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CORPORATIONS

DOE TO COMMISSION STUDY ON IGCC

WORLD MARKET POTENTIAL

According to the Gasification Technologies

Council (GTC), the United States Department of

Energy (DOE) will commission an independent

study to gauge the potential role of Integrated

Gasification Combined-Cycle (IGCC)
technologies in emerging world energy markets.

Assistant Secretary for Fossil Energy P. Godley
made the announcement in a July

17th

letter to

the GTC. The Council had asked Secretary
Godley to authorize the study to counter a

number of inaccurate reports that have called

into question the ability of IGCC to compete with

other fossil fuel-based power generation

technologies. The DOE study will:

Provide an accurate assessment of

environmental and economic factors

affecting world power, chemical and

refining industries

Assess the multiple environmental and

economic benefits provided by
gasification to respond to these forces

The GTC will participate in the study, helping to

define its scope and providing a review

committee to comment on draft reports.

SYNTROLEUM TO SEEK CERTIFICATION

OF NEW SYNTHETIC FUELS

Syntroleum Corporation announced in October

that it has retained Southwest Research Institute

to test a new family of synthetic fuels being
developed by Syntroleum for use in diesel

engines. These tests follow successful

preliminary research conducted by Syntroleum

and the University of Kansas and will form the

basis of the company's application for

certification of the fuels under the Energy Policy

Act of 1992 (EPACT). The goal of the program

is to produce synthetic diesel fuels that meet the

most stringent United States environmental

regulation and that qualify as alternative fuels

under EPACT.

Syntroleum also announced that it has entered

into a separate agreement with the University of

Kansas Center for Research Inc. to conduct

further tests on Fischer-Tropsch (F-T) fuels in

compression ignition (diesel) engines. The

agreement, which was signed Sep
tember 15, 1998, follows a cooperative fuels

testing and development effort that began in the

summer of 1997. Objectives of the ongoing

work are to determine the F-T middle distillates

most suitable as fuels in diesel engines without

the need for further refining, determine the

merits of these fuels compared to conventional

diesel fuel, and determine which F-T fuel would

best qualify as an alternate fuel under the

guidelines set out by the United States

Environmental Protection Agency and the

Department of Energy (DOE).

Under EPACT, the federal government and

many large cities are required to convert an

increasing percentage of certain fleets (i.e.,

buses, mail trucks, garbage trucks and other

vehicles) to alternative fuel vehicles, which are

defined as vehicles running on non-petroleum-

based fuels. DOE modeling information

suggests that fleet use of alternative fuels could

reach 600,000 barrels per day, or as much as

38 percent of light-duty vehicle fuels, by 2010.

This assumes, however, that adequate sources

of alternative fuels are available. Currently,
Syntroleum states that less than 3 percent of

total highway transportation fuels consumed in

the United States are alternative fuels. This

figure is low because the majority of heavy-duty
vehicles are diesel-powered and there is

virtually no alternative fuel available for them.

Biodiesel, which was approved as an alternative

fuel in 1996, is currently produced in limited

quantities reportedly selling for about $3 per

gallon. With the exception of biodiesel, all other
available alternative fuels for diesel engines

require major changes in vehicle powerplants,
or new engines altogether. Additionally, all
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other currently available EPACT fuels require

completely separate distribution infrastructures.

Synthetic fuels produced using the Syntroleum

Process would not require any modification of

engine type, and could use existing channels of

distribution.

FREEDONIA SEES U.S. DEMAND FOR FUEL

ADDITIVES GROWING AT 10 PERCENT

RATE

United States demand for additives to gasoline

and other fuels is projected to advance

10 percent annually to over 56 billion pounds in

the year 2002, valued at almost $11 billion. Of

this amount the dominant portion will be

attributable to oxygenates, which will account

for over 55 billion pounds, valued at almost

$10 billion. Gains will primarily be driven by
expansion in the federal Reformulated Gasoline

program. Advances are expected to be slower

than the growth experienced over the past

decade as much of the legislation-driven

demand has already been achieved.

Opportunities will exist due to development of

new products with increased environmental and

performance advantages. These and other

trends are presented in Gasoline & Other Fuels

Additives, a new study from The Freedonia

Group Inc.

Oxygenates will continue to dominate the

market for fuel additives in terms of both value

and volume through the next decade, as well as

register the fastest growth. Spurred on by
increases in demand for oxygenated fuel,
strongest opportunities are expected for methyl

tertiary butyl ether, the largest segment of the

United States market for oxygenates, due to its

low cost and good performance characteristics.

Demand for ethanol outside the Midwest will

continue to be restrained due to handling
difficulties and lack of established distribution

systems. Nevertheless, ethanol will remain an

important oxygenate in Midwestern states and

contiguous regions due to its ready availability

and because of political considerations.

Specialty-type fuel additives tend to be used at

smaller loading levels and command higher

prices. Deposit control additives will continue to

comprise the largest portion of specialty fuel

additive demand. However, fierce competition

in this market will inhibit significant value

increases. Stronger value gains are expected

for cetane improvers, antioxidants, specialty

diesel additives and other higher-value fuel

additives. Growth will be spurred by the move

toward products with improved performance

characteristics or enhanced environmental and

toxicologic^! properties.

Gasoline will remain the dominant application

for fuel additives, accounting for more than

95 percent of total value demand in the

year 2002, based on the large oxygenated

additives sector in this market. However, the

diesel fuel market should continue to provide

opportunities for additive suppliers, as additives

are becoming the preferred method to cost-

effectively produce premium diesel fuel. Good

gains are also expected in nonautomotive

markets for fuel additives such as jet fuels for

commercial and military applications and

aviation gasoline.

GASIFICATION COUNCIL CHALLENGES

RCRA REGULATION OF SYNGAS

The Gasification Technologies Council (GTC)
has filed a court challenge to a United States

Environmental Protection Agency (EPA) rule

that asserts for the first time that the EPA has

authority under the Resource Conservation and

Recovery Act (RCRA) to regulate clean burning
synthesis gas produced through the conversion

of carbon-containing materials (which the EPA

characterizes as wastes) when the gas is used

as a fuel or for energy recovery.

The rule being challenged by the GTC was

issued June 19 and establishes a conditional

exclusion from RCRA for this synthesis gas

(syngas). The Council challenge is based on

RCRA jurisdictional issues as well as specific
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conditions placed on the use of syngas in the

rule.

The materials are not wastes because they
have value and use as a raw material feedstock

that is converted via a gasification process

technology to a clean synthesis gas product.

Therefore, it is our strong belief that the EPA

has no jurisdiction under
RCRA,"

said J.

Childress of the GTC.

"It is more than ironic that this rule, if

unchallenged, will hinder use of gasification in

the refining, chemicals and other industries.

The technology has significant environmental

benefits and should be encouraged, not

discouraged by the
EPA,"

said Childress.

Powerplants incorporating gasification with

combined-cycle power generation provide the

cleanest, most efficient means of generating

electricity from low, or negative-value materials

such as high sulfur coal, residual oil or

petroleum coke. Air emissions from a

gasification combined-cycle powerplant are

comparable to those of a natural gas-based

plant.

The final rule as published by EPA will exclude

from the definition of a hazardous waste, syngas

produced by the gasification of such material if

certain fuel specifications and monit

oring/reporting requirements are met. At the

urging of the GTC the maximum H2S limit was

raised to 200 parts per million by volume,

versus a proposed 10 ppmv. The minimum

BTU limit was set at 100 BTU per standard

cubic foot versus a proposal of 5,000 BTU per

pound. Other specifications include maximum

halogen and nitrogen content and limits on

individual hazardous constituents.

The GTC represents companies that develop,

license and use gasification as well as those

that provide products and services to the

industry. According to the GTC, commercial-

scale gasification activities (plants under

construction, in startup or in operation) are

under way at 113 sites in 22 nations in North

and South America, Europe, Asia, Africa and

Australia.

Daily world synthesis gas production capacity is

11.1 billion standard cubic feet, the energy

equivalent of more than 535,000 barrels of oil

per day. More than 50 percent of that capacity

is petroleum refinery based. Chemicals

production accounts for more than one-half of

all syngas used (see Table 1).

TABLE 1

1998 WORLD SYNGAS CAPACITY

BY FEEDSTOCKS AND PRODUCTS

(Share of Total Syngas Capacity Used for Each Category)

Feedstocks Share

Gas 7%

Petroleum 49%

Petroleum Coke 4%

Coal 40%

Products Shar

Liquid Fuels 21%

Gaseous Fuels 1%

Chemicals 51%

Power 26%
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World syngas production capacity grew by
11 percent between 1996 and 1998. Petroleum-

based feedstocks accounted for more than

80 percent of the increase. Capacity used in

production of chemicals had the largest increase

(29 percent), followed by power generation

(22 percent).

During the decade of the 1990s the

overwhelming trend in gasification has been the

construction of plants that produce syngas from

low-value feedstocks such as petroleum coke,

refinery bottoms and asphalt to generate

electricity. Gasification-based plants coming

on-line between 1993 and 2003 will provide

syngas production capacity exceeding

5 gigawatts of electricity equivalent. More are in

the planning state. The GTC's list of new plants

starting up or under construction is given in

Table 2.

TABLE 2

GASIFICATION-BASED PLANTS STARTING UP, UNDER CONSTRUCTION

OR UNDER DEVELOPMENT

Plant Name Countrv Feedstock Gasifier Startup

Buggenum Netherlands Coal Shell 1993

Schwarze-Pumpe Germany Coal/Wastes BGL 1995

Pemis Netherlands Petroluem Shell 1997

PuertoUano Spain Coal/Petrocoke Prenflo 1997

Sokolovska Uhelna Czech Republic Lignite Lurgi 1997

IBlL/Sanghi India Lignite Carbona 1997

API Energia Italy Tar Texaco 1999

ISAB Italy Asphalt Texaco 1999

Sarlux Italy Residual Oil Texaco 1999

EPZ Netherlands Wood Wastes Lurgi 2000

Exxon Singapore Petroluem Texaco 2000

Celanese Singapore Residual Oil Texaco 2000

Fife Power Scotland Coal/Wastes BGL 2001

General Sekiyu K.K. Japan Vac. Resid. Texaco 2001

Bioelettrica Italy Biomass Lurgi 2001

NPRC Japan Vac. Resid. Texaco 2003

Wabash River IN, USA Coal Destec 1995

Polk Power FL, USA Coal Texaco 1996

Texaco El Dorado KS, USA Petcoke Texaco 1996

Pinon Pine NV, USA Coal KRW 1998

Star Delaware City DE, USA Petcoke Texaco 1999

Farmland KS, USA Petcoke Texaco 1999

Farmland Industries KS, USA Petcoke Texaco 1999

Exxon Baytown TX, USA Petcoke Texaco 2000
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ENERGY POLICY AND FORECASTS

GAO CONCLUDES ALTERNATIVE FUEL USE

IN 2010WILL BE ONLY 3.4 PERCENT

A September 1998 report from the United

States General Accounting Office (GAO)
analyzes the impact that would be created by
designating propane as an alternative fuel under

the Energy Policy Act of 1992 (EPACT).

According to the report (GAO/RCED-98-260)
the transportation sector is projected to

consume about 70 percent of the petroleum to

be used by the US in 2010, up from about

66 percent in 1996, according to estimates by
the Department of Energy's (DOE) Energy
Information Administration (EIA). Furthermore,
EIA projects that imports will supply 60 percent

ofthe total US oil consumption in 2010, up from

about 46 percent in 1996. In part, to help
reduce the nation's oil dependence and oil

imports, the Congress passed the EPACT.

Title V of EPACT requires the Secretary of

Energy to establish a program to promote the

development and use of domestically produced

replacement fuels in light-duty vehicles. A

major goal of EPACT is to replace a portion of

the motor fuel (conventional fuel) used by light-

duty vehicles in the US with what are termed

replacement fuels. The Act also stipulates that

at least half of the replacement fuels should be

produced in the US. Included among the fuels

defined by EPACT as alternative or

replacement fuels is liquefied petroleum gas, or

propane.

Propane is widely used for other purposes. The

petrochemical industry, for example, by far the

largest propane consumer, uses propane in its

manufacturing processes, and the residential

sector uses propane for heating and other

household purposes. Some of these traditional

users of propane have expressed concern that

the achievement of EPACT's fuel-replacement

goal could lead to rapid future growth in the

demand for propane, resulting in higher propane

prices. The GAO report responds to a

Congressional request that the GAO determine

whether and how including propane as an

alternative fuel under EPACT will affect existing

propane consumers as well as the supply and

price.

Background

To help meet its goal of replacing a portion of

the conventional fuel used by light-duty vehicles

in the US with replacement fuels, EPACT

established mandates, to be implemented by

the Secretary of Energy, that require certain

fleet operators to include Alternative-Fueled

Vehicles (AFV) in their fleets. Specifically,

EPACT required that federal fleets acquire

AFVs beginning in fiscal-year 1993 and that

state fleets and alternative fuel providers

acquire AFVs beginning in model-year 1 996.

The federal AFV fleet program went into effect

in 1993, but the mandates for state and

alternative fuel provider fleets were delayed

until 1997 because the Department did not issue

the rulemaking early enough for the mandates

to take effect in 1996. Also, under EPACT, the

Secretary of Energy may require municipal and

private (business) fleets to purchase an

increasing percentage of AFVs to help meet the

fuel-replacement goal. Under EPACT, DOE

published an advance notice of proposed

rulemaking in April 1998 and held public

hearings in May and June 1998 to determine

whether the establishment of the municipal and

private fleet mandate is necessary and whether

such a mandate will help attain EPACT's fuel-

replacement goal. EPACT does not require that

the goal be achieved and authorizes the

Secretary of Energy to modify the goal or the

target years if he or she determines that they
are not achievable. Table 1 presents a

summary of EPACT's AFV acquisition

mandates for the fleets covered by the Act.

EPACT Goal Not Likely to Be Achieved

The goal of EPACT to replace 10 percent of the

conventional fuel consumed by light-duty
vehicles by 2000 and 30 percent by 2010 with

replacement fuels is unlikely to be achieved,

says GAO. On the basis of ElA's modeling

analysis, GAO estimates that alternative fuels

will account for less than 1 percent of the total
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TABLE 1

ENERGY POLICY ACT MANDATES

EPACT Section

Section 303(a)

Section 303(b)

Section 501(a)

Section 507(o)

Sector Affected

Federal

Federal

Alternative Fuel Providers

State

Proposed Mandate

Section 507(g) Municipal and Private

(other than fuel

providers)

Mandates for New Liqht-Dutv AFV Acquisitions

Acquisitions must total at least 5,000 AFVs in FY1993,

7,500 in FY1994 and 10,000 in FY1995

Acquisitions must total at least 25% in FY1996, 33% in

FY1997, 50% in FY1998 and 75% in FY1999 and thereafter

Acquisitions must be 30% for MY1996, 50% for MY1997,

70% for MY1998 and 90% for MY1999 and thereafter

Acquisitions must be 10% for MY1996, 15% for MY1997,

25% for MY1998, 50% for MY1999, and 75% for MY2000

and thereafter

Pending rulemaking determination of need and feasibility,

acquisitions must be 20% of the AFVs for MY2002, 40%

for MY2003, 60% for MY2004 and 70% for MY2005 and

thereafter

fuel to be consumed by light-duty vehicles

in 2000 and about 3.4 percent in 2010, even

after accounting for EPACT's provisions

mandating that fleets acquire AFVs. Previous

studies by DOE have also concluded that

EPACT's goal is unlikely to be achieved after

implementing the fleet acquisition mandates.

Industry and DOE officials interviewed by GAO

gave several reasons why the consumption of

alternative fuels by light-duty vehicles will fall

short of EPACT's replacement goal. First,
EPACT mandates that fleets acquire AFVs but

does not explicitly require that those vehicles

use alternative fuels. Consequently some fleets

meet their AFV requirements by purchasing

vehicles capable of using both gasoline and an

alternative fuel, but these vehicles are usually

run on gasoline.

Moreover, both DOE and industry officials

believe that achieving EPACT's goal will require

greater use of alternative fuels by vehicles

beyond those in the fleets covered by the Act, a

development they believe is unlikely. For one

thing, the high price of AFVs discourages their

use. For example, according to one industry
official, converting a conventional vehicle to run

on propane can cost over $3,500, while a

manufacturer's AFV that runs on propane can

cost about $6,000 more than a conventional

gasoline-powered vehicle. In addition, the lower

price of gasoline discourages increased use of

the higher-priced alternative fuels.

Both DOE and industry officials said that the

price of gasoline is simply too low for the

transportation sector to purchase significant

quantities of alternative fuels. Finally, the

infrastructure needed to keep AFVs refueled is

currently inadequate to support the wide-scale

use of AFVs that are not operated as centrally
fueled fleet vehicles. Industry officials told GAO

that the consumption of alternative fuels for

transportation is too small to justify any
large-

scale investment in this infrastructure.
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ECONOMICS

ECONOMIC AND ENVIRONMENTAL

BENEFITS SEEN FOR COPRODUCTION

USING IGCC

In a paper prepared for the Advanced Coal-

Based Power and Environmental Systems '98

Conference held in Morgantown, West Virginia,

in July D. Gray and G. Tomlinson of Mitretek

Systems note that total energy consumption in

the United States is forecast by the Energy
Information Administration (EIA) to rise by
26 percent between now and 2020. Oil use is

projected to increase by 33 percent, natural gas

by 46 percent and coal by 28 percent. Most of

the additional natural gas and all of the coal

increase is forecast to be used for power

generation. The resulting expected growth in

carbon emissions as a result of this additional

energy consumption is estimated to be

490 million tons or about 33 percent.

An analysis of both the world and the United

States energy situations concludes that in the

timeframe between the present and 2050, all

fossil resources, including coal, will have to be

used to satisfy continuing growth in energy

demand. Concerns over the environmental

impact of fossil energy use, particularly

concerns over possible climate change,

continue to influence public policy and debate.

Even without a potential global climate change

threat, it is prudent and responsible to use our

endowment of fossil resources in the most

efficient and least polluting manner, say Gary
and Tomlinson.

The challenge, then, is to determine how to use

the combination of oil and coal most efficiently

with the minimum environmental damage. If

coal, an inherently high carbon resource, must

be used to provide energy, then it becomes an

environmental imperative to develop and

implement technologies that permit it to be used

cleanly and efficiently.

The overall approach, says Mitretek, should be

to optimize a mix of resources and technologies

to provide a mix of energy needs. It can easily

be demonstrated, for example, that natural gas

is superior to coal in most applications from a

carbon emissions perspective. This has led

some to the conclusion that natural gas use

should be emphasized in all applications. This

is an erroneous conclusion unless one assumes

that there is enough gas to satisfy all

applications. If this is not the case and it is

necessary to use a combination of gas
and coal,

then gas should be used in applications where

its advantages are greatest, and coal used in

applications where its advantages are greatest,

and research and development efforts should be

targeted to assure that coal is utilized in the

most efficient and environmentally acceptable

manner.

To this end, the United States Department of

Energy and Mitretek Systems have evolved and

evaluated a concept that combines the use of

gas and coal for the highly efficient production

of electric power and high-quality transportation

fuels. In its simplest form, (shown in Figure 1)
this coproduction cofeed (CoCo) concept

consists of diverting coal-derived synthesis gas

from the combined-cycle power block of an

Integrated Coal Gasification Combined-Cycle

(IGCC) unit to a liquid Fischer-Tropsch (F-T)
synthesis reactor. The unreacted synthesis gas

from the F-T reactor and imported natural gas

are then combusted in the downstream

combined-cycle power generation unit.

Combining processes in this manner

accomplishes the equivalent of natural gas to

liquid synthesis while eliminating the conversion

losses associated with the production of

synthesis gas from natural gas.

This concept of using both coal and natural gas

to coproduce power and transportation fuels

utilizes both feedstocks in an optimum manner.

Coal cannot be combusted directly in gas

turbines; it must first be converted into clean

synthesis gas. Once in gaseous form, the high

efficiencies associated with gas turbine

performance now become accessible to coal.

This is the rationale behind the IGCC concept.

However, once the synthesis gas has been

produced from the coal it is even more efficient

to use this gas to produce liquid transportation
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FIGURE 1

COPRODUCTION CONCEPT SCHEMATIC
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fuels through F-T synthesis technology. Using a

once-through F-T process, the inefficiencies of

carbon dioxide removal and synthesis gas

recycle can be avoided and the unconverted

synthesis gas can be directly combusted in the

gas turbines thereby benefiting from the high

efficiency of gas turbine power production. This

sequence of coal-derived synthesis gas

utilization to produce fuels and power is thus

optimized. For natural gas, optimum efficiency

is realized by direct combustion in the gas

turbines as in the concept described here.

To quantify the carbon emissions advantages of

this concept of cofeeding both coal and natural

gas to an IGCC facility to produce both power

and transportation fuels, it is necessary to

compare this concept to the current way of

producing electric power and liquid

transportation fuels from conventional

Pulverized fuel Combustion (PC) and

petroleum. Mitretek has developed

computerized system simulation models of

these coal and natural gas conversion

processes.

Impact on Carbon Emissions

Figure 2 shows an example of how the benefits

of coproduction were quantified with respect to

reduction of carbon emissions. In this case a

conventional pulverized-coal powerplant is

replaced by a CoCo facility. For the

conventional coal powerplant, 4,052 tons per

day (tpd) of coal, equivalent to 2,877 tpd of

carbon, produces 400 megawatts at an

efficiency of 33 percent. In the CoCo plant, a

combination of coal and natural gas is used to

produce the same amount of power

(400 megawatts) and 6,083 barrels per day

(bpd) of high-quality F-T fuels. This

combination of coal and natural gas required to

produce this power and fuel is equal to

2,885 tpd of carbon, almost the same quantity of

carbon needed to produce only the

400 megawatts of power in the PC case

(2,877 tpd). Therefore, if one conventional coal-

fired powerplant is replaced by a CoCo plant,

the 6,083 bpd of fuels are produced for no

additional increase in carbon.
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FIGURE 2

NATIONAL IMPLICATIONS OF DEPLOYING COCO TECHNOLOGY
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Nationwide, if all existing conventional coal-fired

plants were to be repowered or replaced by
CoCo facilities to produce the amount of

electricity currently produced from coal

(1,671 billion kilowatt-hours of electricity), this

would result in the use of 7 quads of natural gas

and 14 quads of coal and the coproduction of

2.9 million barrels per day of high quality

transportation fuels. Production of this fuel from

domestic resources would save over 3 million

bpd of imported crude oil with a resulting

reduction in annual carbon emissions of over

150 million tons, almost a third of the EIA-

projected increase in carbon emissions in the

United States between now and 2020.

Economic Considerations

The capital cost of a grass-roots CoCo plant of

the size described above is about $670 million.

However, in many cases, it would be possible to

reduce this by retrofitting or repowering existing

coal-fired powerplants rather than completely

replacing them.

The required selling price for liquid fuels from a

CoCo plant is highly dependent on the value of

the coproduced power. In Mitretek's analysis, it

is assumed that the power must be sold at a

price competitive with power from a natural gas

combined-cycle plant; that is, about 24 mills per

kilowatt-hour when gas is $2 per million BTU

rising to 37 mills per kilowatt-hour when gas is

$4 per million BTU. Economic analysis of the

CoCo plant estimates that, at a natural gas cost

of $2.50 per million BTU, F-T fuels could be

produced for about $29 per barrel of equivalent

crude oil if the coproduced power is sold at

27 mills. This combination of sales would

THE SYNTHETIC FUELS REPORT. OCTOBER 1998



 



GENERAL

produce a return on equity of about 15 percent

for the plant owners.

It is not only the price of oil and natural gas that

influences the resulting costs of coproduced

products. The capital cost of the technology has

a significant impact. If continued research and

development results in the deployment of

advanced technologies that can reduce the cost

of IGCC technology to about $1,200 per

kilowatt, then the resulting cost of the

coproducts can be reduced by about 25 percent.

TECHNOLOGY

PROTON-CONDUCTING MEMBRANES

BEING DEVELOPED FOR HYDROGEN

SEPARATION

At present, petroleum refining and the

production of ammonia and methanol

collectively consume about 95 percent of all

deliberately manufactured hydrogen in the

United States, with petroleum refining

accounting for about 70 percent. Petroleum

refineries currently employ cryogenics, Pressure

Swing Adsorption (PSA) and membrane

systems for hydrogen recovery. Each of these

technologies has limitations: Cryogenics is

generally used only in large-scale facilities with

liquid hydrocarbon recovery because of its high

capital cost, and PSA typically recovers less of

the feedstream hydrogen and is limited to

modest temperatures. Currently used

membrane systems are susceptible to chemical

damage from H2S and aromatics and have

limited temperature tolerance. Efforts at

Argonne National Laboratory to develop dense

ceramic membranes as a simple and efficient

alternative method for hydrogen recovery were

described by U. Balachandran et al. at the

Advanced Coal-Based Power and

Environmental Systems '98 Conference held in

Morgantown, West Virginia, in July.

The objective of these efforts is to develop

membranes that can economically separate

hydrogen from gaseous mixtures (e.g., syngas,

coal gas, etc.).

The literature on mixed electronic/protonic

conductors was surveyed to identify suitable

candidate materials. SrCeOy and BaCeOy

based powders with various dopants and dopant

concentrations were synthesized via solid-state

reaction, then pellets were uniaxially pressed

and sintered. Initial results indicated that the

electronic conductivity was insufficient for
non-

galvanic hydrogen separation. Therefore,

Barium-Cerium-Yttrium (BCY)-containing

composite membranes (referred to as ANL-1)
were fabricated with increased electronic

conductivity.

Non-galvanic separation of hydrogen was

demonstrated with ANL-1 membranes, and

procedures are being developed to fabricate

these materials into a convenient reactor

design. These efforts presently focus on the

extrusion and tape casting methods. Hydrogen

permeation rate increases as the membrane

thickness decreases, so the fabrication

procedures will be optimized to minimize

membrane thickness. Techniques to braze

ANL-1 membranes to Inconel alloy tubes to

form leak-tight seals are also being developed.

Process issues and economics will be evaluated

as technical progress warrants, say

Balachandran et al.

Thin, dense ceramic membranes fabricated

from mixed protonic/electronic conductors

provide a simple and efficient means for

separating hydrogen from gas streams.

Because such membranes contain no

interconnected porosity, the only species that

pass through them are those that participate in

conduction. As a result, selectivity for hydrogen

is high. Also because the membrane is a mixed

conductor, hydrogen separation is achieved in a

non-galvanic mode, (i.e., without the need for

electrodes or an external power supply to drive

the separation), thereby offering potential

economic advantages over some existing

10
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technologies. Because the membranes are

made from ceramic materials, they are more

tolerant of high temperatures and may be more

resistant to chemical degradation.

Perovskite-type oxides such as SrCe03 and

BaCe03 exhibit significant proton conductivities

in hydrogen-containing atmospheres when

oxygen vacancies and other charged defects

are introduced by the partial substitution of

trivaient cations for Ce. However, to be suitable

for non-galvanic hydrogen separation with high

permeability and selectivity to hydrogen, both

the electronic and protonic conductivities of the

material must be high and approximately

equivalent. In addition, the materials must

exhibit high catalytic activity for the oxidation

and evolution of hydrogen at the solid/gas

interfaces.

Of the materials studied to this point by
Argonne, BCY exhibited the highest total

conductivity in hydrogen.

In the future the chemical stability of mixed-

conducting ANL-1 membranes in the presence

of H2S, C02 and H20 will be examined by

monitoring hydrogen permeation through the

membranes for extended periods (several

hundred hours). While preliminary results

indicate that the ANL-1 membranes are stable

for practical purposes during periods of less

than 48 hours, these results must be confirmed

with long-term studies. A focus of future efforts

will be on optimizing fabrication procedures to

minimize the membrane thickness and thereby
increase the hydrogen permeation rate.

OXYGENATES REDUCE DIESEL

PARTICULATE EMISSIONS

Oxygenated-fuel blends produce a significant

reduction in emissions of particulate matter from

diesel engines. The most effective oxygenates

for particulate matter reduction are vegetable

oil-derived esters and ethers. In addition,

several glycol ethers have also been shown to

successfully inhibit particulate formation. Also,

Cetaner

(an oxygenated-diesel fuel additive

produced by Air Products and Chemicals Inc.)

has exhibited high cetane response.

H. Hess, of The Pennsylvania State

University, et al. reported on the reduction of

particulate emissions from a single-cylinder

InDirect Injection (IDI) engine with
oxygenated-

diesel fuels at the
216th

National Meeting of the

American Chemical Society held in Boston,

Massachusetts, in August.

Glyme, diglyme, triglyme, Cetaner, Diethylene

Glycol Methyl Ether (DGME) and methyl soyate

were evaluated as oxygenates for diesel fuel.

Each of the oxygenate blends was tested for

viscosity, density, cloud point and flash point,

for comparison with the baseline fuel. In

addition, the results were compared to the

American Society for Testing and Materials

(ASTM) specifications for No. 2 diesel fuel.

Several oxygenate blends did not meet all

ASTM specifications. The methyl soyate blend

did not pass the cloud point specification, an

indication of potential low-temperature

concerns. The glyme and
Cetaner1

blends

were each found to have a low flash point,

which could lead to storage concerns. Further,
while the baseline diesel fuel was at the lower

specification for Saybolt viscosity, all the blends

were below specifications.

Engine testing was completed using a single-

cylinder IDI Yanmar TS-180 diesel utility engine

with a continuous rating of 15 horsepower at

2,400 revolutions per minute (rpm). Testing
was completed as per International Standards

Organization (ISO) 8178 Standard type

E3 protocol. From each test, fuel consumption

data were collected. Based on the power output

for each mode, Specific Fuel Consumption

(SFC) was calculated.

SFC results show some variation, especially in

Mode 4, which is completed at the lowest rpm

and load settings. Increases in SFC for the

triglyme and
Cetaner

blends are seen in

Mode 4; however, further experimentation with a
scale with higher sensitivity is recommended

before drawing conclusions on the SFC data

11
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presented say the authors. It is also important

to note that although the use of these

oxygenated-fuel blends may negatively impact

SFC on a gram-per-kilowatt-hour basis, the

improvements in the combustion process that

are provided by these blends lead to

improvements in Specific Energy Consumption

(SEC, megajoules per kilowatt-hour).

Overall particulate emissions were calculated

based on the weighting factors for each mode.

The brake-specific particulate matter emissions

are shown in Table 1 . The results indicate that

significant particulate matter emission

reductions can be achieved without any

modifications in the engine operation

parameters (e.g., fuel injection timing).

The
Cetaner

blend showed the highest

reduction in particulate matter, with a

32.8 percent reduction from the baseline when

blended with No. 2 diesel fuel. However, this
Cetaner

blend has a flash point of 71F, which

presents potential safety and handling concerns.

The methyl soyate blend also showed excellent

reduction of particulates, at 30.9 percent below

the baseline when blended with No. 2 diesel

fuel. It has the advantage that it is a renewable

resource. However, the cloud point of the blend

was found to be 8F. Further research in the

use of cloud- and pour-point depressants to

enhance the cold weather properties is

recommended.

The DGME blend resulted in a 25.3 percent

particulate emission reduction, while

maintaining an acceptable density, cloud point

and flash point. Hess et al. conclude that, ofthe

oxygenate blends evaluated, DGME currently

appears to be the most viable method of

reformulating diesel fuel.

TABLE 1

TOTAL BRAKE-SPECIFIC PARTICULATE EMISSIONS, g/kWh

% Wt. Oxygen BSPM, % Change

In Blend a/kWh From Baseline

Baseline BP No. 2 Diesel Fuel _ 0.612 _

Triglyme 3.91 0.538 -12.1%

Glyme 3.89 0.505 -17.5%

Diglyme 3.21 0.494 -19.3%

DGME 4.26 0.457 -25.3%

Methyl Soyate 3.90 0.423 -30.9%

Cetaner 3.92 0.411 -32.8%

12
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DIMETHOXY METHANE REDUCES

LIGHT-DUTY DIESEL PARTICULATES

EMISSIONS

Dimethoxy Methane (DMM) has been shown to

reduce particulate emissions from heavy-duty
diesel engines by about 50 percent when added

to commercial diesel fuel. DMM is an attractive

diesel additive because it is a liquid, miscible

with diesel fuel, and has a high cetane

number (50).

M. Maricq et al. of Ford Motor Company
discussed the effect of DMM fuel additive on

particle emissions from a light-duty diesel

vehicle at the
216th

National Meeting of the

American Chemical Society held in Boston,

Massachusetts, in August.

Three series of Federal Test Procedure (FTP)
cycle tests were performed at the Ford

Research Laboratory on a 1995 European Ford

Mondeo equipped with a 1.8-liter indirect

injection turbocharged, diesel engine and an

oxidation catalyst. These tests compare the

emissions from a base diesel fuel to those

observed from a blend containing 16 percent

DMM by volume in the base fuel.

Filter-based FTP cycle measurements showed

particulate mass emissions of 84 plus or

minus 1 1 milligrams per mile for the base fuel.

The mass emissions fall by 37 plus or

minus 8 percent for the 16 percent

DMM/base-fuel blend. Transient particle size

measurements show that particle emissions

correlate with vehicle acceleration. The

particles fall within the 0.02- to 0.30-micron

range, with a mean of 0.08 microns. The

number of particles emitted is comparable for

both fuels. Steady-state measurements indicate

that the size distribution shifts slightly to smaller

diameter for the DMM blend. This translates

into a mass reduction consistent with that

determined from the filter measurements. No

large increase in particle number is observed

upon DMM addition. NOx emissions from the

two fuels are indistinguishable. Formaldehyde

emissions increase in the presence of DMM by

less than a factor of 2.

HYDROCARBON SYNTHESIZED FROM

DIMETHYL ETHER

Methanol synthesis from syngas is a well

established technology. However, methanol

synthesis technology faces a serious

impediment because the reaction is severely

limited by chemical equilibrium. Due to the

reversible nature of the methanol synthesis

reaction, the maximum per-pass conversion of

syngas is restricted. The liquid-phase synthesis

of DiMethyl Ether (DME) from syngas has

significant advantages over the liquid-phase

methanol synthesis in the areas of syngas

conversion and reactor productivity. The merits

of this dual catalytic process allows DME to be

utilized as a viable feedstock for petrochemical

synthesis.

A. Sardesai and S. Lee of The University of

Missouri-Columbia discussed hydrocarbon

synthesis from DME over ZSM-5 catalyst at the
216th

American Chemical Society National

Meeting held in Boston, Massachusetts, in

August.

Of particular interest is the synthesis of ethylene

and propylene from DME because of their

growing demand as raw materials for a number

of petrochemicals. Besides chemicals like

ethylene oxide, ethylene glycol, propylene

oxide, etc., these olefins are the building blocks

for production of their respective polymers,

polyethylene and polypropylene. These

polymers are widely used in everyday life

applications such as molded-plastic items,
plastic packaging films, etc.

Results and Discussion

The assessment of process feasibility of DME

conversion to lower olefins, particularly ethylene

THE SYNTHETIC FUELS REPORT. OCTOBER 1998

13



 



GENERAL

and propylene, was carried out over ZSM-5 type

zeolite catalysts. Over the conventional ZSM-5

catalyst (Si02/Al203 ratio of 150), lower olefin

(C2=-C41 selectivity of 70 weight percent of total
hydrocarbons was achieved. One of the salient

features of this process is that it can be

customized to target an individual olefin in the

CrC4 range at the expense of the other lower

olefins. Process parameters such as operating

temperature, partial pressure of DME, contact

time and catalyst acidity were evaluated over a

limited range in light of maximizing lower olefin

selectivity at optimal conditions. The results

indicated that the temperature of the reaction

has to be kept high, the partial pressure of DME

has to be kept low and the contact time of the

reactants with the catalyst has to be kept low.

Optimum results for lower olefin synthesis were

obtained using the following parameters:

temperature = 430C, volume percent nitrogen

in feed = 65 percent, weight hourly space

velocity of DME = 30 h*\ Si02/Al203 ratio in

ZSM-5 catalyst = 150. DME can also be

converted to gasoline-range hydrocarbons using

ZSM-5 catalysts of high acidity.

Methanol conversion to hydrocarbons shows a

60.8 percent selectivity by weight toward

hydrocarbons and a 39.2 percent selectivity

toward water. Thus at nominally identical

conditions, the selectivity toward hydrocarbons

is 38 percent higher in the DME conversion

case as compared to the methanol conversion

process.

In the methanol-to-hydrocarbons process,

methanol formed from syngas first dehydrates

to DME in the first reactor, and then the

equilibrium mixture of methanol, DME, and

water is converted in the second reactor to

hydrocarbons. The exothermic heat of reaction

is -398 calories per gram methanol converted.

The methanol dehydration step of the reaction

liberates 15 percent of the reaction heat,
whereas the rest is given off in the latter step.

In the DME-to-hydrocarbons process, the

exothermic heat liberated is only 85 percent of

that in the methanol conversion process. This is

because DME is produced in the syngas reactor,

whereas in the methanol case, DME is produced

in the dehydration reactor. Thus, the heat

management is better in the DME conversion

process.

Thus, conclude Sardesai and Lee, as a long-

term commodity chemical, DME is proving to be

one of the chemical industry's most dynamic

products. It can be produced from any fossil

fuel source. It finds use as an alternate fuel, as

well as a chemical feedstock. This process has

distinct advantages over methanol conversion.

ROUTE FOUND FOR UPGRADING BIOMASS

FLASH PYROLYSIS LIQUIDS TO GASOLINE

Biomass Flash Pyrolysis Liquids (BFPLs) cannot

be used as transportation fuels directly without a

prior upgrading step due to their high oxygen

(40 to 50 weight percent) and water content

(15 to 30 weight percent) and the low H/C ratios.

Their limited stability under storage conditions

due to the presence of many unsaturated

compounds, e.g., aldehydes, and their low

miscibility with conventional liquid fuels are

additional obstacles. Likely routes for the

upgrading of biomass pyrolysis liquids to

improve their quality as fuels have been

reported in the recent literature to include

hydrotreatment and catalytic cracking.

Catalytic hydrotreatment of BFPLs has not been

an economical approach until now because of

the high process and equipment costs required

to achieve an adequate degree of de-

oxygenation (90 to 95 weight percent) into

marketable liquid fuels.

M. Samolada, of the Chemical Process

Engineering Research Institute, Thessaloniki,

Greece, et al., have proposed a new procedure

for the effective conversion of BFPLs to

transportation fuels. (See Fuels, Volume 77,
Number 14, pages 1667-1675, 1998.) First, the

hydrotreatment of a BFPL was studied, both in a

thermal and in a catalytic mode. The thermal

hydrogenation of BFPLs, a modification of the

VEBA Combi Cracking Process, is a low-cost

and low-severity hydrogenation process without

any operational problems. It has been proved to
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be the less sensitive hydrotreatment process

with respect to BFPLs. The liquid product of

this process cannot be used in the refinery
without further upgrading. However, its heavy
fraction, mixed with an aromatic hydro-

carbonaceous feedstock, commercial Light

Cycle Oil (LCO) was considered as a potential

Fluid Catalytic Cracking (FCC) feedstock. The

direct introduction of BFPLs in the FCC process

was previously infeasible because of their

particularly high tendency to coke formation.

Samolada et al. tested the overall two-step
process of thermal hydrotreatment and catalytic

cracking of BFPLs. Thermal hydrotreatment

uses the VEBA Combi Cracking Process and

serves as the stabilization step for the biomass-

derived feedstock to FCC. It is a process which

can be effectively operated in a continuous

slurry-phase reactor.

For the second stage, catalytic cracking exper

iments were performed in a modified MAT fixed-

bed reactor system (MAT, ASTM D3907-80).

A eucalyptus flash pyrolysis liquid (B-EU-04-D)
produced in the Union Fenosa Flash Pyrolysis

Pilot Plant Unit (Spain) was used as a feedstock

in the hydrotreatment experiments. From the

thermal hydrotreating test runs, two fractions of

liquid product were sampled, one heavy fraction

boiling above hot separator temperature and

one light fraction boiling from ambient to hot

separator temperature. The heavy fraction

produced at low severity hydrogenation

(80 percent de-oxygenation) was the HBFPL

used for the preparation of the cracking

feedstock. The cracking feedstock was a

mixture of HBFPL/LCO (15/85 weight/weight).

Catalysts used for catalytic hydrotreatment tests

were commercially available NiMo and CoMo

FCC catalysts for diesel and vacuum gas oil

desulfurization. For thermal hydrotreatment no

catalysts were used.

At 15 percent HBFLP in the feedstock, coking
was found to be acceptable.

It was found that the effect of the catalyst type

and the feedstock chemical characteristic on

gasoline composition is essential. Both

saturated naphthenes and aromatics are

increased if HBFPL is introduced into the LCO

feedstock. Even though HBFPL contains

heavier compounds than LCO, they contribute

mainly to gasoline and coke formation.

Samolada et al. conclude that thermal

hydrotreatment of BFPLs can produce liquid

products which can be effectively upgraded in a

refinery. The heavy liquid product of this

process (HBFPL) can be used as a cofeed to

the FCC process for the production of

transportation fuels using commercial FCC

catalysts. The produced biogasoline is

characterized by a high Research Octane

Number value (96) and meets the European

Union specifications. Although the economics

of the proposed process are not acceptable at

present (the price of HBFPL is 5 times the price

of common vacuum gas oil), the proposed

upgrading sequence of BFPLs is a positive step.

The zero content of heavy metals and low sulfur

(0.01 weight percent) in HBFPL are additional

advantages for the partial substitution of

ordinary feedstocks with bio-oils.

PHASE-CHANGE GASIFIER FOR BIOMASS

DEVELOPED

The September 1998 issue of Power

Engineering reported that R. Brown of Iowa

State University has invented a phase-change

gasifier that produces a biomass-derived gas

with a high enough heating value for use in gas

turbines and fuel cells.

Conventional gasifiers require the use of air as

the oxidizing agent, which results in dilution of

the producer gas and limits gas heating value to
1 1 0 to 120 BTU per standard cubic foot. Higher

heating values are needed for power generation.
Most technologies for improving the quality of

producer gas, such as pressurized gasification

15
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or dual circulating fluidized beds, are too

expensive and complicated for small-scale

power applications.

Brown devised a simple cyclic process that

gasifies biomass, such as agriculture waste and

energy crops, without external heat or the

admission of air or oxygen during the

gasification phase of the cycle. The gasifier

consists of a fluidized-bed reactor in which

stainless steel tubes containing high

temperature phase-change material are

suspended. During the combustion phase of the

cycle, biomass is burned in air to generate heat,
which is absorbed by the phase-change

material. During the gasification phase of the

cycle, biomass is reacted with steam in the

absence of oxygen. Heat is provided by latent

heat of solidification released from the phase-

change material. Because no air or oxygen is

present during the gasification phase, gas of

much higher heating value than that from

conventional gasifiers is obtained.

Tests have been performed in a 5-ton per day
gasifier pilot plant, showing a gas yield that is

rich in hydrogen and methane with a heating
value exceeding 400 BTU per standard cubic

foot.

Brown anticipates commercial application

overseas in developing nations interested in

small-scale distributed power applications using

biomass fuels. Discussions are under way with

companies and provincial governments in

China.

INTERNATIONAL

CSIRO CONCEPT FOR SUSTAINABLE

ENERGY COMBINES SOLAR/FOSSIL

SYSTEMS

Australia's Commonwealth Scientific and

Industrial Research Organization (CSIRO) is

developing a new concept for power generation

to accelerate Australia's move toward

sustainable energy. It is a hybrid solar/fossil

fuel system that could run with twice the

efficiency of today's coal-fired electricity

generators.

To achieve this CSIRO is making an initial

investment of A$7.5 million including
A$4.8 million of special funding over 3 years.

During that time CSIRO will be seeking industry
partners to contribute in developing the project

and supporting technology spin-offs.

A team of CSIRO scientists is preparing to

demonstrate that clean urban and regional

power can be produced on a large scale by a

hybrid solar-fossil generation system that has

the potential to emit minimal greenhouse gases.

The project will see the construction of a

demonstration facility which uses solar, natural

gas and water. It generates electricity from

hydrogen, while the carbon dioxide is separated

out so that it can be safely stored away.

CSIRO announced in September that the

project would involve construction of a 20-kilo-

watt demonstration plant at one of CSIRO's

Sydney sites.

Electricity will be generated from the hydrogen

in two ways by using a fuel cell or a microgas

turbine. It is hoped that the solid-oxide fuel cells

developed by CSIRO and Ceramic Fuel Cells

Ltd. will be incorporated into the system.

The primary energy source for the hybrid

system will be gases which contain methane.

These may come in the form of natural gas,

coal-seam gas, coal gas or gas emitted by
landfills and processing of organic waste, or

even methanol derived from coal.

The process uses solar thermal energy from a

large dish to combine the gas with water and,

after an intermediary stage, produces a mixture

of hydrogen and carbon dioxide. The hydrogen

is used to make electricity in a fuel cell or a

microturbine, and because the C02 is

concentrated, it can be recovered in a

concentrated state and permanently disposed

of.
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The project is one of several which has received

special funding from CSIRO, in a process

undertaken earlier this year aimed at

encouraging
"visionary"

projects.

ENVIRONMENT

HYBRID COLLECTOR PROVIDES NEW

CONCEPT FOR AIR TOXICS AND

FINE-PARTICLE CONTROL

The primary technologies for state-of-the-art

particulate control are fabric filters (baghouses)
and Electrostatic Precipitators (ESPs).

However, each of these has limitations that

prevent it from achieving ultra-high collection of

fine particulate matter. A major limitation of

ESPs is that the fractional penetration of 0.1- to

1 .0-um particles is typically at least an order of

magnitude greater than for 10-um particles, so a

situation exists where the particles that are of

greatest health concern are collected with the

lowest efficiency. Fabric filters are currently

considered to be the best available control

technology for fine particles, but they also have

weaknesses that limit their application.

Emissions are dependent on ash properties and

typically increase if the Air-to-Cloth (A/C) ratio is

increased. In addition, many fabrics cannot

withstand the rigors of high-S03 flue gases,

which are typical for bituminous fuels. Fabric

filters may also have problems with bag

cleanability and high pressure drop, which has

resulted in conservatively designed, large,

costly baghouses.

A new concept in particulate control is being
developed, called an Advanced Hybrid

Particulate Collector (AHPC), which combines

the best features of ESPs and baghouses in a

manner that has not been done before. As

described in a paper by H. Krigmont et al. at the

Advanced Coal-Based Power and

Environmental Systems '98 Conference held in

Morgantown, West Virginia, in July, the AHPC

concept consists of a combination of fabric

filtration and electrostatic precipitation in the

same box, providing major synergism between

the two collection methods, both in the

particulate collection step and in the transfer of

the dust to the hopper (see Figure 1).

The objective of the United States Department

of Energy-funded project carried out by
Krigmont et al. is to develop a highly reliable

AHPC that can provide more than 99.99 percent

particulate collection efficiency for all particle

sizes from 0.01 to 50 urn, is applicable for use

with all United States coals, and is cost-

competitive with existing technologies.

Approach

State-of-the-art ESPs can provide 99.9 percent

total mass particulate control, but collection

efficiency for 0.1- to 1.0-um particles is

significantly lower. Current fabric filters can

achieve 99.9 percent collection efficiency on

large coal-fired boilers, and when advanced

fabrics are employed or when flue gas

conditioning is used, fabric filters can achieve

99.99 percent collection efficiency with no

significant deterioration in performance for sizes

from 0.1 to 1.0 pm. However, fabric filters

cannot routinely achieve that level of control for

all coals within economic constraints, and

studies have shown that collection efficiency is

likely to deteriorate significantly when the face

velocity is increased.

An approach to make fabric filters more

economical is to employ smaller baghouses that

operate at much higher A/C ratios. The

challenge is to increase the A/C ratio for

economic benefits and to achieve ultra-high

collection efficiency at the same time. To

achieve high collection efficiency, the pores in

the filter media must be effectively bridged

(assuming they are larger than the average

particle size). With conventional fabrics at low

A/C ratios, the residual dust cake serves as part

of the collection media, but at high A/C ratios,

only a light residual dust cake is acceptable, so

the cake cannot be relied on to help achieve

high collection efficiency. The solution is to

employ a sophisticated fabric that can ensure
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FIGURE 1

AHPC CONCEPT
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ultra-high collection efficiency and endure

frequent high-energy cleaning. In addition, the

fabric should be reliable under the most severe

chemical environment likely to be encountered

(such as high S03). Such a fabric is already

commercially available but is not widely applied

to coal-fired boilers because of its higher cost

compared to conventional fabrics. The fabric is

GORE-TEX membrane or GORE-TEX felt which

can achieve high collection efficiencies at

high A/C ratios.

GORE-TEX membrane filter bags consist of a

microporous, expanded polytetraflouroethylene

(PTEE) membrane laminated to a felted or

fabric backing material. Consequently, even

fine, nonagglomerating particles do not

penetrate the filter, resulting in significant

improvements in filtration efficiency, especially
for submicron particles. This fabric is also

rugged enough to hold up under rigorous

cleaning, and the all-PTEE construction

alleviates concern over chemical attack under
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the most severe chemical environments.

Although GORE-TEX membrane filter media is

more expensive than conventional fabrics, the

much smaller surface area required for the

AHPC will make the use of GORE-TEX

membrane fitter media economical.

Successful operation of fabric filters at high A/C

ratios is a challenge because of the increasing
difficulty in controlling pressure drop. The size

of fabric filters and bag-cleaning frequency are

determined by pressure drop.

For conventional fabrics, the pore size is quite

large and the corresponding fabric permeability
is high, so the pressure drop across the fabric

alone is negligible. To achieve better collection

efficiency, the pore size can be significantly

reduced, without making the fabric resistance a

significant contributor to pressure drop. The

GORE-TEX fabric allows for this optimization by
providing a microfine pore structure while

maintaining a sufficient fabric permeability to

permit operation at high A/C ratios. For

operation at high A/C ratios, the bag cleaning

must be sufficient to maintain only a light

residual dust cake and ensure that the pressure

drop contribution from this term is not

unreasonable.

Pulse-jet baghouses have the potential to

operate at much higher face velocities because

bags can be cleaned more often and adequate

pulse energy can usually prevent excessive

residual dust cake buildup. Assuming that bag
life is acceptable and that low particulate

emissions can be maintained through the use of

advanced filter materials, face velocities much

greater than 4 feet per minute should be

possible.

The high cleaning energy can lead to significant

redispersion of the dust and subsequent re

collection on the bags. The combination of a

high-energy pulse and a light dust cake tends to

make the problem of redispersion much worse.

The barrier that limits operation at high A/C

ratios is not so much the dislodging of dust from

the bags as it is transferring the dislodged dust

to the hopper. The AHPC achieves enhanced

bag cleaning by employing electrostatics to

precollect a significant portion of the dust and to

facilitate moving the dust from the bags to the

hopper.

While large ESPs are required to achieve more

than 99 percent collection of the fine particles, a

small ESP can remove 90 to 95 percent of the

dust. In the AHPC concept, the goal is to

employ only enough ESP plate area to remove

approximately 90 percent of the dust. Similarly,

the cloth area should be held to a minimum to

keep the cost reasonable. If the fabric is

operated at an A/C ratio of 12 feet per minute

and the Specific Collection Area (SCA) of the

ESP is 83, the filtration collection area will be

the same as the plate collection area. An SCA

of 83 should be sufficient to easily remove at

least 90 percent of the dust. A baghouse

operating at an A/C ratio of 2 feet per minute

has the same collection area as an ESP with an

SCA of 500. Both of these are typical of the

size of collectors employed for new

powerplants. Therefore, an AHPC operating at

an A/C ratio of 12 feet per minute and an SCA

of 83 would offer an 83 percent reduction in

fabric area over a conventional baghouse

operating at 2 feet per minute and an 83 percent

reduction in plate area over a conventional ESP

with an SCA of 500. The combined collection

area in the AHPC would be 67 percent lower

than either the conventional baghouse or the

ESP. Krigmont et al. describe the results of

several tests with an AHPC.

Test durations of up to 100 hours showed that:

Particulate collection efficiencies greater

than 99.99 percent for all particle sizes

from 0.01 to 50 urn were achieved.

Pressure drop was well controlled and

steady. Injection of carbon did not

adversely affect pressure drop. Time

interval between bag-cleaning cycles

ranged from 25 to 35 minutes.

Emissions of seven trace elements

arsenic, cadmium, chromium, lead,

mercury, nickel and selenium were

measured. Only two elements, mercury

and selenium, were detected in
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measurable quantities in vapor form at

the outlet.

With sorbent injection, total mercury

removal efficiency ranged between 50

and 75 percent.

Plans for the future are to scale up the AHPC to

a 9,000-actual cubic feet per minute pilot size

and carry out a test on a slipstream of a full-

scale boiler.

LONG-TERM STUDY UNDER WAY ON

OCEAN SEQUESTRATION OF CARBON

DIOXIDE

The sequestration of C02 in the deep ocean has

been proposed as one way to help mitigate

potential global climate change. In the past few

years many laboratory and modeling studies

have been performed on ocean disposal of C02

including the assessment of its environmental

impact. However, these studies must be

validated/complemented with field studies. As a

first step in this direction, a pilot-scale field

experiment will be conducted off the West

Coast of the Big Island of Hawaii during the

summer of 2000. The focus will be on the

various physical-chemical interactions that

occur between seawater and C02 discharged as

a buoyant liquid at a depth of about

1 ,000 meters. At the Advanced Coal-Based

Power and Environmental Systems '98

Conference held in Morgantown, West Virginia,
in July, E.Adams et al. of Massachusetts

Institute of Technology discussed key issues

involved with the design, ocean engineering,

measurements, siting and cost of this

experiment. The project is being conducted

under the Climate Technology Initiative of the

Framework Convention on Climate Change and

involves participation and sponsorship from

Japan, the United States, Norway, Canada and

Switzerland.

Commercial COrcapture technology, though

expensive, exists today. However, the ability to

sequester large quantities of C02 is uncertain.

The objectives of this field experiment are to

learn more about the physical-chemical

processes which occur between seawater and

C02 discharged as a buoyant liquid at ocean

depths of around 1 ,000 meters. This is seen as

the first step in a progression of field

experiments which will ultimately lead to a full-

scale field test.

Choice of Disposal Options

Five major ocean disposal options have been

considered to date:

Dry ice released at the ocean surface

from a ship

Liquid C02 injected at a depth of about

1 ,000 meters from a pipe towed by a

moving ship and forming a rising droplet

plume

Liquid C02 injected at a depth of about

1 ,000 meters from a manifold lying on

the ocean bottom and forming a rising
droplet plume

A dense CO^seawater mixture created

at a depth of between 500 and

1 ,000 meters forming a sinking bottom

gravity current

Liquid C02 introduced to a sea floor

depression forming a stable "deep
lake"

at a depth of about 4,000 meters

Considering issues of required development

time, cost, environmental impact and

sequestration efficiency (avoidance of C02
leakage back to the atmosphere), a consensus

is developing that the best ocean disposal

options are the discharge of C02 as a buoyant

liquid at a depth of 1,000 meters or greater,

either through a pipe towed from a moving ship

or from a bottom mounted pipe.

Before C02 ocean disposal can be accepted as

a commercial technology, say Adams et al.,

field tests will need to be conducted at full-scale.

Because of the substantial costs involved in
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producing large quantities of C02, a logical step

in this direction would be to conduct an open

ocean experiment using a
"free"

source of C02.

Possible sites include the North Sea or the Gulf

of Mexico where C02 produced with natural gas

is routinely vented to the atmosphere. Before

such full-scale tests, the Hawaii pilot-scale field

experiment will be carried out to better

understand the physical-chemical processes

affecting the transport and fate of C02 released

as buoyant liquid droplets at water depths of

1 ,000 meters.

C02 Injection and Droplet Formation

As seen in Figure 1, the C02 will be injected

through one or more nozzles and will form

droplets upon its release. Important issues for

nozzle design are the distribution of droplet

sizes, interactions among droplets near the

nozzle (e.g., aggregation/breakup), and the

possibility of hydrate clogging at the nozzle.

These characteristics will clearly be functions of

the nozzle design and, in particular, whether the

design results in a jetting or atomization mode

FIGURE 1
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of droplet formation. Laboratory research on

this topic is under way at the C02 Ocean

Disposal Simulator at the Hawaii Natural Energy
Institute, but must be supplemented by field

observations to provide proof-of-concept.

Perhaps the most important technical

uncertainty with the droplet plume option is

whether or not hydrates will form on the rising
droplets of a turbulent droplet plume. Hydrate
"skins"

will affect the rate of C02 dissolution and
droplet rise velocity. The combined effects will

influence the elevation within the water column

at which the C02 ultimately comes to rest, and

hence the efficiency of sequestration.

Ambient Diffusion

but the COrenriched seawater will continue to

spread due to passive ocean turbulence.

Although much slower than plume-induced

mixing near the point of injection, ambient

diffusion is important for diluting plume

contaminants and hence determining the

distances required for plume concentrations and

pH to return to background levels.

The project began in December 1997 and will

formally last for 4.5 years. A nine-member

technical subcommittee comprised of members

of the participating countries meets twice a year

and reports once a year to a project steering

committee representing the project's sponsors.

At some distance from the point of injection,
gravitational spreading will effectively cease,
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COMING EVENTS

1998

November 1-4, Calgary, Alberta, CanadaSPE/CIM International Conference on Horizontal Well

Technology, phone 403 237 5112

November 2-4, Washington, DCAdvanced Turbine Systems Annual Program Review,

phone 423 574 4347

November 4-6, Atlanta, GeorgiaStrategic Gas Forum, phone 770 279 4388

November 8-11, San Diego, California International Gas Research Conference, fax 773 399 8170

November 12-13, Houston, Texas National Petroleum Refiners Association Fuels and Lubricants

Meeting, phone 202 457 0480

November 16-19, Palm Springs, California 1998 Fuel Cell Seminar, phone 202 973 8671

November 17, Satellite Broadcast1998 Update: Implementing the Clean Air Act, EPA Speaks,

phone 800 285 2221

November 17-20, Singapore International Energy Agency Workshop on Financing Cleaner Fossil

PowerGeneration in Asia, phone 703 356 1300, Ext. 213, USA

November 19-21, Manama, Bahrain The Seventh International Energy Conference and Exhibition,
fax 00411 463 0252

November 29-December 2, World Trade Center, Dubai Gastech '98,
18th

International LNG/LPG

Natural Gas Conference, phone 44 281 444 1241

December 1-4, McLean, Virginia Conference on Air Quality: Mercury, Trace Elements and Particulate

Matter, phone 701 777 31 1 9

December 9-1 1 , Orlando, Florida Power-Gen International Conference, fax 918 831 9776

December 14-16, San Francisco, California Monetizing Stranded Gas Reserves, fax 713 952 9526

1999

January 10-14, Lake Buena Vista, Florida
13th

International Symposium on Management and Use of

Coal Ash Products, phone 703 317 2400

February 1-3, Houston, Texas Energy Sources Technology Conference & Exhibition, fax 281 493 3493

February 3-5, Houston, TexasCoke Outlook '99, phone 207 781 9800

March 1-3, Nashville, Tennessee Gas Processors Association
78th

Annual Convention,

fax 918 493 3875

March 8-11, Clearwater, Florida
24th

International Conference on Coal Utilization and Fuel Systems,

phone 202 296 11 33
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April 28-30, Houston, TexasOffshore Natural Gas Conference, phone 713 952 9500

May 3-7, Tuscaloosa, AlabamaInternational Coalbed Methane Symposium, fax 205 348 9276

Mid-June, Indianapolis, Indiana Seventh Clean Coal Technology Conference

July 5-8, St. Petersburg, RussiaHypothesis III, Hydrogen Power (Thermal and Electrochemical)

Systems International Symposium

2000

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

June 6-9, Nice, France
21st

World Gas Conference, fax 33 1 42 27 49 43

June, Calgary, Alberta, Canada
16th

World Petroleum Congress
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PROJECT ACTIVITIES

LARGE POWER LINE APPROVED FOR

SHELL'S IN SITU FIELD EXPERIMENTS

In August the Rio Blanco Board of County
Commissioners (Colorado) gave approval to

Moon Lake Electric to erect a high-voltage line

to Shell Oil's oil shale research site in the

Piceance Creek Basin. Shell has been working

quietly on oil shale for several years, and the

commissioners said they hope the power line

means the company is making major progress

on whatever they are doing.

STUART PROJECT REACHES 60 PERCENT

COMPLETION IN OCTOBER

The A$250 million Stuart Oil Shale

Demonstration Project under construction near

the town of Gladstone in the State of

Queensland, Australia, is now about 60 percent

complete.

Despite some wet weather in the Gladstone

area in August, the process area of the plant

has been proceeding on target and most of the

major heat vessels, pumps, heat exchangers

and heaters are in place. The installation of

piping and electrical systems and

instrumentation is going well.

Hydrotesting of the tanks was completed in

August. The switchyard for power supply was

completed in August and work on the wharf, raw

water line and gas supply are on schedule.

The Alberta Taciuk Processor has been shipped

to Australia in three sections from Vigo, Spain.

It is currently being assembled at the Stuart Oil

Shale site in preparation for startup of the plant

in early 1999.

According to Bechtel, detailed turnover and

startup planning is proceeding. A detailed

startup plan has been developed by Gorden

Taciuk, which meets the objective of less than

2 weeks for final transfer from Bechtel to

Suncor. To meet this goal, sections of the plant

will be turned over for commissioning while

construction is completed in other areas. The

first operating systems were handed over in

September.

Formal product sales discussions have

commenced with prospective buyers of the

naphtha and medium shale oil products.

Mine work is also under way. Now that sites

have been cleared, overburden removal has

begun, roads have been prepared and topsoil

has been removed.

In the near future, the construction of the natural

gas pipeline should be completed by Duke

Energy. Bechtel is expecting access to the

approach trestle in early November so it can

begin stringing the export pipeline along the

trestle.

Early in 1999 the plant should be commissioned

and production of the first oil is expected by the

end of that year. Once the plant is operating at

full capacity, production is expected to be about

4,500 barrels per day. If this first stage is

successful, the Stuart project could grow to an

85,000-barrel per day facility within 10 years.

STUART PROJECT MAY SELL IRON ORE AS

OIL SHALE BYPRODUCT

Operators of the Stuart Oil Shale Project,

Southern Pacific Petroleum and Central Pacific

Minerals (SPP/CPM), are working on a deal to

sell the iron-ore content of the Stuart oil shale

deposit to a proposed Gladstone, Australia,
steel project. The shale holds about 8 percent

iron ore which could be used in steel production.

SPP/CPM has approached the Yieh Loong

Group, which is investigating sites in Gladstone

as well as in New South Wales and Western

Australia for a proposed A$4 billion steel plant.
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CORPORATIONS

AIRPORT RUNWAY USING SHALE OIL

ASPHALT PROVES FAULTY

New Paraho Corporation, manufacturer of

SOMAT, or Shale Oil Modified Asphalt

Technology, an asphalt additive, is one of the

parties in a lawsuit filed by the Walker Field

Airport Authority (Grand Junction, Colorado)
over an unsatisfactory runway surface laid down

in 1996. The other defendants in the lawsuit

include Com Construction Company, which

repaved the runway in 1996; its underwriter,

Safeco Insurance Company of America; and

Western Colorado Testing Inc., which tested the

asphalt mix. One party no longer a defendant is

the airport's engineering consultant at the time,

Armstrong Consultants Inc. which put together

the technical specifications for the asphalt mix.

Armstrong reached a $270,000 settlement with

the airport last November.

The trial is set to start in June 1999, although

efforts continue to try to settle the case before

trial.

Court records indicate that the center of the

dispute is the role petroleum additives played in

the ability of the asphalt mix to hold together on

hot days and whether the mix met technical

standards. One additive used was SOMAT,

which was substituted for a rubberized material

called for in Federal Aviation Administration

standards.

At stake is an estimated $700,000 spent in

spring 1997 to fix the 10,500-foot-long runway

by milling off the top 1 .5 inches of asphalt and

replacing it with a different mix than was used a

year earlier. Expenses associated with the

project and attempts to reach a settlement have

driven the cost to more than $800,000.

Walker Field was not the first runway project

where SOMAT was used in the asphalt mix. A

2,000-foot runway extension at Meeker Airport

about 8 years ago included asphalt with

SOMAT. Meeker Airport Manager, G. Coulter

told the Grand Junction Daily Sentinel there

were no problems and that the runway has held

up well.

Asphalt with SOMAT also was used in 1989 to

pave portions of the main street in Rifle,

Colorado, Railroad Avenue, which is used by
15,000 vehicles each day. "It has done very
well,"

said Rifle City Engineer T. Moore. "It is

not rutting, like you expect to see with that much
traffic."

GOVERNMENT

METHANE FROM WHITE RIVER MINE SHAFT

DEEMED PUBLIC HAZARD

The Bureau of Land Management of the United

States Department of the Interior imposed a

temporary emergency closure of public land in

Uintah County, Utah, effective from

September 1 ,
1 998, through December 31 ,

2000. The Vernal Field office determined that

the underground methane generation occurring

at the abandoned White River Oil Shale Mine is

a safety hazard, making the facility and

surrounding area, which includes ancillary

support facilities and associated ventilation

shafts, unsafe for human occupation or activity.

The closure prohibits all use, entry or access

onto the affected public lands; however, the

access restriction may be waived under

extraordinary circumstances where limited,

short-term, emergency access is warranted and

appropriate clearances and authorization are

obtained from the authorized officer.

Persons violating this closure are subject to

penalties including a fine not to exceed $1 ,000

and/or imprisonment not to exceed 1 year.
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ECONOMICS

INTEGRATED OIL SHALE PROCESSING

SHOWS PROMISE IN ISRAEL

A recent paper by V. Fainberg et al. of

Technion-lsrael Institute of Technology
published in Energy Sources, 20:465-481, 1998,
notes that, in spite of the significant progress

achieved in the energetics and technology of oil

shale, both direct combustion and retorting of oil

shale meet with serious problems. The authors

propose to resolve these problems by
developing a new method for integrated oil

shale processing into energy and chemicals.

The method involves a two-stage processing of

the oil shale and integration with a combined-

cycle turbine unit for power production.

Because of the two-stage processing, clean gas

and a mixture of aromatic liquids are produced.

The gas is used as a clean fuel for the

combined-cycle power unit. This scheme is

more effective from the technical and

economical points of view and, at the same

time, is less harmful to the environment. Low

pollution levels are achieved by the use of high-

quality, ashless, moistureless and sulfuriess gas

fuel in place of oil shale (or sulfur-rich shale oil),

lowering C02 content in the flue gases and

eliminating other wastes.

Power Production From Oil Shale

Oil shale can be an effective fuel for power

production. High-capacity oil shale powerplants

have been in operation for many years in Russia

and Estonia. Since 1989 a 25-megawatt

demonstration plant for power generation also

has successfully operated in Israel. Several

projects involving large-scale oil shale

powerplants with capacities of 75 to

450 megawatts are now being developed by the

Israeli government and private companies.

Direct combustion of the oil shale in boilers is

the simplest, but not always the best method of

heat generation from oil shale. The high-ash

content in the shale and its properties lead to

the formation of hard deposits on the boiler

surfaces, corrosion of the tubes, etc. These

phenomena decrease the heat transfer, i.e., the

boiler capacity. Decomposition of the

carbonates and large volumes of hot ash and

gases decrease the heat efficiency of the boiler.

Gas Production

Many processes have been developed for gas

production from oil shale, for instance, the

Institute of Gas Technology process in the

United States, oxidizing pyrolysis and the

Pismen-Ermakov process in Russia, and partial

pyrolysis of shale oil vapors, and others. For

Israel oil shales, gasification may turn out to be

a more attractive process as compared to

retorting because the high-sulfur shale oil

requires expensive hydrotreating, whereas the

gas may be easily cleaned of sulfur and other

impurities.

Most of the gasification processes have serious

drawbacks. In order to obtain gas from oil

shale, it is necessary to treat the shale with

hydrogen at a high pressure or to heat it to 600

to 800C. However, heating and treating the

mineral matter of the oil shale causes

considerable heat losses and is accompanied by
the decomposition of carbonates contained in

the mineral matter of the shale. This also

requires additional heat consumption for the

process and decreases the heating value of the

gas. Mineral matter may melt at high

temperatures, and this hampers oil shale

processing. For these technical and economic

reasons, oil shale gasification has not been

commercialized. Fainberg et al. are developing
a more effective method of transforming a

considerable part of the oil shale organic matter

into power, gas fuel and chemical products.

Integrated ProcessingWith Combined-Cycle

Technology

A characteristic feature of the integrated

processing technology is transformation of the

organic matter in the solid fuel to gas and use of

the gas as a fuel for a combined-cycle turbine

power unit. The fuel sulfur is converted to

hydrogen sulfide, whereas nitrogen is converted

to ammonia and nitrogen compounds that can

27

THE SYNTHETIC FUELS REPORT, OCTOBER 1998



 



OIL SHALE

cleanup, these components become marketable

substances.

Combined-cycle technology has considerable

advantages as compared to the boiler-steam

turbine unit (Table 1). It is characterized by
lower investment, lower maintenance cost and

higher efficiency. The time of construction is

half that needed for the boiler. It is important

that the combined-cycle unit can satisfy both
peak- and base-load requirements.

Two-Stage Oil Shale Processing

The general principles of thermal and

thermocatalytic decomposition of hydrocarbon

mixtures are known. The dominating trend is

toward cracking with the formation of thermally
stable light aromatic and unsaturated

compounds; however, some unstable products

of the thermal decomposition may polymerize

and form one-ring aromatics or compounds of a

higher molecular mass. As a result of these

reactions, on the one hand, light products of a

simple structure (hydrogen, methane, benzene,

methane, naphthalene, etc.) and, on the other

hand, high-molecular weight products of

polymerization (heavy aromatic oil, coke) are

formed.

Compounds with heteroatom elements (S, N, O)
are usually decomposed while forming H2S,

H20, CO, C02, NH3 and heterocyclic

compounds. Sulfur compounds are transformed

largely into thiophene and its derivatives,

because it is thermally the most stable form of

organic sulfur.

The general scheme of integrated oil shale

processing is presented in Figure 1 . The first

step of this scheme is oil shale retorting. The

second stage is conversion of oil vapors and

gases obtained at the first stage. The products

of this decomposition make up only 15 to

25 percent of the initial oil shale; they do not

contain ballast components and solid

substances. They are directed to thermal

treating immediately from the outlet of the

retort, in the form of a vapor-gas mixture having
a temperature of 500C. Therefore, their

processing can be accomplished without

significant expenditure.

The products of the conversion are cooled, and

the liquid is condensed and separated from the

gas stream. The cleaned and compressed gas

is used for energy production in a combined-

cycle turbine plant. It may also be used for

chemical syntheses. Hydrogen sulfide, obtained

as a result of the gas cleaning, is used for the

production of sulfuric acid and steam.

As a whole, the process integrates within itself

the cogeneration of energy and chemicals and

provides exhaustive utilization of the energy and

chemical potential of the oil shale.

TABLE 1

CHARACTERISTICS OF DIFFERENT METHODS OF POWER PRODUCTION

Characteristics

Investments ($/kW)

Efficiency (%)
Maintenance Cost (0/kW)
Duration of Construction (years)
Load

Boiler and Steam Turbine Combined

(fuel-oil shale) Cvcle

1,800-2,000 600 - 650

30-35 48-53

0.6 - 0.8 0.35

3-4 1-2

baseload only baseload and peak
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FIGURE 1

INTEGRATED PROCESSING OF OIL SHALE
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All the steps of the proposed process retorting,

oil and gas recovery, gas cleaning, oil

processing, and electric power production in a

combined-cycle unit are well developed and

proven on a commercial scale. Only one chain

of the scheme, namely, the two-stage

processing of the oil shale, or to be more

precise, the secondary pyrolysis of the shale oil

vapors, has not yet been studied. Therefore,

Fainberg et al. have concentrated their efforts

on this step.

A batch unit consisting of a retort and converter

system has been tested. The retort was a

horizontal stainless steel cylindrical vessel that

could contain about 17 kilograms of oil shale.

The converter was a cylindrical reactor filled

with ceramic packing.

The product yields are presented in Table 2.

The liquid yield decreased as compared to

traditional retorting, but the gas yield increased

by 3 times, as did the yield of the valuable

aromatic compounds. The main product of

traditional retorting is shale oil, whereas the

main products of this process are fuel gas,

aromatic and sulfur-aromatic compounds with a

low-molecular mass ("light oil"), and aromatic

oil.

Gas Composition

The composition of the gas of the integrated

processing of oil shale is presented in Table 3.

The yield of hydrogen, methane, ethylene and

carbon monoxide increased with the

temperature, whereas that of alkanes decreased

as a result of cracking. Yields of some

components (propane, propylene) have a

maximum at a definite temperature.

The gas from integrated processing has a high

heating value and can be an excellent fuel for

gas turbines. A high content of hydrogen as

compared to natural gases gives the possibility
of decreasing the NOx content in the products of

the gas combustion. The maximal heating
value of the gas was observed at 730C.
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TABLE 2

YIELD OF TWO-STAGE PYROLYSIS OF OIL SHALE

(On Dry Oil Shale, Wt.%)

Secondary Pvrolvsis Temperature (a

Product 500 650 730 780 820

Total Gas 5.10 5.30 6.30 6.06 6.68

Clean Gas 1.48 2.54 3.52 3.28 3.25

Hydrogen Sulfide 1.36 0.95 0.96 0.94 1.34

Carbon Dioxide 2.26 1.81 1.82 1.84 2.09

Total Oil 4.87 3.79 2.80 2.40 2.13

Light Oil 0.78 0.84 1.01 0.70 0.64

Middle Oil 3.59 2.67 1.45 1.24 1.13

Oil Residue 0.50 0.28 0.34 0.46 0.36

Clean Gas and Total Oil 6.35 6.33 6.32 5.68 5.38

Water 2.50 2.50 2.50 2.50 2.50

Oil Shale Residue 87.7 87.8 87.2 87.5 87.1

Losses -0.2 0.6 1.2 1.6 1.6

The gas contains significant amounts of

ethylene, propylene and other components

valuable for chemical syntheses.

Composition ofthe Liquid Products

The liquid products of two-stage processing

differ substantially from those of the usual

(primary) shale oil. The primary oil consists of a

large number (a few hundred) of compounds,

which almost cannot be identified and separated

from each other, even by means of

chromatography, to say nothing of industrial

methods. These compounds have a high

molecular mass and complicated structure.

They cannot be used in chemical syntheses.

The primary shale oil does not contain any

individual components in extractable amounts.

On the contrary, the two-stage oil consists of a

relatively small number of valuable aromatic

and sulfur-aromatic individual components,

which can be, in principle, easily separated by
standard technological methods.

The light fraction (IBP 150C) of the primary

shale oil contains a large quantity of

compounds; more than 60 percent of which

have not been identified. The same fraction of

the shale oil, subjected to secondary pyrolysis,

consisted mainly of only 10 components

benzene, toluene, thiophene, xylenes,

2-methylthiophene, 3-methylthiophene and

dimethylthiophenes. All these compounds can

be easily separated from each other, and each

can be used for chemical syntheses.

The middle oil consists mainly of naphthalene

and other aromatic and heterocyclic

compounds, such as alkylbenzenes, naph

thalenes, fluorene, phenanthrene, anthracene,

thio-naphthenes. On the whole, the middle oil

of the secondary pyrolysis is similar to coal tar.

Economic Data

The economic data for a commercial plant

having a capacity of 202 tons of dried oil shale
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TABLE 3

CRUDE GAS COMPOSITION

(Volume %)

Secondary Pvrolvsis Temoerature (C)

Compound 500 650 730 780 820

Hydrogen 30.6 23.3 23.0 27.5 26.2

Carbon Monoxide 4.0 3.0 3.9 4.0 4.3

Methane 18.3 19.5 25.4 27.5 26.7

Ethylene 0.4 3.0 8.4 8.1 8.3

Ethane 3.7 9.7 6.0 4.7 2.8

Propylene 1.5 4.1 4.9 2.9 2.7

Propane 1.8 2.1 0.6 0.2 0.1

c4 1.0 2.6 1.7 0.7 0.5

c5 0.3 0.2 0.1 0.0 0.0

Carbon Dioxide 22.3 19.2 15.5 14.7 15.5

Hydrogen Sulfide 16.0 13.0 10.5 9.7 12.9

Density (kg/m3) 1.044 1.137 1.051 0.948 0.976

LHV (kcal/m3) 5,078 7,127 7,209 6,427 6,120

per hour (16 million tons per year on dry basis)
are presented in Table 4 (next page).

The process of combined production of energy

and chemicals has better economic charac

teristics than the direct combustion of shale or

coal. The cost of power production in the

integrated process is $0.0253 per kilowatt-hour,
as compared to $0,049 per kilowatt-hour for

power production by the direct combustion of

the oil shale. The integrated process requires a

lower investment and has a lower operating

cost.

TECHNOLOGY

HYDROCRACKING OF HYDROTREATED

ISRAELI SHALE OIL GIVES FULL

CONVERSION TO MOTOR FUELS

M. Landau, of Ben-Gurion University of the

Negev, Israel, et al. have studied hydrocracking
of hydrotreated Israeli shale oil and its

atmospheric residue at 50 atm hydrogen

pressure. They reported their results in Fuel,

Volume 77, Number 14, pages 1589-1597,
1998.

The production of qualified motor fuels from

shale oil by hydrotreating requires their deep
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TABLE 4

ECONOMIC DATA FOR POWER PLANTS

Characteristic

Capacity (MW)
Power Production (GWh/year)
Investment Cost per kW ($)
Cost of Production of 1 kWh ()
Cost of Chemical Production (million $)
Cost of Chemical Production (0/kWh)

Power Station

Integrated Direct

Oil Shale Oil Shale Coal

Processina Combustion Combustion

475 445 545

2,705 3,060 3,125

1,260 1,848 1,600

2.53 4.9 5.39

82.0

3.03

denitrogenation at severe operating conditions.

Recently it was shown that implementation of a

novel catalyst system comprising two catalysts

(Ni-Mo-AI and Co-Mo-Cr-zeolite-AI) loaded in

series allows production of qualified motor fuels

by hydrotreating in a fixed-bed reactor at mild

severity conditions. However, this technology
produces about 15 percent of atmospheric

residue from crude shale oil that requires further

conversion to motor fuels. It also produces

naphtha with high Initial Boiling Point (IBP),

limiting its utilization as a gasoline component.

Hydrocracking with zeolite catalysts is widely

used in industry for the full conversion of heavy
crude oil fractions to motor fuels and regulation

of their distillation patterns. In previous work

hydrocracking of Colorado or Irati shale oils

(1.92 to 2.5 and 0.93 weight percent nitrogen,

respectively) in a one-stage process with

nonacidic hydrotreating catalyst at 125 atm and

400C yielded approximately 40 percent

conversion of the heavy 350C+ fraction.

Similar results were obtained after hydrotreating
of Israeli shale oil. It was concluded that most

of the light hydrocarbons obtained with

nonacidic catalysts at this temperature are

hydrocarbon fragments of S- and N-containing
molecules produced by hydrodesulfurization/hy-

drodenitrogenation (HDS/HDN). The acidic

function of zeolite, essential for C C bond

splitting, was almost completely poisoned as a

result of high-nitrogen concentration in the

feedstock. The preliminary removal of nitrogen

from shale oil feedstocks substantially increased

their hydrocracking efficiency. Deep denitro

genation of Israeli shale oil to a residual

nitrogen content of 30 parts per million (ppm)
allowed conversion of all its heavy fraction at

350C and 148 atm with zeolite catalyst into

products boiling out at 277C-.

The scope of the present work by Landau et al.

was to find the mild hydrocracking conditions

(hydrogen pressure approximately 50 atm) with

Ni-Mo-AI-zeolite catalysts for full conversion of

atmospheric residue obtained after hydro-

treating of Israeli shale oil. Mono- (HY) and

bizeolite (HY + H-ZSM-5) catalysts were used in

order to regulate the catalyst's cracking activity
and selectivity to heavy tail fractions of the

feedstock. Two options were tested

hydrocracking of whole hydrotreated shale oil

and of its atmospheric residue after separation.

The shale oil used in the experiments was

produced by PAMA (Energy Resources

Development Ltd.) from deposits in the Negev
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at the fast heating retorting pilot plant. It was

demetalized in a batch reactor with Ni-Mo-AI

catalyst and further hydrotreated in a fixed-bed

reactor with two catalystswide pore Ni-Mo-AI

and Ni-Mo-Cr-zeolite HY-AI loaded in series.

The hydrotreating conditions were: P = 150 atm,

LHSV based on two catalysts loading = 0.5 h'1;
T = 400C and Vw = 1,500 Nl/I. The properties

of raw, demetalized and hydrotreated shale oil

are shown in Table 1. Table 2 presents the

contents of naphtha, middle distillate and

residue fractions in hydrotreated shale oil

separated by atmospheric distillation. The

hydrotreated shale oil and its atmospheric

residue fraction (comprising 14 volume percent

of hydrotreated product), whose properties are

listed in Tables 1 and 2, were used as

feedstocks in hydrocracking experiments. The

TABLE 1

CHARACTERISTICS OF THE RAWAND PRETREATED SHALE OIL

Shale Oil Characteristics Raw

0.9823

Demetalized

0.9791

Hvdrotreated

Density (15C) (g/cm3) 0.8201

Elemental Analysis (wt.%)
Sulfur 6.52 5.82 0.01340

Nitrogen 0.92 0.89 0.00044

Hydrogen 9.74 10.17 13.00

Carbon 78.35 80.31 86.99

Distillation, C (ASTM D2887)
IBP 168 155 66

10% 227 224 143

20% 262 258 185

30% 289 264 217

40% 317 315 243

50% 344 342 270

60% 374 371 295

70% 406 403 315

80% 440 439 348

90% 481 479 401

FBP 588 537 517

Kinematic Viscosity (Cst)
at40C 20.59 17.74 2.30

at 50C 14.05 12.56 2.02

Pour Point (C) 15 12 18

n-Heptane Insolubles (wt.%) 2.16 1.1 0.0

Toluene Insolubles (wt.%) 0.17 0.00 0.00

Metals Content (ppm)
As 28 <1

Fe 35 <5 ~

Ni 24 <5
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TABLE 2

CHARACTERISTICS OF THE NAPHTHA, MIDDLE DISTILLATE

AND RESIDUE DERIVED FROM HYDROTREATED SHALE OIL

Middle

Characteristics of Naphtha Distillate Residue

Selected Fractions 200a (160-360C) f>360C)

Content in the Liquid Hydrotreated

Shale Oil (vol.%) 27 68 14

Density (15C) (g/cm3) 0.7624 0.8420 0.8517

Elemental Analysis (wt.%)
Sulfur 0.00700 0.01520 0.00260

Nitrogen 0.00084 0.00034 0.00051

Hydrogen 13.90 13.55

Carbon 86.09 86.54

Distillation (ASTM D2887) (C)
IBP 66 202 w"T"T

10% 87 211 351

20% 114 222 365

30% 139 242 381

40% 142 260 397

50% 158 277 413

60% 164 294 425

70% 176 313 442

80% 183 334 462

90% 190 365 490

FBP 201 368 520

nitrogen content in both feedstocks was less

than 10 ppm.

Hydrocracking Tests

In four runs conducted with monozeolite catalyst

A at LHSV 0.5 to 3.0 h*\ the full conversion of

atmospheric residue was reached at LHSV

2.75 h"1. At these conditions, the total yield of

liquid products C5+ was 87.6 volume percent

and a significant redistribution of its fractional

composition was detected compared with

hydrotreated shale oil. The nitrogen content in

the liquid products after full conversion of

atmospheric residue was less than 0.5 ppm

(89 percent HDN) and the sulfur content 12 ppm
(91 percent HDS).

The results of four runs conducted with bizeolite

catalyst B are shown in Table 3. Introduction of

the second zeolite H-ZSM-5 significantly
increased the catalyst's cracking activity so that

reasonable yields of liquid products were

obtained at LHSV of 3 h"1. The full conversion
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TABLE 3

HYDROCRACKING OF HYDROTREATED SHALE OIL

WITH BIZEOLITE CATALYST: PRODUCT YIELD AND QUALITY

Lfl

LHS

ZA

Vftn

15 AA

H2 Chemical Consumption (Nm'/m3) 420 300 200 160

Product Yield (wt.%)

crc4 95.1 40.2 17.5 9.7

c5+ 4.8 59.7 82.4 90.4

Liquid Product Distribution (vol.%)
Light Naphtha (<100C) 100 37 24 18

Whole Naphtha (<200C) 100 75 60 43

Jet Fuel (160-280C) -- 30 32 35

Diesel Fuel (160-360C) - -- 45 55

Residue (>360C) - - -- 8

Liquid Product Quality
Sulfur Content (ppm) -- 3.1 11 13

Nitrogen Content (ppm) -- 0.4 0.5 3

Density (15C) (g/cc) 0.550 0.729 0.754 0.785

Elemental Analysis (wt.%)
Carbon -- 85.8 86.1 86.5

Hydrogen -- 14.2 13.9 13.5

Distillation (ASTM D86) (C)
IBP -- 40 40 45

50% -- 120 169 218

FBP 340 360 371

of atmospheric residue was achieved at

LHSV = 3.5
h"1

with liquid product yield

82.4 volume percent.

Introduction of the second zeolite H-ZSM-5

significantly decreased the tail fraction (BP over

350C) in the liquid product. According to the

authors, the higher activity of bizeolite

catalyst B in hydrocracking of the residual part

of hydrotreated shale oil is a result of the

combination of two zeolite actions: selective

enhancement of paraffin conversion and deal-

kylation of alkylnaphthenes and alkylaromatics

by shape-selective zeolite H-ZSM-5.

At full residue conversion (LHSV = 3.5 h"1), the

content of naphtha (<200C) was the same as

with catalyst A at LHSV = 2.75 h"1. But the

amount of light naphtha (<100C) increased

from 14 to 24 volume percent corresponding to

IBP and 10 percent BP of 40 and 52C,
respectively.

Introduction of the second zeolite H-ZSM-5 into

the catalyst composition substantially shifted the
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hydrocarbon distribution in the liquid product

obtained at full residue conversion conditions.

The content of paraffins was substantially
reduced with catalyst B compared with

catalyst A especially in the middle distillate

products. The distributions of normal paraffins

in naphtha obtained with both catalysts at full-

residue conversion conditions according to the

number of carbon atoms is shown in Figure 1 .

The shift of the maximum to the right after

hydrocracking of naphtha and the decrease of

normal paraffin content (Figure 1) reflects two

parallel processes: conversion of normal

paraffins to volatile alkanes and hydrocracking
the middle distillate and residue parts of the

feedstock.

Hydrocracking ofHydrotreated Shale Oil

Residue

The full conversion of the feedstock to fuel

fractions boiling out below 360C was achieved

at LHSV = 0.5 h"1. Hydrocracking of atmos

pheric residue produced only naphtha boiling

out at<200C with no middle distillate. The

yield of liquid product at conditions needed for

full conversion of pure atmospheric residue was

about 72 percent.

Conclusions

Hydrocracking of Israeli shale oil after deep
denitrogenation to residual nitrogen content less

FIGURE 1

DISTRIBUTION OF NORMAL PARAFFINS IN NAPHTHA FRACTIONS OF

HYDROTREATED SHALE OIL AND ITS HYDROCRACKING PRODUCTS
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than 5 ppm converted the atmospheric residual

fraction to fuels at mild severity conditions

350C and 55 atm, with a minor decrease in

liquid product yields. Hydrocracking of

atmospheric residue derived from hydrotreated

shale oil required more severe conditions,

yielding less liquid products and higher

hydrogen consumption. In both cases, the

distillation patterns of the naphtha met gasoline

specifications.

OXIDATION STUDIES CONFIRM THAT

SIUCATE MINERALS CATALYZE

DECOMPOSITION OF SHALE OIL

Infrared emission spectroscopy has been used

to monitor the chemical modifications taking
place during the oxidation of bitumen-free

Kerosene Creek shale, the bitumen-carbonate-

free shale and the bitumen-carbonate-silicate-

free shale (kerogen). The samples were

heated, in air, at temperatures in the range of 50

to 700C. Oxidation of the samples at

increasing temperatures showed a steady

decrease in the signals due to aliphatic

hydrocarbons as well as in the carbonyl/carboxyl

signals along with an increase in the anhydride

signals.

This work was reported by H. Rose, of the

University of Technology, Sydney, Australia, et

al., in Energy & Fuels, Volume 12, Number 4,

pages 682-688, 1998.

According to the authors, previous IR studies

have established that there is good correlation

between the intensity of alkyl bands (aliphatic

C-H stretch) and oil yields of shales/kerogens.

It has been found that air oxidation and artificial

weathering of shales gives lower oil yields and

produces oils that have shorter average

aliphatic chain lengths, have higher oxygen

contents, and are more aromatic. It has been

suggested that weathering/oxidation introduces

oxygen cross-linking bridges, in the form of

carboxyl groups, in the organic structures and

thus ties up functional groups. These are

subsequently evolved as water and carbon

dioxide during pyrolysis rather than the

hydrocarbons which would have been produced

in the absence of such cross-linking.

In the experiments by Rose et al., conventional

curve-fitting procedures were used to obtain the

first-order rate constants corresponding to the

disappearance of the aliphatic signal. The

dependence ofthe value of this rate constant on

the temperature was fitted to the exponential

form of the Arrenhius equation to yield values

for the activation energies of this reaction in the

three different samples. The values obtained

showed a relationship to the type of mineral

matter present in the sample. Fully
demineralized shale (kerogen) has the highest

values for the activation energy while the

sample from which carbonates had been

removed (BCFOS) has the lowest value. This

result provides support for the theory about the

catalytic properties of silicate minerals in

enhancing the early degradation of

hydrocarbons. The fact that the raw shale

(BFOS), containing both carbonates and

silicates has a higher value of activation energy

than that of the sample free of carbonate

(BCFOS) also strengthens the argument about

the tendency of carbonates to inhibit the

catalytic action of silicates.

INCREASED TEMPERATURE AND HEATING

RATE IMPROVES CONVERSION OF BOTH

U.S. AND TURKISH OIL SHALES

The most significant reactions in oil shale

processing are the pyrolysis reactions of

kerogen to produce shale oil. The kerogen

structure decomposes by breaking at the least

stable bridges during the pyrolysis reactions.

The conversion of kerogen in pyrolysis reactions

depends on the following parameters:

Reaction temperature

Heating rate

Particle size of the oil shale

Chemical structure of kerogen
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A. Karabakan and Y.Yurum of Hacettepe

University, Ankara, Turkey, summarized the

effects of pyrolysis temperature, heating rate

and the mineral matrix on the conversion of

kerogen to organic material in pyrolysis

reactions of Turkish GOynuk (GOS) and Unites

States Green River (GROS) oil shales in an

article in Fuel, Volume 77, Number 12, pages

1301-1309, 1998.

Analyses of Shales

Analyses of the oil shale samples show that

GOS contained 1.0 percent bitumens,
82.0 percent mineral matter and 17.0 percent

kerogen; GROS contained 2.0 percent bitu

mens, 64.0 percent mineral matter and

34.0 percent kerogen.

The Fischer Assay results revealed that there

were significant differences between the two oil

shales in terms of the distribution of the

products. The amount of oil produced in the

GROS was about 3 times more than that of the

GOS. The presence of high amounts of

oxygen-containing functional groups (20.9 per

cent oxygen by weight, dry mineral matter free)
and low percentage of aliphatic carbons could

explain the low oil production from GOS.

Conversion Data

Conversion data from the pyrolysis experiments

on original GOS are presented in Figure 1 .

Samples were heated to final temperatures of

300, 400 and 500C with heating rates of 10, 30

and 50C per minute and kept at the final

temperature for 60 minutes. The general trend

in all of the samples, including GROS, is the

positive effect of pyrolysis temperature and rate

of heating on the production of volatile products

in pyrolysis experiments. It seems that as the

temperature is increased from 300 to 500C

more volatiles are produced at all heating rates

for all the samples pyrolyzed. The same effect

is also observed in increasing the heating rates;

more volatiles were also obtained in exper

iments with higher heating rates. HCI acid

washing of the shales caused a small reduction

in the yield of volatiles. In the pyrolysis of the

HF-washed samples, the percentages of

FIGURE 1

CHANGE OF CONVERSION OF

GOYN0K OIL SHALEWITH

TEMPERATURE AND HEATING RATE
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volatiles were about 20 and 40 percent more

than the pyrolysis products of the original GOS

and GROS, respectively.

In both of the oil shales while the conversions in

HCI-washed oil shales were lower than those of

the original shale, the conversions in the

HF-washed oil shales were much greater than

those of the original shale. The conversion in

HF-washed GOS, original GOS and

HCI-washed GOS were 55, 33 and 30 percent,

respectively. The conversions in the respective

samples of the GROS were 72, 35 and

35 percent.

Kinetic Analysis

The reaction rate constants of original and

demineralized GOS and GROS increased with

the pyrolysis temperature. Increasing the

heating rates did not change the values of the

reaction rate constants significantly. The order

of reaction was calculated as approximately 1 in

all of the pyrolysis experiments.

Values of the activation energies ranged

between 158.2 and 363.2 kilojoules per mole.
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Activation energies of pyrolysis reactions of oil

shales and their demineralized products

decreased as the heating rate was increased.

Removal of the carbonates caused an increase

in the activation energies of the pyrolysis

reactions of both shales. Activation energies

calculated for the pyrolysis reactions of

HF-washed shaleswere 20 to 26 percent and 21

to 39 percent lower than those of original GOS

and GROS, respectively. This indicated the

inhibitive effect of the silicate minerals originally
present in the shales in the pyrolysis reactions.

The inhibition effect of the silicates seemed to

be greater than the catalytic effect of the

carbonates in the pyrolysis reactions of the

original GOS and GROS, and thus removal of

the silicates by HF washing caused a moderate

increase in the production of the volatiles.

These results show that removal of the material

soluble in HCI washing did not affect conversion

of organic material in the pyrolysis reactions; but

that removal of the material soluble in HF

increased the conversion in pyrolysis reactions

in both of the shales. The authors conclude that

the interaction of metal cations in the

carbonates with -COOR and -OH functional

groups possibly results in the formation of the

alkali-oxygen surface groups which have been

proposed as the active sites on the oil shale

surface for the alkaline earth metal cation

catalyzed pyrolysis reactions.

INTERNATIONAL

PETROBRAS PRODUCING ASPHALT

ADDITIVES FROM SHALE OIL

Petrobras Research Center, Cenpes, has been

developing new technologies for the asphalt

segment since 1987, ranging from oil selection

for production purposes up to development of

new products and applications. This work has

earned Petrobras awards at the Parana State

Industry Federation for the paper titled

"Recycling Process for Asphalt Derived from

Shale
Oil,"

and the Sao Paulo state award

received in 1992 at the National Brazilian

Invention Contest for an invention of a recycling

agent made from shale oil.

Anti-stripping and recycling agents are under

production from shale oil at a 4,000-barrel per

day capacity production unit located in the State

of Parana. "This alternate resource can be

utilized to provide improvements in anti-

stripping between asphalt binder and

aggregates, and Brazil is the sole country that

has an industrial plant for producing
it,"

say

researchers at Cenpes.

Brazilian researchers have determined that

shale oil provides better anti-stripping qualities

than those obtained from oil products, thus

holding out better against the effect of water on

the pavement.

Currently being marketed as a recycling agent,

this product is used to re-establish the condition

of reclaimed asphalt pavement. This process is

important from two perspectives. First, because

it is a recycling process: as part of the

reclaimed asphalt pavement it is re-utilized after

having been mixed with a recycling agent. The

other important aspect derived from the

recycling of material left over from milling is that

the process avoids the application of new layers

to the pavement, and thus circumvents

problems such as raising street levels and

hampering rainwater outflow through the sewer

system, or adding excess weight to bridges and

overpasses.

ENVIRONMENT

ENVIRONMENTAL MITIGATION APPROACH

DEVELOPED FOR STUART PROJECT

The Stuart Oil Shale Project, undertaken jointly

by Southern Pacific Petroleum and Central
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Pacific Minerals (SPP/CPM), and Suncor

Energy, is scheduled to begin production in

late 1999.

The Stuart oil shale deposit is made up of silica

clay-based shale which substantially reduces

processing and environmental problems and

produces a clean oil relatively free from

impurities such as nitrogen and sulfur.

Shale processing requires only a small amount

of external energy because the heat required to

release the oil is supplied by the combustion of

the processed shale. Unlike other industrial

processes, the process does not create tailings

ponds or toxic waste. After processing, the

clean, dry shale will be returned to the mine,

allowing land to be returned to a condition

equivalent to its natural state. Both the fresh

and processed shale are inert and non-toxic,

according to the project sponsors.

While the Stuart Oil Shale Project offers

important economic and social benefits, it will

also impact the environment, including the air,

land and water. The project's co-owners say

they are addressing these impacts by taking a

proactive stance toward the environment. The

company plans to meet or exceed

environmental regulations and standards, and

look for new opportunities for improvement in

environmental performance through a

commitment to sustainable development and by
investment in clean energy systems. Their

environmental mitigation approach is

summarized below:

Air Quality

A variety of monitoring programs have been

established, in partnership with Central

Queensland University and other third-party

agencies, to monitor project emissions and their

effects on the surrounding environment.

Stringent controls have been designed to ensure

the project meets or exceeds all operating

requirements and emissions standards. Current

modeling indicates that the project's air

emissions will be well within standards

established by the Queensland Environmental

Protection Policies. Emissions are expected to

decline on a per-unit basis as the development

progresses as a result of the
co-venturers'

commitment to continual environmental

performance improvement.

Greenhouse Gases

Once the Stuart Project reaches commercial

operations in Stage 3, net greenhouse gas

emissions are expected to be comparable to or

less than those emitted in the production of

conventional oil products.

The project's first priority will be to reduce

carbon dioxide emissions from the project

through the use of energy-efficient technologies.

In addition, plans are under way to develop
renewable energy systems, research and

development opportunities and domestic and

international carbon dioxide offsets. These

offsets may occur both inside and outside the
owners'

operation leases and may include

plantation forestry and conservation projects,

emission reduction purchases and other actions

that contribute to a reduction of carbon dioxide

in the atmosphere.

Land

The Stuart Project includes a comprehensive

rehabilitation plan to reclaim and restore mined

land. Over the past decade SPP/CPM, with the

support of the local Landcare Group (an

environmentally focused, government-funded

community group), has proactively developed

and tested a reclamation approach on a trial

mine. Processed shale was backfilled into the

mine along with overburden and other low-grade

shale. This test site has shown that backfilling
encourages effective regrowth and return of

native flora and fauna, and it has exceeded

expectations.

Also, because Stuart shale has a low acid-

forming potential when mined, acid mine

drainage is not a problem. This situation is

even further enhanced in rehabilitation as the

processed shale has a large neutralizing
potential given that its pH is 9.5.
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Water Quality

Due to the innovative extraction technology,
which is a dry process and involves no tailings

ponds, as well as heat recovery and other

efficiencies, the project will be a small user of

water, primarily for cooling purposes. A

comprehensive water management system

involving recycling and various levels of

treatment will ensure safe and efficient water

handling. A program is in place to monitor the

project's impact on water quality and levels.

Current studies indicate that Stage 1 will have

no negative impact on ground water in the area,

including the Yarwun-Targinie fruit-growing
region.

The Great Barrier Reef

The Stuart deposit is located 40 kilometers from

the Great Barrier Reef. Nevertheless the Great

Barrier Reef is taken into account in the

development process to ensure the project's

mining and processing activities will not affect

this important natural resource. An Environ

mental Impact Assessment Study, completed

and approved for Stage 1 ,
indicates that oil

shale mining can be undertaken in an

environmentally responsible manner in a coastal

region.

Public Consultation

By working with the community, special interest

groups, government, regulators and other

stakeholders, the project's owners say they
intend to identify issues early in the project's

development and work toward mutually

beneficial solutions. An ongoing process of

public consultation is key to successful

development of the Stuart Project.
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PROJECT ACTIVITIES

SHELL CANADA COMMISSIONS PILOT

PLANT FOR C$3.4 BILLION MUSKEG RIVER

PROJECT

Shell Canada Limited and The Broken Hill Pro

prietary Company Limited (BHP) are moving
forward with a feasibility study on their proposed
C$3.4 billion Athabasca oil sands project.

Shell and BHP are spending more than

C$100 million on detailed commercial and tech

nical evaluations of the 150,000-barrel per day
project, which includes:

Muskeg River Mine

Corridor Pipeline

Scotford Upgrader

Shell will contribute 75 percent of the costs,

along with their petroleum expertise. BHP will

contribute 25 percent of the costs and their

mining and mineral processing expertise. The

regulatory process also continues through 1998.

The Muskeg River Mine application was filed at

the end of 1997 and the upgrader and pipeline

applications will be filed before mid-1998. Shell

and BHP will continue environmental studies

and public consultation throughout the year. At

the completion of the feasibility study in

early 1999, the companies will decide whether

or not to go ahead with the projectwhich

would start up in 2002.

Muskeg River Mine

The Muskeg River Mine is a C$1 .2 billion sur

face mine and extraction facility on Shell's

Lease 13 in Northeastern Alberta. A significant

milestone of the feasibility study is a

C$25 million pilot plant on the lease to test ex

traction processes on a large scale. Commis

sioning of the pilot, which received regulatory

approval in January 1998 is now under way.

The pilot plant was expected to be fully opera

tional in the third quarter of this year. The pilot

plant will provide information to develop the

detailed design of the full-scale extraction facil

ity.

Corridor Pipeline

The Corridor Pipeline is a C$400 million,

500 kilometer pipeline which will transport di

luted bitumen from Lease 13 to the Scotford

Upgrader. (See The Sinor Synthetic Fuels Re

port, January 1998, pages 3-3 and 3-4.) BC

Gas Inc. and its wholly owned subsidiary Trans

Mountain Pipe Line Company Ltd. will join Shell

and BHP in the feasibility study now underway.

The Corridor Pipeline will transport

215,000 barrels per day of diluted bitumen from

the Muskeg River Mine to the Scotford Up
grader. A return line will carry 65,000 barrels

per day of diluent back to the Muskeg River

Mine.

If the oil sands project is approved following the

current feasibility study, BC Gas and Trans

Mountain will build, own and operate the Corri

dor Pipeline. If all goes well, construction is

expected to begin in 2000, with shipping starting
in 2002. At any time prior to 30 days after final

project approval, Shell and BHP have an option

to take an equity interest of up to 49 percent in

the pipeline.

Scotford Upgrader

The Scotford Upgrader is a C$1 .8 billion project

which will be built next to Shell's existing Scot

ford Refinery north of Fort Saskatchewan.

The Scotford Upgrader will process 140,000 to

150,000 barrels per day of bitumen from Shell's

proposed Lease 13 Project.

Pending regulatory approval, and the successful

completion of the feasibility study and other key
technical and commercial milestones, construc

tion of the Scotford Upgrader is expected to be

gin in 1999. First processing is scheduled for

the fall of 2002 when production from the

Lease 13 Project is scheduled to begin.
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SUNCOR POSTS BEST-EVER SECOND

QUARTER

Suncor's Oil Sands unit posted its best-ever

second quarter production, averaging
90,800 barrels per day. This was substantially
higher than 1997's second quarter production of

55,600 barrels per day, which was lower due to
a planned 30-day maintenance shutdown (see

Figure 1.)

Oil Sands earnings were C$30 million in the

second quarter, compared with C$16 million in

the second quarter of 1997. The increase pri

marily reflects the higher production level, which

was partially offset by lower commodity prices

and the expiration of an environmental royalty

credit program.

Cash costs were C$13.50 per barrel during the

second quarter. Oil Sands continues to target

an average 1998 cash cost per barrel of

C$13.25.

FIGURE 1

OIL SANDS PRODUCTION BY QUARTER

(Thousands of Barrels per Day)

91.8 90.8

02 03 04 Q1 02

1997 1998

SOURCE: SUNCOR

SUNCOR CELEBRATES OPENING OF NEW

STEEPBANK MINE

In September Suncor Energy Inc. celebrated the

grand opening of its $320-million Steepbank

Mine.

Process Improvements

Key features of the Steepbank Mine project are

a facilities complex, a 300-tonne capacity bridge

over the Athabasca River and an innovative

process for ore preparation. The Hydrotransport

system replaces traditional conveyor belts and

completes the first step of the extraction proc

ess as it delivers ore to the existing extraction

plant.

The new Steepbank Mine process is outlined as

follows:

Three toothed sizers crush the +16-inch

ore and convey it to breakers.

Breakers screen and reduce ore size

from 16 inches down to -2 inches and

mix it with water.

The -2-inch slurry is pumped to storage

tanks and +2-inch material is returned to

the mine.

Slurry product, while pumped through the

hydrotransport pipelines, is conditioned

prior to entering the extraction process.

Suncor's first step toward optimizing the ore

preparation process was to review the ore bin

function. The ore bins provide a retention ca

pability between the crushers and the slurry

preparation plant a vital function in the proc

ess. To provide retention time in the new proc

ess Suncor installed three agitated storage

tanks after the slurry preparation. Two of the

three tanks are in operation at all times. Sun

cor's anticipated cost to install the ore bins was

approximately $50 million compared to the in

stallation cost of three tanks at approximately
$20 million. Suncor anticipates additional on-
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going savings on its operating costs because of

the
tanks'

long life, low maintenance and high

degree of reliability versus the anticipated cost

in operating and maintaining the ore bin system.

The cycle-feeder's function is to accept -16-inch

dry tar sand from the crushing system and is

part of the process that mixes tar sand and wa

ter into -2-inch slurry. That slurry is then moved

and conditioned through the hydrotransport

pipelines.

The next stage of optimizing the process was to

review current technology that can break, mix

and screen the -16-inch dry material. Bradford

Breakers are used in the coal mining industry in

both Alberta and British Columbia, Canada, to

break and screen. The potential of adapting this

technology to oil sands seemed realistic; how

ever, to date breakers have not been used with

wet product. To test if breakers were a viable

option, Suncor purchased a drum to conduct

tests at its existing mine. Approximately
1 ,000 holes, 2 inches in diameter, were drilled

throughout the circumference of the drum.

To ensure that the tar sand did not plug up the

holes, a piping system was installed so water

could be added to lubricate the tar sand and

help move it through the drilled holes. A system

was designed to ensure that the amount of wa

ter introduced matched the intake of dry mate

rial to maintain constant density of the resulting

slurry. The testwas successful.

The breakers contain holes throughout their en

tire circumference to ensure that only slurry less

than 2 inches moves on to the conditioning

process. In addition, Suncor anticipates signifi

cantly reducing its processing and operating

costs using this system due to its operating sim

plicity. As a result of its tests, Suncor concluded

that the breakers are flexible enough to accept

material from zero up to 14,000 tonnes per

hour; eliminating the need for a storage bin be

tween the crushing process and its slurry prepa

ration plant.

To complete the breaker process, a mixing tank

will be placed underneath to collect the -2-inch

slurry and a conveyor will be installed at the end

of the breaker to collect the 1 to 3 percent of

oversize material and return it to the mine.

Two out of three Hydrotransport pipelines, each

26 inches in diameter, have the combined ca

pacity to transport 10,000 to 12,000 tonnes per

hour to the processing plant, resulting in

130,000 barrels per day of finished product.

These pipelines cross the Athabasca River as

part of the bridge system.

Suncor also improved other areas of the proc

ess:

Increasing the truck dumps in the hopper

from one to two truck dumps at the same

time.

Increasing the dump pocket size to

1 ,200-tonne capacity making it the larg
est dump pocket in the world.

Changing the sizer from a four to three

tooth, thereby ensuring the larger lumps

of tar sand can be crushed.

Providing a spare scroll to improve the

turnaround of replacing a sizer from

7 days to 8 hours.

As a result of these technological improve

ments, Suncor has ended up with a simpler

plant using less equipment.

Suncor Bridge

In November 1997 Suncor completed a

250-tonne multipurpose bridge, spanning

391 meters across the Athabasca River, be

tween its existing facilities and the new mine

site. This award-winning bridge not only pro

vides traffic access, but will also be used to

convey the oil sands, tailings and various utili

ties necessary to support the mining operations.

No pipeline material being transported via the

bridge will escape into the river because of a

6 percent inclined bridge deck combined with a

runoff collection system on either side of the

bridge that will collect any spillage.
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Suncor's expansion will result in the new mine

moving a total of 72.6 million tonnes of ore

in 1999, compared to the current 48.9 million

tonnes. It is anticipated that the Steepbank

Mine will provide 50 percent of the total ore feed

by 1999. By 2001 feed will increase to

100 percent, after the existing mine is decom

missioned.

"With the completion of Steepbank Mine and

our fixed plant expansion project, I am confident

Oil Sands will meet its production target of

105,000 barrels per day by the end of
1998,"

said M. Ashar of Suncor Energy Oil Sands. "We

are now positioned for the next era in oil sands

growth our $2.2 billion Project
Millennium."

ADDITION TO SUNCOR UPGRADER BRINGS

CAPACITY TO 115,000 BARRELS PER DAY

Suncor Energy Inc. Oil
Sands'

fixed-plant ex

pansion project, Plant 25, was officially opened

in July. Plant 25 gives Upgrading division the

ability to process and upgrade 115,000 barrels

per day, an increase of 20 percent over current

capacity. It also allows production of a greater

variety of upgraded products.

"This will open up new markets and help us

better serve our
customers,"

said R. George of

Suncor Energy.

Construction of Plant 25 began in 1996 with

commissioning in May 1998. The plant contains

more than 12 miles of interconnected pipe and

includes a vacuum tower that stands 129 feet

high, weighs 461 tons and has capacity to hold

1.2 million liters of liquid. At a cost of approxi

mately $200 million, the upgrading expansion

project is expected to come in under budget. It

was completed almost 3 months ahead of

schedule.

Other pieces of the fixed-plant expansion in

clude work in Energy Services (utilities) to im

prove boiler capacity, water systems and elec

trical distribution, and work in Extraction to pre

pare the plant for increased bitumen recovery.

"The fixed-plant expansion and Steepbank Mine

position us for the next era of oil sands growth

our $2.2 billion Project
Millennium,"

added

George. Project Millennium, announced by
Suncor in July 1 997 and subject to Board and

regulatory approval, is being designed to further

increase product to a targeted 210,000 barrels

per day by 2002.

SYNCRUDE COKER SHUTDOWN

INTERRUPTS RECORD-SETTING RUN

In June Syncrude Canada set three new oil

sands records. Shipments for June totaled

7.5 million barrels, an average of

250,000 barrels per day, at a total unit cost of

C$12.21 per barrel. This exceeds the previous

record of 7.3 million barrels set in Decem

ber 1997. Shipments in June 1997 were

6.9 million barrels. Daily and weekly records

were also set. On June 13, 261 ,000 barrels

were shipped and 1.81 million barrels were

shipped during the week ending June 28.

Shipments for the quarter totaled 21 .4 million

barrels, compared to 15.4 million barrels in the

second quarter of 1997. Average daily ship

ments for the current quarter were

235,000 barrels, compared to 169,000 barrels

during the second quarter of 1997. Shipments

stand at 37.2 million barrels for the first half

of 1 998, compared to 32.8 million for the same

period in 1997. (See Table 1
.)

Following this record-setting run, Syncrude was

forced to shut down one of its two cokers in

July, after Syncrude's efforts to restore the unit

to full production proved unsuccessful.

The unit (Coker 8-2) had been running for about

16 months since its last maintenance turn

around, but encountered feed restrictions due to

coke circulation problems in the reactor burner

circuit. Work to restore satisfactory coke circu

lation included coke chunk removal and various

operating adjustments, but satisfactory circula

tion could not be established so the unit was

taken down.
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TABLE 1

SYNCRUDE SECOND QUARTER OPERATING RESULTS

For the 3 Months Ending For the 6 Months Ending
June 30 June 30

1998 1997 1998 1997

Shipments of Syncrude Sweet Blend

Millions of Barrels 21.4 15.4 37.2 32.8

Thousands of Barrels per Day 235 169 206 181

Operating Expenditures

Millions of $Cdn 242 299 525 533

Production Unit Costs ($Cdn/barrel) 11.32 19.44 14.09 16.24

G&A/Research/Financing
Millions of $Cdn 16 14 31 26

Total Expense

Millions of $Cdn 258 313 556 559

Total Unit Costs ($Cdn/barrel) 12.04 20.32 14.94 17.03

Capital Expenditures

Millions of $Cdn 125 118 209 186

Syncrude estimated that maintenance work on

the unit would require about 25 days. During
that time shipments will be cut in half to about

120,000 barrels per day.

Syncrude had set a production target of

80 million barrels for 1998. Estimates are that

the shutdown will reduce that to approximately
77.5 million barrels. In 1997 Syncrude shipped

a record 75.7 million barrels.

SYNCRUDE REPORTS EXCELLENT FIRST

HALF, MOVES FORWARD WITH UPGRADER

EXPANSION

Syncrude Canada reports exceptional operating

results for the second quarter. Shipments of

Syncrude Sweet Blend crude oil totaled

21.4 million barrels or over 235,000 barrels per

day. The second quarter set a new shipment

record.

Total unit cost of production for the quarter,

which includes G&A, research and financing,
was C$12.04 per barrel.

Operating expenditures were C$242 million,

C$58 million less than in 1997.

During the quarter the Syncrude owners ap

proved the over-C$900 million appropriation for

the first production train of the Aurora Mine and

the second-stage debottleneck of the upgrader.

A total of C$525 million in capital expenditures

is planned for 1998.

Syncrude Upgrader Expansion Overview

Syncrude is applying to amend Approval

No. 7550 under the Oil Sands Conservation Act

and Approval No. 26-01-00 under the Environ

mental Protection and Enhancement Act to al-
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low for a major expansion to its bitumen up

grader at Mildred Lake, Alberta (the Project).

The Project will provide the facilities to enable

Syncrude to produce a nominal total of

27.5 million cubic meters per year of an im

proved quality of Syncrude Sweet Blend known

as
"SSBI"

and other hydrocarbon products.

A new fluid coker, with off-gas scrubbing, is the

heart of the production scheme which will in

crease Syncrude's nominal production from

96 million barrels per year to 173 million barrels

per year of SSBI and other hydrocarbon prod

ucts.

In addition, new froth treatment facilities and

heavy gas oil and naphtha hydrotreaters will be

provided. To enhance product quality, addi

tional hydrocarbon processing capacity will be

provided through the conversion of the existing

light gas oil hydrotreater into an aromatic satu

ration service and the provision of a new light

gas oil aromatic saturation unit. Appropriate

ancillary units (e.g., hydrogen supply, sulfur re

covery, etc.) will also be added in support of this

new capacity.

An Environmental Impact Assessment for the

proposed scheme of production has been pre

pared by independent scientists under the over

all direction of Conor Pacific Environmental

Technologies Inc.

Since first announcing the Project in Novem

ber 1997, Syncrude has conducted extensive

consultations with First Nations and Metis com

munities, community stakeholders, regulators

and other interested parties.

The Project will make Syncrude (at a projected

C$9 to C$10 per barrel operating cost) competi

tive in cost with producers of light, sweet crude

while significantly increasing royalties to the

provincial government and taxes to municipal,

provincial and federal treasuries over the

30-plus year life of the operation.

The Project will also deliver an improved envi

ronmental performance. Total S02 emissions

from Syncrude's operations will decrease while

energy efficiencies and upgrading yields will

increase and two current waste products (SO2
and ammonia) will be captured to coproduce a

useful product (ammonium sulfate fertilizer).

There will be no incremental land disturbance

for Project construction.

Corporate Overview

Syncrude is Canada's largest producer of crude

oil from oil sand, meeting about 14 percent of

Canadian crude oil requirements. In 1998 Syn

crude produced its billionth barrel of crude oil.

This milestone was reached 5 years ahead of

the original schedule established at plant startup

in 1978 and is the result of continuous im

provement and ongoing investment in all areas

of the company's operation.

Syncrude is in the midst of implementing a suite

of projects known collectively as Syncrude 21 .

These projects will increase the company's

competitiveness via conventional crude oil pro

duction and improve its environmental perform

ance.

Syncrude 21 includes the addition of oil sands

mines (currently approved and under construc

tion) that provide secure access to a significant

bitumen resource base; the implementation of

new mining and extraction technology; process

improvements and capacity increases to exist

ing bitumen conversion facilities (all of which

are currently under construction); and expansion

of the bitumen upgrader which is the subject of

this application.

CORPORATIONS

PANCANADIAN REORGANIZES

PanCanadian Resources has initiated a reor

ganization of its heavy oil operations into two

separate groups in order to maximize the value

of the distinctly different heavy oil assets. One

group will focus on growing production at Peli

can Lake and developing high-volume growth
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assets that are amenable to thermal recovery

processes. The second group will focus on the

remaining heavy oil assets located in the

Lloydminster (Canada) area.

In September Dakota Gasification Company

(DGC) advised PanCanadian that it is re

examining its investment options in relation to

its commitments to construct a pipeline to de

liver carbon dioxide to the Weybum enhanced

oil recovery project, and to supply C02 from its

coal gasification facility. PanCanadian will par

ticipate in DGC's review with respect to how

DGC's decisions affect the Weybum project.

The review of DGC could result in a delay of the

start of CO2 injection at Weybum, which is

scheduled for December 1
,
1999.

ENERGY POLICY AND FORECASTS

MORE BITUMEN UPGRADING CAPACITY

NEEDED IN CANADA

Speaking at the Seventh UNITAR Conference

on the Future of Heavy Crude and Tar Sands,
held in October in Beijing, China, E. Yildirim of

the Alberta Chamber of Resources, Edmonton,

Alberta, Canada, summarized the status of oil

sands development in Canada.

The major oil sands deposits are found in four

geographic and geologic regions of Alberta:

Athabasca, Cold Lake, Peace River and Wa-

basca, covering an area of 77,000 square kilo

meters in northeast and north-central Alberta.

The Alberta Energy and Utilities Board esti

mates the in-place bitumen resource at

1.7 trillion barrels; the National Energy Board's

estimate is 2.5 trillion barrels. Authorities agree

that about 300 billion barrels of this total are

potentially recoverable with the existing tech

nologies.

New Canadian technologies that use horizontal

well in situ recovery processes are now being
used commercially and are expected to more

than double recovery rates. The oil sands rep

resent one-third of the world's known petroleum

resources.

During 1997 the commercial oil sands opera

tions all together produced a combined total of

520,000 barrels per day (bpd) of bitumen and

synthetic crude oil. Of this total approximately

300,000 bpd was produced by only two giant

surface mineable oil sands operations in the

Athabasca region. This is a 20 percent increase

since 1995. The balance of the production of

about 220,000 bpd was produced by the in situ

operators in the Cold Lake, Primrose and Peace

River regions. This volume presents an in

crease of approximately 57 percent over a

2-year period.

Recent advances have been made in oil sands

technology. Low-energy bitumen extraction;

advances in froth treatment; oil sand slurry

transport in surface mineable projects; and

steam assisted gravity drainage and variations

on it are becoming the main technology compo

nents of new projects.

The technology successes of recent years im

pacted the operating costs resulting in major

reductions while enabling the operators to in

crease their recoveries and efficiencies. The

recent years have been an opportune time for

oil sands development. The progress in tech

nologies, significant improvements in the fiscal

regime and a better appreciation of oil sands

development as a viable investment opportunity

encouraged the industry to plan and implement

new projects. However, the 1998 serious de

cline in conventional oil price and disproportion

ately large decline in the price of bitumen (about

40 percent) in a less than 6-month period may

have introduced a strong impediment to the de

velopers.

The National Task Force on Oil Sands Strate

gies developed a vision which projects that at

crude oil prices in the range of C$25.00 per bar

rel, the Canadian oil sands industry can grow to

reach production levels in the range of 800,000

to 1.2 million bpd of bitumen and synthetic

crude oil in the next 25 years. The production
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from oil sands will contribute one-half or more of

Canada's oil supply.

An investment of C$21 billion to C$25 billion will

be needed to double or triple the production

volume of 1995.

The Canadian Oil Sands Strategies developed

by the National Task Force on Oil Sands Strate

gies is a radical departure from the past. The

Task Force views the oil sands differently; no

longer is it a marginal resource with underlying

technological and economic disadvantages to

development. In fact, oil sands are a knowl

edge-based, technology-driven resource of sub

stantial quality and value. The production in

dustry is now well-established on a commercial

scale. Like all the world's mineral resources,

development of oil sands is capital intensive

and is accompanied by risk. In order to attract

investors, the Task Force has embarked on a

calculated new course for development.

By taking these actions, the attractiveness of oil

sands investments will increase because of a

fiscal regime which will be stable and predict

able. It is expected that the products from oil

sands will be in increasing demand at reason

able market prices. The basic infrastructure will

be in place and expandable in the near future.

There are imminent breakthroughs in technolo

gies that will lower the production costs further

by about 20 to 30 percent, says Yildirim.

During the period of 1996-1997 a great many

announcements were made regarding the new

development projects and capacity expansion

projects in oil sands with a combined total in

vestment estimate of more than C$22 billion. It

is expected that the surface mineable oil sands

projects will include certain bitumen upgrading

capacity to produce high quality petroleum

products.

Currently, there are no plans to build upgraders

in Alberta to process the production from the

in situ recovery operations. This scenario leads

to the conclusion that the incremental volumes

of bitumen production in the range of

200,000 bpd to 500,000 bpd by the year 2007

will probably oversaturate the market and im

pact the price differential between the conven

tional light crude and bitumen. In order to avoid

such an over-supply scenario, it is recom

mended that the concept of a regional upgrader

should be given serious consideration.

Similarly some other uses of bitumen such as

fuel in electric power generation, as feedstock to

petrochemicals production, and as feedstock in

hydrogen production should be considered.

The decline of world oil prices which started in

the last quarter of 1997 is continuing all

throughout 1998. Until now the impact of this

price decline on the oil sands development proj

ects has been relatively insignificant. The plans

for 1998 are progressing without any major re

duction in capital spending or any major delays.

There is a certain optimism that the world oil

price decline will reverse itself during this year

and that the oil sands development projects will

proceed uninterrupted. If this prediction comes

through then the vision of the National Task

Force on Oil Sands Strategies will materialize at

least 1 decade earlier than first projected.

TECHNOLOGY

BITUMEN COULD BE UPGRADED ON-SITE

BY REACTION WITH SUPERCRITICAL

WATER

A new upgrading technology has been proposed

for the on-site upgrading of bitumen recovered

from oil sands via steam assisted gravity drain

age. Fundamental studies on the hydrothermal

cracking of bitumen with supercritical water

were carried out to determine optimum reaction

conditions for the proposed process.

H. Kamimura, of Tohoku University, Sendai,

Japan, et al. summarized the results of these

studies at the
216th

American Chemical Society
National Meeting held in Boston, Massachu

setts, in August.
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Experimental conditions of hydrothermal treat

ment are as follows:
slightly lower than product with around 1 M al

kali.

Water loading, 20 to 40 percent

Temperature, 673 to 723 K

Reaction time, 0 to 30 minutes

KOH concentration 1 to 10 M

Products

In all cases of hydrothermal treatment, bitumen

was converted to much lighter oil. The viscosity
of oil products decreases with increasing tem

perature, and the reaction conditions of 703 K

and 15 minutes are enough to produce suffi

ciently light oils for pipeline transportation.

Drastic viscosity reduction was achieved in the

first 5 minutes (Figure 1). The viscosity is also

reduced as the water loading is reduced from 40

to 20 percent.

FIGURE 1
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As the KOH concentration increased, the vis

cosity of oil product slightly decreased, but when

the KOH concentration is more than

5
mol/dm3

(M), the viscosity reduction is less.

The viscosity of oil product without alkali is

Normalized molecular weight distributions of oil

products and original oil show that the heavy
components are diminished as the reaction pro

ceeds.

Fractions of coke (toluene-insoluble), and gas

and water-soluble organic compounds are in

creased with increasing temperature. But, the

fraction of gas and water-soluble organic com

pounds is obtained as difference, and about half

of it is estimated to be lighter oil components

which are evacuated in evaporating toluene

used as the extractant. The fraction of martens

(n-pentane-soluble) does not change much.

The fraction of coke produced at 703 K is about

5 percent, which is much less than that in ther

mal cracking. This may imply that hydrogen is

supplied from water and/or the water prevents

polymerization.

As for the gas composition, H2 and CH4 were

produced, but C02 and H2S gases did not exist

when alkali solution was used. However, when

pure water was used instead of alkali solution,

C02 and H2S as well as H2 and CH4 were pro

duced.

Desulfurization

The sulfur content of oil product at 703 K de

creased to 2.0 percent from 4.5 percent. The

sulfur content decreased to half of the original

value in the first 5 minutes in all cases of water

loading. After the first 5 minutes, influence of

water loading appears, but 30 percent of sulfur

still remains even in the case of 40 percent wa

ter loading. In the case of thermal cracking
without water, sulfur removal was less.

It was difficult to decrease the sulfur content of

oil products further by increasing the reaction

time.

Discussion

The results show that the viscosity reduction

occurs simultaneously with desulfurization, but
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the dominant mechanisms in the first 5 minutes

and those in subsequent reactions are different,

say the authors: In the first 5-minute reaction,

the thermal cracking may be dominant and the

breakage of C-S bonds in aliphatic structures

may occur. In this process, increase of water

loading may cause hindering of the thermal

cracking, which proceeds by radical reactions,

because of the enhancement of the ionic char

acter of water. At the next stage of cracking,

the slow thermal cracking of C-C bonds and the

hydrothermal cracking of C-S bonds in aromatic

structures may lead to the reduction of viscosity

and sulfur content. Through the whole process

of cracking, water acts to suppress the produc

tion of coke.

METHANE PROVIDES HYDROGEN FOR

UPGRADING OF EXTRA-HEAVY CRUDE

The use of dispersed metal catalysts is one al

ternative for the upgrading of heavy oils. In an

article published in Energy & Fuels, Volume 12,

Number 2, pages 379-385, 1998, C. Ovalles

etal. of INTEVEP, Caracas, Venezuela, de

scribe how a dispersed molybdenum catalyst,

derived from Mo02(acac)2 (where

acac = acetylacetonate), was used for upgrading

extra-heavy crude oil in the presence of meth

ane as a source of hydrogen. By carbon isotope

ratio mass spectrometry analysis, labeled meth

ane (13CH4) was found to incorporate into the

crude oil (estimated value 0.01 percent) giving

conclusive evidence of the involvement of CH4

in the heavy crude oil upgrading processes.

The use of methane as the hydrogen source

represents an improvement of the economic

aspects of the extra-heavy crude oil and coal

upgrading technologies mainly because a hy
drogen generation plant is not necessary.

The reaction of Hamaca extra-heavy crude oil at

11 MPa of methane and 410C for 1 hour

(Table 1 , control run) led to an increase of
6

in

the API gravity of the upgraded product, a

10 percent reduction in sulfur content and

41 percent conversion of the >500C fraction

with respect to the original crude. An analogous

reaction carried out in the presence of

Mo02(acac)2 as dispersed catalyst (Table 1 ,

Run 1) yielded a product with slightly higher API

gravity (16), higher reduction in sulfur content

(16 percent) and higher conversion ofthe heavy
fraction (55 percent). Additionally, in the pres-

TABLE 1

UPGRADING OF EXTRA-HEAVY CRUDE OIL USING

Mo02(acac)2 AS ORGANOMETALLIC PRECURSOR

Gas HDS % Conv. Coke Gases Liquids

Run Used API (wt.%) >500C (wt.%) (wt.%) (wt.%)

Hamaca Crude Oil 8.7 (3.40% S)

Control CH4 14.6 10.0 41 7.7 4.6 87.7

1 CH4 15.9 15.6 55 6.3 4.6 89.1

2 Argon 12.7 8.0 43 12.1 3.4 84.5

3 H2 15.1 22.3 65 6.5 3.0 90.5
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ence of the catalyst, a reduction of coke forma

tion (from 7.7 to 6.3 percent) was observed in

comparison with the control experiment. These

results, say Ovalles et al., strongly indicate that

the presence of the molybdenum catalyst is

necessary in order to enhance the upgrading of

extra-heavy crude oil in the presence of meth

ane.

A reaction carried out in an inert argon atmos

phere (Table 1, Run 2) yielded a product with

lower API gravity (8), less reduction of sulfur

content (8 percent), and lower conversion of the

>500C fraction with respect to the methane-

containing experiment (Table 1, Run 1). These

results indicate that methane is involved, as a

source of hydrogen, in the upgrading reaction

and that it can be activated by the metal cata

lyst.

An experiment (Table 1 , Run 3) conducted un

der hydrogen atmosphere afforded an upgraded

product with slightly better properties than those

obtained under methane (Run 1) and argon

(Run 2) atmospheres. Thus, the order of reac

tivity is H2 > CH4 > N2.

By XPS, 1H NMR, MS and SIMS experiments,

the researchers derived a proposed mechanism

for the methane addition to the crude oil which

involves activation of CH4 by the MoS2 catalyst

generating CHX and H^x species on the catalyst

surface. The CHX moiety can be added to the

hydrocarbon molecules forming methylated

products. The H^x species could be available

for sulfur removal and for hydrogenation of as

phaltenes (lower coke production).

BITUMEN COKING DEPENDS ON FILM

THICKNESS

During thermal cracking, the products that are

volatilized and the amount of coke produced

depend mainly on the nature of the feed and

severity of the process. For example, lower

delayed-coker operating pressures have been

found to improve liquid yields. Reducing mass

transfer limitations and improving heat transfer

may also improve fluid-coking yields.

W. McCaffrey et al. of the University of Alberta

summarized the impact of the heat and mass

transfer on the overall formation of coke at the
216th

American Chemical Society National

Meeting held in Boston, Massachusetts, in

August.

The coking of thin films of both Athabasca bitu

men and vacuum residuum can be described by
three general reaction phases: phase one, rapid

boiling; phase two, formation of a viscous sur

face layer and slower evolution of volatiles;

phase three, ultimate solidification. When 5- to

30-milligram samples of vacuum residuum were

placed on a hot stainless steel surface (at

500C) rapid volatilization of the light fraction of

the sample was observed with isolated bubbles

followed by the formation of a highly viscous

layer on the surface of the film.

During the reactions, bubbles were evolved in

the film, then they burst cleanly at the liquid

surface. Importantly for heat transfer, film boil

ing, or the Leidenfrost phenomenon was not

observed with either Athabasca bitumen or vac

uum residuum.

The second phase of the reaction was charac

terized by the formation of a viscous layer on

the surface ofthe liquid film. The formation of a

viscous layer at the surface of the residue on

the hot plate is similar to the morphology of coal

as it undergoes thermolysis and the formation of

cenospheres during the fast pyrolysis of heavy
fuel oil droplets. This new plastic layer has sig

nificant implications to the transfer of volatile

products away from the reaction zone. Bubbles

evolved slowly and only separated when the

pressure within the bubble increased sufficiently

to deform the viscous surface layer. During this

phase the residence time of the volatiles near

the reaction zone would increase and subse

quently there is a high potential for secondary

cracking or retrograde reactions.

An important observation was the length of time

required for the completion of the reaction. The

majority of the reaction was complete within a

short reaction time, usually less than approxi

mately 10 seconds. The surface of the film,
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however, remained liquid or plastic-like for up to

60 seconds at reaction temperatures of ap

proximately 500C. This relatively long reaction
time for the ultimate conversion of the remain

ing viscous residue to coke may have significant
implications to the understanding of the mecha

nisms of fouling of reactor internals and ag
glomeration of fluidized coke. This viscous

layer has significant process implications and

needs further investigation, say McCaffrey et al.

Experiments using samples of approximately
the same size were conducted on flat plates and

on angled plates to decrease the film thickness.

Table 1 shows the importance of effective film

thickness on coke yield. This behavior is con

sistent with an observed coupling between the

degradation rate of polymers and sample size in

thermal gravimetric analysis. For bitumen it is

likely that with increasing film thickness mass

transfer decreases and secondary reactions in

crease, producing more coke.

TABLE 1

ULTIMATE YIELD OF COKE

Relative

Inclination Film Coke Yield

of Plate Thickness (percent)

Level 1.0 18.5

Angled 7 0.5 16.1

Thus, the ultimate yield of coke from the rapid

heating of thin films of bitumen was found to be

influenced by heat and mass transfer as well as

reaction kinetics.

ALBERTA HEAVY OILS UPGRADED BY

SUPERACID-CATALYZED HYDROCRACKING

One alternative to conventional catalytic hy

drocracking of tar sand bitumens is superacid-

catalyzed hydrocracking. The superacid HBF4
has been shown to be an excellent catalyst at

low temperatures (105 to 170C) and hydrogen

pressure (500 psi) for the depolymeriza-

tion/liquefaction of coal.

The feasibility of employing HBF4 for the de-

polymerization/hydrogenation of tar sand bitu

mens and asphaltenes was investigated by re

searchers at the University of Alberta (UA).

O. Strausz, of the UA, et al. outlined their re

sults at the
216th

American Chemical Society
National Meeting held in Boston, Massachu

setts, in August.

Results and Discussion

The HBF4-catalyzed hydrocracking of Ath

abasca bitumen (5.5 grams) was carried out in a

24-hour reaction at 170C. The vessel was

closed tightly, and 500 psi BF3 was introduced,
followed by 500 psi H2. The reaction yielded

33.0 percent n-pentane solubles, 14.7 percent

CH2CI2 solubles (asphaltene) and 1 .8 percent

CH2CI2 insolubles, indicating the formation of

50.5 percent volatiles (which were not recov

ered). This experiment demonstrated the high

efficiency of the HBF4 + H2 superacid system in

causing chemical alterations in the bitumen.

For reference, using thermocatalytic hy

drocracking at 170C practically no reaction

would occur and the yield of volatiles would be

only a few percent.

The effect of added MethylCycloHexane (MCH)
on the hydrocracking of Athabasca bitumen and

asphaltene was next examined. Increasing the

volume of added MCH increases the yield of

recovered products, bitumen, maltene and as

phaltene. Total product yields above approxi

mately 20-milliliter MCH exceed the amount of

the initial feedstock from both bitumen and as-
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phaltene and rapidly rise with further amounts of

MCH. Thus, the excess amount of products

must be coming from the reactions of added

MCH. At less than 5 milliliters, MCH does not

appear to decompose or affect the hydrocrack

ing of the bitumen or asphaltene feedstocks,
except perhaps by the suppression of the small

amount (1 .8 percent) of coke which forms in

long reactions. Product yields with 5-milliliter

MCH are about the same as without MCH.

Further analysis showed that under the experi

mental conditions of the superacid-catalyzed

hydrogenation employed, the MCH solvent un

dergoes ionic rearrangement, degradation and

oligomerization.

According to Strausz et al. the results from

studies on the HBF4-catalyzed hydrocracking in

the presence of MCH point to the general reac

tivity of the HBF4 superacid system indicating
that acyclic and cyclic hydrocarbons can be at

tacked. The typical gas chromatograms of the

saturates from the native bitumens displaying
the series of biological markers are altered be

yond recognition after the hydrocracking proc

ess (suggesting the destruction of cheilan-

thanes, hopanes, isoprenoids, etc.). Also, the

monoaromatic subtraction after hydrocracking
appears to be rich in 1 -phenyl,

2,2-dimethyl-n-alkanes, whereas in the native

asphaltene the aromatic-attached alkyl groups

are n-alkyl, and branched alkyls are hardly pre

sent. The appearance of these products is con

sistent with the known tendency of superacids to

catalyze the break-up of alkyl chains and bring
about their isomerization to f-butyl structures.

Superacids also catalyze the transalkylation of

aromatic compounds which, together with the

above isomerization reactions, could account for

the generation of the branched-alkyl products.

Summary and Conclusions

The authors conclude that the superacid HBF4 is

a highly effective catalyst for the hydrocracking
of bitumens and asphaltenes even under mild

conditions (170 to 190C, 1 hour or less). The

reactions involved proceed with ionic mecha

nisms as opposed to the free radical mecha

nisms in thermal hydrocracking, resulting in

deep-rooted alterations of the chemical compo

sition of the bitumen, evidenced by the high

(56 percent) conversion of the bitumen to vola

tiles, the drastic changes in the gas chroma

tograms of the various compound classes of the

bitumen, and the appearance of many promi

nent branched-alkylbenzene peaks, etc.

Parallel to the depolymerization some secon

dary polymerization leading to the formation of

asphaltene-like materials takes place upon pro

longed reaction times. Therefore, establishing
the optimal reaction time is essential to obtain

the most favorable conversions.

MCH exhibits high reactivity with respect to the

HF-BF3 superacid under the conditions of the

bitumen or asphaltene hydrocracking process

typifying the general reactivity of cycloalkanes

resulting in the oligomerization of MCH to pro

duce conjugated alkenes. Bitumen and as

phaltene both contain cycloalkane units that

should react similarly to MCH. Taking the

above results in conjunction with the ready
re-

coverability of the catalyst, Strausz et al. con

clude that HF-BF3 superacid catalysis has con

siderable potential for commercial application in

the bitumen upgrading industry.

INTERNATIONAL

ORIMULSION-FUELED PLANTWINS

"1998 POWERPLANT OF THE
YEAR"

AWARD

Electric Power International presented

SK Power's Orimulsion-fired Asnaes Power Sta

tion in Kalundborg, Denmark, with the

"1998 Powerplant of the
Year"

award at the
17th

Congress ofthe World Energy Council held

in Houston, Texas, in September. This marks

the second time in 4 years that a powerplant

using Orimulsion as its primary fuel has been

given such an award for environmentally bene

ficial results.
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The 640-megawatt Asnaes Power Station con

verted its coal- and oil-fired power generating

unit into a unit utilizing Orimulsion in Febru

ary 1995. Since that time the facility has fired

approximately 4.4 million tons of the 30 percent

water/70 percent bitumen emulsion. This con

version has resulted in a 15 to 17 percent re

duction of carbon dioxide emissions and a

40 percent reduction in nitrogen oxide emis

sions. Also as a result of the conversion, more

gypsum produced by the plant's scrubbers is

recycled into wallboard and the residual fly ash

from the plant is recycled and metals are ex

tracted and available for reuse. Additionally,
plant personnel report that operations on

Orimulsion are "more reliable than when firing
coal."

The Asnaes Power Station acts as the comer-

stone in what is described as "industrial symbio
sis,"

a system where several facilities share their

operational byproducts with each other, sharply

reducing waste and pollution. Electric Power

International describes this system as providing

"operating, financial and ecological dynam

ics.. ..perhaps like no others
worldwide."

In ad

dition to the use of gypsum and fly ash, Asnaes

Power Station's excess steam is provided to an

oil refinery and a biotechnology plant. The

powerplant's cooling water discharge is used by
a local fish farm. Heat generated by the power-

plant is supplied to the local municipality, and

waste gases from the oil refinery are in turn

used in the powerplant.

HORIZONTALWELLS WILL AID THERMAL

RECOVERY OF HEAVY OIL IN CHINA

The status of thermal recovery and the devel

opment prospects for heavy oil in China were

the subject of a presentation by L. Wenzhang of

the Research Institute of Petroleum Exploration

and Development, CNPC, China, at the Sev

enth UNITAR Conference on the Future of

Heavy Crude and Tar Sands held Octo

ber 27-31, 1998, in Beijing, China.

The onshore heavy crude and tar sands in

China are distributed widely and account for

20 percent of China's total petroleum resource.

More than 70 heavy oil fields have been found

in 12 basins where 1.2 billion cubic meters of

Original Oil In Place (OOIP) exist.

Since 1982 thermal oil recovery technology has

developed quickly. Cyclic steam stimulation

has become the major technology for heavy oil

recovery. In 1985 total thermal heavy oil pro

duction was 750,000 tons. This increased to

10 million tons by 1993 and has been main

tained at 1 1 million tons through 1997. The total

number of wells has been up to 9,000. The na

tional heavy oil production, including both ther

mal and conventional cold oil production, is

9 percent of the total onshore oil production

(Figure 1).

Heavy oil production by thermal recovery is

mainly from four areas: Liaohe, Xinjiang,

Shengli and Henan. The producing heavy oil

reserves exceed 800 million tons.

During the last decade, cyclic steam stimulation

technology in deep wells has improved and be

come mature. Secondary thermal recovery

technology, including steam flooding, is devel

oping and improving. In the future, steam drive

technology will be developed as fast as possi

ble. Several field tests show that various hori

zontal well technologies in thermal oil recovery

will become effective methods to develop
China's extra and super heavy oil.

Geological Characteristics of Heavy Oil

Reservoirs

The heavy oil reservoirs have geological char

acteristics as follows:

High resin content, low asphaltene con

tent and high viscosity with large varia

tion. The heavy oils are divided into

three types including conventional heavy
oil, extra heavy oil and super heavy oil.

The reservoir depth varies greatly. In

Eastern China many reservoirs that are
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FIGURE 1

HEAVY OIL PRODUCTION IN CHINA
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produced by thermal means are more

than 800 meters deep and some of them

are up to 1 ,700 meters.

In Western China the heavy oils in

Karamay are distributed widely and are

shallow in depth.

There are many sand-body types which

have high porosity and permeability but

low oil saturation.

The geological conditions of heavy oil

reservoirs are complicated and there are

many reservoir types.

Cyclic Steam Stimulation

Up to now, Cyclic Steam Stimulation (CSS) has

been the major method to develop heavy oil

reserves in China. Its widespread application in

China results from three reasons:

Small investment, high rate of oil pro

duction, good economic benefit.

Even if the reservoir is deep (such as

1 ,700 meters), the process technologies

of thermal recovery are mature and

complete.

Cyclic steam is suitable for various types

of heavy oil reservoirs.
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CSS is still a primary oil recovery method using
the natural reservoir energy while reducing the

oil viscosity through heating. Therefore, its oil

recovery factor is generally about 15 percent

OOIP and for some reservoirs can be up to

20 percent OOIP.

The number of steam stimulation cycles which

are economical and effective is 6 to 7 and

should not be greater than 10.

Steam Drive and Other Technologies

Up to now, most heavy oil reservoirs and blocks

which have been put into production in China

are in the middle or late stage of CSS. Even if

many reservoirs and blocks can continue to be

developed by infill drilling, the increase in re

covery factor is limited, only 5 to 8 percent, and

the cumulative oil recovery factor from CSS will

not be greater than 20 percent.

The Gaosheng oil field in Liaohe area is an ex

ample. Although CSS has not terminated, the

reservoir pressure has decreased to less

than 5 MPa. Therefore, the time for converting
to steam drive is drawing near.

Most of the heavy oil reservoirs must be devel

oped by some other methods after CSS. In re

cent years, test results of more than 10 steam

drive pilots show that steam flooding of shallow

heavy oil reservoirs is successful. An example

is the heavy oil reservoirs of No. 9 Block in the

Karamay area.

Based on Wenzhang's studies, most heavy oil

reservoirs and blocks can be converted to sec

ondary thermal recovery methods. The secon

dary thermal recovery methods include steam

drive, high-temperature hot-water flooding, foam

drive with hot water and nitrogen, hot-water

flooding with surfactant, or some other multiple

drive technology.

It is predicted that more than 50 percent of the

produced heavy oil reservoirs currently pro

duced by steam injection can be converted to

steam drive.

Thermal Recovery by Horizontal Well

Technology

Development tests carried out from 1988 to

1994 indicate that recovering
extra- and super

heavy oils in China by vertical wells yielded

poor economic return because of low oil pro

duction of individual wells, low production per

cycle and low oil/steam ratio.

In the last 5 years, studies and field tests of re

covering super heavy oils by horizontal wells

have developed rapidly. The steam stimulation

technology of horizontal wells in the Le'an super

heavy oil reservoir has been successful. Up to

October 1997, 32 horizontal wells were put into

production and the oil production per cycle is 3

to 4 times higher than that of vertical wells.

For the shallow super heavy oil reservoir (170 to

200 meters in depth) of No. 8 Block in the

Karamay area, three of four horizontal wells

drilled in 1997 were put into production and their

oil production rate was 5 to 8 times higher than

that of vertical wells. The average oil produc

tion rate of individual wells was above 10 tons

per day.

For the super heavy oil reservoir of Du 84 Block

in the Liaohe area, the steam assisted gravity

drainage technology was used and a pair of

parallel horizontal wells was drilled. By the end

of 1997, the preheating period was completed.

The cumulative oil production in 4 months was

about 2,500 tons which was 20 tons per day on

average. The production period of depressuri

zation began recently. It is predicted that the

total production time will be 7 years and the cu

mulative oil production will be 150,000 tons, and

cumulative oil steam ratio will be 0.27.

In the future new technologies will be applied to

improve oil recovery and economic benefit in

complicated heavy oil reservoirs such as: res

ervoirs with active edge and bottom water, thin

interbedded heavy oil reservoirs, and deep

heavy oil reservoirs (about 3,000 meters in

depth). It is still difficult to recover heavy oil
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from these kinds of reservoirs under current

conditions.

RESOURCE

CHINA'S HEAVY OIL AND TAR SANDS

RESOURCES AREWIDESPREAD

According to H. Jianyi and N. Jiayu of the Re

search Institute of Petroleum Exploration and

Development, Beijing, China, they found that

formation and distribution of global heavy oil

and tar sands is mainly controlled by Alpine

tectonic movements. They form two accumula

tion belts: the Alpine and the Circum-Pacific.

Heavy oil and tar sands in Western and Eastern

China belong to the Alpine Belt and Circum-

Pacific Belt, respectively. Jianyi and Jiayu pre

sented their findings at the Seventh UNITAR

Conference on the Future of Heavy Crude and

Tar Sands, October 27-31, 1998, in Beijing,
China.

Heavy oil (including extra-heavy oil and asphalt)
is a biodegraded and oxidized product of hydro

carbons generated by thermal maturation of

organic matter. These naphthalene-based cru

des consist of high molecular hydrocarbons and

hetero-atomic compounds. Many papers have

been published that discuss geologic features of

heavy oil and tar sands in the world, especially
those in the Alberta and East Venezuelan ba

sins. Heavy oil or tar sands are reported almost

in every petroliferous basin. In summary, the

conditions of formation and features of heavy oil

and tar sands in the world appear to have many

aspects in common:

Basin evolution appears to be a primary

control on heavy oil formation. Uplifting
brings hydrocarbons in pre-existing res

ervoirs to the near surface, resulting in

varying degrees of biodegradation and

oxidization.

Huge-scale hydrocarbon migration and

accumulation from a large source area

often took place during uplift.

Heavy oil is formed by oxidization of

crude oil through biochemical action.

Heavy oil pools and tar sand deposits

are formed at shallow depth (generally
within 1 ,500-meter depth).

In China more than 70 heavy oil fields have

been discovered in 12 basins so far. Heavy oil

output per year is about 10 million tons, ap

proximately half of which is recovered ther

mally.

Based on their analyses of the formation and

distribution of heavy oil and tar sands in China,

combined with several examples from heavy oil

and tar sand deposits in the world, the results

discussed by Jianyi and Jiayu can be summa

rized as follows:

Globally heavy oil and tar sands are dis

tributed along the Alpine Belt and the

Circum-Pacific Belt. Heavy oil and tar

sands in Western and Eastern China

belong to the Alpine Belt and Circum-

Pacific Belt, respectively.

A few heavy oil reservoirs and tar sands

deposits in China are products of paleo-

weathering crust, which were later often

buried deeply and mixed with some con

ventional oil generated at later stages.

Abundant Upper Tertiary heavy oil res

ervoirs were formed in Eastern China.

Meanwhile, in the South part of Eastern

China, Mesozoic and Paleozoic asphalt

veins and oil sands were widely distrib

uted. But in Western China, Mesozoic

and paleozoic heavy oil and tar sands

were formed along Northwest or North

margins of basins due to the S-N com

pression.

Geological features of heavy oil and tar

sands in China, like others in the world,
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share many common aspects. Reser

voirs are characterized by high porosity

and high permeability; young geological

age and shallow burial depth;
stratigraphic traps are the dominant

heavy-oil trap type.

A certain amount of heavy oil in China

originates from immature or low-maturity
oils. This type of oil is much higher in

viscosity and hetero-compound fractions

than mature oil.

Heavy oil and tar sands in China are

widely distributed and abundant. It is es

timated that today the undiscovered

heavy oil resources in China are

25 billion tons. Meanwhile, the potential

of tar sands resources is also great.

THE SYNTHETIC FUELS REPORT. OCTOBER 1998

59



 



COAL

PROJECT ACTIVITIES

SASOL PRODUCTION UP BUT PROFITS

DOWN

Sasol Ltd. has reported its financial results for

the year ended June 25, 1998. According to

director P. Cox, The profits attributable to

shareholders of R2.075 billion demonstrates

Sasol's resilience and its ability to withstand

various adverse economic factors. The major

variables which influenced Sasol's profits are

the R/US$ exchange rate, crude oil prices, pet

rochemical commodity prices and refining mar

gins. With the exception of the exchange rate,

these all had a negative impact on the

1998 profits compared with
1997."

Turnover increased by 5.4 percent to

R16.66 billion mainly as a result of higher pro

duction volumes from existing plants and in

creased production from new plants commis

sioned during the year. Operating profit of

R3.121 billion was 20 percent lower than the

previous year.

Compared with the 1997 financial year average

of US$19.33, the average price for Dubai crude

oil dropped by 22 percent to US$15.08 per bar

rel, its lowest average level in 4 years. Chemi

cal commodity prices were also suppressed.

Reduced prices were partially countered by the

slight weakening of the rand against the United

States dollar. The average rand/dollar ex

change rate devalued by 6.6 percent from

R4.52 for the 1997 financial year to R4.82 for

the 1998 financial year.

The South African Cabinet decided in Decem

ber 1995 to phase down the crude oil floor price

applicable to tariff protection on synthetic fuels.

This floor price, which was originally set at

$23 per barrel, has been progressively phased

down from a level of US$21 .40 per barrel

in 1995 to its present level of US$17 per barrel.

In terms of the 1995 agreement with the gov

ernment, the floor price will be reduced further

to a level of US$16 per barrel on July 1, 1999,

and the level and structure of tariff protection for

the synthetic fuel industry will again be reviewed

in June 2000. No further reduction has been

agreed to.

Gas-To-Liquids Projects

Sasol Synfuels International (Pty) Ltd. (SSI) was

incorporated during the 1998 financial year to

specifically develop and implement international

business ventures based on the application of

Sasol's Fischer-Tropsch synthesis technology.

During the year SSI focused primarily on its

planned gas-to-fuels ventures in Qatar and Ni

geria, as well as joint studies for offshore appli

cations of its technology in the North Sea.

Through the Qatari venture, with the Qatar

General Petroleum Corporation and Phillips Pe

troleum Corporation as venture partners, Sasol

envisages a 20,000-barrel per day plant being
commissioned in 2002. On the strength of a

preliminary feasibility study completed during
the year under review, Sasol and Chevron Nige

ria Ltd. have committed themselves to proceed

with the detailed feasibility investigation of the

20,000- to 30,000-barrel per day plant in Nige

ria.

During the year SSI and Statoil of Norway com

pleted a joint feasibility study of an extended

well-testing vessel operating offshore the United

Kingdom and Norway. The results of the study

indicate that the issues of process safety and

the technical feasibility of producing synthetic oil

offshore can be resolved successfully.

Strategic Alliances

During the year under review several new joint

ventures were developed, the most notable of

which was the formation of the international

Merichem-Sasol phenolics joint venture (trading
as Merisol). Launched in October 1997, Merisol

is the merger of the Sasolburg-based operations

of the Sasol Phenolics division and the Houston,

Texas-based operations of Merichem Company
ofthe United States.

Schumann Sasol International AG, through its

subsidiary company of Schumann Sasol (South

Africa) (Pty) Ltd., acquired the wax and emul-
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sions operations of Engen in Durban during the
year. This acquisition has since enabled

Schumann Sasol to widen its product spectrum

and its customer base into new applications and

to expand its business into emulsions.

Schumann Sasol International also formed a

new joint venture with a Venezuelan company,

Proesca, a wholly owned subsidiary of Petroleos

de Venezuela SA. The new company,

Ceraven CA, will operate a new-generation par

affin wax de-oiling and refining plant near Car-

don, Venezuela.

The new alliance between Sasol Mining Explo

sives and Sasol DHB Holdings Inc. (DHB) in the
United States for the production and marketing

of Sasol's revolutionary new Expan technology
for the North American mining industry gathered
impetus during the year. DHB Holdings plans to

become, in time, the world's leading explosives

company.

Sasol is also a member of a global fuels alliance

comprising Sasol, Amoco, Phillips Petroleum,

Praxair, British Petroleum and Statoil of Nor

way. The six oil companies are pooling their

financial, technical and research and develop
ment resources to develop and commercialize a

new-generation environment-friendly technology
to produce synthesis gas for the production of

chemicals and cleaner-burning fuels. This in

volves oxygen transfer membranes.

Sasol Synthetic Fuels (Pty) Ltd.

Based at Secunda, Sasol Synthetic Fuels (Pty)
Ltd. (SSF) uses unique Sasol processes to

manufacture synthesis gas from low-grade coal

and to convert this gas into a large range of

valuable hydrocarbons, including synthetic liquid

fuels and pipeline gas. These products also

provide the bulk of the building blocks for most

of the South African chemical industry.

For SSF to prosper as a business in the long

term, the production of synthetic oil must be

able to continuously compete with equivalent

crude oils on international markets. The far-

reaching SSF business transformation process,

Vulamehlo, initiated in 1995, will enable SSF to

sustain competitiveness. The fixed-cash pro

duction cost of product in 1996 values has de

creased by 13.2 percent over the past 2 years.

SSF is now cash-positive even at low crude oil

prices. At current low crude oil prices, however,
shareholders do not receive an acceptable re

turn on their investments.

During the year SSF received tariff protection to

the value of some R500 million due to the low

crude oil price. There was also a further shift in

sales from liquid fuels to chemical feedstocks.

At present 20 percent of the total SSF produc

tion is sold to the petrochemical industry,
70 percent as liquid fuels and 10 percent to the

fertilizer, explosives and carbon coke industries.

The export of fuel alcohol to Brazil ended during
the latter half of the financial year due to sur

pluses resulting from bumper sugar crops in that

country. Consequently, alcohol stocks have

increased and prices have dropped significantly.

The best alternative appears to be to reintro

duce fuel alcohol to the South African fuel pool

as a gasoline extender. The South African mo

tor industry and fuel companies have been noti

fied of Sasol's intention to do so.

During the past 2 years new methods were

sought to further integrate and operate the two

SSF plants (SSF East and SSF West) as a sin

gle production unit. Integration increases the

complexity and interdependency of the various

subunits, but substantial financial rewards could

be achieved. Projects to be implemented in

cluding a linear programming model to optimize

production planning and the installation of ad

vanced process control and unit optimization

systems.

Jet fuel produced from components emanating

from the Synthol process has been accepted by
all of the world's major aircraft engine and air

frame manufacturers. One of these manufac

turers, however, required consultation with its

suppliers, which delayed the final approval of

synthetic components in jet fuel for commercial

use. SSF expects to obtain this approval and

plans to start supplying the aviation market with

synthetic jet fuel components in the 1999 finan

cial year.
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The seven new-generation Sasol Advanced

Synthol (SAS) reactors, once all fully commis

sioned in the latter half of the 1999 financial

year, will result in a significant reduction in cash

operating costs. The full benefits of these sav

ings, however, will only be realized during the

2002 financial year.

Additional studies have been initiated to investi

gate and develop growth opportunities. The

main initiative under investigation is the planned

Sky High project through which SSF intends to

expand the total production of its current fuels

and chemicals by 15 percent by the 2003 finan

cial year. SSF also intends to further improve

process efficiency. In this regard, the main

study areas for advanced process control cover

gas production optimization, gas circuit spec

trum control, steam optimization, inter-unit con

trol and overall information management.

Several projects were completed during the

year, most notably the R96-million project to

convert the methane gas reformers to open-

flame technology. Open-flame technology en

ables reduced operating costs as a result of

more efficient catalyst usage, while obtaining

better plant availability and an improved con

version efficiency.

Sasol Chemical Industries Ltd.

Sasol Chemical Industries Ltd. (SCI) produces

and markets more than 120 chemical products

from the beneficiation of coal at Sasolburg and

from various feedstocks purchased from SSF at

Secunda. The main products manufactured at

Sasolburg include ammonia, ammonium nitrate,

ammonium sulfate, cresols, phenol, hydrogen,

industrial pipeline gas, methanol, ketones, min

ing chemicals, nitric acid, paraffins, various sol

vents and waxes. A new 140,000-ton per year

methanol plant will replace the existing

20,000-ton per year facility in the 1999 financial

year.

The SSF feedstocks are processed into a range

of value-added chemicals at Secunda including
acetic acid and propionic acid, acetone and

other ketones, acrylonitrile, alcohols and alcohol

blends, ammonia, argon, carbon products, fer

tilizers, mining explosives, granular sulfur,

1-hexene, 1-pentene and a mixture of krypton

and xenon. During the 1999 financial year the

Secunda product portfolio will be extended to

include 1-octene.

SCI uses the division and subsidiary approach

to operations. These are:

Synthesis Gas - converts coal into syn

thesis gas

Industrial Gas - supplies pipeline gas to

Johannesburg and Pretoria

Sasolburg Utilities - provides reliable on-

site utilities

Sasol Ammonia - ammonia for the fertil

izer, explosives and industrial markets

Sasol Fertilizers - fertilizer products

Sasol Mining Explosives (SMX) - explo

sives and initiation systems

Sasol Akrylo - acrylonitrile for conversion

into acrylic fibers and other chemicals

Sasol Alpha Olefins - 1-hexene,

1-pentene and other alpha olefins

Sasol Carbo-Tar - carbon and tar prod

ucts

Sasol Mining Chemicals - chemicals for

the mining and metallurgical industries

Sasol Solvents - a wide range of sol

vents and related products

SCI has had a largely satisfactory year, al

though widespread decreases in prices reduced

profit in comparison with the 1997 financial

year. The growth in total product volume of

8 percent spread over most of the SCI business

divisions will enable strong future performance

when prices recover.
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Synthesis Gas Division

At the Synthesis Gas division, an out-dated and

inefficient oxygen unit was renewed during the

year with advanced and more competitive air-

separation technology.

Sasol Mining Explosives

At SMX local and international demand for Ex-

pan explosives-grade ammonium nitrate prod

ucts continues to grow. Independent laboratory
tests conducted on these products have demon

strated a superior energy-release profile in all

tests.

Sasol Alpha Olefins

Sasol Alpha
Olefins'

worldwide business turn

over increased by 40 percent to R297 million.

The revenue gains came almost exclusively
from substantial increases in sales volumes as

the division increased its global market share

from 23 to 27 percent. The global hexene co-

monomer business continues its current rate of

growth of between 8 and 10 percent per year.

The major engineering project to install a Syn

thol light oil feed preparation unit, another first-

of-a-kind process designed by Sasol Technol

ogy, was completed successfully in November

1997. This unit has enabled Sasol Alpha Ole

fins to increase the annual capacity of its first

two production modules to more than 120,000

tons of hexene in addition to the requirements

for pentene. Although the division has

100 percent of the world pentene market, pen

tene production has been limited by small mar
ket demand. Therefore, most of the plant ca

pacity is dedicated to hexene production. The

construction of the octene plant, which was ap
proved in 1997, is progressing to schedule and

the first octene shipment from South Africa is

expected to be undertaken in the second quarter

of 1999. The octene plant is also based on

unique process technology developed by Sasol

Technology. The first-phase octene capacity is

for dedicated supply to Dow Chemicals.

Sasol Carbo-Tar

The Carbo-Tar division services the wood pres

ervation, heating fuels, ferro-alloy, steel and

foundry industries, among others. The division's
products fall within the definition of solid carbon

and tar products, while carbon reductants, re-

carburisers, creosote and petroleum coke are

examples of the generic names of the products.

Sasol Carbo-Tar's turnover increased by
11.8 percent to R236 million. Sasol Carbo-Tar

was restructured into four independent and em

powered business units, the Carbon, Tar, Re

ductants and Trading units. Each is responsible

for its own value chain.

The decision in the 1997 financial year to allo

cate 2 percent of revenue to research and de

velopment is starting to pay dividends, says Sa

sol. An active research program has been es

tablished and many improvements in product

quality have already resulted. Sasol Carbo-Tar

intends to upgrade its products into higher-

purity, higher-value products targeting niche

applications.

A breakthrough was achieved that will allow the

division's Carbon unit to supply high-quality car

bon to the market in the near future. Focused

research and development also allowed the Tar

business unit to extend its product range with

the introduction of road tars and impregnation

pitch.

Sasol Mining Chemicals

The Mining Chemicals division produces and

markets a range of collector and frother chemi

cals for application in the flotation plants of

mines. New mining chemicals being developed

include: tri-ethoxy butane, manufactured from

crotonaldehyde; a range of polyacrylamide
floc-

culants, made from acrylonitrile; and a range of

sulfur chemicals based on sulfur dioxide and

hydrogen sulfide.

Sasol Solvents

During the year additional production capacity

was commissioned. At the acetic acid and
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propionic acid recovery plant the first phase of

the chemical work-up debottlenecking project

was commissioned toward the end of 1997.

This has enabled a 20 percent increase in the

methyl ethyl ketone production rate. Additional

aromatic solvent capacity, sold under the trade

name of Solumix, was added at the beginning of

the financial year and will enable Sasol Solvents

to expand its sales over the next few years.

In the 1999 financial year growth will be sup

ported by the commissioning of a substantially

bigger methanol plant as well as the expansion

of the high-purity ethanol plant at Secunda, the

introduction of a new alcohol blend, isopropylol

and the commissioning of a crotonaldehyde pu

rification facility at Secunda.

Schumann Sasol International AG

The merged wax activities of Schumann and

Sasol continue to grow. Schumann Sasol, the

world's primary producer of Fischer-Tropsch

synthetic waxes, widened its product portfolio

with the complementary introduction of paraffin

waxes derived from crude oil by acquiring
En-

gen's wax business at Durban during the year.

Restructuring in the worldwide lube oil industry
led to a positive market development for paraf

fin waxes. In recent months this has been con

spicuous in the United States where the com

pany's American subsidiary, M&M Marketing,

was able to benefit from this development. The

South-East Asian financial crisis, however, had

a detrimental effect on business volumes in the

region.

The first sales of products that utilize the phase-

change properties of wax were achieved. This

totally new application for wax usage holds

great potential and, to this end, further product

development is being undertaken.

Merichem-Sasol LP

Merichem-Sasol LP, the Sasol-Merichem joint-

venture chemical company was launched inter

nationally on October 1, 1997, combining the

production and marketing functions of the Sasol

Phenolics division with the phenolic operations

of Merichem Company of Houston, Texas.

Merichem Company has more than 50
years'

experience in upgrading natural phenolic prod

ucts to high-grade pure products and has been

SCI's largest single customer for phenolic prod

ucts for several years.

In recent years Sasol has grown to become the

world's largest single producer of natural pheno

lic products from its coal-to-oil plants at Sasol

burg and Secunda. Merisol was established to

combine Sasol's secure feedstock supply and

primary purification capacity with Merichem's

flexible and under-utilized purification capacity,

as well as its advanced presence in higher-

value specialty phenolic products and markets.

Merisol operates primary-product production

facilities at Sasolburg and at Houston. Phenolic

products serve a broad number of industrial ap

plications, including antioxidants,
agrochemi-

cals, pharmaceuticals, resins, flame-retardants

and electronic components. The products of

Merisol's customers serve the automotive, con

struction, electrical, pharmaceutical, animal

health and foundry industries.

Sasol Oil (Pty) Ltd.

Sasol Oil (Pty) Ltd. markets liquid fuels, gase

ous fuels and lubricants. Liquid fuels include

liquid petroleum gas, gasoline, fuel alcohol, il

luminating paraffin, jet fuel, diesel and a variety

of fuel oils. About one-third of the liquid fuels

marketed are produced from crude oil through

Sasol's share of the Natref oil refinery at Sasol

burg. The rest is produced by SSF and is mar

keted on its behalf. Sasol also imports some

liquid fuels to supply its export markets.

The South African Government's draft White

Paper on Energy Policy was published in

June 1998 for public comment. For the South

African liquid fuels industry, the White Paper

recommends a phased-deregulation process of

up to 5 years during which period certain condi

tions for the industry's restructuring would have

to be met.

Sales of liquid fuels decreased by 0.8 percent

due to the long-standing Group strategy to ex-
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tract larger volumes of higher-value chemicals

from intermediate feedstreams at the SSF fa

cilities. Although sales of synthetic fuels were

6.1 percent lower than those of the

1997 financial year, sales of crude oil-based fuel

products were 10.7 percent higher.

Sasol Technology (Pty) Ltd.

The Research and Development (R&D) division
is responsible for technology support to existing
Sasol business divisions in order to ensure their

sustainable competitive advantage. Sasol's

increasing diversification toward chemical prod

ucts has also increased the need for chemical

research. The R&D staff has therefore been

increased to about 400.

A notable achievement of the R&D division

during the year was the successful commerciali
zation of a uniquely active cobalt Fischer-

Tropsch catalyst. This catalyst forms the basis

of the Sasol Slurry Phase Distillate process.

Following research into the important coal prop

erties and operating conditions for the Sasol

Lurgi gasification process in recent years, tests

are being conducted on a single commercial

gasifier to evaluate laboratory findings and the

predictions made by using mathematical models

of the gasification process. The test program is

scheduled to run for the next 2 years, and

should confirm the division's expectations of

achieving significant improvements in gasifier

capacity and operating stability and efficiency.

A master license agreement with Catalytic Dis

tillation Technologies of the United States al

lows Sasol Technology to research applications

of this promising catalytic distillation technology.

Several applications of catalytic distillation have

been identified and are in different stages of

research, piloting and commercialization. The

technology finds value in converting many of

the Sasol oxygenate streams into useful chemi

cals.

During the year the development of the Sasol

Slurry Phase Distillate process was advanced

through the completion of several prefeasibility

and feasibility studies. These detailed studies

have confirmed that plant costs are on the order

of US$25,000 per barrel of daily installed ca

pacity, depending on scope and site-specific

factors. These figures represent a large reduc

tion in the cost of any gas-to-liquids plant built in

the past.

KFx MAKES PRODUCT SHIPMENTS

In April KFx Corporation shipped 15 tons of their

K-Fuel to Southern Company's combustion

testing facility in Birmingham, Alabama. Both

KFx and Kennecott Energy indicated the test

exceeded their expectations. The test com

pared the new fuel against coal from the Dry
Fork Mine as well as a compliant Eastern coal.

The K-Fuel proved lower in SOx and NOx emis

sions than either coal.

KFx is now stockpilling their product, so that

they can begin shipments to their main cus

tomer, American Electric Power Company
(AEP). AEP has an option to buy up to

500,000 tons of the fuel for use at the Ohio

Valley Electric Company.

ROSEBUD SYNCOAL GETS 6-MONTH

EXTENSION

The Advanced Coal Conversion Process

(ACCP) Clean Coal Technology Demonstration

Project being demonstrated by Rosebud Syn

Coal Partnership at Colstrip, Montana, was

granted a 6-month no-cost time extension to

install and test a supplemental SynCoal firing
system at Colstrip Unit 2, and to allow the

United States Department of Energy and Rose

bud to evaluate a Cooperative Agreement re

structuring proposed by Rosebud last year. Pi

lot-scale unit stabilization testing will be done

during this extension.

The ACCP facility continues to process raw

subbituminous coal, producing over 1 .3 million

tons of SynCoal product to date. Nearly
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1 .3 million tons have been supplied to custom

ers, including industries (primarily cement and

lime plants) and utilities. Rosebud SynCoal

Partnership has signed a Letter Agreement to

design, install, commission and operate a

pneumatic injection system for Colstrip Unit 2.

The pneumatic injection system would inject

SynCoal product on a steady basis.

CONTINUATION AND COMPLETION OF

SELF-SCRUBBING COAL PROJECT

APPROVED

In May 1998 the Assistant Secretary for Fossil

Energy approved the continuation and comple

tion of the clean coal project "Self-Scrubbing
Coal: An Integrated Approach to Clean

Air,"

with a new participant, Laurel Energy LP, an

affiliate of Tanoma Energy Inc. of Latrobe,
Pennsylvania. Continuation of the project will

allow production and combustion testing of both

Carefree and Self-Scrubbing coals, using the

United States Department of Energy patented

Micro-Mag process. Laurel Energy is in the

process of purchasing the assets of Custom

Coals Laurel (the original participant), which is

in bankruptcy. The purchase will include the

500-ton per hour Laurel Coal Processing Facility
near Central City, Pennsylvania, site of the

Clean Coal Technology Project.

FIRST SAS REACTOR SUCCESSFULLY

COMMISSIONED

Sasol Synthetic Fuels (Pty) Ltd. in Secunda,

South Africa, announced in September the suc

cessful commissioning of the first Sasol Ad

vanced Synthol (SAS) reactor with a diameter of

10.7 meters.

The commissioning took place on schedule and

within budget.

The original 16 conventional Synthol reactors

will eventually be replaced with eight of the lat

est, more efficient SAS reactors. Four of these

new reactors will have an internal diameter of

10.7 meters while the remaining four have di

ameters of 8 meters each. One of the 8-meter

reactors was installed and commissioned at Se

cunda in June 1995, to prove the commercial

viability and technical operability of the new

technology.

The remaining six reactors are scheduled for

commissioning between September 1998 and

February 1999.

According to Sasol Synthetic Fuels, this new

SAS reactor technology replaces the conven

tional Synthol technology applied by Sasol over

the past 43 years. "This project is one of many

actions being taken as part of a comprehensive

transformation of Sasol Synthetic Fuels, aimed

at becoming more globally competitive at low

crude oil prices. It represents a milestone in the

history of synthetic oil
production."

The project cost is R1 .01 billion.

DAKOTA GASIFICATION RE-EXAMINING

COMMITMENT TO SELL CARBON DIOXIDE

In September PanCanadian Resources said it

had been advised by Dakota Gasification Com

pany (DGC) that it is re-examining its invest

ment options in relation to its commitments to

construct a pipeline to deliver carbon dioxide to

the Weybum enhanced oil recovery project and

to supply C02 from its coal gasification facility.

PanCanadian said it will participate in DGC's

review with respect to how DGC's decisions af

fect the Weybum project. The review by DGC

could result in a delay of the start of C02 injec

tion atWeybum, which is scheduled for Decem

ber 1,1999.

THE SYNTHETIC FUELS REPORT. OCTOBER 1998

66



 



COAL

CORPORATIONS

SGI TERMINATES TEK^OL AGREEMENT,
MOVES FORWARDWITH MITSUBISHI

In May SGI International exercised an option to

terminate its TEK-KOL partnership with Zeigler

Coal Holding. SGI's notice in May to Zeigler
means termination of the partnership 6 months

from the date of the notice. Afterward SGI gets

a worldwide, exclusive right to market its Liquid

Fuels from Coal (LFC) technology through

April 12, 2000. After that both parties have

marketing rights.

The partnership agreement was originally
signed in 1989 with Shell Oil, which at that time
owned the Buckskin Mine in the Powder River

Basin of Wyoming. In 1992 Zeigler bought

Shell's coal operations, including Buckskin.

Buckskin is the location for a demonstration

plant using LFC technology. That plant began

operations in 1995 and was shut down late last

year after United States Department of Energy
cofunding ran out. The plant produced

114,900 tons of solid fuel and 116,100 barrels of

liquids before it was shut down. The solid fuel

was tested at seven electric utilities, including
Muscatine Power, Western Farmers Electric and

American Electric Power. The liquids went to

eight industrials, mostly in the form of a residual

fuel oil.

Of note is that Zeigler's assets, including the

LFC interests, have been sold to AEI Re

sources.

In August SGI signed a Letter of Intent with Mit

subishi Corporation on a new joint-venture part

nership to help further develop and market the

technology. SGI will provide to the joint venture

help in project development and technol

ogy/product marketing in the United States.

Mitsubishi is to pay SGI a set annual fee per

year for at least 2 years or until the parties tran

sition the joint venture into an operating entity.

Mitsubishi will also provide help in developing

the LFC technology and will market the technol

ogy outside the United States.

COVOL COUNTS 24 BRIQUETTING UNITS IN

OPERATION

A total of 24 production units with about

10 million tons per year of capacity are now in

operation using Covol
Technologies'

coal-fines

agglomerating technology. A number of these

projects qualify for Section 29 federal tax cred

its, which amount to $20 to $25 per ton de

pending on the BTU content of the product. A

summary of these operations was recently com

piled by Coal Outlook, and is outlined below.

Pace Carbon Fuels: Three plants in West Vir

ginia and one in Virginia can each produce up to

600,000 tons per year of product.

Appalachian Synfuels #1 and #2: These two

units, with a combined 720,000-ton per year

capacity, are located at AT. Massey Coal's op
erations at Pettus, West Virginia. Appalachian

Synfuels is controlled by Massey parent Fluor

Corporation.

Mountaineer Synfuel: This is a 360,000-ton

per year facility at Anker Coal
Groups'

Upshur

Properties site in Upshur County, West Virginia.

Anker supplies the coal fines and markets the

product.

Pocahontas Synfuels: This a 360,000-ton per

year facility at North Fork, West Virginia, owned

by Covol. Black Diamond Enterprises will sup

ply the coal fines and market the product.

Utah Synfuels and Carbon Synfuels: There

are two production units, with a combined

720,000-ton per year capacity, located at Co

vol's first coal recovery site near Price, Utah. A

primary target for marketing is PacifiCorp, which
last year had unsuccessfully tested an early ver

sion of the Covol product. Covol later added
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ash cleaning and thermal drying capability to get

a higher quality product. The Intermountain

PowerAgency has also ordered test product.

Mohave Synfuels: This Savage Industries af

filiate has developed a 280,000-ton per year

facility at the Mohave powerplant in Nevada.

The unit briquettes fines discarded by a coal

slurry pipeline. The unit will initially operate at
around 110,000 tons per year. Customers in

clude industrial plants and powerplants.

Birmingham Syn Fuel: This is a 360,000-ton

per year facility at Birmingport barge terminal on
the Black Warrior River near Mulga, Alabama.

Birmingham Syn Fuel is a PacifiCorp Affiliate.

PacifiCorp Syn Fuel: There is a 360,000-ton

per year facility developed by this PacifiCorp
affiliate at Brookwood, Alabama, and a

720,000-ton per year facility at Flat Creek, Ala
bama. The Brookwood facility is tapping slurry

ponds at Jim Walter
Resources'

nearby #4, #5

and #7 mines. The Flat Creek operation will

take fines from various old mine sites in the

area.

USA Coal: Four production units are located at

Peabody Coal's old No. 10 mine in Illinois, with

a total capacity of 1 .44 million tons per year.

The plants will be operated by Pawnee Capital

Group.

Pelletco: This company has a 300,000-ton per

year facility at coal operator R. Murray's Maple

Creek Mine in Pennsylvania and a 340,000-ton

per year unit at Murray's Powhatan No. 6 mine

in Ohio.

CoBon Synfuel LLC: This is a 580,000-ton per

year facility at CONSOL's Robena barge trans-

loading site in Pennsylvania. The fines plant

will be operated by CONSOL, and its product

will be marketed by CONSOL. CONSOL is ini

tially getting fines for this plant out of the old

Mather Mine site. The intent is to blend this

product with some of the Pittsburgh-seam coals

moving through the transloader.

Pennsylvania Synfuel: This is a 400,000- to

600,000-ton per year facility located at PBS

Coal's Shade Creek prep plant in Somerset

County, Pennsylvania. PBS supplies the fines

and markets the product.

Commonwealth Synfuel: This is a facility with
360,000 tons of capacity located in Clearfield

County, Pennsylvania, at the operations of

River Hill Coal.

ANTAEUS ENERGY BUILDING CTC/CLC

FORMCOKE PLANT

Antaeus Energy says it has entered into a stra

tegic alliance with Hoogovens Technical Serv

ices BV, a steel and aluminum producer, to de

velop coke-making projects worldwide using

Antaeus Energy's coke-making technology, the

CTC/CLC process, developed by Coal Technol

ogy Corporation (formerly UCC Research Cor

poration).

The CTC/CLC process, now called the Antaeus

Continuous Coke process, produces high-quality
coke required for the steel industry's blast fur

nace applications. According to Antaeus, the

company's continuous coke process produces

1 ton of coke in 4 hours compared with 24 hours

by conventional methods, and it does not gen

erate any undesirable environmental emissions

associated with traditional coke plants. The

plants also cost less to construct and operate

than traditional coke plants, the company said.

Under the alliance, Antaeus Energy will own and

operate the plants, and Hoogovens will have the

option to take joint equity (up to 50 percent).

Hoogovens will provide the engineering and

technical services to construct the components

of the process.

Antaeus will be using the technology at its site in

Gary, West Virginia, to convert recovered coal

fines into char and coke. Since November 1997

Antaeus has been extracting coal fines from two
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abandoned coal ponds at the Gary site, and

construction of the char/coke plant at the site

began in June. The plant is expected to be fully
operational by mid-1999 and is projected to pro

duce up to 480,000 tons of high-quality coke per
year.

KFx STRENGHTENS MANAGEMENT AT

NEW POWER SOLUTION SUBSIDIARY

In October the board of directors of KFx named

D. Ellis to the position of president and chief

executive officer for KFx's New Power Solutions

subsidiary.

KFx Inc. is best known for its K-Fuel technology
that upgrades the BTU content of low-rank,
high-moisture coal, creating a high-energy
commercialized "clean

coal"

fuel. The K-Fuel

process significantly reduces S02 and NOx

emissions, and eliminates nearly all traces of

mercury and hydrochloric acid. Partners with

KFx in the further development of K-Fuel in

clude Thermo Ecotek and Kennecott Energy
and Coal Company.

In addition, KFx's Net Power Solutions subsidi

ary is a developer and supplier of neural net

work computer software for combustion optimi

zation in coal-fired powerplants. New Power
Solutions'

primary product, NeuSIGHT, is in

stalled or is being implemented at 20 boiler units
in North America, providing customers with sig

nificantly enhanced heat rates and dramatically
reduced NOx emissions. KFx's partners in Net

Power Solutions include Computer Associates

International and Science Applications Interna

tional Corporation.

GOVERNMENT

DOE AWARDS NINE RESEARCH GRANTS

FOR PRODUCING CLEAN FUELS FROM

COAL

On August 12, 1998, the United States Depart

ment of Energy (DOE) Office of Fossil Energy
announced the selection of nine research proj

ects for innovative concepts for producing clean

fuels and feedstocks from coal. These selec

tions were made under the "Solid Fuels and

Feedstocks Grand
Challenges"

Program Re

search and Development Announcement. The

solicitation was announced in March 1998 and

30 proposals were received.

Four of the selected projects will develop ad

vanced technologies for the recovery of carbon

from waste coal fines and ash impoundments,
while four projects will develop advanced bio-

mass/solid waste/coal fuels for utilization in

coal-fired boilers. One project will develop an

advanced cleaning process for the precombus-

tion removal of mercury from coal. Once the

selected projects complete contract negotia

tions, the projects will begin a Phase I research

and development program, which will last up to

18 months with DOE providing $300,000 to

$600,000. This cost-shared program requires

the industrial participant to provide at least

20 percent cost sharing. After Phase I, a down-

selection will occur for a Phase II effort to scale

up technologies and address proof-of-concept

testing. Awards selected under Phase II could

result in $500,000 to $1 million of DOE funding
for projects up to 3 years in length with a mini

mum proposer cost-share of 50 percent.

Recovering Carbon from CoalWastes

An estimated 2 to 3 billion tons of coal
"fines"

microscopic coal particles lie in waste im-
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poundments at coal mines and washing plants

around the United States. This discarded
"waste"

contains the energy equivalent to 8 to

12 billion barrels of oil, comparable to a "super
giant"

oil field. Moreover, each year, mining

operations dispose of as much as 30 million

tons of coal as waste, and utilities discard mil

lions of tons of unbumed carbon along with fly
ash in powerplant landfills.

Four of the projects will develop advanced

technologies to recover useable fuels from

these waste products:

Ultrasonically Enhanced Dense-Medium

Cycloning for Fine Coal and Coal Refuse

Impoundment Materials - Pennsylvania

State University, University Park, Penn

sylvania - Develop advanced separation

technology based on the application of

ultrasonic energy to scrub clays from the

surfaces of particles for the improved

cleaning and recovery of coal from waste

ponds using dense-medium magnetite

cyclones.

Development and Demonstration of In

tegrated Carbon Recovery Systems from

Fine Coal Processing Waste - Southern

Illinois University, Carbondale, Illinois -

Develop new/improved density-based

and surface-based fine-coal cleaning de

vices and fine-coal dewatering tech

niques to improve the recovery, eco

nomics, and marketing of fines from coal

preparation plants and waste coal ponds.

Advanced Carbon Recovery/Dewatering
Systems Development - Virginia Poly
technic Institute and State University,

Blacksburg, Virginia - Develop innova

tive fine-coal dewatering technologies to

improve the handling and economics of

fine coal recovery and utilization systems

from coal preparation plants and coal

ponds.

The Recovery of High Quality Fuel and

Adsorbent Carbons from Coal Burning

Utility Ash Ponds and Landfills - Univer

sity of Kentucky Research Foundation,

Lexington, Kentucky - Develop separa

tion processes to recover carbon from

powerplant fly ash for use either as a fuel
or as a high-quality carbon adsorbent.

The technology also produces high-

quality, salable fly ash from previously

unmarketable material.

Combining Coal with Biomass/Waste

"Biofuels"

a diverse group of energy sources

ranging from wood and agribusiness wastes to

fast-growing "energy crops"have long been

used to generate steam and electricity for in

dustrial factories and processing plants. Re

cently, however, utilities and other power gen

erators have become interested in cofiring these

fuels with coal to reduce fuel costs and lower

greenhouse gas emissions.

Also nearly half of all the landfill materials

(municipal and animal waste, plastics, rubber,

etc.) discarded in the United States potentially

have some energy value; yet, only a small por

tion is recycled. For example only 8 million of

the 33 million barrels of waste oil disposed of

each year is reused. Likewise, less than half of

the 250 million rubber tires Americans discard

each year are recycled.

Four of the selected proposers will focus on

technologies that mix these biomass or waste

products with coal to form low-cost, clean-

buming fuels:

A Low-Cost and High-Quality Solid Fuel

from Biomass and Coal Fines - Altex

Technologies Corporation, Santa Clara,

California - Develop an integrated de-

watering and extrusion device for pellet

izing biomass and coal feedstocks using

processed sewage sludge as a binder

and sealer in order to produce pellets

with superior transportability and han

dling characteristics for combustion in

coal-fired boilers.

Production of New Biomass/Waste-

Containing Solid Fuels - CQ Inc., Homer

City, Pennsylvania - Develop a novel die

for pellet mills that facilitates dewatering
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and produces strong, weather-proof,

composite pellet fuels, from different

combinations of biomass, waste and coal

feedstocks, for various coal combustion

applications. The technology is an ex

tension of the commercial E-Fuel tech

nology developed by CQ Inc.

Compacting Biomass and Municipal

Solid Wastes (MSW) to Form an Up
graded Fuel - University of Missouri,

Columbia, Missouri - Develop a novel

rotary press for dewatering and com

pacting biomass feedstocks into biomass

logs for cofiring in various coal combus

tion applications. The technology is an

adaptation of the coal log technology de
veloped by the University ofMissouri.

New Solid Fuels from Coal and Biomass

Waste - McDermott Technology Inc., Al

liance, Ohio - Develop drying and pel

letizing technologies for municipal sew

age sludge and paper sludge, both with

and without coal addition, to produce

pellets for cofiring in a cyclone boiler.

Any toxics present in the sludges be

come encased in the slag produced by
the cyclone boiler.

Removing Air Toxic Impurities

The United States Environmental Protection

Agency is in the final stages of gathering infor

mation to determine whether mercury emissions

from powerplants should be regulated. Mercury
is one of more than 100 substances classified

as a "hazardous air
pollutant."

In coal, mercury

exists in trace amounts within the carbon lat

ticework that makes up coal's complex struc

ture. When the coal is burned, mercury is con

verted to gaseous form which may be much

more difficult to capture. Removing it prior to

combustion, therefore, may be the most cost-

effective approach if future controls are man

dated.

The ninth project selected by DOE will develop
an innovative approach to remove mercury from

coal before it is burned:

Removal of Selected Hazardous Air

Pollutant Precursors by Dry Magnetic

Separation - EXPORTech Company

Inc., New Kensington, Pennsylvania -

Develop technology for the precombus-

tion removal of mercury using dry mag

netic separation on pulverizer recycle

streams at pulverized-coal powerplants.

The process technology is applicable to

both cleaned and uncleaned coals and

removes mercury via its association with

pyrite that is liberated during pulveriza

tion.

Projects Reflect a Redirection of DOE's Coal

Preparation Research and Development

The nine projects selected represent a new di

rection for the coal preparation research histori

cally carried out by the Federal Energy Tech

nology Center, the coal research arm of the

DOE's fossil energy program. The past pro

gram was oriented largely on developing im

proved coal cleaning technologies to remove

potential pollutants from coal. While pollutant

removal is still a key part of the effort, the new

program has been renamed the "Solid Fuels and

Feedstocks
Program"

to reflect its expanded

research role in biomass/waste coprocessing,

premium carbon products from coal, and the

production of tailored feedstocks for industrial

processes, residential use, chemicals, and

transportation fuels.

OCDO ANNOUNCES CLEAN COAL

TECHNOLOGY GRANTS AND NEW

SOLICITATION

The Ohio Coal Development Office (OCDO) will

award five clean coal technology grants ex

ceeding $7.7 million to four entities. Funding for

the projects will be provided through the Coal

Research and Development Bond Fund, ad

ministered by the Ohio Department of Devel

opment.
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The projects, recommended by OCDO's Tech

nical Advisory Committee, focus on developing
and implementing technologies that will utilize

Ohio coal in an environmentally sound, eco

nomic manner. All projects include private

sector funding.

The following entities will receive coal develop
ment support, pending successful grant and le

gal negotiations:

American Electric Power and its project part

ners will receive a $1 .5 million grant to demon

strate a Selective Non-Catalytic Reduction

technology on a 600-megawatt unit at the Car

dinal plant. The urea-based process is ex

pected to remove NOx emissions by 30 percent

at a cost comparable to fuel switching or blend

ing, thus allowing the unit to maintain its use of

Ohio coal. Total project cost is estimated to

be $5.9 million.

Medical College of Ohio (MCO) and its project

partners will receive a $3.5 million grant to in

stall the LoTOx/NOx/TM at MCO's steam plant.

The system is expected to reduce up to

99.9 percent of the plant's NOx emissions. The

system will work in conjunction with the Rapid

Absorption Process, a previously approved sul

fur dioxide removal project, to demonstrate a

system that has not previously been demon

strated in the United States. Total project cost

is estimated to be $4.8 million.

Will-Burt Corporation and its project partners

will receive a $455,750 grant to install a small,

commercial-scale, 10 million BTU per hour At

mospheric Fluidized-Bed Combustor (AFBC) at

Cedar Lane Farms near Wooster. The AFBC

will use hot flue-gas recycle to maintain bed

temperature, improving thermal efficiency and

NOx control. Limestone will be added for cap

ture of sulfur dioxide. Total project cost is esti

mated to be $1 .4 million.

The Ohio State University and its project part

ners, including Case Western Reserve Univer

sity, Ohio University and University of Cincin

nati, will receive a $1 ,055,830 grant to conduct

13 projects in fundamental and applied labora

tory coal research. The partners, known as the

Ohio Coal Research Consortium, are complet

ing the second year of 4-year research program,

which focuses on the formation and removal of

sulfur dioxide, nitrogen oxide and air toxics.

Total project cost is $1 ,521 ,068.

McDermott Technology Inc. and its project

partners, including the United States Depart

ment of Energy (DOE) and Ohio Edison, will

receive a $620,953 grant for a project titled

"Coal Ash Corrosion Resistant Materials Test
ing."

The project involves in situ testing of sev

eral advanced materials, which may be used to

improve the reliability and efficiency of high-

temperature, high-pressure boilers that bum

Ohio coal. The project will involve the selection

of up to 10 materials and the installation and

operation of several test sections comprised of

these materials, which will be used in a boiler at

the FirstEnergy Niles station. Total cost of the

multiyear project is $1 ,864,603.

McDermott Technology Inc. and its project

partner, DOE, will receive a $699,995 grant for

a project titled "An Ultra-low NOx Pulverized

Coal Burner for the Control of NOx and Particu

late Matter
(PM25)."

The project involves the

development of a retrofittable, plug-in burner,
which may enable coal-fired utility boilers to

meet upcoming NOx emissions limitations with

out the use of add-on gas cleanup technology,

such as expensive selective catalytic reduction.

In addition to burner development, the project

will entail extensive testing to identify the pri

mary PM25 emissions from both the new plug-in

burner and a baseline low-NOx burner. Total

cost of the project, which is expected to last

18 months, is $2,099,520.

In October the OCDO issued its annual solicita

tion of projects related to the clean use of Ohio

coal.

"The State of Ohio continues to monitor the ex

panding federal regulations that pose increasing
challenges to the clean use of coal-generated
power,"

director J. Robertson said. "As a result,

the OCDO has included in its current solicitation

topics such as particulate matter, ozone and

greenhouse gas
emissions."
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The solicitation is open to qualified applicants

who submit proposals focusing on the clean use

of Ohio coal in one of the following categories:

deployment of a cost-effective clean coal tech

nology at full scale for final testing, process op
timization and long-term application; demon

stration of an advanced clean coal technology at

a pilot scale or larger, demonstration of clean

coal technology byproduct management proc

esses and techniques; and study of the relation

ship between PM2.5 and air emissions, with em

phasis on emissions resulting from the use of

Ohio coal. Other categories included in the so

licitation are: development and demonstration

of technologies and techniques for reducing or

mitigating emissions of greenhouse gases in

ways which benefit the use of Ohio coal; and

focused research leading toward the develop
ment of advanced clean coal technologies, ad

vanced electricity generation systems, or new

uses for Ohio high-sulfur coal. The solicitation

takes into account the United States Environ

mental Protection Agency's recently announced

ozone and particulate matter standards and

emerging concerns regarding greenhouse

gases.

Applicants should submit proposals to the

OCDO by 5 p.m. January 8, 1999.

Located within the Ohio Department of Devel

opment, the Ohio Coal Development Office

administers one of the nation's largest state

clean coal technology research and develop
ment programs.

ENERGY POLICY AND FORECASTS

can help Japan overcome certain economic

concerns and related liabilities.

Both Japan and the United States expect elec

tric power deregulation to deliver significant

economic benefits. Lawson quoted the Interna

tional Energy Agency as reporting the following
average industrial electricity rates per kilowatt-

hour

$0.185Japan, with heavy reliance on

liquid petroleum gas and nuclear power

$0.101 Germany, with heavy reliance

on subsidized coal and nuclear power

$0.079 the average for Organization for

Economic Cooperation and Develop
ment Europe

$0.06 France, with heavy reliance on

nuclear power

$0.047United States, with 56 percent

of production from coal

Lawson concludes that low-cost energy in abun

dance can be a more certain and more durable

economic stimulus than any package of gov

ernment spending and tax cuts. Electric power

is the not-to-be-dispensed-with ingredient for a

modem economy and coal the not-to-be-

dispensed-with material resource for making it.

Electric power from coal is one of America's

competitive and comparative advantages, says

Lawson. It is against this background that the

United States is undertaking deregulation of its

electric power industry. Expectations for the

near term are that regional and national compe

tition should:

LAWSON SEES CONTINUING

CONSOLIDATION OF COAL INDUSTRY

In remarks delivered to the United States-Japan

Coal Conference held in Maui, Hawaii, this

summer, R. Lawson, President of the National

Mining Association noted that American coal

Expand demand for low-cost coal-fired

power

Raise the utilization factors on existing

units toward 75 percent

Cause rates to go still lower
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Increase demand for coal by 300 million

tons in the relatively near term

At the same time the coal industry is in trans

formation. Oil companies are leaving the in

dustry, and coal-only and mining-only compa

nies are beginning to consolidate. A few com

panies that had leading roles a few years ago no

longer exist.

Many expect the coal industry to come to re

semble the oil industry in structure 5 to

10 large and efficient companies delivering over

half of production. The companies that will re

main will compete intensely.

Forecasts suggest that competition in the United

States will involve the following changes

through 2020:

A 45 percent increase in basic power re

quirement

Probable retirement of 50 percent of nu

clear capacity

Little prospect of new hydropower and

probable withdrawal of some

A need for new and compensatory output

totaling 1.7 trillion kilowatt-hours per

year more power than now used by Ja

pan and Germany combined

This, in turn, leads to a need to:

Repower and refurbish 232,000 mega

watts of capacity

Build new capacity of 403,000 mega

watts

Against this background the federal government

and the institutions of the United States will take

up the United Nations Framework Agreement on

Climate and the demands being made under the

Kyoto Protocol to it. The Kyoto Protocol de

mands enumerated reductions in the release of

carbon dioxide by industrialized nations.

Lawson does not look for the United States to

join in the energy allocation and rationing de

sired by the framers of the Protocol; and does

not expect the United States to respond with

enforced restrictions of any kind unless, and

until:

The state of knowledge on climate im

proves considerably

The composition of the Congress

changes

The United States will have to begin adding ca

pacity after about 2005. Nuclear power is out

and the choices resolve to coal and natural gas.

To compete in the undertaking the United States

Secretary of Energy recently has committed to

having ready by 2010 integrated gasification

combined-cycle generation that reaches

60 percent efficiency.

Beyond this is the concept called Vision 21 that

foresees energy complexes built around coal

the coal-refinery concept that has electric

power, and gas, and other material resources

important to industrial activity coming from coal.

According to Lawson, the American coal indus

try sees in all of this a future of zero-emissions

and unrestricted availability of coal-fired

power a future in which:

Carbon dioxide production will be at mi

nor fractions of the present release per

unit of power.

Some carbon dioxide will be used in the

recovery of other energy or other eco

nomic purposes.

Some carbon dioxide can be taken up by
techniques of sequestration.

This is believed to be possible by 2035. Lawson

invited the coal users of Japan to join the coal

industry of the United States in committing to

and achieving this goal.
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COAL: IS THERE A CLEAN, SAFE FUTURE?

The future of coal was discussed by R. Knapp of
the World Coal Institute at the Energy and Envi

ronment Roundtable held in Aspen, Colorado,
September 20-22, 1998.

Knapp notes that coal is in trouble it has been

subpoenaed by the international community to

appear before the people's court and explain

itself.

The charge that has been laid against coal is the

same as that for any of the existing fossil and

nuclear energy sources: oil, natural gas, nu

clear and coal. Is the use of this energy com

modity causing damage or risks both now and in

the future? Does it contribute to the community
in a way that justifies continued use in the fu

ture?

Many have described the conundrum. We know

that energy resources and technology will be

vital factors in shaping economic and societal

progress into the next millennium. A prime ob

jective for global, energy development during the

next millennium must be to meet the basic hu

man needs of a growing world population, of

which some 40 percent today lack access to

adequate supplies of commercially available

energy. Energy and technology must be used

as tools for world development while achieving

environmentally sound, worldwide sustainability

in energy supply, delivery and efficient utiliza

tion.

The energy link with sustainable development

was succinctly described in a 1997 Royal

Dutch/Shell paper

"The vision of sustainable development has

three essential pillarswealth creation, so

cial development and environmental sus

tainability. The primary function of business

is in the economic sphere, meeting people's

needs and creating the wealth that raises

living standards. They must do so in a way

that is both environmentally and socially ac

ceptable.... Securing sustainable energy

supplies is central to the challenge of sus

tainable development. Fossil fuels will play

an essential part in this, particularly in meet

ing rising energy demand in developing
countries over the next few decades. Using
such fuels more efficiently and reducing their

environmental impact will be a continuing

thrust. Energy markets will evolve and di

versify through the normal competitive proc
esses."

Energy is a key input to economic growth, pros

perity and living standards. With growth in the

global population, demand for energy is con

tinuing to rise. The International Energy Agency
forecasts suggest energy demand will rise by
more than 30 percent by 2010 from 1997 levels.

In supplying this increase in demand, the prose

cution is challenging each of the "big
four"

oil,

natural gas, coal and nuclearto prove they are

consistent with a safe environment now and in

the future. The question is simple, how are we

treating the environment?

At the start of the Industrial Revolution, coal was

the fuel of development coal was king. Coal

fired the Industrial Revolution and has its place

in history. The phrase "Industrial
Revolution"

suggests a phase or period of brutal solutions

because we had not developed the more so

phisticated and cleaner alternatives.

The Industrial Revolution was brutal on the envi

ronment and the local communities that saw the

development of major industries including steel.

But the Industrial Revolution itself led to im

provements in environmental care and man

agement as we started to improve living stan

dards. We started to be concerned about the

soot and the smoke and the impurities being
created as part of our industrial and social

evolution and growth.

Now we face different problems in the area of

safety and environment.

The current public and political debates over the

impact of fossil fuels on the environment have

raised the question: Does coal have a future?

Many people are unaware of the role of coal in

both energy and industry.
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The person in the street hears ofthe oil industry,
the gas industry and the nuclear industry but

what does he or she hear of the coal industry?

Very little!

Coal attracts bad press. Like other industrial

processes, the combustion of coal contributed jn

the past to a number of environmental out

comes that were clearly unacceptable. Acid rain

and air quality were areas that had to be ad

dressed. Sadly, Knapp says, these lingered far

too long and, while now repaired, the damage

based on perception continues due to those

performance shortcomings of the past.

Technology has responded to the requirement

to reduce S02, NOx and particulate emissions

from large combustion plants.

But we need to look at the greenhouse effect as

well, says Knapp. There is a concern over the

contribution of fossil fuels to possible global cli

mate change through an enhanced greenhouse

effect. Coal's contribution to the enhanced

greenhouse effect of C02 is some 20 percent,

half ofwhich arises from power generation. The

contribution is much less with respect to CH4
and N20.

How can coal minimize its C02 contribution to

the enhanced greenhouse effect? Reduction,

capture, disposal and sequestration are all part

ofthe C02 debate. Reduced C02 emissions per

unit of energy can be achieved by the applica

tion of technology. This remains possible at all

levels of coal utilization worldwide. Many de

veloping countries are able to make the greatest

gains.

Increasing coal combustion efficiency from 20 to

30 percent reduces C02 emissions by
33 percent for the same amount of electricity

(Figure 1). An improvement from 30 to

40 percent efficiency results in a C02 reduction

of 25 percent per unit of energy produced. Av

erage global efficiency of coal utilization is

struggling to reach 25 percent. Yet state-of-the-

art plants are above 40 percent efficiencyand

further improvements are being developed.

Denying the developing world access to energy

is not responsible helping to deliver energy in

the most efficient manner consistent with a

country's social and economic development is

responsible, Knapp says.

Responding to environmental concerns about

possible global climate change caused by hu

man activity needs to be balanced with sustain

able development principles, including social

and economic elements. The United Nations

Framework Convention on Climate Change

stated that "policies and measures to deal with

climate change should be cost-effective so as to

ensure global benefits at the lowest possible

cost. Emissions reductions should be carried

out where it is cheapest to do
so."

The Kyoto Protocol heralds a new level of risk

for the coal industry, says Knappbut it is also

the catalyst for the coal industry to look at op

portunities and take a positive focus forward into

the next millennium. There is a central link

between coal, its efficiency/environmental per

formance and the Kyoto Protocol.

The Kyoto targets will have an impact on eco

nomic growth. How much effect this will have

on the economy and on the coal sector will de

pend on the mix of policies chosen by Parties to

achieve the Kyoto target. For example, there

would be significant economic implications if

Japan implements the Kyoto Protocol without

the United States taking similar action.

How can a country best achieve its Kyoto tar

get? An important starting point is to achieve

cost-effective energy
savings4he "no

regrets"

component, often referred to as picking the low

fruit. But to go beyond this point and to require

action which changes current behavior and in

curs economic costs or penalties must take into

account all the alternatives that are available to

ensure the costs are minimized.

While no single model should be taken as the

mandatory blueprint, it is important that a do

mestic emissions management system should

be designed to allow access to the Clean De-
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FIGURE 1

C02 EMISSIONS PER MWh FORVARIOUS LEVELS OF EFFICIENCY
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velopment Mechanism (CDM), Joint Imple

mentation (Jl) and sinks, says Knapp.

For instance, the proposed Japanese-Russian

electricity upgrade project involving a number of

regional generation plants in Russia is a positive

demonstration of the significant opportunities to

achieve greenhouse gas emission reductions.

In China improving the combustion efficiency of

less than 5 percent of China's coal consumption

(65 million tons) from 25 to 35 percent would

reduce emissions of C02 by 13 million tons of

carbon for the same energy output equivalent

to 4.2 percent of Japan's C02 emissions and

over 60 percent of total C02 emissions from the

Japanese utility sector. It is clear that CDM

projects with China could produce major emis

sions reductions and provide CDM credits for

a country like Japan if they decide to ratify the

Kyoto Protocol.

For the coal industry, the Kyoto Protocol brings

uncertainty. There will be higher global coal
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consumption in 2010 than current levels with a

complex array of potential regional adjustments

and outcomesbut the actual impact on the

market is impossible to predict prior to further

development of the Kyoto Protocol details.

Energy efficiency provides a win-win situation

for coalcoal can help itself and the environ

ment. Coal has changed and will continue to

change and improve its environmental creden

tials.

In conclusion, states Knapp, coal does have a

continuing role as a clean, safe energy source

and industrial input for the future.

TECHNOLOGY

EMISSIONS FROM COAL-DERIVED DIESEL

FUEL NO GREATER THAN FROM

PETROLEUM

Bechtel National Inc., with Southwest Research

Institute (SwRI), Amoco Corporation and

M.W. Kellogg Company as subcontractors, con

ducted a study for the United States Department

of Energy's (DOE) Federal Energy Technology
Center to determine the optimum process for

upgrading coal-derived liquids in a petroleum

refinery and to produce blended fuels that meet

standards of the Clean Air Act Amendments for

the year 2000 and beyond. M. Baird of the

Federal Energy Technology Center and J. Erwin

of the SwRI summarized the results of the study

at the
216th

American Chemical Society Na

tional Meeting held in Boston, Massachusetts, in

August.

The coal-derived liquid was produced in the

Proof-Of-Concept unit at Hydrocarbon Technol

ogy Inc. (HTI).

In the conversion process, the first-stage reactor

operated in a low-temperature mode (385 to

415C) to hydrogenate the coal and recycle oil,

while the second-stage reactor operated at a

higher temperature (425 to 440C) to convert

the coal and heavy oils to clean distillate prod

ucts. Additional upgrading was provided by an

in-line hydrotreating unit. The 45-day run pro

duced 2,500 gallons of 60 to 350C distillate

product that was sent to SwRI for the upgrading

studies. The distillate product produced at HTI

was superior to past productions of coal liquids

say Baird and Erwin. Also, compared to petro

leum crude oil, the coal-derived liquid from HTI

was lower in heteroatom content and had a

higher concentration of naphtha.

Data from the analysis of each coal-derived liq
uid fraction was used with the Process Industry

Modeling System (PIMS) Linear Programming

(LP) refinery model, after it was modified for a

coal-derived feed, to determine the petroleum

pilot-plant units to use for optimum upgrading.

A pilot plant at the DOE Alternate Fuel Center at

SwRI was used for the hydrotreating tests.

The middle distillate from the coal-derived liquid

did not require hydrotreating and was adequate

for a diesel blendstock.

Production of Coal-Derived and

Petroleum Blends

The PIMS LP model was used to determine the

composition of the feed for the production runs.

The key design base for the model was a prod

uct slate based on projected year 2000 market

demands from a DOE Energy Information Ad

ministration report. Diesel specifications were

based on estimates of future requirements.

Two diesel blended test fuels were produced: a

highway diesel and an off-road diesel. The

highway diesel test fuel contained 15.9 percent

coal-derived liquids, while the off-road diesel

test fuel contained 30.8 percent coal-derived

liquids.

Diesel Fuel Test Program

A direct-injected diesel engine was used to in

vestigate the differences between petroleum-

derived diesel fuels (reference) and the blended

test fuels in an eight-mode test designed to

cover a full range of speed-load conditions. The
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test engine was a turbocharged Caterpillar 3176

rated at 350 horsepower at 1 ,800 rpm with a

1991 emissions calibration. SwRI modified this

engine to operate with exhaust gas recirculation,

which is expected to be heavily utilized in diesel

fuel engines in the future to reduce NOx emis

sions. The engine has the overall design im

provements expected by the year 2004.

The gaseous and particulate emissions test re

sults are shown in Table 1 . The highway coal-

derived test fuel showed minor differences from

the reference petroleum-derived fuel. The only

significant difference in gaseous emission was

the reduction in CO for the highway test coal-

derived fuel. There was no significant differ

ence in the gaseous emissions between the pe

troleum- and coal-derived test fuels for off-road

applications.

The highway diesels showed reduced particulate

emissions. With the particulate production of

the highway reference fuel as 1.0, the highway
coal-derived diesel showed a reduction of

10 percent. The coal-derived, off-road diesel

fuel showed a 3 percent higher particulate pro

duction compared to the off-road reference.

Conclusions

Conclusions from the diesel testing program

were the following:

No noticeable difference in gaseous

emissions between the highway petro

leum reference fuel and the highway
coal-derived test fuels

No noticeable difference in gaseous

emission between the off-road petroleum

reference fuel and the off-road coal-

derived test fuel

A 10 percent reduction of particulates for

the coal-derived highway test fuels ver

sus petroleum highway reference fuel

A3 percent increase for the coal-derived

off-road test fuel versus the petroleum

reference fuel

TABLE 1

RESULTS FROM DIESEL ENGINE TESTING

Emissions, Hiqhwav Diesel Off-Road Diesel

a/hr>hr Reference Test Fuel Reference Test Fuel

NOx 2.68 2.63 2.71 2.65

CO 0.80 0.76 0.85 0.92

Hydrocarbons 0.152 0.149 0.169 0.178

Relative Particulate

Emissions 1.00 0.90 1.00 1.03
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NEW CARBON FINES PROCESS

DEVELOPED

FirstEnergy, the holding company for Ohio Edi

son and Centerior Energy, has teamed up with

two coal marketing companies, Crown Coal &

Coke of Pittsburgh, Pennsylvania, and Canyon

Resources of Cleveland, Ohio, to form Carbon

Plus LLC.

The joint-venture partners will produce and

market carbon particles used in the steel, foun

dry and cement industries.

FirstEnergy is using a patented carbon extrac

tion process at its Niles coal-fired plant. This

process "recovers carbon particles for use as

chemical additives in numerous metallurgical
processes,"

the utility said.

DONOR SOLVENT NOT NEEDED FOR

COUQUEFACTION OF COAL AND

PLASTICS

Under conventional direct coal liquefaction

processes, large amounts of hydrogen gas are

consumed to stabilize radical fragments from

thermal cracking of coal. At present the price of

produced coal liquid does not compete with that

of crude oil, due to not only the severe operating

conditions, but also the expensive production

cost of hydrogen gas. Coliquefaction of coal

with waste plastics could serve to enhance the

economic feasibility of this process.

H. Yamaguchi, of NKK Corporation, et al. sum

marized their investigation on the catalytic

coliquefaction of coal with waste plastics at the
216*

American Chemical Society National

Meeting held in Boston, Massachusetts, in

August.

Catalytic coliquefaction of Tanitoharum coal

with model plastics Polypropylene (PP), Poly-

stylene (PS) and high-density Polyethylene (PE)

was carried out at 430C for 60 minutes in a

500-milliliter magnetically stirred autoclave.

Tetralin or decalin was used as the solvent.

Red mud (total Fe 28.37 weight percent) plus

sulfur was used as the catalyst. Gas atmos

phere was 7 MPa initial pressure of hydrogen

gas.

Coliquefaction of Coal with PP, PS or PE

Using Tetralin

Without any coexisting reactant, for the coal,

coal/PP, coal/PS and coal/PE samples, conver

sion of 99.7, 100, 100, 31 .9 weight percent, oil

yield of 37.4, 76.4, 94.0, -1.2 weight percent,

yield of hexane plus Tetrahydrofuran Soluble

(THFS) in Vacuum Residue (VR) of 41.1, 13.9,

2.9, 28.8 weight percent, and gas yield of 1 1 .9,

10.1, 4.0, 3.9 weight percent, respectively were

obtained. PE was most difficult to be converted

to THFS and oil among the reactants, while PS

was almost converted to oil. For PP conversion

was high, and larger yield of THFS in VR was

produced, compared to PS. Gas produced from

PP was largest among the plastics. For the

coal, oil yield was much lower than those for PP

and PS, in spite of high conversion, and pro

duction of THFS in VR was largest among the

reactants.

H2 transferred from gas or tetralin for coal was

largest among the reactants. It was observed

that larger amounts of H2 from gas or tetralin

were transferred for PS than for PP. The

amounts of H2 transferred were small for PE.

For the coal/PP mixture, H2 transferred from

gas or tetralin was lower than that calculated.

The results for the coal/PP mixture suggest that

radicals from PP cracking would be used for

stabilization of radicals from the coal and PP,

instead of hydrogen donated from gas and sol

vent.

Coliquefaction of Coal With PP, PS or PE

Using Decalin

Here, (H2 transferred from gas)/(total H2 trans

ferred) was 3 to 7 percent. Thus, H2 transferred

from decalin was small, compared to tetralin.

The use of decalin instead of tetralin remarkably

accelerated PE decomposition. This result indi

cates that the increase in hydrogen donorability
of solvent inhibits PE decomposition, probably

due to more rapid stabilization of radicals from
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PE cracking by hydrogen donation from solvent.

For PP, yield of THFS in VR decreased, while

yields of oil and gas increased a little. For PS,
there was no large difference observed between

decalin and tetralin, in respect to conversion,

yields of THFS in VR, oil and gas. For the coal,

the use of decalin instead of tetralin gave a little

lower conversion, while oil yield became a little

larger.

Coliquefaction of Coal With Mixed Plastics

ofPP, PSandPE

Table 1 shows results of coliquefaction of the

coal with mixed plastics of PP, PS and PE using

tetralin or decalin and the same catalyst.

Coal/mixed plastics was 1/1 and PP/PS/PE

was 1/1/1.

According to Yamaguchi et al., the results indi

cate that PE decomposition proceeded more

effectively with the coexistence of PP and/or PS

during coliquefaction of the coal with the mixed

plastics, although PE decomposition was inhib

ited by coexistence of the coal in the case of

coliquefaction of the coal with PE alone. It is

also suggested that the results reflected larger

interaction between PE and the other plastics

(PP, PS) than that between coal and PE.

As seen in Table 1 , higher values of conversion

and oil yield for the use of decalin were ob

tained, compared to tetralin. The results indi

cate that a good hydrogen donor solvent would

not be necessary when a catalyst is used for

coliquefaction of coal with waste plastics.

CERIUM-BASED HOT-GAS SORBENT

YIELDS SULFUR DIRECTLY

At Louisiana State University cerium-based

high-temperature sorbent as an alternative to

zinc-based sorbent is being investigated. This

work was reported by Y. Zeng and D. Harrison

at the Advanced Coal-Based Power and Envi

ronmental Systems '98 Conference held in Mor

gantown, West Virginia, in July. Initial interest

in cerium was justified on the potential for pro

ducing elemental sulfur directly during regen

eration.

TABLE 1

COLIQUEFACTION OF TANITOHARUM COAL WITH MIXED PLASTICS

OF PP, PS AND PE

(Coal/Mixed Plastics = 1/1 ,
PP/PS/PE = 1/1/1 [by weight])

Conv. THFS in VR Oil Gas Total of H2 Transferred

Solvent (wt.%) (wt.%) (wt.%) (wt.%) unmol/a-daf reactant)

Tetralin 85.31 26.65 47.75 7.50 12.41

89.31 31.38 47.38 6.64 11.80

88.52 28.17 46.90 8.92 12.95

Decalin 93.31 25.39 57.57 8.84 12.04

90.64 27.43 53.12 8.77 12.08

94.53 29.02 53.22 10.37 12.70
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High-temperature desulfurization is a key ele

ment in the optimal development of the Inte

grated Gasification Combined-Cycle (IGCC)
process. Research on the development of re

generate sorbents capable of reducing the H2S

concentration to approximately 20 parts per mil

lion (ppm) and with sufficient durability to sur

vive many sulfidation-regeneration cycles has

been ongoing for a number of years. Extensive

studies on zinc-based sorbents have led to their

use in clean coal demonstration projects. While

zinc sorbents are capable of reaching the

20-pprn target level, their use is restricted to

relatively low temperatures and moderately re

ducing gases because of the tendency for ZnO

to be reduced to volatile Zn. In addition, prob

lems and questions remain in the regeneration

and durability areas. Because of the strong af

finity between zinc and sulfur, regeneration of

ZnS can only be accomplished using a strong
oxidant such as 02 to reform ZnO and liberate

S02. Dilute 02 must be used to control the

temperature of this highly exothermic reaction,

which means that the regeneration product-gas

contains dilute S02. Additional processing is

required for ultimate sulfur control. Also, the

partial pressure of 02 and S02 in the regenera

tion gas favor the formation of ZnS04, which is

believed to be a major contributor to sorbent

deterioration.

NewApproach

The majority of the experimental effort has been

devoted to the Ce02 sorbent system in which

three reactions are important. At high tem

peratures in a reducing atmosphere Ce02 is

reduced to CeO (n = less than 2) according to

Ce02(s) + (2-n)H2(g) = CeOn(s) + (2-n)H20(g)

The sulfidation reaction is

2CeO(s) + H2S(g) + (2n-3)H2(g) = Ce202S(s) +

2(n-1)H20(g)

Ce202S may be regenerated using weakly oxi

dizing S02 by the following reaction

Ce202S(s) + S02(g)
= 2Ce02 + S2(g)

The sulfur product is represented as S2 for sim

plicity. In reality, a mixture of sulfur allo-

tropes Sx may be formed.

The disadvantages of cerium compared to zinc

sorbent are poorer sulfidation thermodynamics,

lower theoretical capacity (0.093 kilograms S

per kg Ce02 compared to 0.39 kg S per kg of

pure ZnO), and higher oxide cost.

The ability to reduce Ce02 to CeO is well es

tablished in the literature. The regeneration re

action is highly favored thermodynamically. No

side reactions occur and the reaction is rapid

between 500 and 700C. Preliminary multicycle

tests showed good sorbent durability. Process

analysis suggested the optimum elemental con

centration in the regeneration product should be

about 15 percent and experimental concentra

tions as high as 20 percent have been achieved.

The thermodynamics of desulfurization have

been considered to be the limiting factor in ce

rium sorbents. High temperatures (approx

imately 800C) and highly reducing gas compo

sitions were required before Ce02 sulfidation

would proceed to any significant extent. Even

under these conditions the equilibrium H2S con

centration was well above the 20-ppm target for

IGCC application.

During the past year the researchers have found

that reduction of Ce02 to CeO greatly in

creases the ability of the sorbent to remove

H2S. Using reduced CeOn prebreakthrough H2S

concentrations of 10 ppm or less have been

achieved over a range of temperatures, pres

sures and feed gas compositions and flow rates.

More extensive multicycle tests have confirmed

the sorbent durability. No significant change in

reactivity was observed after 25-reduction-

sulfidation-regeneration cycles. Other advan

tages of cerium sorbents are the absence of

cerium volatility and the lack of sulfate forma

tion during regeneration.

Because of the limited desulfurization ability of

cerium sorbent, two-stage desulfurization with

bulk H2S removal using cerium sorbent followed

by a zinc sorbent polishing-step will be required
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when treating moderately reducing gases. The

economics of the two-stage process may be

competitive with single-stage zinc sorbent

desulfurization if the cerium sorbent is suffi

ciently durable. In special applications involving
high temperature desulfurization of highly re

ducing gases, single-stage cerium sorbent

desulfurization appears to be possible. At such

conditions zinc-based sorbents are totally im

practical, say Zeng and Harrison.

COPPER OXIDE AND POTASSIUM

CARBONATE CONVERT COAL TO MOSTLY

BENZENE

It is well known that coals and activated carbon

are converted to methane by the reaction with

hydrogen at temperatures higher than 500C.

Aromatic hydrocarbons such as benzene or

toluene, etc., are known to be formed by hydro-

pyrolysis of coals. In these cases (the reaction

under high pressure of hydrogen), coals were

pyrolyzed to give methane as a main product

and aromatic hydrocarbons as byproducts. A

paper by F. Akiyama of Tohoku University

(Fuel, Volume 77, Number 12, pages 1385-

1388, 1998) reports that coals can be converted

to a mixture of gaseous products containing

benzene as a main organic product by the reac

tion with copper(I I) oxide and aqueous potas

sium carbonate solution at a temperature as low

as 400C.

Reaction of eight different coals with a mixture

of copper(ll) oxide and aqueous potassium car

bonate solution at 400C for 6 hours gave gase

ous products such as benzene, methane, small

amounts of other aliphatic hydrocarbons, ace

tone and carbon dioxide, as shown in Table 1 ,

the yields being shown on a carbon basis.

The relation of the yields of methane or ben

zene with the carbon content of coals and other

carbonaceous materials is shown in Figure 1 .

The yield of methane decreases with an in

crease in the carbon content. The yield of ben

zene is low in both low- and high-carbon content

regions, the maximum yield being observed in

the intermediate carbon content region. Two

TABLE 1

PRODUCT YIELDS FROM THE REACTION OF COALWITH COPPER (II) OXIDE

AND AQUEOUS POTASSIUM CARBONATE SOLUTION AT 400C FOR 6 H

Carbon

Coal (%, daf) QHa
Co-Cr*

Benzene Toluene Acetone CO,

1 72.9 2.3 0.05 1.8 0.3 0.3 1.6

2 75.0 2.1 0.05 2.9 0.6 0.3 1.9

3 77.7 2.0 0.06 4.9 1.2 0.3 2.4

4 80.7 2.2 0.14 3.9 0.9 0.3 3.5

5 82.6 1.8 0.06 4.1 0.8 0.2 3.1

6 83.2 1.8 0.08 4.4 0.9 0.2 3.3

7 85.5 1.4 0.02 3.8 0.6 0.2 2.7

8 91.1 1.0 0.06 2.5 0.6 0.2 2.5

Aliphatic C2-C6 hydrocarbons

83

THE SYNTHETIC FUELS REPORT, OCTOBER 1998



 



COAL

FIGURE 1

RELATIONSHIP BETWEEN

CARBON CONTENTAND YIELDS

OF BENZENE OR METHANE

*
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SOURCE: AKIYAMA

factors, reducibility (vide infra) and the content

of aromatic rings of coal materials, are associ

ated with such a relation, says Akiyama. Low

reducibility of coals of high-carbon content,

which have a high content of aromatic rings, or

the low content of aromatic rings in coals having
a low-carbon content, presumably bring about

the low yield of benzene. Coals having inter

mediate carbon content have both good reduci

bility and a considerable content of aromatic

rings. The summation of these two factors en

dows coals of intermediate carbon content with

the maximum yield of benzene.

The present results are still not suitable for a

practical process. However, recovery of copper

powder and copper oxides makes the reaction

potentially feasible. Akiyama believes there is a

possibility that this reaction can lead to a proc

ess for selective production of aromatic hydro

carbons from coals.

SOLVENT-FREE LIQUEFACTION

ACCOMPLISHED WITH CATALYST

SUPPORTED ON CARBON

NANOPARTICLES

The cost of coal liquefaction must be reduced

by at least 30 percent for its commercialization

to meet the increasing demand for transporta

tion fuels in developing countries. According to

K. Sakanishi et al. of Kyushu University

(Energy & Fuels, Volume 12, Number 2,

pages 284-288, 1998) there are four approaches

to reduce the cost:

Increasing oil yield with the least produc

tion of gases

Increasing productivity of oil at a fixed

reactor volume

Catalyst recycling after separation from

the residue

Simplifying the preheater and reactor

configuration

The authors propose a novel type of liquefaction

catalyst with much higher activity and functions

for recovery and repeated use. NiMo, FeMo or

FeNi bimetallic sulfides supported on a particu

lar kind of carbon black nanoparticle is one such

catalyst which provides high distillate yields with

the least residual product and is recoverable

from the solid residues by gravimetric separa

tion for repeated use. Use of the catalyst in

creased significantly the oil yield in the two-

stage process, which consists of a first stage

at 360C and a second stage at 450C.

A solution to a remaining problem of increasing
the productivity is to increase the coal concen

tration in the slurry feed to the reactor. Previous

work by others reported a coal-liquefaction pro

cedure without solvent by impregnating the

catalyst species directly onto the solid coal ma

trix (Figure 1), although such impregnation of
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SOURCE: SAKANISHIETAL.

FIGURE 1

SOLVENT-FREE COAL LIQUEFACTION
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the catalyst onto the coal prior to the feeding
and reaction is rather costly.

In the present study, liquefaction of Australian

brown and Indonesian brown and subbituminous

coals (which are target coal species of the two

Japanese liquefaction processes developed by
New Energy and Industrial Technology Devel

opment Organization) was studied using three

catalysts:

NiMo sulfide supported on carbon nano-

particles

Commercial NiMo/alumina

Synthetic pyrite catalysts

Performance was examined at variable solvent

(tetralin)/coal ratios. The solvent-free single-

and two-stage conditionswere also studied.

Variable solvent/coal ratios were investigated to

clarify the minimum quantity of solvent including

the self-producing portion from coal itself in the

liquefaction catalyzed by highly dispersed car-

bon-nanoparticle-supported NiMo sulfides in

comparison with the commercial catalysts of

ordinary size (10 to 100 urn) powders.

Catalysts

The prescribed amount of carbon nanoparticles,

Ketjen Black (abbreviated as KB, one of the

carbon blacks provided from Mitsubishi Chemi

cal Company Ltd.) was dispersed in methanol

by ultrasonic irradiation, and MoOracetyl-

acetonate in methanol was added for impregna

tion. The metal slurry with KB was evaporated

at 40C and then dried in vacuo to obtain the

Mo-supported KB (Mo/KB) catalyst precursor.

Mo/KB was dispersed again in methanol to im

pregnate successively nickel acetate by the

same way. Conventional commercial

NiMo/AI203 and synthetic pyrite catalysts were

supplied for comparison. Their basic properties

are summarized in Table 1. The NiMo catalysts

were presulfided in 5 percent H2S/H2 at 360C

for 2 hours prior to the reaction.

Results

The findings of Sakanishi et al. revealed that the

two-stage liquefaction of brown and subbitumi

nous coals catalyzed by NiMo supported on car

bon nanoparticles (KB) achieved a remarkable

oil yield above 60 percent even under solvent-

free conditions. One of the key factors in liq
uefaction without solvent is that the stirring
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TABLE 1

SOME PROPERTIES OF CATALYSTS

NiMo/AUO, NiMo/KB FeS?

Surface Area (rrP/g) 400 1,270 12

Particle Size (um) <250 0.03 10

Apparent Density (g/L) 115

Ni (wt.%) 2.4 2

Mo (wt.%) 10 10

speed during heating must be carefully con

trolled until the temperature reaches 300C for

the sufficient mixing of the coal particles with

the catalyst nanoparticles without loss from

splashing and sticking onto the reactor wall.

Above 300C, the stirring speed can be in

creased because a considerable amount of

coal-derived solvent fraction was obtained to

give a slurry of coal particles, and the catalyst

particles are well dispersed in the viscous ma

trix, enhancing the catalytic hydrogenation of

the primary heavy products at 360C in the first-

stage reaction with minimal retrogressive reac

tions.

The product distribution after the first stage

confirmed that the major portion of solid coal

was solubilized and hydrogenated to be ready

for the upgrading in the successive steps. The

successive second-stage reaction at 450C ef

fectively hydrocracked the hydrogenated prod

uct from the first stage, producing relatively

lighter fractions in the distillate at a high yield

above 60 percent.

The NiMo/KB catalyst has two advantages in

solvent-free coal liquefaction. One is its

nanoscale particle size with its high surface

area, hollow structure, low density and relatively

lipophilic surface nature for the dispersion in the

viscous matrix of the primary coal liquid. The

nanosize particles of NiMo/KB can be well dis

persed by rapid stirring with the aid of a small

amount of liquid fraction produced in the initial

stage of the reaction even if no solvent was ex

ternally added. The other advantage of the

NiMo/KB catalyst is the possibility of its recov

ery from the residual products by a simple gra

vimetric separation method, because the hollow

carbon nanoparticles of the NiMo/KB catalyst

are nonpolar and floating.

In such an approach with less solvent, a certain

amount of volatile initial solvent can be used as

a coal feeding aid to prepare a low-viscosity

slurry for easy transfer into the preheater. Fur

thermore, say the authors, the two-stage proc

ess of the present scheme may not require a

preheater because of the effective utilization of

the exothermic heat of hydrogenation in the first

stage.

Thus, NiMo supported on carbon nanoparticles

with high activity in the two-staged configuration

is expected to overcome some of the economic

hurdles now existing for the commercialization

of coal liquefaction.

HYDROGEN ATOMS FAVORED FOR COAL

PYROLYSIS

Process conditions during coal hydropyrolysis
have a significant effect on the yield and distri-
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bution of end products such as coal-derived liq
uids, gases, coke and pollution emissions. The

reactions of coal directly with hydrogen atoms

are important for understanding the mecha

nisms of coal liquefaction and coal hydrogasifi-

cation. J. Bi et al. of the National Institute for

Resources and Environment (Tsukuba-City,
Ibaraki, Japan) summarized these reactions in

their presentation to the
216th

American Chemi

cal Society National Meeting held in Boston,

Massachusetts, in August.

Taiheiyo coal was reacted in a low-pressure

ThermoGravimetry (TG) unit with hydrogen

atoms and hydrogen gas under a pressure

range of 1.0 to 50.0 torr, and a temperature

range of 20 to 1 ,000C, with heating rates of 5

to 20C per minute. The yields of char, gas and

liquid were measured and analyzed by Ther-

moGravimetry-Mass Spectrometer (TG-MS),
and Gas Chromatography-Mass Spectrometer

(GC-MS), respectively.

Coal Conversion

Coal weight variations with temperature in dif

ferent atmospheres (H2, He, H atom) were

evaluated. The differences of weight variations

in hydrogen gas, helium gas and discharged

helium gas atmospheres are not significant,

where the weights decrease rapidly at around

400C and the coal conversions at 800C are

about 50 percent. Hydrogen gas has little im

pact on the pyrolysis reactions under low pres

sure. In contrast, the weight decreases rapidly

at around 300C in the hydrogen atom atmos

phere, and remarkably higher coal conversion,

more than 60 percent at 800C, is observed with

temperature increase. This result suggests that

hydrogen atoms significantly promote the pyro

lysis reaction at a lower temperature.

Gas Products

CH4, CO and C02 gas yield rate profiles with

temperature in the absence and presence of

hydrogen atoms are shown in Figure 1 . In the

hydrogen atmosphere, as shown in Figure 1(a),

CH4 reaches the maximum at around 500C,
CO has an increase tendency with temperature

and C02 increases to the maximum before

400C then decreases. In the reaction with hy
drogen atoms, as shown in Figure 1(b), CH4 has

two peaks at around 200 and 400C. CO has a

sharp increase at 200C then a small peak at

400C. C02 increases to the maximum at

200C then decreases.

Liquid Products

The reaction with hydrogen atoms produced

greater amounts of BTX or monocyclic hydro-

FIGURE 1

MAIN GAS YIELD RATE WITH TEMPERATURE

300 400 600

TcnpcnMt ft)

1000

SOURCE: BIETAL.
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carbon compounds in the hydrogen gas atmos

phere. Comparing the amounts at 400C

and 600C in different atmospheres, the amount

increases about 5 times at 400C while about

2 times at 600C. Combining the gas yields

produced before 300C as shown in Figure 1(b),
this reflects partly why coal weight decreases

rapidly at 300C. It can also be seen that rela

tively more BTX compounds are produced at

800C in the reaction with hydrogen atoms.

From the liquid product distribution, more

monocyclic compounds and less naphthalene

compounds were yielded in the reaction with

hydrogen atoms than in the hydrogen atmos

phere.

In the reaction of coal with hydrogen atoms, it

was observed that less tar was produced com

pared with hydrogen atmosphere under the

same conditions.

Effects of Pressure and Heating Rate

Pyrolysis was also carried out at various pres

sures, ranging from 1 torr to 10, 20 and 45
ton*

in the hydrogen atmosphere. Increasing the

pressure showed a decrease in gas products.

Increasing the heating rate from 5C per minute

to 10 and 20C per minute resulted in an in

crease in gas products. According to Bi et al.,

this implies that the effect of heating rate on the

low molecular weight gas products is different

from the effect on the larger molecular com

pound products (average molecular weight

larger than 50).

INTERNATIONAL

AUSTRALIA-JAPAN JOINT PROJECT TO

DEVELOP ULTRA-CLEAN COAL

A joint, 3-year research program involving Aus

tralia's CSIRO and the Japanese Center for

Coal Utilization (CCUJ) will develop ultra-clean

coal and evaluate its commercial viability for

Japanese customers.

The research program, which will be worth

around A$2.2 million in government funding,

was formally established following the signing in

Japan of a Memorandum of Understanding be

tween CSIRO and CCUJ.

The project is an Australian initiative developed

by White Industries and CSIRO's Division of

Energy Technology. The idea is to develop a

high-efficiency power generation system fired by
an ultra-low-ash, coal-based fuel. The project

will involve several major Japanese companies,

including Mitsubishi Heavy Industries, Idemitsu

Kosan and Kyushu Electric Power Company.

The commonwealth government has been sup

porting the overall A$1 5 million project with a

A$7.5 million grant. The balance of this pro

gram is being supported by White Industries Pty
Ltd.

RESOURCE

U.S. COAL PRODUCTION TOPS 1 BILLION

TONS FOR FOURTH YEAR

United States coal production was a record

1.090 billion short tons in 1997 marking the

fourth consecutive year in which production

topped 1 billion tons, according to the 7997 Coal

Producer Survey released by the National Min

ing Association.

While the majority ofAmerica's coal is produced

in the East (53.2 percent), the survey illustrates

that coal production continues to shift to the

West (46.8 percent) where a record

510.6 million tons of coal was produced. Pro

duction increases in the West are primarily in

the Powder River Basin where the largest sur

face mines in the world produce low-sulfur coal
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from thick coal seams. Production in the East-

em United States remains primarily from under

ground operations.

Data collected by the National Mining Associa

tion from the Energy Information Administration

indicate that the coal industry's productivity

level, as measured in tons per miner per hour,

has nearly doubled since 1985. Greater use of

long-wall and continuous mining methods have

contributed to the increase in underground pro

ductivity.
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PROJECT ACTIVITIES

VENEZUELA'S METOR METHANOL PLANT

TO DOUBLE CAPACITY

The board of directors of Metor recently an

nounced their agreement to double the capacity
ofthe existing methanol plant located in Eastern

Venezuela at the Jose petrochemical complex.

The new plant is scheduled for completion by
mid-2001 and will increase the current plant ca

pacity of 803,000 metric tons per year to

1,715,500 metric tons per year.

Metor (Metanol de Oriente, S.A.) is a joint ven
ture involving Pequiven (37.5 percent); Mitsubi

shi Corporation (23.75 percent); Mitsubishi Gas

Chemical Company Inc. (23.75 percent); Inver-

siones Polar S.A. (10.0 percent) and the Inter

national Finance Corporation (5.0 percent). The

company started commercial operations

in 1994.

Metor produces Grade AA methanol mainly

destined for export and represents an important

contribution to the commercialization of the im

mense proven natural gas reserves of Vene

zuela.

The technology for the new plant will be pro

vided by Mitsubishi Gas Chemical Company
Inc. and incorporate the latest process design

improvements resulting in ease of operations

and savings in maintenance and operating

costs.

CORPORATIONS

SLH MERGED INTO SYNTROLEUM

Syntroleum Corporation has completed its

merger with SLH Corporation which, prior to the

merger, owned approximately 31 percent of the

outstanding common shares of Syntroleum.

The merger was approved by the shareholders
of both companies at separate meetings held

August 6.

Among other things, the merger gives the com

bined company, which will be called Syntroleum

Corporation, access to approximately

$50 million of cash and other assets formerly
held by SLH. Syntroleum intends to use this

capital to accelerate the development and

commercial implementation of its proprietary

Gas-To-Liquids (GTL) process.

The company plans to use a portion of the cash

made available by the merger to fund its capital

commitments for two previously announced

GTL projects. One is a specialty product GTL

plant being developed with Enron Capital and

Trade Resources in Sweetwater County, Wyo

ming. A second GTL plant is being developed

with Texaco and the engineering firm of Brown

& Root. The company also intends to continue

to make significant investments in research and

development.

The Syntroleum Process is a simplification of

traditional GTL technologies aimed at substan

tially reducing both the capital cost and mini

mum economical size of a GTL plant, as well as

plant operating costs. To this end, a unique

characteristic of the Syntroleum Process is its

use of air, rather than pure oxygen, in the con

version process.

Syntroleum believes that the Syntroleum Proc

ess can, in some circumstances, be cost-

effective in GTL plants with throughput levels as

low as 2,000 barrels per day (based on energy
prices in recent years), and can be competitive

with other GTL processes at any plant size.

Company officers have stated that the ability to

scale plant size down will allow placement of

GTL plants on skids, barges and ocean-going
vessels. This is expected to allow use of GTL

plants in a wider variety of locations, including
isolated and offshore areas.

To date, Syntroleum has entered into license

agreements with Texaco, ARCO, Marathon,
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YPF, Enron and Kerr-McGee. It is currently in

license discussions with several other compa

nies.

Syntroleum also intends to establish joint ven

tures with its licensees and other partners to

design, construct and operate GTL plants. The

company has already formed the joint venture

with Enron.

Finally, the company plans to provide mobile

GTL plants on a contract basis.

RENTECH ANNOUNCES AGREEMENTS

WITH TEXACO AND THERMAL

CONVERSION CORPORATION

In October Rentech Inc. announced that it has

entered into a licensing agreement with Texaco

for the Rentech Fischer-Tropsch technology.

Under the license, Texaco will use Rentech's

gas-to-liquids technology in combination with

Texaco's proprietary gasification technology to

produce liquid hydrocarbon products such as

naphtha, fuel and specialty products.

The Texaco gasification technology, which pro

duces synthesis gas by partial oxidation of car

bon-based substances, will be used to generate

the synthesis gas feedstock for the Rentech

Fischer-Tropsch technology. The combination

of these technologies will allow for the use of a

broad range of feedstocks such as petroleum

coke, residual oils and byproducts generated in

refineries and chemical plants.

Under terms of the agreement, Texaco is

granted an exclusive, worldwide (except in In

dia) license to use and sublicense the Rentech

Process Technology in projects where solid and

liquid hydrocarbons are used as feedstocks for

the generation of syngas in a gasification proc

ess such as the proprietary Texaco Gasification

Process. Rentech retains the right to license for

100 percent natural gas feedstock. Texaco and

Rentech will share revenues from plants li

censed under this agreement. Specific financial

terms ofthe agreement were not disclosed.

AgreementWith Thermal Conversion

Corporation

Rentech announced earlier that it has entered

into a Joint Demonstration Project with Thermal

Conversion Corporation (TCC).

TCC is wholly owned by EnerTek Partners, an

investment group managed by Scientific Ad

vances Inc., a subsidiary of Battelle Memorial

Institute. EnerTek Partners is composed of

major natural gas companies in the United

States, including Brooklyn Union Gas System,

Columbia Gas System, Consolidated Natural

Gas, Enron Corporation, Equitable Resource

Company and Southern California Gas Com

pany. TCC is a Delaware corporation with

headquarters in Kent, Washington.

The Joint Demonstration Project will evaluate

the use of the TCC plasma technology which

uses a proprietary high-power, induction-

coupled plasma torch and high-temperature re

actors to convert natural gas into a tailored

synthesis gas, suitable for use by Rentech's

Gas-To-Liquids (GTL) process.

During a 16-week project funded by Rentech,

the viability of using the TCC plasma technology
in GTL plants will be tested for verification at

pilot-plant scale and capital costs will be devel

oped.

Upon successful completion of the project,

Rentech has the right to receive a nonexclusive

license to use the TCC plasma technology and

to receive a portion of any future license fees

and royalties received by TCC for use of their

plasma technology in any other GTL projects.

TCC will provide the plasma system and receive

throughput fees on syngas produced by its

plasma system when used with any GTL proc

ess including Rentech's.

The TCC system could provide a cost-effective

solution for barge-mounted GTL processes.
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SYNTROLEUM AND MARATHON DEVELOP

LOW-BTU COMBUSTION TECHNOLOGY

FOR GTL PLANTS

Syntroleum Corporation, Marathon Oil Company
and AGC Manufacturing Services Inc. have

completed a series of tests demonstrating a

technology for combusting low-BTU gas in a gas

turbine. The technology, originally developed

by Marathon and licensed by Syntroleum, allows
a gas turbine to utilize process tailgases in the

range of 50 to 90 BTU per standard cubic foot

heating value. The use of the tailgas displaces

natural gas that would otherwise have to be

used as turbine fuel. Patent applications have

been filed on key aspects of the technology.

The use of tailgas as turbine fuel would reduce

operating costs and enhance the economics of

Gas-To-Liquids (GTL) plants using the Syntro

leum Process. Also, it appears that the com

bustion technology can be applied to various

size turbines from various manufacturers, po

tentially opening the way for the Syntroleum

Process to utilize a broader range of gas tur

bines for virtually any size plant, including plants
with capacities below 2,000 barrels per day.

Development efforts are continuing to fully
prove the technology integration into Syntro

leum Process designs.

"Reducing plant size is critical if GTL is going to

be widely used for the conversion and moneti-

zation of flared
gas,"

stated M. Agee of Syn

troleum. "These GTL plants also could be a

major benefit to oil companies seeking to de

velop new oil reservoirs that contain large quan

tities of associated gas, but which are located

distant from established markets for the
gas."

AGC Manufacturing Services Inc., located in

Broken Arrow, Oklahoma, manufactures a

1 ,500-kiiowatt combustion gas turbine under

license from Kawasaki Heavy Industries Ltd.,

and designs, manufactures, and full-load tests

stationary and mobile cogeneration packages

with 3,000 kilowatts and 30,000 pounds per hour

steam generation capacities.

ENERGY POLICY AND FORECASTS

GRI BASELINE FORECAST SEES LOW

PRICES, HIGHER NATURAL GAS DEMAND

Gas Research Institute's (GRI) 1999 edition of

its Baseline Projection of U.S. Supply and De

mand describes a highly competitive, low-price

energy future with natural gas expanding its

share of the nation's total energy market.

The new Baseline shows total primary United

States energy consumption growing 1 .8 percent

annually, from 94 quadrillion BTU (quads)
in 1997 to more than 115 quads in 2015.

The outlook for natural gas is even more robust,

with demand growing 2 percent annually to

about 32 quads in 2015 (1 quad equals about

1 trillion cubic feet [tcf] of natural gas) versus

22.5 quads in 1997. As a result, the natural gas

share of total United States energy consumption

will increase from 24 percent in 1997 to

28 percent in 2015. Nearly 75 percent of the

projected demand increase will come from

electricity generation and industrial applications,

with the balance from growth in the residential

and commercial markets.

GRI's Baseline outlines two major challenges

that will shape future energy consumption pat

terns:

Ensuring that the required gas supplies

are available to meet the anticipated

9 tcf growth in natural gas demand.

Successfully addressing the potential

implementation ofthe 1997 Kyoto Proto

cols mandating reductions in carbon di

oxide and other greenhouse gas emis

sions.

The first of these challenges is projected to be

met and is embedded within the 1999 Baseline

results. The second represents potential addi

tional gas demand above the 32 tcf level pro

jected in the Baseline.
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GRI cites historic precedent in contending that

the projected growth in demand can be met.

"Between now and 2015, the gas industry is

facing a demand growth of approximately 9 tcf

over a 17-year
period,"

the report notes. This

equates to a growth rate of about 0.5 tcf per

year. From the mid-1950s to the early 1970s

the industry successfully addressed a required

supply growth of 0.8 tcf per year.

Technology will play a pivotal role in helping gas
producers meet the projected higher demand.

The technologies available to producers today
are much improved over those available in the

late 1950s and early 1970s, the report says.

Because of advances in technology, fewer gas

wells are required to support a given level of

production. In addition, today's technology
opens up previously uneconomical fields and

enables drilling in previously unreachable areas.

In the low-price, moderate growth environment

projected in GRI's Baseline, technology acts as

a substitute for price.

Regarding the challenge posed by the Kyoto

Protocols, the Baseline does not speculate on

the incremental gas demand that would be cre

ated by carbon-reduction mandates.

The projected growth in gas demand, when

combined with slack domestic oil production and

low prices, triggers a pivotal change in the oil

and gas industry. Between 2000 and 2005,

natural gas will become the domestic
producers'

dominant revenue source.

GRI's Baseline Projection will be summarized in

a series of publications released over the next

year. The most complete is the two-volume

data book which contains a complete summary

of projection data by region, sector, fuel and

application. The 1999 Data Book is expected to

be released in November 1 998.

DECADE OF HIGH DEMAND AHEAD FOR

SYNGAS

Since the introduction of the carbonylation proc

ess for acetic acid and the oxo process for de

tergent and plasticizer alcohols more than

3 decades ago, there has been a steady in

crease in petrochemical derivatives based on

carbon monoxide and synthesis gas.

Demand for CO and syngas derivatives will in

crease dramatically over the next 10 years,

H. Gunardson of Air Products told the Large

Chemical Plants
10th

Conference in Antwerp,

Belgium. Gunardson was quoted in the Octo

ber 12-18, 1998, issue of European Chemical

News.

Pure CO is needed to produce chemicals such

as acetic acid, isocyanates and polycarbonates,

while mixtures of hydrogen and CO are used to

produce oxo-alcohols.

There are a number of processes capable of

producing the syngas needed to supply major

petrochemicals. The most important are steam

methane reforming, oxygen secondary reform

ing, autothermal reforming and partial oxidation.

Each process produces a different range of hy
drogen-to-carbon monoxide ratio values.

"Economically viable processes for syngas

manufacture typically produce a gas that is far

too rich in hydrogen to meet the stoichiometric

ratio required by the major syngas-based petro

chemicals,"

says Gunardson.

Commercial syngas production technology
yields gas with hydrogen-to-carbon monoxide

ratios that vary from about 6 to about 1 .5. If

there is a large nearby requirement for pure hy
drogen it can be separated from syngas and

sold, thus providing a byproduct credit.

Frequently, however, there is no large hydrogen

sink nearby and hydrogen must therefore be

burned as fuel.
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The Haldor Topsoe Convective Reforming
(HTCR) process was developed on the basis of

the experience with tired-tubular reformers and

heat exchange reformers for fuel cells. Since

launching this technology in 1992, 12 units have

been sold, the largest of which are two lines,
each producing 5,000 cubic meters per hour of

hydrogen in Belgium.

The HTCR is designed with a number of bayo

net reformer tubes and combines the radiant

chamber and the hot part of the convection sec

tion in one relatively small piece of equipment.

The heat for reaction is provided mainly by the

flue gas flowing on the outside of the reformer

tubes and by the reformed gas flow upward

through the bayonet.

Haldor Topsoe claims that syngas plants based

on HTCR are attractive due to the low invest

ment, compactness and short delivery time.

The plants can be based on container-size

skids, which makes it possible to relocate the

entire plant.
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