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SECTION 4

GEOGRAPHICAL AREA CONSIDERATIONS

An objective of the study was Lo assess the projected relative performance/
economics of the candidate processes in multiple areas of the country while
supplying the local fuel markets. The goal was also to éssess whether one
process might be praferable in one geographical avea while an altarnate

process would be prefarable in another area.

To respond to these objectives, the study considered three production areas,
three typical feed coal compositions, and four marketing arsas; these arz

summarized in Table &4-1.

aper ok e i) T

The syn*uels plant dESLgns/economlcs were based Dn lant sxtes lﬂ

'prodJCLng reglons LSlﬂg pur~hased clean washed ﬂcal to produce, in a manner

envlranmentally acceptable t2 the area, a product slate re5pan51ve bd “he'
area's historical consumptlon pattestn. " Relative F. 0.B. plart gate economlcs
were developed Eof the separate processes. In &Gdltlon, piznning =ype esti-
mates of transporration costs were developedlfor movement »I the products

to the four market locations listed in Table &4-1; "delivered cost” relative

economics were then zlso developed.

In recognition of the practical restraimrs of time and xesource alloecation
available for this study, a conceptual process design and eccnomic evalua-
tion was developed in most detail for the Eastern Region of the Interior
Coal Province location — referred to im this report as the Base Caza. Sub~
seguently, adjustments to the Base Case were made to project Drocess per-—
Formance and economics for the other twe pfodﬁctidn locatiens; sxperience
developed during prior preparation of designs for multiple ilocztions

used.



4.1 PRODUCT/MARKET BLATES

Target produc: parker slates were selected based on historic fuels
consumption profiles fer each marketing location identified im Table 4-1.

Prafiles for these aress were developed using 1977 Mouthlv Petroleum Statis-

rics Reports published by the Federal Energy Administration (FEA)/National
Emergy Information Center. Product supply/demand statistics in these reports
are given by Potroleum Administration for Defemse (PAD) Districts. Districts
I, I, $II, 1V, and V were grouped as follows to approximate the locations

listed in Table 4-1:

Lelerne Doistricre States

PAD 1 - Lastern All of New England, New York, Pennsylvania,
‘ New Jersey, Marvland, Delaware, West

Virginia, Virginia, Nprth.Ca;olina, South
Carolina, Georgia, and Florida

PAD I1 & 111 ~ Central Nurth“ﬁakota, soﬁﬁthékota, Nebraska,
Kansas, Oklshoma, Minnesota, Iowa, Missouri,
Wisconsin, Illinois, Michigan, Indiana,
Kentucky, Tennessee, Oh{o, New Mexico,
Texas, Arkansas, Louisiana, Mississippi,

and Alabama

PAD IV & V - Western Montana, ldaho, Wyoming, Utah, Colerado,
' Oregon. Washington, California, Nevada,

Alzashka, and Hawaii

Petroleum products reported by FEA include motor gasoline, aviation.
gasoline, naphtha—t§pe jet fuel, kerosene-type jer fuel, kerosene, distillate
fuel o0il, No. &4 fuel o0il, and residual fuel oil. For the purpose of this
study, these liquids were realigned to produce LPGs gasoline, distillate

fuel oils &nd residual fuel oil.
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As 2 next step, energy consumption profiles were developed for each

3

geographical area based on published scatistics. This provided the con-
sumption ratios of natural gas to petroleum liquids by area. The target
product slate as summarized in Table 3-2 was then developed using this ratio

as a guideline.

Development of the Table 3-2 target product slates defined the specific
products to be made and the level of coal derived liquid upgrading Tecquired
to produce these products. It permitted the designers/evaluators rto develop

the process configurations presented in Section % of this report.
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SECTION 5

DESCRIPTION OF THE HIGH POTENTIAL PROCESSES

This section contains development status summaries, descriptions, operating
conditicns and estimated product yields for the four selected high potential
processes; block flow diagrams are included. The sources of process data

and cost information for each of the processes are also summarized.
Similar information for Mobii-M technology is contained in appendix C.

Each process design is based on & production capacity of fuel proeducts having
a total HHV of 800 billion Btufday; products include SHG, LPG, gaso 1iqe

(=]

distillate fuels and reszdual fuels. To increase the uniform:rr of produ:t

slates from the separate processas ‘and’ prcv1ae as common a’ baels of - édﬁpérz—i
son as possibie, some process ch;fzca;1ons "and. additions we:g 1ncorpora£ed.
An example ls the addition of hydrotreating, catalvtic reforming. polymeriza-
tion, additibnal'LPG recovery and distillation units to the Fischer-Tropsch
processes; these process steps convert the naphthas to gasoline produc:.

An earlier design5 produced light and heavy naphtha as part of the proecuct

slate.

The SRC 1I process, included in the high potential process group, is based

on the results of Run Ll as presented in P&M's October 1977 monthly vepor:t.

- ar . . . e .. )
The configuration used is similar to Parsons Oil/Gas conceptual design.

-

v

'
ia

Thus, the solids removal filtration step is included in the process.
process Ls of the SRC II mode wherein a slurry solvent 1s recyclad to the
dissclver as distinguished {rom the SRC I use of a solids—free distililed
recvele solvent to slurry the feed coal. Subsequent Lo the beginmning of
this study, develapment effor:s indicated eliminaticn of the filtracion

. . 7,8 ; 3
step to be a practical 1mprovement. Since the development was gt vat

sufficiently defined at thar time, the filtration mode was tetalned.



Assessments of eastern and western plant locations operating on Eastern
Coal Province coal, and Rocky Mountain Coal Province coal, respectively,
are also included for each of the high potential processes. The difference
in coal compositions result in processing and cost variations from the base
case operation. The three cleaned and dried feed coals' analyses involved

were presented in Table 3-3.

5.1 8RC IT1 BABED PHOCESS

3.1.1 DEVELOFMERT BTATUS

The SRC process has been under development using government
funds in the U.$.A. for about 15 years. There are two pilor plants in oper-
arion; a nominal 50-ton-per-day DOE-sponsored unit at Tacoma, Washington
and a 6-con-per-day DOE/EPRI/Southern Services Corporation sponsored unit
at Wilsonville, Alabama, The Tacoma pilot plant was designed to process
approximately 50 short Eﬁhs-ﬁer day. of coal when.practiced in.the SRC I
mode.. SRC I,-in general, produces a solid prodﬁct,gndlremQVQSuagh'and:unre—'
acted coal by'filtréfién ﬁfiéf to prod&c£ recovefy.- Deéendinglon the compo;
sition of the {eed cosl and processing conditions, the SRC T may have a
sulfur content of the order of 0.8% and contain about 0.15% solids. 1t

is intended for boiler fuel use.

The Tacoma pilot plant has also been operated inm Lhe SRC
II mode: in this mode a portion of the unfiltered reactor product is used
to slurry feed coal. The result is a higher ash content and ionger effective
reaction time in the cocal dissolver, causing a higher percentage of hydrogen
addition to the coal and production of products which are more liquid than

for the SRC I mode of operatiom.

The SRC pilot plant was mechanically completed in late 1974
and has operated since thar time. It has éuccessfully produced 3,000 tons
of SRC I product which was then used in a boiler performance test to deter-
mine the functional performance of the product. Subsequently, the pilot

plant has been operated in the SRC II mode successfully to obtain operating
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data and also to produce 5,000 barrels of liquids for produc:t testing.
It has had an onstream performance tecord of 85-plus percemt in the SRC II

mode vis-a-vis about €8 percent in the SRC I mode.8

The Tacoma pilot plant is now being returned to SRC I sexviee.
During future SRC 1 operations, new designs for equipment, including filters,
will be tested.  The Wilsomville pilot plant has operated successfully while

testing a number of coal types in the SRC I mode.
5.1.2 - DATA SOQURCES AND FIXED CAPITAL INVESTMENT BASES

The data for the SRC II coal liquefaction process was obtained
from reports submitred to tha Department of Energy and its prEdEFESSOr,
The Energy Research and Development Administration, by Pittsburgh and Midway
Cozl Mining Company (P&M) under Contract No. EX-76-C-01-426. The design

vields are based on a correlation of yields of gas and linuid produc*s from

MAF . coal versus hydrogen ;cnsumptlon $t MAr coal developed from elavan SWC 111‘“5Va-

na:evlal balance runs, performed: at’ the’ Tacoma Pllot Plant”in 1911 (runs e
SR-1 tDrcuOh SR—‘l) . The dissolver cperatlng condltlans selecLed were those
used for run SR-1l., Pilot plant operations for this run included filtratiom.

Subsequent runs have been made eliminating the filtratiom step.

Basic data and yields for the gasification unit crigirnated
from work done for the Office of Coal Research (OCR) by Bitumirous Coal
Research, Inc. (BCR) under Concract No. 14-32-0001-1207.° 4a independent
design was daveloped by Parsoms for the specific conditions of Lemperature,

pressure and gas composition required for the SRC IT process plant

The basic information for the fixed capital investment estimate

of the units shown in the block fiow diagra@ R-01-F5-1 were obraimed from:

1. A report prepared by Parsons for ERDA under Contract No. £{49-
18)-1775 published in March 1977, entitled "0il/Gas Complex—Concep-
tual Design/Economiz Analysis”, Report No. 114 - Interism Report

No. 4. 6
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4 report preparad by Parsens for DOE under contract No. EX-76-
C~D1~1775 published in December 1977, entitled "Project POGU -
Coal Refinery Complex-Conceputal Design/Economic Analysis-Power-

s
0il-Gus=~Other Products', R&D Report No. 114 - Interim Report No. 6.7

L%

Parsons im-house information.

3 PROCESS DESCRIFTION

i
[

The SRC Process, as shown in the block flow diagram, Drawing

R-0)=-FS§-1, contains the following coal conversion units:

o 4 direct, pseudocatalytic hydroliquefaction unit {Coal Slurrving
and Coal Dissolving and Product Let-Down) to conmvert cozl to

the primary products: B8NG, LPG, maphtha and fuel oil;

o A two-stage, entrained-bed, slagging Process Gasifier to

convert coal to methane, syngas and minor amounts of byproducts;

a A two-stage, entrained-bed, slagging Fuel Gas Gasifier to

convert coal and filter cvake to plant fuel gas.

In this process system, 95%-minus~20-mesh coal 1is combined
with a filtered recvcle solvent and unfiltered sturry recycle and fed te
a coal slurrying umit. The coal slurry is continually pumped through the
preheat furnace. Hake~up plus recycle hydrogen 1s added at the furnace
entrance; the resulting mixture is preheated, and then fed to the dissolver,
which is cperated at an outlet remperature of about 850°F and 2,000 psig.
The temperature rise in the dissclver is controlled with a hydrogen-rich

quench stream from the product let-down system.

Tihe product mixture from the dissolver consists of a gas

phase, a liguid phase and z solid phase.

n
1
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The gas phase is separated in the product let-down system,

treated to remove CO, and H,5 in the acid gas removal unit, and sent to

drying and cryogenic separaiion. A hydrogen-rich gas is separated cyrogeni-
cally, compressed and recycled to the dissolver. The excess hydrogen‘and
syngas is methanated to a methane-rich gas which is purified and compressed
to produce pipeline quality SNG. The condensate from the Drying and Cryo-

genic Separation unit are fractionated to produce C, and C, LPG.
The liquefied coal products, containing undissolved coal
and ash, are subjected to fractionation in the atmospheric distillation

unit. The unit produces the following products:

1. Naphtha (C5 to 400°F boiling range).

-3

Light distillate (400°F to 500°F boiling ramge). Used as

a constituent qf thg_fgel oil products.
3. Heavy distillate (5ODOF to_GSOOF'beliﬁgtféﬁge)“usgd“both
as wash o1l in the filters and as a constituent of the fyel

01l product.

. N - . . . .
. Atmaspherie bottoms (630°F+) comtaining the solid residue

=55

I.

consisting of undissolved coal and ash; usad Soth 2= proc

solvent (slurry recycle) and filrey feedstocek.

The fractionated naphtha is further hydrecreaced and cacaiys
. R
tically vreformed to produce a high octane gasolime. & sovzion Of @ns s o~

Ay

. R U S’
plus liquids produced are combinmed with the net 400 -830

Tiguida nrodueed

[N

n the atmospheric fractioner to make a low-sulfur resideal fuet ol

rn

. . , . 0. . .
The solids in the atmospheric bottems (6533 F-pius) cansist
of undissalved coal amd ash and are =ecovered in the farm of a filier cake

in the filtration unic. The f£ilc

L
L4}

=

The heating value of the dry filter cake is recovered by combising it with

coal and gasifying it to produce plant fuel gas.

tt
1
u

cake 15 dried to recoavwer nhe wash salvent..



The plant is a self-contained facility producing all of its
roquired electrical power, steam and fuel gas; the only import utility required

18 water.
5.1.4 ASSESSMIST OF PROCESSING OTHER COALS

lanle 5-1 is presented here to compare SRC II yields for the
Interior Coal Province (Illinois No. & Seam Coal) and the Eastern Coal Pro-
vince (Pittsburgh Coal). The data in the table was developed using bench-
scale equipment by P&M at their Merriam, Kansas 1aboratnry8 and is illustrated
here for comparison purpeoses only. The data for the SRC II Case as shown
in the block flow diagram originated from the Tacoma pilot plant as previously

referenced and not from the Merriam laboratory data shown in Table 5.1.

Since the operating conditions for the Run GU-182R (Illinois
No. 6 ccal) and Run GDU-181R {Pittsburgh seam coals) are almost identical,

¢omparison between -the two coals can be made.

'The results indicate that Pittsburgh seam coal is at least
equivalent to Illinois No. 6 coal es a feedstock for SRC II. This is evi-

denced by the following:

1. Pittsburgh coal has a higher total distillate (38.7% vs.
34.37).

|

Pittsburgh coal has an equivalent MAF conversion (93.21%
vs. 92.95%).

3. The Pittsburgh coal has a lower SRC, SSOOF-plus, yield wich

more distililate liquids in the Residual Fuel 0il mix.
PéM reported a high iron content (2.5 weight per cent) for

Pittsburgh coal, suggesting that this could be a factor in its high reacri-

vity.

5-06



Yield data for SRC II processing of Rocky Mountain coal is
sparse. Projected yields for processing Wyodak coal are presented in a
report titled "Project POGO-Coal Refinmery Complex-Conceptual Des;gn{Economlc
Analysis," prepared by Parsons for DOE under contract No. EX-76-C-01-1775. 2
In this report, the vields for SRC I mode of operation on Rocky Mountain
Coal were adjusted to reflect SRC II operation. The results indicate dis-
solver oil yields similér to those obtained from Illinois No. 6 coal when
operating conditions are identical; however, MAF conversion for the Rocky

Mountain coal is low compared to other coals.

Since it has a relatively high exygen content, the hydrogen
consumption required to remove the oxygen and produce water 1s expected
to be high. Another inherent disadvantage to processing Rocky Mountain
coal would be the high run-of-mine water content, approximately 23%, which
would require extensive drying facilities. The net effect of processing
the Rocky Hountaxn coal would be o lower the thermal eff1c1e1cy compared

to the Plt:sburgn and 11111015 Nn 6 coal Th1s ls prlmar11y due to:
1. The higher drying lcad due to the high moisture content.
2. Additional hydrogen required to convert the oxygen to water.

This would result in a higher fixed capital investment for
the same quantity of fuel products in a commercially sized plant for the
Rocky Mountain ceal. However, the higher investment would tend to be compen-—
sated for by the significantly lower cost of Rocky Mountain coal when com-

pared to the Appalachian and the Interior c¢oals.

Ty ot



Table 5-1 - SRC II Laboratory Data For Several Coals 2

Interior Coal Eastern Coal
Province Province
Item
(Illinpis (Pittsburgh Seam,
No. 6 Seam) Ireland Mine}
Merrian Lab Run No. GU-182R GU-181R
Yields: (Weight % Dry Coal)
10 8.2 5.7
Gas;
C1-Cy 10.8 12.9
UOther Gases 4.3 4.6
lLight Distillate 8.9 13.2
lleayw Distillate 24.4 25.5
ERC 27.4 22.1
10M (Insclubie Organic Matter) 6.1 5.9
Ash 12.3 15.9
Total 103.4 103,58
12> Reacted (%) 3.4 3.8
MAF Conversion(%) 82.99 . | 93,2
Totazl Gas Yield (%) 15.1 | 17.5
f .
Total Distillate 0il Yield (%)

(Light + Heazvy Distiliate) 34.3 38.7
Total Distillate 011 + SRCYield (%) 61.7 60.8
Residual Fuel 01l (%)

{(Heavy Nistillave + SRC) 51.8 47.6
Distillate Liguids in Residual Fuel 47 54

0il Mix (%)

Conditions

Pressure (psig] . 1800 1500

Nominal Dissclver Temperature (°F) 851 851

Nominal Residence Time (Hr) 0.58 0.99

Coal Space Rate (Lb/Hr/Ft*) 22.0 2i.8

Slurry Composition '

Coal (%) 30 30
Unfiltered Recycled Dissolver 70 70
Product (%)

2pgu August 1977 Monthly Progress Report for ERDA Under
Contract No. EX-76-C-01-496

5-8
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5.2 H-COAL BASED PROCESS

5.2.1 DEVELOPMENT STATUS

The H~Coal process has been under development by Hydroecardon
Research, Inc. (HRI), since the mid-1960s with funding from both private
sector and public sector sources. Test facilities, consisting of a 23-ib/day
beach-scale unitg, and a 3 TPD process development unit (PDU) have been oper—
ared at Trenton, New Jersey. Construction is now in progress for a major
pilot plant located at the Catlettsburg, Kentucky Ashland 0il Refinery,
with construction scheduled to be complete in 1979. The design capacity
af this pilot plant is 250 tons per day of feed coal when opersted to pro-
duce syncrude and as much as 600 tons per day when operated to produce (ucl
oil. The project costs are projected to be in excess of $200 million U.5.A..

dollars.
5.2.2 - DATA SCURCES AND FIXED CAPITAL INVESTMENT BASES =

" The process data for the H~Coal liquefaction process and -
LEs yiélds were taken from a report prepared by HRI ifor U.S5. DOE under Con-
tract No. EX-76~C-Ql-1544 entitled "H~Coal Integrated Pilot Plant™, Voluavs
I and 1L, November 1977.'7 Minor adjustments to the yields were made to
account for the use of Illinois No. 6 coal with a composition slightly dif-

ferenct from that used in the referenced HRI report.

The H-Coal process catalytically converts coal to oil.

Yo
mn

. high severity conditions a liquid product called syncrude is produced.
At low severity conditions, a low-sulfur, liquid fuel refevred to as fuel
oil 1s the product. This flexibility is achieved by varying the raacror

space velocity which results in change of the hydrogen consumptlon par Ion

thy

8f ecoal. The vield of gas is reduced significantly when fuel oil is the.
primary objective rather than synthetic crude. However, the conversion
of coal to liquids remains high even in the low severity fuel o1l cascs.
The referenced HRI report presents data on vields and eperating cendicions

from their PDU runs for both synerude and fuel cil mode of cperarion. anti-

>=11



cipated yield and run conditioms for intermediate severities of operation

are also reported.

Yiclds for this report are based on the projected pilot plant

10 The severity of

yields - intermediate mode, for Illinois No. & coal.
operation for this intermediate mode is similar to the syncrude mode of
oporation and allows atmospheric distillation of the reactor efflvent prior

to the filtration step.

Basic data and yields for the gasification units originated
from work done for OCR under Comtract No. 1&—32—0001-1207.9 Independent
designs were developed by Parsons for the specific conditions of temperature,

pressure, and gas composition used.

The bases for the constructed costs of the units shown in

- block flow-diagram R-02-FS-1 were taken from the following:

1. ",A report ‘prepared by The American 0il Company (AMOCO) for
OCR under conmiract No. 14-01-0001-1188, emtitled "Evaluation a

of Projcct.H-Coalh, December 1967. oz

2. A report prepared by Fluor Engineering and Constructionm,
Los Angeles, California, in 1976 under Contract No. E(4%-
18)-2002 far ERDA entitled "H~Coal Commercial Evaluation-
Conceptuai Design and Economic Analysis for 25,000 TPD H-Coal

Liguefactieon Plant."12

3. A report prepared by Parsoms for ERDA Under Contract No.
E(49-18)-1775 published in March 1977, entitled "0il/Gas
Complex—Conceptual Design/Economic Analysis.- 01l and SNG

Production”™, R&D Report Ho. 114, Interim Report No. 4.6

4. A report prepared by Parsons for ERDA under Contract No.
E(49-18)~1775 published in January 1977, entitled "Fischer-

Tropsch Complex—Conceptual Desipgn/Economic Analysis - Oil

5-12




[

and SNG Production,” R&D Report No. 114, Interim Report
No.'3.5

3. A report prepared by Parsons for OCR Under Contract No. 14-
32-0001-1234 published in 1973 entitled "Demonstration Plant -
Clean Boiler Fuels from Coal-Preliminary Design/Capital

Cost Estimate", R&D Report No, 82, Intcrim Report No: 1.]3

6. A report prepared by Parsoas for DOE, under Contract No.
EX-76=C-0t~-1775 published in December 1977 entitled "Project
POGO-Coal Refinery Complex - Conceptual Design/Economic Analy-
sis -Power-Dil-Gas-Other Products”, R&D Report Ne. 114, Interim

Report No. 6.2

7. Parsons ipn—~house lnformation.

'5.2.3  PROCESS DESCRIPTION ~

The H-Coal process is shown ééﬁeﬁatically.in block Flow dia-.
gram R-02-F5-1, The heart of the procesé is the Dissolving and Separation
unit which is a catalytic hydroliquefaction'pracessl Here, a slurry of pul-
verized coal in a process-produced'heavy recvecle solvent made up of vacuum
bottems, filcrate and atmospheric bottoms is pumped to about 3,000 psig,
then mized with hydrogen. The coal slurry and hydrogen mix is preheated
in a fired heater and cthen contacted with commercial catalyst¥0 in ebﬁlla{ing;
bed reactors, which are operated at about 8G0°F and 3,000 psig. The'catalfs;
is kept in suspension by the upflow of reagtants-and an internal liguid - |
recycle. Make-up catalyst is continually added fp the reactor and an eguiva-

lent amount of spent catalyst is continually withdrawn.

The resctor effluent slurry is sent to the artmospheric discil-

lation unit to:

i. Separste the 04 and lighter gases from the CB+ liguids.




2. Separate the 05+ liquids into:

A. Naphtha (C5 ta 400° boiling range). Used as a feedstock

to the naphtha hydrogenation unit.

B. Lipht distillate (400 to 500°F boiling range). Used

as a constituent of fuel oil products.
C. Heavy distillate (500°-650°F boiling range). Used both
as wash eil in the filters and as a censtituent of the

fuel o011 products.

D. Atmospheric bottoms (650°F+ slurry). Used both as a

recycle slurrying oil and vacuum filters feedstock.

The atmospheric bottoms are filtered to separate a filter

cake, which contains unreacted coal and ash, from the liquefied coal products.

The filtrate (6500F+) is split inte recvcle slurrying oil, filtrare product
and vacuum distillation fecdstock. The vacuum distilldtion unit produces:
(1) vacuum bottoms (275°F+) which is used as a recycle slurrying oil and

(2) vacuum distillzre (650°-975°F boiling range).

The Vacuum distillate is combined with the filtrate product
(650°F+) and part of the 400°-650°F distillate. The resulting residual
fuel oil (400%F+) is projected to contain 0.3 WtZ% sulfur and meet the commer-
cially acceptable wiscosity requirement of 18( SS5F at 122°F. The remaining
blend of light distillate (400° to 500°F) and heévy distillate product (500°
to 650°F) meets the specifications of ASTM No. 4 fuel oil. The CS-AODOF
naphtha is hydrotreated and catalytically reformed %o produce high octane

reformate.

The dissolving reactor product and recycle gases are combined
with the atmospheric distillation gas and the naphtha hydrotreating of gas

and sent to the hiph pressure acid gas removal unit.




'separéted ReSLdual €0 in th1=-strean is methanated to produue hlgn purLLy

'hydrooen make up stream.

After removal of HZS and CO2 the sweet gas is sent to the
hydrogen recovery unit {or separation and the acid gas is [ed to the sullur
plant. The recovered hydrogen is recycled to the dissolver. The methane
rich gas is sent to the SNG methanator for methanation of residual CO and
inclusion in the SNG.product. The C2+ faction is fed to the LPG fractionation
unit whare 03 and C4 LPGs ptus light hydrocarbons are secparated, the Iighl
ends are added to the SNC while the C3 and C4 LPCs are sent ko storage.

The reactor product undissobved coal and ash, which is sepa-
rated as filter cake Efom the reactor liquids, is combined with ceal and
gasified in a two-stage entrainment slagging gasifier. A low-Btu fucl gas

is produced; after H,5 removal, this is used for plant fuel gas.

The hvdrogen required for the process is generated by producing

syngas at 1,000 psig in a two-stage entrained slagging zasifier. The syngas

is shifted, the ac1d gases are removed and a hvdrogen rLch gab 15 c—vqunLquly

O T

Syngas and methane-rich gas are combined with the C, and

lighter gases produced in the hydrogen recovery unit and fed to & methanation

unit to pruduce & high-Btu pipeline quality SNG.

The plant is a self-contained facility producing ali of its
own pawer, steam, and fuel gas; the only import utility item requived is

raw wacer.

n
I
o

ASSESSMENT: PROCESSING OTHER COALS

No information is available, at the time of this writing,
an the yields from H~Coal when processing Eastern Coal Province (Pigisburgh)
coal. Some informatien comcerning its dissolving characreriscics {under
non-catalytic conditions) can be obtained from the bench-scale SRC II runs
conducted by P&M at their Meriam Laboratory. The results from these runs

indicate that the Pittsburgh Seam coal bas MAF conversion similar to the

u
1
—
L



Illinois No. & coal; in addition, under similar reaction conditions it re-
sults in a higher hydrogen consumption, higher distillate vield and a lower
SRC (650°F+) yield. Although the dissolver of the H-Coal process operates
at a higher pressure and umder catalytic conditions, it is reasonable to
expect 2 similar change of the H-Coal yields when Pitrtsburgh is used instead

of Illinois No. 6.

The net effect of this change would be a decreased coal and
coal-surplus hydrogen feed rate to the dissolver. This change is due to
the higher heating value of the feed coal while maintaining the total pro-
duct emergy output of the plant at 600 MM Btu/day. The decreased coal-
sourced hydrogen feed rate will be offset by a higher molecular hydrogen

consumption.

The results of gasifier elemental balances performed for
several coals (in-house infermation) indicate that the process gasifier
for the Eastern Coal Province coel would require less .coal and oxygen in
order ta produce the same quantity of hydrogen and carbomn gopoxide in the
"syngas gs that proﬂﬁced in the Illinois No: 6‘(intefi0r Coal Province) case.
The above changes would resulr in a decrease of the capital cost since the
coal preparation unit, the coal disselving unit and the oxygen plant would
be smaller. There should be little change in the thermal efficiency since
the decreased coal feed rate would be offset by the higher HHV of the Eastern

coal.

Yield data for H-Ccal processing ef the Rocky Mountain ceal
were taken from a report entitled "H-Coal Integrated Pilot Plant" Volume
I1, 1977, prepared by Hydrocarbon Researcli, Inc. for DOE under Contract
No. EX-76—C-01-15h&.10 The data indicates that for similar conditions in
the dissolver the MAF conversion of the Rocky Mountain Coal is lower (less
than 90%) when compared with the Interior coal (95-95%). The relatively
high oxvgen content results im higher water and CO2 yields. 1In order teo
maintain the plant product HHV output of 600 MMM Btu/day, more coal and
more hydrogen will have to be fed to the dissolver. The gasifier elemental

analyses also indicate that the Rocky Mountain feed rate, as well as the

5-16
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oxygen feed rate, would have to Se higher in order to produce the same
quantity of (H2 + C0) in the syngas as produced in the Interior case.
Another disadvantage when processing Rocky Mountain coal is the high ruq-“J
of-mine water content, which would requi.e extensive.drying facilicies.l.
The changes listed above will result in an increased capitallcost for the
Rocky Mountain coal compared to the Interior coal; due to the greater capac-
ities of the units handling the increased coal, hydrogen and filter cake

. rates. Another effect of H-Coal processing of Rocky Mountain coal would

be a lower thermal afficiency when compared to the Interior case. Economi-
cally, these factors tend to be offset by the lower cost of the western

coal .

5-17
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5.3 CSF BASED PROCESS

5.3.1 DEVELOPMENT STATUS

Ektens;ve bench-scale testlng and research work was LOndULLUd

by Lonsoltdathn Coal Cumpany priér to 1963 The 0ff1ue of'Cual Ruatarch

- and C0ﬂ5011datlun Coal entered into a’ contract 1n Septtmer 1963 iur dLVl|‘-

upment of the C8F prpcess ﬁ ZO*TFD p1lot plant was dlegncd utlllzlnb

Consul‘s data, and bniLt. -

The pllut plant was operated«far approx1mately 40 s

durlng the 1966~ 1970 perlod ‘and then was taken out DE servLLe Dnllﬂb ths

© pperatihg perlqd, a number of Equlpment and mgchenlcal pTOb]EMB weTe dtr!lll.

C5.3.2 DATA SOURCES AND FIXED GAPIIAL'iﬁﬁts:mEﬁTJ

_ The CSF plant configurat1on used 15 111uscratnd by Ehe bio i
[1low dlagram shown in drawing R~ OS-FS— . The procaqs data and yiélds Lor.
the CSF process wore ' taken from the DOE repart ent1tled LOHLQP[Udl Dewign
for Advanced, Coal L1quefact1on Commerclal Plant,f prepared ﬂnder Contract
No, EX-76-C=01~ 2251. 14\ That des;gn/economlc evaluatlen was adJustad to
s how projected pertormance when feed1ng Illlnols No & coal as. an alternatc
to the P1ttsburgh No. 8 seam coal used in :he teference de51gn " The-reactor
ylelds for the excractlon, extract hydrogenatlon and 1ow temperatureh car-

boanatlon sections were concluded to be 31m11at for the two coals Thc

Ipercent heteroatom (N, 5, 0) removal -in the: oxttactlon and extract hydrn+

gena:loﬂ sections Was " Judged Lo be the same‘7

) [hc data and yxelds for the gaSLELcatlon units or1g1nated
from work done for OCR by. BCR under Contract No .~ l& 32 000%-12079
Contract Ho. 14-01-0001 324 15' Independent dengns uere deve10pcd by Parsons
far Lhe temperature and pressure :ondltlons spﬂcxfled for thc CSF case.

\.

Thc cons:ructed costs of the un1ta shaﬁn Ln the block Flow. . .

dxagram R~ 03~FS ] were based on 1nformat10n from the folloﬂtng

L

“a_&'s%éi;::"-
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A report prepared for DOE under Contract No. EX-76-C-01-2231
publizhed in October 1977, contitled "Conceptual Design for

Advanced Goal Liquefaction Commercial Plant",

A report prepared by Parsons for ERDA under Contract No.
E(49~-18)-1775 published in March 1977, entitled "0Qil/Gas
Complex -Conceptual Design/Economic Analysis - 01l and SNG

Production", R&D Report No. 114 - Interim Report Ko, 4.6

A report prepared by Parsons for DOE under Contract No. EX-
76~C-01-1775, published in December 1977 entitled "Project
POGO - Coal Reflinery Complex Conceptual Design/Economic Analy=

; ) 2
sis", RiD ReporL No. 114 - Interim Report No. 6.
Parsons in-house information.

PROCESS DESCRIPTION

The heart of the CSF coal liquefaction process includes the

following process steps:

Extraction

Solids separation

Low temperature carbonization
Solvent recovery

Extract hydrogenation

Minus—Y%-inch cozl is slurried with recycle solvent and recycle

dcrmor solvent and the resultant mixture is pumped to the preheater. The
mixture is heated and fed te the extraction reactor, which is a stirred

reactor operated at about 700°F and 575 psig and serves to extract coal

Ve




liquids from the fszed coal. The hydrogenated donor solvent serves as a
hydrogen carrier. After extraction, the sclids are removed from the coal
liquids in the solids separation unit which consists of several parailcl
gravity settling tanks.

Extraction sclids, contained in the settler underi.ow SCreait.
are sent to the low temperature carbomization (LTC) unit which is opurated
at about 400 psig and 900°F. Heat is supplied bv partial oxidaticn of the
undissolved coal with oxvgen. Solvent contained in the settler undierilow
and LIC sroduced tar is recovered after separation from tac LTC gascs.

Tar znd recovered solvent rejoin the settler overflow. The LTC zases ore

sent to the H,5 removal unic to be subsequently used for plant faer gus

and che LTC char is blended with extrack hydrogenation vacuum rosidue in

the process gasifier to praduce the plant hydrogen and rfuel gas requlroments,

Extraction liquids, as sertler overflow, are fractionaced
in the solvent recovery unit to produce a distillate whieh is sent to [uc!
0il distillation, recycle soivent which Is returned to the extraction, and

axtract as bottoms which is Forwarded to the extract hydrogenatiom unit.

In the extract hydrogenation unit, the extract is reacted
with hydrogen in a catalytic ebullating bed reacter at about 3,000 psig
and 800°F. The gas phase is separated and sent to the acid gas removal
unit and the resulting sweet gas is sent to the fuel gas cryogenis separation
plant for separation into final products — SNG, C, LFG and C, LPG. The
liquid phase, including the selids, is fractionated in atmospheric and vacuum
columns to produce naphtha, light distillate, heavy distillate and vacuum
hottoms. The vacuum bottoms, which contains the solids, is sent to the
process gasifier to produce syngas. The light and heavy digetillare are
combined with the light oil from solvent recovery and sent to fuel oil distil-
lation to produce the No. 4 and heavy fuel oil products. The naphtha is
further tefined by hydrodesulfurization and catalytic reforming to provide

a high octane gasoline.

The hydrogen and fuel gas requitred for the process are produccd

by genmerating syngas from the gasification of LTC char and extract hydrogena-

5
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tign vacuum vesidue. The fraction of syngas used for hydrogen production
Ly shifced, the acid gases removed, and cryogenicalily separaced inta a hydro-

goen=rich scream plus feed streams to the SNG and LPG purificatiom units.

The required fucl gas 1s produced by processing a portion
o the prevess gasifier product to remove hydrogen sulfide. This [uel gas
is then usea to produce the stezm and electrical power required to operate

tiic complex.

The plant 1s a2 self-contzined facilicy producing all of its

owp power, steam, and fuel gas. The onlv purchased utliitv is raw wacer.

3.3 .4 ASSESSMENT OF PROCESSING CTHER CoaLs

=

The projected periormance of the CSF process when feeding
Appalachian and Rocky Mountain coals is summarized in Table 3-2. The cata
source for these projections are bench-scale and pilot plant 2xourimantsl
programs. The ceal compositions are presented in tils table co indicate
the differances in compositions from those similsr aveis, listed in Table
3-3, used in this study. Although they diffar, rhe coals are from the same
geographical area and, assuming similar liguefacrion tendencies, are useful

for comparison.

4s indicated ia the table, the MAF conversions are very simi-
lar for both the extracrion and the extract hydrogenation steps. The MAT

conversion for all three coals is defined as:

{(MAF feed -~ the unconverced residue)
MAF feed

X 100,

However, the hydropen consumprion is significantly higher for the Montana
ceal, 4.6 % versus 4.0% and 3.8% for Pittsburgh.No; § and Illinois No. %
coals, respectively. Most of this can be attributed to the high 6xygen

content of the dontana coal which is typlcal of Western sub-bituminous coals.
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A comparison of the yields indicated the Pitesburgh coal
to have the higher liquid yields and lowest total gas yield. However, all
of the coals have acceptable oil yields to be candidates for a commerical

o plant.

4s previously stated for cthe SRC Il case, 'the net cffect
of processing Rocky Mountain coal compared to the Pittsburgh No. 8 and

I1linois No. 6 coal would be a lowering of thermal eiiiclency duv ro:

1. The higher drving load because of high moisture content in

Recky Mountain coal.

' Z. ddditional hydrogen required to cenvert the oxygen Lo wifer

' due to the relatively high cxygen contert.

This would tesult in a higher capital investment for the
same quanticty of fuel products in a commercially sized plant for the Rocky
Mountain coal. Howéver, che higher Lnvestment would tend to be compensated
for by the significantly lower cost of Rocky Mountain coal compared to that

for Eastern and Interior coals.
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Table 5-2 - CSF Proccss Yields For Several Coals

Lastorn Coal

Distillate *+ Residue)
{(wt % Dry Coal)

Province® Interior Coal Rocky Mountuir
1 a 3 P P )]
(Pittshurgh Province Coal Province
No. & Seunm {Illincis {(Montana Sub-
Ttom Iveland Mined No, 8) hituminous)
{oal Composition (Dry Wt %)
Coarbon GG, 64:8 69,8
Ihvidrovens 1.9 4.4 4.5
Nitrogoen HE 1.2 1.0
St ¥ 4.3, 5.8 .9
Oxyvaen 7.3 8.5 14.4
Azh 15.2 15.5 9.4
1.0 10G.0 08,0
Vields (Wt W by Coalt
i>0 5.7 7.4 11.3
Cl-0o 9.1 7.7 3.5
Otner Gases 7.1 12.7 16.9
Lient Distiliate [Naphthu; 0.2 8.7 9.2
licavy Distillute 30.0 24.3 25.8
fvdro Lxtraction Residue {(7307F+) 10.9 £.8 9.4
IR i.'.h:ln“ 34.5 36.8 29.8
Nrv Wt % bin -Lfcnsxlu'.lption' 3.5 3.2 4.2
A Nt % Mo Uonsumption 4.0 3.8 4.6
MAF Conversions
Extraction (¥t % of MAF Coal) 70 68 69
iixtract llydroconversion 81 83 82
(Wt 7% of MAF Feed)
Total Gas Yleld (Wﬁ % Dry (oal) 16.8 20.4 20.4
Total Distillate 0il Yield 36.2 32.0 35.0
(Wt % Dry Coal)
Total Distillate 0Oil + Residue 47 .1 41.8 44 .4
Yield (Wt & Dry Coal)
Residual TFuel 0il Yield (Heavy 4G.9 33.1 25.2

i Yfoster Wheuler Repoertl? for OCR, RED Report No. 70, 1972
bionsolidation Coal Co. Report for OCR, RED Report No. 39, Vol I, 196918
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