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V. PILOT/PROTOTYPE AND DEMCNSTRATION/PIONEER PLANTS
FOR THE PRODUCTION OF SYNTHETIC FUELS FROM COAL

SUMMARY

This progrem topic includes pilot prototype, demonstration, ené pioneer
projects Tor the production of clean liquid fuels (e.g., boiler fueis and
syncrude), substi<ute natural gas, and clean so0lid fuels (e.g., desulfurized
and deashed coal) from coal. The projects included in this tcpic n2ve high
visibility and are characterized more by ‘he requirement for management of
capital fund:, manpower, materizls. ané resources than for manegement of
Tertirent supporting research and development.

Preliminary estimates of the FY 1974 and FY 1975 budgets for these
projecis are p.esented in Table 5.1. These projects presently are being
funded through the CCR and the Burezu of Mines energy laboratories and,

thus, would be transferred to ERDA under HR 115°0.

INTROCUCT ION

The rapid scaleup and commercialization of promising processes
for producizng clean gaseous, liquid, and solid fuels from coal is needed
to provide energy self-sufficiency. Forscasts of continued high energy
growth rates, declining domestic gas and oil recerves with attendent
vulnerability to the whims of foreign suppliers, and public-felt fuel
shortages have brought demands for rapid technological selutions.
The concept of the Pioneer program, a leap over intermediate scales
to commercial sired test plants, was one response to this demand.

There is increased support for process development in the pilot/
prototype to demonstration/Pioneer size r&nge. This support is
shown bv an almost fourfold buaget increase from FY 1974 to FY 197S.

Tre large scale process development projects are under contract
mainly from the Office of Coal Research. These projects would be
transferred to the proposed Coal Programs Division upon the formation
of ERDA. The later sections of this chapter will describe currently
proposed large scale projects for liquefaction and gasification of
z0al and present an alternative program that has been prcposed by

an AEC task force on synthetic fuels.
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OBJECTIVES

The purpose of the pilot/prototype and demonstrationll’io;xeer
programs is to develop eccmomiclal processes for producing clean fuels
from coal in a logical, rapid fashion to commercialization. This
goal must be met by balancing risks and development costs against
benefits from rapid scaleup and acceptance' by the nation's energy
-industries.

SCOPE

This section deals only with the large scale stages of process

development. Relaticnships to support projects and research programs
can be found in other sectioms. ’

CURRENTLY PROPOSED PROGRAM
Ligquefaction

The Office of Coal Research program for cozl liquefaction represents
a substantial acceleration of effort over previous yeers. The recent
emphasis is on multiproduct conl conversion (rather than a single product
process) which can provide a more efficient process with lower unit costs.
Clean by-product gas can be used as a fuel for electric generation and
2lso uvpgraded to pipeline quality gas to supplement ratural gas supply.
Accordingly, a mejor objective of the OCR -pi'ogra.m is its plan for procesrs
flexibility - combining complementary processes now being developed
separately 1o emphasize the best features of each ccmponent process.

13
OCR believes that a vital objective is the early demonstration of =
plant in an effort to save from 2 tc 5 years' lead time over a normal
development pace prior to commercialization. A vigorcus and adequately
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capn ity . Fundlue Cbhliratizn: by Flacal Year. $ H:lli;;
ffatitrastor ey /4 gt 1900 109 196 177 1913 1999 7570
1.quefaction ril.t/i ratetxpe Flants
L. Fosineering Evaluaticns R '0,65 2,10 6,0 5.0 5.0 5.0 5.0 26,0
2. ERC Hlot Plant . &M . och 50 6.11 1575 6.0 10.0 10.0 16.0 - 35.0
3. COFD Pilot Flant KX ocht’ ¥% 1.25 1,00 3.0 3.0 - - - 6.0
L, mult.ple Process Pilug Flant {Creonp) Fluor ocn ol - 3,00 5.0 - - - - 5.0
. Direct liylrocenatiun Prototype PMlant KR1 oK 2507w - 4,00 8,0 17,0 38.0 20.0 6.0 89,0
6. Fxtraction/ilydrogenation Frototype Plany  {(Mur) “OCR b . - - - 17.0 20.0 3.0 Lo.0
7. Fdechar-Tropsch Prota®yps Plant {RFr) och - - - 19.0 25.0 8.0 8.0 0.0
8. fyrolysic Filot r'lant — — 0.0 0.0 8.0 10 55,0
TOTAL ' 10.00 23.05 ?8.0 .0 115.0 11..0 29.0 7.0
Hi=h Ptu vias Pllot/ieotatype Plants
1. Fniincering tvaluations whn 0.90 1,71 .2 h,n 1.0 - . 6,2
T Nyenr Filot Plant CLoer R 1 wwo .67 3.0 2.3 2.0 . - 1.1
Y €0, Acceptor P{l1ot Plant Concol ocu A 6, z.0 2.0 2.0 - - 4.0
L, Bl-3as Pllo! Tlnnt . pen ' ocn 0,40 1.43 11,2 8.0 s.lo - - 26,2
5. Synthane Pllot Flant usm usn 7,80 | _7.03 96| 40| 65 | 65| _z2o 0.5
TOTAL ’ 20.0% 21,45 9.0 22.3 16.% 6.3 2.0 793
Conthesic huelsn lem/l"lmx!;r Projects
1. terian stuales® ot 7.0 17.0 17.0
2, Lifutd Fuclc DPer> PR oen - -
3. Liuld Puels Fero 4 % Rt - N . ,
4, fecond Gonerntlon 55 Nemo . o - - 0.7, w0, 250, £50. 200. 920.7
5. Low Itu Gae Pemo oR - -
fi. Fluid 2cd Carbuction lemo on - -
7. Pienacer Plant Frojects - iy 100. 125, Joo, | _se. RIVSY
03 _ ' 7.0 w.8 | 0. 5. 350. 250, 115h.0
TOIAL T iRAM 10, 50 116,0 16,5 506.9 1.5 281.0 1707, 1
I

S includec extensive dealen stulics of plantn employlan catdf late procenses including (1) czlraction/hydressenation, (2) dircct catalytic hydrogenation, (1) methanol
cynhesis, (4) Flacher-iropsch Gasoline Symilieats, (S) Vyrolynin, () Hydro urbonization {(7) Second Genaoration SRG procencec, and various combinations such a3

Lhose exemplified by the CUG, GRC-COND, and CUGA3 conuepts.
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funded program could lead to comerciaﬁzation S:n the early 1980s by using
appropriate Federal incentives. Low-sulfur, ash-free, clean-burning liquid
fuels from coal can provide fuel for existing power plants as well es for new
conventional plants and new advanced cyqle power plants. Several processes
are =svailsble for the demonstra’cion—séa}.e plant development for the production
of cleun s0lid, gas, and liquid fuels from coal.

The large secazle projects currently underway or planned _for FY 1975
include (1) operation of the SRC (Tacoma) pilc;t plant, (2) continued cperation
of tke COED pilot plant, (3) reactivetion of the Cresap pilot plant, (&) design
and construction of an H=Coal protoiype plant, (5) design of a combined SRC/COED
demonstration plant, and (6) design studies and pilot plant development in
support of a process for production of liquid fuel from synthesis -gas.
1. Engineerinz Evaluations FY 197% $ 2.1 millions
] FY 1975 $ 6.0 millions
Preliminary reviewxs are to be made of all OCR projects for coal liquefaction,

ineluding their suitebility for combining under the cog {Coal, 0il, Gas)
objective. Preliminary specifications for a CCG plant will be prepared ag 2 ’
second-generation pilot plant. As work proceeds in each of OCR's liquefaction
projects, it is particularly necessary to maintain a continuous review of
technica. and economic status as to the commercial piant that can be projected
from the research results. This requires detailed engineering studies by
independent third parties. Otherwise experimental work costing far more than

the evaluations may be undercaken unnecessarily.

An experienced engineering construction firm will be retained to evaluate

. technical and cost aspeuts of the alternative processes for production of clean
liguids for coal. Thnis activity will provide information for periodic evaluation
. of the economic viability of alternative processes. The contractor will have
access to campuier services and will provide cost engineering and process econamic
studies and services to privete industries and to the U.S. Govermment in a
concerted effort %o expedite selection of the most promising process at minimsl
Cos .

2. Solvent Refined Cozl (SRC) Pilot Plant FY 1974 $11.75 millions

PY 1975 $ 6,00 millions

In 1952, the Office of Coal Research awarded a research contract te

Spencer Chemical Company to study the technical reasibility of the solvent
redined conl (SRC) precess. In 19535, & contract was awarded to Pittsburg &

Midway Coal Mining Company (successor to Spencer Chexﬁical) to study the commercisl




feasibility of the SRC process through design, construction, and operation

of a pilot plant to process 50 tons of coal per day. The design for the

pilot prlant was campleted by Stearns-Roger Inc. in 1969. In late 1971 Rust
Engireering Company was selected through competitive bidding to construct

the pilot plant at Fort Lewis (Tacaoma), Washington; construction was started
in July 1972 end completed in November 1973. Fouovéing shakedown, sustained
operation of the pilot plant is expected to begin in early FY 1975. A smaller
6-ton/day SRC pilot plant, built by Catalytic Inc. under the sponmsorship of

Southern Services, Inc. and EPRI, is currently in operation in Wilsonville,
Alabama.

In the solvent refining process, coal is dissolved in a heavy aramatic
solvent under moderate hydrogen pressure. The solution is filtered {to
remove ash and insoluble organic material) and fracticnated to recover the
solvent. Smell gquantities of hydrocarbon gases and light liquids are produced,
along with heavy organic material. Solvent refined coal has a melting point
of about 350°F and contains sbout O. 1% ash and less then 1% sulfur. Its heating
value is‘ about 16,000 Btu's per pour. regardless of the quality of the coal
feedstock. The solvent réfining orceess removes almost all of the inorganic
sulfur and 60 to 70% of the organic sulfur in the coal. The SRC product
potentially can be upgraded to a low-sulfur liquid boiler fuel by a second
stage of catalytic hydrogenation and desulfurization.

The SRC Tacoma pilot plant will be operated in FY 1375 with goals of
(1) developing equipment that will permit feasible scaleup to a larger proto-
type plant, and (2) producing product for testing in power plant boilers. The
future of the vprocess will depend upon tke development of a technically arnd
economically viable filtration step. .

{Comrment: An AEC Task Force on Synthetic Fuels has recommended that the
Ft. Lewis pilot plact program be expended to provide for (1) investigatiorn
of alternative solid-liquid separation me.hods, and (2) catalytic hydro-
treating of the SRC product to produce boiler fuels and/or syncrude.j
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Char-0il-Energy Development (COED) Pilct Plant FY 1974 $3.00 millions
FY 1975 $3.00 millions

OCR's project COED pilot plant in Princeton, New Jersey, was completed
in 1670 at a capital cost of $4.5 million.,. The pilot plant, built and
~ operated by FMC Corp., is designed to process 36 tons of cozl per day and
hydrotreat 30 bonrrels of coal-derived oil per day. The plaut is fully
. operational at the throughput capacities of coal and oil fer which it was
designed. '

The COED process converts coal to synthetic crude oil, ges, and char,
tho-ough four-stage fluidized-bed pyrolysis and subsequent hydrotreating of
.the ceal oil to synthetic crude oil. The volatile products released from
the coal in the fiuidizeﬂ-bed reactors pass to a product recovery system for
recovering the oil and cooling the gases. The oil from pyrolysis is filtered
‘o remove solids. The solids-free oil is pumped up to pressure and mixed
with hydrogen from hydrotreating in a fixed-bed catalytic reactor operating
at 750°F and 3000 psi. Hydrotrezting removes sulfur, nitrogen, and oxygen
from the oil and produces at 25° API synthetic crude oil. The gas from the
process can be sold as fuel gas or converted by application of additional
technology to pipeline gas or hydrogen. The residual high-sulfur char could
be vsed as power plant fuel, gasified to produce a fuel gas or processed to
generate hydrogen, again through the application of further technology.

Two subcontracts were issued by OCR for evaluating the COED hydrotreated
0il. The Atlantic Richfield Company is processing distillate fractioms of
the COED hydrotreated oil to determine yislds and product guality and to
estimate a dollar valme of the COED hydrotreated oil. The Americen Oil Company
is performing analytical and burper tests to determine the suitability of the
hydrotreated oil as a fuel oil. '

The planned work of the pilot plant in FY 1975 is concentrated to
acquiring addition21 data required to design =2 commercial plant. Other coals
will also be evaluated in the process. A substantial quantity of oil will
be supplied to the U.S. Navy for their tests, and research is underway on
utilization of by=-product chars.

The CCGAS Development Company (2 consortium of FMC Corp., Panhandle
Eastern Pipeline Co., Tenneco Inc., Consolidated Naturel Gas Service Co.,



Fepublic Steel Corp., and Rocky Mountain Energy Co.) currently ié investing
$7 million of private funds in a COGAS piiot plant that will use the COED
process in conjunction with a char gasifier to produce substitute natural
gas (SNG) and a synthetic crude oil (syncrude).

[Comment: Since the COZD Process produces very low (< 20%) yields of
liguids, it is considered primarily as another second-generation SNG process
or as a process that would upply primﬁrily on-site at a power plant. 2Pyrolysis
processes similar to CCED are being developed with private funds by the Oil
Shale Corporation and Carrett Corporation. Related hydrocarbonization processes,
waich appear to have greater potential for producing a desulfurized char
‘and/or a higher fraction of desulfurized liquids are being developed by U.S.
Steel Corp. and Union Carbide Cord.]

L, tiple Procecs (Cresap) Pilot Plant FY 1974 $3.00 million
FY 1975 $5.00 million

A cooperative OCR and Fluor Ccrporation program for reactivation of the
2L-ton coal/day pilot plant at Cresap, West Virginia, provides for testing

of and development of various cperations required in coal conversion processes
such as coal feeding at high pressure, separation of extracted coal liquids
from undissolved materials, and gasification of char. The original plant
investment was avout $5 million; however, the current cost for comstruction
of an equivelent facility would be in excess of 310 million.

The plant can be converted Frcm the original CSF process by changing the
physical location of equipment, making changes to individusl items of
eguipnent, and modifying piping. Such changes can ve accomplished in
considerably shorter time than required for construction of coxpletely new
Tecilities and at much less cost. By testing several processes in one plant,

maximum use will be achieved for the existing pilot plant.

‘Tbe initial phase of the program for Cresap involves rehabilitatioa of
the existing plant with modifications to assure reliable mechanical operation
quickly for the basic extraction ard hydrogenation cperations. The modifications
will remedy deficiencies experienced during previous operations and include

changes necessary to meet current IPs regulations for ernvirommental protection.
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Plant operation afier operator training and shakedown will demonstrate
that solvent generated from cozl et eguilibrium operations is satisfactory
for coal solution, and following hydrogenation of the extract produces a
clean fruel. The product will be tested in various combustion systems o
determine that fuel quality is satisfactory. Testing will also include
sulfur 8.1:15. nitrogen levels to insure meeting environmental protectiozi
standards.

Al ternate processes will be tested which by engineering analysis are
potentially competitive econamiealiy. $2.5 to $5.0 miliion will be made
aveilable from non-Covermment sources to augment the requested appropria-
tion. OCR would expect to operate the plant for 3-5 years, depending on
processes to be tested. ‘ .

5, H~Coal Prototype Plant FY 1974 $L.00 million
FY 1975 $8.00 million

Funds will be used to design and construct a prototype plant to develop

on =z substantizl engineering scale the cataliyzed hydroliquefaction of coal

to produce clean synthetic crude oil, The prototype plant will use the
etullated bed principle. It will represent a reascngble, low-risk scaleup
from a Process Development Unit (PDU). The PDU has been operating satis-
factoril:r since 1966, Scaleup factor amounts to 3-8 tons coal per day for
the PDU to 2350~T700 tons coal per day for the prototype plant fur production
of synthetic crude from coal. Approximately one-third of the total costs for
this project will come from the private sector - a comsortium of Hydrocarbon
Research, Inc. (HRI) and several petroleum ccmpanies,

A

[Comment: This project is considered important because it is believed that
the H-Coal process currently is the most highly developed of the modern coal
liquefaetion processes and has the highest potential for early commercializacion.
It 'is equally impcriant, however, that this project be backed up with a strong
program for sﬁpporting research and development in process chemistry,-process
engineering, and heaith and envirommental effects.]

6, Future Prototype Plant Projects

OCR is projecting that three future pilot or prototype scale projects
involving (1) Ebctraction/ﬁydrogenatibp, (2) Fischer-Tropsch, and {3) Pyrolysis

processes would begin in FY 1875.
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[Coument: We would recommend immediate desigr. and construction of
an Extraction/Hydrogenation Prototype. )

High Btu Gas

In 1971, OCR and the American Gas Association (AGA) entered into ar
agreement covering three second generation coal gasification pilot plant
projects (Hygas, Co,-Acceptor, and Bi-Gas) and supporting projects to
Jointly provide funding (two~thirds by Govermment and one-third by industry)
of $30 million annually beginning with FY 1972. A fourth second generation
pilot plent (Synthane) will be operated by the Pureau of Mires, It is
estimated that this pilot plast program should lead to demonstretion of
commercizl feasibility of a second generation process “or gasification by
the end of FY 1979 and FY 1980.

Engineering Evaluztions FY 197% $1.33 millions
FY 1975 $1.20 millioms

The contractor evaluates proposed ressarch and essists the continuous

evaluation of all phases of the high-Btu coal gasification program. It is

ecsentizl that independent engineering evaluations be made as each process

or process stop 1s developed. The contractor will prepere engineering designs
and cost estimates for processes and process variations, projecting from

these Iigures a final cost figure for the product-ges. {fdditionally, this
work will facilitate termination of projects if they do no* meet ithe technical
and economic yardsticks established among the alternates.)

A highly qualified, unbiased engineering firm is vital to the progranx
for evaluation of the various processes and components of drocesses 1o
assist in the decision-making procedure to insure that the best resuits

of the program are selected for commercialization <o produce vipeline-quality
gas at the lovest possible cost.

Hye ilot Plat ' FY 1974 $L.67 million
frgas PLot =2 FY 1975 $3.00 million

The Hygas piiot plant in Chicago for conversion of coal to pipeline-
quality gas represenﬁs a capital investment of zbout $10 million. It is
designed. to convert 75 tons of coal per day to 1.5 million cubic feet of

khigh 3%u gzs. The Institute of Cas Technology {ICT) gasification program
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wé.s initiated in 194 under sponsorship of the American Gas Association.
The early origin and continued development of the concept is largely the
reason that the Hygas process is the most advanced of the second generation
coal-to-gas schemes under development.

In this process, ground, dried coal is pretreated with air, slurried
with by-rroduct oil, and fed to a two-stege fluidized-bed hy&ogasifier
that is to operate at 10001500 psia. i:'ydrog;en—rich gas for the reaction
is to be furnished by processes using electric energy or oxygen or by the
steam-iron process that is under development. The gas f:rpm the hydrogasifier
is to be purified =:d methanated to produce 950+ Btu/sef substitute natural

gas.

Pilot plant ccustruction began in 1959 and was completed in 1971.
Several significent operating runs have been made, the most notzble being
successful operation at 1000 psi. Concentration of methane in the byiro-
gasifier effluent exceeded 40%. Tnis corresponds closely o the design

~ concentration. Opex_'ating problems with essentially off-ithe-shelf mechanical
equipment delaysd initial gas production. Problems are being solved one
gt a time ard semicontinuous operation of the hydrogasifier has been
achieved. The gas purification and methznation systems have been checked
out and are on standby awaiting continuous operation of the bydroéa.sifier.

C0. Acceptor Piiot Plant _ Fy 197k $5.99 million
N ‘ FY 1975  $2.00 million

The COE Acceptor Coal Gasification process was developed by Consolidation
Coal Company and carried through the lsvoratory stage by 1964k when the Office
cf Coal Research awarded a contract to complete the bench-scale development

of the iarocess. This phase was completed successfully in 1968. Feasibility
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studies before and af'ter the bench-scale work indicated the process nhad
potertial commercial possibilitieé.

In this process lignite or subbituminous coal is charged to a fluidized-
bed devolatilizer and is contacted 2t 300 psi with hydrogen-rich gas fron a
fluidized-bed gasifier. Lime or dclomite is added to both vessels where it
reacts witsh carbon dioxiée. Regeneration of the lime-dolomite and ash removal
)f’e carried out in an air-~blown fluidized—b.ed regenera.tor vessal where spent
char is combusted. The product gas is to be purified and methanated to
produce S{G.

Construction of. the $9.3 million pilot plant at Rapid City, South Dakote
(capacity UC tons coal/day), was initiated in January 1970 and completed in

November 1971. The pilot plant was constructed and is being operated by

Stearns-Boner Iné. under sukcontract to Consolidation Coal Company.

At the cempletidn of plant shakedown tests in April 197z, a series of
stertur atitemots was initiated. Each completed startup has generated
additional operaticg data. Each run was terminated due to some mechanical
problems which_have since been solved. In FY 1975 +he pilot plant will
be operated with 2 new methanation stage that is being install.d by
Blaw-Kacx at a capitel cost of $1.7 million.

Bi-Ges Pilot Plant FY 297h $1.33 milliong
FT 3675  $i3.2 millions

The Bi-Gas process, developed by Bituminous Coal Research, Inc.,
features a two-stage reactor, which operate: an entrained bed system,
to gasify ground, dried coal at a pressure of 1110 psig. Fresh coal
introduced into the upper section of the vessel contacts a rising strean
of hot’ synthesis gas vroduced in the lower seetion. The cc.)a.l is partially

converted into methane and more synthesis S2s. The residual char is serarated



from the gas stream and then is transferred into the bottam section where

it is campletely gasified by reaction with oxygen end steam. This produces

the synthesis gas pneeded in the upper section, as well as the heat required

to complete the endothermic reaction of carbon with steesm. Slag is periodically
removed as gramulated particies via a lock hopper system. .

Raw gas from the gasifier is freed of.: dust, passed through a2 shift
corverter, its HZS removed, and then run through a high-pressure 002 abscrbez.
Following further purificatcion over iron oxide ?.nd activ.a.ted car‘c;on, a
ecatalytic methanator gives a produét which, ai'tgr drying, is pipeline guality.
The Bi-Gas process has; potential for very high throughput per unit of reactor
velume and apparently will hendle all types of coal from lignite to high

vzlatile bituminous.

A fully integrated, 120-ton coal/day pilot plant currently is teing
constructed by Stearns-Roger Inc. at Homer City, Peansylvania. Initial
starsup of this pilot plant, having capital cost of about $25 million, is
scheduled for wmid-FY 1975.

Synthane Pilot Plant FY 1974  § 7.0 million
: FY 1575  § 9.6 million

In the U.S. Bureau of Mines Synthane process, the c¢aking properiies of
the dried coal are destroyed by treating with steam and oxyzen in a fluidized
Pretreatment reactom. Aboub one-eighth of the total steam and oxygen required
in the process is fed et this .stage. The coal, along m’.t}:\ any seperated
volatile metter and excess steam, is ther fed to the top of the ¥luid bed
gasifier which operates at zbout 1000 psia. Here the coal reacts with stesm
and oxyzen to form methane, CO, Hz, and coa. Not 211 of the carbon reacts,
however.: Char, amounting to about 30‘,‘5 of the heat ccntent of the coal, is

rencved from the bottom of 'Ehe reactor and is to be burned to provide process
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pretreatment step. These impuritie_s are removed in cyclone separators and
by water scrubbing.

The cleaned product gas is divided into two stresams, ome-third going
to a shift converter while the remainder bypasses the unit. This step
provides the b;}drogen aeeded focr methanating the CO contained in the bypass
gas stream. The two streams are combined wfter.the cne-third from the shift
converter has been coocled by heat éxchahse with the feed gas. Following

further cooling and purification, the combined gas stream is charged to

tne methanztor.

This reactor contains a Raney nickel cctalyst sprayed on the surface
of heat exchenge steel tubes. Dowtherm is circulated on the tubes to
meirtain catalyst temperatures at the desirzd level. Reaction of the CO
and ‘12 results in the formation of methane and water vapor. Thus removal
of the letter produces SNG of pipveline guality.

A pilot plant, with capacity of 75 tons coal/day, was designed by the
Lummus Cozpany aad currently is being constructed by Rust Engineering
Compzny in Bruceton, Pennsylvania. This pilot plant, with estimated
capital cost of $10 million, is scheduled for inmitial cperatior at the
beginning of FY 1975. The pilot plant will be used to develop the main
steps of the Drocess but is not designed to address the problems of water

treatnent and char cambustion.

Synthetic Fuels Demo/Pioneer Projects

Design Studies FY 1974 $ 7.0 millions
= FY 1975 $17.0 millions

The OCR has injtiated several design studies of demonstration plants.

. - < N
The current emphasis is being placed on a single demonstiration plant
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that will incorporate both the SRC and COED since it is stated that these
two processes have various components in commorn and the combined demonstra-
tion plant will have significantly lower cost than separate demenstration
plants.

The proposed dermonstration plant will have capacity for demonstrating
the SRC process at a rate of 10,000 tons co,a.'!./da;,r, representing a scaleup
factor of spproximately 200 in capacity relative to t}ia SRC pilot plant in
Tacome, Weshingion. The prototype plant design will remein flexible with
resceet to separation and hydrogenation systems until substantive operating
data are cbtained frea :the Taccma pilot plant and the Cresar operation.

The demongtration plznt is scaled to define economics for producing a

No. 5 (0.5% sulfur maximm) fuel oil and 2 Ko. 4 (0.2% sulfur maximum)
frel oil. Prototype plant wnit costs of $1.25 to $1.50 per million Btu's
are indicated utilizing cozl priced at 35y§ per million Btu's. Commercial
costs for the oil may be 85¢ to 95¢ per million Btu's.

The COED process will be combized with a pressurized boiler, with the
fclloving operational ocbjectives: (1) operation cf the COED process at
pressure to increase throughput rate and liguid yield, (2} consumption of
the char in a sochizticeted pressurized boiler to provide energy regquired
for the potassium tooping cycle for pouver generation to permit increase in
the conversion of thermal snergy to elzctrical energy (50-55%), and (3) conirol
of the sulfur products generated when the char is ‘m.zrned.

(Comusnt: This project is not recommended by the AEC task forae on synthebic fuels

beeruse it invelves 2 very high rick sculcup of the yot wigroved SKC process

in a fneility thst will oot soveral inmdred million doilors An wlternative
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vroject éroposed by a consortium led by the 0ld Ben Coal Compam-r to construct
a 900-ton coal/day SRC protoiype plant is reccmmerded as a less risky and
probably faster way to provide for early cammercializetion of an extrac-
tion/hydrogenation process. This later project, costing sbout $73 million,
would be expected to have substantial private funding. ]
| " Anot:ier design study, a project, which would be performed by Vuican
fincinnati and BXW under OCR sponsorship, has the objective of evaluating
the posi advanced technology for producing clean liquid fuels from a coale
derived s:,‘nthesié gas and developing an econamic design for a commercial
sczlz plant. This program involves pilot-scale investigation of synthesis
gas procduction from ccal 5 required to demonstrate capability for production
sultable for conversiom <o clean liquid fuel by advanced Fischer-Tropsch
processes and methanol production processes. The project includes comprehensive
engireering evaluation and conceptual design of an acdvenced commercizl-scale

Plant for production of clean liquid fuels from synthesis gas generated from

coal.

[Coment: The AEC <ask force questions this project because it may represent
a restrictive commitment to a single tyve of gasifier and synthesis process.
It is suggested that this type of project would better pe handled with a
request for vroposals to the several chemical; petroleum, an_d architect-
engineer firms (e.g., Kellogg, Davy Powergas, Continental 0il, Fluor) who
have exnerience in production of synthesiz gas fram coal and the synthesis

of methanel znd gasoline. ]
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Demonstration Plant Projects FY 1975 $ 0.7 miliions

Several types of demonstration plant projects are planned to be initizted
in FY 1976 on the basis of Requests for Proposals 2nd 50-50 cost sharing of
government and industrial funds. The planned demos include those for (1)
liquid boiler fuels, (2) liguid fuel by a Fischer-Tropsch variation, (3)
production of SNG witk a second generatioa process, (4) low Btu ges, and
(5) fluidized bed combustion.

[We will comment on this and recommend an altermative strategy in the
last section of this document. ] '
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Symthetic Fuels Pioneer Program FY 1975 $42.1 miliion

The Synthetic Fuels Pioneer Program is an as-yet poorly defined nev
lire item - budgeted for $k2.1 million in FY 1975 - that OCR 3lans to use
to stimulate the rapid commercialization of synthetic fuels proce:cses that
require relstively minimal modificztions of existing techmologies. Ais
originally descrited in the Dixy ILee Ray report to the President, it was
contemplated that $355 million of govermment funds would te expended over
a five-year veriod to subsidize irdustrial develomment, design, construction,
and operatcion of two commercial-sized plants that would produce methancl and
gasoline by coupling existing first generatiocn coal gasification processes
{e.g8., Tuxgi, Kcppers-Totzek, Winkler) with existing processes for production
of methansl (e.g., ICI process) and gasoline (e.g., Sasol Fischer/Tropsch)
Trom synthesis gas. The »reliminary indications zre that OCR may plan to
fund a varlety of wnrcjects that will boost the devélomment of several of the

mest advanced second generation liquefaction and gasification processes.

[Comment: There s a bacic conflict iz the deliniiion of "Piozncer Plant”
as used in the Dixy Lee Ray report and as used in the OCR budget documents.
In the Ray rednrt a Pioneer plant wes a first commercial plant employing a
given process (amd gezerally which cculd be built irmediately using evisting
technology.) In the OCR budge: documents a "Pioneer plant” is generally 2
"piggyback” application to an existing plant - which ve would prefer to cell
a "demonstration.”]

An 2lternative synthetic fuels pioneer program recently was proposed
by an :EC task force on synthetic fuels that examined several alternatives
in response t¢ Project Independence. These récommendations are discussed
in the following section.
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RECOMMERTATICHS OF AEC TASK FORCE ON SYNTHETIC FUELIS FRGM COAL

The preposed 310 billion energy RED program, recamended to the
President on Decerber 1, 1973, was concerned with the structuring of an
orderly and well bealanced effort aiming to support near term objectives
vwhile maintaining toth mid-term and leng-term objectives in perspactive.
This progrza reccmmended geveral large~scale projects to further develop
the production of synthebic fuels from cozl, including: (1) an 80 million
f‘bslda\v second gereration high-ttu gas demonstration plent operational by
31980, (2) two advapced licuefaction srototype plents operational by 1975,
and (3) two ccmmercizl scale picneer plents using existing liquefaction
technolozy for operation by 1980.

In response to more recent developments, this section proviaes back-
ground information in support of a2 provosed supplementary synthetic fuels
demonstration program which is a reccmmended nmext step of an wrgent nationsl
prograa to build productive capacity for massive quentities of liquid and
gaseous fuels from eccal. In view of the transportatioh fuels crisis and
because cozmercial scale production of high- and low-Btu gas from coal is
slresdy being planned by several utilities, production of liguid fuels is
assigned high oriority.

It is the judzment of many experts that synthetic natural ges (sre)
from coal c2n znd should be produced on a ccxmuercizl scele using the
existing first gererzticn technology. Second generation processes Ior
SNG producticn potentially will improve the econcmics (perbaps by 2bout
2075) but ihese technologzies ere not directly required to respend to the
need for increazsed productive eapecity. It is also a general consensus
that the econczmies of existing processes for liquefacfion of coal (e.g-.,
Bergius and Fischer-Tropsch) are so unfavorzsble with respect to tho.e of
the developing processes (e.g., H-Co2l and SRC) that it will be preferadle
to build on industry based upon the new technology while condustirg a
co-currenl progrim to complete the necessary research and development.

The recemmended synthetic fuels demonsiration prograa would create
& governmont-indusiry meaogement sysitem with the speeifie gonl of providing
the eosmoreial seale development that will bo required for a massive
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synthetie fuels oroduction industry iIn the 1980s. Specific aspects of

this progrem include: (1) removal of governmental and other obstacles

" end brovision of incentives to accelerate the present and follcw-on

cocmnercial projects for the production of high-Btu gas from coal,

(2) acceleration of the synthetic fuels picneer preogram with higher

goverr—ent Iunding to ccmgeasate for +he higher risk, and (3) expansica

of the liquefaction protctype plant and synthetic fuels pioneer programs

10 Increzce the probedility of technolezicel success. The technology

exists for extraction of the coal that would be required as a raw material for
8 Synthetic fuels irdustry. Work is required, however, to minimize the impast
of co2l mining on the envirecoment and to provide the necessary menpodWer, materizls,
cquipzent, aad services for repid expension of :the miring industry.

Tables 5.2 and 5.3 present a summary of many of the important physical
ang econozic characteristics cf four types of liguefaction processes that are
believed to tave significent potentizl for irdustrial-scale implementation
by the early 1980s. Several ccnclusions have been drawn from these date,
“ogether with other considerations expressed in the previous sections:

1. The processes for producticn of syacrude or boiler fuel by direct .
catalytic hydrogenaticn or extraction-hydrezenziicn zppear to have significant
Potential for ccmercialization with relatively lcw technical and eccnomic
riskx. Tor each type of proccess the recc=manded next scale of develcpmant
vould be a prototyre plant with a capacity of 300 to 1000 tons/dzy of coal.
The prototype sczle of develorment could begir irmediately for these two
types of drocesses (2nd perh2ss cne other, depending on resuls of further
studies) since:

&. Such projects a2lrezdy have sponsors who will provide a
substantizl froction of privete Junds.

b. lachinery exists within the govermment <o begin projects
oi this scale.

¢. The prototype Dlands constituie 2 logicel next step in
scale before plora2er Muil-sc2le comercizl plants, but
are sufficiently sm2ll vo minimize environrentzal irpeets,
Permit flaxibility in fesisn, and reduce the coascquences

of techrnolesical failure.
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(1749
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Table 5.3. CEstimated Effects of Type of Process,
Type of Coal, Cost of Coal, and Capital Fixed
Charge Rate on the Cost cf Producing Several
Synthetic Fuels from Coal

Coal .
Cepital Fixed
. Cost Charge Rate Product Cost
‘product Process Type $/Ton % $/10% 3ty $/bor
Syncrude® H-Coal B: tuninous 7.50 . 23.k4 1.57 8.94
' Bituminous 8.50 23.h4 1.63 9.30
Bituzinous 7.50 17.9 1.37 T 77
Subbituminous 3.00 23.4 1.59 8.93
Subbituminous L.00 23.4 1.68 9.LL
Subbitumincus 3.00 17.9 1.36 7.63
Boiler Fuel SRC, Comsol Bituminous 7.50 23.4 1.79 1.0
Bituminous 8.50 3.4 1.86 1.5
Bituninous 7.50 17.9 1.56 9.65
Gasoline FT-Lurgi Subbiturinous 3.00 23.4 4. 58 2k.16
Subbitumincus L.CO - 23.4 k.87 25.70
_ Subbituminous 3.CO 17.9 3.85 ° 20.3%
FP-BiGas Subbitumineus 3.00 23.4 3.07 1€.20
Subbitunincus L.00 23.4 3.26 17.20,
Subbituxinous 3.00 17.9 2.60 13.70
Methanol KT-1CI Subbituzinous 3.C0 23.4 2.06 £.80
Subbitu~inous 4,00 23.4 2.16 5.88
Subbituminous 3.00 17.9 1.74 k.72
Lurgi -SNG Sutbitiminous 3.CO 23.4 1.87 5.08
Subbituxzinous L.00 23.k 1.97 5.35
Subbituminous 3.00 17.9 1.67 L.sk
SNG Lurgi  Subbituminous b 23.% 1.93
Subbituminous b 17.9 1.61
Subbiturinous b 6.7 1.5%

—

3Gasoline oroduced from this material would de higher in cost by about
$2.0 to 2.5/bbl.

DCa;ital and operating rosts of mining operation included with gasification plant.
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2. It eppears that the Fischer-Tropsch orocess for production of

gasoline wili be toc expensive and too wasteful of energy to arouse industrial interest.

3. The data indicate that methanol frem coal as a substitute autcmotive
fuel will be less expensive thun gasoline from Fischer~Tropsch but prcbably
will be rore expensive than gasoline derived from syncrude produced by
catalytic nydroliguefaction of coal. The most important advantage of
methanol frcm coal is +het the required techruology” is availeblie now.

Thus preiuciion on an industrizl scale could procecd with a minimum of

delay. '

Recorrended Dermonstration Presrzm. - The recomrended schednles and

liquefacticn technology are presented in Tebles 5.4 and 5.5. Specific —
objectivez of tais progrzm ere as follows:

incrementzl fanding for a joint governmert-inéuciry drogram to demonsirate

-

3. Conduct joint programs from July 1974 to July 1977 to design,
construct, and shekedown three prototype (czpacity 300 to 1000 toas
coal/da:r) vlants ~ H~-Coz2l S;mcrude, SRC-Hydrogenation for boiler fuel, and
a third type (2 modified CSF or hydrocarbonization). These plants are
believed +o represent the optirmum size to provide the fastest and minimum
rick path from present develcrment work to camercial plants. Such proto-
type plants are generally favored by industry and substantial (perhaps 1/3)
invesiment of privete funds czn be evpected because of the relatively low
(2bout $50 million) ezpitzl costs of these plants.

The present plan is that these prototype plants would be built at
sites that are alzeady highly industrizlized (zetrcleun refineries, petro-
chemical ceoplexss, or large pouer plants) and, thus, will have smell
inerementzl envirormental impact. These sites will have (2) trained
personnel, (b) technicel services, (¢) supplies of coal ané/or other raw
paterials, an? (d) facilities for testing of the products.

2. Conecepntuzlly desizn, collect base line data on sites, and prebere

generic cnvironmantal iImpeoct stalezents Tor Gwo piorcer hydroliguefaction
plants (~50,CC0 tons coal/day) in the peried July 197k to July 1976.
Pesirn, construet, and shatedown these iwo vioncer plants in the period
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Fuels from Coal.

-
PplAviqn

" "Incremental Govert—ent Fuding fer the Rescmmendad
ting the Productien of Symthetie

____Fisc2l Yeor Cests, $tHllicms
1975 197b 1977  iS7o 1¢v9  GzT=l
ER & D Prozren fer Coali
Coal Ligquefacticn - ] (£ 75 75 75 315
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Plent (6) (8 (] (3 - (23)
Two Synthetiz Fuel Pieneer ) .
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Bigh Btu Gasiflezticn 35 75 92 81 ST 340
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Plant 2 @ wm @& - (1)
= 0., Acceptor Pilot . i
Pifnt (2) - - - - (2)
- Synthene Pliot Plant  (8) (7)) (20 = - 7
- Bl-Gas Plet Plon: (%) Q2 - - - )
~ Deronstratiocn flant
C (28  (39) (30} (1 (01)
Mining 45 57 6u T7 82 325
Direct.Ccohusticn 30 35 ho By 51 200
Low Bzu Gesificzticn 30 37 52 48 43 200
Envircr=snzal Caatral Techmology 70 £0 R2 i5 53 260
Supporting £ 2 2 & 2 2 12
Becormended Tmorerentz) Turdine for 405 451 434 447 438 a5
Syntretis Suoie ramemecracicn
Pro-rez=
Constructi 3-/
Direct Fycregenzticn Prototyre -
Plant . 2 5 -13 -3 -9
Extracticv/Hydregenation Proto-
type Piant 10 25 5 ko
Third Prctotyze Plant 10 25 -3 -23 -20 -~13
Methonol Picnser Plant 0 0 0 ] s} 0
Second Picneer Flast o 0 150 0 0 50
Third Picnesr Plant (o] 0 150 0 0 150
Fischer-Trezseh Teosim Studles 5 15 - - - 20
First Cororzticn UG Production 5 20 20 10 10 65
Supporting 1D, Crerations 30 s 77 _co 95 347
62 133 386 84 85 750

& Asouoes povensens prevides 2/3 and 00 of copital for prototype

md picuear plunts, wespectively.
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July 1575 to July 1975. Goverament funaing of about ZU,’.. £ the capita
costs of thesa plants D2y de required because there is same risk that
engineering funds would be wascted since the engineering would degin before
operation of the prctotype planis. It m2y 2lso be necessary to weive the
formol environmentel impact review ‘for thesc plents.

3. After detciled conceptuzl design and siting studies, engiaeer,
construct, =2nd shakedown 2 pionecr cormnercial {~50C00 tons her{/“ } plent
in the pericd Jonuary 1975 to Jenuary 1979.

4, Conceptually design and perform Title I engineering of a ceoxmercial

Fischer-Tropsch gasoline plant in the pericd July 1974 to July 1975 for
reference and standty construction.

5. Accelerate the pace of suppcrting research arnd develbpment of

hquefa.c tion =25 a coa*d:.ra ted extension of the $10 tillion energy R&D
progrea.

The recc—snded synthetic fuels Zevelerment program also inciudes
provisicns for accelerating +the Zevelcrrent of the industry for the
producticn of SHG frex cocal. The recormended activities include
(a) engineering develczment of a slagging Lurgi gasifier, (b) engireering
developzent of 2 high-pressure Xoppérs-Tctzek gasifier (to permit widexr
use of coals), fe¢) site studies (collecting base line data on poteatial
corercizal sites), (d) preparation of gemeric environzmental immact
statements, (e) aceeleraied research in environmental effects, {f) dcvelop-
ment of a2dvenced materials, catalysts, and eguipzent zczponents,

(g) edditional develcrment of the methanatioz step, {h) institutional
=esecr2h, (i) develozment of services and ceopzbilities for process vessel

manufasturing, ané (j) develorzent of stenderés to minimize the routine
design requiremernts.
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