized from the

gaseous mixture.

To reduce the costs of methanol production, it is

crucial to reduce the equipment costs of

methanol plants and to improve the system ef

ficiency.

Japan's New Energy and Industrial Technology
Development Organization (NEDO) is conducting
research and development into two new low-cost

technologies for manufacturing methanol from

natural gas:

- Gaseous phase fluidized-bed process,

which achieves economies of scale by

enlarging the size of the equipment

- Low temperature liquid phase process,

which achieves cost reduction by

simplifying the equipment

This program was recently summarized in the

CADDETNewsletter No. 2, 1996.

Gaseous Phase Fluidized-Bed Process

The gaseous phase methanol synthesis reactor

uses fluidized granular catalyst of 50 to

FIGURE 1

SCHEMATIC DIAGRAM OF HSM PROCESS
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60 micron in diameter. This process, which al

lows for the incorporation of a heat exchanger in

the reactor for the removal of the heat from the

methanol synthesis reaction, has the following
characteristics:

- Cooling by water enabling the reactor to
recover the heat from the reaction effi

ciently, thus making it possible to en

large the scale of the reactor

- Reduced pressure loss in comparison

with that of the fixed-bed system, thus

cutting down the power needed to circu

late the gas in the reactor

- Option to replenish and exchange the

catalyst during operation

The heat exchange type complex reformer com

bines two established reforming
processes-

steam reforming and partial oxkJization-into one

process. In the latter process, heat, produced by

burning a part of the natural gas with oxygen, is

used to reform the remaining gas with the reac

tion taking place at temperatures near 300C.

The characteristics of the combined reforming

process are as follows:

- The reforming process can run at the

same pressures as those of the synthesis

process. As a result, gas compression

facilities can be omitted, thus saving

energy.

- The proper composition of the gas for

methanol synthesis enables the scale of

the equipment used to be reduced, and

also improves energy efficiency.

Low-Temperature Liquid Phase Process

The low-temperature liquid phase process uses a

liquid (copper) catalyst.

The use of a liquid catalyst enables the heat ex

changer, used to remove heat generated during

the methanol synthesis reaction, to be integrated

with the liquid phase methanol synthesis reactor.

The characteristics of this synthesis reactor are

as follows:

- By using a highly active catalyst, a

methanol synthesis efficiency of

90 percent can be achieved, thus making

it unnecessary to recycle unconverted

gas. This reforming process uses air in

stead of oxygen, thereby simplifying the

equipment and reducing the plant costs.

- The reaction proceeds under less ex

treme conditions, e.g., temperatures of

120 to 150C and pressures of 10 to

30 atm. Thus, this reactor saves energy
used for gas compression.

- The liquid phase reaction enhances the

heat exchange efficiency.

- It is possible to replenish and exchange

the catalyst during operation.

Research and Development Status

Both research and development projects are

government-subsidized under the Technology
Development for Liquid Conversion of Fuel

Program, which started at the beginning of the

1993 fiscal year and runs to 1999 with a total es

timated budget of about 10 billion yen.

Development of the gaseous phase fluidized-bed

process aims at reducing the manufacturing

costs of methanol by 25 percent and the con

struction costs of methanol plants by 30 percent

by realizing a large-scale 10,000-ton per day
methanol manufacturing unit. Demonstration

tests are scheduled to be conducted with a 100-

ton per day pilot plant from 1 996 to 1 999. A con

tinuous run of a 10-ton per day unit for 320 hours

has already been accomplished. The design of a

5,000-ton per day plant is also being studied.

The low-temperature liquid phase process is to

be developed by using a small synthesis test unit

during the period 1993 to 1996. System studies
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have also been carried out by process simula

tion.

####

RESOURCE

CERI SEES GROWING OPPORTUNITY FOR

CANADIAN GAS IN U.S. MARKET

Canadian Energy Research Institute (CERI)
Study No. 71 "North American Natural Gas Out

look: Basin-On-Basin
Competition"

presents

CERI's latest projection of natural gas market

developments in Canada and the United States

through the year 2010. The study underscores

the fact that gas producers throughout North

America are in a competitive basin-on-basin

struggle formarket share.

Lower production costs in Canada provide an

opportunity for Canadian gas production to rise

by roughly one-third over the period. With most

pipelines carrying Canadian gas currently flowing
at or near capacity, significant pipeline expansion

will be required to move the incremental produc

tion to market. The cost of expanding pipelines

poses a greater risk to the Canadian industry
than to the United States industry because the

longer distances to major markets from Western

Canada make transportation charges a relatively

larger component of the market price for

Canadian gas.

Gas demand is expected to rise substantially as

the environmental and efficiency advantages of

gas are further enhanced by its relatively low

cost. Despite the increases in gas consumption

and trade, supplies of gas in North America

remain plentiful, with at least 35 years of supply

remaining after 2010.

Annual gas requirements in the United States are

projected to rise by 6.3 trillion cubic feet (tcf)
over the 1995 to 2010 period to reach 28 tcf. Of

this increase in annual United States gas require

ments, 3 tcf is expected to come from the United

States Gulf Coast, 1.3 tcf from the Rocky Moun

tain and San Juan Basins in the Western United

States and 1 tcf from Canada. The remaining

1 tcf is spread among the other United States

basins.

The majority of the increase in Canadian exports

to the United States (60 percent) is to United

States midwestern markets where lower

Canadian production costs and moderate

transportation charges make Canadian gas a for

midable competitor. The remainder of the export

growth is split fairly evenly between the Western

and Northeast United States. In the Northeast

United States, Canada's advantage of lower

production costs is eroded by the cost to

transport gas to such a distant market. In West-

em U.S. markets, Canadian exports must com

pete head-to-head against the lowest cost sup

plies in the U.S. from the Rocky Mountains, San

Juan Basin and Northern Plains.

Assuming that efficient levels of drilling can be at

tained, average natural gas prices at the

Canadian plant gate are projected to rise by an

average of 1.5 percent annually in real terms be

tween now and 2010.

####
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