


Vi
The Use Of Coal In

The Industrial, Commercial,
Residential, And
Transportation Sectors

Irving Leibson, Chairman
Coal Policy Committee
Joseph J. M. Plante
Work Group Chairman

THE NATIONAL COAL COUNCIL
DECEMBER 1988




THE NATIONAL COAL COUNCIL

James G. Randolph, Chairman
William Carr, Vice Chairman
James F. McAvoy, Executive Director

U.S. DEPARTMENT OF ENERGY
John S. Herrington, Secretary

The National Coal Council is a federal advisory commiitee to
the Secretary of Energy.

The sole purpose of the National Coal Council is to advise,
inform, and make recommendations to the Secretary of Energy
on any matter requested by the Secretary relating to coal or the
coal industry.

All Rights Reserved
Library of Congress Catalog Card Number: §8-063891
© The National Coal Council 1988
Printed in the United States of America



THIE NATIONAL COALL COUNCIL, INC,

Foe: Offhes Bex 17870, Adimgton, Yirginis 22216

(7T38) 8287 -1191

December 1, 1988

The Honorable John S. Herrington
Secretary of Energy

. S. Department of Energy

1000 Independence Avenue, S.W.
Washington, DC 20585

Dear Mr. Secretary:

On behalf of the National Coal Council, T am pleased to submit
the attached report, "The Use of Coal in the Industrial,
Commercial, Residential, and Transportation Sectors," prepared
in response to your letter of November 6, 1987,

This report identifies opportunities for the increased use of
coal/coal-derived fuels in the nonutility sectors and recommends
both government and industry actions that can be taken to increase
coal use. The report reviews the consumption of primary energy

as well as the total national energy input, defines opportunities
for coal/coal-derived fuels to replace existing fuels, discusses
clean coal technologies that can be more broadly utilized, and
identifies challenges facing ceal use in each of the four
nonutility sectors. It also explores three policy issue areas
which impact increased coal utilization, specifically, naticnal
security issues, environmental and regulatory concerns, and public
opinion. Further, the report outlines factors relating to material
handling and waste disposal and cites examples of the use of coal
in nonutility sector applications in foreign countries.

In studying this subject, it was found that, while coal is our
nation's most certain and predictable fossil fuel resource, it

is the least used in the nonutility sectors. Significant findings
irclude the following:

» The most feasible method of penetrating the
nonutility sectors, and aveid eguipment and
infrastructure changes, 1s to convert coal to
liquids and gas. Commercial processes have been
demonsirated and currently are in use to make
oil-based liquids and gas.

Am Advicory Committee to the Secrefary of Energy
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* The transportation sector consumes more oil cach
year than the U. 5. produces - 27 percent of the
total U.S. energy input and nearly two-thirds of
all oil used in this country. Currently, only
liquids or perceived liquids can play a role in
the short-term replacement of gasoline and
distillate. Methanol is the primary alternative
presently being considered; its use would require
infrastructure changes, Coal can produce synthetic
hydrocarbon liquids, requiring no infrastructure
changes.

¢« The industrial sector offers unique opportunitics
for coal in the supply of chemical feedstocks and
cogeneration,

« Coal can penetrate the commercial sector through
the increased use of district heating and cooling
and the cogeneration of electricity.

e ERlectricity generated by coal can be used in the
electrification of railroads, regional
transportation systems, and as an energy source
for new, improved batteries which will be available
in future mobile equipment.

Based upon these and other major findings, the National Coal
Council offers for your consideration several recommendations to
help increase the use of coal/coal-derived fuels to the nonutility
sectors. Specificailly, the Council recommends the following:

« Priority be accorded to the improvement of methods

to produce alternative transportation fuels from
coal.

Transportation is totally dependent on
petroleum-based liquid fuels, leaving that sector
vulnerable to supply disruptions which could wreak
havoc with the functioning of commerce and society.
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« The image of coal be rebuilt in order to cast a
positive light which will enable the public at
targe as well as legislative groups to better
understand the benefits of coal use and clean coal
technologies.

Coal is pur nation's most abundant and lowest cost
fossil fuel. It has been demonstrated that coal
is being used in an environmentally acceptable
manner, as evidenced by the fact that sulfur
dioxide emissions decreased by 27 percent over

the period of 1973 to 1985 despite an increase

of 35 percent in coal consumption. The public
needs to be made aware of the positive aspects

of coal in our energy mix.

The study group and the Council have strived to present an
objective and balanced report. We hope it will be useful to the
Department of Bnergy in its formulation of energy policies
involving the use of coal in the industrial, commercial,
residential, and transportation sectors.

Sincerely,

Jgmes G. Rand§&lph
airman

JGR:ph
Attachment
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Introduction

t the request of the Secretary of Energy,
a study was initiated by the National
Coal Council in January 1988. The Sec-
retary’s request is excerpted below.

A

“Coal utilization in the light industrial, com-
mercial, residential and transportation sec-
tors — What are the opportunities for innova-
tive technologies? A study is needed of the
impediments io and actions that can be taken
to accelerate the penetration of coal or coal-
derived fuels inio the nonutility sectors. in
addition, quantification of the potential im-
pact on energy security resulting from appli-
cation of coal-based fuels in these sectors
would be very useful. The study breadth
should span mine mouth to end user fuel de-
livery and waste removal, and indicate tech-
nical and economic impacts of codes and
regulations on fuel transpori, waste removal
and coal or coal-derived fuels utilization.”

The Work Group was composed of representa-
tives to the National Coal Council and industry
representatives at large. The Work Group met in a
plenary session, then divided into three sub-
groups, namely: Technical, Applications, and
Policy. These subgroups met several times to pre-
pare the substance of this report. An Editorial
Subgroup was formed, consisting of members
from each of the previously named subgroups.
The Editorial Subgroup consolidated the report
into its present form. An interim progress report
was made to the Coal Policy Committee of the
National Coal Council on June 8, 1988, in Wash-
ington, D.C. This study was reviewed by the Coal
Policy Committee of the National Coal Council on
October 4, 1988, in San Francisco, California,

and by the entire Council on November 15 and
16, 1988, in Washington, D.C.

This report is divided into eight chapters. The
first chapter, ENERGY OVERVIEW, reviews the
consumption of primary energy in the United
States during 1987. Tetal national energy input,
which includes domestic production as well as to-
tal imports and exports, also is presented. Non-
utility energy consumption is traced by sector (in-
dustrial, commercial, residential, and transporta-
tion) and by fuel type. Projections pertaining to
U.S. consumption of major energy products for
the years 1987 and 2000 are shown using Depart-
ment of Enerpy, Data Resources, Inc., and Gas
Research Institute forecasts. Other projections re-
flecting high and low oil price scenarios as well as
natural gas prices also are discussed.

The next chapter introduces the first of four
sector discussions. The INDUSTRIAL SECTOR is
defined and an energy overview of this sector is
presented. Opportunities for coal/coal-derived fu-
els to replace existing fuels used in this sector are
outlined. Specifically, coal—-derived medium and
low Btu gas replacing natural gas and coal-derived
liquids replacing petroleum liquids and liquified
petroleum gas are conveyed. Because of its
breadth of potential applications, a discussion of
coal gasification is also included. The technologies
for coal/coal-derived fuels that can be utilized in
penetrating this sector are listed and explained.
Importantly, challenges facing coal use in the in-
dustrial sector are defined: the protection of the
current market share of coal-fired process steam
boilers and the potential to expand market pene-
tration by replacing existing oil and gas boilers.

Chapter three, the COMMERCIAL SECTOR,
includes the definition of the components of the
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sector as well as an explanation of the principal
sources of energy currently utilized. Natural gas is
the current fuel of choice; cogeneration and dis-
trict heating emerge as having the greatest poten-
tial in this sector. The applications of district heat-
ing plants are addressed with priorities for poten-
tial market penetration accorded to universities
and colleges, hospitals, and U.S. military installa-
tions.

The RESIDENTIAL SECTOR, chapter four,
defines the energy consumption and current fuels
of choice for private households, multi-family
dwellings, and apartment and condominium com-
plexes. Constraints for re-introducing coal/coal-
derived fuels into this sector are detailed and dis-
cussed. They include high conversion cost, public
perception of coal as a dirty fuel, current unavail-
ability of the proper size of coali-fired boiler, and
the inconvenience associated with handling and
storing coal and removing ash. An overview of
transportation and distribution systems also is pre-
sented.

Chapter five, the TRANSPORTATION SEC-
TOR, includes a definition of the vehicles that
move people and commodities as well as an en-
ergy overview that dramatically reflects this sec-
tor's dependence on imported ¢il. The transporta-
tion sector is described as the only major sector of
the economy that has achieved little fuel flexibility
and fuel diversification, with automobiles, trucks,
and planes consuming 80 percent of the fuel util-
ized, namely gasoline and distillate. Consequently,
only liquids or perceived liquids can act as re-
placement fuels. Methanol is discussed as an al-
ternate fuel type and cost projections using
gasification of coal as a feedstock are offered.
Coal liquefaction technologies are described as a
long-term effort to replace petroleum~derived fu-
els.

Chapter six, POLICY, covers three critical ar-
eas of importance in utilizing coal in the nonutility
sectors: national energy security issues, environ-
mental and regulatory considerations, and public
opinion. Major fuels of choice are recapped to

highlight the country’s increasing dependence on
imported oil in the national energy security discus-
sion. Environmental and regulatory constraints
which effect all forms of energy production are
addressed, with particular attention focused on
the increased use of coal in the nonutility sectors.
Specific issues impacting energy production are
delineated and discussed. They include air qual-
ity, water quality, waste disposal, and the socio-
economic concerns pertaining to siting (land use),
permitting, aesthetics, and public opinion. Public
opinion on coal use in the nonutility sectors is pre-
sented in a review of trend sample survey data.

MATERIAL HANDLING AND WASTE DIS-
POSAL, chapter seven, outlines factors which de-
scribe delivery systems as inbound material han-
diing and waste disposal systems as outbound ma-
terial handling. A discussion of the utilization and
marketing of fly ash also is presented.

The final chapter, INTERNATIONAL PRO-
GRAMS, cites examples of the use of coal in non-
utility sector applications in foreign countries as
well as various government and industry partner-
ships which have resulted in the increased utiliza-
tion of coal/coal-derived fuels. Funding for re-
search, development, and demonstration in the
European Economic Community is provided,
along with a brief description of several current
overseas joint government— and industry—funded
development and demonstration programs.

The Executive Summary containg conclusions
and recommendations which are presented to the
Secretary for consideration. Appendices to sup-
port the contents of the study are provided. Ap-
pendix B is a coal technology summary for use by
the reader who may wish to review some of the
technical terms as well as to brush up on coal
technology in general.

All data presented in the study are in U.S. dol-
lars and short tons unless specifically noted. The
term “nonutility,” as used throughout the report,
refers specifically to the Industrial, Commercial,
Residential, and Transportation Sectors collec-
tively.



Executive Summary

he electric utility sector has made signifi-
cant strides in reducing its consumption
of petroleum products and increasing its
consumption of coal to generate electri-

city; other energy consuming sectors have not.
These nonutility sectors, namely the industrial,
commercial, residential, and transportation sec-
tors, are an integral part of our society. As such,
any disruptions in the supply of energy sources
which fuel these sectors would send serious rever-
berations throughout the economy. This report
examines these nonelectric utility sectors and
identifies opportunities for coal/coal-derived fuels
to replace other fossil fuels.

Petroleum products represent the single largest
fuel source used in this country. The transporta-
tion sector alone consumes nearly two-thirds of
the oil used. Increasing reliance on imported oil to
meet the demand for petroleum products places
the nation at risk and susceptible to a foreign sup-
ply disruption. Coal/coal-derived fuels can afford
an energy alternative which will lessen the nation’s
dependence on imported oil. This study does not
propose that all the imported oil consumed can be
replaced by coal, but does outline the steps neces-
sary to develop coal-based energy alternatives
which will allow progressive replacement to occur.

Natural gas also is an important fuel source in
these nonutility sectors. Currently, the threat of a
supply disruption of natural gas is not present.
The potential for shortages does exist for several
reasons. These include the uncertainty of reserve
estimations; the sudden increase in demand for
natural gas as a swing fuel due to a potential pe-
troleum supply disruption; the probable increase
in the fuel cost as reserves are depleted; and the

possibility of import restrictions by the country of
origin in order to meet their own demand.

Coal/coal-derived fuels can play an increasingly
important role in the overall energy policy of the
United States. Coal is not an immediate cure for
an energy crisis but its use as a diversification fuel
can function to mitigate the impact of an interrup-
tion or restriction of any one fuel source. The pro-
duction of coal is both a capital intensive and la-
bor intensive effort; therefore, it cannot be turned
on or off at will. Identification of long—term de-
mand and planning to meet that demand will al-
low coal, America’s most abundant fossil fuel re-
source, to provide alternatives to decrease our de-
pendence on imported energy. Conclusions and
Recommendations follow.

Conclusions

Coal i3 our nation's most certain and predictable
fossil fuel resource, yet the ieast used in the indus-
trial, commercial, residential, and transportation
sectors. Natural gas and electricity are the most
significant forms of energy used in the industrial,
commercial, and residential sectors; in the trans-
portation sector, liquid fuel from petroleum is the
predominant form of energy. Based upon these
facts, the following conclusions, related to the
nonutility sectors, are presented.

s  Currently, the most feasible method of pene-
trating the nonutility sectors is to convert coal
to liquids and gas to avoid equipment and in-
frastructure changes. Commercial processes
have been demonstrated and are in use to
make coal-based liquids and gas. In the long
term, new, emerging coal technologies which
require infrastructure changes may have po-
tential for use in the nonutility sectors.
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The United States uses more oil for transpor-
tation alone each year than it produces. At
the present time, only liquids or perceived lig-
uids can play a role in the short—term replace-
meént of gasoline and distillate. Methanol is
the primary alternate liquid currently being
considered for transportation. Fuel-flexible
vehicles which can run on methanol, gasoline,
or a mixture of the two fuels have been built
and are being demonstrated in the State of
California. Methanol fuel would require infra-
structure changes; however, coal can be used
to produce synthetic hydrocarbon liquids,
which are compatible with petroleum-derived
fuels and which require no infrastructure
changes.

The industrial sector offers unique opportuni-
ties for coal in the supply of chemical
feedstocks and cogeneration. There are many
opportunities for coal in process heat preduc-
tion and steam raising. Concerns have been
expressed regarding the regulatory issues be-
ing inhibiting, particularly the 10 micron par-
ticulate emissions and the SO» and NOx con-
trol requirements.

Coal can penetrate the commercial sector
principally in two ways: district heating and
cooling and cogeneration of electricity. Uni-
versities and colleges, hospitals, penitentiaries,
airports, industrial/office parks, and sports
and recreational complexes are some of the
major commercial sector candidates for con-
sideration.

The application of coal in the residential sec-
tor, more than in any other sector, will be in-
fluenced by public perception. Aesthetics,
convenience, and cost will be principal con-
siderations.

which will be available in future mobile equip-
ment.

All forms of energy have environmental con-
straints as well as advantages. Increased pene-
tration of coal in the nonutility sectors must
be both environmentally and economically ac-
ceptable. Currently, a reasonable increase in
the use of coal in the industrial and commer-
cial sectors can be accommodated while still
meeting ambient air standards. Widespread
use of coal in the residential sector may pose
problems in many areas. When it comes to
meeting ambient air standards, all sectors
need to be considered jointly to maintain
compliance within a given attainment area.

Underlying all issues in the nonutility sectors
is the public perception of coal. The Work
Group believes that public information is
negatively presented by the media and a more
balanced view is required, particularly with re-
spect to “Acid Rain” and the “Greenhouse
Effect.” The importance of coal as a reliable
tuel with price stability has to be emphasized
as well as the fact that technologies are avail-
able to use coal in an environmentally accept-
able manner. Energy education in the primary
and secondary schools is needed in order to
create awareness in future generations of the
strategic implications of coal in the nation’s
energy mix.

Paramount to all of these issues are concerns
of national security and economic survival.
Petroleum is currently supplying 39.6 percent
of all energy used in the United States. More
than 25 percent of the balance of payment
deficit is currently caused by imported oil. By
1990, the country could depend on imported
oil for more than 50 percent of its petroleum
needs. Where will it all end?

Recommendations

To increase the use of coal in the industrial, com-
mercial, residential, and transportation sectors,
the National Coal Council recommends that the
Secretary of Energy consider taking the following
steps.

e FElectricity is a significant energy input into the
nonutility sectors. Its use in these sectors can
be thought of as an indirect use of coal be-
cause more than half of the energy supply for
electricity production comes from coal. For
example, in the transportation sector, electric-
ity can be used in the electrification of rail-
roads, regional transportation systems, and as 1. THE TRANSPORTATION SECTOR CON-
an energy source for new, improved batteries SUMES 27 PERCENT OF THE TOTAL
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UNITED STATES ENERGY INPUT AND
NEARLY TWO-THIRDS OF THE OIL USED
IN THE COUNTRY. IT I§ ALSO THE ONLY
SECTOR OF THE ECONOMY ALMOST EN-
TIRELY DEPENDENT UPON LIQUIDS WITH
LITTLE FUEL FLEXIBILITY OR DIVERSIF1-
CATION. THE NATIONAL COAL COUNCIL
RECOMMENDS THAT THE SECRETARY COM-
MISSION 4 STUDY OF THE METHODS OF
PRODUCING ALTERNATIVE TRANSPORTA-
TION FUELS FROM COAL. 'THE PURPOSE OF
THE STUDY WOULD BE:

¢ determine which alternative fuels and di-
rect use technologies hold the most prom-
ise, both in the short and long term, for
economniically converting coal into energy
forms usable in the transportation sector;

e support Federal demonstration projects,
in cooperation with other Federal Agen-
cies, implementing the use of coal-de-
rived fuels in mobile equipment; and

e define a program of demonstration pro-
jects, in cooperation with other Federal
and State Agencies, for the production
and use of coal-derived liquids in mobile
equipment, with opportunities for industry
participation and cost-sharing where ap-
propriate.

CONTINUE TO SUPPORT PROGRAMS PRO-
MOTING RESEARCH AND DEVELOPMENT TO
CONVERT SYNGAS TO LIQUID, COAL TO GAS,
AND COAL TO LIGUID IN ORDER TO LESSEN
U.S. DEPENDENCE ON IMPORTED OIL. DEM-
ONSTRATION PROGRAMS ARE NEEDED
FOR SEVERAL REASONS:

s io maintain a viable research and devel-
opment capability as well as interest;

e to provide the basis for expansion of ceal
use to avoid a national energy emergency;
and

& to provide benchmarks to measure per-
formance and incremental costs.

3

THE IMAGE OF COAL MUST BE REBUILT
BASED UPON ITS PRESENTLY KNOWN EN-
VIRONMENTAL BENEFITS AND ITS POTEN-
TIAL FOR FUTURE BENEFITS RESULTING
FROM CLEAN COAL TECHNOLOGIES, TO
THIS END, THE DEPARTMENT OF ENERGY
SHOULD CONVENE A WORK GROUP OF AP-
PROPRIATE EXECUTIVE BRANCH AGENCIES/
DEPARTMENTS; STATE AND LOCAL GOV-
ERNMENT REPRESENTATIVES (NATIONAL
GOVERNORS ASSOCIATION, NATIONAL
CONFERENCE OF STATE LEGISLATORS,
NATIONAI. LEAGUE OF CITIES); AND
INDUSTRY OFFICIALS TO DEVELOP A SUB-
STANTIAL PUBLIC OUTREACH PROGRAM TO
IMPROVE PERCEPTIONS AND ATTITUDES
RELATED TO COAL,

Further, the Secretary should encourage in-
dustry to become substantially more aggressive
in educating and informing the public in a
positive manner.

¢ Mount a coordinated effort under the
leadership of the Department of Energy
which will bring together other Federal
Agencies and the energy industry to pro-
vide business and civic leaders with a
more balanced view of the “Greenhouse
Effect” and “Acid Rain” issues. One
mechanism that could be used to accom-
plish this would be through the existing
Interagency Task Force on the Green-
house Effect,

¢ Embark upon a comprehensive program
in conjunction with the Secretary of Edu-
cation to expand energy awareness pro-
grams in primary and secondary schools.
By creating a series of programs appropri-
ate for each grade level, kindergarten
through twelfth grade, and making these
programs available nationwide and at no
cost to the local school system, future
generations will come to realize the essen-
tial role that energy plays in our daily
lives. These programs should stress coal as
the nation's most abundant fossil fuel re-
SOUrce.

If public information programs are not ac-
tively pursued, Congress could face pressures
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to enact legislation which would inhibit the fu-
ture use of fossil fuels. Information currently
reaching the public on these issues has been
one-sided.

ENCOURAGE FEDERAL AGENCIES SUCH AS
THE GENERAL SERVICES ADMINISTRATION,
THE VETERANS’ ADMINISTRATION, THE
POSTAL SERVICE, THE DEPARTMENT QOF DE-
FENSE, AS WELL AS THE DEPARTMENT OF
ENERGY, TO INCREASE THE USE OF COAL IN
PUBLIC FACILITIES.

This action will serve as a role model or prov-
ing ground for similar applications in state and
local government facilities and in commercial
establishments. Since these facilities are based
geographically throughout the nation, a
broad-based infrastructure would be created
to deliver coal/coal-derived fuel, dispose of
ash and other waste, and service the equip-
ment.

UNDERTAKE A REVIEW OF THE PERMITTING
PROCESS AND THE REGULATIONS WHICH
AFFECT COAL USE WITH APPROPRIATE FED-
ERAL AND STATE AGENCIES WITH THE OB-
JECTIVE OF REDUCING INCONSISTENCIES
AND OVERLAPS.

The Department of Energy should evaluate
the recommendations by the Vice President’s
Task Force on Regulatory Relief. These rec-
ommendations provide guidance on how regu-
latory uncertainties can be reduced and de-
ployment of clean coal technologies can be
encouraged. Cooperative reviews of the im-
plementation procedures of environmental
regulations by Federal and state agencies
could lead to accommodation of new opportu-
nities for coal use in the industrial and com-
mercial sectors in many attainment areas of
the country.

INVESTIGATE THE USE OF ECONOMIC IN-
CENTIVES THAT WOULD HAVE THE LARG-
EST IMPACT ON INCREASING THE USE OF
COAL IN THE INDUSTRIAL, COMMERCIAL,
RESIDENTIAL, AND TRANSPORTATION SEC-
TORS AND SPONSOR LEGISLATION AS
DEEMED APPROPRIATE,

Incentives should be applied when appropri-
ate for promoting the economical use of coal
in an environmentally acceptable manner. In-
centives also are desirable to lessen commer-
cial risk when projects are marginally feasible.

STIMULATE INTEREST WITHIN THE COM-
MERCIAL SECTOR TO DEVELOP NEW COAL-~
FUELED DISTRICT HEATING AND COCLING
SYSTEMS.

The Department of Energy, in cooperation
with the Department of Housing and Urban
Development, should expand existing pro-
grams to develop model projects and to evalu-
ate system technologies and candidates for the
establishment of new coal-based energy sys-
tems on conversion to coal of existing commu-
nity energy systems. The heating and cooling
industry, developers, and state and local gov-
ernments should be encouraged to move rap-
idly toward more widespread application of
such systems.

REVIEW AND EVALUATE IN GREATER DE-
TAIL THE PROGRAMS OF FOREIGN COUN-
TRIES WHICH HAVE SUCCESSFULLY IMPLE-
MENTED CQAL USE IN THE INDUSTRIAL,
COMMERCIAL, RESIDENTIAL, AND TRANS-
PORTATION SECTORS.

The lessons learned can be applied in the ap-
propriate sectors, taking advantage of the fact
that these applications have been successful
elsewhere. The study of foreign programs
which use coal in the nonutility sectors should
be a joint government/industry effort involv-
ing, not only the coal industry, but representa-
tives from other affected industries.



Chapter |

Energy Overview

he United States consumed approxi-
mately 76.2 quads! of primary energy in
T 1987. Of this amount, petroleum
products accounted for an estimated
32.6 quads, nataral gas for 17.4 guads, coal for
18.0 quads, nuclear for 4.9 quads, and
hydroelectric and other fuels for 3.3 quads. In this
same year, the total national energy input, which
includes domestic production and total imports
and exports, was 79.6 quads. Imports accounted
for approximately 15.3 quads, or about
19.2 percent of total energy inputs. Exports of
energy from the U.S. to other nations were an
estimated 3.6 quads; coal was over 50 percent of
this amount. Figure 1 shows U.S. energy inputs
and exports for 1987 based on Department of
Energy, Energy Information Administration
(DOE/EIA) data. The difference between energy
inputs and exports and consumption represents
stockpile drawdown.2

As shown on Figure 1, fossil energy forms ——
petroleum, coal, and natural gas —— accounted for
over 89 percent of U.S. total enerpy inputs in
1987, Petroleum was the largest single enerpy
source, providing 39.6 percent® of all energy

' One quadrillion Biu (quad) equals 10'S Btu. One
quad is approximately equivalent to 46 million tons of
coal, 172 million barrels of crude oil, or 980 TCF of
natural gas.

U.S. Department of Energy, Energy Information
Administration, Annual Energy Outlook 1987: With
Projections to 2000  (DOE/EJA-0383, 1987),
Tables Al and A2, pp. 33 and 34.

Percentages used here reflect toial fuel energy input
over total U.S. energy input,

supplied to our nation. Natural gas and coal
provided 24.7 percent and 25.2 percent,
respectively. Since about 90 percent of coal is
consumed by utilities, used in steelmaking, or is
exported, the energy forms of current choice in
the nonutility market are petroleum, natural gas,
and electricity.

Current Energy Choices

The 1987 nonuitility energy consumption by sector
and fuel type is shown on Figure 2. The largest
single use was petroleum in the transportation sec-
tor, which accounted for 64.9 percemt of all
petroleum products consumed. Other significant
uses included natural gas in the industrial, resi-
dential, and commercial sectors.

Many factors must be considered in estimating
the quantity of coal which might replace other
energy forms. Two of the most important
considerations are the size of the market which
coal can penetrate and the user cost differential
between coal and other energy sources. Projecting
accurate energy prices and consumption between
coal and petroleum is difficult at best, as
evidenced by comparing the petroleum and utility
industries’ forecasts of the last 10 years with the
actual outcome. From an historical perspective,
the volatility in oil pricing makes any long-range
oil price projection suspect. As illustrated on
Fipure 3, coal pricing has remained steady during
the same period. This adds another positive
dimension to coal, our nation's most certain and
predictable fossil fuel resource.
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FIGURE 1 1987 U.S. Energy Inputs and Exports
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SOURCES: U.S3, Department of Energy, Energy Information Administration, Annual Energy Outlook 1987
With Projections to 2000 (DOE/E1A-0383, 1987).

t1.8. Department of Energy, Energy Information Administration, Domestic Uranium Mining and Military
Industry, 1986 Viability Assessment (DOE/EIA-0477, 1986), pp. 9, 108, and 109.
NOTES:

1. Total production less exporis is net production.
2. Includes natural gas plant liquids.

FIGURE 2 Energy Use by Energy Source
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SOURCE: U.S. Department of Energy, Energy Information Administration, Annuael Energy Outlook 1987:
With Projections to 2000 {DOE/EIA-0383, 1987).

NOTE:

1. Includes electrical system energy losses of 67%. (Flectrical system energy losses are the amount of energy lost
during generation, transmission, and disiribution of electricity, including plant use and unaccounted for
electrical energy.)
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FIGURE 3 Historic Oil and Coal Pricing
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(DOE/EIA-0064, 1985).

American Petroleum Institule, Basic Petroleum Data Book, Sepiember 1988.

NOTES:
Coal prices: FOB ($/short ten); current dollars.

Oil prices: $/ton (coal equivalent) = $/bbl current dollars x 4.5.

Considering potential market size first, natural
gas provides the largest amount of energy used in
the residential, commercial, and industrial
sectors. The Department of Energy forecasts
natural gas use will grow slightly more than
0.5 percent per year. Fipure 4 shows 1987 use in
each sector, along with DOE projections of the
year 2000 consumption. A forecast by Data
Resources, Inc. {DRI) is given for comparison. In
the commercial area, both forecasts expect
consumption in the year 2000 of about 2.7 quads.

In the residential sector, DOE expects
consumption to decrease 0.1 percent per year,
between 1987 and 2000, to 4.5 quads. DRI, on
the other hand, predicts a decrease of about
1 percent per year to 4.0 quads.

Figure 4 also shows the projected use of
transportation fuels, the largest nonutility energy
consumer. The DRI forecasts for diesel and
gasoline differ considerably from the DOE Base

Case. While the Gas Research Institute (GR1) and
DOE expect distillate consumption in the year
2000 to increase to 3.8 quads and 4.5 quads,
respectively, DRI predicts that diesel fuel use will
remain constant at about 3.4 quads. In contrast,
the DOE gasoline forecast shows a drop in use to
12.7 quads, while GRI and DRI expect gasoline
use to increase to 14.0 quads and 14.7 quads,
respectively. Regardless of which forecast proves
to be more accurate, distillate and pasoline are
significant transportation sector markets in which
coal or coal-derived liquids could be used.

The Department of Energy has attempted to
address some of the uncertainty in consumption
forecasts by providing a range of estimates around
the Base Case used on Figure 4. These estimates
consider two scenarios: high world oil prices and a
low economic growth rate, and low world oil
prices with an accompanying high economic
growth rate. A detailed description of these cases
has been provided in Appendix A. Selected
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nonutility sector energy consumption estimates for
the year 2000, based upon these three DOE
cases, are shown on Figure 5. DRI and GRI
projections have been included for comparison.
These forecasts of mnatural gas use in the
residential and commercial sectors and diesel fuel
required for the transportation area are less than
DOE’s “High Price - Low Use" case. Conversely,
DRI and GRI predict gasoline use higher than
DOE’s “Low Price — High Use” case. Again, this
is another indication of the underlying uncertainty
in predicting energy markets.

Energy prices for 1987, and DRI, GRI, and
DOE Base Case price projections for the years
2000 and 2610, all in constant 1987 dollars, are
shown on Figure 6. Natural gas prices in the
residential, commercial, and industrial sectors are

projected to increase in the year 2000 to $7.50,
$6.00-$6.60, and $4.00-$4.50/MM Btu, respec-
tively. DRI predictions are higher than those of
DOE for commercial pas use, but lower for the
industrial sector. The DRI forecast for the year
2010 shows further price increases to $10.20, and
38.60/MM Btu in the three areas.

Forecasted gasoline prices in the year 2000
range from $10.10 to $11.:10/MM Btu. Both DRI
and GRI predict lower gasoline prices than i the
DOE Base Case. For the year 2010, DRI and GRI
projections are essentially the same, about
$13.25/MM Btu of gasoline. The DOE Base Case
forecast for the price of distillate is $8.60/MM
Btu. Neither the DRI or GRI forecasts for this
commodity are on a basis consistent with DOE
data.

FIGURE 4 U.S. Consumption of Major Energy Products 1987 and 2000
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SOURCES: U.8. Department of Energy, Energy Information Administration, Annual Energy Outiook 1987:
With Projections to 2000 (DOE/EIA-0383, 1987),
Data Resources, Inc., DRI Energy Review, Winter 1987-88, Vol. 2, Neo.4.
Gas Research Institute, 1987 GRJ Baseline Projection of /.5, Energy Supply and Demand to 2010,

December 1987.
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FIGURE 5 Energy Consumption Forecasts for 2000
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SOURCES: U.S. Depariment of Energy, Energy Information Administration, Annual Energy Outlook 1987:
With Projections to 2000 (DOE/EIA-0383, 1987).
Data Resources, Inc., DRI Energy Review, Winter 1987-88, Vol. 2, No.4.
Gas Research Institute, 1987 GRI Baseline Projection of U.S, Energy Supply and Demand to 2010,
December 1987.

FIGURE 6 Price Projections for Major Energy Products 1987, 2000, and 2010
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Data Resources, Inc., DRI Energy Review, Winter 1987-88, Vol. 2, No.4.
Gas Research Institute, 1987 GRI Baseline Projection of U.S. Energy Supply and Demand fo 2010,
December 1987.

NOTE:
$/bbl oil equivalent = $/MMBtu x 5.79.
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Department of Energy price forecasts for the
Low Oil Price, Base, and High Oil Price cases in
the year 2000 are shown on Figure 7. Where
applicable, DRI and GRI data have been included
for comparison. With one exception, all private
sector price forecasts fall within the boundaries
defined by DOE’s High Oil and Low Oil Price
cases. The exception is commercial sector natural
gas, for which DRI predicts a slightly lower price
than that of the DOE Low QOil Price Case.

As a measure of energy prices expected in the
future, Figure 7 includes DOE (three cases), DRI,
and GRI crude oil price projections for the year
2000 as well as DOE's predictions for coal prices
in that year. For reference, 1987 costs also have
been included. Between the years 1987 and 2000,
crude oil prices are predicted to increase by at

FIGURE 7 Energy Price Forecasts for 2000

least 40 percent to $4.30/MM Btu or $24.90/bbl.
The average of the private and DOE Base Case
suggests crude oil prices of about $4.90/MM Bty,
or slightly over $28/bbl. In DOE’s High Oil Price
Case, crude oil could cost as much as $40/bbl, or
$5.30/MM Btu, an increase of 125 percent.
During the same period, coal prices are expected
to go up by about 25 percent from $1.53/MM Btu
in 1987 to a high of $1.92/MM Btu. If coal,
natural gas, and liquid fuels prices rise as
predicted, a variety of coal-based technologies
could provide economically viable liquid, solid,
and gaseous substitutes for conventional energy
sources. These projections provide the target price
range at which coal-derived fuels must compete,
With expected improvements in these technolo-
gles, many coal-derived fuels should be
competitive by the turn of the century.
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SOURCES: U.8. Department of Energy, Energy Information Administration, Annual Energy Outlook 1987:
With Projections to 2000 (DOE/EIA-0383, 1987).
Data Resources, Inc., DRI Energy Review, Winter 1987-88, Vol. 2, No.4.
Gas Research Institule, 1987 GRI Baseline Projection of U.S. Energy Supply and Demand to 2010,
December 1987.
NOTE:

$/bbl oil equivalent = $/MMBtu x 5.79.
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Chapter I

Industrial Sector

he industrial sector is defined as manu-
facturing, construction, mining, agricul-
ture, fishing, and forestry establish-
ments. A breakdown of energy sources
utilized in the industrial sector is provided on Fig-
ure §. The manufacturing component of the in-

FIGURE 8 Industrial Sector Energy Sources

U.8. Department of Energy,

dustrial sector* represents 67 percent of the en-

ergy use for this sector; therefore, it is also pro-
vided in Figure 8.

4 Energy Information

Administration, Monthiy Energy Review January
1987 (DOE/EIA-0035, January 1987), Table FEL.
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SOURCE: U.S. Department of Energy, Energy Information Administration, Monthly Energy Review January 1987
(DOE/EIA~0035, Yanuary 1987},
U.S. Department of Energy, Energy Information Administration, Annwal Energy Outiook 1987
With Projections to 2000 (DOE/EIA~0383, 1987).
NOTES:
1.

Petroleum and Other are not reported on the same basis. Other for the manufacturing sector includes the follow-

ing estimated petroleum-based fuels: Still Gas 1.2 quads, Peirochemical Feedstocks .82 quads, Petroleum Coke

.47 quads, and LPG 0.1 quads.
2. Includes electrical system energy losses of 67%.

3. Manufacturing seclor is 67% of total industrial sector.
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Overview

Energy consumption by major manufacturing busi-
ness areas in 1985 is shown on Figure 9, repre-
senting the most current available data.5 The con-
sumption patterns in 1986 and 1987 are expected
to be similar. Natural gas is the current fuel of
choice in the manufacturing component of this
sector, which is diverse in both needs and uses of
energy. In general, the manufacturing industry is
knowledgeable and able to influence the prices of
energy sources (the amount of impact is based on
the size of the user).

% U.S. Department of Energy, Energy Information
Administration, Monthly Energy Review January
1987 {DOEB/EIA-0035, Janvary 1987), Table FEI.

Energy sources in the industrial sector are pro-
vided by well established distribution systems,
such as truck, rail, pipeline, and wire delivery.
This sector represents a more diverse number of
energy sources than in the residential, commer-
cial, and transportation sectors. Suppliers to in-
dustrial users include private and public power
and natural gas distribution companies as weli as
petroleum— and coal-producing companies. The
users of mobile industrial equipment depend on
the transportation sector for delivery of liquid or
compressed gaseous fuels; however, the use of
large, centrally located, onsite or offsite storage
facilities allows for bulk deliveries by the most
economical means. The industrial sector typically
does not involve as many levels of distribution as
in the residential/commercial sectors.

FIGURE 9 Manufacturing Sector Energy Consumption by Industry Group
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Industrial Sector

The net energy (total energy use excluding elec-
trical system energy losses) used in 1987 in the
industrial sector was 20.6 quads, of which 2.63
quads were obtained from coal. These guantities
are expected to increase ta 24.2 and 2.83 quads,
respectively, by the year 2000.5 In this sector,
coal is utilized for three purposes: as a feedstock
for coke, for process heat and steam raising, and
as a feedstock for chemicals.

Energy consumption in the industrial sector is
expected to increase by 3.58% quads from 1987 to
the year 2000. Significant penetration of coal into
the industrial sector can be achieved by replacing
existing fuel, particularly natural gas and petro-
leum.

Natural gas consumption in the industrial sector
was 6.9 quads in 1987, Coal-derived medium and

& U.S. Department of Energy, Energy Information
Administration, Annual Energy Outiook 1987 Witk
Projections to 2000 (DOE/E1A-0383, 1987), Table
AZ.

low Btu gas could replace most of this energy. In-
dustrial sector petroleum consumption in 1987
was 8.15 quads.®? The breakdown of petroleum
products consumption is shown on Figure 10.
Coal-derived liquids could replace about 3.86
quads of petroleum liquids and liquified petroleum
gas (LPG). Other uses of petroleurn include lubri-
cants, petroleum coke, waxes, and still gas, which
do not appear to be susceptible to replacement.

The largest industrial sector energy input in
1987 was purchased electricity at 8.63 quads,
5.78 quads of which was lost in the electrical sys-
tem itself. Electrical system energy losses are the
amount of energy lost during generation, transmis-
sion, and distribution of electricity, including plant
use and unaccounted for electrical energy. More
than half the electrical energy in the U.S. is gener-
ated with coal. Cogeneration has had a significant
impact on the electric wutilities industry. Total
cogeneration at the end of 1986 was 20,000 MW,

FIGURE 10 1987 Consumption of Petroleum Products — Industrial Sector
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This is forecasted to increase to 46,475 MW by
the year 2005. The Public Utility Regulatory Poli-
cies Act of 1978 requires atilities to purchase
cogenerated power at the utilities "avoided cost.”
The coal use in new industrial cogeneration facili-
tles (le., 21,650 MW 1987 to 2003) could
amount to 1.95 quads/year.?

Of the technologies available to increase the use
of coal, coal gasification has a wide variety of po-
tential applications. The products from gasifica-
tion can be used as raw material for producing
organic and inorganic chemicals, power genera-
tion, alternate methods of destroying organic
wastes, and to generate process steam. Coal
gasification processes yield a carbon monoxide
and hydrogen gas mixture. Sulfur compounds in
the coal can be converted to hydrogen sulfide and
then into elemental sulfur which is suitable for
sale. Particulates are removed from the gas to
yield a ciean fuel or chemical feed stream. Slag
coming from high temperature pasifiers is classi-
fied as a nonhazardous material suitable for use as
an agpgregate, in road building, or for other similar
applications.

Technologies and Applications
The following technologies, listed in alphabetical
order, will allow coal to penetrate the industrial
sector:

e coal gasification

e coal liquid mixtures

e coal preparation and cleaning

e direct fired heat engines (i.e., gas turbines,
diesels)

e direct liquefaction

e fluidized bed and other combustion tech-
niques
e hot gas clean up

e indirect liquefaction (i.e., Fischer-Tropsch,
methanol)

7 Cogen Addilions of 46,475 MW by 2005 Projecled in
New Study. Cogeneration, Pequot Publishing, No-
vember-December 1987, p. 26.

14

¢ micronized/pulverized coal

s pyrolysis

Commercially proved technologies are available
for the manufacture of coal liquids and gases;
these are summarized in Appendix B. Opportuni-
ties are now available for these technologies, and
widespread use may occur when the price of oil
rises to $30/barrel in 1988 dollars. Of the tech-
nologies listed above, those in commercial use to-
day are coal gasification, micronized/pulverized
coal, fluidized bed combustion, and coal cleaning.

The industrial use of coal can be expanded by
the application of technologies capable of provid-
ing either steamn or a combination of steam,
power, and/or raw materials for chemical manu-
facture and other uses. Consideration should be
given to the choice of technology depending upon
the end use and requirements for products in the
industrial sector. For example, a fluidized bed
boiler may be more desirable if the end product is
steam and/or power only. On the other hand, coal
pasification may be a desirable way to produce
co-products such as steam, power, and raw mate-
rials for manufacturing chemicals, e.g., ammonia
methanol or oxo—-chemicals. The potential for in-
creased coal use in the industrial sector, as shown
in Table 1, is approximately 134 million tons per
year. Potentially, during the next 10 years, half of
this amount could be put into place as aging boil-
ers are retired, oil and natural gas prices rise, and
chemical manufacturing raw materials change.

Research and Development

Advanced industrial applications using coal in an
environmentally acceptable manner are being in-
vestigated in the U.S. through government and
private funds. The Department of Energy provides
leadership and some financial resources in these
research and development activities, and also en-
courages and promotes industry and acadermic in-
stitutions to team up on advanced research and
development. This cooperation is essential to
maintaining a balance in project orientation to-
ward a viable product.
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TABLE 1
SELECTED INDUSTRIAL COAL USES
(million tons/yr)

Minimum
Use 1987 Potential
Fuel 9.1 91
Methanol 0.3 45
Oxo—-Alcohols - 4
Ammonia - 27
Sugar Refinery - 3-4
Cement Kilns - 2-3
9-10 131-134

SOURCES:

Letter dated Seplember 9, 1988, from W. R. Siegart,
Texaco Inc., White Plains, NY, to I. J. M. Plante,
Stone & Webster Engineering Corporation, Boston, MA.
Data Resources, Inc., DRI Energy Review, Winter
1987-88, Vol. 2, No. 4, Table A-1.

U.S. Industrial Energy Market Outlook, Vol. II. Petro-
leum Industry Research Associates, In¢. and Dun &
Bradstreet Technical Economic Services, 1986.

1987 Directory of Chemical Producers, SRI Interna-
tional.

Chemical Economics Handbook, SRI International.

Compared with Japan and West Germany, re-
search and development efforts in the U.5. are
modest. Japan surpassed the U.S. in research and
development for coal liquefaction and gasification
in 1983 as shown on Figure 11. In fiscal 1987,
Japan spent twice as much on coal gasification/
liquefaction research and development as the
U.S., despite the fact that the Federal budget of
the U.S. Government was three times that of the
Japanese Government. The Federal Republic of
Germany reported planned 1987 expenditures for
coal research and development of $167 million®
compared to the Office of Coal Technology’s
1987 budget of $253 million.® To summarize,
Japan spent about $1.00 per person on coal ligue-
faction and gasification research and development
while the U.S. spent 25 cents per person; West
Germany spent $2,735 per person on coal research
and development while the U.S, spent $1.00 per
person.

% Research and Development Progress in the Ger-

man Hard Coal Mining Industry. Paper presented
at the 13th Meeting of the International Commitiee
for Coal Research, September 1987.

2  U.S. Department of Energy, Office of Coal Technol-
ogy. Fiscal Year 1988, Program Plan March 1988
(DOE/FE-0102, March 1988), p. 3.

FIGURE 11 U.S. Lagging in Coal Gasification/Liquefaction R&D
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Challenges and Opportunities

In 1987, major users of coal in the indusirial
area were chemicals and allied products; stone,
clay, and glass products; paper and allied prod-
ucts; primary metal industries; petroleum and coal
products; and food and kindred products.t¢

Presently, the most important use of coal in the
industrial sector is coke production. In 1987, 37
million tons of coal was carbonized to produce 28
million tons of coke. This was an increase of 9.8
percent over 1986 tonnage (25.5 million tons of
coke). 1 Aping coke facilities are not being re-
placed due to envircnmental and economic rea-
sons.

There are two challenges facing coal use in the
industrial sector. The first is to protect the current
coal market represented by over 8,000 large in-
dustrial steam boilers in service today.1? The sec-
ond is to capitalize on the potential of coal 1o re-
place oil and gas boilers, both current and future,
by making coal substitution economically and en-
vironmentally attractive.

Another important consideration is the average
age of existing coal-fired boilers in this sector.
Approximately 50 percent have been in use for

10 15,8, Depariment of Energy, Energy Information

Administration, Quarterly Coal Report October-De-
cember 1987 (DOE/EIA-0121, Fourth Quarter,
1987) Table 30.

1 Ibid., Appendix A.

12 Letter dated September 15, 1988, from E.T. Robin-
son, Standard Qil, Advanced Funel Technology Com-
pany, Bridgeport, NJ, io J.J.M. Planie, Stone &

- Webster Engineering Corporation, Boston, MA..

16

over 20 years'®, and owners are faced with in-
creasing maintenance costs, lower availability, and
environmental concerns. Currently, a boiler own-
er’s alternatives are to replace coal in the buoilers
with oil or gas or to replace the boiler with new oil
or gas units. A solution to the aging boiler prob-
iem is the application of clean coal technology al-
ternatives. These alternatives, as well as other re-
search and development activities of DOE, could
be competitive with either natural gas or o¢il. To
preserve existing segments and to penetrate new
areas, the stategy must be competitive on a prod-
uct-cost basis (steam, power, chemical, etc).

With industry using more coal in an environ-
mentally acceptable manner, the U.S. economy
can only henefit. To add a degree of certainty to
decisions concerning investment in large industrial
coal plants, some improvements in the regulatory
process are needed. There must be a system that
provides for rapid and clearly defined permitting.
Inconsistencies or overlaps between state and
Federal regulations must be resolved whenever
they occur. In order to encourage investment in
industrial coal use, regulatory systems must be
streamlined to allow for objective, environmen-
tally sound decisions. To encourage increased in-
dustrial coal use, the Federal and State Govern-
ments also should consider special investment tax
credits and rapid depreciation schedules to en-
courage change to, or initial use of, coal in indus-
try. The technology is available today to use coal
cleanly and economically as a fuel for industry
and as a raw material for chemicals.

1% Verbal Communication: W.B. Marx, President,
Council of Indusirial Boiler Owners, Burke, VA, and
J.J.M. Plante, Stone & Websier Engineering Corpo~
ration, Boston, MA.
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Commercial Sector

he commercial sector encompasses non-
manufacturing business establishments,
including hotels, motels, restaurants,
wholesale businesses, retail stores, laun-—
dries, and other service enterprises; health, social,
and educational institutions; and Federal, state,
and local governments. Street lights, purps,
bridges, and public services also are included.

T

Overview

Energy consumption in this sector was 6.10 quads
in 1987, and it is expected to grow to 7.30 quads
by the year 2000. The principal sources of enerpy
for the commercial sector in 1987 were natural
gas (2.40 quads) and net electricity (2.58 quads).
Together these accounted for 81.6 percent of the
energy consumed in the commercial sector. The
total 1987 energy input to the commercial sector,
including electrical systemn losses, was 11.34
quads.1 '

Natural gas is the principal fuel in the commer-
cial sector; however, cogeneration and district
heating have the greatest potential for coal to im-
pact in this sector. It is estimated that cogenera-
tion in this sector will grow to 4825 MW by the

14 U.S8. Department of Energy, Energy Information Ad-
minisiration, Annual Energy Outlook 1987: with
Projections to 2000 (DOE/EIA-0383, 1987), Tables
Al and A2, pp. 33 and 34.
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year 2005, The annual energy input for 4825 MW
is 0.43 quads, including electrical system losses. 15

Equipment designed for coal firing, in a suitable
range of capacities and a manufacturing service
infrastructure, is necessary to promote the use of
coal in this sector. Usually air conditioning as well
as heating systems are necessary.

In cogeneration and heating use, many of the
developing clean coal technologies would be suit-
able. Several coal technologies in appropriate ca-
pacity must be made available commercially to
cover all facets of this sector’s energy demands
(i.e., absorption chillers).

District Heating

A survey of this industry indicated that 29 existing
systems, representing 120 trillion Btu of annual
energy input, could convert from other hydrocar-
bon fuels to coal. At 24 million Btu per ton of
coal, district heating represents a conversion po-
tential of 5 million tons of coal annually. The eco-
nomics of a district heating system are illustrated
on Figure 12 and in Table 2. Table 2 demon-
strates that coal-based district heating currently is
economically attractive. Increased use of coal be-
yond existing systems should be explored in
depth.

6 Cogen Additions of 46,475 MW by 2005 Projected in
New Study. Cogeneration, Pequot Publishing, No-
vember-December 1987, p.26.
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FIGURE 12 Example: District Steam Plant Configuration
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SOURCE: Catalyst Thermal Energy Corporation, Engineering Department, Nashville, TN. May 1988.

TABLE 2 Example: Economics of a District Steam System Operation

Pay for coal, delivered 168,800 tons/yr @ $35.00/ton 5,908
Pay for limestone, delivered 18,600 tons/yr @ $12.50/ton 233
Pay for ash removal 43,900 tons/yr @ $23.50/ton 1,032
Pay for water, chemicals, electricity: 2,490 mib/yr @ $0.25/mlb 623
Pay for 18 jobs @ $40,000/yr (average including burden and benefits) 720
Pay for maintenance, 1axes, insurance, and all other overhead 500
Subtotal 9,016
Pay Capital Charge: $36,000,000 for 20 yr @ 10% VOM" 4,228
Cost of steam and electricity 13,244

Electricity sales priced at
Receive Credit for Sale of 141 x 10% kWh/yr 4,230 7,050
Cost of steam after electricity credit $9,014 $6,194
Cost of steam $/MMBu at steam plant $3.00 $2.06
Cost of steam $/MMBtu delivered to customer (15% loss) $3.53 $2.42

- SOURCE: Baltimore Thermal Energy Corporation, Baltimore, MD.

NOTE:

1. Assumes 500,000 Ib/hr plant @ $56/hourly 1b will cost $28,000,000; 10,000 ft of main trunk line @ $600/ft or
$6,000,000; and 5,000 ft of distribution network lines at $400/ft or $2,000,000. Total cost of system is
$36,000,000,

2. Figure 12 illustrates a fluidized bed boiler in a district steam plant application. Other configurations such as coal
gasification combined cycle and conventional coal boilers also are feasible.
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Commercial Sector

Universities and Colleges

There are approximately 2500 universities and
colleges in the U.S. Based upon data from a sur-
vey of 500 institutions (125 responded), the fol-
lowing extrapolations, using 2500 institutions as
the basis, have been made to derive the hydrocar-
bon to coal conversion potential for this energy
consuming group.!®

e There are 200 institutions which are supplied
steam for heating and air conditioning from
local district heating and cooling systems.

e There are 500 institutions which fuel their
own “district” heating and cooling systems
with coal.

¢ There are 1800 institutions which fuel their
own “district” steam systems with hydrocar-
bons. The average energy consumption of
each institution in this group is 300 billion
Btu per year.

The 1800 institutions which fuel their own dis-
trict steam systems consume 540 trillion Btu of hy-
drocarbon fuels annually and represent a conver-
sion potential of 22 million tons of coal annually.

Hospitals

There are nearly 7000 hospitals in the U.S. Based
upon survey responses from 37 VA hospitals and
information from the International District Heat-
ing and Cooling Association, the following ex-
trapolations, using 7000 hospitals as the basis,
have been made to derive the conversion potential
of this group.'®

e There are 2800 (40 percent} U.S. hospitais
currently being supplied steam from local dis-
trict heating companies or are currently using
coal. This hospital subgroup represents the
larger hospitals which exist in the larger met-
ropolitan areas of the U.S.

e The 2100 (30 percent) U.S. hospitals in the
“sun belt” are not susceptible to coal conver-

'8 Tetter daied September 7, 1988, from M.O. Hill,
Baltimore Thermal Energy Corporation, Baltimore,
MD, 1o 1.1.M. Plante, Stone & Websler Engineering
Corporation, Boston, MA.
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sion, except under strong economic or legal
pressures.

e The remaining 2100 hospitals each consume
an average of 63 billion Btu of hydrocarbon
energy annually and are susceptible to con-
version.

These 2100 hospitals consume 130 trillion Btu
annually and represent a conversion petential of 5
million tons of coal annually.

Federal Government Facilities

Throughout the country, the Federal Government
maintains facilities to accommodate the opera-
tions of various Federal Agencies and Depart-
ments. These facilities represent a potential mar-
ket for increased utilization of coal/coal-derived
fuels.

A recent chart published by USA TODAY,
August 30, 1988, using Energy Information Ad-
ministration data, showed energy use by varipus
Hederal Government Agencies as follows:

Energy Use in

Department Trillien Btu
Defense 1,497.8
Energy 93.2
Pastal Service 53.4
Veterans’ Administration 42.0
General Services Administration 32.4
Transportation 238.3

Increased use of coal/coal-derived fuels in Fed-
eral facilities could serve as a role model or prov-
ing ground for similar applications in both state
and local government facilities, especially in the
coal-producing states. Because Federal facilities
are widely dispersed on a geographic basis, a
broad-based infrastructure would be created for
the delivery of coal-based fuels, for the removal
of ash and other waste products, and for the serv-
icing of attendant equipment. Targets of opportu-
nity for increased coal use include, but are not
limited to, the Departments of Energy, Defense,
Justice, Interior, Labor, and Agriculture; the
General Services Administration, the U. S. Postal
Service, and the Veterans’ Administration.

U.S. Military Installations

U.S. military installations are included as a part of
government entities. Because of national security
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implications, definitive and comprehensive data
reflecting the total energy consumption of the U.§
military establishment are unavailable. Data are
available and made public by the Department of
Defense in conjunction with the Department of
Energy concerning the use of petroleum products
in U.S. military installations as well as the pro-
curement of those products.

During peacetime, the U.8. military establish-
ment uses the equivalent of approximately 3 per-
cent of the petroleum products consumed by this
country. For fiscal year 1986, Department of De-
fense data reflected total petroleum consumption
of 180.1 million barrels.’? A breakdown by fuel
type showed over two-thirds of this total, or 72.4
percent, for jet fuel; 17.4 percent for distillate/
diesel; 7.2 percent for fuel cil; 2.4 percent for
easoline; 0.5 percent for the Navy (special pur-
pose); and 0.1 percent for other. Of the total
amount of petroleum required by the military, 70
percent was satisfied by procurement in the conti-
nental United States and Canada.l®

The amount of military fuel purchased directly
from Persian Gulf countries (Bahrain, Iran, Iraq,
Kuwait, Qatar, Saudi Arabia, and the United
Arab Emirates) has been decreasing in recent
years: 7 percent was recorded in 1985, 6 percent
in 1986, and 5 percent in 1987.18 Indirect pur-
chases of military fuel from Persian Guif coun-
tries, i.e., petroleum products purchased outside
the Gulf but refined from Persian Gulf crude oil,

7 11.8. Department of Defense and U.S. Department
of Energy, National Defense Authorization Act for
Fiscal Years 1988 and 1989 (Public Law 100-180),
A Report to the Congress: Contingency Plans to Deal
with Disruption in Persian Gulf Crude Cil Supply.
(March 1988), p. 12.

18 Ihid, p. 11.
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are not included. While purchases from various
sources of supply fluctuate from year to year, pur-
chases in the continental United States and Can-
ada have been increasing from 331,000 barrels
per day in 1985 to 350,000 barrels per day in
1987.

Challenges and Opportunities

To implement a significant conversion from hy-
drocarbons to coal in the commercial sector of the
United States marketplace and to solve the prob-
lerns of insufficient land and shortage of capital,
the following general strategies are supgested.

1. Create new district steam systems with coal
fuel plants capable of cogenerating electricity;
locate such systems in semi-rural or industrial
areas to facilitate siting and permitting; deliver
the steam to the consuming points by a long
main trunk pipeline (2 miles or so} and hook
up to a cluster of consumers, say within 1 mile
of a secondary distribution network.

2. To stimulate such a strategy, the siting and
permitting process must be streamlined, but
most important would be to make available
long-term, low-interest borrowings to the en-
tities who would develop such district heating
and cogeneration systetns.

3. In the cormmercial sector, promote the use of
electricity which could be furnished from
coal-fueled power plants.

4, Increase coal's penetration in universities and
colleges, rmilitary installations penitentiaries,
airports, industrial/office parks, and sports
complexes through government/industry inter-
action.



Chapter IV

Residential Sector

| he residential sector consists of private
household establishments that consume
energy primarily for space heating, water
heating, air conditioning, lighting, refrig—
eration, cooking, and clothes drying. The sector
also includes multi—family dwellings and apart-
ment and condominium complexes.

T

Qverview

In 1940, 19,056,000 housing units'® were heated
with coal or coke. This comprised about 55 per-
cent of the housing unit total of 34,855,000, Ac-
cording to a 1984 Department of Energy Residen-
tial Energy Consumption Survey, approximately
700,000 households burn coal as their primary
heating fuel, less than 1 percent of the total hous-
ing units. Of that total, roughly 400,000 are lo-
cated in the south and 300,000 are in the north-
east. In the midwest, less than 100,000 house-
holds burn coal as their primary fuel source for
heating. In addition to space heating require-
ments, coal-fired boilers account for hot water re-
quirements in about 200,000 residences. The
1984 distribution of some of the residential appli-
ances that consume energy is shown in Table 3,20

® U.S. Department of Commerce, Bureau of the Cen-

sus, Statistical Abstract of the United States 1975
{(Washington, D.C., 1975), Table 1234, p. 722.

U.S. Depariment of Energy, Energy Information Ad-
ministration, Housing Characteristics 1984: Resi-
dential Energy Consumption Survey (DOE/
BIA-0314, 1984), p. 1.

20
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Table 3
1984 Residential Energy Equipment Use!
(in millions of housing units)

Primary Heating Fuel Air Conditioners

Natural Gas 47.9 Room 26.8

Fuel O1], Cenlral 24.6
Kerosene 12.2

Electricity 14.5 Water Heaters

LPG 3.9 Electric 27.9

Wood 6.5 Natural Gas 41.3

Coal? 0.7 Other 2.8

Ranges
Electric 46.5
Nataral Gas 39.0

Total Occupied Housing Units 86.3 million

SOURCES:

1 U.S. Department of Commerce, Bureau of the Cen-

sus, Statistical Abstract of the United States 1987
(Washinglon, D.C., 1987), Table 1288, p. 713; Ta~
ble 1289, p, 714.

U.S. Department of Energy, Energy Information Ad-
ministration, Housing Characteristics 1984: Residen-
tial Energy Consumption Survey (DOE/EIA-0314,
1984), p. 1.

Energy consumption in the residential sector in
1987 was 9.09 quads, and this is expected to grow
to 9.67 quads by the year 2000.27 Patterns of en-
ergy consumption are shown on Figure 13.

21 U.S. Depariment of Energy, Energy Information Ad-

ministration, Annual Energy Outlook 1987 {DOE/
EEA-0383, 1987), Table A2, p. 34.
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Asg shown on Figure 13, natural gas and elec-
tricity are the most significant energy sources in
this sector. Other types of fuel are petroleum-
based distillate and liquified petroleum gas. These
fuels can be replaced by coal in three ways: as
gaseous or liquid fuels if no appliance or equip-
ment changes are contemplated; as coal liquid
mixtures and improved solid fuels from coal with
equipment changes; or indirectly by increased
electricity use generated from coal. Electricity can
be considered an indirect use of coal because
more than 50 percent of the energy supplied for
electricity comes from coal.

Technologies and Applications

This section addresses residential applications in
two technological areas: coal-based fuels and di-
rect—coal firing. The application of coal in the
residential sector, more than in any other sector,
will be influenced primarily by public perception.
Secondary but important considerations include

convenience and cost. Before these technologies
can capture any significant share of the residential
market, the equipment developed will have to be
convenient to use, aesthetically pleasing, and en-
vironmentally acceptable.

Two coal-based fuels that may satisfy this need
are clean coal liquid mixtures and clean dry pul-
verized coal fuels. Development efforts on both
fuels are quite advanced with dry fine-coal tech-
nology already implemented in the Federal Re-
public of Germany and Japan.

Direct—coal firing technologies have been devel-
oped. To broaden the application of these tech-
nologies to meet the specific needs of the residen-
tial sector, additional work in specific areas is
needed.

o Develop smaller combustors which are more
compatible with the average energy consump-
tion in new homes being built.

FIGURE 13 1987 Residential Energy Consumption Pattern

Quadrillion Btu
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SOURCE: U.S. Departmeni of Energy, Energy Information Administration, Annual Energy Outlook 1987:
With Projections to 2000 (DOE/EIA-0383, 1987).
NOTE:

1. Does not include elecirical system energy loss estimated at 6.76 quads.
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e Design suitable coal and ash handling systems
which will not significantly increase the capi-
tal cost of coal-fired systems, and which do
not require constant customer involvement.

o Offer the residential user a commercially
available package of equipment and service
which is competitive with existing fuel
sources.

The British Coal Corporation’s Coal Research
Establishment is developing a self de-ashing, un-
derfeed stoker with retort sizes from 60,000 Btu/
hr to 500,000 Btu/hr in both beiler and hot air
versions. They also are developing a downdraft
burning open fire room heater and boiler, and a
system with automatic coal feed from an overhead
hopper. These products would have to be tested
with American coals prior to introduction into the
T.8. market. Similarly, the United Kingdom has
developed a range of residential coal-fired appili-
ances for use in smoke control areas which would
have to be tested in the U.S. Particulate emissions
from these appliances conform to current United
Kingdom regulations.

Transportation and Distribution

Bulk transportation of coal in the U.S, should not
be a problem. Coal-fired power stations (1283
units) exist throughout all states except Maine,
Idaho, California, and Hawaii.22 Coal is pro-
duced in over 4000 mines in 26 states.?® Because
transportation systems are in place to service
coal-fired power stations and mines, the ability to
get coal in the vicinity of most areas in the U.S.
already exists. Two scenarios are suggested for de-
veloping a residential coal solid fuel product.

e Mine-mouth coal beneficiation and blending
plants (including SO, reduction reagents) to
permit distribution in car—lot loads directly to
a local distributor who would then deliver the
shipments to the individual residential users.

e Local beneficiation and blending plants near
the coal power plant delivery points operated
by the local bulk distributor.

22 U.S. Department of Energy, Energy Information Ad-

minisiratin, Inventory of Power Plants in the United
States 1985 (DOE/EIA-0095), Figure 1, p. 3.

23 1.5. Department of Energy, Energy Information Ad-
ministration, Quarterly Coal Report (DOE/

EIA-0121 (8742) Table 3, p. 16; Table B5, p. 87.
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The coal-based solid fuel would meet environ-
mental requirements by proper blending with re-
apgents and could be in various forms —- solid
sized compliance coal or processed fuels such as
pellets, dry powders, or briguettes specially for-
mulated for residential use.

In a manner similar to gas and electric compa-
nies in the past, local distributors could enhance
the service provided by including appliance sales
and service, coal delivery, and ash removal for the
residential users. Such a distribution and service
infrastructure would have to be developed.

Challenges and Opportunities

In general, major impediments to increasing the
residential market for coal are as follows.

1. The initial capital cost for installation of coal
burning equipment is higher than for other fu-
els, even though the cost of coal is lower than
that of other fuels.

2. Coal is perceived by the public as a dirty fuel.

3. Most coal-fired boilers and hot air furnaces
manufactured in the U.S. are limited in size,
most of which are larger than required for the
average residence. With better insulated
houses and with the typical house having
about 2000 to 2500 square feet, the average
boiler size is around 65,000 to 80,000 Btu.
The smaller coal-fired American central heat-
ing systems are usually 100,000 Btu, It should
be noted that others, most notably the British,
have smaller sizes in commercial production.

4. Coal is inconvenient to handle and store. Ash
removal is inconvenient, and coal delivery is
difficult in many urban settings. Systems now
in uge in other countries should be studied for
possible use in the United States. Retail deliv-
ery of coal, as set forth in the preceding dis-
cussion, presents its own set of challenges and
opportunities.

5. There is a lack of public awareness regarding
the use of coal in residences. Proactive public
education programs should be initiated so the
public can become more knowledgeable.

W



Chapter V

Transportation Sector

| he transportation sector includes private
and public vehicles that move people
and commodities; i.e., automobiles,
trucks, buses, motorcycles, railroads,

air craft, ships, barges, and natural gas pipelines.
This sector does not include mobil equipment in
the industrial sector that utilizes central refueling
stations onsite. Transportation energy consump-
tion sources are provided on Figure 14, and en-
ergy use by mode of transportation is presented on
Figure 15.

Overview

The United States uses more oil for transportation
alone each year than it produces domestically.24
Coal-derived liquids can be used to replace sub-
stantial quantities of this oil. The transportation
sector consumes 27 percent (21.2 quads) of the
total U.S. energy input, but it consumes nearly
two~thirds of the oil used in this country. This
heavy dependence on petroleum-derived energy
requires large imports of foreign oil, which cur-
rently accounts for 25 percent of the current U.S.
trade deficit.25 Even if the recent low level of oil
prices persists, the country could grow to depend
on foreign imports for more than 50 percent of its
oil supplies by 1990. The transportation sector is
expected to increase to 22.3 quads by the year
2000. Specifically, the transportation sector cur-
rently uses approximately 10.5 million barrels of

24 U.S. Department of Energy, Assessment of Costs and

Benefits of Flexible and Alternative Fuel Use in the
U.8. Transportation Secior: Progress Report One,
January 1988.

25 U.S. Department of Commerce, Survey of Current
Business (Vol. 68, No. 4) April 1988, pp. 5-16 and

5-17.

25

oil per day,2® but when mebile equipment in other
energy sectors is included, this consumption in-
creases to 11.0 million barrels per day.2? Highway
transportation is entirely dependent upon petro-
leumn fuels, while non-highway transportation util-
izes small amounts of natural gas and electricity in
addition to petroleum fuels.

The past use of coal in steamships and steam
locomotives is a matter of historical record. As
late as 1950, more than half the locomotives in
the U.S. were steam driven, using 55,452,000
short tons of coal as fuel. Correspondingly, steam-
ships used 20,000,000 short tons of coal in
1950.28 These facts demonstrate that even in
1950, when coal use was waning in the transporta-
tion sector, coal quantities in this sector were sig-
nificant. Today, approximately 12,000 steam lo-
comotives are in common use throughout the
world (this figure does not include the USSR).2°
It may be presumed that many of these locomo-
tives are coal-fired.

Transportation sector fuel economics are par-
ticularly sensitive to the energy content per unit of
volume of the fuels involved. Coal-derived lig-
uids, coal liquid mixtures, and electricity may be
more suitable for use in the transportation sector,

2 1.5, Department of Energy, Energy Information Ad-

ministration, Annual Energy Outlook 1987, Figure 7,
p. 8.

27 Ogzk Ridge Naticnal Laboratory, Transporation Re-
search. 1388 Automated Transportation Energy
Data Bank (Draft), May 31, 1988.

28 1J.S. Department of Commerce, Bureau of the Cen-
sus, Statistical Abstract of the United States 1975,
Tables 879 and 980, p. 583, and Table 1161, p.
684,

28 Jane's Publishing, Inc., Jane's World Railways,
1987-1988.
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It should be noted that the transportation of
cozl, this country’s largest soiid bulk commodity,
is accomplished primarily by means of using liquid
fuels. If economically viable, coal transportation
should be tied in with the industry it serves by us-
ing coal-based fuels in the appropriate mobile
equipment (railroads, trucks, barges, and ships).

Automobiles, trucks, and planes dominate the
transportation sector, as shown on Figure 14. Us-
ers primarily obtain liquid fuels from individual
distribution sites (i.e., gasoline service stations,
truck stops, and fuel terminals), Any alternative
energy sources for major users in the short term
must be a liquid fuel or have the characteristics of
a liquid fuel.

As previously stated, the three top consumers
of energy in this sector are automobiles, trucks
and planes; together they consume 80 percent of
the fuel in the sector. The fuels used are gasoline
and distillate, and only liquids or perceived liquids
(such as coal-liquid mixtures) can currently play a

major role in the short-term replacement of gaso-
line and distillate.

Technologies and Applications

The primary alternate liquid to gasoline currently
being considered is methanol. The current
feedstock for methanol is natural gas. Methanol
can be produced from coal in a grass roots plant
or as a co-product of an integrated gasification
combined cycle plant {yet to be demonstrated).
Other technically feasible sources of coal-based
fuels are coal-based liquids from pyrolysis, direct
and indirect liquefaction, coal liquid mixtures,
and micronized coal. Micronized coal can be
readily produced, offering application in locomo-
tives, ships, and other marine transport.

Most of the engines used in the transportation
sector are of a relatively small size, less than 1000
horsepower. Fuels used must be specifically tai-
lored for these engines. Conversely, engines and
vehicles must be customized to the fuel sources
developed. Liquid fuels compatible with today’s

FIGURE 14 1987 Transportation Energy Consumption Sources
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FIGURE 15

Energy Use by Transportation Mode

Quadrillion Btu

1D-l

D

Aireraft Ships

Automeobiles Trucks
and
Motorecyceles

SOURCE:
Book (Draft), May 31, 1988 (1985 Dala).

Pipeline

Off-  Military Railroads Buses
Highway

Oak Ridge National Laboratory, Transportétion Research. 1988 Automated Transportation Energy Data

gasoline— and diesel-powered engines can be pro-
duced from coal by direct and indirect liquefac-
tion and pyrolysis. Fuels produced by these tech-
nologies can be treated in conventional petroleum
refining processes to be indistinguishable from
materials made from crude ¢il. Thus, they can be
distributed, stored, and marketed using the exist-
ing petroleum infrastructure and also should not
require any vehicle modification. On the other
hand, establishing a widespread fuel distribution
and service station network is one of the key bar-
riers which fuels such as methanol or coal-water
mixtures must overcome before they can have a
major impact in the transportation sector.

The potential for replacement of oil by alterna-
tive fuels, including coal-based fuels, is signifi-
- cant. This is the only major sector of the economy
that has achieved little fuel flexibility and fuel di-
versification. The most promising technologies to
replace oil used in highway transportation in the
near-term future include alcohol fuels, com-
pressed natural gas, and electricity stored in
chemical batteries. Of these options, domestic

27

ceal could play a part in the production of alcohol
fuels and stored electricity. Although coal-related
technologies are fairly advanced, there are still
significant obstacles to implementation, including
lack of economic incentive, lack of commercial
market development, insufficient competitive pro-
duction capacity, inadequate distribution systems,
and vehicle unavailability.

In the long term, advances in coal liquefaction
technologies and reduction in production costs
could obviate many of the problems facing the in-
troduction of alcohol fuels and stored electricity in
the transportation sector. Liquid fuels made by
these processes do not require new infrastructure
or vehicle development/meodification work; mar-
ket acceptance programs would not be needed to
introduce them to the consumer.

Today, indirect liquefaction supplies a large
share of the motor fuel market in South Africa,
albeit at more expense than if petroleum-based
materials were being used. Pyrolysis liquids and
mild gasification products also could make a con-
tribution to the liguid fuel supply if produced by a
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facility which had a market for the larpe quantities
of char generated by the processes. Technologies
are available for managing the by-products pro-
duced by these processes.

Direct liguefaction technologies are another
possible way of producing gasoline and distillate
from coal. Work by the Departrent of Energy in
a large—scale pilot plant at Wilsonville, Alabama
suggests that direct coal liquids will be competitive
with products made from petraleum when crude
oil prices reach $35/bb], in 1988 dollars. The De-
partment of Energy projects that this cost can be
reduced, through technology development, to the
$28-%30/bbl range, making direct coal liquids
economically competitive with conventional petro-
leum products around the turn of the century.
This promising process needs to be demonstrated
to confirm the economics.

The gasification of coal holds potential for pro-
ducing low-cost methanol in the future. This tech-
nique currently is price competitive on a selective
basis. Although methanol and ethanol are used
extensively in the chemical industry, a significant
increase in production capacity would be required
to provide even a small percentage of the U.S.
transportation sector demand. The most sipnifi-
cant cost for grass roots coal-to-methanol conver-
sion is the capital component. Depending upon
the source used, capital charpes represent 60 to
68 percent of total production cost, which is be-
tween 2.3 and 3.0 times more than for converting
natural gas to methanol.3® 3* After adjusting for
the differences in energy content, methanol is cur-
rently more expensive in the U.S. than premium
gasoline and would require a larger fuel tank to
achieve equivalent driving range due to
methanol’s lower energy density.

Driven by the need to improve air quality and
to reduce dependence upon imported oil, the
State of California enacted legisiation in 1986
which provided the California Energy Commission
(CEC) with $5 million to demonstrate and study

% R.L. Dickenson and §. Vejiasa, Allernate Fuel

Technologies: Prospects and Options (SFA Pacific,
April 1988).

3 T.0. Wagner and D.F. Tatterson, Comparative
Economics of Methanol and Gasoline (SAE Techni-
cal Paper Series 872061, November 1987).
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methanol fuel in various transportation applica-
tions. As a result, appropriations for three pro-
grams were developed:

e $700,000 in funding to demonstrate the fea-
sibility of and potential environmental im-
pacts from using methanol fuel in heavy-duty
diesel engines under 500 horsepower;

e $1.8 million in funding to assist both public
and private transit operators in purchasing
and operating new and retrofitted methanol-
powered buses; and

¢ 52.5 million in funding to assist state and lo-
cal government fleet operators as well as pri-
vate rideshare programs in underwriting the
differential costs of purchasing fuel-flexible
fuel vehicles and establishing the necessary
fueling facilities.

The existence of these demonstration programs
in California reflect the unique partnership estab-
lished between state, private industry, and local
government. The California Methanol Bus Pro-
gram, for example, is a combined effort of the
CEC along with General Motors Corporation and
M.A.N. Truck & Bus Corporation which supply
the methanol buses operated by Golden Gate
Transit. Celanese Corporation supplies the metha-
nol for the buses. As bus engines are overhauled
at 100,000 miles, they can easily be retrofitted
with an engine that will accept methanol-based
fuel.

Domestic auto manufacturers, specifically Ford
and General Motors, have built fuel flexible vehi-
cles that can run on methanoel, gasoline, or any
mixture of the two fuels with a single fuel tank.
Fuel methanol (M-85) is a mixture of 85 percent
methanel and 15 percent unleaded gasoline. Itg
octane rating of 102 versus §7 for regular un-
leaded gasoline makes it a high performance fuel.
The fuel flexible vehicle concept permits manu-
facturers to introduce a new vehicle which oper-
ates on an alternative fuel without having to over-
come consumer fears about limited availability of
fuel methanol at retail outlets. It overcomes the
“chicken or egg” dilemma of introducing metha-
nol vehicles before a widespread methanol fuel
distribution systemn is in place. The Atlantic Rich-
field Company and Chevron U.S.A. have entered
into agreements with the CEC to each install
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methanol fuel at 25 retail gasoline outlets in the
state.

Cost projections for utilizing methanol fuel as
forecast by the CEC are shown in Table 4. These
methanol cost projections are based upen natural
gas sources. While forecasts suggest that the eco-
nomics of methanol may be favorable in the mid-
dle of the next decade, Department of Energy
price projections differ significantly enough from
those of the CEC to cast doubt on these favorable
econormics. This is particularly true if coal is used
1o produce the alcohol.

In Southwestern Virginia, the United Compa-
nies, with the support of the Department of En-
ergy, has successfully produced test quantities of
locomotive diesel fuel as well as high octane gaso-
line using additives produced from coai-derived
Hquids, This process uses a mild gasification proc-
ess.

A coal-burning locomotive study has been con-
ducted with Burlington Northern and Norfolk
Southern sponsorship and additional funding from
DOE. The study has been detailed in a paper enti-
tled, Economic Assessment of Coal Burning Loco-
motives by M. J. Hapeman and S. D. Savkar of
the General Electric Company. The objectives of
the study were to test the feasibility of a coal-
burning locomotive design and coal as fuel. Based
upon the cost analysis in the study, the coal
slurry-fired diesel and the coal shurry-fired simple
cycle gas turbine look attractive to the manufac-
turer, based upon projected rates of return. To
expand coal use in this area, continued large—
scale development is needed.

No other sector is more vulnerable to energy
supply disruptions because no other sector is more
dependent upon a single source of energy. The
challenge, therefore, is to convert the fuel sources
for the transportation sector from petroleum-—
based to coal-based. Interest in coal-based liquid
transportation fuels can be created by demonstrat-
ing that it is possible to replace petroleum~based
fuels with coal--based liquids.
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Table 4
METHANOI. COSTS
PRICE PROJECTIONS
(1987 dollars per gallon)

M-85 Retail Premium
Landed Cost (gascline Unleaded
Year in Los Angeles equivalent) Retail
1991 0.35 1.24 1.40
1992 0.36 1.26 1.41
1993 0.37 1.28 1.42
1994 0.39 1.31 1.44
1985 0.41 1.34 1.46
1996 0.42 1.36 1.47
SOURCE:

Koyama, K.; Smith, K.D.; Ghaffari, L., California En~
ergy Commission; Carl Moyer, Acurex Corporation,
Methanol Supply and Demand Issues from a California
Perspective, presented at the 1987 World Methanol Con-
ference, December 1-3, 1987.

Electricity in the Transportation
Sector

More than 50 percent of the U.S. energy sources
for the production of electricity comes form coal.
Therefore, coal may still contribute to transporta-
tion when electricity is used as a replacement for
gasoline or diesel powered vehicles. Also, this sub-
stitution has the potential for reducing the emis-
sions of CO and NOx from the transportation sec-
tor which is a problem in many urban areas of the
country.

It is estimated that today there are 165,000
kilometers of electrified railweys worldwide. In
Switzerland, Sweden, and Italy, more than half of
the rail lines are electrified. In the U.S., electri-
fied rail lines have declined to 2800 kilometers;
this is the only country worldwide where a decline
has occurred.®2 The potential for rail electrifica-
tion continues to be evaluated by government and
industry but has yet to be considered economically
attractive enough to create an upward trend in the
U.S.

Several major cities (i.e., Houston, Denver,
Los Angeles, Philadelphia) are considering new
mass transit systems which may be electrically
based as a means of reducing traffic congestion
and the corresponding release of emissions to the

%2 Ross, B.A., “Railroad Flectrification: An Opportu-
nity and a Challenge.” Rail International, August-
September 1987,
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environment. An analysis {1986) of the Pitisburg—
Allegheny County area shows that 28 million reve-
nue bus miles were used and 9.7 million gallons of
diesel fuel were consumed. The conversion from
light rail car to bus mile is generally one to one. A
light rail car uses approximately 6.5 kWh/car
mile. Therefore, if 25 percent or 7 million car
miles were electrified, 45.5 million kWh would be
used which is equivalent to 22,750 tons of coal.®®

Electric-powered vehicles have significant limi-

tations which may prevent them from coming into
32 Letter dated October 7, 1988, from B.A. Ross,
American Electric Power Service Corporation, Co-

lumbus, OH, to J.J.M. Plante, Stone & Webster En-
gineering Corporation, Boston, MA.
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wide use in the foreseeable future, but they are
appropriate in certain niche applications. Due to
the limited range of vehicles powered by electric
storage batteries, they would be most useful in op-
erations such as city transit facilities or local gov-
ernment or commercial fleet Operatidns.

In Los Angeles, a pilot test program is being
developed to demonstrate the feasibility of elec-
tric—powered vehicles. The funding of this pro-
gram demonstrates the partnership between the
State of California and the private sector. All the
examples previously cited offer hope that electric-
ity in the transportation sector is emerging and
can play an increasing role.



Chapter VI

Policy

pportunities to increase the use of coal

in the industrial, commercial, residen-

tial, and transportation sectors are lim-

ited by certain policy-related issues.
These issues have been mentioned, to some ex-
tent, in the context of previous sector discussions,
but the importance and overall impact of these
issues warrant a more detailed presentation. This
chapter specifically reviews national energy secu-
rity issues, environmental and regulatory consid-
erations, and public opinion.

NATIONAL ENERGY SECURITY

The most prominent energy source of current
choice in the industrial, commercial, residential,
and transportation sectors is petroleum which is
susceptible to supply disruption. Since coal re-
serves represent our most abundant fossil fuel re-
source, it is vital to the energy security of the na-
tion in order to mitigate a national energy emer-
gency. As such, the promotion of the use of coal/
coal-derived fuels in this nonutility sector over the
long term will help to ease a national energy emer-
gency when it next occurs,

As previously discussed, 1987 data compiled by
DOE, show that natural gas comprised the major
fuel of choice in the residential and commercial
sectors, and approximately one—third in the indus-
trial sector. In the transportation sector motor
gasoline comprised 63 percent of the total sector
demand, and distillate fuel accounted for 16 per-
cerit.

Increasing the utilization of coal in these sectors
would contribute to a decrease of foreign supply
sources and make the U.S. less vulnerable to for-
eign supply interruptions. The ability for those
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sectors primarily relying on natural gas or petro-
leum-based forms of energy to “switch” 1o an al-
ternative source of coal cannot be accomplished
overnight. The time required to develop and dem-
onstrate certain coal technologies must be consid-
ered in an overall preparedness plan. The com-
mercial availability of these technologies also is a
factor. Most critical, depending on the time and
source of the disruption, will be economics, which
is predicated on the cost comparison of available
energy supplies to alternatives at the time.

Under funding administered by the Department
of Energy’s Office of Clean Coal Technology, pro-
grams are currently under way in cooperation with
industry which will demonstrate technology op-
tions using coal as an energy source. One of the
objectives of these propgrams is to demonstrate
that clean coal technologies can produce a near—
term reduction of emitted sulfur dioxide and ni-
trogen oxides in an economically viable manner.
These technologies involve new or retrofit non-
utility as well as utility commercial applications
which should be deployable by the mid—-1990s.

The United States participates in the develop-
ment of the policy plans and programs of the In-
ternational Energy Agency for emergency re-
sponse. In the event of an oil supply disruption,
the cornerstone of current U.S. energy emergency
response policy is to rely on the free market, sup-
ported by the Strategic Petroleum Reserve. Cur-
rently, the Strategic Petroleum Reserve is being
expanded to a 750-million barrel capacity. In
view of the almost overwhelming impact of energy
in our daily lives, the Work Group encourages the
Secretary to remain proactive in matters relating
to national energy security and emergency prepar-
edness.
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ENVIRONMENTAL AND
REGULATORY CONSIDERATIONS

Every form of energy has environmental con-
straints as well as advantages. The cost of environ-
mental compliance is a significant consideration in
the choice of any energy system. Increased coal
use in the nonutility sectors would require devel-
opment of newer systems for coal use as well as
substitution of coal for oil and/or natural gas in
existing systems. This increased coal use must be
both environmentally and economically accept-
able.

While the nonutility sectors differ in many re-
spects from the utility sector, the well-developed
regulatory framework applicable to coal use in the
utility sector provides detailed guidance on the
likely environmental and economic issues and
challenges facing increased coal use in the non-
utility sectors. Because of the sheer size of the
utility industry and the magnitude of emissions
from coal use, reasonable patterns for environ-
mental standards and regulations have been estab-
lished. These patterns also apply to acceptable
technologies for coal use, particularly in the indus-
trial sector. Regulated utilities also provide a
meaningful pattern for methods to influence the
economics of energy choices for the nonutility
sectors. A policy to promote increased domestic
coal use can be implemented by offering proper
incentives to improve the economics of coal use
for either the regulated utility industry or the com-
petitive nonutility sectors. Such incentives could
include tax exemptions and/or credits or regula-
tory incentives designed to reduce the cost of en-
vironmental compliance {(e.g., modified emission
limits, emission trade—offs, or bubbling techniques
for averaging emissions from multiple sources).

Increased coal use for the transportation sector
shares some regulatory considerations with the
other sectors, but presents unique challenges. The
transportation sector is a critical user of liquid fu-
els. Coal use in this sector could be accomplished
indirectly, by shifting to coal-generated electricity,
or directly, by producing liquid fuels from coal.
Presently, there is considerable debate regarding
whether current emission limits for the transporta-
tion sector are adequate to meet clean air goals.
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This strongty suggests that future environmental
requiremernts for the transportation sector will be-
come more stringent which will increase the chal-
lenges in promoting coal use in this sector.

Air Quality Regulations

Over a number of years, regulations to improve air
quality have evolved from basic nuisance preven-
tion measures to control smoke to the current
complex regulatory framework for comprehensive
air quality management designed to broadly pro-
tect the health and welfare of the public.

The key regulatory parameters of the current
systern are the National Ambient Air Quality Stan-
dards (NAAQS) and the New Source Perform-
ance Standards (NSPS). The NAAQS define the
concentrations of particulate matter (PM), sulfur
dioxide (80;), nitrogen dioxide (NO,), carbon
monoxide (CO), ozone (Os), and lead necessary
in the ambient environment to protect human
health and welfare. The NSPS define the emission
limitations which are to be achieved by specifically
defined new sources (both stationary and mobile
or transportation sources) using the best technol-
ogy currently available.

The regulatory system provides that the air
quality goals (NAAQS) and technology standards
(NSPS) are set at the Federal level by the Envi-
ronmental Protection Agency. Implementation is
accomplished by the separate states through State
Implementation Plans under Environmental Pro-
tection Agency oversight to ensure a minimum na-
tional consistency.

States have the latitude to enact more stringent
standards and requirements and, importantly, to
design State Implementation Plans with different
emphasis on different source categories. For areas
meeting the ambient standards (attainment ar-
eas), industrial and energy development activities
can proceed with reasonable regulatory flexibility.
However, for areas not meeting any of the ambi-
ent standards (non-attainment areas), more strin-
gent erission controls (e.g., lowest achievable
emission rate) may be required for existing and
new sources and/or further development in the
area may be curtailed by cessation of issuance of
permits. Sanctions on Federal grants also may be
imposed on non-attainment areas to enforce fur-
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ther control action as is currently under debate for
Oy and CO for a numaber of urban areas in the
nation.

There are several important implications and
potential impediments posed by this air quality
management system to the increased ccal use in
the nonutility sectors. Most areas of the country
are currently meeting the ambient standards (i.e.,
attainment areas) except for Oz and CO which
primarily result from transportation sources. This
attainment status, however, reflects the current
mix of energy sources in a given area. Most attain-
ment areas would probably accommodate a rea-
sonable increase of coal use in the industrial sec-
tor under the applicable State Implementation
Plan without violation of ambient air quality stan-
dards. Limited conversion of commercial sector
instajlations would probably not compromise at-
tainment. Widescale conversion to coal in the
residential sector, in many cases, could cause vio-
lation of the ambient air standards which would
require a revision of the State Implementation
Plan to bring the area into compliance. An exam-
ple of a NAAQS problem for the residential sector
is wood burning fireplaces and stoves. Widespread
wood burning in some ski resorts in recent years
has sufficiently degraded local air quality that lo-
cal ordinances have restricted the practice of
wood burning and/or the allowable types of wood
burning equipment. Currently, Denver, under its
State Implementation Plan, restricts wood burning
on high poliution potential days. This suggests that
widespread coal use for many small sources would
likely be limited by ambient air quality considera-
tions in an area since there is only a finite avail-
able air resource to accept emissions. An obvious
alternative to increased reliance upon coal for the
residential and other sectors without violating am-
bient standards would be to increase the reliance
upon. electricity produced at large, well-con-
trolled, coal-fired electric utility generating plants.
This indirect reliance on coal could supplement
direct uses in the nonutility sectors.

Transportation sources also contribute emis-
sions which affect the attainment of the ambient
air quality standards of an area. Transportation
sources are largely responsible for the current
non-attainment of a number of urban areas with
the Qs and CO ambient standards. Near—term
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control measures for transportation sources as
components of a State Implementation Plan may
include restrictions on vehicle use and improved
inspection programs for vehicle emission control
systems. Long-term measures could include addi-
tional vehicle emission control systems with re-
duced allowable ermissions. Emission controls
would be in the form of more stringent NSPS to
be discussed subsequently.

Coal-based fuels for the transportation sector
would have to yield emissions which do not con-
flict with efforts to reach the attainment goals.
Electrification of mass transportation systems also
has been considered by many urban areas as part
of their strategy to comply with ambient stan-
dards. This may represent one potential avenue to
indirectly increase coal use for the transportation
sector. An important consideration relative to the
transportation sector is that if an area becomes
non-attainment for Oz and/or CO primarily be-
cause of transportation sources, this State Imple-
mentation Plan will have to be revised to impose
corrective measures. This could result in the re-
quirement of additional controls, for example on
industrial coal burning sources which emit CO and
nitrogen oxides (NOx) (which along with hydro-
carbons are precursors of Og). Simply stated, an
urban area with ambient air quality problems pri-
marily due to transportation sources would pose
greater permitting problems for nonutility (e.g.,
industrial) sources which might wish to convert
from oil or gas to coal.

For example, California, Texas, and New Jer-
sey have problems with O, attainmernt and have
enacted more stringent controls on emissions of
NOx (and hydrocarbons) from stationary {e.g.,
industrial) sources. These regulations have in-
creased the NOx control cost by two to three
times; the cost per pound of NOx removed is al-
most ten times higher for industrial sources than
for utilities.34

The foregoing discussion describes the implica-
tions of the NAAQS to increased coal use in the
nonutility sector. There are two additional impor-
tant NAAQS considerations: new PMI10. stan-
3 Vaught, J. M. and Bach, C. 5. “NOx Reduction Ex~

perience in Model 501-KB and KBS Gas Turbines.”

Presented at the 1987 APCA Annual Conference,
Paper No. 87-6.3.
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dards for particulate and potential NAAQS revi-
sions being considered for O and SO,.

In July 1987, the NAAQS for particulate matter
were revised to delete the previous total sus-
pended particulate regulations and impose regula-
tions on particulates with a size less than or equal
to 10 microns. These small particulates are con-
sidered to be inhalable by humans and are judged
to better regulate the health impacts of particu-
lates. It appears that a number of urban areas,
which were previously attainment for particulates,
may be non-attainment for PM10 particulates.
This may then require moere stringent particulate
emission limitations on all sources in the area.
Moreover, industrial and commercial sources are
likely to have a relatively higher fraction of PM10
in their emissions than a utility source. Hence, the
new PM10 standard will likely require a greater
degree of particulate control on industrial sources
than would have previously been the case.

The NAAQS for Oz and for S0, (e.g., a
1-hour SO, standard, in addition to the 3-hour
and annual average standards) are currently un-
der review. Changes in the Qs standard could
mandate tighter emission limits for NOx and un-

burned hydrocarbons from stationary sources, in-
cluding those in the industrial sector. Changes in
the SO, NAAQS could result in more stringent
S0, emission limits on all sources. Notably, a
1-hour 80, standard which is not actuaily needed
for public health would require a national SO,
ermission reduction nearly as great as proposed
Acid Rain reductions which will be discussed sub-
sequently.

New Source Performance Standards are emis-
sion limitations imposed by regulation on new or
significantly modified sources. These limits are im-
posed as permit conditions under a State Imple-
mentation Plan designed to maintain the NAAQS.
For attainment areas, emission limits may be more
stringent than the NSPS.

New Source Performance Standards for larger
industrial boilers and gas turbines require stringent
control for particulate, NOx, and SO, emissions.
New large industrial coal burning installations as
well as existing installations which would require
major modification to convert to coal would be
subject to these stringent control requirements.
Table 5 summarizes the applicable Federal NSPS
for coal-fired industrial and utility boilers.

TABLE 5
FEDERAL EMISSION NEW SOURCE PERFORMANCE STANDARDS
FOR COAL-FIRED STEAM GENERATING UNITS
100% Coal-Fired

(Ibs/MMPBtu)
S0, <1.20 Ibs 90% raduction <1.20 1bs/90% reduction
FBC w/coal refuse: <1.2 lbs/ or
80% reduction <0.60 Ibs/70% reduction
Emerging technelogies: 0.60 1b/
50% reduclion
NO 4 By steam generatling unit type: By fuel type:
Mass—feed stoker 0.50 Lignite 0.60/.80
FBC, spreader stoker 0.60 Sub-bituminous 0.50
Pulverized Coal 0.70 Bituminous 0.60
Lignite 0.60 Anthracite 0.60
Particulate
Matter 0.05 0.03
Opacity <20% <20%
SOURCES:

1
2 Ibid., Subpart Da.

U.S. Enyvironmenlal Protection Agency, Standards of Performance for New Stationary Sources, 40CFR60, Subpart Db,

34
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New SO, NSPS were promulgated by EPA in
December 1987 for small-sized boilers such as
would be used in the industrial and commercial
sectors. These standards require the same strin-
gent controls for these small boilers as for large
utility boilers, notably including a 90 percent SO,
reduction requirement. The universal application
of this technology-forcing percentage reduction
requirement (e.g., requirement of scrubbers) has
proved to be technology—inhibiting relative to de-
veloping alternatives to scrubbers.

The 1986 National Coal Council report on In-
dustrial Boiler Performance Standards® noted
that these standards would significantly increase
the cost of new coal-fired industrial boilers with
little or no environmental benefits. The practical
result would be a shift away from coal to natural
gas in this sector. These stanclards pose a clear
conflict between environmental policy and the in-
creased use of domestic coal. Alternative stan-
dards could have met both environmental and en-
ergy goals. Moreover, this increased impediment
to coal use in the industrial sector, as well as the
commercial sector, conflicts with the need to pro-
mote the demonstration of clean coal technolo-
gies. Specifically, demonstration of clean coal
% Blackmore, G. and Marx, William §. “Report on In-

dustrial Boiler New Source Performance Standards.”
The National Ceal Council, June 1986.

technologies on reasonable sized industrial boilers
is vitally needed to ensure effective development
of these technologies before wide scale deploy-
ment in the utility industry. The industrial boiler
NSPS need to be reconsidered and modified to
support continued and timely progress on clean
coal technology developments.

In the transportation sector, NSPS impose strin-
gent emission limits on CO, NOx, hydrocarbons
(HC or volatile organic compounds), and particu-
Iates (for diesels only). Lead and sulfur emissions
are controlled through fuel specification regula-
tions. Table 6 summarizes the applicable transpor-
tation emission regulations.

. Emission limits have been phased in and have
become more stringent over a number of vehicle
model! years. Total emissicns in a given year re-
flect the ape mix of the national vehicle fleet
which is generally considered to be replaced over
a 10-year period. Emission controls involve im-
proving combustion efficiency through engine
maodifications, use of catalytic converters, and re-
ducing fuel volatility. Use of oxygenated fuels has
also been employed in some regions. Existing con-
trol limits have posed a challenge to current con-
trol technologies. More stringent NSPS limits are
likely within the next few years to assist reaching
attainment goals in urban areas.

TABLE 6
ENVIRONMENTAL STANDARDS FOR AUTOS AND TRUCKS! 2

PASSENGER CARS TRUCKS
(Grams/Mile) (Grams/Brake Horsepower-Hour)
Current Current Proposed
a Proposed - . -
Federal Calif Gas Diesel Gas Diesel
HC 0.4 0.39 - 1.9 1.3 1.1 -
CO 3.4 3.4 0.4 37.1 15.5 14.4 -
(25)

NOx 1.0 0.7 0.4 4.5 5.1 - -
Part (Diesel) 0.2 0.2 0.08 - 0.6 - 0.1

SOURCES:
1
May 1985,

2

Engines, 40CFR86. July 1986.

3

amended April 25, 1987.

1J.S. Environmental Protection Agency, Standards of Performance for New Stationary Sources, 40CFR60, Subpart G.
U.S. Environmental Protection Agency, Control of Air Pollution from New Motor Vehicles and New Motor Vehicle

California Motor Vehicle Emissions Regulations. Califernia Administrative Code, Title 13, Motor Vehicles, as
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Coal-derived fuels for the transportation sector
would be faced with similar emission control chal-
Ienges as the current petroleum based liquid fuels.
However, methanol, which could be produced
from coal, has shown promise for meeting emis-
sion limitations for automobiles, buses, and
trucks, Properly modified cars and buses using
methanol are currently being demonstrated in the
State of California.

For areas with transportation-related air quality
problems, a simple compliance strategy would be
to impose more stringent, but costly, additional
controls possibly coupled with restrictions of vehi-
cle use. A more cost—-effective strategy might be to
maintain present vehicle control requirements but
provide incentives for use of methano! powered
vehicles and convert mass transit systems to elec-
trified systems. This strategy could increase reli-
ance upon domestic coal directly for methanol
production and indirectly for production of elec-
tricity at well controlled central generating stations
(possibly of industrial scale). Hence, flexible com-
bination transportation strategies are potentially
more cost-effective and may meet multiple na-
tional policy geals more than uniform emission
control strategies,

Potential Air Quality Issues

Regardless of the demonstrated success of the
Clean Air Act, some groups, including some
members of both houses of Congress, have raised
concerns and promoted legislation to address two
additional air quality issues - “Acid Rain” and the
“Greenhouse Effect.”

The “Acid Rain” theory suggests that SO, and
NOx emissions from coal fired power plants, pri-
marily located in the midwestern United States,
are transported over long distances to the north-
east and Canada. These emissions presumably
form sulfuric and nitric acid which is deposited as
dry acid particulate or as acid rain. This is further
suggested to damage crops, waters, forests and the
environment of the receiving areas. The controls
suggested by proposed legislation would reduce
national SO, emissions by 50 percent, primarily by
imposing scrubbers on older existing utility plants.
The acid rain issue has escalated to a diplomatic
debate between the United States and Canada,
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and has become highly political in the United
States.

The United States embarked on a coordinated
national research program to define the problem
before adopting the proposed costly and restrictive
Iegislation. The preliminary results of this research
were described in a 1987 report by the National
Acid Precipitation = Assessment  Program
(NAPAP) .38 The results indicate that the problem
was overstated and misunderstood — particularly
implying that the suggested control program would
not provide the claimed environmental benefits.
Moreover, the NAPAP report documented the
improvements in national air quality resulting from
the existing Clear Air Act, These improvements
over the period 1973-1985 included a decreased
national 8O, emission of 27 percent® in spite of
an increase of 34.9 percent®” in coal consumption
over the period.

Although the scientific basis for “Acid Rain”
requires further study, it is recognized by industry
that NOx and SOx reduction technologies should
continue to be developed in the interim. Prema-
ture legislation poses a threat to the increase of
domestic coal consumption. This threat is that
great capital resources would be directed to retro-
fit older plants with scrubber technology. This
would delay or prevent significant further ad-
vances on converting the national coal burning
utility boiler inventory to clean coal technologies
which have the prospect to burn coal even more
cleanly and potentially more cost—effectively.
Since industrial SO, emissions are about 14 per-
cent of the national emissions, acid rain legislation
could pose a similar threat to industrial coal burn-
ing.2¢ However, it is most likely that additional
stringent controls on industrial/commercial coal
burning would simply shift these units to natural
gas thus preventing possible increased domestic
coal use in these sectors.

Concern over the “Greenhouse Effect” repre-
sents an even greater challenge to the continued

%  Kulp, Dr. J. L. Annual Report, 1986. Naticnal Acid
Precipitations Assessment Program. Washingion,
D.C., 1987.

U.S. Department of Energy, Energy Information Ad-
ministration, Monthly Energy Review March 1988
(DOE/EIA-0035, March 1988), Table 1.4.

a7

28 [USEPA National Air Polluiant Emission Estimates,
1940-1985. EPA-450-4/86-018, January 1987.
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reliance upon all fossil fuels. This is because pro-
ponents of this theory, including some members
of Congress, are proposing major reductions of
CO, emissions in the United States. Such reduc-
tions would be accomplished by reducing the
burning of fossil fuels (e.g., increased reliance
upon nuclear power) or by conversion to natural
gas which has relatively more hydrogen and rela-
tively less carbon than coal or oil (i.e., less CO;
per unit of heat produced). Presumably, some
would suggest that CO, be scrubbed like SO,.
However, SO, is only a trace contaminant of
emissions whereas CO, and water are the primary
combustion products. Thus, CO, scrubbing is not
feasible unless there is a commercial use for the
end product.

There exists a natural beneficial climate control
system which maintains the earth’s climate within
a normal range of variations. Natural sunlight is
short-wave radiation which passes through the
relatively transparent atmosphere and is absorbed
as heat by the earth. This heat is re~-radiated back
to the atmosphere as long-wave radiation which is
absorbed by a variety of gases in the atmosphere
including CO,, water vapor, and others. This heat
can then be transported and distributed about the
earth by the atmosphere before it is re-radiated
back to space. This complex dynamic system has
many positive and negative feedback controls in-
volving the land, the ocean, the forests and other
vegetation, and the atmosphere and clouds. With-
out this natural climate conirol, the earth's sur-
face would be subject to wide temperature vari-
ations.

The recent press coverage and legislative atten-
tion to the “Greenhouse Effect” is largely
prompted by the drought of 1988 which has been
cited by some as evidence that man’s activities
{specifically burning of fossil fuels and deforesta-
tion of the Amazon) causes global warming. This
concern maintains that €O, levels are increasing
in the atmosphere because of man’s increased fos-
sil fuel use and removal of trees which absorb
CO,. This increased level of COg, as well as other
atmospheric gases such as methane and NO, is
presumed to absorb more of the long-wave radia-
tion and to cause global warming which will in-
crease melting of the ice caps causing rising sea
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levels and flooding coastal areas. Moreover, it is
claimed that major shifts of climate will disrupt
world agriculture leading to famine and will dis-
rupt world economies leading to war.

The “Greenhouse Effect” is a hypothesis un-
substantiated by persuasive comprehensive evi-
dence. Notably, the computer models of some sci-
entists predict a warming trend in the northern
latitudes whereas the measured data of these same
scientists actually show a cooling trend in these
latitudes over the last several decades. In addi-
tion, the models used do not include variations of
solar intensity, the effect of the oceans which
cover three—quarters of the earth's surface, the ef-
fect of clouds and atmospheric particulates, or the
increased CO» absorption rate of vepetation when
the atmospheric CO, level is increased.There is
insufficient scientific basis for modifying the na-
tional energy policy so as to reduce CO, emissions
from fossil fuel combustion. In fact, there are sim-
pler and more realistic suggested explanations for
the 1988 drought as being within the normal range
of variations resulting from shifts of the jet stream
possibly relating to reduced atmospheric particu-
late levels. Such simpler explanations have not re-
ceived significant press coverage or consideration
in legislative hearings. A massive “Greenhouse Ef-
fect” research program is needed to properly de-
fine the scientific facts on this subject. Such a pro-
gram would include government and industry par-
ticipants as needed to address this concern in a
constructive way and to encourage international
cooperation in the study of global warming.

In conclusion, premature legislative and/or
regulatory actions without strong scientific support
relative to “Acid Rain” and “Greenhouse Effect”
concerns represent major impediments to enacting
a national energy policy to increase reliance upon
domestic coal. The use of coal and other fossil
fuels would be more expensive and less prevalent
if legislation on either subject were forthcoming.
On the other hand, the concern about “Acid
Rain” led to major research which improved the
understanding of how to improve the management
of air quality. Most importantly, *Acid Rain” con-
cerns prompted significant advances in clean coal
technology which offers the prospect for using
coal more cleanly and more cost—effectively than
the current systems. These technology advances
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could, in fact, provide the opportunity to actually
increase the national reliance on domestic coal re-
sources in both the utility and nonutility sectors.
Possibly, the research which might occur to ad-
dress the concerns of the “Greenhouse Effect”
could yield some unexpected national benefits in
terms of improved climate and weather forecast-
ing which could assist energy policy development
in the area of load forecasting and energy effi-
ciency.

Water Quality and Waste Disposal

Both utility and nonutility coal-fired systems must
store their coal supply (usually open storage) and
manage their waste ash after combustion {often in
open storage ponds). In addition, boilers must be
periodically chemically cleaned producing a liquid
waste which is usually acidic and contains high
metal concentrations. These facilities are subject
to requirements of the Clean Water Act for liquid
discharges and possibly to the Safe Drinking
Water Act and to some extent the Resource Re-
covery and Conservation Act specifically for pro-
tection of ground water at the facility.

For conventional facilities, these issues have
proved to be relatively manageable without creat-
ing an environmental problem. In fact, ash can
often be used as a beneficial by-product. Conven-
tional facilities with scrubbers would face consid-
erable additional cost for managing the larger vol-
ume of sludge; however, this can be accomplished
in an environmentally acceptable manner.

Clean coal technologies will face some chal-
lenges for managing their liquid and solid wastes
to comply with the applicable regulations. From
the viewpoint of increasing coal use in the indus-
trial/commercial and residential sectors, smaller
sized facilities tnay lose some economy of scale for
water and solid waste management. While this
would not likely be a critical factor, there would
be opportunities for joint management of such
wastes by a number of facilities to gain cost reduc-
tions. Coal~-based fuel production for the trans-
portation sector would be expecied to occur at fa-
cilities similar to conventional oil refineries which
currently provide satisfactory water and solid
waste management.
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It is important to note that clean coal technolo-
gies have the potential to reduce present solid
waste problems. As an example, high temperature
gasifier slag is classified as nonhazardous. In addi-
tion, fluidized bed combustors and gasifiers have
the capability of using coal cleaning plant waste,
thereby reducing the volume of an existing waste
material by 50 percent or more. Finally, the
higher efficiencies possible through clean coal
technologies will reduce all emissions, solid, lig-
uid, and gaseous, including SO;, NOx, and CO..

Socloeconomic Considerations

The public’s perception of coal is not favorable.
This has been aggravated by information being
presented in a negative manner, particularly in the
areas of Acid Rain and the perceived Greenhouse
Effect. Public education is needed in order to
build support for a national program to increase
reliance upon domestic coal.

Technically, well-controlled conventional coal
combustion and clean coal technologies can be
employed which meet stringent environmental re-
quirements and which can be aesthetically accept-
able to the public. If a national energy program
were adopted to expand reliance upon domestic
coal, it should be portrayed as a decision in the
national interest which will protect the environ-
ment and be competitive with other fuel sources.
This approach, coupled with demonstrations of
clean coal technologies to public opinion leaders,
politicians, citizen groups, and regulatory agen-
cles, should simplify resolution of potential siting
problems and regulatory (permitting) delays for
new facilities. Some legislative provision may be
needed to assist in reducing these delays.

Other Regulatory Considerations

In planning for new power production facilities,
the utility sector must consider the foregoing exist-
ing and pending environmental regulations. In ad-
dition, these utilities are subject to Federal regula-
tions under the Federal Energy Regulatory Com-
mission and state regulations under a state public
utility commission. These regulations control the
financing aspects of a new facility ~ specifically
how much of the cost can be charged to the rate
payver or customer and over what time period
{e.g., rate of return on the project). In many
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cases, these financing issues have not been re-
solved until after facilities were built and costs in-
curred, This uncertainty of rate-of-return and
even incomplete cost reimbursement has posed
great impediments to decisions to construct new
capital intensive facilities, particularly clean coal
technology systems which have not been commer-
cially proven over many years. Potential cogenera-
tion projects promoted by the Public Utility Repu-
latory Policies Act of 1978 have added additional
uncertainties to utilities relative to their needed
capacity and their financing situation. On balance,
these numerous uncertainties facing utilities have
greatly slowed progress on deployment of clean
cozl technologies. Methods to reduce these uncer-
tainties are being evaluated and the Vice Presi-
dent’s Task Force on Regulatory Relief has rec-
ommended to the Department of Energy that tax
and regulatory incentives (to reduce uncertainty)
be provided to regulated utilities to encourage de-
ployment of clean coal technologies.

This same incentive approach could be used to
promote increased coal use with clean c¢oal tech-
nologies in the nonutility sectors. In fact, states
such as Illinois, Ohio, Indiana, and Kentucky
have provided such incentives to the competitive
industrial sector for deployment of clean coal
technology. Comparable Federal Tax incentives
could be offered to the nonutility sector styled not
as subsidies but as national investments in energy
security, improved employment, and national
competitiveness.

Within the continuing review of the Public Util-
ity Regulatory Policies Act, consideration is being
given in Congress and in the Department of En-
ergy to promoting clean coal technology deploy-
ment in the nonutility sectors {(Public Law
100-202). This would be accomplished through
federal assistance and cost-sharing provisions fo-
cused primarily on industrial cogeneration appli-
cations.

These current and pending legislative and regu-
latory proposals highlight the need for coordina-
tion of national environmental and energy policy
goals to reduce uncertainty and produce an en-
vironmentally acceptable and cost effective na-
tional energy supply. Domestic coal with clean
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coal technology should occupy a prominent role in
the evolving system.

PUBLIC OPINION

The following summary of public opinion on coal
use in the nonutility sectors is based upon trend
sample survey data from 1987 and previous vears
collected by Cambridge Research and published in
their quarterly Cambridge Report.®

Monthly national probability sample surveys of
over 1,000 adult Americans were conducted. The
survey results can be projected to the U.S. popu-
lation within a margin of error of plus or minus 3
percent. The surveys are based upon random
groupings of individuals with diverse backgrounds.

Since the 1973 enerpy crisis, greater public at-
tention has been directed at our plentiful coal re-
sources in meeting the country’s energy needs and
lessening our dependence on foreign oil. In 1982,
77 percent of Americans held the opinion that the
use of coal should be increased. In 1987, that
preference, although still a majority, had dwindled
to a 55 percent support for increase in the coun-
try’s use of coal. Public opinion broadly affects all
sectors evenly; therefore, data will not be pre-
sented by sector.

Support for increased use of alternative energy
sources other than foreign oil correlates with the
public’s perception of the severity of an energy
crisis and the couniry’s dependence on foreign
oil. Survey results from 1980 show that given a
choice between increasing construction of nuclear
power plants and increasing our dependence on
foreign oil, 66 percent preferred increasing nu-
clear versus 13 percent who preferred an increase
in foreign oil. Today, with less fear of an energy
crisis and with a growing public sentiment against
nuclear energy, those preferences have shifted
dramatically. Increasing nuclear power capabilities
was preferred by 41 percent, and 43 percent pre-
ferred increasing imports of foreipn oil.

The energy crisis of the 19705 focused the na-
tion’s attention and resources toward the develop-
ment of new technologies to capitalize on our na-

% Cambridge Reports. Quarierly Public Opinion Sur-
veys, 1987.
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tional abundance of coal and oil shale. Simultane-
cusly, the concern for improved environmental
quality was growing and today remains a top prior-
ity. Americans will not compromise on the quality
of their environment.

Given a choice between protection of the envi-
ronment or reducing our dependence on foreign
oil, the majority of Americans clearly opposed any
increased energy development that would impair
environmental quality. Concern for the environ-
ment and environmental protection has signifi-
cantly increased since 1982. The public opinion
survey trends illustrate that environmental protec-
tion is now as much a part, if not more so, of the
American values systems as is economic growth.

The most pressing environmental problem seen
by the public is the quality of the air we breathe.
In fact, a recent Cambridge Reports public opin-
ion survey showed that the air quality was identi-
fied as the most serious concern associated with
using more coal.

A review of public opinion surveys indicates
that the general public has had limited exposure
to coal. Because the public has little firsthand ex-
perience with coal, and because it is not widely
advertised and sold to the general public, what im-
age there i comes from the media. For example,
the burning of coal has been identified as having
negative effects on air quality, and coal mining is
associated with higher occupational hazards.

Although professionals in the energy rescurce
community are generally becoming more familiar
with new coal technologies, public opinion surveys
indicate the general public knows only that our
country’s coal resources are abundant and hold
promise for meeting our future energy needs.

Research shows that the public must associate
improved environmental quality with new coal
technology or coal-derived fuels before there is
wide acceptance of coal. Transportation fuel, such
as methanol, that appears to be clean burning
(low particulates, NOx, SO, and CO) and central
district heating systems with modern sophisticated
pollution control systems are the types of coal ap-
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plications that could have broad public accep-
tance.

The imapge of coal must be rebuilt based upon
the positive benefits of clean coal technology. The
opportunity to gain public acceptance and support
for these technologies is dependent upon the abil-
ity of coal and its associated industries to publicize
and promote the benefits of clean coal technoi-
ogy. Environmental problems caused by tradi-
tional coal use and other fuel sources can be miti-
gated, and investment in these new technologies
will, over time, minimize our country’s depend-
ence on imported oil. These are the critical mes-
sages that must be conveyed in an industry public
information program.

Education in primary and secondary schools is
an important way to improve the public under-
standing of the importance of our coal resources
and emerging coal technologies, but more public
education is needed if Americans are to realize
the value of our coal resources and understand
the benefits clean coal technology can contribute
to the improved environmental quality in our
country.

Two national foundations are currently involved
in the development of primary and secondary
school curricula. The American Coal Founda-
tion’s primary purpose is to support educators with
training and teaching curriculum on coal re-
sources.. The Mineral Information Institute is
broader based in its mission and has developed
primary and secondary school curricula on the
mining, milling, and use of mined fossil fuels as
well as hard rock minerals.

We recommend to the Secretary that any pro-
gram to promote research and development and
pilot applications of clean coal technologies be
coupled with comprehensive public information
programs. These communications programs
should stress coal use and its importance as a na-
tional fuel resource, explain the environmental
and other benefits achieved through this new
technology, and reinforce the message that new
coal technology will, over time, lessen our coun-
try's dependency on foreign oil imports.



Chapter VI

Material Handling
and Waste Disposal

his chapter examines material handling
and waste disposal of coal/coal-derived
fuels. Delivery systems are addressed as
inbound material handling. A discus—
sion of the utilization and marketing of fly ash also
is presented.

T

Overview

From a transportation perspective, most of the
factors which influence the design of a coal/coal-
derived fuels delivery system also influence the
design of a waste removal system. These systems
are designed around the physical properties and
chemical characteristics of the materials as well as
the codes and regulations governing their move-
ment and storage. Factors that could constrain
these systems include economics (both capital and
operating costs), space (land availability), public
perception, technology, and demographics.

Transportation is regulated at the Federal level
by the Federal Highway Administration, U.S. De-
partment of Transportation, and Interstate Com-
merce Commission. Transportation of coal and
nonhazardous coal waste materials are affected
more by local and state ordinances than by Fed-
eral regulation.

Disposal of coal waste is regulated through the
Federal Resource Conservation and Recovery Act
under Environmental Protection Agency-defined
puidelines for solid wastes. Water-related coal
combustion effects also are impacted by the Clean
Water Act and the Safe Drinking Water Act. Al-
though the Federal Resource Conservation and
Recovery Act assigns control of coal ash and other
high—volume utility wastes to the states as a non-
hazardous substance, the agency controls coal
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waste directly through coal pile runoff limitations.
State regulators are under its direction. Many
states have elected to adopt the solid waste criteria
established by the Environmental Protection
Agency (40CFR257, September 13, 1979), which
require that disposal facilities be located, de-
signed, and operated with minimal undesirable
discharges.4®

In March 1988, the Environmental Protection
Agency tentatively concluded that ash and flue gas
desulfurization sludge wastes from coal-fired
power plants can continue being disposed in
landfills or reused without stringent new controls.
The Environmental Protection Agency has left
open its ruling on classifying wastes from emerging
clean coal technologies. The slag from the high
temperature gasifiers at Tennessee Eastman and
Coolwater, located in Dagget, California, have
been declared nonhazardous by the Environ-
mental Protection Agency as well as the respective
state agencies in Tennessee and California.
Should other wastes be classified as hazardous,
the attendant costs of handling and disposal could
render the actual deployment of these new tech-
nologies as economically unattainable.

Coal/coal~derived fuels delivery and waste ma-
terial disposal are discussed separately to address
the disposal and possible utilization of coal waste
materials more fully; however, transportation sys-
tems designed to share both capital and operating
expenses for both products and waste are highly
desirable. In certain geographic areas, a fully inte-
grated material handling system involving the
transportation of coal from mine-mouth to end
user, and the return of coal waste material for dis-

40 Strauss, Shelden D. “Managing Powerplant Com-
bustion Wastes.” Power, January 1987, p. 17.
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posal at the mine site may be the best alternative
both economically and environmentaily.

Inbound Material Handling: Delivery
Systems

The design of a coal/coal-derived fuel delivery
system is larpely a function of the physical and
chemical properties of the material. The state of
the fuel (gaseous, liquid, or solid) is the primary
determinant in the transportation technology se-
lected. The fuel properties with respect to com-
bustibility, volatility, corrosiveness, etc, will affect
the capital cost and design of any of the technolo-
gies. Vartous technologies are available to trans-
port coal-derived fuels, each with advantages and
disadvantages depending on the application.
These technologies, presented on Figure 16, in-
clude barges, conveyor belts, pipelines, rail,
trucks, and tube-express transport.

Given the forecast for natural gas and oil prices
through the year 2010, it may be necessary to use

existing transportation infrastructures unless a spe-
cific application can justify large capital outlays to
fund any major transportation construction. From
the standpoint of the transportation industry, the
greatest challenge to. increased use of coal-de-
rived fuels is the logistics of tailoring the existing
transportation infrastructure to a particular appli-
cation.

As a percentage of delivered cost, transporta-
tion is a significant determinant to increased use
of coal-derived fuels. While transportation cost is
largely a function of distance and time, the cost of
coal transportation will be greatly influenced by
the distance of the mine and end user to navigable
rivers, rail lines, highways, pipelines, etc. Cus-
tomer costs also are influenced by the existence of
competing transportation systems, the demograph-
ics of the towns and cities to be traversed, and
local ordinances and perceptions of coal handling
and storage.

FIGURE 16 Domestic Distribution of U. S. Coal by Method of Transportation to

Nonutilitiy Sectors
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Permitting a dock or coal transfer facility may
be met with strong resistance, in many instances
due to the public's perception of coal as a dirty,
inconvenient, and noisy alternative rather than
the environmental impacts of coal handling.

Within the four sectors discussed in this report
—— industrial, commercial, residential, and trans-
portation — coal handling would have higher de-
livered costs per unit in the following order: resi-
dential, commercial, transportation, and industrial
(refer to Table 7). This is based upon the impact
within each sector to such factors as land avail-
ability (space), convenience, noise, fugitive dust,
demographics, aesthetics, and capital costs. Re-
gional differences also could be an important fac-
tor.

TABLE 7
PRICE OF ENERGY-COAL VERSUS ALL
OTHER BY END-USE SECTOR
(1987 Dollars Per Million Biu)

Sector Steam Coal All Energy?
Residential 2.72 11.41
Commercial 2.56 11.76
Industrial 1.58 4.8¢
Transpertation N/A 6.95
SOURCE: U.S. Department of Energy, Energy Infor-
mation Administration, Annual Energy
Outiook 1987: With Projections to 2000
(DOE/EIA-0383, 1987).
NOTE

1. Weighted average price of all energy consumed
on delivered basis (including electricity).

The residential consumer is sensitive to all of
the factors listed above. Coal-derived fuels would
have to be delivered to the end user either by ex-
isting pipelines or by trucks (containers). The sys-
tem would probably have to be enclosed to mini-
mize handling by the homeowner. Such systems
are already in widespread use in the United King-
dom.

The commercial consumer is less sensitive than
the residential consumer because of the plant size
and the higher volume of fuel used. Delivery may
be possible by rail or barge to larger commercial
consumers, but delivery to smaller commercial
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consumers would follow the same route as to resi-
dential consurners.

The transportation consumner is sensitive to the
existing distribution network and possible capital
modifications for coal-derived fuels. In general,
cars, trucks, planes, tugboats, and locomotives are
refueled at decentralized locations —— filling sta-
tions, central garages, airports, docks, and vard
shops. These refueling facilities currently store
and dispense petroleum-based fuels. If the form
of a coal-derived fuel is significantly incompatible
with the existing distribution network of petro-
leum-based fuels, the amount of capital dollars
required to construct a new distribution network
could preclude the introduction of the fuel.

In the State of California, for example, the
California Energy Commission has entered into
agreements with the Atlantic Richfield Company
and Chevron U.S.A. to install fuel methanol at
retail gasoline outlets throughout the state in con-
junction with the California Energy Commission
methanol fuel demonstration program. Atlantic
Richfield will have these pumps at 25 stations in
southern California by the end of 1988, and
Chevron’s 25 pumps will be installed primarily in
northern California and other parts of the state.
In this demonstration program, coal/coal-derived
fuels are not used to produce the fuel methanoi;
natural gas is used as the feedstock. The distribu-
tion network to be used, however, is compatible
with that already existing for petroleum-based fu-
els. Coal could be used as a feedstock for metha-
nol in the future,

The industrial consumer is the most {lexible and
versatile in fuel choices. Since each industrial site
may have its own opportunities/limitations, the
best delivery system will be the one most economi-
cally suited to the specific location and volume of
fuel. It should be noted that current rail and barge
systems have excess capacity; therefore, these sys-
tems could easily respond to increased demand.

Across all consuming sectors, transportation
costs are evaluaied on the cost of Btu delivered;
therefore, the higher heating quality of the fuel
will produce a lower net transportation cost on a
delivered basis. Coal transportation charges are
based on weight; the cost per MMBtu of a deliv-
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" ered fuel is inversely proportional to the heating
value.

The coal-derived fuels discussed here fall into
four major categories: gaseous, liguid mixtures,
liquid-derived, and solid. Each of these categories
will dictate the mode of transportation used.
Gaseous fuel will be transported the same way as
natural gas. Both medium Btu gas and low Btu gas
will be influenced more by transportation costs
than natural gas on a delivered basis because of
their lower Btu value. Synthetic natural gas is in-
terchangeable with natural gas.

Liquid mixtures can be transported by a variety
of methods, including pipeline, rail tank car, and
truck. Liquid-derived fuels are discussed in
Appendix B.

Solid fuels fall into four general classes: pulver-
ized, micronized, sized (Stoker, char, pellets, bri-
quettes), and run-of-mine. Both mun-of-mine
and sized coals are transported in significant
quantities today. Sized coals require more careful
handling to avoid breakage. Conseguently, the
transportation of a sized product is more expen-
sive than run-of-mine. Pulverized coal is trans-
ported currently in Japan, Denmark, Sweden, and
the Federal Republic of Germany but not to any
great extent in the U.S. The transportation of
micronized coal requires further study to ensure
safe, economical systems are developed.

Coal fuels could be pulverized at a location that
minimizes the cost of transporting inbound raw
coal, outbound waste materials, and delivered pul-
verized product. In some instances, a centralized
pulverizing plant designed to receive raw coal via
conventional barge, rail or, truck delivery and dis-
tribute pulverized coal via pipeline or container to
an end consumer may prove the most economical
approach. Further research and observation of in-
ternational experience in handling pulverized and
micronized coals in pipelines, containers, and
conventional modes is needed.

Outbound Material Handling: Waste
Disposal

The issue of waste disposal is an important factor
in considering the use of coal in nonutility sectors.
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Approximately 80 percent!! of wastes from coal-
fired power plants are currently buried in landfills;
however, landfill space is becoming scarce, par-
ticularly in urban areas and densely populated re-
gions of the northeastern United States. The in-
creased use of disposal areas by both the public
and private sectors coupled with public resistance
and municipal ordinances which prohibit the siting
of additional disposal areas near populated areas
have compounded the problem.

The American Coal Ash Association reported
that in 1986 approximately 67 million tons of ash
and flue gas desulfurization scrubber sludge were
produced by electric utilities in the U.S. burning
some 682 million tons of coal. As coal utilization
increases, so does the amount of waste which
must be properly handled. According to the Na-
tional Coal Association projections, total domestic
coal consumption in 1990 is expected to reach
859 million tons and by 1995, 963 million tons.4?
Taking into account the average quality of coal
delivered to electric utilities in 1986, the ash con-
tent by weight was 9.98 percent.*® Based upon
this percentage, approximately 86 million tons of
ash would be produced from projected coal con-
sumption in 1990, and 96 million tons of ash
would be produced in 1995. Solid waste generated
in the nonutility sector is essentially the same as
seen in the utility sector and should be covered by
the same regulations and fit under the same crite-
ria.

Ag mentioned earlier, the Environmental Pro-
tection Agency has left open its ruling on classify-
ing solid wastes from emerging clean coal tech-
nelogies except as previousty noted. The Agency
needs to resolve the open issue on classifying solid
wastes from emerging clean coal technologies in
order to remove as many unknowns and obstacles
as possible in developing new, evolving technolo-
gies. If more research and data are needed, the
EPA should specify the requirements and help ob-
tain the data. Waste products from liguid and

41 “EPA Says Control Needn't Be Tightened on Power
Plant Ash." The Wall Street Journal, March 11,
1988.

42 The National Coal Association. Coal 2000. March
1986, p.6.

4% Energy Information Administration. Coest and Qual-
ity of Fuels for Electric Utility Plants 1986, (DOE/
EIA-0191 (86), July 1987), p. 19.
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gaseous fuels developed from coal feedstocks
should not have different problems from the lig-
uid and paseous fuels they replace.

Since coal-fired power plants have extensive
experience in waste management, it may be useful
to review their lessons learned. Principal waste
materials have traditionally been boiler bottom
ash plus fly ash collected from the flue gas stream.
Typically, ash accounts for approximately 10 per-
cent of the total mass of coal burned. Flue gas
desulfurization systems installed to comply with
sulfur dioxide air poltution regulations usually pro-
duce a calcium-based sludge that may be as much
as two to three times higher than the amount of
ash material generated at a particular plant.#* For
plants with flue gas desulfurization systems, the
current waste disposal practice usually involves
mixing the sludge and fly ash (possibly with the
addition of a fixing agent) and co-disposal in a
pond or dry landfill. Landfill operations are gen-
erally the preferred disposal. alternative for new
power plants, although the choice of disposal
method is often highly site-specific. Depending
upon state and local regulations, solid waste dis-
posal ponds may be required to have synthetic lin-
ers to prevent the leaching of materials into the
ground.

Ash Utilization

Although ash is considered a waste, its use shows
promise as an attractive alternative to disposal.
Potential applications of conventional power plant
waste include use for structural fill, lightweight ag-
gregate, cement manufacturing, soil stabilization,
concrete products, and liming agents. Flue gas
desulfurization processes can also be designed to
produce by-product sulfur, sulfuric acid or com-
mercial grade gypsum. Coal waste piles are a po-
tential source of low—grade fuel (e.g., for fluidized
bed boilers).4® Waste from existing coal cleaning
plants is a source of medium Btu fuel. Any utiliza-
tion must take into account potential transporta-
tion problems with fly ash in a dry form.

44 U.8. Depariment of Energy, Research Advisory
Board. Clean Coal Use Technologies, June 1985,
Vol. II, p. 106. Rubin, E.

5 Ipid, p. 107.
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Fly ash can be used to manufacture cement
when mixed with water. Its mineral constituents
and proportions are similar to those of Portland
cement. Properly designed fly ash-cement combi-
nations have lower water requirements, heat of
hydration and autoclave expansion. The resulting
concrete has improved marketability and equal or
greater strength compared to cement concrete,*®
Fly ash also contains metals as both major and
minor constituents and it could be an inexpensive
ore. Recovery of minerals from fly ash requires
methods that will attack the refractory glass matrix
of ash particles. Research on the recovery of met-
als has been reported in various scientific jour-
nals, 46

Fly ash is used in large structures such as dams,
power stations, and silos, as well as in other con-
struction applications, such as concrete block,
brick, pipe, paving, lightweight apgregate, struc-
tural fill, and grouting.#® Approximately 14 per-
cent of the fly ash collected in the U.S. is utilized,
primarily in these construction-related applica-
tions., Other industrialized countries, however,
have a much higher utilization rate: the Federal
Republic of Germany uses roughly &0 percent,
France uses 65 percent, and the United Kingdom
uses 55 percent.*® Conversion of fly ash to light-
weight synthetic aggregate is widely practiced and
highly developed in the United Kingdom. A small
number of U.S. power plants use regenerative flue
gas desulfurization systems producing salable by—
products; however, such systems have not gained
widespread use in this country because of gener-
ally unfavorable economics. This helps to explain
why U.S. plants typically dispose of the low-grade
gypsum produced by conventional lime/limestone
flue gas desulfurization systems rather than pro-
duce higher quality gypsum potentially suitable for
wallboard and other applications, as commonly
practiced in the Federal Republic of Germany and
Japan.#7

As illustrated in Appendix C, Southwestern

Public Service in Amarillo, Texas, has effectively
46 Burnett, George. “Newer Technologies for Resource
Recovery from Coal Combustion Solid Wastes."
Ames Laboratory, U.S. Department of Energy and
Department of Chemical Engineering, Iowa State
University, Ames, Iowa, 1986, p. 1369-1370.

4 U.S. Department of Energy, Research Advisory

Board. Clean Coal Use Technologies, June 1985,
Vol. II, p. 106. Rubin, E.
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marketed ash. Florida Power Corporation is cur-
rently constructing a $3.0 million plant in St
Petersburg to process fly ash into light-weight ag-
gregate for producing light-weight concrete at the
Crystal River energy complex. The amount of un-
salable fly ash from the company's generating
plant will be significantly reduced by this conver-
sion, At the present time, much of Florida Pow-
er’s coal fly ash is sold for direct use in concrete
as cement; however, more ash is produced than
can be used in this application. The plant will
have no impact on the availability of fly ash to the
concrete ready-mix market.48

48 “How Not to Pollute with Coal Fly Ash.”
Light and Power. September 1987, p. 14,

Electric
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Research continues on the effects of utilizing
ash in various highway and road pavement base
applications. A project is now underway, funded
by the Department of Energy, the Commonwealth
of Kentucky, and the Tennessee Valley Authority
to evaluate the performance of highway pavement
sections using materials consisting of fly ash, bot-
tom ash, and atmospheric fluidized bed combus-
tion residue. This study was undertaken specifi-
cally to demonstrate the use of waste to conserve
resources and reduce waste disposal problems.



Chapter Vi

International Programs

oal/coal derived fuels have been used in
the nonutility sectors in several foreign
countries for some time. This chapter
briefly reviews examples of the use of
coal in nonutility sector applications as well as
various government/industry partnerships and de-
scribes what type of technologies were deployed.
These examples demonstrate the success which
other countries have achieved in utilizing coal in
nonutility sectors, and provide a glimpse of the
lessons learned in already demonstrated applica-
tions. Included are examples of the use of coal/
coal-derived fuels in Sweden for the commercial
sector, in the United Kingdom for the residential
sector, in France for the application of district
heating, and in Japan and the Federal Republic of
Germany for the production of organic and inor-
ganic chemicals. A review of funding levels for re-
search, development, and demonstration in the
European Economic Community also is pre-
sented, along with a brief description of several
current overseas Jjoint government/industry
funded development and demonstration pro-
grams.

C

The nonutility use of coal/coal-derived fuels is
also common in the centrally planned economies
of countries such as the U.S.5.R, and the Peoples
Republic of China. South Africa leads the world
in the production of liquid transportation fuels
and other materials from indigenous brown coal
resources. Coal utilization in these countries will
not be discussed because the decisions and fund-
ing to carry out these technology development
programs come directly from the government with
no private sector involvement, a method incom-
patible with U.S. political and economic systems.
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Sweden

In 1978, the government of Sweden put the issue
of nuclear energy use to a referendum vote. The
result led to the establishment of a National En-
ergy Policy in 1981. The policy determined that
energy development would be geared toward re-
newable and indipenous sources of energy, moving
away from dependence on oil. This policy also
called for the phase-out of nuclear power by
2010. Specific goals were established: 10 percent
of oil usage was to be replaced by coal and an-
other 10 percent replaced by peat and wood by
1990. Several coal-related efforts evolved from
this new energy policy; many were backed by
some of Sweden’s largest corporations. As Swe-
den has little indigenous coal, the development
work emphasized compatibility with existing oil-
fired boilers as well as the environmental accept-
ability of the oil replacement. This development
work led to combined industry/government efforts
in coal water fuel and in fluidized bed combus-
tion. Coal water fuel represented a direct replace-
ment for residual oil. 1f already clean coals were
cleaned further, then the stringent Swedish air
pollution criteria would be attainable. From this,
three coal water fuel firms evolved: NYCOL, Car-
bogel and Fluidcarbon. They were backed by
some of Sweden's largest firms including
Electrolux, Euroc, Axel Johnson, Boliden, Berol,
and Allis Chalmers.

The key element of the NYCOL process, for
example, utilized a proprietary technology (devel-
oped by Standard Oil Advanced Fuels Technology
Company) for coal beneficlation and for the
preparation of liquid pumpable coal fuels. Due to
the fact that the coal was subjected to a cleaning
process, a more homogeneous fuel could be ob-
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tained from a wide range of different types of
coal. This, in turn, resulted in a wide range of
coals that could be used, lowering the risk of be-
coming dependent on only a few exporting coun-
tries. By controlling the cleaning process, the re-
fined coal fuels could, within certain limitations,
be given predetermined low concentrations of
minerals and sulphur. Consequently, the heating
value or Btu per pound of the fuel was increased
and the moisture content could be tailored to
meet consumer requirements,

Utilizing low interest government loans, two
demonstration plants were built in Stora Vika and
Malmo to produce coal water fuel. Boilers were
converted to fire coal water fuel with funds pro-
vided by the Swedish government under the guid-
ance of the coal water fuel producers, the boiler
manufacturers and the end steam/power users. By
way of this comprehensive government program,
Sweden became the first country in the world to
have commercial-sized plants. Through these ef-
forts, a large body of knowledge in the combus-
tion and manufacturing of the fuel has been gath-
ered.

Simultaneously, government-sponsored re-
search was underway in coal gasification and
fluidized bed combustion. Several pilot projects
were initiated at various locations in Sweden as
government and industry (i.e., ASEA and Allis
Chalmers) cooperated in the effort. These pro-
jects were stimulated by the support of liberal gov-
ernment loans and grants, the repayment of which
was tied, on a performance basis, to the success of
the project.

During 1986-1987, Swedish Energy Policy un-
derwent a rapid revision which removed the in-
centives for coal and limited the use of coal in
favor of gas. On January 1, 1987, the Swedish
Parliament decided to increase the tax on coal.4®
The nuclear power phase—out policy also was re-
considered. Although this government redirection
essentially cut off new efforts in coal, the 1981
Energy Policy existed for a sufficiently long period
to actually create new coal-based businesses in
Sweden. For pressurized fuidized bed combus-

42 International Energy Agency, Clean Coal Technol-
ogy. (Paris, France, 1987).
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tion, ASEA hag developed a technology that is be-
ing installed in commercial-sized utility boilers in
Sweden as well as the U.S. and, of the coal water
fuel firms, NYCOL simultaneously developed a
coal water fuel and clean coal pulverized coal
plant at Stora Vika. Using an idle cement plant as
a commercial production base, NYCOL began
marketing coal water fuel and pulverized coals
concurrently. Clean coal pulverization is currently
competitive in Sweden with residual oil both eco-
nomically and environmentally. Without the gov-
ernment backing of the CWF effort, the clean
coal pulverization effort would not have been de-
veloped.

A 1983 report of the Swedish State Power
Board concluded:

“...that coal can be utilized as  replacement
for oil for disirict heating and combined heat
and power production, and within industry,
in a manner acceptable from the aspecis of
health and environment if the coal is used in
well-maintained installations of such a size
that an effective environmental technology
can be used.”50

United Kingdom

In the United Kingdom (U.K.), the British Coal
Corporation is responsible for the mining and dis-
tribution of ¢oal. During 1983~1986, the saleable
output of coal was 104.5 million metric tons. Of
this total, approximately 85 percent was utilized
for power generation, 8 percent was utilized in the
industrial sector and 7 percent was utilized in resi-
dential heating.5

To support and promote the use of coal, British
Coal Corporation has conducted various research
and development programs aimed at making coal
more attractive to the residential, commercial and
industrial energy user in terms of its convenience,
efficiency, flexibility and environmental accept-
ability. These research and development programs
have been carried out in collaboration with U.K.
8 The Swedish State Power Board, The Health and En-

vironmental Effects of Coal. The Swedish Coal-

Health-Environment Project Final Report. (Stock-
holm, Sweden, April 1983).

51 Payne, R. C., “Living with Coal in Smoke Control
Areas.” British Coal Corporation. (Stoke Orchard,
England, October 1987).
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combustion equipment manufacturers in jointly
funded projects. As a result of this coilaboration,
several developments have taken place which
have led to manufactured smokeless fuels and im-
proved bituminous coal-burning appliances.
These appliances meet modern requirements for
smoke control, efficiency, automatic operation
and reliability.

Manufactured smokeless fuels or *“authorized”
smokeless fuels are defined as those fuels that,
when burned in a conventional dry back open fill
at an average radiant output level of 2 kW, give a
total particulate emission (including coal ash) of
less than 5 g/h, measured from the top of a stan-
dard brick test chimney using the electro-static
precipitator method. Such smokeless fuels may be
burned on conventional grates in specially desig-
nated smoke control areas which currently include
about one—half of all U.K. homes, primarily in ur-
ban areas. By comparison, bituminous coal
burned under similar methods gives off emissions
of approximately 25 g/h. The development of a
special class of appliances called “smoke—eaters,”
however, provides the capability of burning speci-
fied biturminous house coal grades directly and can
meet stringent environmental requirements. They
are approved for use in smoke control areas.5?

Because intense competition exists between the
natural gas, oil, electricity and coal industries in
the residential heating market, a primary objective
in the development work for this sector was to en-
able coal firing to provide a clean, efficient, con-
venient and attractive means of home heating at
an acceptable cost. From a fuel distribution stand-
point, unique advantages are enjoyed by the U.K.
coal industry. The existence of a well-established
coal distribution network through a merchant
service is one advantage, coupled with the fact
that the majority of the 21 million UK. dwellings
have been built with suitable chimneys. This mar-
ket size is approximately 60 million metric tons
coal equivalent; coal currently maintaing a
15-percent share of this total.52 A wide range of
type and size of mineral solid fuel is available for

52 Payne, R. C., “Living with Coal in Smoke Control

Areas.” British Coal Corporation. {Stoke Orchard,
England, October 1987).
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the residential heating market. These solid fuels
can be classified into three major categories:
natural smokeless fuels such as anthracites and
dry steam coal; manufactured smokeless fuels
such as cokes and briquetted fuel; and washed
high volatile biturminous coal.

The 1956 U.K. Clean Air Act made it illegal to
burn high volatile bituminous coal on conven-
tional grates in designated smoke control areas.
Market pressures have, therefore, called for the
design of a range of special types of appliances to
burn high volatile bituminous house coal directly
in a clean, convenient and efficient manner in or-
der to comply with the U.K. Clean Air require-
ments. These types of appliances can be sold into
smoke control areas, and heating costs can be
competitive over alternative fuels such as oil or
gas. The appliance designs employ batch fed
downdraught or mechanically fed, underfeed
stoker combustion principles. Fully automatic bi-
tuminous coal-burning appliances, based on this
underfeed stoker design principle, have been de-
veloped for the commercial, small premises mar-
ket. Units have been installed and are currently
operating to heat large dwellings, schools, hotels
and local government premises.

The British Coal Corporation also supports de-
velopment and demonstration of technologies for
converting coal into liquid and gaseous fuels which
can be used by the nonutility sectors in that coun-
try. Some of this work is with the European Eco-
nomic Community (EEC) and both domestic and
foreign companies. Current work underway with
partial EEC funding includes a small coal liquid
solvent extraction pilot plant (the British Depart-
ment of Energy and Ruhrkohle are participants)
which is expected to economically liquefy most
coals and lignites and can also handle high ash
feed stocks.®

The British Gas Board has developed a high
pressure slagging fixed bed gasifier at a scale of
550 tons of coal feed per day. Plans are to test
this equipment in 1988 to determine gasifier oper-
ability, gas purification, and methanation of syn-
gas to produce substitute natural gas. Both the

8 Pace Synfuels Report. Vol. 25, No. 1. March 1988,
P4
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Electric Power Research Institute and the Gas Re-
search Tnstitute are planning to participate in sev-
eral tests at the facility .5

The British Coal Corporation/European Eco-
nomic Community also is developing a program
for a low Btu spouting fluidized bed gasifier. One
goal of this project is to develop equipment which
can be used for onsite generation of gas for indus-
trial use.55 The current facility can gasify 12 tons
of coal per day. Results of the program are ex-
pected to be released in 1989, at the completion
of the project.

France

In France, the Charbonnages de France, a gov-
ernment agency, is responsible for all coal produc-
tion and coal-related research and development.
This agency has exerted strong influence, both fi-
nancially and technically, in support of programs
through which progress has been made in increas-
ing the use of coal in the industrial, commercial,
and residential sectors. The Government of
France, with the support of the private sector,
promoted the use of district heating plants in its
overall energy policy. Charbonnages de France
has encouraged the shift to utilize coal in these
types of applications. An example of such an ap-
plication is seen in the district heating operations
in Paris, which uses coal and garbape. Another
example is a suburb outside of Paris where the
heating of all units in the area, including single
family homes, is provided principally from a coal-
fired central facility.5% This suburb is similar in its
makeup to Reston, Virginia or Columbia, Mary-
land.

In addition, France has made progress in the
conversion to coal of commercial plants such as
sugar beet factories, hay dryers, and hospitals.
The French government, through Charbonnages
de France and other agencies has provided incen-
tive programs for conversion to coal. In one such
program, to help defray the capital costs involved
in converting to coal, the government provided

%4 Pace Synfuels Report. Vol. 25, No. 1. March 1988,
p 4-74.

56 Ibid., p 4-36.
%6 James F. McAvoy, personal correspondence, June 9,
1988.
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the converter a small allowance for every barrel of
oil saved.

Japan

In Ube, Japan, Ube Industries, Ltd (Ube) is oper-
ating the first coal fed world—scale ammonia facil-
ity, using Texaco’s gasification process.>” Ube in-
stalled a gasifier as an alternative “front end” to a
conventional steam reforming process {o provide
additional feedstock flexibility and as protection
against oil and natural gas supply interruptions
and price increases. Built totally with private
funds, the facility has successfully operated for
four years at a designed capacity of 1,000 tons of
ammonia per day using Canadian, Australian,
South African, and Chinese coals. Ube claims
that the overall cost of ammonia has been re-
duced by over 20 percent by using coal gasifica-
tion. The coal gasification plant is expected to be
even more economical when the price differential
between crude oil and coal increases.

In 1980, Japan passed a law which established
the New Energy Development Organization
(NEDO) to accelerate developing new energy
technologies which would commercialize energy
production from alternative sources, not including
nuclear and oil, In fulfilling this charter, NEDO
has been active in many areas of coal research,
development and demonstration, usually in con-
sort with the Japanese private sector, and at times
with foreign governments or companies.

One area NEDO is emphasizing is coal gasifica~
tion technologies based on the fluidized bed con-
cept.58  Currently, priority has been given to a
multipurpose gasifier for manufacturing hydrogen,
the product the Japanese consider to be the most
valuable material which can be made by this proc-
ess. The project is currently in the design stage
with a 20 ton per day, oxygen blown, dry coal
feed pilot plant scheduled to start up in 1990.
Work is being carried out by the Research Asso-
ciation for Hydrogen from Coal Process Develop-
ment, a joint venture involving nine private sector
companies and organized by NEDO. Several other

&7 Pace Synfuels Report. Vol. 24, No. 2. June 1987, p
4-70,

& ibid., p 4-65.
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private companies are doing additional research
for the project.

The New Energy Development Organization
also assumed the responsibility for developing and
commercializing coal liguefaction technologies,
and has two large pilot plants, either in operation
or in the planning stage.®® These programs dem-
onstrate the degree of involvement between the
Japanese povernmeni and private industry in in-
creasing the pace of commercialization. Coopera-
tion with foreign governments is also a key part of
this work, as evidenced by the pilot plant already
in operation located in Australia.

This operating plant, which f{eeds 50 tons per
day of Australian brown coal, was completed in
1986. The project is being run as an inter-
governmental cooperative project, involving
NEDO (which provides full funding), the Federal
Government of Australia and the State Govern-
ment of Victoria. Brown Coal Liquefaction (Vie-
toria) Pty. Ltd. is operating the facility. Brown
Coal Liquefaction is a subsidiary of the Japanese—
owned Nippon Brown Coal Liguefaction Com-
pany, a consortium involving Kobe Steel, Mit-
subishi Chemical Industries, Nissho Iwai, Idemitsu
Kosan, and Asia Oil. Nippon Brown Coal Lique-
faction is responsible for implementing the entire
program. The Victorian Government is providing
the plant site, the coal, and some personnel.8?

A 250-ton per day direct liquefaction pilot fa-
cility is being built in Japan, using a process based
on the information gathered at the facility in Aus-
tralia. This unit is designed to hydrogenate all high
boiling materials in the reactor to products such as
gasoline and diesel fuel. Startup is scheduled for
1991,

Federal Republic of Germany

Coal gasification is being used by Synthesegasan-
lage Ruhr (SAR) at Oberhausen-Holten in the
Federal Republic of Germany (FRG) where ap-
proximately 250,000 tons per year are gasified,
using Texaco’s gasification process, to generate

58 Pace Synfuels Repert. Vol. 24, No. 2. June 19887,
p 4-65.

8 Thid., p 4-77.
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400 million cubic meters per year of the synthesis
gas and hydrogen which are then used to manu-
facture oxo-chemicals.5" This facility is subsidized
by the Federal Minister of Economics of the FRG.
The Minister of Economics, Small Business and
Technology of the state of North-Rhine
Westphalia, also participates by partially subsidiz-
ing the cost of the coal fed to the facility.

Experience in the FRG again shows a high level
of industry/government cooperation in developing
and demonstrating emerging technologies for con-
verting coal into energy forms usable in the non-
utility sector. One of several examples is the Bot-
trop Direct Coal Liquefaction Pilot Plant project,
jointly funded by Ruhrkohle AG, Veba Oel AG,
the Ministry of Economics, Small Business and
Technology of the state of North~-Rhine
Westphalia, and the Federal Ministry of the
FRG.% This facility, debottlenecked to 220 tons
of coal feed per day, produces high grade refined
synthetic oil products instead of lower grade mate-
rials similar to crude oil. The facility also has been
modified so0 it can co-process coal and petroleum
residuum.

Rheinbraun and Uhde are developing a high
temperature Winkler fluidized bed coal gasifier
process with the FRG Ministry for Research and
Technology. A 720 ton per day demonstration fa-
cility has operated successfully since early 1986
which is designed to produce 29 million scfd of
syngas.®3 Rheinbraun and Uhde plan further work
on a 160 ton per day gasifier which will operate at
about 350 psi and optimize the conditions estab-
lished in the 720 ton per day unit.

European Economic Community:
Funding of Research, Development,
and Demonstrations

As many foreign countries develop and refine an
overall energy policy to move toward energy secu-
rity and a lessening dependence on imported oil,
funds are often appropriated for various research
and development programs. It is useful to review
the commitment to technical research, develop-

81 Ibid., p 4-38.
52 Ibid., p 4-56.

8% Ibid., p 4-72.
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ment and demonstration in the solid fuel sector by
the European Economic Community (EEC) as a
benchmark for the future use of coal in their
countries.

Until the early 1970s, EEC research, develop-
ment and demonstration relating to solid fuel was
conducted by the European Coal and Steel Com-
munity (ECSC) ceal research program. The main
thrust of that program, begun in 1958, was di-
rected toward the production and utilization of
coals indigenous to the Communities. After the oil
crisis of 1973/1979, the aspect of a safe supply
became predominant and stimulated interest in
the conversion of coal and lignite into more con-
venient energy carriers. A subprogram for finan-
cial assistance of pilot and demonstration projects
on the liquefaction and gasification of solid fuels
was implemented in 1978 to create a medium- to
long-term option for the diversification of the
Community’s energy sources. A second subpro-
gram for demonstration projects on the substitu-
tion of hydrocarbons by solid fuels was launched

in 1983 to make possible a more rapid transfer of
the results of previous research and development
activities to practical, industrial use, especially
with regard to the use of solid fuels in medium
and large combustion installations. In 1985, a
third subprogram was initiated as the nonnuclear
energy research program to cover the period
through 1988 and reflect the prowing interest in
lignite and peat.

Table 8 presents an overview of the financial
commitments to the four programs for the period
from 1973 (the year the U.K., as the largest coal
producer, joined the Community) until 1986. This
table shows that the EEC has intensified its com-
mitment to solid fuels research, development and
demonstration by a factor of 10; i.e., from 6.1
million European Currency Unit (ECU) in 1973
to 62 million ECU in 1986. It should be noted
that this table represents funds expended by the
EEC only. Some member countries additionally
allocate funds for their own research,

TABLE 8
FINANCIAL SUPPORT FOR RESEARCH, DEVELOPMENT, AND
DEMONSTRATION PROJECTS IN THE FIELD OF SOLID FUELS: 1973 to 1986
{in million ECUs)

Demonstration
Projects: Demonsiration
Nonnuclear Liquefaction Projects:
ECSC Coal Energy R&D and Solid Fuel
Year Research (Solid Fuels) Gasification Use Tetal
1973 6.1 - - - 6.1
1974 7.1 - - - 7.1
1975 18.4 - - - 18.4
1976 14.7 - - - 14.7
1977 16.2 - - - 16.2
1978 16.0 - 11.5 - 27.5
1979 17.0 - - - 17.0
1980 16.0 - 40.1 - 56.1
1981 16.0 - 19.0 - 35.0
1982 17.0 - - - 17.0
1983 19.5 - 27.7 19.6 66.8
1984 19.0 - 20.3 12.9 52.2
1985 19.0 11.4 21.9 16.2 68.5
1986 22.4 6.1 18.4 15.2 62.1
Total 224.4 17.5 158.9 63.9 464.7

*The Buropean Currency Unit (ECU) is a composite monetary unit in which the relative value of each currency is deter-
mined by the gross national product and the volume of trade of each couniry. The composition of the ECU is: Belgium
Franc, Danish Krone, French Franc, Deuische Mark, Greek Drachrnae, Irish Pound, Italian Lire, Luxembourg Franc,
Netherland Guilder, and Pound Sterling, The valoe of the ECU in national currencies is calculated and published daily. As
Sepiember 30, 1986, its value was U.S. $1.02959.5¢ At May 3, 1988, its value was .8, $1.23665.%5

SOURCE:

Kindermann, F. W.; Wilkinson, J. K.; Furfari, 8. “Technical Research, Development and Demonsiration in the Solid
Fuels Sector” (Brussels, Belgium: Commissien of the European Comrmunities, 1987), p. 15.

&4

8 The Wall Street Journal. May 3, 1988.

B2

The Furopa Year Book 1987, Buropa Publications Limited, 1987, p 151.
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Appendix A

Department of Energy
Alternate Energy Forecasts

The Department of Energy Base Case forecast
used throughout this report was obtained from the
Energy Information Administration’s Annual
Energy Outlook 1987, The forecast assumes a
crude oil price of $30.80/bbl in the year 2000
(expressed in 1987 dollars) and a real domestic
GNP prowth rate averaging 2.2 percent per year
between 1987 and 2000. These assumptions led to
projected oil demand increasing from 16.5MM
barrels per calendar day (bcd) in 1987 to
19.5MM bed in the year 2000, and domestic
production dropping to 8.4MM bed from last
year’s 10.6MM bed. To  maintain @ the
supply/demand balance in the year 2000, oil
imports would have to increase to 10.0MM bed,
up from 5.8MM bed in 1987.

In addition to the Base Case forecast, the
Department of Energy developed two alternate
scenarios. To some degree these scenarios address
the uncertainty of projecting energy prices and
consumption and “bracket” the Base Case by
using different combinations of o¢il prices and
economic prowth rates,

In the Low Oil Price-High Growth Case, crude
oil prices are assumed to be $24.%0/bbl in the
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year 2000 and GNP growth rate is accelerated
compared to the Base Case, at 2.5 percent per
year between 1987 and 2000. The low oil price
discourages oil  exploration and
production while at the same time, spurring
consumption. As a result, projected U.S.
production falls to 7.9MM bed while demand
rises to 19.5MM bed. Imports
11.7MM bed to satisfy demand.

domestic

increase to

In the High Oil Price-Low Growth Case, oil
prices are assumed to be §40.20/bbl in the year
2000 while GNP growth rate falls to 1.9 percent
per year between 1987 and 2000. Higher oil
prices compared to the Base Case depress
petroleurn consumption to 16.7MM bced in the
year 2000. However, the higher oil prices also
provide more incentive for petroleum exploration
and production and domestic supply increases to
9.1MM bed. The combination of lower demand
and increased supply results in imports of 7.6MM
bed in the year 2000.

The two alternate scenarios, along with the
Base Case, lead to a broad spread in the projected
need for imported oil in the year 2000; from a low
of 7.6MM bed to a high of 11.7MM bed.
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SOLID COAL FUELS

History of Coal and Coal Processing

Evidence of coal use has been suggested as early
as 1000-1100 B.C. in China and Wales. While
Aristotle refers to coal use in northern Greece and
Italy by 350 B.C., it was not until the middle ages
in England that coal came into widespread use for
forges, lime production, and breweries, as a re-
placement for wood and charcoal.

Coal use in the United States originated as early
as 1100 A.D., as evidence indicates coal use by
the Navaho and Hopi for firing pottery. The first
commercial coal mine was located in the James
River Coal Field near Richmond, Virginia, in
1750. U.S. dependence on coal grew rapidly,
from 108,000 short tons in 1880, to 200,000,000
short tons by 1900, In 1985, the U. 8. consumed
over 800,000,000 short tons of coal.

The size and purity of coal has a large impact
on its utilization. Screening of coal was practiced
as early as 1740. Cleaning processes to reduce ash
appeared in Europe by the mid-1800s and in the
T.S. by the early 1900s. Presently, virtually all
coal produced in the U.S. receives some size or
quality preparation in order to meet market speci-
fications.

The production of coke from bituminous coal
represents a more drastic alteration of the original
coal characteristics than does sizing or cleaning.
Coke is made when bituminous coal is heated to a
temperature of up to 2000°F under reducing con-
ditions. The solid char, which remains after car-
bonization, is approximately 75 percent of the
original weight charged into the coke oven. In the
United Kingdom, the use of coke to smelt iron
dates to the early 1700s.

Today, processed, ungraded coal (i.e., coal
containing all sizes as-mined) is the dominant
form of coal. Char from coke-making also ac-
counts for tens of millions of tons annually in the
U.S. Coarse, graded sizes of coal (stoker coal),
once the dominant form, is still required for
stoker applications in the industrial, residential,
and commercial markets. In the future, solid
forms of coal may be expanded to include proc-
essed low-sulfur coals, micronized coals, bri-

58

quetted or pelletized coal fines from cleaning
processes, and intermediate ash (middling} coals
suitable for fluidized-bed combustors.

Processed Coals

As—mined coal generally must be modified in or-
der to be sold. The modifications to coal to meet
customer requirements can be as simple as crush-
ing or as extreme as coking. The process of im-
proving the inherent characteristics of as—mined
coal is termed beneficiation. A subset of
beneficiation is coal preparation, which includes
coal cleaning.

To understand beneficiation processes, it must
be recognized that coal is not a homogeneous ma-
terial, but instead, like crude oil it is a mixture of
components which can be separated. On a basic
level, coal consists of particles of various sizes, as
shown on Figure 1. Each size fraction consists of
particles containing varying amounts of ash. The
highlighted areas within the histogram depict the
relative proportions of each size fraction which
could be recovered as products at 7 percent ash or
at 10 percent ash.

The higher the ash in the product, the higher
the recovery; recovery varies with particle size and
has a significant impact on coal production costs.
For example, using the data on Figure 1, the net
recovery at 7 percent ash was 46.3 percent, and
the recovery at 10 percent ash was 57.3 percent.
Assuming a mining and processing cost of $12.50
per raw ton at 7 percent ash, the product cost
would be $27.00; while at 10 percent ash, the
product cost would be $21.82 per ton of market-
able coal produced. The effective cost reduction
afforded by producing a higher ash product would
be nearly 20 percent.

Coal from a single mine can be processed to
make products of varying ash content. This is due
to the fact that the ash content of a particle is
directly proportional to its density. Figure Z shows
the distribution of material by density fraction for
the 1/4” x 14 mesh(M) size fraction of the data
set used above. Note that the ash content of mate-
rial having a density of less than 1.3 grams/cc is
4.5 percent and the material with a density of
greater than 2.0 grams/cc has an ash of 88 per-
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FIGURE 1 Distribution of Raw Coal by Size
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cent, Density fractions from 1.3 to 2.0 have pro-
gressively higher ashes. A coal preparation plant
separates raw coal into various size and density
fractions. Next it recombines clean fractions into
specified products and discards low quality mate-~
rial.

For example, using Figure 2, if all the 1.3 frac-
tion is combined with half the 1.3 x 1.4 fraction,
the result is 41.8 percent recovery of a 5.9 per-
cent ash product. By combining the remainder of
the 1.3 x 1.4 fraction with the material between
1.4 and 2.0, the result is 29.4 percent recovery of
a 21.6 percent ash product. This intermediate ash
product is termed “middling.”

In this manner, by density separation, coal may
be “cleaned” to produce multiple fuels consisting
of both low and medium ash coals for metallurgi-
cal and thermal coal applications and high ash
coals for blending or direct use in thermal applica-
tions.

While in the U.S., an ash content of 20-30 per-
cent is considered high, in many nations of the
world, fuels at this ash level and higher are rou-
tinely utilized for steam raising. In South Africa,
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mine-mouth power stations are supplied with
20-27 percent ash coals, the domestic steel indus-
try is supplied with 10-14 percent ash coal, and
low ash coal, 7-7.5 percent, is reserved for the
export market. It is interesting that coal utilized in
the Sasol process is specified at +30 percent ash.

Because the ability to recover and market
higher ash fuels is an important factor in minimiz-
ing production costs, fluidized bed combustion
(FBC) technology is an important and synergistic
development. The presence of FBC units will pro-
vide an outlet for middling coal and the availabil-
ity of low-cost middling coal should provide a
stimulus for FBC projects.

Fine Coal Preparation

The process of mining, handling. and cleaning
coal involves particle breakage and ultimately re-
sults in the generation of fine particles, defined
here as particles smaller than 28 mesh {0.6MM),
or approximately the size of a grain of salt. In the
future, much coal may be intenticnally reduced to
this size in order to liberate sulfur-containing min-
erals (pyrite) normally attached to coal particles.
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FIGURE 2 Distribution of Coal by Density
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Fine coal, however, has a number of inherent
disadvantages compared to coarser—size coal:

it is likely to contain a higher percentage of
moisture;

it is difficuit to handle, store, and transport;
and

it may cause environmental and safety prob-
lems.

Many of the fine coal cleaning processes under
development are water based and can be expected
to result in high residual moisture levels. As shown
on Figure 3, the moisture content of coal in-
creases exponentially as particle size decreases,
due to the increased surface area of fine size par-
ticles. For many water based cleaning processes,
using -200 mesh coal would result in product
moistures in excess of 40 percent after mechanical
drying. Thermal drying of 40 percent moisture
fines to a 5 percent moisture level could be ex-
pected to cost over $8 per ton, based upon evapo-
ration of water from coarser size material using
state—of-the—art technology. The dried fine prod-
uct would be difficult to handle, store, or trans-
port by conventional methods.
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Briquetting and Pelletization of Coal
Fines

Coarser sizes of coal are desirable for most appli-
cations from the standpoint of handling and utili-
zation. Briquetting and pelletizing are two tech-
nologies capable of drying and consolidating fine-
wet c¢oal into useful, manageable products.

Briquetting may be achieved by either extrusion
methods or by mechanical pressure. Chemical
binders or heat may be used to maintain the
formed briquette and to improve its resistance to
degradation brought on by weathering or han-
dling.

Coal pellets are formed by the balling action of
a rotating disc pelletizer. Chemical binders are re-
quired to agglomerate the coal particles.

Coal briquetting was developed over 100 years
ago and was prevalent from approximately 1900
to World War I. It is anticipated that pelletizing
and briquetting may play an integral role in the
recovery of fugitive coal from coal cleaning opera-
tions. It has been estimated that up to 30 million
tons per year of recoverable coal are lost to clean-
ing plant waste. Given that this material presently
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FIGURE 3 Moisture Percent vs Particle Size
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represents a negative cost to the mine operator,
pelletizing and briquetting (combined with waste
recovery processes) could provide an important
new source of stoker grade fuels for residential,
commercial, and industrial markets.

Micronized Coal

Micronized coal, pulverized to finer than 325
mesh, has been proposed as an alternative fuel for
boilers designed to fire oil or gas. The greater sur-
face area of micronized coal, versus conventional
pulverized coal, speeds up combustion and
thereby alleviates derating of gas or oil units while
firing coal.

In 1985, a Florida company began commercial
deliveries of micronized coal to a local chemical
company. However, low oil prices have impeded
the enterprise.

Char Fuels

Coal char, in the form of metallurgical coke, has
long been used as a combination fuel and reduc-
ing agent for iron making. Recently, interest has

61

developed in producing char fuels from western
coal and in char as a by-product of mild gasifica-
tion.

Char fuels derived from western coal are in-
tended to reduce the high moistures of western
subbituminous coals and lignites and increase the
heating value. Test data published by Western En-
ergy Company indicate that feeds containing from
13 to 48 percent moisture can be reduced to the
0.5 percent range. Coal heating value is similarly
improved. In addition, the Western Energy proc-
ess also reduces sulfur. The resulting bituminous—
rank char is more suitable for transport to distant
markets than typical high moisture subbituminous
coals and lignite,

Anocther potential char fuel may be a by-
product of a mild gasification, low-temperature,
carbonization synfuels process. In this process, re-
sidual char accounts for 72-75 percent of the
products, with the remainder being coal-liquids
and gases. Uses for the char could include blend-
ing stock for steam coal or a feedstock for graph-
ite application.
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Barriers to Solid Coal Fuels

A significant barrier to the introduction of new
solid coal forms is the perception within the indus-
try of coal as a monolithic commodity when, in
fact, a typical run~of-the-mine coal is a combina-
tion of products of widely varying moistures, pu-
rity, and handling characteristics, Many of the
clean coal technologies presently under develop-
ment could best be applied to existing fine coal
process streams, rather than coal fines resulting
from intentional grinding. Because cost is such an
important factor in coal utilization decisions, re-
covery of fugitive coal from past and existing op-
erations should receive more attention.

COAL LIQUID MIXTURES
History

Coal liquid mixture (CLM) is a term applied to a
family of fuels which includes coal-oil mixture
(COM), coal-oil-water mixture (COWM), coal-
water mixture (CWM), and coal-methanol mix-
ture (CMM). CLMs are generally comprised of a
carrier liquid, at least 50 percent (by weight) of
pulverized coal, and frequently, less than 1 per-
cent of chemicals to enhance the stability and vis-
cosity of the mixture.

As with coal-derived liquid hydrocarbons,
CLMs have a long and inconsistent history of de-
velopment. The first U.S. patent for a COM was
issued in 1879. A successful COM combustion test
was conducted in a naval vessel watertube boiler
during World War I. COM research again was
performed briefly during World War II in re-
sponse to oil shortages.

Work on combustible CWMs occwrred in the
early 19605 in Germany, the U.S., and the USSR.
The coal content of the coal water fuels (CWTFs)
used in early tests ranged from about 50 percent
in the Soviet program to about 70 percent in the
U.S. demonstration at Je.sey Central Power and
Light Company’s Werner Plant in South Amboy,
New Jersey.

The rapid increases in the price of oil, which
occurred in the 1970s, stimulated new CLM stud-
ies and demonstrations. COM demonstrations,
some funded by the U.S. government and others
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by private industry, commenced in the
mid-1970s. Although much of the COM activity
took place in the U.S., many other nations imple-
mented programs, including Canada, the United
Kingdom, Sweden, Japan., Colombia, China,
Spain, and Israel. Since the early 1970s, COM
development activities have been replaced, to a
large extent, by CWM programs. However, in No-
vember 1987, a U.S. firm announced plans to
convert & 44 MW boiler in Puerto Rico to a
60-20-20 COWM.

Coal-water mixture programs, spawned by
COM development work, began to appear in the
late 1970s and early 1980s. The rationale behind
CWM is that water is a cheaper medium than oil;
therefore, significant reductions in fuel price for
CWM, compared to COM, were expected, Major
industrial and utility demonstrations of CWF were
conducted in the mid 1980s in the U.S., Canada,
Japan, Italy, Sweden, China, and the U.K. Sig-
nificant industrial and utility CWM projects con-~
tinue in Japan, Italy, Korea, China, and the
USSR, Although activities involving CWM for
boiler applications in the 1.8, have nearly ceased,
some research and development work continues
in the area of ultra—clean CWMs for combustion
turbines, diesel engines, and slurry-fed gasifiers.

Coal liquid mixture activity continues world-
wide, although due to the 1985-1986 collapse in
oil prices, programs in many countries, including
the U.S., have been deemphasized.

General Fuel Characteristics

The generzl composition of various CLMs is as
follows:

Fuel Form % Coal % Oil % Water Particle Size

COM 20-53 47-80 0 70% -200M to
100% -325M

COWM 40-60 20-50 10-20 50%-75%
-200M

CWM 60-75 0 25-40 99% —-48M 10
99% -325M

CMM 60-65 0-10 90% -200M

30-40*
* percent Methanol ‘
Both COM and CWM may contain about 1 per-

cent additives to reduce viscosity and inhibit set-
tling of the coal from suspension. Ash content of
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the CLMs is dependent upon the quantity of ash
in the parent coal used as feedstock. However,
because fine—sized coal is utilized in the mixtures
and fine—sized coal also is required for deep-
cleaning processes, beneliciated parent coals con-
taining less than 1 percent ash have been utilized
in CLMs.

Applications

Ash content plays a major role in the application
of CLMs to specific markets. Generally, ash-tol-
erant units such as cement kilns, aggregate dryers,
or coal designed boilers could be expected to han-
dle CLMs made from feedstocks containing 6 per-
cent ash or higher, Boilers designed to fire oil or
gas require CLMs made from lower ash coals, in
order to avoid derating. Coals destined as
feedstock in CWMs for combustion turbines or
diesel engines should contain less than 1/2 per-
cent ash in order to avoid damage to these types
of units. CWMs for slurry—-fed gasifiers appear to
have similar ash requirements to CWMs intended
for coal designed boilers.

Recently, increasing attention has been given to
CWF combustion units suitable for residential and
commercial applications. Both a small fluidized
bed combustor and residential warm air heating
system have been under development.

Characteristics

Although there are many similarities among the
various types of CLMs, there are some important
differences which impact economics, applications,
and the types of coal suitable for feedstock.

Coal-0il Mixtures

Coal—-oil mixtures have appeared in at least two
forms: conventional utility grind (about 80 per-
cent —200M) and ultrafine grind (100 percent
-325M). Utility grind COMs required chemical
additives to inhibit settling while ultrafine grind
COMs are inherently stable and require no addi-
tives. The viscosity of COMs is very sensitive to
coal content; therefore, coal is normally limited to
50 percent of the mixture, by weight.

Combustion characteristics of COMs are signifi-
cantly impacted by the volatile content of both the
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¢il and coal used. Low volatile oil in combination
with medium to high volatile coal is preferred.
High volatile oils, such as No. 2, and low volatile
coals have been shown to degrade the combustion
performance of COMs,

STATUS OF TECHNOLOGY

In the U.8., COM technology benefited from
demonstrations at a utility and at industrial sites in
Florida. The utility, Florida Power Corporation,
burned COM at its Bartow Unit No. 1 from
1982~1986, but due to relatively high delivered
coal costs (855/ton) and low oil prices, the unit
discontinued COM firing. A fuel oil price greater
than 320 per barrel was considered necessary for
COM reintroduction at Bartow.

COMMERCIAL STATUS

The technology to produce, transport, and burn
COM appears to be adequate; however, COM
costs are not competitive with present fuel oil
prices. Utilizing published graphical information,
COM economics appear very sensitive to fuel oil
prices and to delivered coal price and processing
cost. Figure 4 illustrates the possible relationship
between oil price and COM cost. The graph indi-
cates that with a coa! cost of $2.20/MMBtu and a
processing cost of $0.70/MMBtu, the threshold
price of fuel oil necessary for COM introduction
would be around $5/MMBtu, or $31/Barrel. Re-
ducing delivered coal cost to $1.50 and processing
cost to $0.50 results in a threshold fuel oil price of
about $4/MMBtu, or $25/Barrel.

Coal-Qil-Water Mixture

Coal-oil-water mixtures reportedly have con-
tained from 10-20 percent water and appear to
use standard p.c. grinding (80 percent —200M).
Although COWMSs have been reported which con-
tain up to 65 or 70 percent coal, recent reports
indicate a blend of 60 percent coal, 20 percent
oil, and 20 perceni water. Coal is stabilized in the
oil/water mixture by emulsion technicques, both
conventional (by shear) and ultrasonic. The sta-
bility of ultrasonically treated COWMs is adversely
affected by temperature changes and, conse-
quently, the COWM is stored at temperatures be-
tween 110° and 160°F,
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FIGURE 4 Coal-0il Mixture Costs
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Compared to COMs, COWMs can contain
higher proportions of coal and lower proportions
of oil due to the fact that the inclusion of water in
a COM reduces viscosity., COWMs also have
shown better combustion properties than COMs, a
finding which is also atiributed to the water con-
tent. Rapid evaporation of water is said to cause
micro-explosions which inhibit formation of fuel
agglomerates and thereby improve carbon burn-
out.

STATUS OF TECHNOLOGY

Production and utilization technology for COWMs
as with COMs, appears to be adequate. The an-
nouncement in late 1987 of the retrofit of a 44
MW utility boiler in Puerto Rico to COWM rein-
forces this impression.

COMMERCIAL STATUS

It is estimated that COWMSs can be processed,
transported, and used for roughly the same cost as
COM. However, because COWM contains less
than half the oil of COM, product cost sensitivity
to oil price is much less. Figure 5 presents base
case and low cost scenarios analogous to those
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presented for COM. In the base case, it was as-
sumed that user cost would be somewhat higher
because of higher ash than COM, processing costs
would increase because of greater complexity, and
transportation costs would increase because of
lower fuel Btu. Even so, the threshold price of oil
($4/MMBtu) for COWM viability was about
$1/MMBtu lower than for COM. In the low cost
case f(coal = §1.50/MMBtu, processing =
$0.50/MMBtu), the threshold oil price was esti-
mated at $3/MMBtu, or about $18-$19 per bar-
rel.

Coal-Water Mixture

Combustible coal-water mixtures may range in
coal content from around 60 percent to over &0
percent, based wupon use of bituminous coals.
Commercial quality CWMs have been produced
in the range of 65-70 percent coal, resulting in
stable, moderate viscosity fuels. Particle size of
CWMs, while nominally 75 percent -200M, is
generally broader and finer than a typical p.c.
grind in order to improve particle packing and
thereby lower viscosity and increase solids load-
ing. A subset of CWMs, micronized CWMs are
made from coal ground to minus 325 mesh and
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FIGURE 5 Coal-0Oil-Water Mixture Costs
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are generally lower in coal content (50-60 per-
cent), higher in viscosity at comparable solids
loadings, and more stable than conventional,
more coarsely ground CWFs.

For most CWFs developed, a variety of chemi-
cals have been required to reduce viscosity (dis-
persants), enhance stability, and inhibit bacterial
attack and degradation of the surfactant chemi-
cals. The presence of submicron particles, either
from finely ground coal or in the form of an addi-
tive like atapulgite clay, also enhance CWF stabil-
ity.

A number of comprehensive studies on CWF
and micronized CWF have been performed. CWF
combustion characteristics reflect those of the par-
ent coal, and combustion of CWFs may be as
good as, or considerably worse than, their parent
coals and fuels they are intended to replace,
namely gas and fuel oil. CWF combustion per-
formance will depend upon the coal and CWF
process utilized, application, burner design, and
preheating of CWF and/or combustion air. CWE
combustion performance can be (and in many
demonstrations has been) improved by co-firing
with natural gas. Published results on micronized
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CWM combustion indicate that benefits may be
derived from microning that are attributable to
fine-size ash than with conventional CWDMs.
Techniques for good fuel atomization are impor-
tant to realizing the benefits of micronized CWF.

STATUS OF TECHNOLOGY

Major areas of CWM technology are still in devel-
opment, although considerable progress has been
made since the early 1980s. The technology ap-
pears adequate to commence with initial large—
scale, long-term, commercial demonstrations.

While the U.S. was arguably the overall leader
in CILM technology during the late 1970s and
early 1980s, recently technology leadership has
shifted to foreign nations with active CWM pro-
grams. CWM technology continues to develop in
Japan, Italy, Korea, and the USSR, where Italy is
assisting the Soviets in the construction of a 3-mil-
lion ton per year CWM mine-mouth-to-power
station project.

COMMERCIAL STATUS

Unlike COM or COWM, CWM cost is not sensi-
tive to the price of oil; therefore, the threshold oil
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price and CWM cost, including user cost, are
identical. Figure 6 displays information for CWM
similar to that presented for COM and COWM. In
the base case, it was assumed that user cost was
$0.40/MMBtu, processing cost was
$1.00/MMBtu, and transportation cost was
$0.25/million Btu. The low cost CWM case was
analogous to those of COM and COWM. CWM
cost is most sensitive to delivered coal cost, and at
a coal price of §2.20/MMBtu, the threshold oil
price ranges from $3.85/MMBtu in the base case
to $4.10/MMBtu in the high cost case. Reducing
coal prices to $1.50/MMBtu and processing costs
to $0.50/MMBtu would result in a threshold price
of $2.65/MMBty, a value competitive with recent
oil prices.

In order to achieve commercial viability, CWM
technology must progress to technical maturity
and a means must be found to reduce coal and
processing costs.

Coal-Methanol Mixtures

Coal-methanol mixtures have playved a minor role
in the development of CLM technology. Aside
from DOE studies, there appears to be a limited
number of CMM studies. Although CMM's hoeld

FIGURE 6 Coal~-Water Mixture Costs

the promise of clean burning fuels which eliminate
the need for combustion air preheat, the availabil-
ity and high cost of methanol has discouraged the
development of CMM technology. Using a current
price for methanol of $0.35/gallon
($4.76/MMBtu), the threshold price of oil for
CMM viability is $4.62/MMBtu, or approximately
$28/bbl. Figure 7 illustrates the relationship be-
tween methanol price and CMM/threshold oil
price. Until the time that the relationship between
fuel oil prices and methanol prices reverses itself,
it appears that CMM technology will remain dor-
mant.

Barriers to Commercialization

TECHNICAL

The foundation of CLM technology is strong.
However, refinement is required to improve pro-
duction, transportation, and use of CLMs prior to
widespread commercial implementation.

REGULATORY

A major regulatory constraint which impacts CL.M
commercialization is the concern users have for
air emissions standards. The concern is that unit
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FIGURE 7 Coal-Methanol Mixture Costs
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retrofit changes required for CLM utilization may
expose the unit to lower emission standards than
before the change-over, thereby increasing costs.

ECONOMIC

To become commercial, CLM prices must be re-
duced or oil prices must go up. From a national
perspective, the former alternative is preferable.
Costs of producing and using CL.Ms are presently
too high to compete with oil and gas alternatives.
Figure 8 displays relative CLM, oil, and gas
prices, assuming current technology; and 1995
DOE estimates for coal, oil, and gas prices.

CLMs would appear to have some economic
advantage; however, cost reduction would be
beneficial. An integrated coal slurry pipeline/
CWM system, utilizing the ultrafine fraction for
CWM feedstock, is one example of a method of
reducing CLM cost; but it is one which is con-
strained by the lack of slurry pipelines.

Recommendations

If CLM technology is to once again develop in the
U.S., as it is in Japan, Italy, Korea, China, and
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the Soviet Union, then the U.S. Government must
provide financial assistance and regulatory relief
as governments in active CLM natiens do. The
U.S. Government should work with American in-
dustry in efforts designed to reduce the cost of
producing, transporting, and using CLMs. Emis-
sion waivers for initial commercial demonstration
projects also would facilitate user participation.

COAL GASIFICATION AND
INDIRECT LIQUEFACTION

Introduction

Coal gasification technologies are capable of pro-
ducing gases suitable for direct fuel use or as
building blocks for the synthesis of chemicals and
transportation fuels in a process referred to as In-
direct Liquefaction. Depending upon the technol-
ogy employed, the gas produced ranges from less
than 150 Btu per standard cubic foot to about
1000 Btu per standard cubic foot, which is func-
tionally equivalent to natural gas. Liquefaction
processes can convert gasifier products to chemi-
cals such as ammonia, acetic anhydride, and
methanol or motor fuels, including diesel and
gasoline. Methanol also can be used directly as a
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FIGURE 8 Comparative Coal Liquid Mixture Prices
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transportation fuel or as an intermediate in the
producing of gasoline or chemicals. Commercial—
scale gasifiers are presently operating in the U.S.
The commercial-scale gasifiers based on the
Texaco process are operating at Tennessee
Eastman in Kingsport, Tennessee, and at Cool-
water in Daggit, California. These produce fuel
gases for power generation and synthesis gas for
chemical production.

History

Technology for converting coal into a gaseous fuel
has been applied commercially for over 150 years.
The basic process consists of heating coal and re-
acting it with steam and oxygen to form carbon
monoxide and hydrogen. The use of coal gasifiers
peaked in the United States in the 1920s when
about 11,000 were operating, making either town
gas/manufactured gas for distribution or producer
gas for onsite industrial consumption. With the
advent of cheap natural gas in the 1940s and
1950s, nearly all the gasifiers in the United States
were shut down. The technology has continued to
be practiced in several foreign countries primarily
for chemical synthesis using two coal gasification
processes developed in Germany after World War
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IT - the Koppers-Totzek gasifier and the Lurgi
gasifier.

The energy crisis of 1973 renewed interest in
coal gasification. Several companies began devel-
oping more efficient, large capacity gasifiers in-
tended for utility, large (heavy) industrial, or cen-
tralized gas distribution applications. Other com-
panies concentrated on developing small capacity
gasifiers for small (light) industrial and commer-
cial use.

When natural gas and fuel oil prices dropped in
the early 1980s and concerns about availability of
these fuels disappeared, the incentive for coal
gasification was again eliminated.

Alternatives

If nearly pure oxygen is fed to a coal gasifier, the
product gas has a fuel heating value of about 300
Btu per standard cubic foot. When intended for
use as fuel, this product gas is calied medium Btu
gas (MBG). Natural gas, which is essentially meth-
ane, has a heating value of about 1,000 Btu per
standard cubic foot. MBG also can be used to
make methane (called substitute or synthetic
natural gas), ammonia, methanol, and many other
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chemicals. When used to make substitute natural
gas (SNG) or chemicals, MBG is called synthesis
gas.

Alternatively, if air is fed to a coal gasifier, the
product gas is diluted with the nitrogen in the air
and the heating value is reduced to about 150 Btu
per standard cubic foot. This gas, called low Btu
gas (LBG), can only be used as a fuel.

There are three basic types of coal gasifiers —
fixed bed (also known as moving bed}, fluidized
bed, and entrained flow. In a fixed bed gasifier,
coal primarily in the 1/4 to 2 inch size range is fed
1o the top of the coal bed in the pasifier; oxygen
or air and steam are fed into the bottom of the
bed; the coal-derived pas exits from the top of the
gasifier at a temperature in the range of 800 -
1,000°F; and the coal ash is removed from the
bottom. Because of its low operating temperature,
a fixed bed pasifier produces high molecular
weight tar and oil compounds in addition to car-
bon monoxide and hydrogen. These tars and oils
will condense as the gas is cooled.

Fluidized bed gasifiers operate at higher gas ve-
locities, which are necessary to fluidize the coal
bed. The coal feed is usually 1/4 inch or less. Coal
fines blown out of the bed and entrained in the
gas stream are captured with cyclones and recy-
cled to the bed. The raw gas leaves the gasifier at
temperatures ranging from 1,600 - 1,800°F. Ash
gradually agglomerates forming heavy enough par-
ticles to drop out of the bed for removal.

The entrained flow gasifier is essentially -a
burner in a small reaction chamber where pulver-
ized coal, air or oxygen, and steam are reacted in
a reducing atmosphere. To achieve high carbon
conversion in an extremely short residence time,
the operating temperatures must be high. The raw
gas leaves the gasifier at temperatures in the 2,300
to 2,800°F range. The ash in the coal melts and
flows out the bottom of the high temperature
gasifier as slag. Slag coming from the high tem-
perature gasifiers is classified as nonhazardous
and is in a reduced form.

The focus of gasifier technology in the 1970s
was on the design of “second generation,” large
capacity, pressurized, oxygen blown gasifiers ca-
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pable of converting caking and swelling eastern
.S, bituminous coal to MBG or synthesis gas and
the development of small scale, atmospheric, air
blown gasifiers to make LBG.

Applications

Large coal gasifiers can be used onsite to produce
fuel gas for a correspendingly large industrial plant
or synthesis gas for use as feedstock for a chemi-
cals plant, The Great Plains Project in North Da-
kota uses Lurgi gasifiers to make SNG which is fed
into the existing natural gas pipeline system. If suf-
ficient customers are located in a 100-mile area,
large coal gasifiers could be employed in a cen-
trally located gasification plant distributing MBG/
synthesis gas via a new, dedicated pipeline system.

Small coal gasifiers could be employed onsite by
either a single industrial plant, a light manufactur-
ing industrial park, a large commercial develop-
ment, or even a larpge residential development.

Because of its low heating value per unit vol-
ume, building a pipeline to distribute LBG more
than a mile generally cannot be justified economi-
cally.

During the 1970s, projects were studied to use
gasifiers to fuel a variety of kilns, dryers, furnaces,
boilers, diesels, and gas turbines. I.BG gasifiers
were installed at an industrial park, a brick plant,
and a tractor manufacturing plant. As part of a
large capacity LBG gasifier demonstration, LBG
was burned in a utility boiler. MBG demonstration
projects included ammonia production, SNG pro-
duction, gas turbine firing, and retrofit boiler fir-
ing. Tennessee Eastman Company installed a
commercial MBG entrained flow gasifier for acetic
anhydride and methanol synthesis. Coolwater is a
Texaco entrained bed gasifier, generating electric
power through combined cycle; also, it is used as
the fuel gas to retrofit—fire an existing boiler at the
plant site.

LBG and MBG can be used for nearly any
combustion service. For retrofit applications with
MBG, the only modifications necessary may be
the installation of new burners. With LBG, the
retrofit modifications are more extensive, and
even then, a derating of the unit may be necessary
if it was designed specifically for natural gas firing.
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This again is partly because of the low volumetric
heating value of LBG in comparison to natural
gas. In addition, the adiabatic flame temperature
of LBG is about 400°F cooler than for natural
gas; and for a given heat input, the flue gas vol-
ume generated from LBG combustion is about 18
percent more than from natural gas.

CHEMICALS FROM INDIRECT
LIQUEFACTION

About 7 percent of U.S. chemical production is
currently based on coal as a feedstock. These
chemicals are derived from the downstream proc-
essing of synthesis gas (or syngas). Of the 30 high-
est volume chemicals (by weight) manufactured in
the U.S. in 1985, all but 7 are (or c¢an be) pro-
duced from syngas.

While coal derived syngas can be burned to
produce electricity, it is also a potential source of
both chemicals and liquid fuels. As an example,
while Sasol produces over 58M barrels per calen-
dar day (becd) of transportation fuels, it also
makes more than 650,000 tons/yr of ethylene,
ammonia, and other materials as by-products.

Syngas, whether produced from natural gas or
coal, can be used to make chemicals by three dif-
ferent methods: '

(1)

direct conversion to chemicals or fuels;
(2) indirect conversion to chemicals or fuels
via methanol as an intermediate; and/or
(3) reacting syngas, methanol, or carbon mon-
oxide with another chemical.

Some of the materials which can be made by
the first method include ammonia, methanol, hy-
drogen, methane, isobutane, ethylene, CI~CS al-
cohols, ethylene glycol and C2-C4 olefins. Cur-
rently, UBE Industries in Japan is producing
1,000 tons per day (tpd) of ammonia from Aus-
tralian and South African coal using a Texaco
gasifier to generate syngas. AECI also makes
1,000 tpd of ammonia and 100 tpd of methanol in
South Africa.
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Chemicals, which can be produced indirectly
using methanol as an intermediate, include acetic
acid and acetic anhydride, formaldehyde, methyl
formate, acetaldehyde, ethylene, propylene,
CI-C5 alcohols, benzene, toluene, xylenes, and
ethyl acetate. Tennessee Hastman is producing
150MM lb/yr of acetic acid and 500MM Ib/yr of
acetic anhydride from coal in its Kingsport facility
using 900 tpd of high sulfur Virginia and Kentucky
coal. This plant also has enough excess methanol
capacity to satisfy all of Eastman Chemical’s inter-
nal needs.

The third route to producing useful chemicals
from coal could result in an extremely long list. A
few of the possibilities are:

— Methanol + isobutene to make MTBE, an
oxygenate used in gasoline;

- Qlefins + syngas to make aldehydes and alco-
hols; and

—~ Methanol + ammonia to make methylamines,

All of these processes are in commercial use,
but none are based on coal-derived syngas.

Transportation Fuel from Indirect
Liquefaction

Indirect liquefaction, or the production of coal
liquids by synthesis from carbon monoxide/hydro-
gen mixtures, has been a commercial technology
since the mid-1930s, based on the Fischer—
Tropsch (F-T) process. Sasol in South Africa is
using the F-T process to fulfill most of that na-
tion's ligquid fuel needs. Other processes, which
produce methanol directly from syngas, are com-
mercially available. Mobil also has developed a
process to convert methanol to gasoline, and Shell
has announced plans to commercialize a technol-
ogy that converts syngas directly into middle distil-
late fuel oils (SMDS process).

Sasol’s commercial process is based on Lurgi
gasification equipment. After leaving the gasifiers,
the syngas is cleaned and fed to both circulating
fluidized bed catalytic Synthol reactors and fixed
bed cataiytic reactors. The fixed bed produces
heavier paraffinic hydrocarbons which are best
suited for diesel fuels, while the fluidized bed re-
actors make hydrocarbons mostly in the motor
fuel range. Following synthesis, the product is
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processed into products ranging from LPG
through the heavier fuels. Various chemicals,
mostly alcohols, alse are made as by~products.
Methane made in the process is separated as a
fuel pas or reformed into carbon monoxide and
hydrogen which is recycled to the reactors to in-
crease liquid yield. Considering the overall ther-
mal efficiency of the facility, using the methane as
a fuel gas is the preferred method.

The overall efficiency of indirect liquefaction is
low compared to other liquefaction technologies
because of the thermal losses inherent in the pro-
duction of synthesis gas. The process also makes a
broad spectrum of products unrelated to the de-
sired lquid fuels. As a result, the cost of liquid
fuels from a F-T facility is relatively expensive.
South Africa’s decision to commercialize this
process despite poor economics was driven by the
following two factors:

- the need for a secure domestic supply of lig-
uid fuels is dictated by political considera-
tions, and

- the lack of coal deposits amenable to direct
liquefaction technologies.

For many years, Lurgi and ICI have offered
commercial methods of converting synthesis gas
into methanol, Unlike the F-T process, which
makes a wide variety of products, methanol syn-
thesis is over 95 wt percent selective. Mobil has
developed the MTG process, which makes gaso-
line from methanol. The key element is a shape
selective zeolite catalyst which produces hydrocar-
bons in the gasoline and distillate range from
methanol; the reaction terminating when a mole-
cule containing about ten carbon atoms are
formed. This process has both a fixed and fluid
bed configuration. New Zealand and Mobil are
operating a 12,000 barrel per day facility based on
this technology. Synthesis gas feed is produced
from natural gas instead of coal, but there is no
reason a coal-based syngas facility could not be
built 1o feed the MTG process.

Technical/Economic Status

Demonstration projects which have occurred to
date indicaie that coal gasification is technically
ready for application. Regarding large capacity
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gasifiers, the Great Plaing Project has proved that
lignite can be converted to SNG with no difficulty.
The TVA and Tennessee Eastman projects have
demonstrated that ammonia, acetic anhydride,
and methanol can be reliably made from eastern
bituminous coals. The Cool Water Project con-
firmed that gas turbines can be fired with MBG
made from bituminous coal. Other large scale
gasification demonstration projects are currently
in progress and several others are expected to be
operating in a few years.

The Caterpillar Tractor and Can Do Projects
showed that smaller gasifiers can be used with no
major problems. Unfortunately, activities involv-
ing small gasifiers appear to have ceased.

The economics of coal gasification are highly
site— and project-specific. Studies of smali scale
LBG industrial projects indicate that I.BG can be
made at a cost of $3.50 to $§4.50 per million Btu.
Studies of large scale central MBG gasification
plants have estimated MBG costs in the range of
$4.50 to $6.50 per million Btu. Interestingly, the
cost of SNG from the Great Plains Plant is no
higher than the predicted costs of MBG.

Investipations involving coal gasification for am-
monia production indicate that the cost of the
MBG or synthesis gas must be less than 50 per-
cent higher than the cost of natural gas for coal
gasification to be competitive with natural gas
steam~reforming. For this to happen, the price of
coal must be approximately $3.75 per million/Biu
lower than the cost of natural gas.

For MBG, the cost of the coal gasification
equipment contributes about 25 percent of the
cost of the entire coal gasification plant. This im-
plies that 75 percent of the plant capital cost is
assoclated with widely employed ancillary systems
for which capital costs are well documented. One
study showed that a 20 percent reduction in the
cost of the gasifier components only translated
into a 1.5 wpercent reduction in the cost of the
MBG.

For LBG coal gasification plants, the gasifier
accounts for a much larger share of the total
gasification facility cost, so a reduction in the cost
of the gasifier would have a greater impact. How-
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ever, the reduction would have to be large in or-
der to significantly affect the LBG cost.

A review of published economics for both ac-
tuai and proposed projects raises the following
points.

~ LBG appears to be closest to being economi-
cally competitive with conventional fuels.

— The additional capital cost of processing
equipment to produce SNG that can be car-
ried in existing natural gas pipelines appears
to be more cost effective than building new
pipelines for distribution of MEG.

— For cost reductions to be large enough to
have a significant impact on reducing the cost
of coal gas, they must not be confined to only
the gasifier components.

— Annual plant operating hours have a major
effect on coal gas cost and consequently they
must be high because of the large capital in-
vestment.

Barriers to Implementation

TECHNICAL

There are no technical barriers to commercializing
gasification or indirect coal liquefaction. Sasol has
proved this technology on a large scale. Conver-
sion of coal to methanol and gasoline also is a
proved technology. Commercial scale gasification
processes developed by Lurgi, Texaco, Dow,
Winkler, Koppers-Totzek, and Shell are all in op-
eration. Mobil’s process for converting syngas to
methanol and then motor pasoline is being used in
New Zealand.

In theory, there are no technical barriers to
producing chemicals from coal. Several coal
gasification technologies have been, or are being
proved on a large scale. Commercially ready proc-
esses include Texaco, Lurgi, Winkler, and Kop-
pers—Totzek. Processes now being demonstrated
on a large scale include Dow, XKRW, and Shell in
the U.S., and the British Gas/Lurgt Slagging
Gasifier. However, at the current state of develop-
ment, these technologies are not econcmically
competitive with the production of synthesis gas
from natural gas. Reasons for the economic disad-
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vantage of coal versus natural gas are described in
this section under Economics.

As discussed, there are commercial processes
for converting syngas directly to ammonia and
methanol. Also, the conversion of methanol to
motor fuels, acetic acid, and acetic anhydride is
commercial. Proved processes also exist for con-
verting methanol into formaldehyde, methyl for-
mate, formic acid, methyl acetate, chlorinated
methanes, dimethyl acetate, vinyl acetate, ethyl-
ene glycol, styrene, and dimethyl terephthalate.

The single most important barrier to widespread
use of coal gasification is cost. Natural gas is pres-
ently available to industrial consumers at a price
ranging from $2.50 to $3.10 per million Btu.
Commercial users are currently paying around
$4.80 per million Btu, and the cost to residential
customers is about $5.45 per million Btu.

Given these natural gas prices, there is no in-
centive for the private sector to produce SNG or
MBG from coal. There would appear to be a small
incentive for commercial enterprise or a large resi-
dential development to consider installing a LBG
plant. However, these developers are unlikely to
bear the additional capital burden of a coal
gasification plant. In any case, the market poten-
tial of commercial and residential application
would not be significant. Most of these drawbacks
can be accommodated by industrial applications,
but are unlikely to be acceptable for commercial
or residential usage.

Natural gas is used to produce almost all of the
syngas made in the U.S., although it could be
made from coal, municipal wastes, and biomass.
Natural gas requires little preparation before it can
be used as a feedstock to a syngas process, but the
first step with coal {and the other materials) would
be sorting, screening, pulverizing, and removal of
tramp materials, Converting natural gas to synthe-
sis gas can be done using either a catalytic partial
oxidation process or by a catalytic steam reform-
ing process. Coal cannot be catalytically converted
to syngas. It must be done thermally and requires
high purity oxygen, and with more steam and
higher temperatures than methane. This results in
a more costly process with lower thermal efficien-
cies.
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The sulfur in coal must also be removed from
synthesis gas to prevent damage to catalysts in the
downstream chemical production units,

Coal is deficient in hydrogen compared to natu-
ral gas and it is usually necessary to adjust the ra-
tios of carbon monoxide, hydrogen, and carbon
dioxide before feeding it to downstream proc-
esses. Because each chemical requires a different
ratio of hydrogen to carbon monoxide, the gasifier
that produces the exact stoichiometric hydrogen/
CO ratio would have an economic advantage. This
makes the choice of the gasification process to
produce any given chemical critical. The syngas
exit temperature from the gasifier directly affects
the ratio of hydropen to CO, with lower tempera-
tures favoring hydrogen. This can be seen from
data on the hydrogen to carbon monoxide ratios
of the syngas produced by Lurgi fixed bed reactor
(gas outlet temperature of 1078°F), a KRW fluid
bed gasifier {1800°F}, and a Texaco entrained
bed reactor {(2360°F) at 2.8/1, 0.5/1, and 0.7/1,
respectively.

The stoichiometric ratio of hydrogen to carbon
monoxide for several important chemicals is:

Chemical Hydrogen/CO
Carbonization. {Pure CQ)
Acetic Acid 1.0
Ethylene Glycol 1.5
Ethylene 2.0
Methanol 2.0
Ethanol 2.0
Ammonia (Pure Hydropen)

The syngas hydrogen/CQO ratio from a coal
gasifier can be adjusted in a water gas shift reac-
tion external to the gasifier, resulting in additional
equipment and added operating costs.

There is a commercial plant in the United
States manufacturing methanol from coal and, un-
der the circumstances of a “complete plant” start-
ing from coal to the final product, acetic anhy-
dride. The economics are attractive and, in fact,
the plant is used as a base plant for the manufac-
ture of the chemical. Therefore, under these spe-
cific circumstances a new coal plant is indeed de-
sirable to make methanol. The environmental
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suitability of such a process from coal and the fact
that the process is based on coal may make it at-
tractive in various locations in the country.

The effect of the differences between using coal
and natural gas on the economics of producing
chemicals is illustrated in Table 1. This table pro-
vides the cost breakdown for a grass roots Gulf
Coast methanol plant with an assumed capacity of
20M bed. While this case is coal to methanol, the
disadvantages of coal compared to natural gas as a
synthesis gas feedstock would apply te any coal-
based chemical facility.

TABLE 1
COST OF MANUFACTURING METHANOL,
CENTS/GALLON
Plant Size-20M bed

Natural Gas Coal
Feedstock:
Natural Gas @ $2.00/MM Btu 16 NA
Coal @ $1.25/MM B ($30/ton) NA 15
Other Variable Costs 3 2
Fixed Plant Charges 5 7-23
Capital Charges @ 10% ROI 19 40-72

above 5% Inflation

Total Cost/Gallon 43 61-112
Plant Investment $MM 250 461-900

SQURCES:

1. Letter dated October 13, 1988, from W.R. Siegart,
Texaco, Inc., White Plains, NY, to J.J.M. Plante,
Stone & Webster Engineering Corporation, Boston,
MA.

2. Letier dated October 10, 1988, from H.F. Grabosky,
Amoco Corporation, Chicago, IL, to J.J.M. Plante,
Stone & Webster Engineering Corporation, Boston,
MA.

3. Assessmeni of Costs and Benefits of Flexible and Al-
ternative Fuel Use in the U.S. Transportation Sector,
DOE/PE-800-January 1988.

The plant using natural gas as a feedstock can
be built for about $250MM, while the coal-based
facility requires an investment of $461MM. The
extra cost is for the facilities needed to handle and
prepare the coal feedstock, gasify the coal and
clean up the syngas, and finally, the cost of equip-
ment required to adjust the composition of the
syngas to get the proper ratios of hydrogen, car-
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bon monoxide, and carbon dioxide required by
the methanol reaction.

The cost of methanol from coal is more than 40
percent higher than natural gas-based methanol.
In fact, the cost of capital recovery for the coal-
based plant ($0.37/gal} is more than 85 percent of
the total cost of methanol from the natural gas
facility. Also, with methane as the feedstock, the
methanol contains about 70 percent of the energy
in the pas consumed. With coal, the energy effi-
clency is only about 50 percent.

All of these manufacturing and construction
cost estimates were based upon demonstrated
technologies. If improved technologies could be
developed, the cost of methanol from coal might
be lower. One possibility would be to make syngas
by pasifying coal underground; this would elimi-
nate mining and coal preparation along with han-
dling costs. The underground coal gasification
technology is still under development. Under-
ground environmental and subsidence problems
may deter commercialization of this process.

COAL DERIVED LIQUID
HYDROCARBONS

Regardless of what end use is considered, coal de-
rived liquid hydrocarbons could be used as a re-
placement for their petroleum counterparts be-
cause they can be processed to meet typical petro-
leum specifications. They can directly substitute
petroleum in the transportation sector and in in-
dustrial, commercial, and residential uses.

There are three ways of producing liquid fuels
from coal.

(1) Pyrolysis, or the thermal decomposition of

coal in an oxygen free atmosphere.
(2) Indirect liquefaction, or the synthesis of
Hquid fuels from carbon monoxide/hydro-
gen mixtures (called synthesis gas or syn-
gas). Coal is gasified to produce the car-
bon monoxide/hydrogen mixture. This
step is followed by catalytic synthesis of liq-
uid fuels, which could include methanol.
Methanol can also be converted to gaso-
line by Mobil MTG process.
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(3) Direct liquefaction (or hydrogenation) uses
high pressure and temperature to dissolve
coal and to add hydrogen to the coal strue-
ture. Hydrogen can be either gaseous or
come from a donor solvent.

The current status of indirect liquefaction,
methanol production from coal, and direct lique-
faction of coal to liquid fuels is described below.
Where information is available, data will be pro-
vided on the threshold crude price level at which
these processes can compete economically with
petroleum-based products.

Pyrolysis

High temperature pyrolysis has been used for
years to produce metallurgical-grade coke for the
steel industry. At one time, by-products from
coke ovens were the principal source of many ma-
terials used by the chemical industry. Typical by—
product vyields from this high temperature
pyrolysis process include approximately 3 gallons
of light oil (primarily benzene, toluene, and
xylenes) per ton of coal, 8 pallons per ton of coal
tar (from which naphthalene, creosote, phenols,
cresols, pyridene, and quinoline are recovered as
well as various grades of pitch) plus 120 Ib/ton of
ammonium sulfate in the coke oven guenching
liquor. A significant quantity of hydrogen, carbon
monoxide, and hydrocarbon gases also are re-
leased while devolatilizing the coal, but these are
generally burned to provide the heat required in
the pyrolysis process.

During the 1950s, natural gas and petroleum
replaced coal as a source of many of these by-
products. The retrenchment in the steel industry
has led to a further decrease in the importance of
the chemicals produced with by-products from
the production of metallurgical grade coke.

Low temperature pyrolysis processes have been
developed since the nineteenth century as a
method of upgrading inexpensive coal to make
char, tar, and gas products. In a 1983 book,
Lowry uses 76 pages to describe over 41 low tem-
perature pyrolysis processes. A 1983 update by
Elliott has 62 pages devoted to 10 additional proc-
esses. Coal pyrolysis has been commercially suc-
cessful in certain applications. Many variations of
pyrolysis have also been tried with little technical
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or economic success. The attraction of these proc-
esses has been their low cost and relative lack of
complexity when compared to direct and indirect
liquefaction technologies.

Pyrolysis occurs in essentially all coal conver-
sion processes and is a demonstrated method of
liquefying coal. However, approximately half the
coal is converted to a solid char. Coal-fired boil-
ers could be an incremental source of liquid fuels
if coal is pyrolyzed to recover hydrogen-rich
volatiles and the carbon-rich char is then used to
produce power in industrial applications. As an

-example of how much char would be produced

from a modest sized pyrolysis facility, Ford, Ba-
con & Davis, Inc., estimate that a plant feeding
2,500 tons of coal per day would make enough
char to feed a 250MW power plant. Liquid fuel
production at this coal feed rate would be slightly
more than 4.4M bed.

Pyrolysis involves a thermal decomposition step
which releases volatiles in the coal. Secondary
cracking and polymerization reactions occur until
the volatiles are cooled or quenched. The compo-
sition and yield of the primary products depend
on the coal type and heating rate, with higher
rank coals and fast heating rates favoring higher
liquid yields. Prolonged pyrolysis reduces the lig-
uid yield and increases char and gas formation be-
cause of the secondary reactions. Stabilization of
liquid precursors may occur by internal hydrogen
transfer and by  direct hydrogenation
(hydropyrolysis), which requires high hydrogen
pressures and catalysts.

In rapid pyrolysis, small coal particles are
heated quickly to increase liquid yield because
rapid breakup of the coal structure and fast va-
porization minimize char formation. Short vapor
residence times and rapid quenching retard secon-
dary cracking and polymerization reactions and
maximize net liquid production.

Conversely, hydropyrolysis, uses a hydrogen
pressure of 5002000 psi to cap free radicals in
the coal vapors and improve yield and product
quality.
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Rapid pyrolysis and hydropyrolysis give roughly
the same lquid yield, or a maximum of about 38
percent on moisture and ash-free (MAF) coal.
About 50 percent more liquids can be made from
bituminous coal than from subbituminous coal.
Char formation is typically greater than 50 per-
cent.

Pyrolysis products need further hydrogenation,
but hydrogen can be made by reforming the
pyrolysis gases. Char sulfur content is about the
same as the coal feed, so using it as a fuel requires
desulfurization and gasification, followed by post—
combustion control. Although hydropyrolysis lig-
uids are of betier quality than pyrolysis lquids,
further hydrotreating is still required to make
them acceptable as liquid fuels,

A comrmercial pyrolysis technology proved in a
1,600 tpd plant is the Lurgi-Ruhrgas process
which produces both synthetic crude oil and a
char from brown coal. Heat for pyrolysis comes
from introducing circulating, fine—grained, heat
carriers into the reactor, preferably the pyrolysis
char.

This process is called rapid or flash pyrolysis be-
cause carbonization takes place in seconds instead
of the several hours required to carbonize coal in
conventional steel mill coke ovens. The short
heating time (20 sec) and low reactor tempera-
tures (1110°F) used in this process maximizes the
yield of liquids at about 24 percent (MAF) on
brown coal.

Anocther pyrolysis process called TOSCOAL
uses ceramic balls to supply the heat for carboni-
zation. At a retort temperature of 900°F, U.S.
subbituminous coals yield about 50 percent char,
8 percent light gases, 7 percent oil, and 35 per-
cent water on an as-mined basis.

COED is a pyrolysis process tested in a 26 tpd
pilot plant by EMC. It produces synthetic crude in
a fluidized bed pyrolyzer followed by separate oil
hydrotreating. Retort temperatures varied between
575 and 1600°F with residence times of 1 to 4
hours depending on the type of coal being proc-
essed. Yields from this process were 35 percent
(MAF) on high volatile bituminous coal and 12
percent on subbituminous coal.
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Barriers to Commercialization

TECHNICAL

The Lurgi-Ruhrgas pyrolysis process has been
proved commercially. For certain applications,
this or other pyrolysis technologies might be of use
in producing supplemental supplies of liquid fuels.
Because of the low liquid vield and high char
make, these special gases might arise when a sup-
ply of inexpensive, high volatile coal is available
near a facility requiring large quantities of solid
fuel. This facility could use the char to generate
steam and the by—product tars and oils could be
sent elsewhere for further upgrading. It may be
possible to use pyrolysis to dry very moist coal
while recovering the volatiles, but fluidized bed
combustors now under development would prob-
ably be more economical.

ECONOMIC

Pyrolysis may become economically viable
around the turn of the century. A study by Ford,
Bacon & Davis, Inc., for the Eyring Research In-
stitute supgests that crude oil prices would have to
increase to approximately $35/bbl before a plant
could be built. Again, sales of the large quantities
of char produced by the facility is a prerequisite
for developing this technology.

Direct Coal Liquefaction

Because coal has a hydrogen-to-carbon ratio
substantially lower than petroleum, converting it
into liquid hydrocarbons requires the addition of
hydrogen. Direct coal liquefaction processes hy-
drogenate coal in a solvent shurry at temperatures
of 700 to 900°F and. pressures of 1500 to 4000
psig. The high temperature is needed for the ther-
mal dissolution of the coal to produce reactive
fragments. The solvent, either hydrogen donor or
non-hydrogen donor, dissolves the coal and
transfers reactive hydrogen to stabilize the coal re-
active frapments. As a result, gases and liquids of
relatively low molecular weight are produced.

This direct liquefaction concept was pioneered
in Germany, with improvements by 1.G. Farben,
in the 1930s, making commercial scale direct coal
liquefaction plants possible. By 1938, Germany
was producing about 32M bed of motor fuels by
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this process. By the end of World War 11, this had
increased to 86M bed.

After World War 11, the German technology
was tested by the U.S. Bureau of Mines in a
200--300 bed pilot plant and by the British at Bil-
lingham. This work was ended because direct
liquefaction could not compete with inexpensive
Mid-~East crude oil.

Interest in direct liquefaction was spurred by
the 1973 Arab oil embargo and a variety of proc-
esses were tested in small pilot facilities. Three of
these processes were scrutinized in the late 1970s
and early 1980s: SRC-II (Solvent Refined Coal)
at 30 tpd, EDS (Exxon Donor Solvent) at 250
tpd, and H~Coal also at 250 tpd. This work dem-
onstrated the new technologies and set the scene
for future developments. However, they were un-
able to make direct coal liquefaction cost competi-
tive with crude cil.

The results from the SRC-1I and EDS pilot
plants suggested that these processes were not
likely candidates for further development. Both
technologies depended on donor solvents as a
source of hydrogen during liquefaction and used
only the minerals in the coal as catalysts. The
EDS process did use a catalyst to replenish the
hydrogen used from the donor solvent, but none
was used in the liquefaction reactor. Liquid yields
also were relatively low and the economics unat-
tractive.

The H-Coal process was developed by Hydro-
carbon Research, Inc., (HRI} and is based on an
ebullient catalyst bed reactor; a liquid phase ver-
sion of the gas fluidized bed processes widely used
in the petroleum industry. Coal slurried in product
liquid is contacted with hydrogen in a reactor at
800-850°F and 3000 psig where it is dissolved
and upgraded in a single step. The ebullient bed
uses a conventional solid hydrotreating catalyst
with the coal shury ash and undissolved coal re-
moved from the product oil which is then distilled.
Some of the oil is recycled as process solvent.
Products are distillate or distillate and resid (for
boiler fuel, depending on the coal feed rate).

While the H-Coal process was a technical suc-
cess, it also was not economically attractive. How-
ever, the following two developments suggested
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that the economics of the technology could be im-
proved:

- a new catalyst that improved liquid yields,
particularly from low rank inexpensive coals;
and

— HRI experiments indicated that the con-
sumption of expensive hydrogen in the lique-
faction could be reduced if two reactors were
used in series.

These concepts are currently being tested in a
6-tpd fully integrated pilot plant located at Wil-
sonville, Alabama, with funds provided by DOE,
EPRI, and other private sources.

Table 2 shows the evolution of direct coal lique-
faction technology from I1.G. Farben’s early work
to recent Wilsonville runs.

With a trend to milder operating conditions, the
consumption of expensive hydrogen has been re-
duced by cutting the amount of by-product gas
made. Liquid yield and quality have been in-
creased by recycling resid to extinction. This re-
sults in higher vyields of more valuable gasoline
and distillate products. The Department of Energy
projects that a commercial project based on the

Wilsonville technology would be economically vi-
able at crude oil prices of $35/bbi (1987 doilars).
It is believed that additional improvements could
reduce the required oil price to the $26-$27/bbl
range.

Barriers ioc Commercialization

Direct coal liquefaction technologies are the least
proved of the three methods of preducing liquid
fuels from coal. Exxon’s successtul demonstration
of the EDS process at 250 tpd has made this tech-
nology available for licensing. The Department of
Energy also has a highly detailed commercial de-
sign and cost estimate prepared for a project
based on the H~Coal technology, suggesting that
this method of direct liquefaction is technically
ready for the first-of—-a—kind, large—scale installa-
tion.

The most promising direct coal liquefaction
technology is the two-stage pilot plant process in
Wilsonville, Alabama. Continued pilot effort is
needed to improve this process and determine its
technical and economic merit. Before commer-
cialization, the optimized process must be demon-
strated at a scale similar to the EDS and H-Coal
processes, or approximately 250 tpd.

TABLE 2
EVOLUTION OF DIRECT COAL LIQUEFACTION TECHNOLOGY

Bﬂlingham

Plant I.GG. Farben H-Coal Wilsonville
Characteristics 1935 1945 1980 1986
Pressure (psi) 10,000 3,000 3,000 2,750
Maximum Temperature 895 870 850 825
(deg F)

Coal Conversion (%)* - 94 94 94
Hydrogen

Consumption (%)* 14 8 6 6.5
Yields (%)*

H.C. Gases 30 25 11 7

Distillable Liquids 54 54 51 65

*As weight percent on moisture, ash—free bituminous coal
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ECONOMIC

No technology which produces liquid fuels from
coal is competitive with crude oil today. (The spot
market price of crude oil was $15.75/bbl on
March 2, 1988). Although there is a great deal of
information about the projected cost of coal lique-
faction in the literature, a comparison of studies is
difficult because of the different assumptions used
in preparing these estimates. Herbert and Loeffler
presented estimates for the cost of various indirect
coal liquids in $/GJ of product versus feed cost in
$/GJ. Assuming $30/ton coal with a heat content
of 22.41MM Btu/fton, the values of the products
were calculated on a $/bbl basis using the heating
value of each material. The cost of production,
according to Herbert and Loeffler, included fixed
and variable production costs, based on a-15 year
plant life, and “realistic” costs for capital recov-
ery, labor, overhead, repair, maintenance, and in-
surance. The results of these calculations are
shown in 1980 dollars.

Process $/bbl

F-T Synthesis {diesel, mogas) 65

Mobil MTG 54

Methanot 42

F-T Synthesis (gasoline, diesel, 35
and pipeline gas)

Methanol + Pipeline gas 32

It must be noted that the cost of methanol
shown must be multiplied by 1.7 to correct for its
lower energy content if comparing it to the cost of
gasoline. Thus, on a Btu equivalency basis, the
cost of methanol from coal is $54 to $92/bbl.

Other estimates for the cost of producing
methanol from coal range from $40/bbl ($69/bbl
on a Btu equivalency to gasoline) and §$52/bbl
($89/bbl).

Another source of the cost for producing liquid
fuels from coal is J.M. Holmes, et al. These data
are shown below in 1981 dollars and assume a 10
percent DCF, no taxes, coal at §24/ton, and SNG
at $4.75/MM Btu.
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Process $/bbl
F-T with Lurgi/Synthol - SNG Produced 55-66
- Methane Reform. 56-69
Gasoline via MTG/Lurgi ~ SNG Produced 52-68
~ Methane Reform. 58-68
Birect — EDS, H-Coal 54-56
Advanced Direct — Chevron, HRI, et al 43

Information on the economics of specific direct
coal liquefaction processes is given below.

Based on Department of Enerpy studies of the
Breckenridge project and an update by Amoco,
the H-Coal technology would require oil prices to
increase to about $90/bbl before a commercial in-
stallation could be justified. This estimate assumes |
100 percent equity financing, constant 1987 dol-
lars, and a 10 percent real rate of return on capi-
tal investment,

Data from Wilsonville suggest that this two-
stage direct liquefaction process would require an
oil price of $35/bbl before a commercial project
could be economically competitive, with a possi-
bility that this could be reduced to the $28-30/bbi
range if the pilot work continues and is successful.
Based on current oil price forecasts, it appears
that two~stage liquefaction may be economically
viable at or before the year 2000.

Barriers to Commercialization
TECHNICAL

In theory, there are no technical barriers to pro-
ducing chemicals from coal. Several coal gasifica-
tion technologies have been proved on a large
scale. Commercially ready processes include
Texaco, Lurgi, Winkler, and Koppers-Totzek.
Processes now being demonstrated on a large
scale include Dow, KRW, and Shell in the U.S.,
and the British Gas/Lurgi Slagging Gasifier. How-
ever, at the current state of development, these
technologies are not economically competitive
with the production of synthesis gas from natural
gas. Reasons for the economic disadvantage of
coal versus natural gas are described in the Eco-
nomic Section.

As discussed, there are commercial processes
for converting syngas directly to ammonia and
methanol. Also, the conversion of methanol to
motor fuels, acetic acid, and acetic anhydride is
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commercial. Proved processes also exist for con-
verting methanol into formaldehyde, methyl for-
mate, formic acid, methyl acetate, chlorinated
methanes, dimethyl acetate, vinyl acetate, ethyl-
ene glycol, styrene, and dimethyl terephthalate.

ECONOMIC

To make the chemicals from coal process eco-
nomically viable, technological improvements are
required in the gasification and synthesis gas clean
up processes. One area for reducing the cost of
gasification may be the development of suitable
pregasification catalysts. By adding a suitable cata-
Iyst to the coal feed, it may be possible to reduce
gasification temperatures, pressures, and resi-
dence times thus minimizing the size and cost of
the facility. Catalysts also might improve gasifier
quality and yield. Work by Exxon and others sug-
gests that the carbonate and hydroxide salts of al-
kali metals may accelerate the gasification of coal.
Exxon terminated this work in 1983.

Gas cleaning and cooling equipment total be-
tween 35-40 percent of the total investment in a
synthesis gas production facility. The most prob-
able method of reducing the capital investment re-
quired for gas cleaning equipment is the simplifi-
cation or elimination of one or more to the proc-
ess units in the system. This will require additional
research and development.

COMBUSTION OF COAL FUELS

Pulverized Coal Firing

HISTORY

Pulverized coal was used by Rudolf Diesel in the
1890s for the first experiments on his internal
combustion engine. During this same time period,
pulverized coal firing achieved its first commercial
success in the cement industry. The major growth
in the use of pulverized coal, however, began fol-
lowing World War 1 with its introduction into the
utility power industry. Today the vast majority of
coal-fired utility boilers are designed for pulver-
ized coal-firing. At present, the largest single util-
ity coal-fired unit produces approximately
1300MW of electricity. In the last 20 years, con-
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siderable research has occurred on pulverized
coal systems in an effort to control emissions such
as nitrogen oxides (NOx}. This has led to the de-
velopment of low-NOx burners and staged com-
bustion systems. Advanced ultrafine grinding
techniques also are under development; these
may make pulverized coal applicable to a wider
range of industrial and commercial applications.

TECHNOLOGY

Pulverized coal combustion is generally less sensi-
tive to fuel properties than other firing techniques.
The firing of finely ground coal in suspension falls
into the following two major categories.

(1) Pulverized coal, coal residues, solvent re-
fined coal (SRC), or partly dewatered
slurries blown into suspension with trans-
port air.

(2) Pulverized coal that has been slurried into

water, ofl, methanol, or some other licuid

medium and blown into suspension in the
form of a finely divided spray.

Pulverized coal is fired in a wide variety of fur-
nace designs. These designs can be broadly classi-
fied into categories: dry ash furnaces or “dry bot-
tom” furnaces and molten ash furnaces or “wet
bottom” furnaces. Furnace configurations include
wall-fired, tangentially fired, turbo-fired, and ver-
tical down-fired designs. In order to achieve
burnout within a reasonable furnace volume at
reasonable entrainment velocities, current com-
mercial practice is to grind coal to a fineness of 70
percent or more through a 200-mesh (74 micron)
sieve. However, new pulverizer systems are under
development capable of grinding coal into the
ultrafine micron size range.

Today pulverized coal is used in boilers, dryers,
roasters, kilns, and in asphalt plants. Ultrafine
beneficiated fuels (either dry or as a coal slurry),
containing less than 1 percent sulfur and ash, are
currently being considered for many gas— and oil-
fired applications, including heat engines. This
new form of coal may introduce innovative, pul-
verized coal combustion concepts in the light in-
dustrial, commercial, and residentiai sectors.
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TECHNICAL STATUS

Pulverized coal combustion is a mature technol-
ogy. Although pulverized coal is occasionally em-
ployed in some institutional settings, economics
currently favor large systems. It is well established
for utility and large industrial boiler applications.
Pulverized coal also is used extensively to fire ce-
ment kilns and rotary dryers.

BARRIERS TO IMPLEMENTATION

One of the major barriers to the light industrial/
commercial application of pulverized coal is the
large plan area required for fuel preparation and
back-end, clean—up equipment (particulate and
sulfur dioxides). Pulverized coal systems are sus-
ceptible to fires and explosions unless adequate
safety and control systems are provided. Also, en-
trained suspensions systems have essentially no
thermal storage capacity and do not respond eas-
ily to interrupted flow conditions.

Consequently, pulverized coal systems are diffi-
cuk to apply in commercial situations requiring cy-
clic, on/off, or switching operations. Also, the
transportation and distribution of pulverized coal
in small systems is difficult.

Erosion is a major concern in using pulverized
coal directly in heat engine applications. Corro-
sion is an additional concern in high temperature
applications.

Stoker Firing

HISTORY

The stoker firing of coal is perhaps the oldest
form of direct coal combustion. References to
hand-fired domestic stokers can be traced back
to 13th century England. Stoker derives its name
from the individual assigned to poke and. stir the
fire as well as supply it with fuel. The first known
patent for a mechanical stoker was issued to
James Watt in 1785. Watt’s device combined a
coal hopper, a grate for fuel burning, and a provi-
sion for ash disposal. Mechanical stokers were
prevalent by the mid 1800s. In this century, in the
U.S., stokers became popular in the light indus-
trial, commercial, and residential sectors. As
equipment has become larger, the use of stokers
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declined due to heat release Hmitations. Pulver-
ized coal soon replaced stoker firing in the utility
boiler industry.

Although the use of stokers has all but disap-
peared at central electric generating stations, they
have remained in commercial use in industrial and
ingtitutional power plant settings. This technology
is still employed in co-firing a wide variety of
waste and by-product fuels. Automatic domestic
single stokers are currently in use in Europe.

TECHNOLOGY

The most important types of stokers can be classi-
fied according to patterns of feeding fuel and air.
These patterns are underfeed, cross feed, and
overfeed. In the underfeed pattern, the flow of
coal air is co—current, Underfeed stokers are built
in single and multiple rotary designs. In the cross—
feed stoker, the fuel and air enter at right angles.
The traveling-grate stoker is the most common
cross—feed type. In the overfeed pattern, the flow
of coal and air is counter current. The principle
type is the spreader stoker. In spreader stoker sys-
tems, a portion of the fuel burns in suspension
while the remainder burns on the grate. Spreader
traveling—grate stoker systems have been supplied
on boiler systems up to 650,000 lb/hr of steam
capacity. Underfeed stokers are used principally
for heating and small industrial and residential
boilers of less than 30,000 Ib/hr of steam capacity.
In addition to heating and steam generation, stok-
ers are used for coal drying, carbonization, and
ore beneficiation. :

PRESENT STATUS

Stoker firing is an old and mature technology. It
represents the lowest initial capital investment of
any direct combustion method. Historically, it has
demonstrated relatively low operating and mainte-
nance costs. However, options for controfling
NOzx and S0, emissions from stoker—firing systems
are limited.

BARRIERS TO IMPLEMENTATION

Fuel size segregation and ash melting characteris-
tics are important considerations.in selecting a
stoker—firing system. This can limit the fuel flexi-
bility of stoker systems. Also, the efficiency of
stoker firing is somewhat less than other firing
methods.



APPENDIX B

The public’s perception of coal as a dirty fuel is
perhaps most closely linked to memories of old
domestic stoker—fired heaters. Emissions and en-
vironmental concerns provide the strongest barri-
ers to the more widespread use of stokers in coal-
fired applications. Recent, more stringent, emis-
sion regulations for NOx, 80, and particulates
may lead smaller size industries to shift to cleaner
burning fuels. A clean coal burning technology is
required to meet the needs of this market sector.

Advanced Combustors

History

In 1982, the Department of Energy began a pro-
gram to develop advanced combustors. This de-
velopment was focused on large-scale systems.
Research on advanced slagging combustors had
evolved from previous development work on
MHD power generation. In 1986, the emphasis of
this program shifted to smaller industrial, com-
mercial, and residential systems in an effort to dis-
place petroleum—based fuels in this market. Be-
cause of the diverse nature of this market, ad-
vanced combustion systems cover a wide range of
technologies which include slagging and non-slag-
ging systems, as well as fluidized bed technology.
Advanced non-fluidized bed systems are being
developed for use on coal-water fuels and stan-
dard grind coals.

Technology

Advanced combustors include technologies such
as advanced slagging combustors, pulsed combus-
tors, duct burners, and vortex combustors. The
objective of these technologies is 1o reduce both
capital and operating costs associated with coal
based systems. Automation and simplified fuel
feeding systems should result in reduced labor
costs. NOx and S0, emission control strategies
such as lime/limestone injection and staged com-
bustion are designed to eliminate the need for
costly and bulky back-end cleanup equipment.
In addition to boiler systems, these new systems
are being evaluated for a variety of cogeneration,
heating, ventilating, and air conditioning applica-
tions.
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Present Technical/Economic Status

Advanced slagpging combustors are the most devel-
oped in this group. Two slagging combustor de-
signs (Coal-Tech and TRW) will be demonstrated
under Round One of the Department of Energy’s
Clean Coal Technology program. Highly efficient,
coal-based, pulse combustors are perhaps the far-
thest from commercial application. Compact pulse
jet systems, such as the L-Star concept, are still in
the proof-of~concept stage.

Barriers to Implementation

One of the major barriers to implementation is the
ability to scale coal combustors down to small
sizes. Slagging combustors are particularly suscep-
tible to this barrier. Small systems with large sur-
face areas are subject to excessive heat losses
making it difficult to maintain slagging and slag
removal conditions. The commercial and residen-
tial market will demand a greater degree of auto-
mation, simplification, and reliability than has
been achieved historically with coal-based com-
bustion systems.

INDIRECT AND DIRECT
COAL-FIRED TURBINES

Industrial gas turbines can be modified to operate
on coal. On a near—term basis, the likely configu-
rations consist mainly of indirect systerns, i.e.,
coal gasification and fluidized bed combustion.
These configurations primarily depend upon the
capability of on-line, hot, gas cleanup devices.
Current particulate controls are temperature lim-
ited. These limitations are imposed in order to
prevent the alkali from vaporizing in the pas
stream and to allow the gas filtration devices to
withstand high turbine inlet temperatures.

To commercialize industrial pas turbines, devel-
opment of on-line pas filtration systems at turbine
inlet temperatures should be given a high priority.

Advanced coal pgasification and pressurized
fluidized bed combustion configurations should be
considered as alternative technologies for coal
burning industrial facilities. Their inherently high
thermal efficiencies, and their ability to utilize “as
received” coal, could make these technologies
econormically attractive.
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Among the best candidates, direct coal-fired
combustion turbines offer a lacrative opportunity
over the long term. The ability to burn coal di-
rectly in the combustors makes these configura-
tions highly efficient.

Another technological challenge facing the di-
rect, coal-fired turbines is the ability to clean the
coal economically prior to injection in the com-
bustors.

Economic coal cleaning and processing of coal
to make the fuel compatible with turbine inlet
conditions is a major challenge facing this particu-
lar technology.

The cost of fuel processed, to meet not only the
turbine conditions but also to enable environ-
mental compliance, must be competitive with
other fuels. The technology of utilizing coal in
combustion turbines deserves a high national pri-
ority.

Current Research and Development

Industrial gas turbines and diesel engine applica-
tions, using coal as the primary fuel, are being in-
vestigated with both private and government fund-
ing. The technology research activity in these ar-
eas is being funded by the Morgantown Energy
Technology Center (METC) of the U. S. Depart-
ment of Energy. Companies such as General Elec-
tric and General Motors have committed their
own sizeable resources for this research and de-
velopment activity.

METC has awarded four research and develop-
ment contracts to heat engine suppliers to develop
coal utilization capability. The contractors, their
locations and the type of projects are:
Westinghouse

Pittsburgh, PA Utility turbines

General Electric  Evandale, OH Locomotive turbines

Solar San Diego, CA  Industrial turbines

GM-Allison Industrial and

locomotive turbines

Indianapolis, IN

Also, METC has been funding research and de-
velopment on industrial applications of coal-fu-
eled diesel engines. Several companies — A.D.
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Little of Boston, Massachusetts; General Electric,
Erie, Pennsylvania; and GM Allisgn, Indianapo-
lis, Indiana —— are currently co-funded to develop
diesel engines with coal burning capability.

In addition to these industrial contracts, METC
is funding advanced research and technology ac-
tivities at various universities and institutes. The
common objective here is to enhance the technol-
ogy of burning coal in turbines and diesel engines.
Some institutions are conducting similar research
in cooperation with the industry. These institu-
tions are:

Massachusetts Institute of Technology
Purdue University
Carnegie-Mellon

University of Pittsburgh
QOhio State University
University of Tllinois
University of Wisconsin
Southern Ilinois University
West Virginia University
Institute of Gas Technology
Battelle

EPRI

New York University

ATMOSPHERIC FLUIDIZED BED
COMBUSTION TECHNOLOGY

History

Atmospheric Fluidized Bed Combustion (AFBC)
is now a commercially viable technology that may
be used as an alternative to conventional boiler
systems for the generation of industrial process
steam or power. Over the past 10 years, this tech-
nology has demonstrated the ability to burn a wide
variety of fuels efficiently and in an environmen-
tally acceptable manner.

The technology is not new, having been devel-
oped as early as 1920 in Europe. It was not until
the mid-1960s that the potential application to in-
dustrial steam generation was initiated with the
following technological developments,

1960-1970

Fluidized bed combustion of coal with lime-
stone. Developments in England by BCURA
and NCB and in the United States by
NAPCA (Pope, Evans and Robbins).
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19701980

Installation and startup of first bubbling
fluidized bed (BFB) units at Rivesville
{30MWe) and Georgetown University
{10MWe). Development of circulating
fluidized bed {CFB) technology in Europe.

1980 to Present

Increased commercialization and acceptance
of BEB and CFB technology. Startup of larg-
est industrial CFB boiler of 650,000 lb/hr ca-
pacity in the United States. Startup of other
utility demonstration units 100MWe and
larger in the United States.

Technology

The AFBC process has a bed of particles sus-
pended by an upward flow of fluidizing gas, i.e.,
combustion air. This results in a turbulent mixture
of bed particles which assumes the free flowing
properties of a liquid and provide an environment
for stable combustion. This allows combustion to
occur at lower temperatures than conventional
combustion processes. A sorbent material, usually

limestone, is fed with the fuel for effectiv_le sulfur
removal around temperatures of 1500 - 1600°F.

The advantages of the process as compared to a
conventional coal-fired boiler using a wet scrub-
ber are:

- boiler design is much less affected by coal
ash properties and softening characteristics
because of the lower temperatures;

- provides the optimum conditions for sulfur
capture through calcined limestone without
the complications of wet scrubbing;

- penerates solid wastes that are easier to han-
dle and to dispose of;

- total NOx emissions are reduced with less
than 5 percent thermal NOx formation; and

- ability to burn fuels in various physical forms
simultaneously.

The two most commonly used processes are the
BFB process and the CFB process. These are
shown schematically on Figure 9.

FIGURE 9 Bubbling Bed and Circulating Bed Schematics
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Applications

The AFBC technology has penetrated many mar-
ketplaces. Some of the more significant are:

Industrial Institutional
Food Processing Hospitals

Pulp and Paper Universities
Petrochemical Army Bases
Automaobile Naval Bases
Cement District Heating
Manufacturing

This technology has been a popular choice for
third party cogeneration projecis where low grade
fuels are to be burned or where very stringent
emission requirements are to be met, e.g.,
California.

From a series of special reports on AFBC tech-
nology developed by POWER Magazine in 1982,
1985, and 1987, a total of 279 fluidized bed
boiler projects in varicus parts of the world were
listed. The 1987 report also identified a total of 55
suppliers of fluidized bed combustion systems.

Figure 10A indicates the disposition of AFBC
projects in the United States, Europe, and other
countries. However, not evident from this depic-
tion is that unit sizes were steadily increasing. The
1982 survey had only 10 percent of projects with
unit sizes greater than 100,000 Ib/hr of steam. In
1987, about 75 percent of the projects had a unit
size preater than 100,000 Ib/hr of steam. The
marked increase in interest in CFBs with decreas-
ing interest in B¥FBs is also evident from Figure
10B.

FIGURE 18A Disposition of AFBC Projects by Country
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FIGURE 10B Disposition of AFBC Projects by Technology
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The number of projects burning coal, including
lignite and coal wastes, is shown on Figure 11.
The results are interesting in that despite the
widely publicized claims concerning low grade fu-
els, an increasing proportion of bituminous coal is
being burned. From 1982, the proportion in-
creased from about 40 percent of projects burn-
ing coal to about 75 percent in 1987. To date,
lignites and subbituminous coals have not proved
to be popular fuels. Coal washery wastes also have
been slow to develop. However, anthracite culm
projects are beginning to appear, particularly in
Pennsylvania.

Technical Status

BFB and CFB technologies have generally lived
up to their performance goals, despite the rela-
tively short development phase prior to the com-
mercialization of each technology. The BFB units
tend to have a more extensive data base but the
experience is with smaller unit capacities, i.e., less
than 100,000 Ib/hr of steam. Larger capacity units
favor CBF technology where operating experience
is now becoming available, Major difficulties have
occurred in the following areas:
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problems with preparation, handling and
feeding of high moisture, high fines fuel;

— poor combustion efficiency through insuffi-
cient residence time and/or elutriation of
fines;

- increased limestone consumption through in-
efficient sulfur capture mechanisms;

~ bed ash agglomeration or clinkering through
poor fluidization or use of low ash fusion
temperature fuel; and

— erosion of metal and refractory surfaces, es-
pecially in BFB units with heat transfer sur-
faces in the lower combustor.

Such difficulties have been greatly minimized
over the past years as a better understanding of
fuel, limestone, and ash characteristics, as related
to the combustion process, is obtained.

Concerning emissions, most AFBC installations
are able to meet current New Source Performance
Standards. It is generally state and local govern-
ment environmental requirements which present
permitting problems.
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FIGURE 11
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Economic Status

Because of the highly competitive and proprietary
aspects of the technology, most companies which
sell or purchase AFBC boilers are reluctant to
provide capital and operating cost information.
Also, care must be exercised in the site specific
nature of the costs since large cost variations may
exist for similar steam outputs.

Despite this lack oi information, the following
observations pertain to the competitive aspects of
this technology:

- AFBC technology allows combustion of a
wide range of fuels;

— waste materials may be burned which results
in avoided disposal costs with some decrease
in main fuel consuraption;

~ dual fuel operation is possible on gas or oil;

- when $0,; removal is required, both BFB and
CFB systerns indicate a cost advantage over
stoker or pulverized coal units; and

FIGURE 12 Plant Capital Costs

- when both $0, and NOx reducticn require-
ments are stringent, recent developments in
AFBC technology (e.g., ammania injection)
make it competitive.

A recent study performed by Stearns Catalytic
Corporation for the Department of Energy indi-
cated plant capital costs as shown on Figure 12 for
a range of capacities from 10,000 Ib/hr to
200,000 Ib/hr when utilizing AFBC technology.
Levelized steam costs by technotogy (BFB or
CFB), boiler size, and fuel type are shown on
Table 3.

Barriers to implementation

There are few, if any, barriers to the implementa-
tion of AFBC technology. It is now commercially
accepted (even for utility applications) and meets
current New Source Performance Standards. The
performance of units located in Southern Califor-
nia highlights the capability of the technology to
comply with stringent emission requirements.

Miliions of Dollars

$20

$154

$10

$54

T P
10,000 50,000

Unit Size in 1blhr

T
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TABLE 3 Levelized Steam Costs by Technology, Boiler Size, and Fuel Type

Levelized Steam Costs
Boiler Coal ($/1,000 Lb/Yr, 4/30/89)
Size (PPH) Type
CFB BFB % Difference
10,000 Ohio 16.08
Tlinois 16.13
Pennsylvania 15.74
West Virginia 15.57
50,000 Ohio 8.61 9.07 5.3
Tllineis 8.75 %.12 4.2
Pennsylvania 8.45 8.68 2.8
West Virginia 8.39 8.50 1.3
100,000 Ohio 7.17 7.62 6.2
Illinois 7.32 7.67 4.8
Pennsylvania. 7.05 7.26 3.0
West Virginia 6.95 7.06 1.6
200,000 Ohio 6.08 6.53 7.3
IMlinois 6.22 6.57 5.6
Pennsylvania 5.94 6.16 3.6
‘West Virginia 5.88 5.99 1.8
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Ash Production and Utilization at
Southwestern Public Service Company

SOUTHWESTERN PUBLIC SERVICE COMPANY
P.O.BOX12681 = AMARILLC, TEXAS79170 =  B06/378-2121

May 2, 1988

Ms. Maryann Aimcne

Manager, Business Development
KERR-MC GEE COAL CORPORATION
P. 0. Box 25861

Oklahoma City, DK 73125

Dear Ms. Aimcne:

Please find attached a paper describing the utilization of coal ash at
Southwesterm Public Service Cempany. Please call me at (806) 378-2194
if you have any gquaestions.

Sincerely,

SQUTHWESTERN PUBLIC SERVICE COMPANY

o F2LE

Olon Plunk

Manager, Licensing and
Environmental Affairs
OPfce

Enclosure

cc:  Kenneth Ladd
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Southwestern Public Service Company (SPS) is an
investor owned electric utility with headquarters in
Amarillo, Texas. SPS supplies electricity to ap-
proximately 350,000 customers in 96 communi-
ties, covering 52,000 square miles, including the
Panhandle and Scouth Plains of Texas, southeast-
ern New Mexico, the Panhandle of Oklahoma
and southwestern Kansas. The Company has eight
(8) steam electrical generating plants with a total
generating capacity of 4,154,000 KW, Currently,
over 80 percent of SPS’s electrical production is
produced by burning low sulfur, sub-bituminous
Western coal.

SPS made the decision to switch from natural
gas to coal as the primary fuel supply due to cur-
tailments of natural gas the Company experienced
in the early 1970’s. SPS brought on new coal fu-
eled power units in 1976, 1978, 1984, 1982, and
1985, with a total capacity of 2267 MW. When
8PS committed to coal as a fuel, it also committed
to burn it in an environmentally acceptable man-
ner. SPS chose low sulfur coal for compliance
with sulfur dioxide standards. SPS was the first
utility to apply fabric filiration at a new coal fu-
eled—installation. Because of the large quantites of
ash that would be produced, SPS began investigat-
ing methods of using the ash before the first unit
was actually started up. Since 1976, SPS has pro-
duced about 2.3 million tons of ash. SPS has mar-
keted or utilized 86% of this ash. The remainder
of ash is in storage for future reclamation and
utilization. SPS has adopted a philosophy that
these materials are marketable resources.

Fly Ash. Of the ash products produced at Har-
rington Station, 80 percent is fly ash. After collec-
tion from the flue gas, the fly ash is conveyed in
dry form to storage. The ash handling system is
designed for quick and easy removal to market or
long term storage. The silo storage system allows
direct delivery into transport trucks which are
driven to the wser without further handling.

In 1976, SPS determined that the best market
for its fly ash was in dry form for an additive used
in cementing oil wells. The fly ash meets ASTM
618 standard for Pozzolan admixture. Through a
cooperative effort with two area oil well cementing
firms the use of a 50-50 mixture of fly ash with

92

cement for oil and gas well use was developed,
This application of cement and fly ash is not the
same as that for concrete and reguired special
qualities; the consistency of the guality of the ash
product is critical for oil well use. SPS has imple-
mented a continuous quality control program to
ensure delivery of high quality ash material. Har-
rington Station fly ash has consistently proven ac-
ceptable for this application and in 1984 the oil
field service sale of fly ash represented about 50
percent of SPS’s fly ash sales. Presently, the oil
field activity is down and stabilization has taken
the place of oil well cementing.

Fly ash which is not marketed immediately, and
is in excess of the storage system, must be placed
in a temporary storage area where it is stabilized
and solidified with water. The rock-like substance
that accumulates in the landfill has the appear-
ance of “home-made rock”. Testing of the
“home-made rock” proved it to be an excellent
road base material which meets the Texas highway
specifications for highway construction. Heavy
equipment is used to rip the “home-made rock”
out of the storage area where it is crushed and
classified for marketing. This “home-made rock”
has excellent water abrasion resistance and has
been used by SPS to dress the water side face of a
earthen dam.

Recent developments in soil stabilization has re-
sulted in the specification of SPS ASTM C-618
high calcium (25%) fiy ash for soil stabilization of
federal and state highways, FAA airports, and
large private industrial jobs.

Bottom Ash. About 20 percent of the solids
produced at Harrington Station are bottom ash.
This ash is collected in the bottom of the boiler
furnace in a water-filled hopper. The bottom ash
handling system is designed to recover the ash
with heavy equipment. The material is a porous
slag to a coarse sand in appearance. Chemically,
bottom ash, like appregate, is stable and inert,
Testing has shown that its chemical and minera-
logical properties are similar to those found in lo-
cal soils.

Bottom ash is removed from the planis and
stockpiled for crushing and classification for mar-
keting. The classified aggregate has been mar-
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keted for Texas Highway Grade 4 topping rock,
drain field aggregate and asphalt fill material. The
sandy material resulting from the crushing and
classification is marketed for structure support
backfill material. Presently, the bottom ash mar-
ket is utilizing the amount produced at Harrington
Station.
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Reuse of valuable resources is not new to SPS.
SPS began reusing treated municipal sewage efflu-
ent as a cooling water supply in 1961. Presently,
SPS has eight (8) steam-—electric generating units
(totaling 2128 MW) using treated municipal sew-
age effluent as a cooling water supply. By reusing
wastewater, SPS is conserving groundwater for
other uses.
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Appendix D

Comments on the Report

Numerous comments were received from the members of the National Coal Council, and these have
been incorporated into the report. In this Appendix, comments which were not incorporated are stated

and the Work Group’s response is provided.

COMMENT
New England Energy Incorporaied
25 Research Drive
Westborough, Massachusetts 01582
Glenn R. Schleede, President
October 4, 1983
To: James McAvoy

From: Glenn Schleede

Subject: Comments on Drafi Report

RESPONSE

New England Energy, Inc.
25 Research Drive
Westborough, Massachusetts 01582

Attn: G. R. Schleede, President

NATIONAL COAL COUNCIL REPORT (NCC)
USE OF COAL IN THE INDUSTRIAL, RESIDEN-
TIAL, COMMERCIAL, AND TRANSPORTATION
SECTORS

OCTOBER 1988 DRAFT

QOclober 20, 1988

Dear Sir:

This letter respends to your comments dated
October 4, 1988, addressed to J. F. McAvoy,

Executive Director, National Coal Council, relating
to the above—captioned report.

GENERAL OVERVIEW

® In my opinion, the draft report does not satisfy the
original scope of work. The discussions of issues and
recommendations are too general to vividly describe
coal’s outleok in these sectors.

©® The report lacks detail because it sidesteps an analysis
of the current market, There is ne analysis of coal's
position in a less than $20/bbl oil price environment.
Presumably, the authors consider the current energy
market an aberration which will soon correct itself
allowing oil to siabilize at $30/bbl] levels. The 1eport's
Historic Oil and Coal Pricing Chart {pg. 7, Figure 3)
does not describe energy prices past 1985,

¢ Because the analysis anticipales + $30/bbl prices, the
technologies il considers most promising are coal
gasification and liguefaction.

¢ The Coal Policy Committee of the NCC reviewed
the report on Octcber 4, 1988, and concurred with
the conclusions and recommendations stated,

& An analysis of the current energy market was not
included intentionally. The environment with
oil at less than $20 per dbl is our current situ-
ation; this has been extensively analyzed in cur-
rent literature. Figure 3 is being updated as
suggested.

e On Page 10, the report states that an oil price of
slighily over $28 per bbl is expected in the year
2000 based upon the several forecasts provided in
Figure 7. The reason for recommending coal
gasification and liquefaction is to minimize equip-
ment changes and new infrastructure buildup.
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COMMENT

e Because + $30/bbl oil is expecled, the report appears lo ®
assume that coal will be the dominant fuel for generating
the electricity consumed by non-utility sectors. Recent
experiences in New England and cther regions show that
such assumptions are questionable.

@ If oil prices of + $30/bb! do not materialize, the actions ®
the report recommends (support synthetic fuels research,

creales a positive image for coal, etc.) will probably have

very little benefit.

¢ The report makes eight recommendations, as ®
summarized below:

RESPONSE

The report does not stale that cogeneration is a
caplive market to coal - rather the cogeneration
information is provided 1o indicate an important
market potential for coal

Most of the energy forecasts in use predict an oil
price increase some time in the future. What is

- difficult to state with certainty is “How Much?”

and “When?”. If the lead time necessary to im-
plement developing technologies is iaken into
account, the recommendations in the report are
appropriate now.

EXECUTIVE SUMMARY

The recommendations of the report were reviewed
at the October 4, 1988, meeling of the Coal
Policy Committee and accepted without dissent.

Recommendations NCC Draft Comments
1 Study alternative Only practical in
means of producing + 30/bbl oil
iransportation fuel environment
2 Continue {0 support Only practical in
synthetic fuels + 30/bbl oil
environment
3 Improve coal's Would this really
public image through be effective?
education, media
4 Encourage federal This is old hat
agencies 1o use coal
5 Review regulatory This is 0ld hat
constraints to coal
6 Investigate the Good starting peint for
economic incentives an objective analysis,
needed to encourage if done with recogni—
coal use tion of possibility that
low oil prices may be
persistent
i Stimulate commercial If it's a goed idea,
interest in coal is “stimulation”
fired commercial necessary? (It wasn't
heating for petroleum coke)
8 Review coal programs Coal use encourage—
of foreign couniries ment programs that |
am aware of are extre—
mely expensive. Is this
worthwhile?
SECTION 1 - ENERGY OVERVIEW
@ Update discussion 1o cover post-1985 energy market L

& Update Figure 3

¢ Describe track recerd and uncertainties of oil price L

forecasting
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1987 pricing information was included in Figure 6
and will be added to Figures 3 and 7.

Figure 3 will be updated as suggested.

On page 3, the report slates “From an historical

perspective, the volatilify in oil pricing makes any
long-range oil price prejection suspect.” On Page
8, the report states “Again, this is another indica-
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tion of the underlying uncertainty in energy pre-
dicting markets.” These statements are adequate
1o warn the reader about the concerns of oil price

forecasting.

For all graphs, provide $/barrel oil price equivalents ® Qil price equivalents are given in the notes for
Figure 3. A similar note will be added to Figures 6
and 7.

On Figure 7, provide 1987 natural gas prices ® (Gas prices to residential, commercial, and indus-

trial users have been provided. This coverage of
gas prices is believed te be sufficient.

Describe how natural gas and coal compete in historical @ Ceal currently has very little impact in the light

and current markets industrial, commercial, residential, and transpor—
tation markets. Historically, ever since oil and gas
have been available at competitive prices, coal use
has declined to less than 1 percent today. To
describe this level as competition is not germain.
More importantly, the repori looks into where coal
may be able to compete in the future.

Figure 7 projects large increase in natural gas prices by ® Sources for the data in Figore 7 have been pro-
2000, This is a very critical assumption and should be vided. The reader desiring more information can

discussed in greater defail. consult these sources.

SECTION II « INDUSTRIAL SECTOR

Coal’s share of electricity purchases should be discussed @ The Work Group believes that coal’s share of the

in more detail {page 13) electricity market has been adequately discussed.

Coal's share of cogeneration is not as large as projected e The report does not imply that cogeneration is a

(page 13, 14) captive coal market.

Table One — Industrial coal use prejections appear very # Table 1 has had a title change and additional

casual and are probably misleading sources identified to render the preseniation more
specific.

R&D spending level discussion — apparently, authors assume ® Many technologies are Iisted on Page 15 in the

that no greater coal use is possible excepl as synthelic R&D section. The discussions on spending levels

fuels. makes a specific point vis—a-vis Japan based on
available data; however, all aspects of coal R&D
are included in the discussions vis~a~vis Germany.

SECTION III ~ COMMERCIAL SECTOR

District heating pro-forma - example appears to have e The average price of coal delivered to indusirials

limited application (low delivered coal and limesione for 1987 was approximately $35.42 per ton based

prices) upon Annual Energy Outlook - Table A10, Page
41,

Federal government aiready uses coal where economics are ® The Work Group believes that the Federal Gov-

marginal (i.e., UU.5. Army bases in Germany). ernment has an opportunity to demonstrate many
of the concepts recommended in the report.

If coal-fired distriet heating is attractive, why does it @ The report recommends stimulating the use of

need government suppori? district heating ~ not subsidies and continuing

support. Refer to Report, Page 20 - Item 2.

SECTION 1V = RESIDENTIAL SECTOR

Residential coal use appears to be the least promising ® The report dees point out the many impediments
application. Why not say so? to residential coal use.
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COMMENT RESPONSE
Report’s statement thai “Bulk transportation in the U.S. ® The railroad and barge systems of this country
should not be a problem” is dead wrong. can deliver cozl to most areas of the country in

“butk,” i.e., rail car or barge lots. It is the retail
delivery of coal that poses major problems.

A statement has been added to Page 23 as fol-
lows: “Retail delivery of coal as set forth in the
preceding discussion presents its own set of chal-
lenges and opportunities.”

SECTION V -« TRANSPORTATION

The transportation sector is not likely to use ¢ The report’s conclusions and statements on Page

conventional-technolegy coal, why not clearly state this. 26 clearly state that only liquids or perceived
ligquids can currently play a major rele in the
shori~term replacement of gasoline and distillate.

As in other sectors, coal's role in electricity generation e Noted.
is not assured.

SECTION VI - POLICY

This report should describe how the costs of environmental ® 'The report repeatedly makes the point that coal
regulations change the costs of using coal relative to can play a rele only if it can be used in an econ-
natural gas alternatives. omically and environmenially acceptable manner.

The issue is not to position ceal so that it enjoys
some unique advantage over other fuels.

The report should describe the environmental constraints to ¢ A statement was added on Page 16 regarding ag—
coke-making operations and investments. ing coke facilities.

SECTION VII - MATERIAL HANDLING

Coal transportation costs, specifically rail costs, are a & It was so noted on Page 42 of the report.

major constraint to industrial use and should be given more

aitention.

Ash disposal costs are significant constraints in many areas ¢ The work group believes the information on Pages
and should be given greater emphasis. 44 and 45 is guite sufficient 1o make this point.

The above comments essentially respond to yours
point for point, Thank you for reviewing the repert in
such detail. I hope that these responses clarify your
concerns.

Yours very truly,

J. J. M. Flante
Work Group Chairman
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Letters from the Secretary of Energy
and the Response of

The National Coal Council

THIE NATIONAL COAL COUNCIT., INC.

st OFlae 1B 187D, Adinglons, Wiegdinie BRRNG
O3 BRAE19L
November 19, 1987

The Honorable John 8, llarrington
The Secretary of Hnergy
Department of Energy

1000 Independence Avenue, S.W.
Washington, BC 20585

Dear Mr. Secretary:

On Hovember 12, the Natlenal Coal Council unanimously accepted
your request for two additional studies to assist the
Department in its fermulation of national energy policy.

Dr. Kurt Yeager, Electric Power Research Institute, will chair
the work group on clean coal technology. Mr. Josepn Plante,
Stone and Wehster, will direct the study on coal utilizalion
in the light industrial, commercial, residential, and
transportation sectors. The Coal Polley Commitlee, chaired

by Dr. Irving Leibson, Bechtel Corporalion, will provide
overall study oversight and coerdinaticon to insurc proper
consideration of all relevant information and data.

The Council will strive to provide comprehensive, vet concise,
reporls that arc objective and balanced in their treatment

of information considered in preparation of the reports.

On behalf of the entire Council, 1 wish to express our
appreciation for this opportunity to conLribule Lhrough these
studies our collective experience and insight about pertinoent
and relevant energy issues.

Sincerely,

mnxs U. ndolp
haidgan

JGR:ph

An Advisery Committes to the Secnetmry of Ereroy
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THE SECRETARY OF ENERGY
WASHINGTON, D.C.

November 6, 1987

Mr, James G. Randolph

Chairman

Hational Coal Council

P.0, Box 17370

Arlington, Virginia 22216-7370

Dear Hr. FRandolph:

The two reports the National €oal Council {HNCC) submitted in
June were extremely valuable. HNow that they have been completed,
this is an appropriate time to request new studies for the NCT to
undertake. Particularly, there are two studies 1 am requesting and
which are deseribed in the following items:

1.  (lean Ccal Technology -- Many reports have been generatad
recently on the potential impacts of depleying innovative clean
coal technologies. Areas addressed in these reports include
economic and environmental benefits as well as opportunities to
1ink export of innovative clean coal technologies to U,S. coal
export sales. A compilation of these reports is needed. In
addition, recognizing the substance of these reports, advice is
needed on what actions the Federal Government can take to
commercially deploy the technplegies once demonstrated so that
the Administration's coal-related erergy, envirgnmental and
competitiveness geals can be achieved.

2. Loal utilization in the Tight industrial, commercial,
residential and transportation sectors -- What are the
opportunities for innovative technologies? & study is needed
of the impediments to and actions that can be taken to
accelerate the penetration of ceal or coal-derived fuels into
the nonutility sectors. 1n addition, quantification of the
potential impact on energy security resulting from application
of cpai-based fuels in these sectors would be very useful. The
study should span mine mouth to end wser and indicate technical
and economic impacts of codes and regulations on fue)
transport, waste removal and coal or coal-derived fuels
utilization.

I believe these studies to be extensions of or complementary to
the first six reports: “Coal Conversion," "Interstate Transmission
¢f Electricity,” "Clean Coal Technology," "Industrial MNew Source
performance Standards,” “Reserve Data Base," and "Improving
Interrational Competitiveness of U.5. Coal and Coal Technologies.”

1 appreciate the Council’s efforts in preparing these reports and
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Z
recognize the quality of analyses and poignancy of recommendations
found in the reports. I Jook forward te receiving resulting reports
from the two new studies mentiened above,

Yours truly,

ohn S. Herrington
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Appendix F

Description of The
National Coal Council

Recognizing the valuable contribution of the
industry advice provided over the years to the
Executive Branch by the Natipnal Petroleum
Council and the extremely critical importance of
the role of coal to America and the world’s energy
mix for the future, the idea of a similar advisory
group for the coal industry was put forward in
1984 by the White House Conference on Coal.
The opportunity for the coal industry to have an
objective window into the Executive Branch drew
overwhelming support.

In the fall of 1984, The National Coal Council
was chartered and in April of 1985, Secretary of
Energy John Herrington, made the Council fully
operational. Secretary Herrington's action was
based on his conviction that such an industry
advisory council could make a vital contribution
to America’s energy security by providing him
with information that could help shape policies
leading to the increased production and use of
coal and, in turn, decreased dependence on
other, less abundant, more costly and less secure
sources of energy.

The Council is chartered by the Secretary of
Energy under the Federal Advisory Committee
Act. The purpose of The National Coal Council is
solely to advise, inform and make
recommendations to the Secretary of Energy with
respect t0 any matter relating to coal or the coal
industry that he may request.

The National Coal Council does not engage in
any of the usual trade association activities. It
specifically does not engage in lobbying efforis.
The Council does not represent any one segment
of the coal or coal related industry nor the views
of any one particular part of the country. It is
instead to be a broad, objective advisory group
whose approach is mational in scope. Matters
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which the Secretary of Energy would like to have
considered by the Council are submitted as a
request in the form of a letter outlining the nature
and scope of the study. The request is then
referred to the Coal Policy Committee which
makes a recommendation to the Council. The
Council reserves the right to decide whether or
not it will consider any matter referred to it.

The first major studies undertaken by the
National Coal Council at the request of the
Secretary of Energy were presented to the
Secretary of Energy in the summer of 1986,
barely one year after the start up of the Council.
These reports covered: Coal Conversion, Clean
Coal Technologies and Interstate Transmission of
Electricity.

In 1987, at the request of the Secretary, the
Council completed two additional reports which
were then presented to him. The studies
examined the Coal Reserve Data Base and
International Competitiveness of U.S. Coal and
Coal Technologies.

The Council also can determine topics which it
believes significant for study and then seek the
approval of the Secretary to proceed, as in the
case of the study of New Source Performance
Standards for Industrial Boilers, also completed in
1986.

Members of The National Coa! Council are
appointed by the Secretary of Energy and
represent ali sepments of coal interests and
geographical disbursement. The National Coal
Council is headed by 2 Chairman and a
Vice-Chairman who are elected by the Council.
The Council is supported entirely by voluntary
contributions from its members.






Appendix G

The National Coal
Council Membership

Roster — 1988

CHAIRMAN

MR. JAMES G. RANDOLPH
President
Kerr—McGee Coal Corporation

VICE CHAIRMAN

MR, WILLIAM CARR
President

Mining Division

Jim Walter Resources, Inc.

MEMBERS

MR. JOHN W. ARLIDGE (New Member
April 1988)

Vice President

Resource Planning and Power Dispatch
Nevada Power Company

MR. BERT BALLENGEE
Chairman/Chief Executive Officer
Southwest Public Service Company

MR. JOHN P. BAUGUES, SR.
President
James Spur Coal Company, Inc.

MR. DANIEL BEAM
Commercial Fuels, Inc.

MR. DONALD P. BELLUM

Executive Vice President
Cyprus Minerals Company

MR. THOMAS J. BELVILLE
President
Belville Mining Company, Inc.

MR. WILLIAM W. BERRY

Chief Executive Officer
Dominion Resources
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MR. GEORGE M. BIGG
President
Simms Fork Associates, Inc.

MR. GERALD BLACKMORE
G. Blackmore, Inc.

MS. SANDRA BLACKSTONE

Professor — College of Law
University of Denver

MR. BRENT W. BLAUCH (New Member
April 1988)

Vice President

Environmental Power Corporation

MRS. JOAN T. BOK
Chairman
New England Electric System

MR. PHIL A, BOWMAN (New Member
April 1988)

President
R. A. Eberts Company, Inc.

MR. THOMAS H. BRAND, JR. (New Member
Aprit 1988)

President

York Services Corporation

MR. J. ROBERT BRAY
Executive Director
Virginia Port Authority

MR. WILLIAM T, BRIGHT
Chairman of the Board
Land Use Corporation

DR. ROBERT W. BROCKSEN
Executive Director
Living Lakes, Inc.

MR. BOBBY R. BROWN

Chairman/Chief Executive Officer
Consolidation Coal Company
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MR. THOMAS BROWN (New Member April 1988 THE HONORABLE GEQRGE EVANS (New
Representative Member April 1988)
Eastern Conference Teamsters Secretary

Kentucky Energy Cabinet

MR. OMER BUNN
President MR. JACK R. FAIRCHILD

Southwestern Virginia Coal Corporation Chairman/Chief Executive Officer
Fairchild International
DR. DONALD CARLTON

President
Radian Corporation

MR. JOSEPH FARRELL

Chairman-Coal Group
The Pittston Company

THE HONORABLE GARREY CARRUTHERS MR. JERRY FARRINGTON (New Member
Governor of New Mexico April 1988)
Chairman & Chief Executive Officer

MR. WILLIAM CAVANAUGH, III Texas Utilities Company, Inc.
President/Chief Executive Officer
System Energy Resources, Inc. MR. MASON FOERTSCH

: President
MR. FRED CLAYTON Foertsch Construction Company
President
Shand Mining, Inc. MR. LAWRENCE E. FORGY, JR.

Attorney at Law

hl, Keenan, and Park
MR. ROBERT P. COOPER (New Member Stohl, Keenan, and Par

April 1988)

Vice President

Land Acgquisition & Environmental Affairs
Farrell-Cooper Mining Company

MR. JOSEPH A. FRANK (New Member
November 1988)

President

Centralia Coal Sales Company

MR. JOSEPT W. CRAFT, III (New Member MR. GEORGE FUMICH, JR.
April 1988) George Fumich Associates, Inc.
President

MAPCO Coal, Inc. MR. JOHN D. GEARY (Resigned July 1988)

President
MR. A. W. DAHLBERG (New Member April 1988) Midland Enterprises, Inc,
President
Georgia Power Company MR. LARRY W. GEORGE

Attorney—Consultant

THE HONORABLE EDDY DALTON (New

Member April 1988) " MR. HUGH F. GRABOSKY

Virginia State Senator Director, Program Planning & Development,
Synthetic Fuels Development, AMQCO

MS. B ‘.A‘RB{ARA DEVERICK DR. ALEX E. S. GREEN
Administrative Manager

: . . ; Graduate Research Professor
Blueridge Electric Membership Corporation University of Florida
MR. GARRY DRUMMOND

Chairman of the Board
Drummond Coal Company

MR. W. CARTER GRINSTEAD, JR.

General Manager

U.S. Coal Operations

EXXON Coal & Minerals Company
MR. JOHN DWYER

President DR. BILL HARRISON
North Dakota Lignite Council Birmingham, AL
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MS. PAT HARRISON
President
National Women's Economic Alliance

MR. RICHARD M. HOLSTEN

Chairman & President
The Pittsburgh & Midway Coal Mining Company

MR. H. RICHARD HORNER (New Member
April 1988)

General Manager

Alternate Energy & Resources Department
Texaco, Inc.

THE HONQRARBLE GUY HUNT
Governor of Alabama

MR. TREVOR J. JONES

President
Jeffrey Mining Machinery

MR. W. O. KEGEL

President/Chief Executive Officer
Rochester & Pittsburgh Coal Company

MR. WILLIAM M. KELCE

President
Alabama Coal Association

MR. DWIGHT W. KNOTT
The Sun Oil Company

MR. WILLIAM M. LAUB, SR.

President/Chief Executive Officer
Southwest Gas Corporation

MR. JOSEPH W. R. LAWSON, H

President/Chief Executive Officer
SESCO Management Consultants

DR. IRVING LEIBSON

Executive Consultant
Marketing and Technology
Bechtel Group, Inc.

MR. WILLIAM W. LYONS

Vice President
NERCOQO, Inc.

MR. PETER MacDONALD
Chairman
The Navajo Nation
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MR. ROGER A, MARKLE
President
Quaker State Oil Refining Corporation

MR. WILLIAM B. MARX
President
Council of Industrial Boiler Owners

MR. WALTER J. McCARTHY, IR,
Chairman of the Board
Detroit Edison Company

MR. ROBERT G. McGINN
President
Mobil Coal Producing, Inc.

MR. JAMES McGLOTHLIN

President/Chief Executive Officer
The United Companies

MR. PAUL McINTYRE
Jacobs Ranch Mine

MR. JAMES H. McJUNKIN

International Trade and Marketing Advisor
The Port of Long Beach

MR. ARNOLD B. McKINNON
Chairman
Norfolk Southern Corporation

MR. WILLIAM H. MELLOR, HI (New Member
April 1988)

President/Chief Executive Officer
Pacific Research Institute for Public Policy

MR. LLOYD MEYERS
President
Washington Irrigation & Development Company

MR. RICHARD MILLER, JR.

President/Chief Executive Officer
Elgin National Industries
Roberts & Schaefer Company

MR. JAMES MOCKLER

Executive Director
Montana Coal Council

THE HONORABLE ARCH A. MOORE, JR.
Governor of West Virginia

MR. NICHOLAS P. MOROS (New Member
April 1988)

Vice President

Coal and Taconite Marketing
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Burlington Northern Railroad

MR. GEORGE NICOLOZAKES

President
Marietta Coal Company

MR. JAMES 1. O’CONNOR

Chairman & President
Commonwealth Edison Company

MR. 8. O. OGDEN

Chairman/Chief Executive Officer
Island Creek Coal Company

MS. MARY FILEEN O’KEEFE

President/Chief Executive Officer
L.ake Shore International, Ltd.

MR. EDDIE P. 8. PEN

President/Chief Executive Officer
Pen Holdings, Inc.

MR. R. E. PERKINSON, SR.

President
South Atlantic Coal & PERMAC, Inc.

MR. DAVID PETERSON

Director of Fuel Resources
Northern State Power Company

MR. ABE FPHILLIPS

President
Coors Energy Company

MR. JOSEPH J. M. PLANTE

Vice President & Senior Manager of Projects

Project Management Department

Stone & Webster Engineering Corporation

MR. JOSEPH WILLIAM POST

President
The Lady H Ceoal Company

MR. ROBERT H. QUENON

President/Chief Executive Officer
Peabody Holding Company

MR. J. F. RATCHYE

Executive Vice President
Wryoming Mining Association

MR. JUSTIN T. ROGERS, JR. (New Member
April 1988)

President
Ohio Edison Company

MR. JIM ROSE
President
Interstate Coal Company, Inc.

MR. MASON RUDD
President
Rudd Equipment Company

MR. RODNEY DON RUSSELL
President
Russell Coal, Inc.

MR. PETER F. SCHABARUM (New Member
Novernber 1988)

Los Angeles County Supervisor

MS. DEBBIE SCHUMACHER
Women In Mining

MR. KENNETH SMITH

President
Utility Fuels, Inc.

MR. JOHN W. SNOW (New Member October 1988)

President/Chief Executive Officer
CSX Corporation

MR. ROBERT SPENCER

Secretary-Treasurer/Chief Executive Officer
Hepburnia Coal Company

MR. JOE I. STEWART (New Member April 1988}

Vice President & Group Executive
Power Generation Group
Babcock & Wilcox

THE HONORABLE JAMES R. THOMPSON
Governor of Illinois

MR. NEAL S. TOSTENSON
President
Ohio Mining & Reclamation Association

MR. RICHARD TRUMEKA
President
United Mine Workers of America

MR. ERNST UPMEYER
Vice President
Electric Fuels Corporation
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MR. JOE USIBELLI

Chairman
Usibelll Coal Mine, Inc.

MR. JAMES L. VAN LANEN
(Resigned October 1988)

President
ANR Coal

MR. TED VENNERS

Managing Partner
K~Fuel Partnership

MR. WILLIAM R. WAHL

President/Chief Executive Officer
AMAX Coal Company

MR. GERALD D. WALTZ (New Member
April 1988)

Senior Vice President

Engineering and Operations

Indianapolis Power & Light Company
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MR. BILL W. WAYCASTER (New Member
November 1988)

Vice President/General Manager
Hydrocarbons Department
DOW Chemical USA

MR. HAYS WATKINS (Resigned Septermber 1988)

Chairman/Chief Executive Officer
CSX Corporation

MR. W. 5. WHEITE, JR.
Chairman
American Electric Power Service Corp.

MR. GEORGE WILTSEE

Assistant to the Vice President
Electric Power Research Institute

MS. SUSAN WINGFIELD
President
Mississippi Valley Coal Exporters Council

MR. KURT YEAGER
Senior Vice President
Electric Power Research Institute
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The National Coal Council Coal Policy
Committee - 1988 and the Use of Coal
in the Nonutility Sectors Work Group

The National Coai Council Policy Committee

CHAIRMAN

DR. IRVING LEIBSON
Executive Consultant
Marketing and Technology
Bechtel Group, Inc.

MEMBERS

MR. JOHN W. ARLIDGE
Vice President

Resource Planning and Power Dispatch

Nevada Power Company

MR. JOHN P. BAUGUES, SR.
President

James Spur Coal Company, Inc.

MR. DANIEL BEAM
Commercial Fuels, Inc.

MR. DONALD P. BELLUM
Executive Vice President
Cyprus Minerals Company

MR, THOMAS J. BELVILLE
President

Belville Mining Company, Inc.

MR. WILLIAM W. BERRY
Chief Executive Qfficer
Dominion Resources

MR. GERALD BLACKMORE
G. Blackmore, Inc.

MS. SANDRA BLACKSTONE
Professor — College of Law
University of Denver
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MR. BRENT W. BLAUCH
Vice President

Environmental Power Corporation

MRS. JOAN T. BOK
Chairman

New England Electric System

MR. PHIL A. BOWMAN
President

R. A. Eberts Company, Inc.

MR. THOMAS H. BRAND, JR.
President

York Services Corporation

MR. J. ROBERT BRAY
Executive Director

Virginia Port Authority

MR. WILLIAM T. BRIGHT
Chairman of the Board

Land Use Corporation

DR. ROBERT W. BROCKSEN
Executive Director

Living T.akes, Inc.

MR. BOBBY R. BROWN
Chairman/Chief Executive Officer

Congolidation Coal Company

MR. THOMAS BROWN
Representative

Eastern Conference Teamsters

MR. DONALD CARLTON
President

Radian Corporation
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MR. WILLIAM CARR
President

Mining Division-
Jim Walter Resources, Inc.

THE HONORABLE GARREY CARRUTHERS

Governor of New Mexico

MR, WILLIAM CAVANAUGH, 1II
President/Chief Executive Officer

System Energy Resources, Inc.

MR. ROBERT F. COOPER
Vice President

Land Acquisition & Environmental Affairs
Farrell-~Cooper Mining Company

MR. JOSEPH W. CRAFT, III
President

MAPCO Coal, Inc.

MR. A. W. DAHLBERG
Pregident

Georgia Power Company

THE HONORABLE EDDY DALTON
Virginia State Senator

MS. BARBARA DEVERICK
Administrative Manager
Blueridge Electric Membership Corporation

MR. GARRY DRUMMOND
Chairman of the Board
Drummond Coal Company

THE HONORABLE GEORGE EVANS
Secretary

Kentucky Enerpgy Cabinet

MR. JACK R. FAIRCHILD
Chairman/Chief Executive Officer
Fairchild International

MR. JOSEPH FARRELL
Chairman-—Coal Group
The Pittston Company

MR. JERRY FARRINGTON
Chairman & Chief Executive Officer
Texas Utilities Company, Inc.

MR. GEORGE FUMICH, IR.
George Fumich Associates, Inc.

MR. JOHN D. GEARY (Resigned July 1988)
President
Midland Enterprises, Inc.

MR. HUGH F. GRABOSKY
Director, Program Planning & Development
Synthetic Fuels Development, AMOCO

DR. ALEX E. 8. GREEN
Graduate Research Professor
University of Florida

MR. W. CARTER GRINSTEAD, JR.
General Manager

U.S. Coal Operations
EXXON Coal & Minerals Company

MS. PAT HARRISON
President

National Women's Economic Alliance

MR. RICHARD M. HOLSTEN
Chairman & President

The Pittsburgh & Midway Coal Mining Company

MR. H. RICHARD HORNER
General Manager

Alternate Energy & Resources Department
Texaco, Inc.

MR. TREVOR J. JONES
President

Jeffrey Mining Machinery

MR. W. B. KEGEL
President/Chief Executive Officer
Rochester & Pittsburgh Coal Co.

MR. WILLIAM M. KELCE
President
Alabama Coal Association

MR. DWIGHT W. KNOTT
The Sun Oil Company

MR. JOSEPH W. R. LAWSON, IT
President/Chief Executive Officer

SESCO Management Consultants

MR. WILLIAM W. LYONS
Vice President
NERCO, Inc.

MR. ROGER A. MARKLE
President

Quaker State Oil Refining Corporation
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MR. WILLIAM B. MARX
President

Council of Industrial Boiler Owners

MR. WALTER J. MCCARTHY, JR.
Chairman of the Board

Detroit Edison Company

MR. JAMES MCGLOTHLIN
President/Chief Executive Officer
The United Companies

MR. JAMES H. MCJUNKIN
International Trade and Marketing Advisor
The Port of Long Beach

MR. ARNOLD B. MCKINNON
Chairman

Norfolk Southern Corporation

MR. WILLIAM H. MELLOR, IIL
President/Chief Executive Officer
Pacific Research Institute for Public Policy

MR. LLOYD MEYERS
President

Washington Irrigation and Development Co.

MR. RICHARD MILLER, JR.
President/Chief Executive Officer
Elgin National Industries

Roberts & Schaefer Co.

MR. JAMES MOCKLER
Executive Director

Montana Coal Council

MR. 8. O. OGDEN
Chairman/Chief Executive Officer
Island Creek Coal Company

MS. MARY EILEEN O’KEEFE
President/Chief Executive Officer

Lake Shore International, Ltd.

MR. EDDIE P.S. PEN
President/Chief Executive Officer
Pen Holdings, Inc.

MR. R. E. PERKINSON, SR.
President

South Atlantic Coal & PERMAC, Inc.

MR. DAVID PETERSON
Director of Fuel Supply
Northern State Power Company
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MR. ABE PHILLIFS
President
Coors Energy Company

ME. JOSEPH J. M. PLANTE

Vice Pregident & Senior Manager of Projects
Project Management Department

Stone & Webster Engineering Corporation

MR. JOSEPH WILLIAM POST
President

The Lady H Coal Company

MR. ROBERT H. QUENON
President/Chief Executive Officer
Peabody Holding Company

MR. J. F. RATCHYE
Executive Vice President
Wyoming Mining Assoclation

MR. JAMES G. RANDOLPH
President

Kerr—McGee Coal Corporation

MR. MASON RUDD
President
Rudd Equipment Company

MS. DEBBIE SCHUMACHER
Women in Mining

MR. KENNETH SMITH
President
Utility Fuels, Inc.

MR. JOE J. STEWART

Vice President & Group Executive
Power Generation Group

Babcock & Wilcox

MR. NEAL 8. TOSTENSON
President

Ohio Mining & Reclamation Association

MR. RICHARD TRUMEKA
President

United Mine Workers of America

MR. ERNST UPMEYER
Vice President
Electric Fuels Corporation

MR. JOE USIBELLI
Chairman
Usibelli Coal Mine, Inc.

MR. JAMES L. YAN LANEN (Resigned October
1988)
President

ANR Coal
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MR. TED VENNERS
Managing Partner
K-Fuel Partnership

MR, WILLIAM R. WAHL
President/Chief Executive Qfficer
AMAX Coal Company

MR. GERALD D. WALTZ
Senior Vice President
Engineering and Operations
Indianapolis Power & Light Co.

MR. HAYS WATKINS (Resigned September 1988)

Chairman/Chief Executive Officer
CS8X Corporation

MR. W. 8. WHITE, JR.
Chairman

American Electric Power Service Corp.

MR. GEORGE WILTSEE
Assistant to the Vice President

Electric Power Research Institute

MS. SUSAN WINGFIELD
President

Mississippi Valley Coal Exporters Council

MR. KURT YEAGER
Senior Vice President
Electric Power Research Institute

Use of Coal in the Industrial, Commercial, Residential, and
Transportation Sectors Work Group

CHAIRMAN

MR. J. J. M. PLANTE
Stone & Webster Engineering Corporation

TECHNOLOGY SUBGROUP

CHAIRMAN

MR. WILLIAM CARR
Jim Walter Resources, Inc.

PARTICIPANTS

MR. JOHN K. ALDERMAN
Jim Walter Resources, Inc.

MR. BRUNO BRODFELD
Stone & Webster Engineering Corporation

MR. JOHN B. COTTINGHAM
Pyropower

MR. HUGH F. GRABOSKY
AMOCO

MR. KEN J. HERITAGE
Riley Stoker

MR. ROBERT A. LISAUSKAS
Riley Stoker

MR. XEITH M. PEARSON
UCC Research Corporation

MR. EDWARD 8. TAYLOR
Pyropower
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MR. THOMAS A. VIVENZIO
Stone & Webster Engineering Corporation

APPLICATIONS SUBGROUP

CHAIRMAN

MR. JOHN D. GEARY (Resigned July 1988)
Midland Enterprises, Inc.

PARTICIPANTS

DR. SY A. ALI
General Motors Corporation

MR. GARY CHILCAT
United Coal Co.

MR. A. T. CHRISTENSEN
General Electric Company

MR. HUGH F. GRABOSKY
AMOCO

MR. MORRIS O. HILL
Baltimore Thermal Energy Corp.

MR. H. RICHARD HORNER
Texaco, Inc.

MR. LEROY D. LOY
Skelley & Loy

MS. SUSAN B. LUMMANICK
Midland Enterprises, Inc.

MR. WILLIAM B. MARX
Council of Industrial Boiler Owners
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MR. LOUIS J. PAGNOTTI, 1II
Pagnotti Enterprises, Inc.

MR. E. T. ROBINSON
Advance Fuels Technology Co.

DR. W. R. SIEGART
Texaco, Inc.

POLICY SUBGROUP
CHAIRMAN

MR. JERRY J. OLIVER
BP America

PARTICIPANTS

MS., MARYANN L. ATMONE
Kerr-McGee Coal Corporation

DR. SY A. ALI
General Motors Corporation

MR. THOMAS G. FROST
CSX Transportation

MS. EDY HUGHES
Kinzley—Hughes

MR. MICHAEL P. SULLIVAN
CS8X Transportation

EDITORIAL SUBGROUP

CHAIRMAN

MR. J. J. M. PLANTE
Stone & Webster Engineering Corporation

PARTICIPANTS

MS. MARYANN L. AIMONE
Kerr-~McGee Coal Corporation

MR. JOHN K. ALDERMAN
Jim Walter Resources, Inc.

DR. SY A. ALI
General Motors Corporation

MR. HUGH GRABOSKY
AMOCO Corporation

MR. JERRY J. OLIVER
BP America
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DR. W. R. SIEGART
Texaco, Inc.

MS. ANN M. WALKER
Stone & Webster Engineering Corporation

U.S. FEDERAL REPRESENTATIVE

MR. JACK SIEGEL
Deputy Assistant Secretary for Coal Technology
Office of Fossil Energy

U.S. DEPARTMENT OF ENERGY
LIAISON

MS. DENISE SWINK

Acting Pirector, Environment & Planning
Office of Fossil Energy

PRODUCTION/SPECIAL ASSISTANTS

MS. MARGARET BROWN
Director of Administration
The National Coal Council

MS. CEAL SCHLEGEL
Special Assistant to the Executive Director
The National Coal Council

NATIONAL COAL COUNCIL MEMBER
SPONSORS

MR, WILLIAM CARR
Jim Walter Resources, Inc.

MR. JOHN D. GEARY ({Resigned July 1988)
Midland Enterprises, Inc.

MR. HUGH F. GRABOSKY
AMOCO

MR. H. RICHARD HORNER
Texaco, Inc.

MR. WILLIAM B. MARX
Council of Industrial Boiler Owners

MR. JAMES MCGLOTHLIN
The United Companies

MR. JOSEPH J. M. PLANTE
Stone & Webster Engineering Corporation

MR. JAMES G. RANDOLPH
Kerr-McGee Coal Corporation

MR. HAYS WATKINS
CSX Corporation

(Resigned September 1988}



