APPENDIX B

DIRECT COAL LIQUEFACTION

This Appendix presents process descriptions and cost estimates for three
direct liguefaction technologies: H~Coal; ExXxon Donor Solvent; and Solvent
grefined Coal-II. All of the estimates are for plants capable of producing
50,000 barrels of liquids per stream day (BPSD). Each presentation has two
subdivisions: Process description and raw cost estimates. A final section
presents estimates for all three systems.

Also considered in this chapter is the important guestion of upgrading the
liquid products generated by these direct liguefaction processes. It's
essential that the cost of upgrading be included when comparing the prices of
nseable products from direct liquefaction to those from other synfuel
technologies and to prices of conventional fuels.

There is, however, some dispute over how much upgrading is required. More
specifically, some observers claim liguefaction products can be marketed as
boiler fuels without upgrading the necessary adjustments to boiler combustion
egquipment. Others disagree and gquestion the market potential of hydrogen
deficient fuels. All observers realize, however, upgrading would be required
to yield products such as finished gasoline.

1£ refining is required, the compiicated i{ssue of how to allocate refinery
costs must be addressed. A fival section of this chapter includes a
discussion of the refining neéds of direct liquefaction products.

While the designs for liguefaction plants can get guite elaborate, there
are really three key segments to a liquefaction site. the first segment
covers coal preparation equipment such as the crushers and grinders. 2 second
segment includes the actual liquefaction chamber and all the equipment used to
prepare inputs to +hat chambar. The third and final segment covers the
equipment used to treat the ligquids and gases that come out of the
liquefaction segment.
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_ The fundamental differences among the three processes studied herein occulr
because of differences in the method of liquefaction. Remember that the goal
of any synfuel process is the same - get rid of coal’s solid matter and add
hydrogen - but there are many ways to achieve that goal. The National Academy
of Sciences in a recent report defined three classes of direct liquefaction
technologies.—

e Pyrolysis involves heating ¢oal in the absence of
air and oxygen to yield oils, gases, and a =olid
called char; when hydrogen is present during
pyrolysis it is called hydrocarbonization. The
amount and type of yields depend on the coal type
as well as on process conditions such as
temperature and pressure.

e Solvent extraction is a process in which coal is
mixed with a chemical solvent capable of
transfering hydrogen to the coal at nign pressures
and temperatures. Heating the coal breaks the
physical attractions among carbon and hydrogen
already in the coal so that new molecules with &
greater number of hydrogen atoms can be formed.
Technologies included in this ¢lass are Exwon Donor
Solvent and Solvent Refined Coal, both studied
herein, plus Consol Synthetic Fuel and Costeam.

e Catalytic Liguefaction is a process in which the
addition of hydrogen to coal is accelerated through
the use of a catalyst; a catalyst is any substance
which accelerates a chemical reaction, but does not
become part of the product. Coal combined with the
catalyst is heated in the presence of hydrogen
under relatively high temperatures and pressures.
Examples in this category include H—coal, studied -
herein, synthoil, and the Bergius Process.

As noted, one of the processes studied herein, H-Coal, involves Catalytic
Liquefaction while the other two, EDE and SRC-II, involve solvent extraction
technicques. The latter two processes differ in their manner of delivering
hydrogen to the liquefaction chamber. With the Exxon Donor Solvent process,
the chemical solvent carries hydrogen and, in addition, pure hydrogen is
pumped into the chambers. With the Sclvent Refined Coal process, the chemical
solvant is not hydrogenerated.

i/ Assessment of Technology For the Liquefaction of Coal, Washington, D.C.,
1977. -
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H-COAL PROCESS DESCRIPTION

The H-Coal process developed by Hydrocarbon Research incorporates an
innovative approach to direct liquefaction by simultaneocusly decomposing the
coal {coal dissolution), adding hydrogen to it (hydroconversion), and removing
sulfur (hydrodesulfurizatian). as noted, E~Coal is Catalytic 1icquefaction soO
all of these reactions are accelerated with a catalyst. The overall
processing secuence is depicted in Figure B=~l.

The plant design which served as the basis of rhe cost estimate consists
of coal liguefaction plant along with the required support, utility, and
offsite facilities to compromise a self~sufficient operation. Coal is
received by rail shipment, stored, crushed, and dried. coal is then liquefied
by the H-Coal technology in which coal and hydrogen react at elevdated
température and pressure {on the order of a50° F and 3000 psig) te produce &
range of liquids and gases. '

The gases and liquids coming out of the reactor are separated iuto a
number of products by a series of flashes and by fractionation., Primary
products include gtabilized naphtha, turbine fuel, and distillate boller fuel.

support units, in addition to coal crushing and drying, include the air
geparation plant to produce oxygen, the hydrogen plant in which left gvers
from the H~Coal liquefier are gasified and converted to hydrogen, & gas plant
in which byproduct propans and butane are recovered, a light ends separation
unit for recovering and recycling unreacted hydrogen, a Souxr water strippling
unit, a sulfur recovery plant, and plant storage and shipping facilities.

Utility services include a full range of systems necessary for operatiomn
of the plant such as steam, electric power, fuel gas distripution, cooling
water, instrument air, boiler feedwater treating, potable water, firewater,
storm and wastewater facilities, and sanitary water treating. Electric power
in sufficient amounts to satisfy the in-plant requirements is generated by
combined~cycle gas turbines. These turbines are fired by residual fuel gas
from the liquefaction plant and supplementéd by LPG. '

offsite requirements include such items as administratiom building,
laboratory, change and guard houses, maintenance building and equipment,

warahouse, firehouse, roads, fencing, omnsite railroad trackage, and like items.

The liquid products from the plant include LPG, paphtha, and low-sulfur
fuel oil (LSFO)-. pmmonia and sulfur by-products are also produced.

H-Coal Raw Cost Estimates

Capital cost estimates developed by Fluor are shown in Table B-1 for an
H-Coal plant using Illinois No. 6 coal and in Table B-2 for a comparable plant
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B-5

using Wyodak coal. At the Wyoming site the plant is shown to cost $500
million more. Three points explain muach of that increase. '

e Wyoming coal has a much lower Btu comtent so &
greater tonnage has to be handled (about 21,000
tons stream day at the Wyoming site versus about
16,000 at the Illinois site). FoOT this reason,
equipment for coal preparation and liquefaction is
about $170 million more for the H-Coal process
using Wyodak coal.

e More hydrogen is added in the Wyoming comparison
case so $100 million is added to the hydrogen plant
cost estimate. AS will ba seen, there is
downstream compensation because the products from
the wWyoming site require less upgrading. ’

e The Wyoming site estimate includes $Loi million for
a construction camp and labor premium; these
expenses reflect the extra effort required to
attract and hold a labor force in the isclated
production areas of the Western United States.

Tables B-3 and B-4 present estimates of the operating costs and product
yields for the two plants. AS expected, there are two noticeable
aifferences., Fivst, a greater number of tons of coal are used at the Wyoming
cite. Second, &4 narrower range of products with higher hydrogen content are
produced at that site.

EXXON DONOR SOLVENT

Process Description

_The Exxon Donor Solvent (FDS) cost estimate is based on a mine-mouth coal
conversion plant designed to produce 50,000 barrals per day of coal liquids
from 24,000 tons per day of cleaned Illinois No. 6 coal. The plant contalns
two parallel processing rrains which are fed from two large coal mines each
producing 3.5 million T/YR of cleaned coal. A simplified diagram of the
process is shown in Figura B-2. ’

In +he Illinois coal case, coal is crushed, mixed and dried with &
“hydrogen donox solvent” in a coal slurry drier and liguefied in a tubular
reactor which is filled with hydrogen. The liquefaction reactor operates at
high pressure and temperature {2000 psig and 840°F). Gases and liquids
coming out of the reactor are separated via aistillation into light
hydrocarbon gases, liquid products, & vacuum bottoms slurry centaining the
coal ash, and the spent solvent stream.

The light hydrocarbon gas from liguefaction and the flexicoker is steam
reformed to provide the hydrogen requized for liquefaction and solvent
hydrogenation. 1In addition, a cryogenic hydrogen concentration unit is
provided to recover hydrogen from the liquefaction purge gas.
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TARBLE B-1
ESTIMATED CAPITAL COSTS FOR PRODUCTION

OF LIQUID FUELS BY H-COAL FROM ILLINOIS NO. 6 COAL
THOUSANDS OF MID-1980 DOLLARS* '

Plant Size - TS/D 16,370%*

Pilant Section

Coal Preparation 45,000
Liquefaction : : 345,000
Light Ends Processing 41,000
Hydrogen Plant 206,000
Oxygen Plant 100,000
Emission Control System 21,000
Effluent Control System 40,000
Storage 48,000
Utilities '~ 156,000
‘Offsites ' 94,000
Sub Total 1,096,000
Prepaid Royalties @ 0.5% Investment 5,000
Proiject Contingencies 165,150
Provess Contingencies &9, 000

TOTAL ' 1,335,150

* gouthern Illincois Location
sales Tax Included @ 5% of Total
Materials. :

»* pdjusted to 50,000 BPSD of Total Liguid
Products. Average Scaling Factor Applied
= D.B36. Coal rate is in T/8D of dry
coal. All other cases are in T/SD of
coal "as received" unless otherwise noted.
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TABLE B-2

ESTIMATED CAPITAL COSTS FOR PRODUCT ION
OF LIQUID FUELS BY H-COAL FROM WYODAX COAL
THOUSANDS OF MID-1980 DOTLARS*

Plant Size - Ts/D
Plant Section

Coal Preparation
Liguefaction

1Light Ends Processing
Hydrogen Plant

oxygen Plant

meission Control System
Effluent Control System
Storage

ptilities

Of fsites***

Sub Total
Prepaid Royalties 8 0.5% Investment

Project contingencies
Process Contingencies

TOTAL

* yyoming Location
gales Tax Included @ 5%

20,548%%

96, 000
464,000
15,0600
304, 000
119,000
17,000
34,000
25,000
188,000

250,000

1,512,000
8,000

228,000

92,800

1,840,800

+* plour estimate was pdjusted to 50,000

BPSD of Total Liquid Products.
Scaling Factor Applied = 0.836.
rate in T/SD of dry coal.

Average

Coal

x»* Tneludes Construction Camp and overtime
premium ($131,000 thousands dollars).
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TABLE B-3

ESTIMATED YIELDS AND OPERARTING REQUTREMENTS
FOR THE PRODUCTION OF LIQUID FUELS BY H-COAL
FROM ILLINCIS MO. € COAL

(For 50,000 BPSD of Liquid Products)
(A1l Dellars Mid-1980)

VARIAEBLE COSTS

Coal, T/SD 16,370
water, 103 §/sp 3.54
Powexr, 103 KWH/SD 0. 00
Catalyst and Chemicals, 10 /o0 44.40
ash pisposal, 103 §/sD . 2.94

FTXED COSTS, 103 $/CD

Operating Iabor 22.6
overhead 62.0
Maintenance 105.7
Subtotal 190.3
YIELDS
Hydrocarbons RPSD OapT
Naphtha 15,173 52.3
Turbine Fuel 18,395 18.5
Distillate Boiler Fuel = 92,926 4,9
Butane 3,796 110.0
Propane ' 2,710 147.7
TOTAL 50,000
Non-Hydrocarbons TED
Aanmonia . 187
Sulfur 559
Crude Mixed Phenols 45
ash to Disposal 1,961
Note :

1. 2all tons are short tons.
2. Coal rate in T/SD dry coal.
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TABLE B-4
ESTIMATED Y1ELDS AND OPERATING REQUIREMENTS
FOR THE PRODUCTION OF LI1QULD FUELS BY H-QOAL
FROM WYODAK COAL

{For 50,000 BESD of Liquid Products)
(All Dollars Mid-1980)

VARLABLE DELS

Coal, T/SD 20,548
Water, 103 $/8D ' 3.87
power, 10° KWH/SD 0.00 -
Catalyst and Chemicals, 103 §/sD 52.54
ash Disposal, 103 §/8D 0. 00

FLXED 0STS, 103 §/CD

Operating Labor 22.6
Overhead &5.8
Maintenance 114.8
Sub-Total ' 203.2
YIELDS
o
Hydrocarbons BPSD AP1
Naphtha 22,700 54.3
Turbine Fuel 17,600 27.8
pistillate Boiler Fuel 9,700 10.9
TOTAL 5g, 000
Non-Hydrocarbons TFD
ammenia 166
Sulfur 581
crude Mixed Phenols 23
Ash to Disposal 1,544
Note:

1. All tons are short tons.

2, Wo slag disposal cost assumed in
Wyoming area.

3, Coal rate imn T/8h dry coal.
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FIGURE B-2

BIOCK FLOW DIAGRAM - EXXOR DONOR SOLVENT PROCESS
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The spent solvent is fed to solvent hydrogenationm where it is hydrotreated
in a fixed bed, catalytic reactor to restore the_donatahle hydrogen to the
. recycle solvent. The hydrogen donoY solvent is returned to the slurry drier.

The vacuum bottoms slurry is fed to a flexicoker where it ig pyrolyzed to
make additional liquid and gas products and 2 coke stream which 1= gagified
with steam and air to provide a low-BTU fuel gas {115/BTU/SCF HEV) for plant
fuel.

Raw Cost Estimate

capital costs developed by EXXon Research and Development are shown in
table B-5 for a plant using Illinois No. & coal. A detailed estimate for a
wyoming coal was not given in the referenced Exxon report which stated that
the total investment for either an Tilinois or a Wyoming EDS plant should be
about the same., This appears at variance with the H-coal estimates but may be
dAne to process differences and the degree of process optimization reflected
for the two coals. Further investigation of this point may be warranted.

Table B-6 displays the estimated operating cost and product yields from
EDS. :

& guick comparison of the EDS and H-coal processes using Illinois coal
does not reveal substantial differences. The capital cost for EDS is about
$100 million highex, congiderably more coal is required, and the product mix
changes to include more naphtha and fuel oil.

SRC-II PROCESS DESCRIPTION

A diagram of the SRC-I1 process 1is shown in Figure B-3. Raw coal is
pulverized and dried in the coal preparation ared, then mixed with the hot
slurry solvent. The coal-solvent mixture (in the range 1.5-2.5 parts of
slurry to one part of coal) is pumped together with hydrogen, through a
preheater to a reactor, or “dissolver.”

The substance coming out of the dissvlver goes first to a high pressure
aeparator which, as its name implies, separates gases and liquids. The hot
gases from this separator consist of unreacted hydrogen, methane and other
1ight hydrocarbons, plus hydrogen sulfide (HyS) and carbon dioxide {CO32)-
The gas is first sent to an acid gas treating unit for removal of H,S and
COps A portion of the treated gas is then further processed in a cryogenic
unit for removal of much of the methane and other light hydrocarbons. A
mixture of methane and ethane recovered in the cryogenic unit is produced for
sale as pipeline gas, while propane and butane are recovered for sale as
liquid petroleum gases. The HsB removed in the acid gas treating unit is
converted to elamental sulfur in a gtandard Claus unit.
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TABLE B-5
ESTIMATED CAPITAL COSTS FOR EDS PRODUCTION

OF LIQUID FUELS FROM ILLINOIS ¥O. & COAL
THOUSANDS OF MID-1980 DOLLARSY*

Plant Size - T/SD . 20,000%*%

Plant Section

Liquefaction/Solvent Hydrogenation 411,000
Flexicoking ' 181,000
Light Ends Processing 211,000
Hydrogen Plant 250,000
Emission Control 33,000
Effluent Control 19,000
Storage 30,000
Utilities 97,000

Coal Preparation and General offsites 138,000

Sub Total 1,170,000
Prepaid Royaltiés @ 0.5% Investment - | 6,000
Project Contingeucy . 176,400
Process Contingency 82,000

TOTAL 1,434,600

* mural Illinois Location/Sales Tax Included.

#% pdjusted to 50,000 BPSD of Total Liquid Products
' Average Scaling Factor Used = .830
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TARLE B-6
ESTIMATED YLIELDS AND OPERATING REQUIREMENTS
FOR THE EDS PRODUCTION OF LIQUID FUELS FROM
ILLINOIS ¥O. © COAL

{Por 50,000 BPSD of Liquid Products}
(a1l pollars Mid-1980)

VARIABLE COSTS

coal, T/SD 20,000

water, 103 $/8D ' 3,00
power, 103 KWH/SD o 35.98
Catalyst and Chemicals, 10° $/50 19,70
ash Dpisposal, 103 /8D 3.59

FIXED COSTS, 103 $/CD

Operating ILabor 26.7
overhead 73.1
Majintenance 124.6
subtotal 224.4
YIELDS
hydrogarbons RPSD 0API
Waphtha ’ 18,3920 42.1
Turbine Fuel 24,920 0,0 -
Butane 3,260 11¢.0
Propane 3,430 147.7
“POTAL 50,000
Non-Hydrocarbons TPD
Ammonia 103
sulfur 653
ash to Disposal 2,396

Note: ALl tons are short tous.
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The liquid from the high pressure separator is split into two major
streams., One of these streams 1s solvent which will be recycled The other
ligquids go into a piece of equipment called a fractionator which turns them

inte the products desired all along-light distillate oil, fuel oil, and the
like.

The bottoms from +he wvacuum tower, consisting of all of the undissolved
mineral residue plus the vacuum residue portion of the dissolved coal, goes to
an oxygen-blown gasifier for ultimate conversion to hydrogen. The synthesis
gas produced in the gasifier goes through a shift conversion step for
conversion of steam and carbon monoxide to hydrogen plus carbou dioxide, then
to an acid gas removal step for removal of the carbon dioxide. The hydrogen
(948 pure) is then compressed and fed as make-up hydrogen to the
preheater-dissolver to the SRC-11 process. .

All of the waste water streams from the process are collected and sent to
a distillation unit for removal of ammonia. After ammonia removal; the water
is sent to a phenols recovery unit for separation of phenols. The ammonia and
phenols are recovered for sale as by-products. rven acter such purification,
however, the waste water is not discharged to the surrounding area, but is
recycled to the process to avoid any possibility of adverse envirommental
effects. '

Raw Cost Estimate

Table B-7 contains the capital cost estimate for an SRC-11 system using

11linois Wo. 6 coal. The estimates of operating cost and product yields are
shown in Table B-8. '

Comparing SRC-1l toO EDS and H coal reveals some minor aifferences falling
within the averall reliability of the estimates. The SRC-11 capital costs are
the highest of the three, about $200 million higher than H-Coal and $100
million higher than EDS. With respect to product mix the SRC process yields
much of its product as fuel oil and therefore has the narrowest range of yield
for the three processes. ’

REFINING NEEDS AND PRODUICT PRICES

As noted in the beginning of this chapter, there is some question over the
naed to hydro process the products of direct liquefaction processes and the
degree of hydrogeneration required. For the purposes of this report, however,
it is assumed upgrading is raquired to bring the products up to the level
found with conveuntional petroleun products.

To give some rvough indication of the effect of refining om the cost of
liquefaction products, capital and operating costs wers developed for refining

the products from each liguefaction proceSs. Estimates were based on Mobil
0il Rasearch and-Development Corpoation's data for hydrorefining coal licuids.
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TABLE B-7
ESTIMATED CAPITAL COSTS FOR SRC~II PRDDUCTION

OF LIQUID FUELS FROM ILLINOIS NG. & COAL
THOUSANDS OF MID-1980 DOLLARSY*

Plant Size - T/SD 20,325%*

Plant Sectien

Coal Preparation ' - 63,000
Reaction Section . 195,000
Light Ends Processing 30,000
Hydrogen Plant 254,000
oxygen Plant 129,000
Emission Plus Effluent Control 104,000
storage : . 35,000

© Utilities 369,000
offsites 109, 000
Sub Total 1,289,000
Prepaid Royalties @ 0.5% Investment : 7,000
Project Contingency 194,400
Process Contingency 35,000
TOTAL 1,529,400

* J.S. Gulf Location/Sales Tax Included

** ajdjusted to 50,000 BPSD of Total Licguid Preoducts.
Average Scaling Pactor Used = 0.830.. Coal rate is in T/8D
dry coal. ! : '
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TARLE B-B
ESTIMATED YIELDS AND OPERATING,REQUIREMEHTS
FOR THE SRC-TX PRODUCTION COF LIQUID FUELS FROM
ILLINOIS NO. & COAL

{For 50,000 BPSD of Liquid Products)
{all Dollars Mid-1980}

VARIABLE COSTS

coal, T/SD 20,325
water, 163 $/8D ; 4.00
power, 103 KWH/SD 0.00
catalyst and Chemicals, 1ud p/B0 17.5

ash Disposal, 103 §/sD 3.65

FIXED COSTS, 103 $/CD

Operating Labor : 26.6
pverhead 73.0
Maintenance i24.3
Subtotal. 223.9
YIELDS
Hydrocarbons ' _?PSD CapI
Naphtha 8,700 37.0
spurbine’ Fuel _ 36,800 5.0
1,pG {Propane /butane 4,500 125.0
TOTAL 50,000

High Btu Fuel Gas

(MMSCF /5D) © 18.8
Non-Hydrocarbons TPD
ammonia 230
sulfur 694
crude Mixed Phenol s 56
ash to Disposal ' 2,434
Note:

1. All tons ave short tous.
3. ¢Coal rate is in T/sp dry coal.
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It ig assumed here that natural gas is used as the source of hydrogen
needed for upgrading. If the refinery was integrated with the direct
liquefaction plant, that hydrogen may be produced at less expense using. some
of the plant products. As natural gas prices rise, these refining costs will
become an aven more important componeunt of synfuel product costs.

Tables B-9 through B-16 present the relaevant cost data. As can be seen
the total capital costs range from about $200 million for H-coal, to $240
million for EDS, to $291 milliom for SRC-II. Natural gas use, the key
operating cost is ranked similarly with the H-coal refinery unit taking less
than half of that required by the refinery system suited to SRC-II.
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VARIABWLE COSTH

Tatle b-10

ESTIMATED YIELLS AND UPERATING REUUIREMENTS FOR THE
KEFINERY UPGHALLNG OF h=CUAL LIQUIL FUELD

Natural Gas (Feed To Hydregen Plant)™* MMbtu/sh

Water, 102 8/8D
Fual, MMBru/sS0
Power, 103 KwH/sD

Catalyst and Chemicals: 102 &/80

FINED COSTS, 103 £/CD

Opefating Laba.

Overhead
Maintenance

Sub Total

YIELLS

:
i

Hydracarhona

Liguid Product, BPSDL
Fuel Gas, Mabitu/5D

" Hydrogen, MMSCE/LU

Hon~-Hyqrocirbons

Sulfur, Urub
Ammonia, TRSL

Liguid Prpduct, ©API

Liovid Feed, BEL

Hyvdrogen Cansumution

LCF/Bn)

Turbine
Naphtha Fuel noiler Fuel
Hydrotroeaker Hyarptreater Hyargtreater
0.025 224 Lla3
1,068 2,504 1,412
10.zu 18l.0 113.0
0.22343 263 4.4y
1.02 1.37 1.37
.83 4.45 4.13
2-40 4. 50 .68
baphtna Pistillave Resigual Hydrogen
15,070 19,4286 140, 64y
841 1,206 3,933
- - - 55.4
.oz | 2.44 1.4z
1.30 16.5 13.2
54.0 7.8 23.0
15,173 18,395 G, 4926
210 1,360 2,703

* All Requirements Shown Are Adjustea to Correspond to the Liguia
Produck Volunes Producea From & 50,000 bPsL Torals Liguios

H-Cial Plant.

All tons are short tons.

*« Hydrogen Plant Hequirements are Based on Steam retorming on

methaneg.

af rhe Maphtha and Fuoel) il Hydrotreaters.
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T'he hydrogen plant is sized tO heet the requirenents

Hyarogen Flant

Zh, 42U

{3,015
57.Y
oHL

L.tz
2.04
.73
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TanLE B-12Z

ESTIMATED YIELUS ANL OFE ATING HEQUIKEMENLS Fuk THE
KEFINERY UPGHALING OF bEbs LIQUIDL PrULGUCTS

(All vollars Mio-l9B80)™

Hydrogder Consumption,
SCF/bh 4G5 2,151

* All reguirements shown are agjusted to

Haptitha Fuel Uil
Hydrotreater  Hydrotgieater
YARIABLE COSTS
Katural Gas (Feed to Hydrogen Plant)** sMBrufbl - -
Water, 107 5750 . 0. 066 . 242
Fuel, MMBbta/5D 1,476 3,586
Power, 102 KWH/SD . _40.0 3us. 2
Catalyst and Chemicals, 103 $/50 1.410 10.73
FIXED ¢O8Ts, 107 3/C0 &
Operating Labor ) . l.ox .37
Overhead 2.34 7.58
Maintenance ) At 16, Ty
- Subtotal
YIELDS
Hydrocarbons Naphtha [kesiqusl = Ryarogen
Liguid Product, BPSD 18,511 27,001
Fuel Gag, Mbbtu/bD 2,202 - 12,644
Hydrogen, HMSCF/o0 - - Yh.2 .
Non-tiydrocarbons -
Suifur, TPHD 6. 7Y 30.1 55
Ammonia 13.8) 249 35 56.3L
tiovid Ptroduct, CAPL 31,0 2b6.1 -
Liquig VFega, BPoL 18,396 24,320 -

correspona to the Liguig Product Volumes
Proviuced from & 50,000 BPSL total ligulas Ebb

Plunt. ALl tons are shork tons.

*»* Hydioyen Plant Requirements ore based On Steam
reforming of methane. The Hydragen plant is
sizud to meet the pequirements ot the Naphtha

apd el wil lydrolreater.
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TAELE 5-14

ESTIMATED ¥IELLs AND UPERATING KEQUEREMCKTD Fuk Tha
KEFINERY WPGHALING UF BhC-1L LILULD PRILLLCLS
(All uollars Mid-luwui™

¥ All requircments shown are ardjusied ko

correspond to the Liguid Product Volumes
proguced Lrom a 50,000 BPSb total Liguids Eun
Plant. All tons are short tons.

== Hydrogen Plant kequircments ace hased on steam

reforwming of methane.

The Hyarogen plank isg

sized to meet Lhe requirements ok the Naphtha
ang Fuel Gil Hydrotrcatekb.

198<

haphtha Fuel Uil .
Hydrabreater Hyorobreater Hyoroden Plagt
YAHIABLE QOSTS
Natural Cas (Feed to Hydrogen Plant)** Mabitu /ol - - SY,Yz4
Rater, 103 $/%0 D.uZ4 LG5
Fusl, MMBtu/sD 418 B,761 17,107
Power: 107 KWH/SD 19 7 49u. 4 146.4
Catalyst and Chemicals, 10° $/5U ¢, 763 10. 3 1.37v
FIAED CUSTS, 103 &/CD d
Uperating Labot l.uz 1.37 1.1%
Ovetheard 1.77 9.7 ~.u7
Haintenance PP 22.486 4.93
Subtotal
YIFLDS
fAydrocarbons maohtha  kesidual  Hydrogen

Liguid Product, BESD 5,963  a},024

Fuel Gas, MMBtu/5D 1.212 3,805

Eydrogen, MMSCF/SD - - 130.6

Nan—Hydpocarbons

Sulfur, T¥ab 3.55 19.75

Ammonia K. 18 £7.08 56.31

Liguid Product, OAPT 37.4 27.4 -

Licuid Fored, BPSU 8,700 36, 800 -

Hvdronen Conculiph 1on, .

SUH Ul 1,05k 4,200 - .

ICF incorporaTeD
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VAKIA LE CUST>

ThAbBLE H=16

ESTIMATED YIELLS ANL OPERATING HEQUIkbMENLS Fun THE

REFIRERY UPGHALING UF WYULAK CUAL

(all vcllars Mig-1980)~

Natural Gas (Feed to Hydrouen Plant)"® Mhbtu/ou

Water. 103 5/50
Fuel, MMBtu/SD

rower, 103 KeRgsD

Catalyst and Chemicals, 103 $/5u

. FIXED COSTs, 103 s/ch

Operating Labor
Cverhead
Maintenance

Bubtotal

YIELDS

Naphtha Fuel Wil
Hydrotreater Hyorotreaccr hyarogen Plant
- - iU, 7w
6.0357 0.703
1,591 LT {le2ll)
15.2k L] 23.4
0.515 l.85 U. <35
1.02 1. 37 1.1z
2,15 2.70 1.5e
3.2 3.5 — 145
Hydrocarbons Naphtha hHegsiaual Hyapogen
Liguid Product, BRSO 22,545 10,193
Fuel Gas, MMMLu/S5L 959 834
Bydrogen, MMSCEF/5D - - 22.4
Non-Hydrocarbons
Sulfur, TPsD 1.53 1.0n
Ammonia 1,54 b.6
Licuid Product, ArL 55.5 13.6 -
Liguid Foad, LPal 2%, 700 L, 1Q0 -
Hydroten tonzumption,
SLEsHBL 150 1,960 -

* All reguirements shown are adjusted to

correspond Lo the Liguid Product Volumes
- Produced Erom a 50,000 BDsL toral liguies ks

Plant.

All tons are short tons.

**  Hydrogen blant keguirements are based on steam

ceforming of methane-

The Hydrogen plant is

sized to meet bhe reguirements of the haphtha
ana Fuel vil Hydrotreater.
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