5.9 INDIRECT L.IQUEFACTION USING ENTRAINED GASIFICATION OF
ILLINOIS +#6 COAL

5.1 Introduction

Two entrained zasiflers were considered in this report, as was
the procedure in Reference 1 where the Texaco and Sheli~Koppers
systems were used. Illinoils f#o was the plant feedstock. Entrained
systems are able to process all coal feedstock types and no specific
modifications to the gasifiers were necessary to process this
weakly-caking bituminous coal. In the Texaco system, where a
coal-water slurry is used to introduce the coal to the pressurized
gasifier, high carbon concentrations in the slurry can be readily
obtained with Illinois #6 coal w!thout the necessity of prior coal
drying.

5.2 Data Sources Used for Process Evaluation

5.2.. Texaco

Gasification data for the Texaco system were obtained from a
study prepared by Fluor Engineers ara Constructors and sponsored by
EPR[.(IZ) The Flucr analysis employed an Illinois #6 coal feed-
stock having a substantially lower moilsture content than the coal
considered in this report. To compensate for this difference, gasi-
fier inputs and corresponding outputs were scaied to the DAF coal

input of 1,869,000 pounds per hour used for total plant coal in this

report. Total water content entering the gasifier was then adjusted
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to be the same as in the Fluor case by slurrying the coal with less
water. Tne rezult of this was that the slurry concentration obtained
was 74 to 26 as-received cnal-to-water.

5.2.2 Shell=Ko,pers

Gasification data for the Shell-Koppers system were obtained

(13)

from a publication by Shell Internationa! Petroleum. Data were
given for several coals, one of which was an Illinois #6 bituminous.
Again, the coal analysis was not exactly the same as the Illinols #6
analysis used in this report, but the comparison was performed on the
same welght of bAF cnal. In the Shell paper, the coal was dried to 2
percent moisture befure feeding tu the gasifier. To obtain compar-
able output from the Shell data, their output was scaled to the DAF
coal 1input of 1,869,000 pounds per hour. Adjustments were then made
to compensate for the extra moisture contained in the Illinois coal
used in this report. The decision was made that as-received coal

could and should be fed directly to the gasifier without drying.

5.3 Systems Descriptions and Analyses

5.3.1 Texaco

The indirect liquefzction plant using Texaco gasifiers is de-
signed to process 27,800 tons per stream day of as-received Illinois
#6 coal. All the coal entering the plant is sent to the gasifier,
since sensiltle heat recovery from the product gases leaving the gas-

1fier 1s, consiidered sufficient co produce all steam requirements.
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Data from Reference 12 were scaled to total DAF coal plant
input, and the resulting coal-to-water slurry concentration of 7% to
26 was then adjusted to a more reasonably obtainatle slurry concen-
tration of 65 to 35 coal~-to-water. This corresponds to the coal
being slurried as-received. Appendix C shows the computation of
resulting gasifier output for this adjustment in sluiry concen-
tration.

Table 5-1 shows the material and energy flux at each stage of
the production of clean synthesis gas for the Texaco Synthol system.
The raw gasitier output contains a small amount of methane but no
C, or other heavy hydrocarbon species. Other gas impurities in-

2
clude H_S, COS, Ml_, etc. For raw ga. production the efficiency

2 3
is 74.4 percent. This efficiency is the same as the net efficiency
since all plant coal 1is sent to gasification. As in the Wyoming coal
ferdstock case, we have concluded that the Texaco system can produce
sufficient waste heat to eliminate the need for a coal- burning steam
plant. This capability, however, 1s marginal and probably requires a
sophisticated use of waste heat in rhe plant.

The plant configuration in the Texaco case 1s the same as for
the Texaco case using Wyoming coal in Referenre 1 (see (1), Figure
5-6) except that no coal drying facilities are required. For Synthol
synthesls, the total raw gas stream passes to the shift conversion

unit for adjustment of the hydiogen-to-carbon monoxide mole ratio to
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2.54. For Kolbtel synthesis, the raw gas hydrogen-to-carbon monoxide
"ratio of 0.74 can be directly utilized in the synthesis unit without
external shift,

Texaco can produce clean synthesis gas with a net LHV efficiency
of 68.6 percent, Syngas is produced at the rate of 159.3 M pound
moles per hour. This 1s equivalent to 60 x 106 SCFH of clean
synthesis gas.

Refined products from Synthol .are shown in Table 5-2 derived
from two process configurations, mixed output and all-liquid cases.

In the ali-iiquid case, 2.29 barrels of refined C * liquids are

4
produced per ton of dry coal at an overall HHV efficiency of 47.2
#ercent. This can be compared to the Texaco cace uéing a Wyoming
coal where 2.2]1 barrels of liquids were produced at an efficiency of
48.6 percent. Taltle 5-3 shows the outputs of refined products ob-
tained with Kolbel synthesis. The difference in efficiency between
the mixed and all-liquid cases 1is only 2.0 absolute percent since
little efficiency penalty is incurred in reforming the small quantity
of Cl and Cé gases produced when using the Texaco-Kolbel combin-
ation. In the all-liquid case, 2.43 barrels of C_,‘+ liquids are
produced at an HHV efficiency of 52 percent. Approximately 12,000

extra barrels per day of gasoline are produced with this Kolhel

system.
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5.3.2 Plant Construction Costs

Table 5-4 shows the elements ot plant construction costs for the
Texaco gasification svstems coupled with Syntho! and Kolbel systems.

Coal handling custs have increased over the dry-ash Lurgi case
slightly because of equipment necessary tor coal-water slurry prep-
aratien. For the Synthol case, in the preparation of synthesis gas,
the toral raw gas stream Is sert to shift and the cest of the two-
stage shift reactor is scaled from a vendor estimate. Since the
shifted gas cooler in this case is such a large unit, as it handles
the total stream, its cost was scaled from the base case raw gas
cooling unit which is a larger unit than the base case shift unit.
The pasifier cost was the same as for the Wyomlng coal cise as in
Reference !, with scale adjustments for total gas fiow applied to the
waste heat vecovery section. Byproduct recovery 1s less expensive
than tfe fixed-bed system, since no phenol recovery or gas liquor
facilities are acuessary when handling T.xaco gas. Svnthesis and
upgrading a;: more costiy with Texaco than with the fixed-bed units
because of :he preater volume of synthesis zas with a rorrespondingly
larger quantityv Qf raw Fischer-Tropsch products to be refined. The
verv costly oxvgen plant is required with Texaco because of the high
oxvgen requirements in the gasifier. The oxvgen-to-DAF coal ratio
fFor Texaco 15-1.02, compared to 0.62 for the BGC Lurgl and 0.56 for

the drv-ash Lurgi. This high oxvger requirement 1s needed to vapor-
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ize the slurry water used to transport the coal into the pressurized
reactor, as well as to provide the necessary reaction heat for the
k.gh temperature operation and the endothermicity of the sto ~-carbon
system. Since waste heat recovery for the gasifier is expected to
provide steam balance for the plant, no separate coal-fired steam
plant is required. However, associated units like boller feed water
treatment, low pressure and medium pressure superheaters, cooling
water towers and cooling water makeup are still necessary.

For the Texaco-Kolbel system, synthesis gas preparation {is lgss
expeusive since no external shift is required. Eliminating the gas
shift results in a smaller Rectisol system as no extra carbon dioxide
is produced in the gas stream, A savings of $103 million in syn-
thesis gas preparation and byproduct recovery 1s realized by
eradicating the need for shift. Less wagte-water treatment is
required with the Koibel svstem as the predominant byproduct of
synthesils 1s carbon dioxide and not water.

5.3.3 Product Costs

Table 5-5 shows the cost data for the Texaco indirect lique-
faction plant for mixed and all-liquid outputs using Synthol and
Kolbel synthesis. On a market basis for all-liquid output, use of
Kolbel reflects a potential savings in product costs for gasoline of
22¢/gallon (i.e., 21 percent). For all-liquid products, plant coal

costs represent approximately 1Y percent of the total product costs.
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Comparison of gasoline cost on a market basis obtained with
Illinois #6 coal to that obtained using Wyoming coal as feedstock
(Reference 1) shows that in spite of the considerably lower cost of
the Wyoming coal, the gasoline cost 1is very similar for both coal
feedstocks. The gasoline cost for Texaco~Xolbel all-liquids using
Wyoming coal 1s $!.0l/gallon. For Illinnis coal, it is
$1.05/gallon. Gasoline costs for Texacc-Synthol with Wyoming coal
are $1.23/gallon, and for Illinois coal, $1.27/gallon,

5.3.4 Shell~Koppers

The coamputation of raw gas output from the Shell-Koppers gasi -
fier 1s shown in Appendix C. This analysis computes the raw gas
produced from an Illinois #6 coal dried to 2 welgnt percent mo'sture
from data given in Reference 13. In the present plant qnalysis using
Shell-Koppers it 1s desirable tc¢ feed as-received Illinois #6 coal
with its 10 percent moisture content. Appendix C therefore also
computes the adjustments in raw gas output obtained when gasifying
the as-received coal,

Table 5-6 shows the materiazl and energy fluxes at each stage in
the production of clean synthesis gas for the Shell-Koppers Synthol
sysiem, The raw gas contains esgsentially only synthesis gas with a
little carbon dioxide, steam and :impurities. For raw gas production,
the net efficlency 1s 81.8 percent. Again, sensible heat recovered

in the waste heat boilers of the gasifiers is assumed to he suffic-
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ifent to produce all steam requirements for oxygen production, gasi-
fier steam and other downstream plant units and no separate
coal-flred steam plant is included.

For this Tllinois coal feedstock the oxygen-to-DAF coal ratio 1s
0.902 and the steam-to~DAF coal ratio is only ,077. This can be com-
pared to the parameters used when gasifying Wyoming coal(l) of .828
for the oxygen-to-MAF coal ratio and .03 for the steam-to-coal ratio.

Downstream plant configuration using the Shell-Koppers gasifier
is identical to that when using the Texaco system., Because of the
low hydrogen-to~carbon monoxide mole ratio in the off-gas, con-
siderable shift 1s required for Synthol synthesis. ‘Thus, the total
raw gas stream is passed to shift, including the addition of 80 M
poutd moles of extra_shift steam that is required because of the dry
nature uf the Shell-Koppers gas. When the Shell-Koppers syétem is
coupled :o Kolbel, only a portion of the gas needs to be shifted to
bring th: hvdrogen-tc-carbon monoxide ratio up to the 0.67 require-
ment, Shell-Koppers can produce clean synthesis gas with a net LRV
efficiency of 74.6 percen at a rate of 174 M moles per hour.

Table 5-7 shows th: quantities of refined products produced with
the Shell-Koppers Synthol combination for as-received Illinois #6
cval. T: the mixr. output case, although no methane 1s produced in
the gasifi~r, SNG production s still 144 MMSCF per day. For the

all-11iqutds case, 2.49 barrels of C4+ liquids avre produced per
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ton of dry csal at a HHV efiiclency of 51.4 percent. This is a large
plant producing over 66,000 BPSD of total liquids.

For the Shell-Koppers Kolbel combination, the refined outputs
are shown in Table 5-8. Only 40 MMSCF of SNG are produced in the
mixed output when this‘combination is used. For the all-liquids
producti~n there is very little refurming of methane to be done,
hence, 2.u5 barrels of C4+ liquids per ton of dry coal can be
produced at an HHV efficiency approaching 57 percent. For an
all-liquids output indirect liquefaction rlant, this represents the

highest performance of the combinations studied in this report.

5.3.5 Plant Construction Costs

Table 5-9 shows the elements of construction costs for the
Shell-Koppers gasification system coupléd with Synthol and Kolbel
units,

Costs of the Shell-Koppers gasifier were assumed equal to the
Texaco, as was assumed in the Wyoming coal cases analyzed {n Ref-
erence 1. For Synthol synthesis the large .ust for shift reflects
the need to pass all raw gas through this unit for correc: adjustment
of the hydrogen-to-carbon monoxide mole ratio. In the Kolbel case,
only approximately 12 mole percent of the raw gas 1is sent to shift;
thus the shift conversion unit 1is muck smalier. This gmaller shift
requirement means less acid gas has to be removed and sent to the

sulfur recovéry unit. Byprodicts recoverv costs are therefore con-
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siderably reduced. Savings of approximately 120 nillion dollars can
be realized in the synthesis pgas preparation and byproducts recovery
sections of this plant because of the use of Kolbel synthesis. The
cost of oxygen plants for these systems are again high because of the
relatively high oxygen-to-~coal ratio required with entrained gasi-
flers. The low cost of steam plants is because no coal burning plant
is necessary. Only the accompanying boiler-feed water and cooling
water tower accessories are needed. The lower cost of waste water
treatment with the Kolbel system 1s the result of carbon monoxide
being the major byproduct of synthesis in this unit.

5.3.6 Product Costs

Table 5-10 shows the cost data far the Shell-Koppers indirect
liquefaction plants for mixed and all-liquid outputs using Synthol
and Kolbel units. For the all-liguid outputs, both Syntho! and -
Kolbel show reduced costs over the Texaco cases. Kolbel represents a
potential savings of 23 percent for gasvline cost over the Synthol
svstem when using Iliinois #6 coal.

It is interesting to note that for the cases considered here,
where the same quautity of as-received coal is prncessed for bo.h
[llinoils #6 and Wyoming coal, the gasoline costs for both coal feed-
stocks atre ldentical when using Shell-Koppers gasification. This
means that tiie advantage of scale for the larger Illinois plant
exactly compensates for the increased cust of the Illinois #6 coal

feedstock.

111



mdang pInbII-117 = W
InNdang poXIk = KW
%6°0 ¢6°0 TL°L TI1'9 ne8n1 L°6SE°T v
06°0 98°0 [ 69°G 98%‘GT G gIg‘l W [991eR/A-8
911 €1°1 % o 99°¢ [97°¢1 VAR S AR v
66°0 68°0 L 26°6 £18°GI 0°00% ‘1 W TCHIUAS/A-S
19Y1e[{ TERUIAY] (MIgW/$)  (MIdhi/$)  (AU/NIGHN) (S WW) 2PoN UWa3IsAg
1s0) elo] 31503 nd3ing 1500
(uottesn/s) pPaATIaQq AlH UOT327135U0)

350)) sulroszy Tearde)

TVOO 94 SIONITII HLIM SWAISAS S¥AddOX-TTAHS ¥0d VLIV LSOO

01-¢

2149vVL

112




