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PREFACE

This proposed report is ore of a series of reporrs beirg developed
by a task force of Department of Energy personnel to examine new
energy technologies for commercialization. Each task force has

zs its focus a single technology. Im this first preliminary re~
view, no attempt has been made to achieve balance or comsiztency
amengz the several technolsgies. The Department of Energy hus not
approved or adopted this proposed report and the report doez not
represent Department policy.

This specific report is designed to begin to answer questions
concerning the commercial readiness of Coal Liguids. The report
identifies some of the barriers to e overcome before this
technology is zeady to be used commercially. The report also
identifies possible acticns that might be considered te remove
specific barriers. The full implicaticms of the various proposed
actions have not been fully develcped and many actions listed
undoubtedly have substantial problems associated with them. Theix
inclusion here does not constitute an endorsement of their sound-
ness or appropriateness by the Departiment of Energy.
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PARPT I
CONCEPT STATEMENT

Hydrocarbon liquids supply roughly half of the energy used in the
United States. TIncreasing comsumption coupled with decriz2sing
domestic production have boosted imports of 0il reo almost half of

the amount consumed in the U.S. The level of petroleum importation
has two negative impacts; a potential cutoff of supply by procducing
countries, and a large regative impact on the balance of trade. This
report assesses the commercialization of coal liquefaction which is
one of the potential solutions to this problem.

CANDIDATE DESCRIPTION

Tnare are two basic prccessing routes to ccel liquefaction as seen in
the foliowing two diagrams.

Indirect Liquefaction

In this approach, the coal is first gasified to produce a synthesis
gas (hydrogen and carbon monoxide) which is then- catalytically
converted to liquids. There are two classes of commercially avail-
able technologies for converting synthesis gas to liquids. Methanol
plants use arny of five different licensed processes for this conver-
sion. The methanol industry generates its synthesis gas by steam
reforming of methane although coal was used until the early 1950's.
The other commercially available technology, Fischer-Tropsch,
converts synthesis gas to a variety of hydrocarton and oxygenated
products. This process h2s been practiced for over 25 vears in South

Africa. Tn the Fischer-Tropsch approach the product recovery and
purification needs are extensive.

Cne advantage of indirect liquefaction is that the sulfur, oxygen,
and nitrogen in the coal are removed as hydrogern sulfide (HS), water
(EZG), and ammonia (WH3). A4s a result, the indirect liquefaction
liguid preducts are essentially pollutant free. Thermal efficiency
is low, however, Toughly 45-60%. Liquid yields are in the range of
1.6-1.7 barrel fuel oil equivalent (FOE)/toa of coal for Fischer-
Tropsch ané 2.2-2.5 for methanol. '

Direct Hydrogenation

In this approach, coal 1s slurried in a process derived oil and
reacted in a hydrogen atmosphere under high temperature and pressure.
A feature of this method is a necessary solid-liquid separation step
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Figure 2
Generalized Direct Liguefaction Flow Biagram
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after the hydrogenation reactor to remove unreacted coal and ash.
The unreacted coal is gasified in a manner similar to the indirect
iiquefaction route to provide the required hwérogen. This approach
is the major thrust of DOE's liquefactior program. The liquid pro-
ducts from these processes include large amounts of distillate
material which should be considered as feedstocks for hydrotrearing
and production of petroleum~like products.

Sulfur and nitrogen removal is not as great by this route as by the
indirect liquefacticn route. The thermal efficiencies for direct
liguefaction products are ia the range of 65-70%. Tields are in the
range of 2.5-3 barrel FOE/ton coal. At this point in their develop-
ment, the greater thermal efficiencies and yields of the direct
hydrogenation processes produce prcducts which are less expensive
than the indirect processes.

DEVELOPMENT EISTORY

Both direct and indirect liguefacticn routes were practiced on a
relatively small scale by the Germans and British prior to and during
World War II. In the early 1950's a Fischer-TIrcpsch plant was
constructed by SASOL in South Africa. After a difficult start-up
period which involved revamping vart of the plan:z, SASOL has been
producing liguids from coal for over 25 years. A much larger compan-
ion plant based on the original SASOL technology and experience is
now being comstructed and will start up in 1980-81.

The prime cbjective of DOE's liquefaction pregrar is to improve
perfeormance and economics bty operating ar less serere conditioms
ané on a larger scale from these earlier efforts. There are six
candidate processes which have demonstrated technica. feasibility
and chould be considered in discussions relating to ccmmercializationm.
These are:
Direct Hvdrogenation
Exxon Donor Seclvent (EDS)
H-Coal
Solvent Refined Coal (SRC) - Solid
Solvent Refined Coal (SRC) - Liquid
Indirect Liquefaction

Methanocl

Fischer-Tropsch



Other processes (e.g., CSF, COED, flash hydrcpvrolysis, and Syanthoil)
were considered by this Task Force but deemed not sufficiently devel-
oved for early commercializarion. Reasons for this desision included
early stage of develcpment (flash hydropvrolysis), more suitable as
part of gasification plants (COED}, and not being accively developed
at this time (CSF and Synthoil).

Technical Risks/Open Questions

The ability to scale up any of the processes which are in various
stages of development is a potential drawback to commercialization.
The successful operation of the large EDS and H-Coal pilo: plants

as well as the projecred SRC demonstration plants will minimize the
scale up risk. A major techmical uncertainty of all direct hydrogen-
ation processes is the solid/liquid separation step. In the current
conceptual designs both solid SRC and H-Coal "boiler fuel" mede
depend on fiitration for this separation. Current piict plant tests
of other solid/liquid separation schemes might resulz in improved
performance. Filtration is expensive in capital and operating costs,
high maintenance costs weculd be expected, and its reliability on the
scale necessary for commercialization is questionable. Resolution

of this uncertaiaty is one of the high pricrity objectives of current
pilot plant operation. The other direct hydrogenation processes are
able to use distillatien, a more proven technology, feor the solid/
licuid separatiom.

0f major concern to this Task Force are questions relative to the
health and safety aspects of these plants. While a vigerous program
azlong these lines is part of the demonstration and pilot plant pro-
grams, the potential hazards due to exposure and emissions are very
real and largely unknown. 4 well-planned program is required to
resolve these ccncerus.

A major unresclved question is the environmentzl standards which will
regulate these techrologies. The products from the processes under
discussion are expected to meet existing standards. New air pollution
standards being proposed by EPA may prohibit the use of certain coals
for the solid SRC process.

A technical concern not directly related to liquefaction technology
is the ability of delivering the required amounts of coal to a plant
site. A4s currently envisioned, coal liquefactisn plants will utilize
about 10 million tons/year of coal, equivalent :o roughly the total
capacity from the largest Western strip mines today. Easterm ccal
mines are considerably smaller. The ability to increase coal produc-

tion and preparation to meet projected demand requires additional
study.




PART I1

COMMERCIALIZATION READINESS ASSESSMENT

TECHENICAL READINESS

Operaticaal Starus

Tzble 1 lists prime developers and currenc status of the processes
being considered.

Capital and Operating Cost Zxperience

The only commercizl coal conversion facility producing liquids in
the world is SASCL which uses a Fischer-Tropsch synthesis step. DOE
has not been permitted to pursue directly with SASOL the projected
costs, based on their experience, for such a plant in the United
States. Without this direct contact our economic information is
based on projections from limited published data. Our data on the
other processzs are based on projections from the current stages of
development. These estimates are felt to be accurate from the view-
point of design. Areas of techmical uncertainty remain, however,
which impact on questions of performzace (e.g., capacity factors and
reliabjility)....

Current Davelopments

The major concerns about scalability and performance of coal conver-
sion facilities will be answered with the start up of the two large
ilot plants. The H-Coal pilot plant construction is scheduled to
be completed by the end of this vear. The Exxon Donor Solvent pilot

plant is expected to start up early in 1980. Contracts have been
signed to proceed with both solid and liquid SRC demonstration plants.
Thus, the experience gained in the large pilot plants will be avail-
able before the construction of the SRC commercial modules begin and
the SRC commercial module experience will permit comstruction of
commercial H-Coal and EDS plants without a commercial module first
step. The completion of these projects will resolve the technical,
economic and envirommental uncertainties of these processes.



TAPLE 1

STATUS OF COAL LIQUEFACTION PROCESSLS
INITIAL

i PROCESS PRI1ME DEVELOPER OPERATIONAL STATUSH grERATlUN
Direct Hydrogenation
Exxon Donor Solvent Ex:ion Research and Engineering 1 Tp rpy 1976
(250 TFD Filot - Construction) (1980)
H-Coal Hydrocarbon Rescarch, Inc. 2.5 TI'D DU 1973
Aahland Otl Company (600 TPD Pilor - Constructlon (1979)
SRC-Solid Pitesburg & Hidway Coal S0 TiD Pllet - Fort Lewls 1973
(Culf 011 Co.) 6 TPP Pilot -~ Wllsonville 1974
Southern Company Servicea 6000 TPD Demonutvation Plant (1981)
SRC-Liquid Piceshurg & Midway Conl 30 TPD Pilot - Fort Lewis (modificd) 1977
{Gulf Oil Co.) 6000 TPD Dewonstration Plant (198))
\‘
Indirect Liquefaction
Flecher-Tropsch South African Coanl, 011, and SASOL 1 - 6000 TFD 1953
Cos Company, Ltd. (5ASOL) SASOL ITI - 30,000 TI'D (1981)

Commerciul
Mobil Methanol to Caeoline:
4BPD PDU

Hethanol

*# TPD = Tonse Per Dayj PDU = Proceas Development Unic



MARKET/ECONCMIC READINESS

Yarket Description

Fxxon Donor Solvent, H~Cocal, and liquid SRC coazal liguefacticn processes
vield a family of products that will compete mzinly for the boiler fuel
market. Although we are confident that economic processss will be
developed to convert thesz primary liquefacticn products to petrcleum~
like finishe. products, the boiler fuel market is and will continue to
be large enough to comsume the total outpu:t of middle and heavy
distiilates of all the projected facilities through 2000. Methanol
will be converted to and merketed as high quality gascline (M-Gasoline).
There is no current marker for fuel grade methanol although a pciential
market exists for limited areas such zs gas turbines. Fischer-Tropsch
produces a broad prcduct slate ccmprising SNG, LPG, naphtha, diesel
fuel, and 5-10 percent oxygenated chemicals and thus addresses a wide
variety of markets currently met by petroleum products. Ecomomics are
strongly dependent cn finding markets for the product slate. Solid

SRC is a2 "clean" coal intended for use in existing coal-fired boilars.
It i- low in ash, sulfur and nitrogen and will meet current environ-
mencal standards without flue gas scrubbing. Solid SRC can also be
further processed to provide carbor for aluminum anodes and metallur-—
gical ccke.

Potential Competing Technolony

Solid SRC will compete with coal combustion, flue gas desulfurization
ard fluid bed combustion. Exxon Donor Solvent, H-Co2l and liquid SRC
will compete in new installations with: unrefined shale oil, medium
Btu gas in specific regional markets and environmentally accepted
direct combustion of coal, i.e., fluidized bed combustion and flue

gas desulfurization. For existing oil fired units, coal liguids will
compete with unrefined shale oil and petrolevm derived residuals.

The suitability of Fischer-Tropsch technclogy has not been fully
analyzed for the U.S. market conditions. It is estimated that dis-
tillate and motor fuels produced by Fischer-Tropsch or M-Gasoline
currently cost more than their petroleum derived analogs and 2re
likely to cost as much or more than the direct hydrogenation processes
in the future.

LCost Comparisons

The cost breakdown and comparison of coal derived liquid boiler fuel
and gasoline to petroleum products in 1978 dollars are shown in
Figures 3 and 4. The range of costs is due to different processes
and uncercainties introduced by unoptimized designs and level of
analysis. The ongoing development programs should reduce this
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uncertainty. Tigure 5 srojects tre expected cost of coal derived
ligquids compared to anticipated imported crude ocil costs. Coal
derived liquids should De competitive with petrcleum with ne or
only minor goverrment incentives by the titje plants core onstream
in the lzte 1980°'s. aAll costs are calculated on a basis comsisteat
with the guidelines used dy all Commercialization Task Forces.

Marke: Penetration

The expected markets for liguid boiler fuel and gzsoline are shown
on Tables 2 and 3 with the possible penetration bv coal-derived
products. It shiould be ncted that the potencial markets are guite
large and penetration of syathetric fuels will be gradual.

Market Barriers

The liquid products from these processes wil! be inventoried, dis-
trituted and consumed thrcugh esta:tlished industrial and commercial
channels and, therefore, have no barriers frcm these areas. Gasoline
fror methanol will be readily accepted as a high quality motecr fuel.
The other li~uid preducrs do not now meet established commercial
specifications, bt with refining will meet rzalistic functional
specificarions. Products from Exxon Dcncr Solvent, H-Coal and SRC
also will require impruved compatibilitr with their petroleun anzlogs.
These issues may temporarily delay, but not substantially impede,
marker penetration. Solid SRC as a fuel may te difficult te marke:
and sell as a boiler fuel if more stringent environmentzl standards
are impozed. The most important barrier to commercialization is the
anticipated health hazard associated with these liquids, the possible
consequential costs to implement the necessary control technology,
and the possible iustitutional barriers to commurcializatioa.
Although Fischer-Tropsch mayv produce some low value by-oroducts, it
and gascline from methanol are not expected tc ancounter substantial
marketing barriers, given acceptable ecoromics.

ENVIRONMENTAL OVERVIEY 1/

-
='The Task Force included representatives of the Assistant Secre-
taries for Environment, Energy Technology, and Resource Applications
who are experienced with the environmental issues discussed. The
material in this section represeats a balanced view of the eaviron-
mental issues considering the practical aspects of commercializing
coal liguefaction proce-ses in the mid 1980's. The ASEV is preparing
4 separate environmenta. assessment of eazch Commercialization Task
Force area. While no major differences of opinion age expected, some
inconsistencies between these two independent =2fZorts may result.

11



$/BBL

Figure &

Compearison of Cost of Coal Derived LiGuics
to Cost of imported Crude O

40
Cost of Imported
Crude Qil *

30+

20 WL S o2t iauids fy /) 1 1/}
10+

0 I ] ] 1 !
1978 1980 1535 7990 1995 2000

* Per memo 8/22/78 from Harry Johnson

78-10883231-2

12



TABLE 2

Market Segment: Liguid Boiler Tuzl

_ Ouads
1985 1990 2000
Total Market 7.3 7.8 8.8
Available from Coal
Liguids £.003 0.4 1.4
Percent Penetration 0.04 5.1 15.9
TABLE 3
Marketr Segment: Gasoline
Ouacs
1985 1990 2000
Total Market 19.0 18.7 18.0
Available from Coal
Liquids 0.01 0.3 1.4
Percent Penetration 0.05 1.6 7.8

13




There appear to be no prasent environmental barriers f{acing the cozal
liquefacrion conversion processes under the n/1st1.g Environmental
Protection Agency, Octupational Safety and Health Administration, and
Department of Tramspo®tation regularions. The solid or liquid fuel
products Irom the processes when burned will have to meet the proposed
new source performance standards of &5 percent sulfur removal. The
one iarge~scale solid SRC burn test made to date showed that this
snlfur removal requirement can be met by certain coals. The liquid
fuel products are not expected to have any problems with sgliur
removal.

New regulations are being developed under environmental legislation
such as the Clean Air Act, Clean Water Act, Resource Conservation and
Recovervy Act, Toxic Substances Control Act, and under the Occupation
Safety ané Health Administration Act. all thesez are going to affect
the amcunts of the occupational and the emission control technologies
needed for the wvarious liquefaction processes and could have an effect
on overall process costs. To resolve the extent of the healch and
safety hzazards of the liquefaction processes and the produccs, appro-
priate levels of environmental research and development must be
undertaken immediately and tie engineering development of the control
technologies be also initiated. Without these actions, cost effective
and timely resoclutions of the environmental paramerters for the
commercialization of the iiquefaction technology cannot be achieved.

Coal liquids contain known carcinogenic compounds and trace metals.
These materials pose seriou, problems to in-plant health and safety
as well as end use exposure to products and emissions. The different
liquefaction routes pose varying levels of concerns in this area.

The indirect route which inveolves the gasification of the entire coal
particle reduces in-plani exposure concerns. First generation
gasifiers do produce tar and phenolic by-products which must be
carefully handled. The direct hydrogenation processes keep the
integrity of the coal structure to a much greater extent. This causes
a greater potential problem. Health and safety concerus, however,
are largely undefined and point up the need for a vigorous program

to insure that effective procedures are developed tc handle them.

The emissicn concerns are greatly reduced with effective combustion
techniques which will eliminate the potential emissions exposure to
carcinogenic materizls.

INSTITUTIONAL READINESS

There exist no institutional barriers to the commercialization of coal
liquefaction but a number of constraints do exist which need to be
addressed. Institutional constraints are the established practices
and organizations in a society which may impede, prevent, or delay
the commercial scale development of aew energy technologies. Applied

14



to coal liquefacticn, inscitutional cons:traints depend on the cdegree
of economic risk and the degree to which a tizely provision of public
facilicties and services are a cormuaity burden.

Institutional Constraiats - non-governmenzal (private) sector.

DifZiculry in cbraining private capital to finance coal liquids plants
mav Se & major ccnstraint. This is caused by uncertainties asscciated
with coal liquids, Z.e., long-terw: market potential, refineadilirty,
storability, and gZovermment patent policv. Lending institutions by
tradition and regulation, do not l2nd large amounts to veatures which
are nigh cest and nigh risk. To the extent that c¢oal liguefac:iiom
remeins a high cost, high risk business, there will be little Zunds
available from this scurce. Other business pracrices, such as the
mining industry labor/managzment strife mav cause preblems. These
concetns could reduce procductivity a:z the plant or mine site and
irnfluence location choice for coal liquiis plants (e.g., the predom-—
inance of unionized miners ir the East).

Social znd cultural organizarismis and special interest groups offer

2 new set of problems. Special interesc groups can use the public
hearings and litigation process to delazy approval of envirommental
impact starements, zoning, siting, 2nd budget approval. Special
(puzbiic) interest groups may consider government financial support
“tc technology development prograws, such as cozl liguefaction, arn aié
to "big business,” or more spvecificaliv %o the oil industry. Given
vhe nature of the products, it is expected :tha: the 0il industry will

Institurional Constraints - govermment (public) sector

Most local gevermmental procedures for the study, approval, financing,
and construction of public facilities such as roads, sewers, etc.,

are not caratie of reacting quickly to sudden population increases
such as might accompany the construczion of a large ccal liquefaction
plant. Influxes of new populations to build and overste coal liguids
plonts may alsc disTupt existing traditioas and life stvles in small
communities.

A aumber of political constraints also exist. TFear that oil producing
nations could undercur an emergirg cozl liquids industry obviously
inhibits private investment in this czpital-intensive industry. On
the domestic level, siting decisions are often influencad by local
politics, znd differing objectives exist berween loczlicties, states,
and regions for development or ncndevelcpment.

The largest governmerta2l sector comstraint involves legal and regula-
tory matrers. Coustantly changing environmental laws and regulations

G
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affect the willingness of private iavestors and lending institutions
to risk the large sums of money required Zor coal liquefaztion
projects. Such changes in laws and rzgulations wil: aifect the costs
(addirional pollution controls and project location), timing (public
hearings, litizacion) and sirting (accessibility to water, coal,
product markets, availabZlity tc obtain permits and public approval)
of individual projects especially for a teclhinology like coal iique-
faction where enviromzental, heal:th, safety and sociceconomic uncer-
rzinties exist. Laws and regulations applying to local growth comtrel,
local, state, Federal and Indian water righrs, and economic resgula-—
rions such as the entitlements program will affect the availability
of project capital, a2s well as the ultims=e success of the project.

Instirutional constraints can be mitigated through Federal financial
incentrives to reduce project risks (e.z., lozn guarantees, price
supports, Federal purchase of the coal liquid products) and Federal
assistance pragrams ro reduce comsunity impacts. Cther relevant
mitigating measures include demonstration projects which allay fear
of risk and more stabilized regulaticons.

Mznufacturers' Peadiness to Preoduce and Market Coal Liguids

Based upon iaformal discussions with the major industrial organizarions
in the coal liquefaction program, the following, pessibly biased,
conclusions may ba drawn. It should be pointad out that in every

case the U.S. patent policy may be a hinderznce to the commercializa-
rion effort.

Exxon Donor Solvent: Exxon feels that their 250 TPD of coal feed
pilot plant should be operated thru.gh 1982 and that a pioneer plant
could begin operation in the late 198G°'s. Preliminary studies for

2 pioneer plant could be initiated within the next five years.

H~Coal: The H-Coal pilot plant contractors feel the time is right to
begin studies on the feasibiliity of a commerciai plant. They propose

a two-phased program (preliminary studies ané detailed design, procure-
ment, construction, and operation) leading to a facility operating in
approximately five to seven years.

Fischer-Tropsch: A commercial plant has been operated by SASOL ou
U.S. noncaking coals. U.S. manufacturers continue to show interesc
in the technology. There have been, howesver, no announced coal
conversion plants in the U.S. based upon this process.

Methanol: Mobil 0il feels the fixed-bed process to produce gasoline
from methanol is commercially ready and could be constructed in the

szme time frame that a conventional coal-to-methancl plant could be

built. Makipg methanol from cozl is proven commersial technology.



SRC~Scglid: Southern Company Services, Inc., feels the tecanology is
ready for a commercial-scale, first module (6000 tons per day) of a
multi-module commercial plant. Their comnsortium has indicated its
willingness to invest aboutr 20% for such a project.

SRC-Liquid: Gulf 0il Corporaticn feels the tecnnology is readv for

a2 commercial-scale, first module (6000 tons per day) of a multi-module
commercial plant. Gulf is willing to risk up to $100¥ for such a
project.

General: Some major industrial organizazions experienced in coal
liquefaction development feel that the lcwest risk liquefaction
process is production of methanol from cecal via a2 coal gasificzatior
route. Conoco, ARCO, and Chevron faei thzt H-Coal and EDS should be
tested at the pilot plant scale before veing considered for scaling
to ccmmarcial size.

BENEFTZS ANALTSIS

Energv Impacts

Solid SRC is a form of purified coal and in some instances under
current environmental standards competes with coal beneficiation and
flve ges desulfurization. Indirectly, solid SRC competes with
imported petrcleum. Liquid SRC, Donor Solvent, and H-Coal are similar
and compete with residual oil. When hvdrotreated, they will compere
with products from petroleum. Methanol is a suitable clean turbine
fuel and would cocmpete with lighr petroleum distillates from petro-
leum. Tiscner-Tropsch produces a broad product slate whose character-
istics, with the exception of SNG and LPG, do not match their
petroleun derived anaiogs without significant upgradiang. A Fischer-
Tropsch plant without upgrading units would produce products which
could probadly be used as blending stock by refiners, thereby displac-
ing imporred petroleum. Virtually all coal liquefaction processes
also produce byv-product SNG which could be used to suvplement zas
supplies.

Recipients of Benefits

Selid SRC would be most useful for new and retrofit industrial and
utility coal fired boilers. The liquid products are involved in the
petroleum marketing cvcle. Subject to concerns about product compat-
ibilirty, the present users of petroleum derived products would be the
recisients of bemefits in the form of assured supply.



Cost Impacts

At the present time, the price differential between coal amnd o0il is
not great emough to support an econcmic private sector coal lique-
faction industry. The economic incentives available include loan
guarantees and possible price supports. In the event that the future
coal-oil price differential augmented by these incentives are insuffi-
cient, there will be no private industry. To the extent that the loan
guarantees are used, it is arguable that the U.S5. Treasury may be
underwriting the cost differentizl between high-rated bonds (resulting
from Federal loan guarantees) and the anticipated low rating that
would be applied to bonds for first—of-a-kind plants. Preliminary
estimates are that in todav's market this could account for two
percent (absolute) differencsz in cost of capitcal, which would be
broadly shared by most taxpavers. &lternatively, it also may have

the effect of withdrawing venture capital from the marketplace that
might otherwise be zvailzble.

We have Jdetermined that the government's regulatory apparatus will
allow coal liquefaction plant operators to obtain an adequate return
for the byproduct SNG ourput of these facilities.

READINESS ASSESSMENT CONCLUSIONS

o Coal liquids will addres=s a major segment of energy economy;
namely, petroleum and < cvoleum derived products.

o Technology readiness:

- methanol and Fischer-Tropsch are technically ready but
economically uncompetitive, at present.

- scale up of direct hydrogenation processes to verify
commercial feasibility requires major government
funding.

o Federal assistance will probably be required for all first-
of-a-kind commercial facilities.

o Coal liquids will be economiczlly competitive with imported
petroleum by late 198C's or early 1990's.
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PART III
COMMERCIALIZATION STRATEIGY

ACTIONS

In ordex chat significant capacity for syvntheric fuels be builc by
privaze industry, ir is necessary that the varicus concerns as
discussed In Part I be addressed. Althcugh the economic prejections
as indicared in this paper suggest that svnthetic fuels from coal
would be economically competritive with imported petroleum in the late
1980's, large areas of uncertainty remain. Existing develcpment
eiZorrs, most being cost shared with industry, are needed to better
define commercial fzcilities. Uncertain regulatorv climate, partic-
vlarly on environmental matrers, also adds to potential cost increases.
Beside these more design oriented ccncerns are the added elements of
isk introduced by inflation and world oil prices. Being capital
irtensive facilities, synthetic fuel plants would be scr.ewhat pro-
tected Irom inflation. World oil prices, however, are subject to
changing political considerations which make future planning very
difficulr.

In order ro insure that grivate industrv is stimulated to initiate
a svnthetic fuels industry in spite of these uncertainties, strong
zoOVernwent action is needed. This Federal role is needed to:

(3) provide support for the existing development programs te bring
these technologies te the stage of large scale commercialization;
(b7 overcome the financial risk from the uncertainties relative to
c2pital and overating costs and the uncompetitive nature of coal
derived liquids based on current prices; and (c) encourage
indystry te construct and operate commercial facilities.

COMME=RCIALIZATION PROTILE

The commercialization profile for the two markets addressed by this
plan are shown iIn Exhibits 1 ané 2. Detailed descriptions of the
specific barriers appear in Appendix & to this report. TFor both the
boiler fuei/refimery feedstock and tramsportation fuel markets ti.2
mdjor barrier remains technical/economic. In most succinet form, it
must be shown that these zroducts can be made on a large scale and at

a cost which will make them competitive with petroleum derived products.

Fer poiler fuel/refinery feedstock, the demonstration plant program
and large pilot plants will demonstrate the ability to scale up these
pTOcesses as well 2s the viability of operation at commercial scale.
Te the event that the world price of oil does not behave zs predicted
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then Federal action will be required to insure the cempetitiveness of
coal liguids with the spectrum of imported energy sources (514/bbl
imported crude to $30/bbl for LNG in FY 1978). It is suggested thi
raxation policies on petroleum products or mandated usage of ccal
liquid products are the most effective means of imsuring this competi-
tion. Financial incentives, particulatly price guarantees, may also
be effective for this purpose.

The next most serious concern relative to commercialization In the
boiler fuel/refinery feedstock market is the enviromment. A vigorous
rasearch and development program to define and explore potential health
hazards is an essential part of this commercializarion plan. It is
kncown that some liquefaction process streams and products are carci-
nogenic in mature and must, therefore, be handled and used with care.

A conrinuing program is needed to lessen the risks associated with

L

.

he technology to insure its envirommental acceptability.

The transportation fuel market poses a different set of comnstraints.
The technology in this area, mainly rthe indirect liquefaction
processes, is more advanced than in the other market. As = result,
while large scalz demonstration on American coals is needed, the need
for demonstration is no% as pronounced. Product cost, however, is
still 2 major drawback. The conventional products, gasoline and
Jdiesel, are quite marketable and in fact offer some advantage cver
setroleum products as they are lower in pollutants. Since the product
cost is higher than petroleum products, mandated usage, texation of
petroleum products or tax relief of synthetic p*odncts would De
required for wide scale production.

An added problem wmust be counsidered for the use of methanol by itself
or in gasoline blends as a tramsportation fuel.  Although this
optiop has received 2 lot of attention, there currently exists no
market. As a result the major barriers <o commercialization, along
witn cost, involve the development of such a market, mecessary engine
modifications and support structure. Legislative initiatives which
mandate the use of methanol or make its use economically attractive
are assential.

RECOMMENDED STRATEGY

The direct hydrogenation processes have products chat can be consid-
ered as substitutes for petroleum derived liquids or coal. This
represants a potentially enormous market with many, varied products.
Due to market demand, however, the initial commercizlization of the
middle and heavy distiliates should be addressed toward boiler fuel.
Fach of the direct hydrogenation processes have products that could
be comsidzred as potential feedstocks for further processing. In
this aspect, the ultimate products would be petroleum—like finished
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products. For rezsons of market demand for boiler fuel, required
increasad complex construcrtion, sitiag problems near existing refin-
eries, and lack of demonstreztion of cechmical feasibility, upgrading
of coal siquids is not considered at this time. A more complete

view of the upgraded product spectrum appears in Appeadix B.

Current econcmic projections indicate that the products f£rom these
plan®s will be competitive with imported crude oil by the time they
come onstream or close enough so cthat only relatively minor govern-
ment Incentives may be required. Early feceral assistance will be
needed to verify the commercial feasibility of these processes.

Indirect liguafaction processes produce lignt liquids suitable for
the transportation fuels market and the potential turbine fuel market.
These processes are the most advanced techaicallv since thev have been
demonstrated on a commercial scale. Tne products. although marke:-
able, are also mors expensive than their oetroleum counterparts.
Significant government incentives would be needed for this approach,
sut the technology is ready for large scale commercialization. Much
work remains to Se done before the Fischer-Tropsch route could be
adapted for commercialization in the United States. As practiced at
SASOL this process is nct suited for American markets. It mav have
potential if combined with the Mobil :zechnology tc convert oxvygenated
nydrocarbons to high o:tare gasoline.

A major aspect of this cosmercialization approach is the substituting
of coal liquids for perroleum. More patroleun wculd be available for
processing to products for which it is well suited, especially trans-
pereation fuels. This is possible by distlacing petroleum products
from lower pricrity applications for which minimally processed coal
derived licuids can be substituted. Coal liquids provide an assured,
at-pand supply, mitigating reliance on imported crude and ~he corre-
sponding balznce of payments debizs. Coal liquids would contribute
to ceatinuing envircrmentaily acceptable operation of the in-place
Eastern industrial and electric utility es:iablishment.

GOALS

To address the beiler fuel/refinery feedstock market, the development
program outlined in the attached schedule is required. In this
fashion it would Se possiblie to comstruct a commercial facilisy which
would start up in 1988. The size of the B-Coal and ENS pilet plants
is such that zfter the complezion of their programs it will be possi-
ble to proceed with a commercial sized facility. With a new facilisy
coming on stream every two vears, the market penetration as shown in
Table 2 is possible. Since many of the same resources and infrastruc-—
ture will be used for the commercialization of coal liquids, gasifi-
cation, and shale, the rate of market penetration in anv one area may



be even more restricted than is currently projected. Careful
planning will be needed to insure the maximum benefit for the
country.

Since the technology is more advanced for addressing the transporta-
tion fuels market, the objective of the commercialization plan in
this area is the evaluation of ways to make the indirect liquefaction
processes more economically attractive and the encouragement of
commercial ventures. Using largely denonstrated technologies and

use of Federal iacentives, the marker penetration in Table 3 is
possible.

ACTIVITIES

The major actions for FY 79 are indicated in Table 4 by process,
products and markets. The schedule through 1984 is shown in Figure
6. The major Federal activity is z program to deveiop the indicated
direct hydrogenation processes so that commercizl plamts can be
constructed in the late 1980's. As was previously indicated, it is
expected that coal liguids will be economically competitive by the
late 80's or early 90's. This is predicated, hcwever, on the world
price of o0il escalating at 2 rate greater than the general rate of
inflation. If the world oil price does not behave as expected, then
Federal actions as indicated on the Commercialization Profile sheould
be initiated by the early 1980's. These legislarive initiatives will
be needed to insure that the commercial interests will undertake the
larger projects required after the goverament role has diminished.

The secondary activity of this plan involves the evaluation of the
indirect liquefaction routes. While z plant has been operated for
some time in South Africa using Fischer-Tropsch techmology, a direct
application to the Uuited States coals and markets does not seem to
be attractive. A variation of this process using Mobil technology
would greanrly reduce the size of the product spectrum as well as
byproduct production. Such an approach needs to be evaluated and if
SASOL is not involved, a new development efforr would need to be
estzblished. While such a program may delay the initial commercizl-
izarion of Fischer-Tropsch, it would insure the economic competitive-
ness once a plant is built.

There are indications that commercizal methanol ventures are seriously
being discussed by industry. The product is intended mainiy for the
combustion turbine market (peak sharing electricity production) and
chemicals market. Such facilities if built, however, would help the
entire coal liquids program since it would stimulate the entire
infrastructures and capital formation areas. The Department should
undertake an aggressive commercial development study to determine
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Process

Exxon Donor Solvent

H-Coal

Fischer-Tropsch

Methanol

SRC-Solid

SRC-L1iquid

Table 4

Federal Actions in FY 1979

Products Market

synthetic natural gas boiler fuel/,
naphtha refinery feedstock

distillate fuel oils

synthetic natural gas botler fuel/
naphtha refinery feedstock

distillate fuel ofi}

synthetic natural gas transportation fuel
liquefied petroleum gas

gasoline

diesel fuel

residual fuel ofl

methanol transportation fuel
gasoline

SNG boiler fuel

LPG

naphtha

distillate fuel
solid boiler fuel

SNG boiler fuel/
LPG refinery feedstock
naphtha

distillate fuels

Action

construction of pilot plant
operation of pilot plant

process evaluation study

commercial development study
(including use in gas turbines)

construction of first module
of commercial plant

construction of first module
of commercial plant



Figure 6
Schedule for Coal Liquids

FY78 FY 79 FY BO| FY 81| FY 82} FY 83| FY B4
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which Federal actioms would encourage these projects. After derer-
mining the best incentive, the Department should pursue the nscessary
legislation to insure its timeliness.
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APPENDIX A
DESCRIFIION OF COMMERCIALIZATION BARRIERS

Technical/Economic

Scalability and Reliability - capability to design and operate
facilities at a ccmmercial scale.

Product Cost ~ required revenue to cover operating, raw material
and maintenance costs as well as retire the incurred debt and
give ar adequate return to equity holders.
Price Competitiveness - effect of current or prcjected market
price of petroleum derived products on capability of coal-derived
roducts to penetrate the same markets.

Initial Deployment
Product Quality and Compatibility - ability to meet current
market specifications and to be used interchangeably with
petroleum products.

Distribution System — infrastructure to get products from
plant gate to consumer.

Market Structure - mamnner in which products are sold.
Environment

Health Hazards - potential risks to health and safety from coal
mine tc end use.

Plant Effluents - air and water emissions from mine and producing
facility.

User Effluents - air emissions from end user.

Rescurce Availability
Coal Availability - development of encugh mines of sufficient
size te produce required amounts of coal and the necessary

transportation system to deliver coal to the plant.

Siting - locations which afford enough land and water with
proximity to coal reserves.
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Institutional

Permitting Requirements of New Mines and Plants - necessary
approvals to proceed with new ventures.

Uncertais Environmenzal Regulations ~ unkcown and changing
Federal requirements.

Capital Formatioz = ability to raise sufficient furds for
construction.
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APTENDIX B
UPGRADED PRODUCT SPECTRUM

While coal liquids from the direct hydrogenation process will make an
envirommentally acceptable boiler fuel, these products can 2lso be
treated as intermadiates and processed to other fuels or chemical
products. Several possibilities are indicated below:

o methane rich gas to pipeline quality methane;

o] ethane, propane, and light hydrocarbons and paraffins from
naphtha—-treating to ethylene;

o raw naphtha to phenol (by extraction) and to high octane
gasvline blend stock and BTX, especially xylene;

] middle distillate to stationary gas combustion turbine fuel,
medium speed diesel fuel, such as used by railroad locome—
tives and some marine applications, in additiom to
industrial boiler fuel.

Table 5 gives an indication of the potential product breakdown from an
SRC-Liquid plant of 30,000 tons/day coal capacity. The naphtha stream
would require pretreatment, mainly for nitrogen removal, before it
could be fed to a refinery. The indicated product slate is directed
toward minimal processing for saleable products rather than severe
kydrocracking. In this regard, the coal liquids product should be
considered as an intermediate to petroleum-like finished product
rather than a synthetic crude oil.

Other market possibilities are less likely to occur. SRC fuel oil,
for example, <could be converied to automotive diesel fuel or aviation
turbine fuel but not without considerablz incremental expense. For
this reason, SRC fuel oil products are aimed at specific economically
promising markets which do not require substantial further processing
of the SRC products.
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SRC Plant
Intermediates

Methane
Ethylene

Raw Naphtha

Middle Distillate

Heavy Distillate

TABLE 5

Max Volume
Per Plant

157 x 100 SCFD
1.0 x 10% 1b/yr

12,000 8/D

15,000 8/D

27,000 8/D

POTENTIAL PRODUCTS FROM A COMMERCIAL SRC-TI PLANT

Secondary Products
Volume

Pipeline Gas

Polyethylene 45%

Ethylene glycol, 20%
oxide

Styrene 10%

Vinyl Chloride 15%

Phenol 200 x 106 1bsy,
Gasoline 10,000 B/D
Xylene 50 x 106 aal/yr

Industyial

Boiler Fuel

Medium Speed

Diesel Fuel

Stationary Gas
Combustion Turbine Fuel

Utility Boiler
Fuel
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