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ALSFTRACT

H-Coal is a catalytic prucess involving the
direct hydrogenation of coal to produce hydro-
carbon liquids. Its develonment was rtarted in
1963 by Hydrocarbon Research, Inc., a subsidiary
of Dynalectron. The process has operated at the
benck scale level on a wide varicty of coals
including eastern U.S., western subbitumincus
and ligni‘es from Texas and North Dakd ta as well
as foreign coals. A three-ton per day process
deve'upment unit has alsu been operated exten-
sively, confirming bench scale resulr; and adding
substantialliy to the technical data base., The
process atfords wide flexibility ol uperation from
**fuel oil' to "syncrude’ modes.

A pilot plaat now under construction at
Catlettsburg, Koentucky is scheduled fur comple-
tion March 31, 1979. It will he the largest coal
liquefaction plant on-line in tne U S,, processing
up t» 600 tpd of coal. Concurre.* with the pilot
plant, other development activities are being
undertaken to provide timely initiation of a
commercial project. Assuming successful
operation of the pilot plant in 1979, engineering on
a 50,000 BPD plant is scheduled to start in early
1980, construction in mid-193]1 and operations
beginning in late 1984,

I. INTRODUCTION

Recently Ashlare has been studying commer-
cialization ot " 1e H-Coal process and has had
several meetings with Department of Energy
personnel conccirning such development. The
discussion today will address both the status of the
H-Coal pilot plant now under conscruction and the
status of a proposal for commercialization of the
process.

The pilot ‘ant will F~ discussed later but just
the scope of « roject required for commerciali-
zation is large by any measure. An installation
designed to produce £0,000 barrels per stream
day of liquid products would require 18, 500 tons
per day of bituminous zoal or 6, 100, 000 tons per
year. Therefore, the facility would be the largest
single point consumer of bituminous< coal in the
world, equivalent in fuel to a 2,300 MW power
plant. It would require 3 relatively large under-
ground coal mines to supply feed to one plant.

Obviously, much careful planning would be
required to bring such an undertaking to fruition.
Our most optimistic projections for a commeruicl
plant would be on start-up in mid-1984 (as
discussed later).
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Il. BACKGROUND

The H-Coal process developed by
Hydrocarbon Research, Incorporated dates back
to 1963. The proceus is a spin-off of the H-0il
technclogy which is a commercia: system used
for hydrogenation of residual oil.

H-Coal is a direct, catalytic hydiogenation of
coal in an ebullating bed {boiling). The reactor
operates at about 3000 psig and 850°F which are
relatively severe condilions.

The basic experimental work on the pr. cess
has been and is still being don: on a bench scale
unit and a pilot demonstraticn wnit (PDU) at
Trenton, NJ operated by HRI. Tbe data base is
large including 60, 000 hours on the bench unit and
8, 000 hours on the FDU. The process has been
tested 2n a wide variety of coals from high
volatile bituminous to lignites for domestic coals
and on two foreign coals. This indicates the
versatility of the processing, that is modifications
can be made to accommodate markedly different
feed coals.

In 1976 Ashland Synthetic Fuels, Inc., a
wholly-owned subsidiary of Ashlanu Oil, Inc.,
was awarded the prime contract for construction
and operation of an H-Coal pilot plant. Under
terras of the contract, .lydrocarbon Resex- ch,
Incorporated will supply technical advic.: «ad
support throughout the program.

The plant, now under construction, is located
acress Interstate Highway 64 from Ashland's
Catlet*sburg, Kentiucky refineries. The refinery
will furnisk .vdrogen and other utility type
~ommodities to the pilot plant which effectively
reduces the total capital iavestment for the
installation. The plant is near 40 percent
mechanical completion and is a joint government-
industry effort, The major portion of the funding
for the project is from the Dep.. .ment of Energy.
Industrial participants are as foilows:

® Ashlan. Oil, inc.

® Conoco Coal Development Company
® Mobil Oil Corporation

® Standard Oil (Ind;na)

Additional funding is furnished by the
Commonwer.lth of Kentucky and the El-ctric
Power Re :arch Institute, the researcih ~== a¢
the electric power generating i@ .atry,

The pilot plant
to 600 tons per -,

sized to process from 200
sal, depending on the
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reactor space vel icity. That 15, the "“mode™ nf
uneration determin~s the capac: 'y of pla-t as
desiguesd. Operat ag ia "fuel 0il* mode high space
velocity, maid hntroy ~ation, f.el vil oroduct, the
capacity of the plant wiii w: SO0 toae per day,
Opcrati..g i 'syncrute” mode I+~ - space velocity

decp hydrogpenation, syncrude pruduct, the capacizy

of t-¢ plant will be 200 tons per day.

Tae ot pl. ot is schead led foor mcechanical
ceompletion Mars o ), 1970, Although it is a piloet
plant, it will be the largest coal ligquefaction plant
ever built ii. this country. Since the pilot plaat
will be an-line cext year, it should furnish soffi-
cient data ! allow early c~sign and engincering of
a commercial scile H-Cual plant,

I, PRI ESE DESCP-P1IOX

A prucess description of a 29,000 barrct por
-'ay curamervial plant is outlined in Wi~ t'olicwil:g
Sure i,

paragrapas -nd graphically oresented in + 3

Figure 1. Block d.arran. H- Cusl pracess
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COAL LHAXNDLI .G AN PREPARATION

The run-at-mane coal (s reccived 2t the pland

and crushec ta miaus 3’3 inches in 2 hammer mall.

Fror the mill the cual is fea through a transfer
hous. to *he roal storage pile, the steam plant, or
crushed Cal siorage b as,

Cal trem the hens s transoorted t a fluid
bed drying sy:tern whe re the noarsture cantent is
reduced to hoit 2 percen® by weight.,  The driea
c»at is then ten 302 closed loon crushiag system
where the size is 1odncen t minus 13 mesh. The
c .al is then pneumatically « - “eyed to the slurry
nrepara‘*ios {. ed .

P. HYDFMIENATION ] AN

ihe - Lal s then ouacd wath the
sierry mix tank. The recycle ml iz made ap of
Dodre dlone cvertdlaw, fractionutor bottoms, and
mwwridle disiZaa’ - from the fracti - v =, The
wixed cval-+il slurry i~ then pumned |
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Each reactor is equipped with two direct-
fired feed heaters, onu of which heats the feud
slurry and 50 perceat ¢ the ™akeup and recycle
hydyr en and the second is used tu Licat the
reina.ung hyrogen. From the slurry feedt tanks
the slurry is pumpee tv rcaction pressure (abnut
3000 psi3? sud then is mixed with recy. ic Sjtvrogea
and heated *o reaction temperature (abo it 850°F)
b.ofore vatdring the reactor. The other hydro~en
(not mixcd vith the slurry) i als Eeatea to 850°F
prior te intruductian to the reactor. The dwal
hea*cr arcangem~nt offers excellent temperalure
cont: .l of the ferd streams. The mixing of
recycic hydrogen and sliriy before heating 1s
«ivantageous becaase tne hydr gen lowers the
slurry viscosity > improves heat traasfer.

The clarg- in th~ reactor ‘s maintained in an
ctullated state (boiling arti~n) vy aa iaternal
liquid recycl.. This assurcs adequat catalyst
contact and facilitates catalysv addition and with-
drawal duri~; o~eration.

Tae pre jucrs {rom the recactor are faken
wrerhead ana Do ¢~ tha arinery C{garator where
the sight prodacts are flached off ard the oil,
urconverted carbon, and ash flow through a
pressu.e ! tdowre ralve to a high pressure flash
d et om raiarce at 1200 psig.  The light gases and

ils over ksd are heat exchanged with the ma'ke-
up and r=cycle } ydro zer and cooled and flashed in
a sernies of drun.  (ach operating at jower
orcss "res and tempciatures than the areceding
e tu Fuco~er unrecacted hydrncen for
bacs to the reaciazr. Tue gaces anéd light oils
recovered during ti.e flashing are seat to gas
cleanup and fractionation resaeci  liy.

recycle

The heavy o1l, unsn—erted carl ¢, and ash
stream from the bntoom o (he srimary scparat-r
is also flashed in a s>ries 2 drums 3 separate
2:l and ga.es firom the heavy residue, The gase-
and il recovered sre again seat 1. gas cleaaw-.
and fraclionation respectaively. The heavy
fraction containing aimast -
carbun and ash flows ¢t Lyd: =~ o o
conurntration f the . Jlids tan the
stream. The hydracione averflow 15 recve? e
~urr oreparaltinn avnd the indertlow fiows ta the
ananospheric ané vacu-
series which ¢ ncentrate the

e uncanveroed
‘v a martial

-y

LW

1 towers

e Taling

salids, fe aale

revoveread front the tawers ace =ttt ract fa-
tion wnd the botton:s from: the vacuum 2 wer are
used for {evd 1) the partial nwieac.an gasitiers i
the hydr «gen plant,

The t -actionator senarats ~ thas 1 nt -r~
variaus fractinns, gises, naphtha, Lignt i, and
batt s, The gases flown 20 the gas cleanan
syst 'm, the  ohtha 1s ~tabitiized ané ~ertv e
stara 2o, the fi,t o 1 resresents 2t il0% el -0l
ar € ¢t ana the bottorns v the tracts Lt or,
alng with same f the light -, e T et

S it ey presarateon.



Tuoe v cgoing description .~ btared on the
“syncrude " mude of operativa. Hewever, it should
be noted that the H-Coal process does afford
flexibility as to product distribution and may
indeed be operated in a ' fuel oil’ mode. It follows
$het some of the processing described above would
require modification for the “fuel oil " mode of
operation.

C. NAPHTHA REFOKMING

The processing proposcd by Askland for a
commerzial plant includes refo: ™miuy of the highly
vaphthenic naplitha to form an aronan: zasaline
blending reformate. The hydrogen prouwcen |
dehydrogenation of the naphthencs wiil be recycied
to the H-Coai reactor; this effectively reduce; the
sizc of vhe hydrugen plar® as well as ‘acreares the
value ot the product,

At thus time, we have assamed that the
phennls can be ted t= the refurmer guard case I
this proves to be vnacceptable, the phanols could
be removed prior to reforming. The rescarrh
uctane number of ti« reformate is estimated to by
4 N

The gua d cases will use a L ~kel-moly
catalyst to reduce both the sulfur and nitrogen
conccentrations to acceptable levels {or the
Matinum-tyne reformer catalyst.  The reforming
waald be relatively niild because of the highly
naphtnenic fvedstock which would not reguire
isomerization or hydracracking te form a
desirable gasoline Llending stock.

D. GAS CLIANUP AND COMPRENSION

The relinery-type gasces cellected from the
hydr: rciation sy tem are mixed and compre.o<ed
to 213 ~ssg and flow to a light il wash where 2l of
‘he naphtha and twach of the butans entrained in tie
gas streams  fe recovered.  The gases trom the
light -u! absorber arc compressed to 000 psig and
flow to *” ¢ Bot potassium carbonai~ (Benfield)
acid-ga: <Srubbing syslem tor remov. ! of H2S and
CC2. Trace quantitics of CO2 and H20 arc
removed by mnlecular sieves prior to the cryo-
genic cold box, The cryogenic systen produces a
hydrogen —=cyeic str "™ . 35% prrity), a tuct ga~
stream, and a mixture of prapane and butanc,

The pronane and butane are separated into the final
producis in a debutanizer.

The naphtha from light il stripping 1s sent to
naphtha reforming and the butane is taken as
2a<aline blending stock.  The acid gas irom tiw
Benfield regencrators flows to a Claus unit. The
cryogenic fuel gas stream is compressed for
pipeline transmission, the propane is sent to the
110G product, and the bedrogen i~ mveessed and
recycled to the hydrogenation plant.

E. THE HYDROGEN P1 ANT

The gasification system presentlv contem-
plated will be based oo the T« xaco pa.tial
axidation system. Vacuum tower bottoms or
othet more concsntrated resid from the H-Caoal
pr .ess will be used for feed and supplemented as
accessary with coal to meet the hydrogen require-
ment. The heavy liquid bottoms and coal have
each been tested successfully b} Texaco in pilot
plant operations. This type usnit is being
considered for both Ligh Btu gas plants ard
methanol plants nuw under investigation so design
data is likely to be available in tine for H-Coal
devclopment.

Every effort will be made to maxiznize the
solids content of the H-Coal resid prior to gasifi-
catich, Any roduction in uil coatent will be
replaced 3w coal at a significast economic .
advantage. I-veral ongoing projects are focusing
on salids-liquid -eparation and should provide
t=chanical 2ad econorvic data within a time frame
wompatible wiih the sroposed H-Coal schedal=,

Tl hydrogen pla~t, after synthesis gas
generation: is a conventional prow-ssing system
for hydrogen production. That is, two stages
cach f shifting and acid-gas scrubbing to get 5%
plus parity product.

The gasification system, inclading the
sunporting axyg-n plant and the substantial steam
FoqguErement, i3 Al capeiecvas  wes b oof the tutal
vlant, buth fron: an operating and capital cost
consideration,

There are no gasificr- in operation today in
the world »f the size proposed ket~ but much
develrnment watl- a1 such umts has been done and
it appcars feasible v build ~uch a un?,

Fo SULBORTING PLANTS SAD TANEAGE
All of the rrocessing require ‘or hydrope=
sulfide recovery and sulfur man=factud-—,
ammonia recovery and tankage are of cons ~ativnal
Aesign and aif.:rd no unique problems as appal-d
to H-Coai ,..rcessing.

IV, IN-HOUSE COMAERCIAL PLAXNT ST DY

The foTrguing pro es» deecription was .ased
on an in-house Ashlanr study for crmmercraliza-
tion of the H-Coal proce<- .perating in the
syacrude " mode to produce about ©9, 000 barrels
per day of !:quid nrducts,

the processing as visualized pedances
salable nrdacts and ash, The svstem produces
ne heavy ol dhadiage anove G00CF) becanse it is
recycled to - tirctior oF comes off the hottam ot



the vacuum towers mixed with the ash and
uncoaverted carbon. The vacuum tower bottomns
are fed to the partial cadation unit for synthesis
gas production and subsequent hydrogen manufac-
ture. The result is 3 olant chat produces commer-
cial products and ash, an impnrtant feature of the
processing worked vut at Ashland.

The commercial plant is sized to process
18, <41 tons per day of “as reccived” coal to
produce 3%, 741 berrels per day of hydrocarbon
liquids, 29 SOMAM standard cubic feet per day ¢
high g pas, ~67, » long tans jw-r day of sulicr,
el PIN, N feins e olay ool anhygdrons amine i,
The el povpraicenweid aned product - ate oo show
in the tolloming slide-

Table 1. Product slate -~ commerciac plant
Coal Required "As Received™ IR, 541 tpd
’roduct=

Reformate 15,132 BPD

Distillate 3106 -609°F) 27,792 BED

Butane 3,276 BPD

Propane, L PG 3,49l BPD
Total i<, 741 8PD

By Products
Sulfar FILLSLT'D
Ammaonia 8.8 3T'D

Tigh it G~ 29, % NIAI~ el

Ve PO orNeIe FUATT Ve

An connemic study of the commeers iai nlant,
sized as described previousiy, has been completed
by Ashiami.

“The state of the azt” of coal liguelaction
dictates that an ccononiic evalustion at this time
be of a prelinunary naturc.  ihat is, our evalua-
tion is buadd .2 3 Tfactored” ype estimate,  This
tyme estitnate requites materiais and eacrgy
balance s -wn the flom shects, prelindinary cngi-
acvering, ~izing and costing of maj ¢ equipment
items but piping, structures, astruments, cotc.
are taken as a percentage of the bare equipment
curts and thu~ arriving at a total installed canital

Ccost,

e pranary interest ot Ashlisnd bas been the
R TINN 173 PR TTVRH] PO SRRTEE 21 ERL T TN U Y e R T T
pragees troens Lave been e on oo plan? operatange sn

thi~ nuele oy,

Ohviously, coom mic prejectt s require the
prevaration of >l cdules and Faigure 2 is a phased

schedule for commercial developmery ¢ th e

aal process,  The preliminary and cnst
crtimate is being initiated now aid 5. Lad be
completed by the end of March 197w, Alse,

con urrently, preliminary site scelection work is
under way with particalar emnhasis on HlLisvas

b.‘\>ill Terneryve - :)H.\s'ibll' il'l'fl f"l' "\l‘ l-il'>t

H-Coal commercial plant. Ashiand is actively
secking out partners to form» a consortium for
industrial support of the comunercial project.
Initial environmental work is buing done in that
the scope and nature of work required is being
planned and defined leading to an ei'vironmentai
assessment which is required for an impact
strtement. Also during Phase 1, pern:it require-
ments will be determined and defined so *hat 23
activan plan for acquisitioa of same can be iasti-
gated,

I

I

|

Figure 2, H - Coal commerr alization schednle
Phaxe 1 starts 3 fanuary 1980 al.enconanit-
Hant

weagztnece oy ot hissdec s ehe-tiasfeed plant engines ring,

eent i~ psade fe efant engines ring.

Preparafantt of WP nt <~k it ations, aresare-
Siur of a construction bid mackage, and selection
of an erection contractor. Envicruamenatal staéics
wi' i be continued through the first hal: of th
engincering phase culminating in the aporoval of
the cavir~nmental impact statemenm in mid- 1931,
Then Phasces II ané (1! would overlan as engi-
neering would extend intn the construction shase,

Phase Il construction woald ~tart 52 mid-
1981 and exten. o nud-1e83 .3 year- oo This e
an ambitious >chedule for such a larze comnlex
plant and wil! require meticuings nianmne to
maiatain.

A concise statement ¢ v will be arevared
discu-~ -ing in detai] the work to e ace minii~fied
Yo the constractien o -Mract or. L coternlet.

ETIEN T2 T TR T s D areeires
A Criteal Path ALwdel
ment and sopistic s can e

congdinated,

wet gle 1vae gef-enyr

as to

FEEELY SRPRTY TR

atentate Iy planza d ogndd

The schedule will ancTude ol - n- dte ac tivitzes
from site preparation to mechanical ¢ o omnletior
including “ milestone  whici are 1mn rtant
vonstruction goals and vha b will allow evalaation
of the project at -c-tanc-s % attazanent,

Phase IV will he the
the plant,

REPRODUCIBILITY OF mg

ORIGIVAS P

Start-un and  aerats n f



The economic projections shown 1 Table 2

assumes 75 percent debt, 25 percent equii; capital,

with the discounted cash flow rate ~f returs ou
equity oaly. The interest on debt i« taken at 8.7

percent or | percent above the prime interest rate.

The operating costs are determined using $20

per ton for caal and aarmal coating procedurcs to
arrive at a total cstimated annual apers ting cost.

The b;_prgud credits takes ere suliur at
$25 per ton, high Btu gas at 3° per million Btu's,
and_smmonia at $110 per toa.

The projections were made using coastant
1977 dollars and projected current dollars for
capital determination.

The DCF ROl was based on the valwe of
products listed previously corrected for eatitle-
ments which gave ar average value of the liquid
products at $16. 50 per barrel., [f the values were
not corrected for entilements the product values
would be $11.02 per barrel.

The DCF ROI was then ca’~ulated three ways:
first csing coastant dollars, .~co. ily inflated to
start-up only, and thirdly using 1.™" *aflativa.

Table 3 shows the identical sets of numbers on

a 100 percect equity capital base.
debt has a protuand effect on DCF RO!.

Table 2. Commercial plant
Fconomic Projection;

Capital Investmert !277 Doilars

Obvioasly, high

Caree 1t Sullars

Total 582.7 SW_ N
Debt 453.6 ©790.2
Equity 175.2 2€5.2

Equity DCF ROl

Constant Dollars 14.8%

inflated to Start-up 17, 9,

Full Inflation 31.8%

Table 3. Commercial plant

Economic Projcctions

Capital Investment

Total 382.6 8%.0
Project DCE ROI

Constant Dullar: 9, I

Inflated to Start-up 10.5"

rull Inflation 193, 8%

The next table shows the inflztion rates used
in tne preceding economic analysis, Making such
prognosticationes has been a precarious occupation
in recent history but extended [orecasting requires
some predictions of inflation rates.

1977 Dotz r . Cucrent Doilars
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Table 4. Projected inflation rates

Crede Oil Prics Ceal Goneral Constrecties

et  {rofoctValoes) Price [ofletien _ Dnfltien
971919 <6 [N BN ) %
1980-190¢ e 5.0 5.0 2.0
1985-1989 10.0 a0 .o

1996-1994 .8 e X

1995-2005 2.0 %0 3.0

It is cbwrcus v the abos e that Ashland
coatends that oil orives will begin to escalate
s.ore rapidly than cither coal prices of geaeral
inflaticn in 1980 and continue at a more rapid
inflation raic through 1954, Therefnr-, srilying
the ahove inflation rates to & cual based synfeels
plant improves the economics cver a coanstant
dollar case as was indicated irn th~ tahles.

VL GOVERNMENT SUPPORT

When on: coasiders the co wstant dollax
economics which are margiral, the projected
capital intensivenesx of the proposed project one
maust concludr that devrlopmen? by the industrial
community without ecrnomic aceatives fe.wr the
government are unlikely. In fact, actio» =12’} be
reanired in both th. ec.nomic sector and the
enviro:mental arca if aa accelerated scheacle is
to be mintained.

The ecnnomic incenti.es <hich have been
sugge-ted include guaran’csd non-recourse
goverament loans with various industrial buy-
back provisions, accelerated ir-cstment tax
credits, tax credit all- xance for each barrel of
pruduct, government grants for the initial
devclopment, and combinations of the above. It
wil! L necessary in anv event tn require suffi-
cient funding from the industrial consortium to
indicate the: commitment to the success ol tre
nvoject.

To mect tn schedule nullined previously,
unreasonable delays must be elimin.:ted from the
environmenta! program which is an dre critical
path. Cbrinusly, one can net commit to construc-
tion withnout reasonable assuraace that the
envit.amental impact st teinent is accentable.
Since an enviroamental assessmen . - required
for the nreparacion of an EIS, any unusual delays
would extend the schedule because of tune
reguiremests for hascline data and other time:
constraints anesent in the assessment woerk,

VI, STUMMARY AND CONCI USIONS

1. w ‘teve at Ashland that coal liquefac-

tion development in the nited States 1- inevitable,

2. The H-Cnal program is underway now and
should be accelerated,

L. We are now preparing a formal pro al
to the Department of Energy for H-Coal . -7 -lon-
ment.



