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COMPTROLLER GENERAL ’ S 
REPORT TO THE CONGRESS 

DIGEST ------ 

WHY THE REVIEW WAS MADE -- -- 

GAO made this review to de- 
termine the status of the 
Federal Government’s coal re- 
search programs and the prob- 
lems which need to be resolved 
so that these programs may 
contribute to reducing the Na- 
tion’s energy problems. 

FINDINGS AND CONCLUSIONS 

The potential for increased 
development and use of U.S. 
coal resources in meeting in- 
creased energy demands is 
great. 

However, for coal to play an 
important role, three devel- 
opments are essential. 

--Research must demonstrate 
the commercial feasibility 
of converting coal to other 
sources of energy. 

--The coal industry must be 
willing to finance and be 
capable of supplying in- 
creasing quantities of coal. 

--Environmental problems as- 
sociated with coal supply 
and use must be resolved ra- 
tionally. 

Coal research activities - 

The Energy Reorganization Act 
of 1974 authorized the estab- 
lishment of an Energy Research 

Jear Sheet. Upon removal, the report 
cover date should be noted hereon. i 
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and Development Administration 
to bring together and direct 
Federal activities relating to 
research and development in the 
various energy sources. 

It established also an Energy 
i Resources Council to coordinate 

energy policy and management 
matters and to advise the 
President and the Congress on 
future reorganizations of en- 
ergy and related functions in 
the Federal Government. 

Before the authorization of the 
Energy Research and Development 
Administration, there was no focal 
point for Federal coal research 
program efforts. Coal research 
had evolved over a period of 
years in response to the spe- 
cific missions of the Federal 
agencies, with each agency pur- 
suing its own objectives, pri- 
orities, and goals. (See pm 9.) 

Although actions had been taken 
previously which strengthened 
the direction of the Federal 
coal research program, the es- 
tablishment of the new agency 
was a major step in the di- 
rection of developing a uni- 
f ied, coordinated Federal coal 
research program. 

Tine F~ederal~ Gov -t’If co& 
research activities were prin- 
cipally funded through two agen- 
cies of the Department of the 

’ Interior --the Office of Coal Re- 
i search and the Bureau of Mines. 

(See p* 13.) 
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The Environmental Protection 
Agency (see p. 16), the Ten- 
nessee Valley Authority (see 

,_ p* 171, and the National Sci- 
ence Foundation (see p. 18) 
also funded coal research ac- 
tivities, but to a lesser ex- 
tent than the Department of 
the Inter ior. In addition, 

a Y”’ the Federal Energy Administra- 
--ye--fion had taken actions which 

impacted on coal research ac- 
tivities as part of its over- 
all role for improved manage- 
ment and coordination of Fed- 
eral energy resources activi- 
ties (see p. 20). 

Funding for coal research 
projects by the Federal agen- 
cies increased from about $48 
million in fiscal year 1970 to 
about $167 million in fiscal 
year 1974 and totaled about 
$463 million during that pe- 
riod. Coal research funding 
for fiscal year 1975 is esti- 
mated at about $566 million. 
(See p. 21.) 

Funding of over $2 billion for 
increased coal research activ- 
ities during the fiscal years 
1975 through 1979 has been pro- 
posed by the Chairman of the 
Atomic Energy Commission as a 
result of a study ordered by 
the President on an integrated 
national energy research and 
development program. (See p. 
27.) 

From fiscal year 1970 through 
fiscal year 1974, most of the 
Federal coal research funds 
were expended on use research-- 
about $342 million, or 74 per- 
cent, compared with about $121 
million, or 26 percent, for 
supply research. 

Coal use research activities 

ii 

have been primarily directed 
to the conversion of coal to 
synthetic gas or oil, the di- 
rect use of coal in electric 
power generation, and the 
abatement of pollutants result- 
ing from the burning of coal. 

Coal supply research activities 
have been primarily directed to 
mining health and safety, in 
response to mine safety legis- 
lation. (See p. 9.) 

Coal research activities also 
are being carried out by other 
than Federal agencies and orga- 
nizations and by foreign coun- 
tries, but the extent of such 
activities is difficult to de- 
termine because: 

--No formal means exist for ob- 
taining and disseminating 
such information from the var- 
ious sources. 

--Non-Federal sources are re- 
luctant to disclose research 
information which they con- 
sider to be of a proprietary 
nature. (See p. 24.) 

Coal use research -- 

During fiscal year 1974, 21 ad- 
vanced coal use research proj- 
ects were in various stages of 
development and about $176 mil- 
lion in Federal and non-Federal 
funds had been expended through . 
June 30, 1974. 

Ten were gas conversion proj- 
ects, five were liquid conver- 
sion projects, and six were 
electricity conversion projects. 

Of the 21 projects, 17 were 
funded by the Off ice of Coal Re- 
search, 3 by the Bureau of Mines, 
and 1 by the Environmental 



Protection Agency. In addi- --PossibZe Zack of speciaZized 
tion, EPA was funding six equipment--Private industry 
projects to remove pollutants may not have the capability 
resulting from the direct com- or pZant capacity to fabri- 
bustion of coal and through cute and erect equipment 
June 30, 1974, had spent about needed for conversion plants. 
$44 million. (See pp. 33, 56.) (See p. 58.) 

Most of the advanced coal con- 
version projects were in the 
pilot plant or laboratory 
stage in fiscal year 1974. Es- 
timated costs for commercial 
plants for the processes range 
from $100 million to $785 mil- 
lion a plant, depending on num- 
erous variables including the 
types of processes included. 
(See p. 33.) 

Federal research officials do 
not expect the Federal research 
efforts in the conversion of 
coal to synthetic gas and oil 
and the direct use of coal in 
electrical power generation to 
produce commercially acceptable 
processes until the late 1970s 
or mid-1980s. (See p. 33.) 

Although Federal research ef- 
forts have produced six ad- 
vanced processes to remove pol- 
lutants resulting from the di- 
rect combustion of coal and 
some of these processes are 
commercially available, they 
are not as efficient or as eco- 
nomical as desired. Estimated 
costs to install these proc- 
esses in electrical generation 
plants range from $35 to $43 
million for a new 1,000 mega- 
watt plant to $52 to $68 mil- 
lion for an existing 200 mega- 
watt plant. (See p. 33.) 

Potential problems tihieh may 
de Lay eorrunereiaZizing various 
coal conversion processes in- 
e Zude : 

--Need for early plantsite Zo- 
cation--The potential sites 
having adequate coal and tia- 
ter supplies must be identi- 
fied, contracts negotiated, 
use permits obtained, and en- 
vironmental impact studies 
conducted, and these aetivi- 
ties take time. (See p. 59.1 

--Substantial capital require- 
ments--If current coal eon- 
version research is suecess- 
fuZ, finaneia2 incentives or 
other Federal assistance may 
be required to induce private 
industry to finance such ven- 
tures. (See p. 61.) 

Coal suml~ research 

This research--land reclama- 
tion, coal extraction, and min- 
ing health and safety--has been 
funded almost entirely by the 
Bureau of Mines, and only 
$1.5 million, or 1 percent, has 
been spent for coal extraction 
technologies. (See p. 65.) 

Coal industry experts and other 
energy authorities have ques- 
tioned the ability of the coaZ 
industry, as present Zy eons ti- 
tuted, to meet the projected 
increased demand for coal be- 
cause of potential probZems in 

--mining teehnoZogy (see p. 68), 

--manpower (see p. 69), 

--transportation (see p. 71), 
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--environmental considerations 
(see p. 74), and 

!, 

--capita2 investment (see p. 
73). 

The Chairman of the Atomic 
Energy Commission recognized 
the need for additional re- 
search in coal supply during 
her review of Federal energy 
research and development which 
was made at the direction of 
the President l She recom- 
mended that an additional $325 
million be provided for this 
research for the 5-year period 
beginning with fiscal year 
1975, most of which would be 
for coal. (See pe 65.) 

RECOMMENDATIONS OR SUGGESTIONS 

Federal coal research agencies 
rely on a voluntary release of 
information on the coal re- 
search efforts of industry and 
foreign countries, but there is 
some reluctance to provide such 
information. 

Because a free and full ex- 
change of such inf ormat ion--un- 
der proper safeguards to avoid 
public disclosure of propri- 
etary information--should be of 
mutual benefit, GAO recommends 
that the Administrator of the 
Energy Research and Development 
Administration in cooperation 
with the Department of the In- 
ter ior, the Federal Energy Ad- 
ministration, and other Federal 
agencies involved in coal re- 
search determine whether formal 
procedures for exchanging re- 
search and development informa- 
tion can be developed. (See 
p. 32.) 

Because of the importance of 

.v 

(1) potential problem areas 
which could inhibit the transi- 
tion from the research phase to 
the commercial production phase 
for various coal conversion 
processes and (2) problems pres- 
ently inhibiting the increase in 
our Nation’s coal supply, par- 
ticularly the need for improved 
mining technology, GAO recom- 
mends that the Administrator of 
the Energy Research and Develop- 
ment Administration give these 
problems early consideration in 
the planning for future coal re- 
search and development efforts. 

AGENCY ACTIONS AND UNRESOLVED 
ISSUES -- 

The Federal agencies involved 
in coal research or related mat- 
ters agreed with GAO’s facts 
and recommendations. The De- 
partment of the Interior and 
the Federal Energy Administra- 
tion both agreed that the Energy 
Research and Development Admin- 
istration should determine 
whether formal procedures for 
exchanging research and develop- 
ment information can be devel- 
oped. (See p. 78.) 

MATTERS FOR CONSIDERATION BY -- 
THE CONGRESS -- 

The Congress should consider: 

--The Federal incentives that 
may be needed to overcome the 
many problems which may delay 
the transition from the re- 
search phase to the commercial 
production phase for various 
coal conversion processes. 
Incentives may be needed in 
the areas of (1) development 
of costly specialized equip- 
ment, (2) obtaining plantsite 



locations, and (3\) capitali- 
zation of new ,conversion in- 
dustries. (We p. 63.) 

--The Federal action and fund- 
ing needed to overcome the 
present problems delaying 
the increase in the Nation’s 
coal supply. Action and 
funding may be needed for 
(1) improving miae technol- 
ogy, (2) increasing manpower, 
(3) new transportation sys- 
tems, (4) resolving environ- 
mental considerations, and 
(5) incentives to attract 
pr i-vate inves%ent . (see 
p. 77.) 

--The need for providing as- 

surance to the coal industry 
that technological break- 
throughs in other potential 
energy-producing sources 
would not result in a dras- 
tic diminution of the role 
of coal in energy production, 
as had occurred after 1947 
when oil and natural gas be- 
came highly competitive. 
Such assurance would seem to 
be needed to encourage in- 
vestment in coal conversion 
plants, coal mining equip- 
ment, and coal tr anspor ta- 
tion facilities as well as 
to interest sufficient per- 
sonnel in acquiring the 
training and skills needed 
by an expanding coal indus- 
try. (See p. 77.) 
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CHAPTER 1 

INTRODUCTION 

"Energy," defined as the capability to do work, is 
essential to the Nation's social, economic, and industrial 
welfare. The rapid economic and industrial growth of the 
United States in the past was partially stimulated by abun- 
dant supplies of low-cost energy. The United States is 
consuming vast amounts of energy from five primary energy 
sources: oil, natural gas, and coal (fossil fuels); nu- 
clear-fueled powerplants; and hydroelectric powerplants. 

The U.S. fossil fuel resources are vast, but the great- 
ly expanded use of oil and natural gas--the more easily 
used, economical, and environmentally acceptable fossil 
fuels--has created an imbalance in the use of these re- 
sources. The demand for oil and gas now exceeds the amount 
available from domestic sources, and consequently this gap 
is being filled by foreign supplies. In contrast, however, 
the United States has abundant domestic reserves of coal 
available for development. 

We made a review to determine the status of the Federal 
Government's coal research programs and the problems which 
need to be resolved, so that these programs may contribute 
to the solution of the Nation's energy problems. The scope 
of our review is in chapter 6. 

ENERGY DEMAND AND SUPPLY 

From 1947 to 1970, the U.S. annual energy consumption 
increased from about 33 quadrillion to 67 quadrillion 
Btu's.' Projections of future energy requirements vary 
widely, primarily due to the different assumptions made 
affecting both the supply and demand for energy. A 1972 
Department of the Interior forecast of energy consumption 
through the year 2000 indicates an average annual growth 
rate of 3.6 percent, which represents about a threefold 
increase from 1970 to 2000. 

1 British thermal unit. It takes 1 Btu to raise the 
temperature of 1 pound of water l°F. 

1 
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According to a Department report, domestic energy 

supply has not kept pace with energy consumption. As shown 
on the following page, in 1970 the deficit in domestic 
energy supply was about 5 quadrillion Btu's and by 1985 the 
deficit is projected at about 36 quadrillion Btu's. 

The following data the Department developed shows the 
percentage of the Nation's total energy needs provided by 
various sources for 1972. 

Source Percent 

and 
gas 

Oil 
Natural gas 
Coal 
Water 
Nuclear 

45.6 
32.3 
17.2 

4.1 
-8 

100.0 

The Secretary of the Interior's 1973 Report on Mining 
Minerals Resource Policy showed that oil and natural 
provided about 78 percent of the Nation's needs. How- 

ever, foreign sources provided about 29 percent of the oil 
and 5 percent of the natural gas consumed. Energy consump- 
tion forecasts, made before the Arab;-bloc countries' deci- 
sion to stop exporting oil to the United States, indicate 
an increasing reliance on foreign energy sources as the 
Nation's energy demands continue to grow. For example, a 
1972 Department projection showed that by the year 2000 
foreign sources may be expected to supply 70 percent of the 
Nation's oil needs and 28 percent of the Nation's natural 
gas needs. 

The implications of dependence on foreign energy 
sources are very broad and suggest a need for more depend- 
ence on domestic energy sources. In November 1973 the 
President announced the beginning of Project Independence, 
a major project to achieve the capability of energy self- 
sufficiency by 1985. Its goal was to evaluate the Nation's 
energy problems and provide a framework for developing a 
national energy policy. 

2 
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The 'President subsequengly assigned the Federal Energy 
Office, now the Federal Energy Administration (FEA), the 
lead role in preparing a comprehensive plan for Project 
Independence. This plan, which was submitted to the Presi- 
dent in November 1974, is an evaluation of the Nation's 
energy problems and discusses the impacts and implications 
of a wide range of energy policy alternatives. 

The report on Project Independence was developed by 
interagency work groups and task forces. Among the many 
task forces were a coal task force and a synthetic fuel 
task force. These task forces, along with other task forces 
for other domestic energy sources, were directed to (1) 
develop supply and demand curves for each energy fuel, (2) 
determine resources needed to meet various production 
levels, and (3) identify the constraints on increased pro- 
duction, such as equipment availability, manpower, trans- 
portation, financing, and environmental problems. The 
findings of Project Independence are discussed in chapters 
3 and 4 of this report. 

There are many ways to reduce the Nation's dependence 
on foreign energy supplies. Increased development of 
known domestic coal, oil, and natural gas resources; in- 
creased exploration for new domestic oil and natural gas 
resources, particularly on the Outer Continental Shelf; 
and increased use of nuclear power offer potential solu- 
tions to the Nation's energy problem. These potential solu- 
tions have received increased emphasis. The development of 
new energy sources--such as solar power, oil shale, geother- 
mal power, the harnessing of tides and the extraction of 
hydrogen fuel from water--also hold promise. 

Coal, the Nation's most abundant domestic energy re- 
source, has remained virtually under exploited primarily 
because of its past inability to compete with the more 
easily used and economical fuel sources--oil and natural 
gas --and because of environmental constraints. 

DOmSTIC COAL RESOURCES 

A U.S. Geological Survey report states that domestic 
coal resources are far greater than the combined domestic 



resources of oil, natural gas, and oil shale. According to 
a coal industry report, recoverable coal reserves consti- 
tute about 88 percent of the Nation's proven reserves of 
all fuels. 

The Department estimates total domestic coal resources 
at about 3.2 trillion tons, of which about 50 percent has 
been identified as proven resources by mapping and explora- 
tion. The'remaining 1.6 trillion tons of coal, classified 
as probable resources, are within known coalfields which 
have not been mapped or explored. 

Recoverable coal reserves are much smaller than esti- 
mated resources because only a fraction of the total re- 
sources are considered minable with present technology and 
under present economic conditions. The Department estimates 
recoverable coal reserves at about 193 billion tons, which 
at the present rate of consumption would last about 320 
years. 

The United States has four types of coal--lignite, sub- 
bituminous, bituminous, and anthracite. Each type has a 
different heat content per pound--lignite, 6,000 to 7,500 
Btu's; subbituminous, 8,500 to 11,500 .Btu's; bituminous, 
11,000 to 15,000 Btu's; and anthracite, 13,500 to 14,500 
Btu's. 

Of total domestic coal resources, about 43 percent is 
bituminous, about 55 percent is subbituminous and lignite, 
and slightly less than 1 percent is anthracite. Practical- 
ly all lignite and subbituminous coal is found in Alaska 
and States west of the Mississippi River. Most bituminous 
coal is found in 10 States principally east of the Missis- 
sippi River. Anthracite coal is found primarily in Penn- 
sylvania. 

DOMESTIC COAL SUPPLY AND DEMAND 

Although coal resources are greater than all the re- 
maining primary domestic fuel resources, coal's.contribu- 
tion to the national energy supply has steadily declined 
since 1947. 



The chart on the follow?ng page developed from Depart- 
ment and National Coal Association data shows domestic coal 
production and coal's contribution to total energy consump- 
tion from 1932 to 1972. 

The chart also shows that coal production increased 
irregularly to an alltime peak of 688 million tons in 1947, 
when it provided about 51 percent of the Nation's energy 
needs. After 1947, coal production declined, and in 1961 
only 420 million tons were mined. Coal"s contribution to 
the Nation's energy supply also declined to about 26 per- 
cent in 1961. The Department attributed the decline in the 
use of coal from 1947 to 1961 to, among other things, the 
increased use of natural gas and oil for home heating and 
to the use of diesel-powered railroad locomotives, rather 
than coal-burning locomotives. 

After 1961 coal production increased, and in 1971 about 
600 million tons were mined. However, the percentage of 
coal's contribution to the Nation's energy supply during 
this period continued to decrease, and in 1972 coal supplied 
only about 17 percent of the energy consumed. The Depart- 
ment attributed the increase in coal production after 1961 
to increased demand by the electrical utility industry an,d 
to the availability of lower cost coal from improved strip- 
mining operations. 

The number of underground coal mines in the United 
States and the underground coal production have decreased. 
According to the Department, the number of underground 
bituminous coal mines, including lignite mines, decreased 
from 2,939 in 1970 to 2,268 in 1971 and production decreased 
from about 339 million tons to about 276 million tons. The 
Department attributed a portion of this decrease in the 
number of underground mines and underground production to 
increased cost of operating under the strict safety pro- 
visions of the Federal Coal Mine Health and Safety Act of 
1969. 

In contrast, the number of strip mines and the amount 
of production from strip mines increased. In 1960, 1,530 
strip mines produced about 30 percent of the bituminous 
coal, whereas in 1972, 2,309 strip mines produced about 
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U.S. COAL PRODUCTION AND RELATIONSHIP TO 
ENERGY CONSUMED 1932 - 1972 
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industry officials believe that the trend 
to strip mining must continue because strip mining results 
in a higher coal recovery rate and is usually more econom- 
ical. 

Demand for coal is expected to triple by 1985, pri- 
marily because of the increasing demand by the electric 
utility industry and the projected demand by the synthetic 
gas and liquids industry. The Department estimates that by 
1985 the demand for coal may increase to about 2 billion 
tons annually. 

The potential for increased development and use of the 
Nation's coal resources is great. However, for coal to 
play an important role in meeting the increasing energy 
demands, research must demonstrate the commercial feasibil- 
ity ofeewerting cd to other forms ~of e-nergy; the ml 
industry must be capable of supplying increasing quantities 
of coal; and environmental problems associated with coal 
supply and use -must be resolved. 



CHAPTER 2 

COAL RESEARCH ACTIVITIES 

Until October 1974 when the Energy Research and 
Development Administration (ERDA) was authorized by the 
Energy Reorganization Act of 1974 (42 U.S.C. 5801), there was 
no focal point for Federal coal research program efforts. 
Coal research had evolved over a period of years in response 
to the.specific missions of the Department of the Interior 
and three other Federal agencies, with each agency pursuing 
its own objectives, priorities, and goals. Although actions 
had previously been taken to strengthen the Federal coal re- 
search efforts--(l) the establishment in May 1973 of the Of- 
fice of Research and Development within the Department of the 
Interior to direct the Department's energy research activ- 
ities and to coordinate these activities with other agencies 
and (2) the designation of the Department, by the Office of 
Management and Budget (OMB), as the lead agency for the devel- 
opment of a Government-wide coal research and development 
plan-- establishing ERDA was a major step in the direction of 
developing a unified, coordinated Federal coal research pro- 
gram. 

Federal coal research activities cover two broad areas 
--the utilization of coal and the supply of coal. Coal use 
research includes converting coal to synthetic gas or oil, 
the direct use of coal in electrical power generation, and 
pollution abatement. Research in coal supply deals primar- 
ily with coal extraction, mining health and safety, land 
reclamation, and environmental technology. 

Funding for coal research projects by the Federal 
agencies increased from about $48 million in fiscal year 
1970 to about $167 million in fiscal year 1974 and totaled 
about $462 million during that period. Coal research fund- 
ing for fiscal year 1975 is estimated at about $566 million. 
In addition, funding of over $2 billion for increased coal 
research activities during the fiscal years 1975 through 
1979 has been proposed by the Chairman of the Atomic Energy 
Commission (AEc), as a result of a study ordered by the 
President on an integrated national energy research and 
development program. 

9 
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Private industry, Statk governments, academic insti- 
tutions, and foreign countries also conduct coal research 
activities. Definitive information on the coal research 
activities of these entities is not readily available, how- 
ever, primarily because of the proprietary nature of the 
information. A free and full disclosure of such informa- 
tion --under proper safeguards to avoid public disclosure of 
proprietary information-- should be of mutual interest and 
benefit to all parties conducting coal research activities. 
We believe that the Administrator of ERDA, in cooperation 
with the Department of the Interior, FEA, and other Federal 
agencies involved in coal research activities, should ex- 
plore whether procedures for exchanging such information 
can be developed. 

FEDERAL RESEARCH ACTIVITIES 

The Energy Reorganization Act of 1974 impacts consid- 
erably on Federal energy research and development matters. 
The responsibility for planning and managing Federal energy 
research and development programs is to be consolidated in 
the ERDA, and the Energy Resources Council was established 
to coordinate energy policy and management matters and to 
advise the President and the Congress on future reorganiza- 
tions of energy and related functions in the Federal Govern- 
ment. 

Prior to the enactment of the Energy Reorganization 
Act, coal research activities were carried out by the Depart- 
ment of the Interior; the Environmental Protection Agency 
(EPA) i the Tennessee Valley Authority (TVA); and the Na- 
tional Science Foundation (NSF). In addition, FEA carried 
out activities which impact on coal research matters. 

The activities of these various Federal agencies and 
their impact on coal research matters are discussed below. 

ERDA 

ERDA was authorized to bring together and direct Fed- 
eral activities relating to research and development on the 
various sources of energy, to increase the efficiency and 
reliability in the use of energy, and to carry out the 
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performance of other functions previously administered by 
other Federal agencies. Among other things, ERDA respon- 
sibilities include: 

--Exercising central responsibility for policy plan- 
ning, coordination, support, and management of re- 
search and development programs respecting all energy 
sources. 

--Encouraging and conducting research and development, 
including demonstration of commercial feasibility 
and practical applications of the extraction, con- 
version, storage, transmission, and utilization 
phases related to the development .and use of energy 
from fossil, nuclear, solar, geothermal, and other 
energy sources. 

--Developing, collecting, distributing, and making 
available for distribution scientific and technical 
information concerning the manufacture or develop- 
ment of energy and its efficient extraction, conver- 
sion, transmission, and utilization. 

--Encouraging and conducting research and development 
in energy conservation. 

--Encouraging and participating in international coop- 
eration in energy and related environmental research 
and development. 

--Helping to insure an adequate supply of manpower -for 
the accomplishment of energy research and develop- 
ment programs. 

--Encouraging and conducting research and development 
in clean and renewable energy sources. 

To carry out the purposes of the Energy Reorganization 
Act, the following functions were transferred to ERDA from 
other Government agencies. 

--All AJX! functions, except the licensing and regula- 
tory functions which were transferred to an inde- 
pendent nuclear regulatory commission. 
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'i&Department of theInterior functions related to (1) 
the Office of Coal Research (OCR), (2) fossil fuel 
energy research and development programs and related 
activities conducted by the Bureau of Mines ,and its 
energy centers and plants, and (3) underground elec- 
tric power transmission research. 

--NSF functions related to solar heating and cooling 
development and geothermal power development. 

--EPA functions related to research, development, and 
demonstration of alternative automotive power systems. 

The provisions of the Energy Reorganization Act were 
to take effect 120 days after its enactment or on such ear- 
lier date as the President may prescribe and publish in the , 
Federal Register. By Executive Order 11834 dated January 15, 
1975, ERDA was formally activated January 19, 1975. 

Energy Resources Council 

The Energy Reorganization Act of 1974 authorized the 
establishment of the Energy Resources Council to (1) insure 
communication and coordination among the various Federal 
agencies involved in energy policy matters or the manage- 
ment of energy resources, (2) make recommendations to the 
President and to the Congress to improve the implementation 
of energy policies and the management of energy resources, 
and (3) advise the President in the preparation of addition- 
al recommendations for organization of energy and related 
functions in the Federal Government, including the advisa- 
bility of the establishment of a department of energy and 
natural resources and an energy policy council, and the 
consolidation of regulatory functions concerning energy. 

The Energy Resources Council was formally activated on 
October 11, 1974, by Ex&ve 0&&z LLKLL !l%e Cou_ncjl 
consists of the Secretary of the Interior, who is its chair- 
man; the Secretaries of State, the Treasury, Defense, Com- 
merce, and Transportation; the Attorney General; the Assist- 
ant to the President for Economic Affairs; the Chairman of 
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AEC; the Director of OMB; the Chairman of the Council of 
Economic Advisers; the Administrator of FEA; the Administra- 
tor of ERDA; the Administrator of EPA; the Chairman of the 
Council on Environmental Quality; the Director of NSF; the 
Administrator of General Services; the Director of the Office 
of Consumer Affairs; the Executive Director of the Domestic 
Council; and such other members as the President may desig- 
nate. Authority for the Council will terminate upon the es- 
tablishment of a permanent department responsible for energy 
and natural resource matters or on October 10, 1976, which- 
ever occurs first. 

Department of the Interior 

The Department's coal research activities have been 
carried out by the Bureau of Mines (BOM) and OCR. BOM and 
OCR activities were coordinated and directed by the Office 
of Research and Development. 

BOM 

BOM, established in 1910, was responsible for stimu- 
lating mineral and fuel supply in a manner acceptable to 
the public interest. In coal research, BOM's objective was 
to conduct such research as necessary to insure an adequate, 
dependable, and timely supply of coal at the lowest possi- 
ble costs to the consumer and the economy, without objec- 
tionable occupational work costs in terms of mine health 
and safety and without objectionable environmental and 
social costs. 

BOM's research covered a wide range of activities from 
extracting coal through the use of coal as an energy source. 
As early as 1918, BOM conducted tests of the conversion of 
coal to synthetic oil. BOM's research efforts shifted over 
the years, depending on the interest and emphasis placed on 
the various energy fuels. Since enactment of the Federal 
Coal Mine Health and Safety Act of 1969 (30 U.S.C. 801 et - 
seq.) I BOM's major research efforts were directed to coal 
mine health and safety. In recent years, however, research 
in the conversion of coal to synthetic gas and oil received 
increased emphasis. 

BOM's research activities were carried out primarily 
through six energy, eight metallurgy, and four mining 
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Research projects 
were proposed by BOM research supervisors and were subjected 
to a series of reviews by laboratory, field office, and 
headquarters officials before approval. Ongoing research 
projects were reviewed periodically by the laboratory or 
field office and BOM headquarters officials. In recent 
years, however, BOM placed increased emphasis on contract- 
ing with non-Federal organizations to carry out coal re- 
search projects. 

The research functions of BOM with respect to the con- 
version of coal to synthetic gas and oil will be transferred 
to ERDA. BOM'S research functions with respect to coal ex- 
traction, land reclamation, and mine health and safety will 
remain in the Department of the Interior. 

OCR 

OCR was established in 1961 to develop technology for 
new and more efficient methods of mining, preparing, and 
utilizing coal to insure abundant supplies of clean energy. 
The specific objectives of OCR's research program are to 
provide technology for converting coal into clean energy 
forms, to develop more efficient ways of producing elec- 
trical power from coal, and to reduce the United States 
dependence on foreign oil and gas imports. 

Since its establishment, OCR's research efforts have 
been directed primarily toward converting coal to more 
environmentally acceptable energy forms, particularly con- 
verting coal to synthetic gas. In recent years, research 
directed toward converting coal to synthetic oil and elec- 
tricity received increased emphasis. 

All OCR research activities were carried out through 
contracts with private industry, other Government agencies, 
and academic institutions. Research activities in con- 
verting coal to synthetic gas were cosponsored and jointly 
funded with private industry. OCR anticipated similar coop- 
eration with private industry in future years in carrying 
out research activities in converting coal to oil and 
electricity. 

I/ 
lib 
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Proposals received from prospective contractors formed 
the basic framework from which OCR developed its coal re- 
search program. Recently, however, OCR began to change its 
method of operation from responses to unsolicited proposals 
to requests to prospective contractors for proposals which 
met the need for additional research in areas of planned 
technological development. Contractor proposals were re- 
viewed by OCR's evaluation staff, by technical evaluators 
under contract with OCR, and by.BOM prior to approval to 
ascertain their technical and economic feasibility and to 
eliminate possible duplication with other projects. Ongoing 
projects were periodically monitored by OCR, as well as by 
special engineering and evaluation firms under contract with 
OCR. 

All OCR functions will be transferred to ERDA. 

Office of Research and Development 

The Office of Research and Development (ORD) was estab- 
lished in May 1973 by the Secretary of the Interior to 
strengthen the Department's capabilities for overseeing and 
coordinating a broader range of energy research and develop- 
ment activities. ORD's objectives were to guide the various 
research programs in the energy and mineral areas; setting 
priorities: formulating budgets; evaluating progress and 
results: and, in general, insuring that research and devel- 
opment efforts are oriented to the objectives set forth by 
the Secretary. ORD had the added objective of cooperating 
with other organizations in the Department and agencies of 
the Federal Government to insure the effective use of 
existing information and coordination of ongoing programs 
involving interagency participation, to avoid both research 
and development gaps and duplication of effort. 

ORD's Director said that in the past both BOM and OCR 
had conducted similar research programs, although there 
had been no technical overlap in the research projects. He 
stated that, in order to strengthen the Department's over- 
all coal research program, ORD had established a unified 
coal research program within the Department which provided 
clearer lines of research responsibilities between BOM and 
OCR. The Director explained that the goal of the unified 
coal research program was to (1) concentrate all coal 
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utilization research projects which had reached the advanced, 
large scale, pilot plant or demonstration plant stage and 
indirect support research for such projects within OCR and 
(2) concentrate all basic coal utilization research labora- 
tory scale development and mining technology research with- 
in BON. OCR would not undertake new research activities 
in coal mining. Such activities would be concentrated in 
BOM. 

The Director further stated that ORD had implemented 
the unified coal research program through the use of three 
major task forces in coal conversion, coal mining, and 
advanced power systems.l Each task force was composed of 
representatives of agencies within the Department of the 
Interior and was responsible for the technical review, bud- 
get planning, and assignment of proposed research projects 
within its area of responsibility. The technicaL-merits 
and budget planning for each proposed coal research project 
were required to be reviewed by the task forces, and the 
approved projects were assigned to either BOM or OCR within 
the framework discussed above. 

EPA 

Since its establishment in 1970, 'EPA has carried out 
coal-related research activities to prevent and control air 
and water pollution. EPA had conducted coal related re- 
search to develop improved low-cost techniques to (1) remove 
air pollutants prior to and after the combustion of coal, 
(2) improve the efficiency of fuel combustion, (3) dispose 
of the undesirable products of coal combustion, and (4) 
produce synthetic or new fuels which result in decreased 
air pollution. EPA had also conducted research on the con- 
trol of pollution resulting from mining activities through 
its water pollution control research program. These activ- 
ities, which relate primarily to the control of acid drain- 
age from inactive mines, were discussed in our report to 
the Congress entitled "Research and Demonstration Programs 
to Achieve Water Quality Goals: What the Federal Govern- 
ment Needs to Da" (B-166506., Jan, 165, J-%U). and &hey are 
not discussed in this report. 

lSystems which increase the efficiency of conventional 
power generating systems. 
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The major thrust of EPA's research efforts have been 
in the removal of pollutants after coal combustion by means 
of‘stack gas cleanup. 

EPA's research activities are carried out through (1) 
contracts with private industry and other Government agen- 
cies, primarily BOM and TVA, (2) grants to academic insti- 
tutions, and (3) its own laboratory. All research proposals 
are required to be evaluated by the EPA research laboratory 
in accordance with established research objectives and 
priorities. Ongoing projects under contract or grant are 
required to be evaluated by the EPA research laboratory 
either at planned milestones or at least once a year, where- 
as in-house efforts are scheduled for evaluation once a 
month. 

EPA's coal research functions will not be transferred 
to ERDA. EPA said that the transfer of such functions was 
not included in the Energy Reorganization Act because EPA's 
coal related research and development programs relate pri-. 
marily to its regulatory functions and to transfer the pro- 
grams to ERDA might severely restrict its statutory mandates 
related to the control of pollution from coal. 

TVA 

TVA, a corporation owned by the Federal Government, 
was established in 1933 to develop and conserve the re- 
sources of the Tennessee Valley. The objective of TVA's 
coal research activities is to develop methods of generating 
electricity in an environmentally satisfactory manner. 

Until about 1970, TVA's coal research activities were 
directed primarily to removing sulfur dioxide from coal 
combustion emissions. Recently, research activities have 
been directed toward sulfur dioxide and nitrogen oxide re- 
moval and the conversion of coal to synthetic gas for use 
in electric power generation. TVA officials said that 
these research activities would in all probability continue 
to receive emphasis in the future. 

Research activities are managed by TVA's Power Research 
Staff and carried out by in-house staff, through agreements 
with other Government agencies, through contracts with 
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and through academic institutions. A 
substantial portion of TVA's in-house efforts consists of 
contract research for EPA. In-house research activities 
are conducted at TVA powerplants and various laboratories. 

Research proposals are generated by the TVA Power Re- 
search Staff, other Federal agencies, and private industry. 
Proposals costing $100,000 or more, or involving contrac- 
tual payments of $25,000 or more, or which involve novel or 
significant program or policy considerations must be re- 
viewed by the General Manager. He submits to the Board of 
Directors for its approval projects which cost $200,000 or 
more or which involve significant policy considerations. 
Lesser projects are approved by the Manager of Power, on 
the recommendation of the Power Research Staff. 

Approved projects are evaluated on a continuing basis 
by the Power Research Staff, and progress reports are pro- 
vided to TVA's Board of Directors for further evaluation. 
Monthly progress reports and final project reports are pro- 
vided to those other Federal agencies which funded the 
research. For research funded solely by TVA, the Director 
of the Power Research Staff determines the distribution of 
final project reports. Generally, such reports are also 
distributed to other Federal agencies and members of the 
Electric Power Research Institute, an association repre- 
senting public and private utilities. 

The Energy Reorganization Act did not transfer any of 
TVA's coal research functions to ERDA, and a TVA official 
said that ERDA's establishment would have no direct impact 
on TVA's research activities. He did state, however, that, 
because some of TVA's coal research projects had been 
funded by Federal agencies which would be transferred to 
ERDA, there could be some indirect impact on the funding 
for these projects. 

NSF 

NSF was established in 1950 to sponsor basic research 
and education in the sciences. In 1968 NSF's authority 
was extended to include support of applied research. 
According to an NSF official, NSF was not directly involved 

18 



in coal research activities prior to fiscal year 1972. Cur- 
rently, however, NSF is sponsoring coal-related research to 
develop the knowledge base for new or improved technology 
which can be transferred to and carried out by other Federal 
agencies or industry involved in coal research at a more ad- 
vanced stage. NSF officials said that future coal research 
would continue in this same general area. 

All NSF-sponsored research is conducted by academic in- 
stitutions and private industry through research grants or 
contracts. Project proposals are received from academic 
institutions, private industry, and Government agencies and 
complete with non-coal-related research proposals for fund- 
ing. Research proposals relating to coal are forwarded for 
comment to knowledgeable NSF scientists and officials, other 
Federal agencies involved in coal research, and to knowledge- 
able experts in the academic and private scientific commu- 
nity, such as the Electric Power Research Institute. NSF 
officials told us that, if, in this review process, the pro- 
posal is not favorably commented upon or the reviewers do not 
encourage the approval of the proposal, the project will 
generally not be approved. Ultimate approval of the project, 
however, rests with NSF. 

Once a project is approved, it is monitored by the 
designated NSF program manager with the assistance of an ad- 
visory committee made up of professionals who are experts in 
the project field. The advisory committee meets periodically 
with the scientist conducting the research to evaluate prog- 
ress and management of the project, the results achieved, 
and methods needed to resolve any problems. 

At the completion of a project, the results are pub- 
lished and circulated to OCR, BOM, AEC, and other Federal 
agencies interested in or involved in the research area as 
well as the Electric Power Research Institute and private 
industry. Final reports are also filed with the National 
Technical Information Service, Department of Commerce, which 
is a clearinghouse for the collection and dissemination of 
scientific, technical, and engineering information from both 
Government and non-Government sources. 

NSF's coal research functions were not transferred to 
ERDA by the Energy Reorganization Act. An NSF official told 
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us that, although these fun&ions were not transferred,* the 
establishment of ERDA could effect NSF's coal research ac- 
tivities. He said however, that, until ERDA was formally 
established and became operational, it was not clear what 
effect ERDA would have on these activities. 

FEA 

FEA was established in June 1974 to, among other things, 
(1) advise the President and the Congress with respect to 

establishing a comprehensive national energy policy in rela- 
tion to energy matters and integrating domestic and foreign 
policies relating to energy resource management and (2) 
assess the adequacy of energy resources to meet demands in 
the immedkte and longer range future for all sectors of the 
economy and for the general public. Before FEA's establish- 
ment, many of the activities for improved management and 
coordination of Federal energy resources were the responsi- 
bility of the Federal Energy Office within the Executive 
Office of the President. 

Although FEA is not involved in coal research, it has 
carried out activities which could effect coal research. 
FEA had the lead role in preparing a report on Project Inde- 
pendence. This report evaluates the Nation's energy problems 
and discusses the impacts and implications of a wide range of 
energy policy alternatives. It also presents evaluations of 
constraints on increased energy supply, environmental con- 
siderations, and economic and social impacts. The findings 
of the report on Project Independence with respect to coal 
research are discussed in chapters 3 and 4. 

RESEARCH FUNDING 

During recent years, coal use research has been the main 
thrust of the overall coal research of the Federal agencies. 
Actual research expenditures for fiscal years 1970 through 
1973 and the estimated expenditures for fiscal year 1974 
totaled-about $463 million. 
lion, or 74 percent 

Of this amount, about $342 mil- 

shown below. 
, was used for coal supply research, as 
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COAL USE AND COAL SUPPLY 

RESEARCH EXPENDITURES FISCAL YEARS 1970 - 1974 

Expenditures 
Millions of 
Dollars 

I SUPPlY 

lssl 
Use 

-Actual- Est. Total 

$463 r 121 

Fiscal Years 

Coal use research has emphasized converting coal to 
synthetic gas. About 90 percent of the coal supply research 
funds had been spent on mining health and safety. Actual 
expenditures for various broad categories of coal use re- 
search and coal supply research from fiscal year 1970 through 
fiscal year 1973 and estimated expenditures for fiscal year 
1974 are shown on the following page. 
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COAL USE RESEARCH,.F& . FY 74 =$341.7 
($ MILLIONS) 

in Electric Power 

COAL SUPPLY RESEARCH, FY tt0 - FY 74 = $120.8 
($ MILLIONS) 

Land Reclamation (8.8%) 
$10.7 

Mining Technology 

(1.5%) 

$1.5 

Mine Health & Safety (89.7%) 



Private industry has also contributed to the funding of 
Federal coal research by cosponsoring coal use research 
projects with OCR. From fiscal year 1970 through fiscal 
year 1973, private industry provided about $6.5 million for 
approximately 20 projects. 

Although OCR, BOM, EPA, TVA, and NSF are all involved in 
coal research, OCR and BOM provide most of the funding. The 
agencies' actual research expenditures for fiscal years 1970-73 
and the estimated expenditures for fiscal year 1974 totaled 
about $463 million. Each agency's expenditure is shown 
below. 

FEDERAL COAL RESEARCH EXPENDITURES 
FY 1970 - FY 1974 

($ MILLIONS) 

TVA (1.2%) 
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Since fiscal year 1970, ' OCR and BOM primarily have' 
funded research for converting coal to synthetic gas and 
oil, whereas OCR and EPA have funded most of the research in 
in the direct use of coal in power generation. EPA primarily 
has funded pollution abatement research. BOM has funded al- 
most all coal supply research. These expenditures are shown 
below. 

Research category 

Coal Research Expenditures 
FYs 1970-74 

BOM OCR EPA TVA NSF Total - - - 

Coal use research: 
Conv&n kr 

synthetic gas 
Conversion to 

synthetic oil 

---------------(millions)----------------- 

$ 26.2 $100.1 $ 0.4 $ - $1.4 $128.1 

5.3 80.0 _ - 1.1 86.4 
Direct use in power 

generation 4.1 
Pollution abatement 10.5 
Support research 5.3 

Total 51.4 223.4 60.3 

Coal supply research: 
Mining technology 1.0 
Land reclamation 9.0 
Mine health and 
safety 108.6 

Total 118.6 

Total $170.0 -.- 

NON-FEDERAL COAL RESEARCH --___ ,,, 

29.6 9.8 
1.7 48.9 

12.0 1.2 

.3 

.O 

.O 

.3 

$223.7 $60.5 

.2 

.O 

.O 

.z 

0.1 .l 43.7 
3.6 .l 64.8 

.1 .6 19.2 -- 

3.8 3.3 342.2 _I__- 

.o .o 1.5 
1.7 .o 10.7 

.O .o 108.6 -- 

1.7--~ .O 120.8 -- 

$5.5 $3.3 $463.0 -- 

Coal research is also being done by private industry, 
State governments, academic institutions, and foreign coun- 
tries. However, the significance, extent, and relationship 
of this research to Federal research is difficult to deter- 
mine because (1) no formal means exist for obtaining this 
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information from various sources and (2) non-Federal sources 
are reluctant to disclose research information which they 
consider to be proprietary. These matters are discussed 
below. 

Non-Federal domestic research 

Many oil, coal, and utility companies; State govern- 
ments; academic institutions; and others have conducted or 
are conducting coal research. For example, a January 1974 
edition of a House Committee on Science and Astronautics 
report, entitled "An Inventory of Energy Research," identi- 
fied 167 coal-related research projects being made by non- 
Federal private organizations, of which 47 indicated some 
Federal sponsorship. The overall cost of these projects was 
not shown, however, and the relationship of this research 
to Federal coal research was not indicated. Also, the re- 
port noted that the inventory might not be complete because 
of the vast amount of research being done by large industrial 
corporations and because the cost of answering questionnaires 
when many research projects are involved. 

Private industry and others were researching coal use. 

--In 1973 a major oil company announced a $10 million --In 1973 a major oil company announced a $10 million 
commitment to intensify its work on developing commitment to intensify its work on developing 
processes to convert coal to synthetic gas and oil. processes to convert coal to synthetic gas and oil. 
The company stated that since 1966 it spent about The company stated that since 1966 it spent about 
$20 million on coal research. $20 million on coal research. 

--In 1971 six utility and energy companies announced 
a joint venture for developing a process to convert 
coal to synthetic oil. About $32 million was ex- 
pected to be spent for developing the process, and 
the commercial plant ultimately to be constructed 
was estimated to cost over $250 million. 

We were unable, however, to obtain definitive informa- 
tion on all private coal research because there was no 
formal means for obtaining such information from the various 
sources. Federal agency officials involved in coal research 
told us that they relied on program managers' and researchers' 
personal knowledge of private research and that there was no 
formal means for obtaining this information. Also, represen- 
tatives of private companies involved in coal research told 
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us that they were reluctantio reveal the extent of their 
research or the level of technology developed because of the 
proprietary nature of the information. 

Foreian research 

A large amount of coal research is also being done by 
the mining industries and the governments of foreign coun- 
tries. A report on coal research in Western Europe pre- 
sented to the International Coal Research Conference in 
October 1973, estimated the expenditures for coal research 
in Belgium, France, West Germany, and the United Kingdom 
during 1972 at about $67 million. The report also noted 
that such research included work in the areas of underground 
operations, product benefication (desulfurization and water 
and ash removal), coal use, environmental aspects, and mine 
safety. 

A similar report to the 1973 International Coal Research 
Conference by the Canadian Department of Energy, Mines, and 
Resources indicated a considerable amount of research was 
being done by the Canadian Federal Government, Provincial 
governments, and energy resource companies in the areas of 
mine environment improvement, coal benefication, land 
reclamation, transportation, and the conversion of coal to 
synthetic gas. The report did not, however, indicate the 
level of research or the estimated total expenditures. 

Research in the direct use of coal in electric power 
generation has also been undertaken in the Soviet Union and 
Japan. In October 1972, a team of United States scientists 
visited the Soviet Union under the auspices of the Office 
of Science and Technology and reported that a Soviet pilot 
plant fc;r the direct use of coal in electric power genera- 
tion was able to produce electric power output for a limited 
time. Also, in August 1972, the Japanese Government an- 
nounced the allocation of $80 million for a 7-year period to 
construct a pilot plant for the use of coal in electric 
power generation. 

An information exchange agreement is in effect between 
the Department of the Interior and the National Coal Board 
of Great Britain, and there have been exchanges of technical 
personnel between BOM and the staffs of British, German, and 
Polish research installations. Also, the Department is 
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developing additional formal instruments for information 
exchange with other countries and there is an active pro- 
fessional exchange of information through national and 
international meetings. 

We believe that additional international research in- 
formation exchange agreements would be useful. Also, while 
we agree that staff exchanges and participation in national 
and international professional meetings are useful, we be- 
lieve that more formal procedures for exchanging and dis- 
seminating coal research information are needed. As with 
private research efforts in the United States, we were 
unable to obtain information on foreign research efforts and 
the relationship of these efforts to coal research efforts 
conducted by the Federal Government because there is no 
formal means for obtaining and disseminating such informa- 
tion. 

ANTICIPATED FUTURE RESEARCH 

In December 1973, the Chairman of the Atomic Energy 
Commission issued a report to the President, in response to 
his June 1973 directive, on an integrated national energy 
research and development program. The report stated that 
present energy problems stemmed from a lack of a centrally 
directed and coordinated energy research and development 
program over the past 20 years. The report stated also that 
the United States had the resources and technology for energy 
self-sufficiency and that, with a concentrated research ef- 
fort, energy self-sufficiency could be expected by 1985. 

The report recommended an accelerated research and de- 
velopment effort of $10 billion of Federal funds for 5 years 
beginning in fiscal year 1975, coupled with the establish- 
ment of an Energy Research and Development Administration to 
plan and coordinate the total energy program and to direct' 
the major share of the Federal program. Of the $10 billion 
recommended for energy research, about $2.2 billion would 
be directed toward research to substitute coal for oil and 
gas on a massive scale. Of the remaining $7.8 billion, over 
half would be directed to research on nuclear energy. Other 
energy sources, such as oil shale and geothermal energy, 
would also receive increased funds for research. 
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The report further re&nmended that the $2.2 billion 
for coal research be directed, as shown below. 

Amount 
(000,000 omitted) 

Coal use research: 
Conversion to synthetic gas--continue 

research into technologies to convert 
coal to gas through constructing and 
operating pilot and demonstration 
plants. $ 540 

Conversion to synthetic oil--continue 
research into technologies to convert 
coal to oil through constructing and 
o.p.erating~pilot plantsV. 

Direct use of coal in electric power 
generation-- continue research by 
constructing and operating pilot and 
demonstration plants. 

Pollution abatement--develop advanced 
processes to remove undesirable 
em!ssions and dispose of undesirable 
by-products resulting from direct 
coal combustion. 

Synthetic fuels pioneer program--assist 
private industry in constructing 
commercial plants based on existing 
technology by investigating, testing, 
and disseminating research findings 
and by establishing engineering perform- 
ance, benchmarks, economic parameters, 
and environmental aspects of commercial 
operations. 

Support projects --research equipment 
and supply needs for commercialization 
of conversion processes. 

37-5 

200 

260 

355 

120 

1,850 
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Coal supply research: 
Mining technology --develop and test coal- 

mining techniques to increase productivity 
and recovery rates and to meet environmen- 
tal and health standards. 325 

Total $2,175 

The report was discussed at hearings before the Joint 
Committee on Atomic Energy during December 1973. The Chair- 
man of AEC testified that the Advisory Council on Energy 
Research and Development endorsed the recommendations of the 
report relating to fiscal year 1975. It was further stated 
that OMB requested that all major agencies involved in energy 
research amend their budgets to support the recommendations 
in the report. An OMB official told us that the agencies 
involved in coal research included about $566 million for 
coal research in the fiscal year 1975 budget, compared with 
about $167 million in fiscal year 1974. 

The funding level recommended in the December 1973 
report would significantly expand and accelerate coal re- 
search programs. The recommended 5-year funding of about 
$2.2 billion is about five times greater than the estimated 
funding for the 5-year period ended in fiscal year 1974. 
A comparison of past coal research funding with the recom- 
mended future funding by various categories is shown on the 
following page. 

To insure that adequate attention is given to the man- 
agement of the 5-year accelerated energy research and devel- 
opment program, in March 1974 OMB issued a directive desig- 
nating various agencies as lead agencies in each major pro- 
gram area. For example, AEC was designated lead agency in 
nuclear fission and the Department was designated lead 
agency in coal extraction and use and land reclamation. OMB 
requested that each lead agency prepare a concise Government- 
wide program planning document for energy research and de- 
velopment. This document is intended to provide a formal 
description of each energy research and development program 
and is to include a discussion of 

--the overall program goal; 
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COMPARlSOk OF E’STIMATED FEDERAL FUNDING FOR SELECTE; COAL 
RESEARCH ACTIVITIES - FISCAL YEARS 1970 - 1974 

’ AND FISCAL YEARS 1975 - 1979 

Millions 
of Dollars 

1 I I I I 1 I 

600 

550 

500 

450 

250 

200 

150 

100 

50 

Converse 
to Gas to Oil 

43.7 
-B 

Dire 
I 64.1 

Not 
a 

SYI 
- 
use Pti!i~ iii 

in electric Abatement Fuels 
power Pioneer 

lz.l FY 1970-FY 1974 

0 FY 1975-FY 1979 

1 
:ic Support Min 

Projects Technology 

generation Program 

Note: a - A new program which was not specifically funded in FY 1970-1974 period, 
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--the specific program objectives; 

--the strategy for the 5-year energy research and 
development program; and 

--a program implementation plan including milestones 
and timetables for completion of research, with par- 
ticular attention to fiscal year 1975 and tentative 
fiscal year 1976 plans. 

The Department of the Interior's coal research and devel- 
opment planning document was provided to OMB on June 10, 
1574. This planning document is intended to serve as the 
framework for future government-wide coal research and de- 
velopment efforts. 

CONCLUSIONS 

Until October 1974, when an ERDA was authorized by the 
Energy Reorganization Act, there had been no focal point for 
Federal coal research program efforts. The present program 
evolved over a period of years in response to the specific 
missions of the primary coal research agencies, with each 
agency pursuing its own research objectives, priorities, 
and goals. 

Although actions had been taken to strengthen the di- 
rection of the Federal coal research efforts--(l) the May 
1973 establishment of ORD within the Department of the 
Interior to direct the Department's research program and the 
establishment of a unified coal research program within the 
Department which is intended to provide clearer lines of re- 
search responsibilities between BOM and OCR and (2) the 
designation of the Department of the Interior, by OMB in 
March 1974, as the lead agency for the development of a con- 
cise Government-wide program planning document identifying 
the research and development goals, objectives, strategies, 
and implementation plans for coal extraction and utilization 
and land reclamation --we believe the establishment of ERDA 
shouid be a major step in the direction of deveioping a 
unified coordinated Federal coal research program. 

Also, funding for Federal coal research activities in- 
creased significantly during fiscal years 1970-74. Such in- 
creases occurred as energy problems became more pronounced 
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Additionai substantial funding increases are anticipated 
for the 5-year period beginning in fiscal year 1975 in or- 
der to maximize the use of our Nation’s coal resources and 
achieve the President’s established goal of energy self- 
sufficiency. We believe that ERDA should be in a position 
to provide better direction and coordination of energy 
research and development programs at the Federal level. 

Although coal research activities are also being carried 
out by non-Federal organizations and by foreign countries, 
the extent of such activities is difficult to determine pri- 
marily because of the reluctance of these organizations and 
countries to disclose proprietary information. We believe 
that a free and full exchange of such information would be 
beneficial. 

RECOMMENDATIONS 

Because a free and full exchange of research and devel- 
opment information between Federal a.genci.. and cornpan& 
and Kreign countries invoived in energy research should be 
of mutual benefit, the Administrator of ERDA, in cooperation 
with the Department of the Interior, FEA, and other Federal 
agencies involved in coal research activities, should de- 
termine whether procedures can be developed for exchanging 
research and development information under proper safeguards 
to avoid public disclosure of proprietary information. 
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CHAPTER 3 

COAL USE RESEARCH ACTIVITIES -- - 

. 

During fiscal year 1974, 21 advanced coal use research 
projects were in various stages of development; 10 were gas 
conversion projects, 5 were liquid conversion projects, and 
6 were electricity conversion projects. Of the 21 projects, 
17 had been funded primarily by OCR, 3 by BOM, and 1 by 
EPA. Federal research officials do not expect Federal re- 
search efforts in these conversion processes to produce com- 
mercially acceptable processes until the late 1970s or mid- 
1980s because of insufficiently advanced technologies. 

Most advanced coal use projects were in the pilot plant 
or laboratory stage in fiscal year 1974. Available estimated 
costs for commercial plants for the advanced projects range 
from $100 million a plant for an electricity conversion proc- 
ess capable of producing sufficient gas to power a 1,000 
megawatt generator and to provide electricity for about 
200,000 homes annually, to $785 million a plant for a com- 
bined oil and gas conversion process which would provide gas 
and oil to heat over 2 million homes annually. 

Federal efforts in pollution abatement research, funded 
primarily by EPA, have produced six advanced processes to 
remove pollutants resulting from the direct combustion of coal. 
These processes are not, however, as efficient or as economical 
as desired. Estimated costs to install these processes in 
electrical generation plants range from $35 to $43 million for 
a new 1,000 megawatt plant to $52 to $68 million for an 
existing 200 megawatt plant. Federal research efforts to 
improve the efficiency and economy of these pollution abate- 
ment processes will continue. 

A summary of significant Federal coal utilization and 
pollution abatement research programs follows. 
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Advanced Coal Conversion and Pollution Abatement Research Activities 

Number 
of major 

Estimated Estimated cost per Estimated Estimated 
commercializa- commercial plant coal use plant output 

Program projects Current status tion date or application a day and use 
(000,000 omitted) (tons) 

Converting 
coal to 
gas: 

High Btu gas 4 All in pilot 
(a substitute plant phase 

natural gas) 

Low Btu gas 
(a low heat 

value gas 
used in 
electric 
power gener- 
ation) 

Converting coal 5 Three in pilot 
to oil and gas plant phase 

6 One in pilot 
plant phase 

Five in labora- 
tory phase 

Two in labora- 
tory phase 

1980s 

1980s 

mid-1980s 

$250 to $400 

$100 

a$785 

16,500 250 million 
cubic feet of. 
gas a day which 
would heat about 
700,000 homes 
annually 

11,000 produce gas for +-=-iii-- 
electrical genera- Tm 
tion which would 
provide electric- 
ity for about 
200,000 homes an- 
nually 

a57,700 a100,000 barrels of 
oil a day and 330 
million cubic feet 
of gas a day. The 
gas alone would pro- 
vide heat for about 
900.0'00 homes 
annually and the 
oil would provide 
heat for about 
1,250,OOO homes 
annually. 
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Program 

Number Estimated Estimated cost per Estimated Estimated 
of major commercializa- commercial plant coal use plant output 
projects Current status tion date or application ~-___I per day and use 

(000,000 omitted) (tons) 

Direct Use of Coal in 
Electrical Power 
Generation: 

Magneto- 
hydrodynamics 
(a method of burn- 
ing coal to generate 
gas for electric 
power generation) 

4 All in laboratory Mid-1980s 
phase 

$250 

Fluidized bed 2 Pilot plants Late 1970s Unavailable 
combustion under construc- 
(a method of burn- tion 
ing coal to generate 
steam for electric 
power generation) 

Pollution Abatement: 

6 Demonstration 
phase 

Stack gas 
cleanup 

(cleaning gases 
resulting from the 
burning of coal in 
electric power plants) 

8,400 Energy to power 
a 1000 mega- 
watt generator 
which would 
provide 
electricity 
for about 
250,000 
homes annually 

8,400 Steam to power 
an 800 megawatt 
generator which 
would provide 
electricity for 
about 200,000 
homes annually 

Late 1970s $35 to $43 for Not Not applicable 
new plants appli- 
$52 to $68 for cable 
existing plants 

a Estimates are for combined oil and gas (COG) refineries. OCR officials believe processes under development 
will be adapted to COG concept. 
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Although Federal funding kor coal use research hak 
increased significantly over the past several years and 
there are prospects for commercialization of various con- 
version processes, potential problem areas exist which may 
delay the transition from the research phase to the com- 
mercial phase. Research and studies are needed in these 
areas which include (1) whether private industry will be 
able to supply the specialized equipment necessary for 
various conversion processes in the required time frame 
because of currently limited technology to fabricate and 
erect such equipment and because of competing demands for 
similar equipment by other energy sources, such as the 
nuclear power industry, (2) whether it will be possible to 
select and establish convers.ion plant sites promptly 
enough to insure that such plants are available when needed, 
and (3) whether private industry will be wilfing to provide 
the large capital investment necessary for the construction 
and operation of conversion facilities because of uncertainty 
as to the role of coal in meeting future energy demands. 

The Project Independence report identified and discussed 
potential constraints on the development of energy resources, 
including coal. Although the report discussed alternative 
ways of resolving some of these potential constraints, it 
did not mention specific actions. Federal agencies involved 
in coal research also recognized these potential problems and 
initiated or planned actions to resolve them. 

The status of Federal coal conversion research activities 
and potential problems in commercialization of conversion 
processes and agency actions to resolve such matters are 
discussed below. 

STATUS OF COAL USE RESEARCH 

Coal use research activities include the conversion of 
coal to synthetic gas and oil, the direct use of coal in 
electric power generation, and abating pollution. 

From fiscal year 1970 to fiscal year 1974, an esti- 
mated $342 million had been spent on this research. 

. 
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Converting coal to synthetic gas 

Federal research in this area has been sponsored pri- 
marily by OCR and BOM. From fiscal year 1970 to fiscal 
year 1974, an estimated $128 million was spent on this re- 
search. Of this estimated $128 million, about $101 mil- 
lion was directed to converting coal to high-Btu gas and 
about $27 million for low-Btu gas. 

To convert coal to synthetic gas, coal is fed into a 
high-temperature, pressurized reactor, along with steam and 
air or oxygen. A chemical reaction occurs and a mixture of 
gases is produced. The gases produced include carbon mon- 
oxide, hydrogen, and methane. Methane is the main constit- 
uent of natural gas. The gases are then cooled and undesir- 
able components, such as carbon dioxide and sulfur, are 
removed. 

The raw gas produced at this point is referred to as 
low-Btu gas. This gas has a low-heat value (less than 450 
Btu's) and cannot be economically transmitted by pipeline. 
It is valuable, however, as a fuel supply for electrical 
power generation plants near the conversion plant. A low 
Btu gas conversion process is in commercial use today, which 
is based on technology developed in Europe about 50 years 
ago. According to an Oak Ridge National Laboratory report, 
disadvantages of this process are its high operating and 
maintenance cost requirements and its inability to use the 
types of coal found in the developed coal region of the 
eastern interior and Appalachian regions of the United States. 
The process is better suited to the use of coals found in the 
undeveloped coal regions of the Western United States. 

Low-Btu gas can be upgraded to a high-Btu gas (950 plus 
Btu's) through a process of adding additional hydrogen to the 
gasr referred to as methanation. High-Btu gas is a substi- 
tute for natural gas and can be transmitted in existing net- 3 
works of pipelines to satisfy the demands of present users of 
natural gas. The Federal high-Btu and low-Btu gas research 
programs are discussed below. 

High-Btu gas research program 

Federal research in this area is directed toward devel- 
opment of four different advanced processes to demonstrate 
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the feasibility of producing pipeline quality synthetic gas 
from coal. The processes are similar in that each produces 
high-Btu gas, but each process employs a somewhat different 
method of producing the gas. 

Before fiscal year 1972, both OCR and BOM funded various 
high-Btu gas research projects. Beginning in fiscal year 
1972, however, the program received increased emphasis when 
OCR and the American Gas Association (AGA) entered into an 
agreement to jointly sponsor a $120 million research and de- 
velopment program over a 4-year period. Under the agreement's 
terms, OCR is to provide $80 million and AGA $40 million for 
three conversion processes. 

The ultimate objective of this program is to design, 
construct, and operate a demonstration plant which will 
serve as a prototype for commercial application. The pro- 
gram calls for a four-phase research and development effort. 

--Development, design, and operation of several small- 
scale laboratory or process development units. 

--Design, construction, and operation of medium-size 
pilot plants. 

--Design, construction, and operation of a demonstration 
plant based on the best features of the individual 
pilot plants. 

--Design of a commercial plant. 

Because of the 1971 agreement between OCR and AGA, 
research efforts to convert coal to high-Btu gas were accel- 
erated. Pilot plants for two of the processes are operation- 
al and the third pilot plant is under construction. 

In addition to the three OCR/AGA processes, BOM inde- 
pendently funded and developed a different process to con- 
vert coal to high-Btu gas. The pilot plant for the BOM proc- 
ess is under construction. 

Information on the three OCR/AGA processes and the BOM 
process follows. 
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Summary of Advanced High-Btu Processes 

Federal Estimated 
Process agency Industry fundins to 6-30-74 

name sponsor cosponsor Contractor Federal Other Total -___ 
-(millions)----- 

OCR AGA Institute of $ 9.8 $6.7 $16.5 
Gas Technology 

OCR AGA Bituminuous Coal 18.1 7.1 25.2 
Research, Inc. 

OCR AGA Consolidation 20.7 5.6 26.3 
coal Company 

BOM None Rust Engineer- 19.1 - 19.1 
ing 

Process Phase, 
Estimated 
completion 

Description date 

Pilot plant in operation 1976 

Pilot plant under con- 1977 
struction; scheduled for 
completion in early 1975 

Pilot plant in operation 1976 

Pilot plant under con- 1975 
struction; scheduled for 
completion in late 1974 

HYGAS 

BI-GAS 

CO2 
ACCEPTOR 

SYNTHANE 

Estimated 
total cost 
(millions) 

$63.5 

45.0 

31.5 

21.7 
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The pilot plant phase of the high-Btu gas program is 
expected to be completed by 1977. This phase is designed to 
yield data on the effectiveness of each of the four conver- 
sion processes and any problems experienced in the operation 
of the pilot plants. 

Information developed in the pilot plant phase on the 
three OCR/AGA processes and the BOM process is being evaluat- 
ed by a professional engineering firm under contract to OCR. 
This firm will evaluate and compare the technical results 
and economic feasibility of each of the high-Btu gas process- 
es and recommend designs for a demonstration plant. The 
demonstration plant would provide the economic data neces- 
sary to establish the economic feasibility of the process 
and the engineering data required for construction of a full 
commercial plant+ 

The program's demonstration phase is expected to begin 
in 1975 and it is estimated that a demonstration plant can 
become operational by about 1979. OCR hopes for commercial 
application of a high-Btu gas plant by the early 1980s. 
The commercial plants ultimately to be constructed are each 
expected to consume about 16,500 tons of coal a day and pro- 
duce about 250 million cubic feet of pipeline-quality gas 
each day: sufficient to heat about 700,000 homes annually. 
OCR and AGA estimate that a commercial plant will cost about 
$250 to $400 million to construct. 

An illustration of a high-Btu gas process is shown below. 

HIGH-BTU GAS 

Pulverized coal 

Catalytic methanation 
(Carbon monoxide and hydrogen to methane) 

Hydrogen-carbon- 

Storage 

High-BTU methane gas 

:- 

Sulfur and impurities out 



Low-Btu gas research program 

Although BOM conducted research on converting coal to 
low-Btu gas as early as 1948, it was not until fiscal year 
1973 that increased emphasis in terms of funding occurred. 
In 1973 OCR initiated a research and development program to 
demonstrate the feasibility of producing a clean low-Btu gas 
for use as fuel by the electric utility industry for electri- 
cal generation plants. 

The major emphasis of the low-Btu program is directed 
to the parallel development of six different conversion proc- 
esses. Each process employs a different method of convert- 
ing coal to low-Btu gas and of removing impurities in the 
gas. 

Five of the six processes were sponsored by OCR and 
were at various stages of development leading to construction 
of pilot plants. The pilot plant for one process is cur.- 
rently under construction and the pilot plant for another was 
scheduled for construction during 1974. 

A small pilot plant for one process was developed and 
operated by BOM at one of its research centers. BOM exclu- 
sively funded development of this process through 1974. 
Research has progressed to a stage where plans now call for 
the process to be tested at a utility plant. OCR has assumed 
responsibility for this phase, which will include TVA's par 
ticipation. The smaller BOM plant is expected to continue 
operating in a research-support capacity. The participat- 
ing agencies estimate that about $15 million will be pro- 
vided over a $-year period to design, construct, and oper- 
ate a larger pilot plant to generate low-Btu gas as fuel 
for a TVA electrical power generation facility. 

Information on the low-Btu Processes is shown on the 
following page. 

The pilot plant phase of the low-Btu gas program is 
expected to continue until about 1979. Technical and econo- 
mic data developed during this phase was evaluated by a pro- 
fessional engineering firm under contract to OCR and used to 
prepare a preliminary design for demonstration plants based 
on the best features of the various pilot processes. 
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Summary of Low-Btu Processes 
Process phase 

Federal Estimated Estimated Total 
Process agency Industry fundine to 6-30-74 

Federal Other Total 
completion estimated 

name sponsor cosponsor Contractor Description date cost 
(millions) =~ 

Stirred OCR 
Fixed Bed BOM 
Gas Producer TVA 

To be selected BOM Research $3;7 None $3.7 Process development 1981 $32.0 
Center, Morqan- 
town, W.Va. 

unit in operation 

Entrained OCR 
Bed Gasifier 

Entrained OCR 
Bed Atmospher- 
ic Gasifica- 
tion System 

Fluidized Bed OCR 
Pressure Gas- 
ification 
Sys tern 

High Tempera- OCR 
ture Gas 
Clean-up 
Using 
Dolomite 

High-Tempera- OCR 
ture Cleanup 
with molten 
salt 

Foster,Wheeler. Same as cospon- 
Corp; Pittaburg sors 
& Midway Coal . * Mrnlng Co., and 
Northern States 
Power Co. 

Combustion En- Same as cospon- 
gineering, Inc. sors 
Consolidated, 
Edison of New 
YOrk 

.5 

.15 

Westinghouse Same as cospon- -5.7 
Electric Corp.: sors 
Public Service 
of Indiana. 
Amax Coal CO.; 
Bechtel Corp.: 
and Peabody 
Coal Co. 

None Air Products .5 
and Chemicals, 
Inc. 

None Battelle Memo- .4 
rial Institute 
Pacific North- 
west Laboratories 

None .5 Contract investiga- 1978 69.0 
tion to be complet- 
ed in 1978 

-15 .3 Contract under negoti- (a) 27.2 
ation for the design, 
construction, and op- 
eration of a process 
development unit 

2.5' 8.2 Process development 
unit is being tested 

1981 25.0 

None -5 Laboratory experi- 
ments continuing 

None .4 Design of a pilot 
plant in progress 

aContract under negotiation as of Aug. 15, 1974. Estimated total cost for current phase not available,. 



The demonstration phase is expected to continue until 
about 1980 after which OCR anticipates commercial applica- 
tion of a low-Btu gas process. Commercial plants ultimately 
to be constructed are expected to cost at least $100 million 
a plant. A 1,000 megawatt commercial low-Btu plant iS ex- 
pected to consume about 11,000 tons of coal a day and provide 
fuel to generate sufficient electricity for about 200,000 
residences annually. An illustration of low-Btu gas process 
in conjunction with an electrical power generation plant 
is shown below. 

LOW-BTU GAS FOR ELECTRIC POWER GENERATION 

Low-BTU 
carbon-monoxide 
and hydrogen gas . . 

To transmission grid 

Steam - .,.::& ,. ‘a.,. :p,. ‘?J,‘, I Sulfur and impurities out 

Ash 

Converting coal to synthetic liquid fuels -_-- 

From fiscal years 1970 through 1974, an estimated $87 
million had been expended on 48 projects, primarily by OCR 
and BOM. NSF supported OCR's and BOM's research efforts 
from about fiscal year 1973, by sponsoring research with ' 
major academic institutions involving certain specialized 
aspects of the conversion program. 

The major Federal efforts in this area are directed 
to the development of five advanced processes to convert 
coal to synthetic liquid fuels. The processes differ: some 
burn coal, condense the resulting gases, and add hydrogen 
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whereas others process chemically ’ 
dissolved coal with hydrogen to form a liquid. All involve 
high temperatures and some involve high pressures. 

Technology for converting coal to synthetic liquid 
fuels was developed in Germany over 60 years ago. Commer- 
cial operations, started in Germany in the 193Os, expanded 
and accelerated with the onset of World War II. Although 
BOM conducted laboratory tests of German processes to con- 
vert coal to liquid fuels from 1918 on, it was only after 
World War II, when the extent and details of German opera- 
tions became known, that United States interest in the proc- 
esses was renewed. 

In accordance with the Synthetic Liquid Fuels Act of 
1944 (30 U.S,c. 321), BOM conducted, a wi~de variety of re- 
search based on its previous work and newly available Ger- 
man informat ion. From 1947 to 1953, BOM designed, built, 
and operated a pilot plant based on German technology. 
The efforts were abandoned, however, because the high in- 
vestment and production costs were not at that time off- 
set by environmental and energy shortage concerns, and be- 
cause the discovery of large new reserves of petroleum 
eliminated the wartime incentive for finding a petroleum 
substitute. 

Federal research efforts were renewed with the cre- 
ation of OCR in 1961. From 1962 to 1970, OCR spent about 
$35 million researching different processes to convert 
coal to liquid fuels. Research on one of the processes, 
H-coal, was terminated in 1967 at the Government’s con- 
venience because of a lack of funds. However, private 
companies have continued to work on the process and OCR 
support was reactivated in fiscal year 1974. Research on 
a second process designed to produce gasoli-ne from coal, 
Project Gasoline, was suspended in 1970, after the proc- 
ess had reached the pilot plant phase, because of equip- 
ment problems. In fiscal year 1975, OCR plans to reacti- 
vate its research efforts- to. modify the existing pilot 
plant for material development and production of low- 
sulfur fuel oil from coal for power generation. OCR re- 
search efforts on the two remaining processes, Char-Oil ~- 
Energy Developme-nt -and Solvent RefinedCoal,- were con- 
tinued through the fiscal year 1970-74 period. 

During fiscal years 1970-74, BOM also funded research 
at one of its energy research centers to develop a liquid 
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conversion process called synthoil. This process is not as 
far advanced as OCR processes and currently consists of a 
laboratory unit. In fiscal year 1975, BOM plans to con- 
struct a process development unit, which is in effect a 
small pilot plant, for this process. An OCR official said 
that if research on the process progressed to the advanced 
pilot plant stage, OCR would assume responsibility. 

. 
Information on the four OCR-sponsored processes and 

the BOM process is shown on the following page. 

All liquid fuel processes have the objective of pro- 
ducing synthetic liquid fuels at prices competitive with 
natural supply sources. Although each process is unique 
in its approach to achieving its objective, they are some- 
what interrelated and share some of the same technical prob- 
lems. A technological breakthrough in one of the processes 
could have a beneficial effect on the other processes. 

OCR's liquid fuel program was being evaluated by a 
professional engineering firm. This firm was evaluating 
the performance of various pilot plants and other research 
operations and was developing a conceptual design and eco- 
nomic evaluation for a demonstration plant. OCR plans to 
complete the design for a demonstration plant for one of 
the processes in 1975 and to construct and operate the 
plant by 1978. OCR did not, however, anticipate commer- 
cialization of any of.the processes before the mid-1980s. 

OCR officials believe that the commercial plants ulti- 
mately to be constructed will be combined oil and gas plants, 
called coal-oil-gas (COG) refineries. Based on preliminary 
conceptual designs, a COG refinery would consume about 
57,000 tons of coal a day and produce about 330 million 
cubic feet of pipeline-quality gas and about 100,000 bar- 
rels of a synthetic crude oil a day. Investment in a COG 
refinery could be as high as $785 million. 

An illustration of a COG refining process is shown on 
page 47. 

Direct use of coal in electric power qeneration 

OCR sponsored the primary Federal research efforts in 
this area. An estimated $44 million had been expended on 
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Summary of Advanced Liquid Conversion Processes 

Process phase 
Federal Estimated Estimated Estimated 

Process agency Industry fundins to 6-30-74 completion total 
name sponsor cosponsor Contractor Federal Other Total date 

(millions) 

Description - cost l 

(millions) 

Char-Oil OCR 
Energy 
Develop- 
ment (COED) 

Solvent .OCR 
Refined 
Coal 
(SRC) 

Multi- OCR 
process 
Plant (for- 
merly Proj- 
ect Gaso- 
line) 

H-Coal OCR 

Synthoil BON/ 
OCR 

None FMC Corporation $ 9.0 NONJZ $9.0 

None 

Fluor 
Corp., 
Allegheny 
Power and 
American 
Electric 
Power 
Company 

Five co- Hydrocarbon Re- 5.4 .3 
sponsors search, Inc. 

Pittsburg & 28.2 NONE 
Midway Coal 
Mining Company 

Fluor Corporation 11.3 2.2 

BOM Pitts- 
burgh Energy 
Research 
Center 

2.3 NONE 

28.2 

13.5 

5.7 

2.3 

Pilot plant in 
operation 

1974 $21.4 

Pilot plant sched- 1976 
uled for prelimin- 
ary testing in 1974 

25.7 

Pilot plant opera- 1979 13.0 
ted 1967-70 under 
Project Gasoline. 
Scheduled to be re- 
activated in 1975 
as a component and 
process test 
facility 
Design and con- 1979 75.0 
struction of 
pilot plant 

Large laboratory 1976 4.5 
model being devel- 
oped 

aAs of November 1974 a contract was being negotiated for cosponsorship of this process. 



COAL-OIL-GAS (COG) REFINING PROCESS 

OXYGEN 

(7,740 T/D) 

COAL 
h 

;57,700 T/D) 

COAL 
PREPARATION 

--+ 

METHANATION 

? I I 

ACID GAS 
4 

LPG (20,670 B/D) 
REMOVAL 

t 
f CRYOGENIC H 

5 SEPARATION 
PIPELINE GAS 

(332 MMSCFD) 

H2 95% 

r- 
t 

I r t \ 14,400 T/D) 
I\ I 

COAL-DERIVED 
LIQUID 

w 
* HYDRO- ~ “LIGHT 

FILTRATION RECOVERY 
CONVERSION ( TREATING * REFINERY 

LIQUID” 

SOLVENT REFINED COAL 
(100,000 B/D) 

CAKE t (11,325 T/D) 

(FOR PLANT & UTILITY FUEL) 

Source: Chemical Engineering Progress March 1973 p. 62. 

LEGEND: 

T/D - tons per day LPG - liquified petroleum gas 

B/D - barrels per day (propane, butane) 

l-l2 - hydrogen MMSCFD - million standard 

co2 - carbon dioxide cubic feet per day 



approximately 60 projects from fiscal year 1970 through 
fiscal year 1974. The objective of Federal research in the 
direct use of coal in electric power generation is to de- 
velop more efficient methods of generating electricity 
through use of coal without polluting the environment with 
undesirable emissions. 

In a conventional steam-coal plant, heat energy of 
coal is converted to steam which is then delivered to a 
steam turbine to drive an electrical generator and produce 
electricity. This method is very inefficient, however, and 
creates a lot of wasted energy in the form of heat which is 
discharged into the atmosphere and into bodies of water. 

The two major efforts in the direct use of coal in 
eleertric- power gene~diiorr are discussed-below. 

Magnetohydrodynamics research program 

Magnetohydrodynamics (MHD) involves burning coal under 
high pressure conditions and forcing resulting gases through 
a duct at high velocities. The gases in the duct move through 
a magnetic field surrounding the duct resulting in the gene- 
ration of electricity. This concept is expected to result in 
higher efficiency than conventional coal-fired generating 
plants. 

Federal expenditures on MHD research from fiscal year 
1970 through fiscal year 1974 are estimated at about $13 
million. Little research was undertaken in this area be- 
fore fiscal year 1972. Since 1972 OCR entered into several 
contracts with educational institutions, private industry, 
and other Federal agencies to s~tudy patential problem areas 
of MHD. Information on four MHD projects is given on the 
following page. Each project is intended to explore differ- 
ent problems of the MHD concept. OCR said that it and EPRI 
had prepared a draft of a national plan to develop MHD to 
the point of commercial application if technical objectives 
can be, met. 

OCR anticipated that information developed from its 
current MHD research efforts would enable it to design, de- 
velop, and construct pilot plants to further test the con- 
cept by 1979. Technical and economic data developed in the 
pilot plant phase will be evaluated by a professional en- 
gineering firm under contract with OCR and a demonstration 
plant resulting from this effort is expected to be built in 
1981. 
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Summarv of Advanced Masnetohvdrodvnamics Projects 

Process phase 
Federal Estimated Estimated Estimated 

Project agency Industry funding to 6-30-74 Completion total 
name sponsor cosponsor Contractor Federal Other Total Description date cost ~---- 

----(millions)- (millions) 

MHD Direct OCR/TVA 
Energy 
Conversion 

MHD Power OCR 
Generation 

Clean Power OCR Westing- Same as co- 
Generation house Elec- sponsor 
from coal tric Corp. 

University Same as c6- 
of Tennessee sponsor 
Space Insti- 
tute 

AVCO * Same as co- 
sponsor 

Three- OCR/BOM None 
stage com- 
bustion 
for MHD 
Power 
Generation 

BOM 

$1.2 

3.1 

1.0 

1.2 

$0.2 $1.4 

2.5 5.6 

0 1.0 

None 1.2 

Develop basic as- 1974 $1.4 
pects of MUD for 
direct combustion 
of coal 

Conduct MHD gener- 1974 5.6 
ator tests 

S tuay mater ial 
problems and 
associated MHD 
concepts 

1975 5.7 

Construct a small 1975 2.3 
high-temperature 
combustion unit 
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OCR anticipates eventuals'commercialization of the i&lHD 

concept by the late. 1980's or 1990. An MHD commercial plant 
is expected to consume about 8,400 tons of coal a day and 
produce sufficient energy to power a 1,000 megawatt elec- 
trical generation plant, capable of providing the annual 
electricity requirements for over 200,000 residences. 
OCR estimates the construction cost of a commercial MTkID 
plant at about $250 million. 

An illustration of an MKD conversion process is shown 
on the following page. 

Fluidized bed combustion research program 

OCR and EPA have funded the primary research efforts in 
this area. Expenditures for this research for fiscal years 
1970-74 are difficult to determine because the concept is 
applicable to other coal conversion programs and has been 
studied in connection with these programs. 

In the fluidized bed combustion process, small pieces 
of coal mixed with limestone are fed into a chamber along 
with hot air. The coa.1 burns and boils water, producing 
steam to generate electricity. The sulfur in the coal is 
captured in the limestone and removed with the ash as sul- 
fate. This process results in more efficient power genera- 
tion than the conventional coal-fired generating plants and 
removes or minimizes undesirable pollutants. 

EPA has conducted research in fluidized bed combustion 
which resulted in the operation of a pilot plant during fis- 
cal year 1974. Data obtained from the pilot plant's opera- 
tion will be used for further research efforts. 

OCR fluidized bed combustion research efforts before 
fiscal year 1973 were directed primarily to studies on im- 
proving the efficiency of the process. In fiscal year 1973, 
however, OCR's program received increased emphasis when OCR 
awarded a 4-year, $5.8 million contract for the design, 
construction, and operation of a fluidized bed combustion 
pilot plant for use by the electric utility industry. The 
contract was subsequently increased to $12 million. The 
ultimate objective of OCR's program was to demonstrate the 
commercial feasibility of the process. 
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An OCR official told us'khat ongoing and planned ef- 
forts of the agencies involved in fluidized bed research 
would be combined into a single national fluidized bed com- 
bustion program. The overall objective will be the early 
development, demonstration, and commercialization of fluid- 
ized combustion processes. OCR was to be the lead agency 
for the program. The program is still in the formation 
stages with detailed plans, goals, costs, and timetables yet 
to be established and negotiated. Information on the two 
major OCR and EPA fluidized bed processes is shown on the 
following page. 

OCR believes that the fluidized bed combustion process 
offers the best prospect for providing large volumes of 
clean energy from coal at the earliest date. OCR anticipates 
the design, construction, and operation of a pilot plant by 
fiscal year 1977. A commercial plant is expected to consume 
about 8,400 tons of coal per day and to produce sufficient 
steam to power a 1,000 megawatt electrical generation plant 
capable of providing the electricity needs for about 200,000 
residences. An illustration of a fluidized bed conversion 
process is shown on page 54. 

Pollution abatement 

Federal efforts to control air pollution resulting from 
the burning of coal were initiated in 1963 with enactment 
of the Clean Air Act of 1963 (42 U.S.C. 1857). This act 
provided for grants to State and local agencies to assist 
in controlling air pollution and provided limited authority 
for Federal action to abate interstate pollution problems. 
The Air Quality Act of 1967 (42 U.S.C. 1857) and the Clean 
Air Amendments of 1970 (42 U.S.C. 1857) both amended the 
1963 act and provided increased Federal authority to reduce 
air pollution. 

With the creation of EPA in 1970, Federal researh ef- . 
forts to control air pollution resulting from burning coal 
were given greater emphasis. 
cal year 1974, 

From fiscal year 1970 through fis- 

158 proj,ects, 
about $65 million was expended on approximately 

primarily by EEL. !I!hemajoremphasisinthsFed- 
era1 pol.lution abatement research effort has been on the re- 
moval of pollutants after the combustion of coal, although some 
research has also been conducted on chemical cleaning of coal 
to produce low-sulfur coal for the electric utility industry. 
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Summary of Advanced Fluidized Bed Processes 
Process phase 

Federal Estimated Estimated Estimated 
Process agency Industry fundinq to 6-30-74 completion total 

name sponsor cosponsor Contractor Federal Industry Total Description date cost 
(millions) (millions) 

Multicell OCR None 
Fluidized 
Bed Boiler 

Fluidized EPA Exxon 
Bed Com- Corp. 
bustion 

Pope. Evans, $5.8 None $5.8 Pilot plant 1976 $12.0 
& Robbins under con- 

struction ex- 
pected to be 
operational in 
fiscal year 1975 

Same as 
cosponsor 

1.2 .3 1.5 Pilot plant in 
operation 

1977 5.4 
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Current Federal research efforts in this area have 
been primarily directed to the development of six advanced 
processes to remove pollutants resulting from the direct 
combustion of coal. The processes are similar in that 
each cleans gaseous emissions from coal burning electrical 
generation plants, but each process employs a different 
method of cleaning the gases. 

As shown on the following page, one of the processes 
has been installed at private powerplants, although it is 
still being tested at a TVA powerplant; three of the proc- 
esses are being demonstrated at several powerplants and are 
expected to be commercially available during the period 
1975 to 1980, and the fifth and sixth processes are being 
tested at pilot plants. 

Although EPA considers these six processes to be at an 
advanced stage, they are not considered as efficient or as 
economical as desired. EPA plans to continue its efforts 
to improve the efficiency and economy of these processes. 

According to TVA studies, the cost to install a com- 
mercial process is expected to range from $35 to $43 mil- 
lion for a new large electric power generation plant, and 
from $52 to $68 million for an existing small plant. The 
TVA studies also indicate that the processes' cost could 
increase the average consumer's monthly electric utility 
bill by at least 10 percent, and possibly as much as 40 
percent, depending on whether the equipment is installed in 
a new plant or is retrofitted in an existing plant. 

An illustration of a process for the removal of pol- 
lutants after combustion is shown on page 57. 

POTENTIAL PROBLEMS IN COMMERCIALIZATION 
OF COAL CONVERSION PROCESSES AND AGENCY ACTIONS -_I_ 
TO RESOLVE THEM 

Extensive research has been conducted on various coal 
conversion processes and with additional research and de- 
velopment on these processes there are prospects for com- 
mercialization in the late 1970s or early 1980s. There 
are potential problems, however, in specialized equipment, 
plant location, and capital requirements related to the 
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eventual commercialization of these processes, which could 
delay the transition from the research phase to the com- 
mercial phase. The Project Independence report identified 
potential constraints on energy development. Federal agen- 
cies involved in energy matters are aware of these problems 
and have initiated or are planning actions to resolve them. 
These matters are discussed below. 

Specialized equipment 

Commercial coal conversion facilities will require 
large pieces of equipment capable of withstanding high tem- 
peratures and pressures. For example, the main piece of 
conversion equipment for one of the processes to convert 
coal to synthetic gas is expected to be about 250 feet high, 
have an inside diameter of about 22 feet, weigh 3,000 to 
4,000 tons, and be capable of withstanding temperatures of 
1,900 degrees fahrenheit and pressure of 1,200 pounds a 
square inch over long periods of time. 

In our review of reports on energy-related matters as 
well as through discussions with individuals involved in 
coal research, we noted a concern over the ability and 
capacity of private industry to fabricate and erect the 
equipment that may be required for commercial coal pro- 
cessing plants. 

For example, a 1973 Senate Committee on Interior and 
Insular Affairs report on "Energy Research and Development-- 
Problems and Prospects" notes that shortages in manpower 
needed to design, construct, and operate conversion plants, 
and equipment and supplies for plants could occur. The 
report specifically states that plant design contractors 
and equipment manufacturers have questioned their industries' 
ability to meet anticipated equipment demands for coal con- 
version facilities as well as demand for similar types of 
equipment for the nuclear power industry. 

A similar concern was expressed by a contractor offi- 
cial who is currently involved in a major coal conversion 
program sponsored by the Federal Government. This official 
stated that studies should be initiated to determine man- 
power requirements, availability of materials, and capa- 
bility of contractor and suppliers to build and supply the 
needs of large coal conversion plants. 

. 
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The Project Independence report notes that materials 
and equipment are fundamental to the development of energy 
resources and current energy development has been slowed 
by shortages of certain categories of equipment. It also 
noted that future energy development will place additional 
burdens on industrial capacity and raw materials availability. 

The availability of steel products, such as heavy plate 
for pressure vessels, pumps, compressors, and piping and 
tubing, and the capability of the construction industry to 
build energy related facilities are two of the materials, 
equipment, and construction constraints set forth in the 
Project Independence report which have particular applica- 
bility to coal-related energy research. The report states 
that expansion of domestic steel-making capacity is important 
to increased energy development and the availability of 
financial capital appears to be the most serious constraint 
on capacity expansion. With respect to construction of 
energy facilities, the report states that this constraint 
is not severe but that the availability of financial capital, 
material, and labor shortages could affect the ability of 
the construction industry to expand to the needed capacity. 

OCR also recognized that production of commercial equip- 
ment is a potential problem and has begun to study the prob- 
lem. For example, OCR's contract evaluator for the high- 
Btu gas program is preparing commercial concept designs for 
each of the gasification processes. In carrying out the 
contract, the contractor will identify problems which must 
be resolved before equipment can be specified for manufac- 
ture and identify problems in field fabrication of large 
pieces of equipment. The OCR evaluator for the various 
processes to convert coal to synthetic oil will also carry 
out similar studies to identify equipment problems. 

Conversion plantsite location 

According to an OCR contractor developing a gas con- 
version process, the selection of sites for the location of 
coal conversion plants is important. The contractor pointed 
out that potential sites having adequate coal and water 
supplies to support the plants must be identified, the land 
must be obtained, contracts for coal and water supplies 
must be negotiated, various permits must be obtained from 
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appropriate authorities, and usually environmental impact 
studies must be conducted. These activities are time con- 
suming and should be initiated as soon as possible to insure 
that sites for the location of conversion plants will be 
available when commercialization of the various conversion 
processes is achieved. For example, the environmental impact 
study for a major coal area in Wyoming took over a year to 
complete. 

We discussed this matter with several Government and 
non-Government officials involved in coal conversion research 
activities. They agreed that the time required to resolve 
the economic and environmental issues of coal conversion 
pLantsite selection could delay the realization of commer- 
cial application. 

The selection of sites for energy facilities is also 
identified in the Project Independence report as a major 
environmental issue. The report points out that even with 
the best available control technology, these installations 
are significant sources of pollution. The location of 
such facilities in urban areas may make it impossible to 
reduce pollution to acceptable leve'ls, whereas siting new 
facilities away from problem areas could degrade relatively 
clean 'environments, either directly or through resulting 
secondary development. 

The availability of water, essential to almost every 
energy process, is-also identified in the Project Indepen- 
dence report as a constraint on energy development and 
plantsite selection. Coal gasification and liquification 
plants are among those energy processes which require sub- 
stantiaJ;3_yhigh amounts of water. The report identified 
two regions --the Missouri and Upper Colorado River Basins-- 
as having the most serious water problems. These regions 
have already experienced water supply problems and future 
development of large coal deposits in the regions could 
have serious environmental, social, and economic impacts. 

OCR has awarded contracts to study and seek solutions 
to environmental problems involved in siting of coal-based 
industrial complexes. The objeetive of these contracts is 
to evaluate the best end uses of land, water, and other 
resources to achieve balanced industrial, economic, social, 



*and environmental development at potential locations in 
coal areas in the United States. 

Among the contracts awarded by OCR is one under which 
work was initiated in June 1973. The intent of this effort 
is to provide a methodology for the environment-related 
factors that must be considered in constructing and operat- 
ing coal conversion refineries and associated mining opera- 
tions and for assessing environmental impacts. Potential 
land and water resource development will be defined along 
with opportunities and benefits for industrial, economic, 
and resource development. The contractor has compiled in- 
formation for four regions of the country having coal re- 
serves needed to support coal refineries capable of process- 
ing up to 75,000 tons of coal a day. 

According to a 1974 OCR report, the contractor is 
evaluating the information obtained in order to define min- 
ing techniques and materials handling methods and equipment 
that could be used to conduct operations of this magnitude 
in each of the four regions. The report notes that as a 
part of this evaluation, assessments are being made of the 
environmental effects and the approach that might be used 
to mitigate such effects. 

Another OCR contractor is studying the economic, social, 
and land-use activities and impacts that will result from 
development of a coal-mining processing complex to be locat- 
ed in a relatively undeveloped, somewhat isolated, and 
sparsely populated area. The area under study comprises 
the lignite reserves of the Fort Union deposit in Wyoming, 
Montana, and North and South Dakota which according to the 
Department of the Interior is one of the Nation's major 
regional energy storehouses. 

Capital requirements 

If current coal conversion research efforts prove suc- 
cessful and result in commercially viable conversion proc- 
esses, entirely new coal conversion industries may be 
created. Current estimates of the cost to design and con- 
struct conversion plants, as high as $785 million, indicate 
that these industries will have capital intensive character- 
istics. During our review, several energy industry represen- 
tatives told us that because of uncertainty concerning the 
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role of coal in meeting future energy demand and because of 
competition from other energy sources, private industry may 
be unwilling or unable to provide sufficient funding for 
the coal conversion industry. 

There are no precise estimates as to the number of con- 
version plants ultimately to be constructed, but the number 
could conceivably range into the hundreds. The capital re- 
quirement needs for these plants have been emphasized in many 
Government and non-Government reports and discussions concern- 
ing the energy situation and the use of coal in meeting our 
Nation's energy needs. 

The Project Independence report points out that capital 
requirement needs for expanded energy development are po- 
tentially large enough to raise questions about the economy's 
capacity to provide funds. The report states that the fi- 
nancial situation of the electric utility industry, which 
would be a major user of coal research technology, is par- 
ticularly critical and inadequate rates of return will not 
only reduce the internal funds available for expansion but 
also hamper the industry's ability to attract new investment. 

OCR has contracted with several engineering and indus- 
trial firms for economic analyses of coal conversion proces- 
ses which will define the capital and operating requirements 
for commercial plants. Also, the capital requirements prob- 
lems associated with commercial coal-conversion processes are 
the subject of proposed legislation (S. 2956) introduced in 
the Congress in February 1974 which would establish a Federal 
Energy Production Corporation. This bill provides for the de- 
velopment of underutilized or unconventional energy sources, 
including synthetic fuels derived from coal, by means of 
grants, loan guarantees, price supports, guaranteed purchases, 
and low interest, short- or long-term loans. No action was 
taken on the bill. 

CONCLUSIONS 

Federal research efforts in the conversion of coal to 
synthetic gas and oil and the direct use of coal in elec- 
trical power generation are expected to produce commercially 
acceptable processes in the late 1970s or mid-1980s. Fed- 
eral efforts in pollution abatement research have produced 
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several processes to remove pollutants resulting from the 
direct combustion of coal: however, these processes are 
not as efficient or as economical as desired. 

The commercial feasibility of the coal conversion and 
utilization processes being developed will determine the 
extent to which the Nation's abundant coal resources will 
be utilized. However, we believe that the likelihood of 
commercially available conversion processes and improved 
Dollution abatement Drocesses by the late 1970s or mid- 
1980s will depend 
agencies continue 

upon whether the Federal coal research 
to receive adequate funding. 

Although the commercialization of the coal conversion 
processes appears feasible by the mid-1980s, there are 
potential problems which may delay the transition from 
the research phase to the commercial plant phase. These 
problems include the development and fabrication of large- 
size specialized commercial plant equipment, the identifi- 
cation and selection of plant sites, and the availability 
of private investment capital to construct and operate the 
conversion plants. 

Federal agencies involved in energy matters recognize 
the potential problems and have initiated studies to mini- 
mize or resolve them. 

RECOMMENDATION 

Because of the importance of the potential problem 
areas which could delay the transition from the research 
phase to the commercial production phase for various coal 
conversion processes, the Administrator of ERDA should 
give these potential problem areas early consideration in 
the planning for future coal research and development efforts. 
The Administrator should also consider the extent to which' 
similar problem areas could impact on other energy sources. 

MATTERS FOR CONSIDERATION BY THE CONGRESS 

As part of its continuing deliberations on the Nation's 
energy situation, the Congress should consider the Federal 
incentives that might be needed to overcome the many problems 
which may delay the transition from the research phase to 
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the commercial production phase for various coal conversion 
processes. Such Federal incentives might be needed in the 
areas of (1) development of costly specialized equipment, 
(2) obtaining plantsite locations, and (3) capitalization 
of new conversion industries. 



CHAPTER 4 

COAL SUPPLY RESEARCH 

From fiscal years 1970 through 1974, an estimated $121 
million was spent on coal supply research. About 90 per- 
cent--$109 million-- had been directed to mining health and 
safety research. Of the remainder only about 9 percent--$11 
million--had been directed to land reclamation and about 1 
percent--$1.5 million-- to coal extraction technologies. 

According to the Department, the demand for coal is 
expected to almost triple by 1985. Coal industry experts 
and other energy authorities have questioned the ability of 
the coal industry as presently constituted to meet the in- 
creased demand, because of problems in the areas of adequate 
mining technology, manpower, transportation, capital invest- 
ment, and environmental. considerations. An additional $325 
million in Federal funds for coal extraction and land recla- 
mation research has been recommended by the Chairman of AEC 
for 5 years beginning with fiscal year 1975, 

The status of Federal coal supply research, which has 
been carried out almost entirely by BOM, and potential.prob- 
lem areas in coal supply are discussed below. 

STATUS OF COAL SUPPLY RESEARCH 

Mining health and safety 

From fiscal year 1970 through fiscal year 1974, BOM 
spent about $109 million for mining health and safety re- 
search involving over 550 projects. About $92 million 
was directed to safety research and about $17 million to 
health research. 

Safety research on equipment, methane gas control, and 
fire and explosion prevention was emphasized. Research was 
also done on post disaster and survival rescue and on de- 
veloping and designing safer and more healthful mining sys- 
tems, Health research was directed to the control of respir- 
able dust, noise suppression, and improved detection and 
monitoring systems for toxic gases. 
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A BOM official told us'that research had been directed 
to (1) improvements in dust suppression through the use. of 
water and foam spraying, (2) the development of a portable 
dust collection system, (3) improvements in noise abatement, 
(4) an improved explosive proof bulkhead, and (5) improved 
post disaster survival and rescue procedureso He also said 
that BOM had directed particular attention to disseminating 
the results of its mining health and safety research and 
development efforts to private industry. 

Although specific funding levels for this research 
during fiscal years 1975 through 1979 were not set forth in 
the recommendation of the Chairman of AK, BOM officials 
told us that mining health and safety would continue to be 
emphasized through BOM's ongoing research program. They 
also told us that mining health and safety would be consid- 
ered in its future research in improved coal extraction 
technology. 

In its future research in mining health and safety, BOM 
plans to emphasize research directed to decreasing the number 
of injuries caused by mine roof falls. BOM also plans to re- 
search the human factors associated with mine industrial 
hazards. 

Land reclamation 

BOM and TVA spent $11 million on land reclamation re- 
search from fiscal year 1970 through fiscal year 1974. BOM 
funded about 84 percent of this research, which was directed 
to demonstrating different methods of reclaiming lands dis- 
turbed by strip mining. 

A BOM official told us that, although land reclamation 
research had been successful in demonstrating reclamation 
methods, additional research was necessary to develop inte- 
grated mining and reclamation methods. 

BOM plans to undertake field demonstrations of recla- 
mation technologies directed to (1) reducing land reclama- 
tion costs and (2) developing improved technology to speed 
up the land-healing process, resulting in reclaimed land 
which is in better condition than before mining, 



For the fiscal years 1975 through 1979, the Chairman 
of AEC recommended $325 million for research in coal extrac- 
tion, which is to include research in land reclamation and 
environmental problems associated with coal mining. 

Coal extraction 

BOM will have expended only about $1 million from fis- 
cal year 1970 through fiscal year 1974 on research specif- 
ically directed to coal extraction. The project was dir- 
ected to the development of a pneumatic (air blown) system 
for transporting coal from the face of the mine to a load- 
ing area and was completed in fiscal year 1972. 

In addition to research specifically directed to coal 
extraction, BOM's coal mine health and safety research has 
some application to coal extraction technology. BOM offi- 
cials believe benefits to coal extraction technology come 
about from improving the conditions of mining and although 
the objectives of health and safety research may be differ- 
ent from extraction technology research, the overall re- 
sults benefit both research programs. 

Of the $325 million proposed by the Chairman of AEC 
for a mining technology research program, $45 million would 
be provided in fiscal year 1975. Part of this proposed pro- 
gram would provide funds for the development and demonstra- 
tion of new mining methods for both surface and underground 
mines aimed at increasing productivity with as complete 
extraction as possible in a manner that insures safety and 
environmental protection. 

POTENTIAL PROBLEMS WHICH MAY DELAY -- --I__ 
INCREASED COAL PRODUCTION AND AGENCY 
ACTIONS TO RESOLVE THEM -- 

Accelerated use of coal requires the resolution of 
many potential problems. Among them is the development of 
adequate mining capacity to meet the demand for coal. The 
key elements in providing additional capacity are the de- 
velopment of improved mining technology, attraction of ad- 
equate numbers of new workers into the mining industry, 
actions to insure the ready availability of transportation 
of coal or products derived from coal, and incentives to 
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attract investments in mines and other facilities essential 
to coal supply. Equally important, however, are the environ- 
mental regulations, either established or proposed, which 
impact on coal production. 

With increased emphasis on energy self-sufficiency, 
and coal potentially a significant element in meeting this 
goal, these factors assume added importance. These factors 
were recognized as potential constraints on energy devel- 
opment in the report on Project Independence. Federal 
agencies involved in energy matters recognize these impor- 
tant potential problems and have initiated or are planning 
actions directed to their resolution. These matters are 
discussed below. 

Improved mining technology 

During this century, coal mining has been subjected to 
several major technological improvements which have ad- 
vanced it from the "pick and shovel" era* These include 
the introduction and improvements of strip- or surface- 
mining techniques and the mechanization of underground 
mining systems. 

Despite these major innovations, coal experts contend 
that mining technology, particularly for underground mining, 
has become stagnant over the past few years. According to 
the National Coal Association, the coal industry attribu-tes 
this to the lack of coal-mining research. A major univer- 
sity conducted a workshop in 1973 on the issues of a nation- 
al energy research and development program and reached a 
similar conclusion. This workshop concluded thatunder~:~~ - 
ground coal-mining technology offers opportunities for fur- 
ther improvement but that research in this area has been 
restricted to improving health and safety underground. 
Similarly, a 1973 staff study for the Senate Committee on 
Interior and Insular Affairs found that coal-mining re- 
search was receiving almost no attention. 

There seems to be no question that Government research. 
on mining technology had received very little attention in 
the past. In analyzing Federal research expenditures during 
fiscal years 1970-74, we found that only about $1.5 million 
of $463 million was for projects involving mining technology. 
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BOM spent about $1 million of this on one project. However, 
a substantial increase in mining research is projected for 
fiscal years 1975-79. 

The surface coal-mining program will develop and demon- 
strate mining and reclamation systems and equipment that 
would permit surface mining in the western and Appalachian 
coal fields at minimum cost and environmental impact. Par- 
ticular attention will be given to demonstration projects 
to assess the effects of the best present technology and 
to identify and resolve indicated deficiencies. 

The underground coal-mining program plans to develop 
and conduct demonstrations of equipment systems for high- 
speed horizontal mine development, improved long-wall min- 
ing, continuous materials-handling systems, improved roof 
control systems, commercial extraction of methane from 
virgin coal areas, and novel mining concepts. Technology 
for environmental protection associated with underground 
mining, including control of subsidence phenomena, control 
of chemical mine drainage effluents, and acceptable methods 
of waste disposal are expected to be demonstrated. 

The mining technology research programs outlined 
above are aimed at increasing productivity. In our opinion, 
such programs are necessary if coal is to become a signif- 
icant energy source. 

Manpower~ 

Even though the mining process has been mechanized to 
a large degree, manpower is still a major factor in mining 
coal, In 1973 there were about 155,000 men employed in 
bituminous and lignite coal mining and about 4,400 men in 
anthracite mining. This labor force mined about 600 mil- 
lion tons of coal. A spokesman for the Department stated 
that it could take as many as 300,000 new workers to meet 
the kind of production'needed between now and 1985. 

In December 1973 the National Coal Association reported 
to FEA that labor was one of the biggest factors delaying 
coal production and for the longer term was a major con- 
straint to the expansion of coal production. 



In a 1972 report the hational Petroleum Council ex- 
pressed similar views. It reported that attracting adequate 
numbers of new workers into mining remains a problem, espe- 
cially because the increasingly sophisticated equipment used 
raises the required level of worker competence and training. 
According to the Council, a more serious shortage of certain 
trained supervisory and professional manpower may develop. 
They pointed out that only 20 colleges and universities offer 
undergraduate degrees in mining engineering or related areas 
and noted that these schools only graduated 132 mining engi- 
neers in 1970. According to the Department of the Interior 
data there were 280 undergraduate degrees awarded in mining 
engineering in the fall of 1973. Of the degrees awarded, 
about 10 percent went to foreign students. 

Potential manpower shortages are also identified in 
the Project Independence report. TJne report points out 
that shortage of professionals and skilled craftsmen in 
selected occupations have hindered the development of some 
energy projects in recent years and that shortages could 
occur in some areas, particularly engineering. Although 
widespread shortages are not anticipated, the report states 
that regional imbalances in labor supply are expected. 
The report identifies the Northern Great Plains as an area 
which currently employs few workers in the energy sector 
but which would undergo rapid development in the future and 
incur shortages of miners and other workers as new sur- 
face mines are opened. 

The Project Independence report states that although 
the responsibility for training to meet occupational re- 
quirements has traditionally been with industry, unions, 
and the educational sector, the Federal Government could 
take several actions to enhance work force mobility into 
needed occupations and locations when labor shortages 
may occur. These actions include 

--taking the responsibility for providing a constant 
flow of information on occupations that will be 
needed and where they will be needed; 



--working directly with unions, industry, and educa- 
tional institutions to assist in planning for train- 
ing programs, publicizing jobs, and encouraging 
mobility: 

--encouraging the expansion of apprenticeship; 

--establishing a clearinghouse for energy-related 
jobs: 

--increasing or establishing scholarship assistance 
for selected occupations: and 

--providing financial assistance for job relocation 
through tax credits or subsidies. 

There seems to be no question that the ability to 
attract and train the coal industry's work force is a po- 
tential constraint and that some Federal action in this 
matter may be needed, 

Transportation 

In 1972, about 52 percent of bituminous coal ship- 
ments to U,S. destinations was moved by railroads; about 
29 percent by water conveyances or inland waterways of the 
Great Lakes; about 12 percent by truck; and the balance was 
moved by tramway, conveyor, or private railroad. If coal 
production triples in the next 20 years, as some projec- 
tions suggest, it appears that additional transportation 
facilities must be coordinated with the additional coal 
requirements. The future coal transportation complex is 
dependent upon many variables which bear on new mine de- 
velopment or increasing production capacity of existing 
mines. 

For example, the bulk of the coal now mined for the 
conventional markets (electric power and steel) originates 
in the eastern United States. If eastern coal's environ- 
mental problems can be solved (i.e, elimination of the 
sulfur dioxide problem), then it is likely that these coal 
sources could provide most or all of the added coal for 
the conventional markets. Past transportation means would 
then serve as an indicator as to what additional transporta- 
tion units might be required to move the increased coal 
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requirements. On 'the otherhand, if coal desulfurization 
or sulfur dioxide stack gas clean up does not become read- 
ily available, then the low sulfur coals which are located 
in the Western States may become the source for the major 
conventional markets which are in the eastern and central 
parts of this country. To open up the western coal fields 
may require the construction of new rail lines and addition- 
al rail cars. 

The supply of coal for complexes converting coal to 
gas or liquids will also influence the transportation as- 
pects of coal. According to OCR officials it is expected 
that these complexes will be constructed on top of or ad- 
jacent to the vast surface coal deposits in the Western 
States. Thus the transportation problem is changed from 
moving the basic raw material (coal) to transporting the 
energy product derived from coal which maybe in the,form 
of oil, gas, and electricity, Transportation, in short, 
will be a major factor in expanding conventional coal 
markets as well as opening new coal markets. 

The transportation of energy products and possible 
constraints on increased energy development was also dis- 
cussed in the Project Independence report. With respect 
to coal, the report points out that, if coal production is 
to be increased, a large amount of growth will be needed 
in the coal transport system. New and improved rails 
and track beds will be needed, more rolling stock (hopper 
cars and locomotives) will be needed, and the railroad 
industry will need to be strengthened. 

The report states that the availability of materials, 
manpower, and industry capacity could be a constraint on 
increased rolling stock and rail pro~ductfon, but that~ the 
most central problem is the poor financial position of the 
railroad industry. The railroad industry's financial 
position has deteriorated steadily in recent years and it 
may be difficult for the industry to finance needed capital 
expenditures, The report also states that,growth in other 
methods of transporting coal or coal products, barge__and 
pipeline, will also necessitate increased capital investment 
and that expansion could be constrained by the availability 
of materials, labor, and construction capacity. Planning, 
Federal regulatory, and other decisions will need to be 
made soon to insure adequate transportation capacity for 
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energy resourceso 

In May 1974, OCR awarded a 16-month contract to study 
the transportation of synthetic fuels from coal. In this 
study the contractor will evaluate the economics of de- 
livering clean fuels and electricity by various transpor- 
tation modes from the mine to the energy demand center. 

Capital investment 

Multibillion dollar capital investments in mines and 
other essential facilities are necessary for the coal in- 
dustry to meet increasing demands. An official from a 
leading coal company cited a need for an increase of 1 
billion tons of annual production by 1985, which would re- 
quire a minimum $10 billion capital investment, or $10 
for each added ton of capacity. A BOM official expressed 
similar views. He estimated investment for added capacity 
at about $9 a ton for strip mines and at about $15 a ton 
for underground mines, or a capital investment need of $9 
to $15 billion for an added 1 billion tons of capacity. 

Coal industry experts and other energy authorities have 
questioned whether the coal industry can raise the addi- 
tional capital from private sources. For example, the 
National Coal Association views meeting the coal industry's 
finance requirements as a formidable task,, especially for 
an industry with a current capitalization of $4 billion. 
There is apparently very little incentive to attract private 
investment to develop new coal capacity. A July 1973 De- 
partment report notes that such factors as environmental con- 
straints, increased oil imports, and growth and timing un- 
certainties of nuclear power generation have tended to dis- 
courage investments in coal mining that are needed to sub- 
stantially increase capacity. This report adds that practi- 
cally all new deep-mine capacity is presently being developed 
under long-term consumer contracts, and many large consumers 
are reluctant to negotiate contracts because of uncertainties 
in the competitive energy outlook. 

The outlook of potential investors is a highly spec- 
ulative issue. Nevertheless, it must be considered in 
planning for increased emphasis on coal as an energy source. 
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A legislative proposal (H,R." 12045) was introduced in the 
Congress in December 1973 which included substantive pro- 
visions for developing coai resources. This bill would have 
created the position of a coal administrator who would have 
been empowered to 

--set goals for producing and converting coal into 
other forms of energy: 

--insure a market for coal producers by giving them 
long-term contracts for purchasing their output: 

--resell coal purchased under long-term contracts to 
utilities and other users; 

--issue production orders giving coal producers first 
claim on materials and supplies needed to increase 
the production, transportation, and conversion of 
coal for energy purposes; 

--provide financial assistance to railroads buying 
additional coal cars and improving road beds: and 

--provide financial aid to utilities and others con- 
verting to the use of coal as an enerqy source. 

The bill was assigned to the House Interstate and Foreign 
Commerce Committee but no action was taken on it. 

As discussed previously, capital investment constraints 
and the means to overcome such constraints are also aspects 
of FEA’s Project Independence report. 

Environmental considerations 

Concern over the environment is possibly one of the 
most important factors which has delayed the growth of 
coal as an important energy source in the past and which may 
limit future coal use unless conflicts between coal mining 
and coal use and the environmental issues can be resolved. 
The various phases of coal's economic cycle produce large 
amounts of environmental degradation. First, in order to 
recover coal, land has to be disturbed. Secondly, when most 
coal is burned, sulfur dioxide, identified as a major air 
pollutant by Federal Air Quality Standards, is released into 
the air. 
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The sulfur dioxide concern is the single most important 
factor influencing Federal coal use research. Most of the 
major research programs are conducted to find ways to burn 
coal in an environmentally acceptable manner. As discussed 
in chapter 3, this research is not expected to result in 
any commercially viable operations until the late 1970s or 
1980s. Although research is expected to provide long-term 
solutions, the short-term problem is how to use greater 
quantities of coal to reduce the energy deficit. H.R. 11592, 
which was introduced in the Congress in November 1973 and 
referred to the House Interstate and Foreign Commerce Com- 
mittee, would have temporarily relaxed or postponed manda- 
tory implementation of the air standards to provide some 
immediate relief to the energy shortage. No action was 
taken on the bill. 

Another major problem which could influence the coal 
supply is the environmental effect on mined land and sur- 
rounding areas., The environmental consequences which re- 
sult when coal is mined are well known and have been given 
wide publicity in the press as well as in Government and 
private reports. 

This increasing concern stems from the anticipated 
increased dependence on coal to alleviate the energy short- 
age. According to some reports, the bulk of the additional 
coal requirements may come from strip mining in the huge 
untapped western coal reserves. Mining of these reserves, 
according to some reports, poses serious reclamation prob- 
lems especially because of arid conditions and thin and 
fragile topsoil. Problems associated with mining these re- 
serves are (1) the availability of water for mining needs, 
(2) the water needs of proposed synthetic plants for generat- 
ing coal into either gas or oil which are expected to be 
located near the coal mines, and (3) water to insure revege- 
tation. These matters were discussed in chapter 3. 

Federal land reclamation research, which amounted to 
about $11 million during fiscal years,1970 through 1974, 
was directed to the demonstration of various methods to 
reclaim lands disturbed by mining. Future research will 
be directed to developing improved technology which will 
speed up the land healing process and reducing land rec- 
lamation costs. 
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We believe that such researdh is needed and should be accel- 
erated to the extent possible, especially in view of the 
strip mining legislation pending before the Congress which 
could impact on the supply of coal. 

The report on Project Independence devotes an entire 
chapter to an environmental assessment of the impact of in- 
creased energy development and points out that there is no 
simple way to evaluate the most environmentally protective 
of the options available. With respect to coal matters, the 
report points out that environmental considerations are con- 
siderable. These considerations include 

--surface mining versus underground mining; 

--acid mine damage, palfticularly in the Eastem-united 
States; 

--the use of proper reclamation techniques, partic- 
ularly in areas of low rain fall levels; 

--surface subsidence; and 

--the disposal of liquid and solid waste materials. 

There is no doubt that environmental considerations will 
have a significant impact on the increased production of coal 
and that such matters will need to be resolved on a national - . 
basis if coal is to have a noticeable impact on the solution 
of the Nation's energy problems. 

CONCLUSIONS 

If coal is to be used in large amounts as projected, there 
must be assurances that there will be a sound coal industry 
capable of mining and supplying the increased coal require- 
ments. However, increasing coal production requires re- 
solving many problems associated with its supply and use. 
Additional productive capacity will require improved mining I s * I . . 
technology, addlt~~~L~=ng personnel, zddlt:ona? trsns 
portation equipment, and incentives to attract investments 
in mines. 



Environmental regulations, both established and proposed, 
which impact on coal production could also impact on the in- 
dustry's capability or willingness to develop additional coal 
production capacity, 

I 

Federal coal research agencies have recognized the is- 
sues associated with expanded coal production capacity and 
have taken action to resolve such issues. The recent report 
on Project Independence by FEA should assist in the resolu- . 
tion of these problem areas. Also, legislative measures 8 
dealing with these matters have been introduced in the 
Congress. 

RECOMMENDATION 

Because of the importance of the problems presently 
delaying the increase in our Nation's coal supply, particu-- 
larly the need for improved mining technology, the Adminis- 
trator of ERDA should give these problems early consideration 
in the planning for future coal research and development 
efforts, 

MATTERS FOR CONSIDERATION BY THE CONGRESS j 

As part of its assessment of coal's potential as an 
energy source, the Congress should consider the need for ac- 
tion and funding to overcome the present problems delaying 
the increase in our Nation's coal supply. Such action and 
funding may be needed for (1) improving mine technology, (2) 
increasing manpower, (3) providing new transportation sys- 
tems, (4) resolving environmental considerations, and (5) 
providing incentives to attract private investment. 

Congress should consider the need for providing assur- 
ance to the coal industry that technological breakthroughs 
in other potential energy-producing sources, such as oil 
shale, solar energy, or nuclear energy, which could conceiv- 
ably provide cheaper or more environmentally acceptable means 
of producing energy, would not result in a drastic diminua- 
tion of the role of coal in energy production, as had oc- 
curred after 1947 when oil and natural gas became highly com- 
petitive energy sources. Such assurance would seem to be 
needed to encourage investment in coal conversion plants, coal 
mining equipment, and coal transportation facilities as.well 
as to interest sufficient personnel in acquiring the training 
and skills needed by an expanding coal industry. 
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CH&TER 5 

AGENCY C&MENTS AND OUR EVALUATION 

DEPARTMENT OF THE INTERIOR 

In its November 1, 1974, comments (see app. I) the 
Department of the Interior stated that it generally con- 
curred with our proposal relating to determining whether 
procedures for exchanging research and development infor- 
mation with industry and foreign countries can be devel- 
oped. The Department did state, however, that while the 
information exchange between the Federal Government, 
private industry, and other countries is not perfect, it 
is much better than is generally believed and there is 
excellent communication especially with respect to basic 
information in the technical community. 

We agree that a considerable amount of research infor- 
mation is exchanged through current agencies' operating 
procedures particularly through person-to-person contact. 
We believe, however, that more formal procedures are needed 
to insure that Federal coal research agencies and other 
interested parties are aware of the entire spectrum of re- 
search efforts and the results being achieved by such re- 
search. We also believe that the dissemination of this in- 
formation will assist in the direction and coordination of 
Federal coal research efforts. 

The Department also provided us with comments which 
were primarily of a technical nature and which have been 
recognized where appropriate in the report. 

FEA 

FEA, in its October 1, 1974, comments (see app. II) 
stated that it would be pleased to cooperate in investigat- 
ing better methods for exchanging industry and foreign de- 
veloped coal research information. FEA stated that the 
unbalanced duplicating and sometimes competitive nature of 
past coal research activities suggest that a total energy 
approach rather than a specialized energy commodity approach 
is needed. FEA was pleased to note several references to 
the Project Independence attempt to consider the total energy 
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problem as an integrated whole. FEA was confident that the 
Project Independence report would be helpful to the Congress 
in its further consideration of our report suggestions, 

FEA also stated that because much of our report is con- 
cerned with coal-oil-gas conversion research which has con- 
tributed the bulk of the coal research work to date, the re- 
port appears to imply that coal-oil-gas conversion will be 
the major coal contribution to Project Independence. FEA 
believes that in view of the problems still to be resolved 
for large-scale coal-oil-gas conversion technology, it appears 
that, at least for Project Independence, research directed 
to improving the efficiency of and control of pollution from 
the direct burning of coal may have greater payoff. 

Coal-oil-gas conversion research has received the great- 
est funding emphasis in recent years and it appears that this 
emphasis will continue in future years. Therefore,' such re- 
search activities are discussed at some length in this report. 
It was not our intention, however, to make any assumptions 
as to which specific research activities would provide the 
greatest benefit in achieving energy self-sufficiency. 

EPA 

In its October 25, 1974, comments (see app. III), EPA 
stated that our report was informative and appeared to be 
well thought out, but that a few exceptions were noted. 

EPA did not believe that the level of its coal research 
activities had been properly reflected in the report because 
not enough attention had been given to its efforts in pres- 
surized fluidized bed conversion process and in chemical coal 
cleaning. EPA stated that the report does not discuss its 
water pollution research efforts to develop technology for' 
environmentally acceptable mining methods nor does it dis- 
cuss National Academy of Engineers' and the Federal Power 
Commission's recent studies on fuel conversion and fluidized 
bed combustion. 

Because of the many individual coal research projects 
done by Federal agencies, we concentrated our efforts on 
those research processes which have reached an advanced 
state and appear to have some prospect for commercialization. 
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EPA's maj‘cr coal research emphasis has been directed to the 
abatement of pollutants resulting from the direct use of 
coal in electric power generation plants. These efforts are 
discussed in the report, as well as EPA's efforts in fluid- 
ized bed combustion processes. EPA's chemical coal cleaning 
efforts are not discussed at length in the report because 
EPA officials told us that such efforts have not reached the 
advanced stage, although the funding for such projects is 
included in pollution abatement funding statistics. 

Concerning EPA's coal-related water pollution activities, 
the report notes that these efforts are not discussed because 
they were covered in ottr pm report on E-PA's water pol- 
lution research activities. (See p. 16.) Also, the National 
Academy of Engineers' and the Federal Power Con-mission's 
studies were reviewed for applicability to our work, but they 
are not discussed in the report because of their technical 
nature and much of the information contained in the studies 
was obtained from Federal coal research agencies and included 
in our report. 

EPA also urged that greater emphasis be placed on the 
need to consider the environmental impact of energy technol- 
ogies simultaneously with technical and economic considera- 
tions. EPA also pointed out that it has the capability to 
assist in monitoring pollutants from energy technologi'e-s 
under development which could assist in providing informa- 
tion on clean energy technologies and the selection of ap- 
propriate sites for energy plants. 

We agree that the environmental issues associated with 
the development of coal research technologies and increased 
coal production are important. The report points out that 
concern over the environment is possibly one of the most im- 
portant factors which have delayed the growth of coal as 
an important energy source in the past and which may limit 
future coal usage unless conflicts between the mining and 
use of -coal and environmental issues can be resolved in a 
rational manner. (See pp. 74-76.) 



NSF AND TVA --- 

NSF, in its October 22, 1974, comments (see app. IV), 
stated that in general the report conclusions appear to re- 
flect accurate assessments, and salient topics are high- 
lighted for congressional consideration. NSF also provided 
comments concerning the coordination of coal research proj- 
ects between Federal coal research agencies and suggested 
changes in the description of its coal research activities. 

TVA’s September 27, 1974, comments (see app. V) were 
primarily technical and have been recognized where appro- 
priate in the report. 
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Cm&R 6 

SCOPE OF REVIEW 

We directed our review toward determining the status of 
the Federal coal research programs and the problems which 
need to be resolved so that these programs may help so1ve.th.e 
Nation's energy problems. 

We made our review at the headquarters of OCR and BOM 
in Washington, D.C.; at NSF's and FEA's headquarters in 
Washington, D.C.; at EPA's Control Systems Division in Dur- 
ham, North Carolina; and at TVA'S Power Research headquarters 
in Chattanooga, Tennessee. We also visited Federal research 
laboratories and contractor facilities involved in or re- 
sponsible for evaluating coal research projects and attended 
coal seminars sponsored by Federal and private coal organi- 
zations. 

We reviewed legislation; Federal agencies* and contrac- 
tors ' records, reports, and documents relating to coal re- 
search; interviewed Federal and private industry officials 
and other interested parties in the field of coal research; 
and examined studies and research projects dealing with coal. 

We obtained information on coal research from the 
National Coal Association, AGA, the American Petroleum Insti- 
tute, and the United Mine Workers Union. We also obtained 
and reviewed information from the National Technical Infor- 
mation Service, the Smithsonian Scientific Information Ex- 
change, the Library of Congress, and AEC. 



APPENDIX I 

United States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHINGTON, D.C. 20240 

NOV 1 1974 

Mr. Henry Eschwege 
Director, Resources and 

Economic Development Division 
LJ. S. General Accounting Office 
Washington, D. C. 20548 

Dear Mr. Eschwege: 

We have reviewed the draft of your report "Federal 'Coal Research - Status 
and Problems to be Resolved" and feel that GAO is to be commended for the 
wealth of information contained in the report. 

We generally concur with your recommendation relative to determining 
whether procedures for exchanging research and development information 
with industry and foreign countries can be developed. 

While the information flow between the activities of the Federal govern- 
ment, private industry, and other countries is not perfect, it is much 
better than is generally believed; and there is excellent general commu- 
nication, especially with respect to basic information in the technical 
community. We believe that we should explore whether procedures for 
further improving information exchange can be implemented. 

[See GAO note.1 

Attached are specific comments keyed by page number in the draft. Some 
of the comments correct errors of fact; others provide additional infor- 
mation which you may wish to incorporate in the final draft. 

Sincerely, 

Attachment 

Allan LuReynolds 
Director of Audit and Investigation 

GAO note: The deleted comment relates to a matter 
which was discussed in the draft report, 
but omitted from this final report. Also, 
the attachment contained comments which 
were primarily of a technical nature and 
is not included here. This final report 
has been revised to take the comments into 
consideration, where appropriate. 

Save Energy and You Serve America! 
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APPENDIX II 

*FEDERAL ENERGY ADMINISTRATION 
WASHINGTON, D.C. 20461 

OCT 1 1974 

OFFICE OFTHE ADMINISTRATOR 

Mr. Elmer B. Staats 
Comptroller General of the 

United States 
General Accounting Office 
441 G Street, N.W. 
Washington, D.C. 20548 

Dear Mr. Staats: 

I have reviewed the comprehensive and informative 
review of coal research which you forwarded for 
comment. Your draft report contains two adminis- 
trative suggestions relating to coal research. 

1. That the Secretary of the Interior and 
the Administrator of the Federal Energy 
Administration determine whether some 
procedures can be devised for collecting 
and exchanging coal research and development 
information from industry and foreign projects. 

[See GAO note, p. 85.1 

The report also suggests that Congress consider action 
to: 

1. 

2. 

3. 

Help translate research ideas into full 
scale coal conversion plants. 

Help increase the supply of coal. 

Assure that there is a floor price support 
under coal to guarantee investments in coal 
utilization, production and transportation 
facilities. 
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n 

The Federal Energy Administration would be happy to 
cooperate with the Secretary of the Interior to investigate 
better methods for exchanging industry and foreign developed 
coal research information. It is possible that this task 
should eventually be assumed by ERDA if it comes into 
existence. 

[See GAO note.] 

Much of the draft report is concerned with coal-oil-gas 
conversion research work which has contributed the bulk 
of coal research work to date. The report appears to make 
the implicit assumption that coal-oil-gas conversion will 
be the major coal contribution to Project Independence. 
In view of the formidable problems still to be solved for 
large scale coal-oil-gas conversion technology, it appears 
that, at least for Project Independence, research to improve 
the efficiency of and control the pollution from direct 
burning coal may have a greater payoff. 

The report notes that one of the coal research problems 
has been agency mission oriented research without clear 
overall direction and coordination. The Federal Energy 
Administration is pleased to note several references to 
our attempt to consider the total energy problem as an 
integrated whole. The unbalanced, duplicating and sometimes 
competitive nature of past coal research activities suggest 
that a total energy approach rather than a specialized 
energy commodity (oil, coal, etc.) approach is needed. 

We are confident that the Federal Energy Administration 
Project Independence Blueprint to be delivered to the 
President by November 1, 1974, will be helpful to the 
Congress in its further consideration of your Coal Research 
Report suggestions. 

Sincerely, 

ill 
r 

GAO note: The deleted comment relates to a matter 
which was discussed in the draft report 
but omitted from this final report. 
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,w SUr 
)‘* n ‘Ok 
d‘our 
“i alI2 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
qq + tip 

( Pito+ WASHINGTON, D.C. 20460 

OCT 25 1974 

Mr. Henry Eschwege 
Director, Resources and Economic 

Development Division 
U. S. General Accounting Office 
Washington, DC 20548 

Dear Mr. Eschwege: 

Thank you for the opportunity to comment on the draft of your 
proposed Report to Congress on “Federal Coal Research - Status and 
Problems to be Resolved. Ii Basically the report is informative and 
appears to be well thought out. ‘However, a few exceptions are noted 
below. 

While the U. S. Environmental Protection Agency (EPA) recognizes 
the substantial coal related research carried out by the Office of Coal 
Research and the Bureau of Mines, it is felt that the report does not 
properly reflect the level of coal related research carried out by EPA. 
More attention should be given to EPA’s work on pressurized fluidized 
bed schemes which have now become the most economically and 
technically favorable approach. For FY 1970-74, EPA’s expenditures 
reached $6.4 million. There is also no reference to the extensive work 
being done by EPA in the area of chemical coal cleaning. This process, 
frequently referred to as the Myers Process or the TRW Process, is a 
major effort to develop an alternative method for providing low-sulfur 
coal to the utility industry. 

We also feel the description of the Tennessee Valley Authority’s 
involvement in coal related research is somewhat misleading. Most 
of their research program has been done through interagency transfer 
from EPA, and with the exception of strip mine reclamation their energy 
related research activities lie in the future. 

The draft states that EPA has carried out coal related research 
activities to prevent and control air and water pollution. This is an 
accurate statement, However, reviewers appear to have considered 
only that part of EPA’s coal research activities located in the Control 
Systems Laboratory of the National Environmental Research Center 
(NERC) at Research Triangle Park, North Carolina, which has 
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responsibility for air pollution oriented activities. They have omitted 
the activities at NERC-Cincinnati which are water pollution oriented and 
in part pertain to technology development for environmentally acceptable 
mining methods. 

You will recall that GA.0 spent considerable time reviewing the 
activities of the Mining Pollution Control Branch in our Industrial Waste 
Treatment Laboratory at NERC-Cincinnati during the development of 
your report on “Research and Demonstration Programs to Achieve Water 
Quality Goals : What the Federal Government Needs to Do. I1 We feel 
much of that information could be incorporated in this report to present 
a more realistic picture of EPA’s total effort in the area of coal related 
research. For example, the total EPA expenditure of $60. 5 million 
shown on page 40 would be augmented by $10-12 million if you included 
the water pollution control activities in the coal programs at NERC- 
Cincinnati during FY 1970-74. 

With reference to the selection of plant sites, it would be appropriate 
to mention EPA’s current overhead monitoring capability which could be 
expanded with additional resources to provide the nucleus for objective 
site surveys. This could reduce industry’s long term difficulty with 
environmental impact. EPA’s expanded role in monitoring pollutants 
from technologies under development (demonstration plants, etc. ) will 
also provide early information on potentially clean energy technologies. 

The report fails to include any references to the recently completed 
study by the National Academy of Engineers on Fuel Conversion and 
Fluidized Bed Combustion, or work which was completed approximately 
a year ago by the Federal Power Commission, Reference should also 
be made to the Federally sponsored fuel cell program. This program, 
although relatively small, is of considerable importance to the overall 
energy program. Much of the work to date has been and is being done 
in the private sector. However, substantial funding and expertise reside 
in the Federal system and should be included to complete the picture of 
the total Federal energy R&D program. 

In the report, reference to the environmental problems associated 
with the overall Federal energy program is weak. Little cons true tive 
reference is made to the need for a research and development program 
to deal in a positive way with the environmental problems. For example, 
a point that should be strongly made is that many of the processes 
including shale oil conversion, coal extraction, fuel pre-treatment, 
combustion, and combustion product disposition create serious 
environmental problems. It would be exceedingly unfortunate to opt 
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for the commercialization of a process that is among the poorer procc:>;;; 
options from an environmental impact standpoint if alternatives and 
trade-offs are available. To this end, it is important that the assess- 
ment of environmental impacts of specific coal conversion processes 
proceeds jointly with the development of the basic technology. It is not 
practical to expect that problems created by ignoring environmental 
impact during the design of a process can be easily or cheaply resolved 
once the technology is pressed into commercialization. The need for 
incorporating environmental consideration in the technology development 
phase should be strongly stressed, 

On October 11, 1974, the President signed into law the Energy 
Reorganization Act of 1974 which established the Energy Research and 
Development A.dministration (ERDA). Under the Act, several coal 
research and development functions are transferred to ERDA, While 
the Department of Interior’s Office of Coal Research and several programs ~~_ --__~ ~~- _- ~~ I..-- 
of the Bureau of3vFines were tranM.erred , the coal-related functions of the 
Environmental Protection Agency were not. Since our coal-related 
research and development programs are primarily in support of our 
regulatory duties, the House and Senate conferees agreed that the EPA 
should continue to exercise these coal-related functions. To do otherwise, 
the Congress reasoned, might severely restrict the ability of the EPA to 
achieve its statutory mandates as they relate to the control of pollution 
from coal. We suggest that this decision be reflected in the report. 

/ / 
I; 
1, 

[See GAO noteij’ p. 89.1 
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[See GAO note. I 

ln conclusion, we urge GAO to emphasize in the report that 
environmental impact of energy technologies must be considered 
simultaneously with technical and economic considerations if this 
Nation is to overcome the costly “retrofit syndrome, I’ 

Thank you again for the opportunity to make the above comments, 

Sincerely yours, 

Calvin L. Alm 
Assistant Administrator 

for Planning and Management 

Enclosure [See GAO note, ] 

GAO note: The deleted comments and the @nAre 
qt%rrari3y”Of a technical nature. The report 
has been revised to take the comments into 
consideration, where appropriate. 
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NATIONAL SCIENCE FOUNDATION 

WASHINGTON. D.C. 20550 

October 22, 1974 

OFFICE OF THE 

DIRECTOR 

Mr. Gregory J. Ahart 
Director, Manpower and Welfare Division 
United States General Accounting Office 
Washington, D, C. 20548 

Dear Mr. Ahart: 

This is in response to your letter of August 30, 1974, requesting 
comments on the General Accounting Office draft report entitled 
"Federal Coal Research - Status and Problems to be Resolved." 

In general, the conclusions reached by the General Accounting Office 
appear to us to reflect accurate assessments, and salient topics 
are highlighted for congressional consideration. Our comments and 
suggestions concerning specific parts of the draft report are 
presented in the following paragraphs. 

The statements made concerning the absence of central direction 
of the overall Federal Coal Research Program (pages 3 and 23) convey 
the impression that there has been no coordination between the agencies 
involved in coal research. For example, the statement ". . . each 
agency establishing its own objectives, priorities, and goals" provides 
an inaccurate assessment of the situation. Representatives of the 
Advanced Energy Research and Technology Division (AERT) of NSF's 
Research Applications Directorate hold regular coordination meetings 
with representatives of the Office of Coal Research (OCR) in the 
Department of the Interior during which programs and individual 
research proposals are discussed as to program fit and technical 
merit. In addition, all proposals relating to energy resources 
research are forwarded to the Office of Coal Research for formal 
review and comment. Similarly, OCR research proposals are forwarded 
to NSF for review and comment. Additionally, NSF resource proposals 
are submitted to the Atomic Energy Commission, U, S. Bureau of Mines 
(BOM), and/or Electric Power Research Institute for review. Further, 
OCR or BOM personnel are members of technical review panels and 
participate in formal grant presentations when possible. 

[See GAO note, p. 91.1 
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[See GAO note. I 

We appreciate the opportunity to conrment on the GAO draft report and 
trust that the foregoing comments will be helpful. 

Sincerely yours , 

GAO note: The deleted comments were primarily of a 
technical nature. The report has been 
revised to take the comments into consid- 
eration, where appropriate. 
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September. 2 7,. 1974 

40 
ANNIVERSARY 
OF PEOPLE IN 
PARTNERSHiP 

Mr. Henry Eschwege, Director 
Resources and Economic Development Division 
United States General Accounting Office 
Washington, D. C. 20548 

Dear Mr. Eschwege: 

In reply to your letter of August 30, 1974, enclosed are our 
comments on your proposed report to the Congress on “Federal 
Coal Research--Status and Problems to be Resolved.” 

We agree that a meeting of our respective staff people would 
be desirable before the report is issued. Mr. Carl Podeweltz 
of TVA’s Power Research Staff will coordinate TVA’s partici- 
pation. Mr. Podeweltz’s telephone number in Chattanooga is 
(615) 755-2884. 

Sincerely yours, 

+m&k 
Lynn Seeber 
General Manager 

Enclosure [See GAO note.] 

GAO note: The enclosed TVA comments were primarily of 
a technical nature and are not included here. 
The report was revised to take the comments 
into consideration, where appropriate. 
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RESPONSIBLE FOR THE ADMINISTRATION OF 

ACTIVITIES DISCUSSED IN THIS REPORT 

Tenure of office 
From To -- - 

DEPARTMENT OF THE INTERIOR ___----- 

SECRETARY OF THE INTERIOR: 
Rogers C.B. Morton Jan. 1971 
Fred J. Russell (acting) Dec. 1970 
Walter J. Hickel Jan. 1969 

AsSISTANT SECRETARY OF THE INTERIOR-- 
ENERGY AND MINERALS: 

Jack W. Carlson Aug. 1974 
C. King Mallory May 1974 
Stephen A. Wakefield Mar. 1973 
John B. Rigg (note a) Jan. 1973 
Hollis M. Dole Mar. 1969 

DIRECTOR, OFFICE OF COAL RESEARCH: 
S. William Gouse (acting) Jan. 1974 
George Fumich, Jr. (acting) Sept. 1973 
George R. Hill July 1972 
George Fumich, Jr. July 1969 

DIRECTOR, BUREAU OF MINES: 
Thomas V. Falkie Mar. 1974 
John D. Morgan (acting) Sept. 1973 
Elburt F. Osborn Mar. 1970 
John F. O'Leary Oct. 1968 

DIRECTOR, OFFICE OF RESEARCH AND 
DEVELOPMENT (note b): 

S. William Gouse Oct. 1973 

Present 
Jan. 1971 
Nov. 1970 

Present 
July 1974 
Apr. 1974 
Mar. 1973 
Jan. 1973 

Present 
Jan. 1974 
Sept. 1973 
June 1972 

Present 
Mar. 1974 
Sept. 1973 
Mar. 1970 

Present 
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Tenure of office 
From To 

ENVIRONMENTAL PROTECTION AGENCY 

ADMINISTRATOR OF ENVIRONMENTAL 
PROTECTION AGENCY: 

Russell E. Train 
John J. Quarles (acting) 
Robert W. Fri (acting) 
William D. Ruckelshaus 

Sept. 1973 Present 
Aug. 1973 Sept. 1973 
Apr. 1973 Aug. 1973 
Dec. 1970 Apr. 1973 

ASSISTANT ADMINISTRATOR FOR RESEARCH AND 
DEVELOPMENT (note c): 

Dr. Stanley M. Greenfield Dec. 1970 Present 

DEPUTY ASSISTANT ADMINISTRATOR FOR 
MONITORING SYSTEMS (note d): 

Willis B. Foster Dec. 1970 Present 

DIRECTOR, NATIONAL ENVIRONMENTAL RESEARCH 
CENTER - RESEARCH TRIANGLE PARK: 

Dr l John F. Finklea (note e): Sept. 1972 Present 
Dr. Delbert S. Barth Dec. 1970 Sept. 1972 

TENNESSEE VALLEY AUTHORITY 

GENERAL MANAGER OF TENNESSEE VALLEY AUTHORITY: 
R. Lynn Seeber Mar. 1970 Present 
Louis J. Van Mol July 1969 Mar. 1970 

MANAGER OF POWER: 
James E. Watson 
Gabriel 0. Wessenauer 

Jan. 1970 Present 
July 1969 Jan. 1970 

NATIONAL SCIENCE FOUNDATION 

DIRECTOR OF THE NATIONAL SCIENCE 
FOUNDATION: 

H. Guyford Stever Feb. 1972 Present 
Raymond L. Bisplinghoff 

(acting) 
William D. McElroy Jan. 1972 Jan. 1972 

July 1969 Jan. 1972 
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Tenure of office 
From To - 

ASSISTANT DIRECTOR FOR RESEARCH APPLICATIONS: 
Alfred J. Eggers, Jr. Mar. 1971 Present 

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION --- - 

ADMINISTRATOR OF ENERGY RESEARCH AND 
DEVELOPMENT ADMINISTRATION: 

Robert C. Seamans Jan. 1975 Present 

. FEDERAL ENERGY ADMINISTRATION (note f) 

ADMINISTRATOR OF FEDERAL ENERGY 
ADMINISTRATION: 

Frank G.. Zarb 
John C. Sawhill 
William E. Simon 

Dec. 1974 Present 
May 1974 Dec. 1974 
Dec. 1973 May 1974 

a/ Deputy Assistant Secretary in charge. - 

b/ The Office of Research and Development was established - 
in May 1973. 

c/ Title changed from Assistant Administrator for Research - 
and Monitoring, effective May 29, 1973. 

d/ Title changed from Deputy Assistant Administrator for 
Monitoring, effective May 29, 1973. 

e/ Served the first two months of office as an acting Di- - 
rector. 

g/ Federal Energy Office from December 1973 to May 197& 
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