7.1.1 BGC-Kolbel All Liquids Case

The Fischer-Tropsch indirect liquefaction process produces pipe- -
line gas in addition to gasoline, diesel and other liquid products.
In the Sasol-U.S. base case 64% of the thermal value of the products
is in SNG." In the base cdse most of this SNG is derived from the
primary methane produced in the dry-bottom Lurgi gasifier.. Additionmal
methane is produced from the Synthol F-T synthesis. 1If the objective
of 2 coal liquefaction facility is the production of liquids, especially
transportation fuels, theﬁ this methane will have to be reformed back
to esynthesis gas‘and reinfroduced into the F—T‘synﬁhesis reactors, There
is a considerable efficiency penalty to be taken in reforming methane
and synthesizipg liquids from the resultant CO and H2' Data from the
Mobil report show that only 61% of the original energy contained in
the SNG is retained in ‘the resulting liquid products. Thus any gasifier
system that produces less primary methane and more synthesis gas will
have an efficiency advantage over one producing large quantities
of gasifier methane. Also any synthesis unit that produces less‘methane
-than the Synthol reactor will similarly enjoy an efficiency advantage
if an’ all liquid output is required.

" Certain plant modifications must be made to proauce an all-liquid
product. The pipeline gas train units can be deleted. This means -
elimination of the methanation unit, carbon dioxide removal and SNG
_drying units (refer to Appendix B). For methane and C2 reforming an . .

autothermal reformer is installed. This unit operates by partial
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oxidation of the methane and ethane and thus additional plant oxygen
is required. To provide this oxygen adaitional steam capacity is
needed.

Table VII-4 shows the finished products from the combinacion of
the BGC-Lurgi-Kolbel system for an all-liquids output plantf Sixty—
one percent of the energy con;ained in the SNG from the mixed output
case is now contained in the liquid products. The detaiis of this
procedure are given.in Appendix B.

Table VII-4 illustrates the efficiency penalty involved in

reforming C, and C, hydrocarbons. The SASOL-U.S. base case has the

1
highest penalty to pay because of the large primary methane  make

from the gasifier and the F-T geﬁerated C1 and Cz»hydfocarbons.
Relative to the Synthol-BGC case, the Kclbel-BGC system takes less

of an efficiency penalty because of the low weight % of Ci and C2
hydrocarbons generated in théIKolbel system, The Kolbel system

has an 8% increase in total liquids over ‘the Synthol system'and an
increase of.EOur efficiency points. The 10% increase in thermal
efficiency over the SASOL-U.S. case is very significant.

Liquid yields of finished products are very high for both fhe
BGC-Kolbel and Synthol cases. Yields of 2.3 barrels/ton of dry coal
afe approaching thé vields obtained from direct liquefaction processes
for example H-Coal and EDS. Again, it is emphasized that the liquid

products are finished useable refinery outputs and not low API

gravity syncrudes.
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7.1.2 Impact of BGC-Kolbel on Construction Costs

For the mixed output case, Table VII-5 shows the impact of
combining the BGC gasifier with the Kolbel synthesis relative to
the BGC~-Synthol combinatioq. The details of this costianalysis
are in Appendix C. The savings on synthesis gas preparation is
due predominantly to the small shift requirement when using Kolbel
synthesis. The HZ/CO ratio of the synthesis gas from the BGQ Lurgi
is 0.5 and for Synthol a 2.54 ratio is required. This means shift-
ing the totallgas stream. Since Kolbel can accept a HZ/CO of only
0.67, only a small portion of the gas need be shifted. In addition,
the.water in the gas for the Kolbel case is condensed on cooling
resulting in less volumetric flow through the-Rectisol unit. For
the Synthol cése,.the water is used in the shift and the flow
through the gas purification unit.is much higher.

- The saving in the by-product recovery stream attributed to
the Kolbel system i1s entirely due to a smaller sulfur recovery
system. This unit size is based on volumetric flow of acid gas
whi;h again,‘because of the very small shift upstream, has ggnerated

a relatively smail quantity of carbon dioxide.
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The Fischer-Tropsch synthesis section is more expensive for the
Koibel combination. :No construction cost figures-are currently
available for the fabrication of large liquid slurry reactors of the
Kolbel type. Preliminary estimates price the reactor 20 percént
higher than the F-T Synthol system for Alcomparable flow of reac;i?e
species. This may be over penalizing the Kolbel system since the
reactor is of relatively simple design. However, doubling the cost
of the reacter only results in a censtruction cost cbénge of 7 percent
for the total plant. The higher cost of the synthesis units for Kolbel
are.slightly offset by a lower catalyst preparation cost. It is

expected that less catalyst will be required in a bubble column slurry

reactor that is operating at a slurry concentration of apprbximately

80 g/liter.

The SNG preparation is less expeﬁsive for the Kolbel éombination
because of the lower C1 and 02 hydrocarbon make in the Kolbel
synthesis. The units are scaled on total éNG production.

The F-T liquid produet upgrading.is more expensive for the Kolbel
combination than for the’BGC-Synthol. This is because the Kolbel
system produces 39 percent more liquids that have to be refined
through the various downstream processing units. The cost of the

units is based on capacity as described in Appendix C. The generatiocn

of large quantities of carbon dioxide within the Kolbel unit necessitates

the introduction of another Rectisol unit for CO2 removal in the Kolbel

purge gas stream. This unit will also separate C3 and C, hydrocarbons
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thus the hydrocarbon Tecovery unit in the pufgé gas stream for the
Synthol case can be eliminated.

A slight‘increase in thé size of the oxvgen plan; for this case
results in a slight cost increase. This is because slightly more
coal is sent to the gasifier and less to the steam plant than for the
BGC—Synthoi combination. |

The savings in the steam plant are a gain because it is not necessary
~ for the raw gas to be extensively shifted to cdmply with the Kolbel
input requirements. Waste water treatment is less than BGC-Synthol
because the by-product of the synthesis is primarily carbon dioxide
and not water. In the Synthol case, 25 lbs/hr of water aré produced
foer each bbl/day of product. "This lower waste water effluent may have
implications for a more environmentally acceptable process.

Table ViI-6 shows the impact of the BGC-Kolbel system on construction
costs for a-plént producing an'all—liquid output. The détails of the
cost anelysis are given in Appendix C.

The increase in synthesis cost is due to increased throughpu; to
the Kolbel reactors. Cl and 02 hydrocarbons are reformed to produce
more synthesis gas which is recycled to the F-T reactors. The cost
of the autothermal reformer is scaled from the unit»in the MRDC
repért on the basis of tétal SNG produced in the mixed outﬁut case.

A cost savings results from eliiination of the methanation and SNG
preparation units. The extra cost of F-T liquids refining is associated

with the 31 percent more liquids produced from the reforming process.

-
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. The autcthermal refo;mer requi;es oxygen to partially combust the C1
and Cé hydrocarbons. This extra oxygen requirement is met by a
corresponding iﬂérease in thé steam facility. Fuel for extra steém
is supplied by slipstreaming 10 pefcent of the feed to the autothermal
reformer.

The results of the cost analysis for both mixed product and all
liquid output cases show the BGC-Kolbel system to he potentially
- less expensive than either BGC-S?nthol or the dry-bottom-Synthol base

case. Plant modifications for all liquids output require approximately

10 percent higher construction costs than 2 mixed output plant.

7.1.3 Impact of BGC-Kolbel on Product Cost

. Table VII-7 shows thé costs of gasoline for BGC-Kolbel combina-
tion plants producing mixed products and all liquids. For comfarison
the gasoline costs for the BGC-Synthol combination are also shown. |
The basis of the two forms of cos;ing have already been discussed
"i;~SECtion 4.0. Details of the analysis are given in Appendix D;
'xOn é mixed output basis selling all produc:s on the basi; of their -
S.thérmal value, fhe gasoline price would be 80 cents per galloh. For
the all-liquid case because of higher capital plant cost and lower
thermal output the gasoline price would rise to 1.00 $/gallon. This
is still 19% cheaper than an equivalent analysis using the‘BGC-
Svathol combination. |

On a market basis the cost differentials between BGC-Synthol

and ‘BGC-Kolbel are mcre pronounced because of the larger quantity
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of SNG produced in the Synthol plant that has to be sold for less
than the thermal basis cost. For an all~liquids plant this cost
differengial ie further increased because of the inefficiency
penalty incurred under reformiﬁg this SNG to produce more liquids.
The BGC-Kolbel gasoline price is 20% less than the corresponding
BGC~-Synthol price.

The'market pricé cests of gasoline for the‘SASOL-U.S. base case
are $1.33 and $1.51 per gallén for mixed product and all liquid
cases respectively. Thus, substitution of both gasifier and synthesis
unit could achieve a considerable cost saving for the price of the
gasoline product. For the ail liguids case a savings of 477% could
possibly be realized over the SASOL-U.S. base case by selection of
iﬁproved gasifiers and more gasoline selective synthesis procedures.

7.2 Process Evaluation for Combination of a Texarco Gasifier
with a Kolbel Synthesis Unit '

As has been mentioned in Section 5.3, waste heat recovery in the
Texaco gasifier produces enough steam to run the oxygen plant. This,
combined with the fact that the coal is conveyed to the gasifier
burners in a water gslurry thus obviating the addition of steam, means
that no coal need be diverted'to a steam plant. Total plant input
cf 27.792 tons/SD is sent directly to the gasifiers.

The total number of 1Ib moles/hr of synthesis gas and methane

from the Texaco is shown below (see Section 5):
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=

H 50,100 lb-moles/hr

2
co 73,675
CH4 150

TOTAL - 123,925
TOTAL Synthesis Gas 123,775 lb-moles/hr

This total quantity of synthesis gas is 28% higher than the
quantity'produced from the BGC-Lurgl. The increase results from the
gasification of the total plant coal and the low primary methane
make of the Texaco gasifier. Texaco produces no gasifier naphthas,
phenols, tars, etc. and only a minimal quantity of methane.

Table VII-8 showé the refined product distribution obtained from
the combination of Texaco with Kolbel synthesis. For comparison,
the Texaco-Synthol results are tabulated. Details of this analysis
are described in Appendix B,

The results‘shown are for a plant producing an all liquid
output for optimization of gasoline. Only an all-~liquids case is
considered because the SNG produced in a mixed output case would
only amount to 11%Z of the total plant output. The methane and CZ
produced are autothermally reformed to produce more synthesis g&s.
The Kolbgl combination produces 28% more gasoline than the Syathol
system and a considerably smaller quantity of alcohols. The highef
thermal efficiency for the Kolbel case is associated with the need
to reform less methane and C2 hydrocarbons. Again total'CZ liquid

per ton of dry coal is high and comparable to the BGC-Kolbel case -
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previously described. The numbers in parentheses refer to liquids

. per ton of total dry coal to the plant. This includes 2100 tons/day

uéed for coal drying.

7.2.1 TImpact of Texaco-Koltel on Construction Costs

Table VII-9 shows the changes iﬁ construction cost incurred by
substitution of the Kolbel synthesis system For the Synthol. The
HZ/GO ;atio of the raw output gas from the Texaco is exactly the,
right ratio for input to the Kolbel synthesis unit. Thus no shift
is required for this gas. This\elimination of ghift represents a
savings of 30 million dollars. &g no shift stream is requiréd? no
separate shifted gas waste heat boiler is necessary. This again

represents another cost saving. By product recovery is cheaper by

another 30 millior because no extra carbon dioxide is produced by

‘shift reaction.

The Kolbel synthesis reactors are again considered to be 20%
highef in cost than the Synthol for a éomparable molar flux of
reactive species. The overall savings of 8.6 million dollars is due
to lower'catalyst prepar;tion costs and not lower éynthesis costs. -
The details of this cost analysis are in Appéndix C. The savings
in the reformer result fromAthe smaller quantity of C, and C,
hydrocarbons produced in the Kolbel system. The reformer 1s scaled
to the total SNG produced iﬁ a mixed output case, and although such
a case is not formally considered in the analyﬁis, reference to
Appendix B shows that only 29 MM SCF/D of SNG would be produced if the

plant were to operate in a mixed output mode.
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N

Thé cost of refining the F-T generated liquids is slightly higher
for the Kolbel combination as 9% more total liquids are produced
than for the Synthol case. The cost of the total liquids refinery is
based on scaling the ratio of the capacities to the (.7 power.

The lower cost of the oxygen plant is directly related to the
smaller ;utothermal reforming unit required in the Kolbel case.

It appears that only nominal waste water treatment'facilities
would be necessary for a coal liquids plant based on a Texaco-Kolbel
combination to prevent excgss contaminant build up. Since the by-
product of the Kolbel'synthesisjis carbon dioxide and not water, the
remaining sources of waste water in thévplant are used for slurry
make up water for‘feeding coal into the gasifiers. Waste water evolved
during the coal dr&ing operation is vented to the atmosphere.

The total savings in construction cost introduced by using the
Kolbel synthesis amounts to 10% over that of the Texaco-Synthol
combination. The bottom line capital cost figure of 1870 MM 501lars
is obtained by multiplying the construction cost by 1.59 as pre-
viously discussed. .

7.2.2 Impact of Texacc-Kolbel on Product Cost

’

Table VII-10 shows the gasoline costs associlated with the com-

bination of the Texaco gasifier with the Kolbel synthesis (see
Appendix D). Results for the Texaco-Synthol combination are shown for
comparison. The higher costs for the Synthecl system on the thermal

basis are related to higher capital costs for the system compined
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with the lower total thermal output. On the market basis, since
less SNG need be reformed to liquid; in the Kolbel case, gascline
costs are 20% below the costs associated with the Synthol system.
In absolute values the gasoline cost for the all liquid Texaco-
Kolbel plant is slightly cheaper than that of the all liquids casé
using a BGC-Kolbel combination (refer to Table VII-7).

7.3 Process Evaluation for Combination of a Shell-Koppers Gasifier
with a Kolbel Synthesis Unit

As with the case of the Texaco gasifier, waste heat recovery for
the Shell-Koppers case produces sufficient steam fo Tun the oxygen
plant. The S-K gasifier needs a minimal quantity of steam andlthis
can also be readily supplied by the waste heat recovery system.
Additional anl ié needed to provide thermal energy for a coal dryer
as was the case also with Texaco. The amount of coal fed to the Shell-
Koppers gasifier is the same as for the Texaco case, i.e., 27,792
tons/SD of as received coal.,

The Shell-Koppers gasifier produces no primary methane or
gasifier naphtha. The off gas is composed of hydrogen'and carbon
monoxide with small quantities of impurities and carbon dioxide.
The total number of lb-mcles of synthesis gas from Shell-Koppers is

shown below: (See Appendix B for detalls).

H2 54,451

co 81,269

TOTAL 135,720 lb-moles/hr
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This gas haé been shifted from the original HZ/CO ratio of 0.48
to the ratio of 0.67 required for the Kolbel synthesis in this
analysis.

Table VII-11! shows the refined product distribution obtained
from the Shell-Koppers/Kolbel combination. For comparison, the
output from the Shell-Koppers/Synthel system is also tabulated.
Details of this analysils are given in Appendix B.

The results shown in Table VII-1l are for an all-liquids ocutput
plant, the objegtive being the optimizatiop of gasoline. The vafy
high thermal efficiency for the Kélbel case illustrates again the
efficiency advantage inherent in producing small quantities of,Cl
and C2 hydrocarbons when all-liquid products are required. The
combination of a gasifier (Shell-Koppers) that itself produces no
primary methane with a synthesis system producing only small amounts
of C1>and C2 hydrocarbons represents a high efficiency process ﬁhen
optimizing a plant output for gasoline. The fewer light gases that
need to be reformed the greater the efficiency of the overall plant.

Liquid yields of refined CZ liquids from this combination are
high and approach the syncrude yields expected from direct coal
liquefaction facilities, - The’figure cf 2.39 B/ton dry coal includes
the coal used for drying the gasifier coal toc 5% moisture.

TableIVII—IZ shows the producf spectrum obtained from a com-
bination of Shell-Koppers with Kolbel synthesis for a plant producing

a mixed output of liquids and SNG. The thermal output of SNG for
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the Kolbel coupling is onlv 10.8% of the total HHV preduct output.
This éompares to 38% for the cthermal output of SNG from the S-K/
Synthoi combination. This illustrates that even though the gasifier
itself may not produce methane, the F-T synthesis units can still
vield ;onsiderable quantities of SNG as product. For the Kolbei
case it:is probably preferable to reform the small amount of SNG
produced and only market liquid fuels. A similar situation arises
when the Kolbel synthesis is coupled with the Texaco gasifiér.

7.3.1 Impact of Shell-Koppers/Kolbel on Construction Costs

Table VII-13 shows the impact of combininé Shell-Koppers gasifi~
caﬁion with Kolbel synthesis on the plant construction costs for a
mixed output case relative to the Shell-Koppers/Synthol case. Costs
of synthesis gas preparation are much lower in the Kolbel case
because of the smaller shift requirements. The greatest savings is
in the smaller Rectisol capacity required, as very little carbon dioxide
is proeduced in shifting from 0.48 to 0.67. In the Synthol case, the
shift requirement is from 0.48 to 2.54.

The savings in by-product récovery is again directly related to
thé shift réquiremeqt. The small quantity of acid gas produced allows
for a much smaller capacity sulfur recovery unit to be used. The
synthesis section is more expensive, but this 1s modified by a less
expensive SNG preparation section because of the smaller quantity
of SNG produced with Kolbel.

Upgrading of the raw products is more costly with Kolbel

because of increased liquids production.
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The waste water produced using the Kolbel system is again mﬁch
less than Synthol as the by-product of synthesis is carbon &ioxide.

The total change between S—K/Sﬁnthol and S-K/Kolbel is 2 con-
structicn cost savings of 67 MMS. The detailed cost aﬁalysis for
this case is given in Appendix C.

Table VII-14 shows the .construction cost change brought about
by modifying the Shell—Koppers/Kolbel.mixed output piant to a plant
producing an all-liquid product. The cost of conversion, approximately
30 MM$, is comparatively low because of the small qﬁaptity of SNG that
needs to be-autothermally reformed. The increase in cost of the iiquids
upgrading is directly related to the extra liquids produced by auto-
‘thermal reforming. 'Details of the cost analysls are again given in
. Appendix C.

7.3.2 Impact of Shell-Koppers/Kolbel on Product Cost

Table VII-1l5 shows the gasoline costs associated with the com-
bination of the Shell-Koppers gasifier with Kolbel synthesis (see
Appendix D). Results for the combination ofvShell-Koppeés with
Synthol are ?hown for comparisen. The market basis cost of 94 cents
& gallon for gasoline is the least expensive of all the gasifier-
synthesis combinations and represents a savings of 61% in comparison to
the Base Case lurgi dry-bottom/Synthol combination. Table D-1 in
Appendix D lists all the gasoline product costs froﬁ all gasifier/

synthesis combinations considered in this report.
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