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TIT. DEVELOPMENT OF A LARGE SCALE TECHNOIOGY BASE

A. Geperal

My experts believe synthetic natural gas (SNG) from coal
mmdstmldbeprod;mdmamrd.alscalemingﬂxee:d.sting
technology . Seaaﬂganmmmprocessesmsucpm&mm
pobenﬁauywillimemeemicspeﬂmpsbymm%,but
these technologies are not now required to respond to the
immediate need for increased productive capacity.

There is also a consensus that the econamics of existing
Bergius and Fischer-Tropsch processes for liquefaction of coal
are so unfavarable with respect to those of the developing processes
s@&ﬂ-&:ala:ﬂSIC(SolvmtRaﬂnedCoal)thatitwillhe
pmfe:abletobuildmmt:ybasedmﬂmrmtedmlogy
even if it takes two or three years longer to ocomstruct the
first camercial scale ligquefacticn plants.

The technology exists for mining the coal that would be
vequired as a source for a synthetic fuels industry. Work is
required, however, to demonstrate techniques for minimizing the
iupactofsuipmnimmﬂnenvi:mt,inprmdeepnﬁm
tedmlogy.andtopmviﬂethemcassa:ymmpmer.mials.
ad services.

':hebasicg:a]sofﬂletedmlogy.dewmmmto
have ane or more cammercial scale coal gasification plants

o™
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cperational by 1978~9 and cne or more ooal liguefaction plants
cperational by 1980.

The following sections will describe the status of technology
for liquefaction, gasification, and mining; sumarize the recommended
sy:r&eucﬁnlsdmstr&dmpmgmﬁorthaeamasardd:scuss
govermment's role in accelerating develoorent. A more detailed
process description is found in Appendix B.

Appendix B presents a canceptual design of coal liquefaction
plants based an Fischer-Tropsch, H-Coal, SEC and Methanol processes.
B. State-of-the-Axt

1. Ligquefaction |

Present processes for the direct catalytic hydroliquefaction
of coal. are derived from the Bergius process used during World
War IT to supply Germany*s requirements for aviation gasolipe at
dbout 2 1/2 times the st of gascline from crude oil. Pyrolysis
and Fischer-Tropsch processes were also employed en an industrial -
scale, but with less success,

Contimed development of ligquefaction proczsses spansored
by U.S. Govermment agencies and private induestry has included:
(1) dewvelopment of an improved process (E-Coal) for direct
catalytic hydroliquefaction; (2) construction of pilot plants to
investigate miltistage processes (Corsol Synthetic Fuel and
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Solvent Refined Coal):; (3) construction of a pilot plant to
investigate a pyrolysis process (CCED); and (4) research on new
processes.,
(2). Direct Catalytic Bydroliquefaction,

The "BE-Coal" prooess, vhich inwvolves contacting a coal-oil -slurry
with cobalt molybdate catalyst in a liquid fluidized bed reactor,
was adapted fram a process for residual hydrodesulfurizaticon.

H-Coal has 60% higher net liquid yields, lower operating pressure,
and significantly lower sulfur products than the Bergius process.
These technical advantages lead to the prediction that the H-Coal process
might be econcmically competitive in the 1980's. This process is
now the most highly developed post-war coal liquefaction process. It
has been developed by Bydrocarbon Research, Inc., (HRIL) with fimds
from the Office of Coal Research (OCR) a:ﬂlaterf:maconsoztit.m
of cil companies. Since 1966, a tmit handling 3 to 8 tons of coal/
day has been cperated successfully with lignites and bituminous
ccals. This dewelopment work has furmnished an adequate data base
for desigr of a large plant.

H=Coal can produce syncrude or boiler fuel fractioms. It
mquixesqd.gentsinﬁla:taﬂﬁtnmmedfor:esidmldesulfmza-
ticn. Develogrzimedsincluhequimtforslurryha:ﬂ]ingaﬂ
a gasifier for production of hydrogen from char.

T T L I AL
v
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BRI and several ensrqy ompanies have proposed €o work with
OCR to design, construct, and operate 2 300 to 00 ton coal/day
prototype plant for production of syncrudes and boiler fuel rom
ccal. The conosptual design of this plant has been conpletad.
The consortium believes this plant could be built with low risk and
could be scaled dizectly to a full-scale commercial plant since it
utilizes types of equipment that would be employed in a coamercial
plant.

This plant is cheaper ad more f{lexible than the usual proto-
type facility — a single full-scale 6000-10,000 ton/day train.

The prototype plant could be used din-ing the operation of a
camrercial plant to mrovide a testing ground for process immovations
andef&ctsofava::i.el:yot‘typesqfcoal.

b. Extraction-Bydrogenation Processes.

Another new liquefaction process is derived fram the Solvent
Refined Coal (SKC) proomas. This process was developed origirally
mmkealm—sulﬁr,aahleas.p:;.tdl-likesolidﬂnlmdmhe
extended to prodce liguids by additicn of 2 second hydrogenation
stage. This modified process is similar to the two-stage Consol

synthetic Fuel (CSF) process that was pilot-planted at Cresap, West
Virginia, from 1967 to 1970. The modified procexs iz intended to
produce .kheavy fuel ails suitable for industrial boilers-and power plant
use. The dAlfficult separation of fine ash-char solids:has:yet to be

dsmonstrated at large scale.
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A 6~ton/day pilot wnit in Alabsme and a SO-ton/day pilot in wash-
ingten both schaduled for 1974 qnn?-to‘n are prasently designed

to produce the de-ashed, low-wulfur sclid product. They should
provide an engineering assessasnt of the solid-liquids separations.

A conmortium formed by Cld Ben Coal Company has Iecently pro—
[csed to join with Electric Power Rasearch Institute {EPRI) and
vifice of Coal Ressarch {OCN) to build and operats a %00 ton coal/
day extraction-tiydrogenation prototype plant at a SOMIO refinery.
This piact will rese cemercial type process equipsent and provide
sufficient product to test in large utilivy boilers.

Exxon Corporation has alsc announced plans to cOnstIuct and
operate a prototyps plant for converting XX tons/day of coal to
liquid products by a dissolution procwss at & refinery sits. Exxon
currently is tssting the process at 0.5 tons of coal/day.

c. Pyrolysis Processcs.

The COED process for multistage, fluidized bed pyrolysis of

coal has been daveloped iR & J6-ton/dsy pilot plant under OCR

sponsorship. Although the piiot plant has run well only about 0%

of the products are liguid. Over half the product is high sulfur char;

it cannot be burned directly as a ytility fusl. The process has
potential econaomic visbility only if a companion process 0T
economically gasifying the high—sulfur solids iw daveloped. Other
pyrolysis processes are being developed indgpendantly by TOSCO,

Garrett Corporation, U. 5. Stesl and Union Carbide CoOrporation.

TP B T TY
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The Ualon Carbide process, howewver, aey be well enough
develope: to parait Lamwdiate scaleup to & precosmercial plant.

4. Newmanol Protesees.

Futl-grade suthansl 8¢ & suPmtituts avizmolive fusl could be
produced by coupling existing commarzial scale coal gasifiers
(Lurgi, Wiakler, or Loppars~Totzak)] with existing commercial scale
syathasiy plocisses such as the Isperial Chemical Industries (ICI1:
procegs. lccwlarated comatruction of a ploveer commercial plant
for agthantl prodection i3 recommnded an part of Froject lndapendeance
sub ject to' the provigiaon that Iurther stwdy supports the commercial
scals viability of ast:anol as a substituls aytomotive fuel. Methanol
production from coal is &iscussed in & separtats demonsgtration project
report. Cost stodies made on 3 commoRl bDasis with other coal ligue—
faction procwsses ars incluled in Appandix 3 for comparison.

e. FYischer-Tropach Frocwss.

A Pischer-Tropsch procass for t!u catalytic production of
gasoline from & coal-~derived synthasis gas does NOt appear to be
competitive with the methanol protess in the United States. The
process has the sdvantage of establisghed techaclogy bul requires

a very large capital investment and yislds only one Bbl. cil/ton coal.

f. Newes: Processes.

FProcassaes for liguefacting in tusbulent fixed Deds in molten
chloride salts and in flagh Neated I'usctors 4re also being investigaty

at tha dench scala.



2. Migh BTV Coal Camification

The EI Pasc satural Gas Company and the Mestern Gagification
Cospany (MESCC) currenatly ars sesking authorizations to complete
enginesring and conatruct 250 million standard ft)/&ay Synthetic
satoral Gas (SMG) plants in northwest Xew Mexico. Initial production
of SuG in these two plants is expacted in late 1977. Other similar
commarcial plants ars planned by these companie¢s as well as by other
wtilities. The synthetic gas is expected to cost $1.45 per 1000
cubic feet.

The MESCC and E]l Paso plants will ctilize the Lurgi hxgh pressure
coal gasification process. Since 1936, the Lurgi process has been
used cocmercially in 19 plants (60 gasifier units) in many parts of
the world, including Germany. Scotland, South Africa, and South
xorea. Maptation of the basic Lurgi technology requires the
addition of a "mathaénation” step (catalytic reaction to upgrade
the BTU lavel] to produce 970 + BTU/SCF gas required in the United
su:_.s. uthcmqb rhers ars no current commarcial plants practicing
large-scale methanatice of coal gas, the technology of methanation
has been widely practicad in other applications. Lurgi engineers
have made sxtenstive studies of coal gas Dethanation technology and
catalysts on a pilot-plant scale. They ars confident ﬁu: the
successful extension of these studies to commercial practice is
tachnically and eccnomically feasible at this time. ToO supplement

Lurgi work in this atea, WESCD, in combination with several major gas

ey
.



cmpaniss, has undertaoan independent pilot plant o angirmering
stties for large-scale cosl gas mwthanation.

3. Coal Mining and Plant Siting

In both U.5. =nd Bizrpesn coantriss aoventional earth-
moving equismnt is used in surface mining of coal. Vexy littls
aquirment tachnology has been Jdevelcped specitically for coal
mning. Restopation of mined lands hes depended primarily on
tactiniques borrowed fram agricultural yesearch. Very little formign
tact.aology has bean daveloped which can be divectly appliisd to U.S.
e tions.

Productivity figues for surface mining are generally good
at this time but futire cutlock is clouded. Dapending an the
legislative direction chosen by Congess, asrtxin claswes of swrise
coal mining may be bamed for evircmental, social, or eccooxmic
reasons. In addition, todsy's equippent may not mest the needs
of tomorrow's industry. A camonly uwsed figure is that surface
mined coal will suffer a 30% incxease in cost whan pemding megula~
tory actions have been effected. _

"Continuous® and "comventicnal® room and pillar undsrgoomnd
coal mining techniques have reached their hichest development and
widest spplication in North America. Rucpess and Rmaimn udare
groard cosl mining practics is primarily based on the Jongwall
mining systam. Scoe applications have been made of shortwall mining



systams in Mostyalis and in the U.5. Becmms of differances in the
tactmiques am not directly sppliceble to U.S. practice. For
irstance foreign peactics is geoerally sore laboxr intsrsive.
Fecartly there has besn m increasing disparity brtwesn sxface
dmmmaﬂawmmw
ool mining ;Toductivity figures. The sharp downton was the
mzuamamlmmmpumﬁ
composition, legislaticn, strilss, and softening max*ets. IncTeasing
productivity toends will not b cbtalined in the near future withoot
a strong coal mining R and D prograz. In the mining indostry thers
hes gensrally besn 2 lag of $-10 yeus betwess techsciical
izprovemests and cowmrcial spplicaticn. Withast the izpetus of
impedists R snd D, uxisrgroond mined coal will not be sble to
mtumdmmmmmmm;m
£l indmtyy in the 1980's.
C. Acculeratsd Develcpment Progran

Table 2] lists the indus=rial coal :iquefaction and synthetic
natuxal gas projects now plamed in the Thitad Statss. Azny govemn-
MPMﬁmMMWMMy
axrsider the possibility of jairt gowerrment-industry ccoperation to
accalprate these proposed projects.

* == Pl s e st fastichob 4
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Table II

Announced Industrial Plsas for Commercislization of Cleap Tusely Prom Coal

Company Process/Capacity Startip Site
El Fasoc Nstural High BTU Gas luorgd 1977-1978 Pour Corners srea
Gas Company 250 MMSCYD Nev Maxico
WISCO Righ BiT Gas Lurgi 1977-1978 Four Corners sres
250 WSCTL Few Mexico

Peoples Gas Bigh BIU Gas Lurgi 1979 (or Borth Dakota
{Mstural Gas 250 MMSCPD later)
Pipeline Co.}
Michigen~ High BTU Gas Lurgi esrly . Forth Dako%a
Wisconsin 250 MMSCFD 1980's
Pipeline Co.
Ialand Creek High BTU Gas Kentucky
Cosl Ca. 250 MMSCFD
Traoscontinental |High BPTU Gas Northeast Wyoming
Gas Pipeline Corp.j 25G MMSCFD
Consolidated COED + Char 1981-1985 Pennsylvania
Natural Gas Co. Gasificatrion

: 250 MMSCFD
Peabody Coal & High BTU Gas Lurgi 1978-1980 Northeast Wyoming
Panhar:dle Exetern | 250 MMSCYD
Pipeline Company

|

Northern Natural |[Bigh BTU Gas 1979-1980 Powder River Basin
Gas Ca. & Cities | 250 MMSCIFD Montana

Service Gas Co.
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Tabls IT (cent.)

Site ]

Edison Consortiom

25,000 bbl/day

'I Companry Process/Capacity Startup
i .
| Colorado Inter- righ BIU Gas Southern Momtana
rtate and Wast- 250 MMsCrD
moTeiend lamrceﬁ
The Colowbia Gas | High FIU Gas West Virginia
System, lanc. 250 MesSCrD
Texas Gas Trane- |High BIU Gas Illinois
pission Corp. & 250 MMSCrD
Consclidation
.osl Co.
Eastern Gas & High ETU Gas Bortiwest
Fuel Associstss 250 MMsCID Raw Maxico
& Texas Esntern
Transmission Corp.
Carter 01l Co. High BTU Gaa arthwest Wyoming
(Subsidiary of 250 MMSCrD
BExxon)
Sohio, 014 Ben Boiler Tuel 1978 Toledo, Ohio
Coal Co., Consol 2000 bbl/day
Consortium
Southern Calif. Syncrude 1979~1980

CONOCO Methanol
5000 tons/dazy
DuPont Methanol

5000 tona/dsy
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Tables IIT and IV present a summary of many of the important physical
and econamic characteristics of four types of liquefaction processes that are
believed to have significant potential for infusatrial-scele lmplementation
by the early 1980s. Several conclusicns have been drewn from these dats,
together with other considerations detailed i» Appendix B.

1. The processes for production of syncrude or boiler fusl by direct
cataiytic hydrogenation or extraction-hydrogenation appear to have significant
potential for cammercialization with relatively low technicel and econcmic
rizsk. For each type of process the recamended next scale of development
would be a prototype plant with a cepacity of 300 to 1000 tons/day of coal.
The prototype scale of development could begin immediately for these twe
types of processes (and perhaps cne other, depending on results of further
studies) since:

s Such projects already have sponsors whe will provide a
substantial fraction of private funds.

b. Machinery exists within the goverrment to begln projects
of thls scale.

c., The prototype plants constitute a logical next step in
scale before ploneer full-scale cammercial plants, but
are sufficiently small to minimize envirommental impacts,
permit flexibility in design, and reduce the consequences
of technological failure. '

2. It appears that the PFlscher-Tropsch process for production of
gasoline will be too expensive to arcuse industrial interest.

3. 7The data indicate that methanol from coal as a substitute sutcmotive
fuel will be less expensive than gasoline from Fischer-Tropsch but probably
will be more expensive than gascline derived from syncrude produced by
catalytic hydroliquefaction of coal. The most impcrtant adventage of
methancl from coal is that the required technology is avallable now.

Thus production oen an industirial scale could proceed with a minlmum of
deley.
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Estimated Effects of Type of Process,
Type of Cosl, Cost of Coal, and Capltal Fixed
Charge Rate on the Cost of Producing Several
Synthetic Fuels fram Coal

Coal

Caplital Flxed -~
Cost Charge Rate Eroduct Cost
Product Process Type $/ Ton g ﬂoﬁ Btu__ $/vb:
Syncrude® H-Coal Bituminous 7.50 23. 4 1.57 - &,
Bl tuminous 8.50 23,4 L 53 97%
B! txminous 7. 50 17.9 1.37 7.7
Subbituminos 3.00 23. k% 1.5% 8.9
Subbituminous 4.00 23.4 1.68 0. L
Subbituminous 3,00 17.9 1.36 7.6
Boiler Fuel SRC, Consol Rituminous 7.50 23. 4 179 11.0
Bituminous 8.50 23.4 1.8 1.5
Pituminous 7.50 17.9 1.56 2.6
Gesoline Fr=Inrgl Subbituminous 3.00 23,4 4. 58 2k, 1
Subbitumincus 4.00 23.4 4,87 25,7
Subbitumineus 3.00 17.9 3.8% 20.3
FT-BlGas Subbltuminous 3.00 23.4 l.% 16.2
Sutbituminous 4.00 23.h 3. 17.2
Subblituminous 3.00 17.9 2.60 i3.7
Methanol KT-ICT Subbltuminous 3.00 23, b 2.06 5.6
Subbituminous 4.00 23.h 2.16 5.8
Subbituminous 3.00 17.9 1.74 4.7
Lurgl-SNG Subbitumincus 3.00 23.4 1.87 5.0
: Subbituminous 4.00 23.4 1.97 5.3
Subbituminous 3.00 17.9 1.67T h.s
SNG Lurgl 23.4 1.93
17.9 1.61
16.7 1. 54

8Casoline produced from this materiel would be higher in cost by about

$2.0 to 2.5/bbl.
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The follawing program ie recamended to develop coal
States has the technical base, cperational commercial scale
facilities, to begin 2 rapid buildip of a ocoal based symthetic
fuels industry. Table V presents the proposed development schedule.
1. Liquefaction
bjectives of the accelerated licuefaction program are as
follows:

a. Conduct jaint programs £ram 7/74 to 7/77 to design, constyuct,
and shake down three prototype (cmpacity 300 to 1000 toms
coal/day) plants: (1) H-Ceal Syncrude, (2) SRC-Bydrogenaticn
for bailer fuel, and (3) a third type such as a mdified CSF or
hydrocarbonization. Meplmisambeﬁz\edm:q::eea:t
the cptimm size to provide the fastest and least risk path
mmmmmmm. Such
prototype plants are gerazally favored by industry and
substantial (perhape 1/3) investment of private funds can
be expected because of the relatively low (about $60 millicn)
capital costs of “ .ese plants.

The present plan is that these prototype plants would be built
at sites that are already highly industrialized (petzoleum
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Recammended Schedules

Feeal Year

975

1576

1977

1978

1979 1980

Taskr 1. H-OCnal Syncrade Production

Process Devalop. dt (3 tons/dey)
- Operation

Prototyne Plant (300-700 tane/day)
Ceaceptual Design and Beview
| Englasering end Procuremest
Construction mnd Shakedown
Operation

Famser Commreial Plant
Comesprunl Lesis: end Revier
Engineariog end Procuremsnt
Constructios and Shakaedrwn
Opmration

Tmak 2. mmmmu

Blsomville PLlot Flaot (6 tons/day)
Curslete Conrtrustion, Shakedown
Operation

Tusrma Pllot Plemt (%0 tona/dsy)

Complats C urtion, Suske)
Metrafit for BRydrogenetion
Oparation

Prototype Flast (900 toos/dwr®
Conceptual Dasige acd Beview
ingineering and Procoressnt
Construction wd Zhalpdoun
Oparation

Ploneer Cammerclal Flamt
Conceptual Deaign emd Neview
Ingiosering aml Procuremsnt
Canstraction s Shalosdow:
Oparation

Task 3. Alternate Liquefuction Procass

Prototype Flant
Conceptual Sesign end Review
Enginsering and Procuremesot
Construction sl Shwbadcn
Operation
Taak L. Flscher-Trosech
Ploossr Comwrcial Flant
Conceptual Design
Title I Dnginecaring
Task 3. Methanol
Ploneer Comercial Pleot
Conceptual D-sign and Review
Puel Mrlication Demogstration
Engiowering and Procurwaest
Construction and Shakedown
Operatice
Tuak 6. Substiture Natural fas
Prooote Industrislizaticr.

Tank 7. Sitine Renlth, and

InVEPRorcw Bl Lty ties
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refineries, petrochemical aomplexes, or large power plants)
and, thus, will have small incremental envircrmental impact.
These sites will have (a) trained persannel, (b) techmical
services, {c) supplies of coal and/or cther raw materials, and
(@) facilities for teeting of the products.

Conceptually design, collect base line data on sites, and
Pmmcmmmmmmﬁrm
picneer hydroliquefaction plants (about 50,000 TPD of coal)

in the period 7/75 o 7/76. Design, construct, and shake

down these two picneer plants in the period 7/76 to 12/79.
mm&mm&&:&mmwtaofm
plmtsmnyhereqnﬁxadhamsetheﬁeismﬁlkﬁutaﬁm
ing funds would be wasted since the engineering would begin
before operation of the peototype plants. It may also possibly
be necemsary to waive the normal envircrmental impact review
for these plants.

After validating the mhthanol fuel application and performing

a mrket analysis, engineer, oonstruct, and shake down a pioneer
comercial (about 5000 tons MeCH/dzy) plant in the period 1/75
to 1/78.
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d. Conceptually desicn and perform Title I engineering of a

commercial Pischer-Tropsch gagoline plant in the pevior 7/74

to 7/76 for reference and standby contingency construction.
e. Accelerate the pace of supporting regearch and development of

liquefaction as a coordinated extension of the $10 billion

energy R and D prograx.

2. Coal Gasification

The recomsended supplemental synthetic fuels dewelopment progras
a-l.i.-s at acclerating the development of the industry for the production
of SNG from coal. The recommended activities include: a) engineering
development of a slagging lLurgi gasifier with highly swelling and cakin
coals: (b) engineering development of a high-pressure Koppers-Totzek
gasifier {alsoc to permit wider use of coals}; {c). site studies (collect
base line data on potential cosmercial sites): (d) preparation of gene:
environmental impact statements: (e) accelerated research on environmer
effects; (f) development of advanced materials, catalysts, and -qui;;-n:;
components; (g} additional development of the methanation step; (h)
institutional research; {i) development of services and capabilities f¢
procesa vessel manufacturing: and (j) development of standards to minia
the routine design requirements. The coats of this program are present
in Table VI. The key features of vhis supplemental program would b-: f1
scale tagt wmits of Lurgl and Koppers-Totzek gesifiers. These would
be used for experimental optimization studies to guide operation of th

first production plants and as test beds for a varjety of UI.S. coais.



3. mining and Plant Siting

Wining companies and mining squipment manufacturers believs it
is physically possible to doubls coal production by 1980 using today's
technology provided many strip mines cAn ba openad soon tO boost
production. The assumption was made in this projection that there
would be nc envirormental restrictions on cpening new strip mines.

There are adequate plant sites with sufficient coal and water
to build a coal based synthetic fusls industry capable of producing
several million ban-ls per day cil equivalent. However, if such
an industry is to grow, eanvironmental restrictibus can not: severely
limit the availability of these plant aites.

Several developmant efforts should be initiated now so that
growth of a synthetic fusls industry is not iphibited by envircnmsntal
constraints. With regard to strip mining in the East and Mid-Wast
it is important tc demcnstrats what is necessary to return strip ained
land to productive use and what tis reclamation costs. There is a
very large difference between government and industry estimates for
reclamation costs, and the size of the reserve of economically re-
coverable ccal for a synthetic fuel industIy is a strong function
of the costs of reclmmation. A program should be initiatsd at a
nmber of representative Eastern surface mine sites to put aside
and restore various depths of tepsoil to determine the minimum depth

necessary for reclamation. This is particularly important as the
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demand for mine sites forces utilizatios of productive agricultural
lands. The restoration demongtration should be done at mines using
scrapers. drag lines and showels s0 the bagic unit coet (§/f0ot of
topmoil/acre] of reclamation can be detarmined for all arsas vith
adaguats rainfall. Other more site spscific costs such as seeding.
wataring and fertilizing should be monitorsd to establish a normal
ra.age Of costs.

In the area of plant siting it would ba wise to identify some
more promising potential sites, detsrmine the necessary data (in-
cluding enviromsental) for cbtaining required construction permits
and actually cbtain the data. This could smocth future site scquisi-
tion procsedings. In pa.rf.iculu. establighing now sOome base line
data at a number of potential plant and mine sites would be useful.

in the next dacade much of the sxpanded coal production IOr a

- synthetic fusl industry would coms from Eastern and Mid-Western dewp
mines. Mining companies beliewve that considerable development of
deep mine tachnology would be needed to maintain into the 1980°s
the rate of increase achievable by rapidly opening strip mines in
the 1270°s., To most rapidly advance the state of the art in deep
mining, the concept of a "demchstration mine” has been widely pro—-
posed. In this concept a new mine or a portion of an operating mine
would be acquired for the purpose of ampirically tasting advanced

mining technology at full scale under actual mining conditicms.
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The acceleratsd mining program would require five year funding zhove
the proposed program in the AEC's December 1 report to the President,
as follows: 1) 225 million dollars fcr increasing the program gosls
to the fagtear “orderly” rate recosmended by Chairman Ray‘s mining
study panel; 2) 70 million dollars for early procurement and cpera-
tion of demcnstration deep mines; 3) 5 million dollars for Eastemn
and Mid-Western strip mining and plant siting studies. In the sup~
plemental deep mining program, emphasis would be on accelerating
development of equipment and mining systems studies amsuming the basic
program was adequately supporting regsearch in methane control, groumd
control, longwall mine development, material, etc. The heavy govern-
ment involvement in mining development is felt necessary because Ie-
cent coal profits have not been adequate to give the industry suf-
ficient capital for extensive RiD efforts.

Tt is assumed that sizilar activities for Western strip mining
and siting would be carried out by the “Reclapation of Arid Western
Lands® demonstration project. (There have been a number of studies
detailing the RED needs for strip and deep mining, including 1) "An
Assessment of the Research Needs to Enhance the OUtilizatiom of Coal,”
Carmegie-Mellon University worksho_p on Advanced Coal Technology, S. Wwillism
Gouse, J=., Chatryman, September 1973, Sponscred by National Science Founda-
tion; 2) Underground Coal Mining in the United States - Research and

Development Program. prepared by TRW for Office of Science and Technology,



June 1970; and 3) Raport of the Cornell Workshops on the Major
Issues of a Mational !.‘ncx‘gy Research and Development Program, Cor-
nell OUniversity, Decasber 1973.)
D. Government Rols in Tecbn:l.cnl Development Phase (Now to 1980)
Industry is in favor of gw_un-nt—i.ndutzill cooperation in
implementing 4 clean fusls from ccal program. This represents
a change in corporats attitude for many firms. Until receotly
many companies preferred to do their own R and D, demonatration
prejects, and commercial wventures without Pedaral assistance. NoOw
the belief is that the capital required to.gat sufficient guantities
of clean fusl from coal into the ecomomy is too large for industry
to finance alone. )
Government participation in the jinitial phases of a synthetic
foel industry can be in the form of 1) partial funding of high risk
acceletated R/D programs and 2} allowing intarim relief from non
technical restraints to promising dewvelopment projects. ;
The approach of granting interim relief frcm environmental iopact
praoblems has bheen recommandsd by a number of .anvircamsntal consultants.
In this concept the firat few pilot and prototype plants are allowed
to be built without rigorous proof that no environmsntal degradation
will occcur during plant operation. Pre-opsarational base line data
are established and the plant is cperated with readily available,

state of the art coatrol equipment. Careful sonitoring is donae to



asasure any sdverse local envirommental ispact. Subsequent savirom-
pental impact restrictions are based on interpretation of the espir-
ical data from these first plant tests.

In the supplemsntal funding approach we have estimated the
government support required {above the 10 billion dollar nsticmal
snergy R/D program) which would be needed to achieve the Project In~
dspendence goal, i.e., acguiring the potential to build a coal based
synthetic fuel industry by 1980. Table VI shows the portiom of the
$10 billion fusding slated for coal. The incremsntai funding recom~
mended for accelerated coal liquerfaction, gasification and mining
shown in Table VII. The second Takle assules that government pays
2/3 of the cost of high risk sarly development efforts. However,
onlglr 20% government funding is assumed for the first prototype
plants, becausa minimal government support will be needed in 5 years
if the international price of oil remains high. In reality, the
government-industry funding split will have to be negotiatad on a
project by project basis in light of the then existing international
and domestic fusl situation.

We have distilied the following recomsendations from numerocus
discussions with industry about the most productive approach to a
joint industry-government synthatic fusls development program.

1. Recosmendations - Prototype Pilot Plants
{1} we believe a ningle ccmpany O Eember COmpany of a comsortium
should be selected overall project manager for each pilot project and

should be given flexibility to get the job done. Good management is
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TABLE VI
RECOMMANDED GOVERMMENT ENERGY R/D FUNDING a
FOR DEMONSTRATING YHE PRODUCTION OF STNTHETIC FUELS FROM COAL

Fiscal Year Costs 1lions
1975 1976 1977 1978 1979 Total
Coal Liquefaction 75 75 75 75 75 s
R&D, Other Operating Expenses (57) (45) {43) (46) {55) (246)
Construction-SRC Pilot Plant &) - —— —_— — (&)
Direct Bydrogenatioo
Prototype Plant —_— (49)
Advanced Process Prototype
Plant (53)
Multiple Procesa Pilot
Plant -_ (23)
Twe Synthetic Fuel Ploneer
Plants 100 100 S5 50 50 355
High Bru Gasification as 75 92 8l 57 340

R&D, Other Operating Expenses (14) (25) (&7) (49) {53) (188)
Construction-liygas Pllot

Plant (2} {2) (4) (2) — (11)
= €Oy Acceptor Pilot Plant (2) — — —_ — ()
= Synthane Pilot Plant © o (8) N {2} —_— — an
- Bi-Gas Pilot Plant {9 (12) —_ -— - (21)
= Demonstration Pllot

Plant (28) (39) (30) &) (101}
Mining 45 57 6k 77 82 325
Direct Combustion . ‘ - 30 s &0 &4 51 200
Low Btu Gasification 30 37 42 48 43 200
Environmental Central Tech. 70 50 &2 45 53 260
Supporting R&D 20 22 24 27 27 120
TOTAL 405 451 434 447 438 2175

a Progran recommended to the President on Decesber 1, 1973, by
Dr. Dixy Lee BRay
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TABLE VII
RZCOMMEXDED IRCREMENTAL FUNDINC FOR
SYRTHETIC FUELS DEMONSTIRATION PROGRAM

Fiscal Yesr Coats, SMillions
1975 1976 1977 1978 1979 Total

Construction
Direct Hydrogenation prototype
Plant® 2 5
Extraction/Bydrogenstion

i
wd
[}

Prototype Flant 10 25 -] 40
Third Prototype Flant 10 23 -3 -23 =20 -13
Methanol Pioneer FPlant 0 0 0 ] 0 0
Second Pioneexr Plant 1] 0 150 0 o 150
Third Pioneer Plant 0 ¢ 150 +] o 150

Fischer-iropech Design Studies 5 - 15 -— -— -— 20

Firs: GCeneration SNG Producticn 5 20 20 10 10 65

Supporting R&D, Operations 15 20 27 35 25 120
&7 lo8 238 19 15

Mining & Siting R/D 42 55 62 Pl 67 300
89 163 398 93 82 a5

8 ootal cost Che same ~ funding shifted to earlier schedule



easential if the progotype projects are to be successfully, quickly.
and cost-effectively degsigned, built and operated. Management

has, in fact, been a matter of concern tc many companiesg contacted.
Rigidity and overmanagement of many government-sponsored programs has
been repeatedly mentioned. A company may subcontract for design and
congtruction of the pilot plant but should be expected tO operate

the plant and market the produtts.

(2) Financing should be in part by the project managing company so
that there is incentive for efficient design and operatiom. It is
believed that this kind of management would prﬁde the flexibility
for on~the~gpot decisions that would be necessary in such new processes
(3) Selection of the companies would be by competitive bid, cusing

as criteria: the process the bidder proposes to demonstrate, the
site proposed for the pilot plant, the proposed coal feed stock, the
patent position proposed, and the amocunt of funding to be supplied

by the bidder.

{(4) It is recommended that each pilot project maintain its own
analytical facilitieg, shop facilities, maintenance and repair facili-
ties for operation of the demongstration trajns. Down time in a demon-~
stration project is unavoidable, It must be minimized Vand the way to
do this is Zor  the projects to have in-house diagnosis and repair

capabjility.



