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B.1.1 PIPILINES

In order ro assemble and evaluate the data and information

required in the srudy, the following approach was taken.

By library research and by contact with pipeline. companies,
the tariff rates and svailability of pipelines now existing between plant
sices znd markering areas was determined. The line size, capacity, auxiliary
storage facilitiee and direction of flow were also obtained as important
relatad information. In some cases, even though the line may be near capa-

city as present, the rates wers recorded for twe reasons:

1. The petroleum product distriburion patterns may
change significantly over the vears while the plant..

are being designed and constructed.
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2, The rates provide a comparative distribution cost
which can be used to evaluate the relative effici-
ency of pipelines even if they are not available

for use at present.

We have considered Houston, Texas as & secondary marketing
center for products produced at New Athens, Illinois, but at present all
product pipelines flow in the opposite direction from Houston to the rest
of the United States. Again, this may not be the sitvation by the time
the liquefaction plants are operating, and it has been assumed that the
tariff, say, from Houston to St. Louis will be about the same if materials
were moving in the other direction to Houston; therefore this rare was in-

cluded in the study for comparative purposes.

As interstate carriers, the pipelines and the tariffs that
they can be charged are controlled by the Federal Govermnment and the rates
vears which méy relate to the estimated length of time the supply will last.™
The liguefactiom plantq will be a new source of supply to be deveidped as
existing petroleum sources diminish. Therefore, liquefaction piant products
may move through pipelines which have beem fully amortized, &nd such move-
ment will be at greatly reduced rates. Since pipelines are the least expen-
sive means of moving most products, primary emphasis has been placed on
this transportation mode in this study. When nc pipeline could be Zound
to move the products generated to;the designated market areas, Che cost
of constructing a pipeline was estimated and amortized to provide a basis
for daily operating costs. 1In somé cases, we considerad thar hzlf of this

amortized cost could be shared with other companies.

B.1.2 RAILROADS

In the case of each primary market area for the three lique-
facrion piant sites, the tariff structure for the products was determined.
Rates for the largest tank cars were used, but high volume shippers can

get special tariifs approved and obtain some reductions ZIrer

#
rr

he guoted
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rates. Exactly how much reduction would be possible cannot be determined
at this time. It is also possible that reduced rates can be obtained by
using wnit trains mads up of tanmk cars, but no quotations of such rates

are evailable. In every case it was apparent that pipeline rates were sub-

stantially below railroad rates.
B.1.3 BARGE TRANSPORTATICK

In the case of movement of CGillette, Wy. products to San
Franciscec, no barge rates were obtained because of lack of proximity to
suitabie waterways. Also, at the Moundsville, W. Va, site there is no direct
access by water to Dover, Delaware. The Appalachian Mountains are between
Picrsburgh and Philadelphia, obstructing barge movement. The two possible
routes to [ellow are:
1. Down river to New Orlenans, transier ro seagoing
ships to move north and uﬁ the Delaware Bay.
2. Ub river to Chicago, fhrough the Great Lakes, tréns—.
fer to seagoing ship to move south and up the

Delaware Bay.

Both ef these routes are comsidered to be toc circuitous
and expensive to be competitive considering the much shorter direct distance

between Moundsville and Daver.

Barge rates were obtained for the movement of products from
St. Louis te Chicago, and they were found to be less than pipeline rates
for LPG. Alsc, barge transportation appears to be the best means of trans-

portation between §t. Louis and Houston for LPC and residual fuel oil.
B.1.4 SUPPLEMENTAL AND NEW CONSTRUCTION REQUIRED

In each case when a pipeline company was contacted regarding

the movement of LPG (propane-butane), a rate was quoted with the stipula-

B-4



) tion that storage tanks be provided at the shippers' expense. Thus, the
cost of such tanks has been included. Also, backup tanks have been provided
at the plant site so that minor breakdown problems in transportation will

not shut down operations.

B.2 COST DERIVATION AND COMPARISONS

B.2.1 NEW ATHENS, ILLINOIS TO CHICAGO AND HOUSTON

2.2.1.1 HNew Athens, Illinois to Chicago, Illinois

Pipelines were selected to transport SNG, gasoline
and No. 2, No. & and No. & fuel oil from New Athens to Chicage. Barge deli-
very was least expensive for LPG and oxygenates. Rela-ive transportation
costs for the total praduct slate .of each of the four selected processes
are shown in Table B-1. These transpartaticn.coﬁt ratios are based on a

than,
5

value of 1.00 for the cost of transportating’SRCII prodUCE§=from=Néﬁ'hth§h§§fﬂ

to Chicago.

5.2.1.2 Mew Athens, Illinois to Houston, Texas

Pipelines were selected to transport 35NG, gasoline,
No. 2 fuel oil and No. & fuel oil from New Athens to the secondary wmerketing
center of Houston. Barge delivery was chosen for L?G, No. 6 fuel oil and

oxygenates. ransportation cost ratios are shown in Table B.1.
B.2.2 MOUNDSVILLE, WEST VIRGINIA TO DOVER, DELAWARE

Pipelines were assumed for all product transportation Irom
Moundsville to Dover. Railroads were more expemsive for all products and
barge transportation would be too circuitous and expensive. Transportation

cost ratios are shown in Table B-l.



B.2.3. GILLETTE, WYOMING TO SAN FRANCISCO, CALIFORNIA
Pipelines were less expensive than railroad tramsportation
for all products and no barge transportation is availzble. Transportation

zost ratios are shown in Table B-1.

B.3 ALTERNATIVE PRODUCT DISPOSAL

Houston is now a productive refiming center with a vast product dis-
tribution system radiating to the east, north and west, With the sources
of 0il in Texas diminishing, the volume of flow of this distribution system
may also diminish. A reverse flow from inland coal refineries is conceivable.
San Francigco, Dover and Houston are all ocean front locatjons where imported
0il and oil products have easy access. On the other hand, the Rocky Mountain
States, the Appalachian States and Illinels, are all in the interior of
the U.S. where foreign oil imperts are subject to high transportation costs.
The most logical distribution sceﬁario would appear to be to obtain maximum
distribution of liquefaction products at the market areas in the vicinity
of plant locacion, and move onlwv the excess to disfént ﬁetrdpblitan'centers
where these products will be less profitable due to high transportaticem
costs. There are substantial markets in Salt Lake City, St. Louis and Pitts-
burgh, which can absorb most of the planned liquefaction cutput with minimum

transportation costs.

Another product disposal plan which has seversel advantages is that
of selling products at the plant to oil and gas compenies for distribution
and retail sale. Thus, the financing and construction of pipelines, tanks,
etc., becomes the concern of the distributors. And, of course, the strong
possibility of product trades exists which would greatly reduce some of

the product trangportation charges.
B.4 CONCLUSIONS

With reference to the objectives of this study, it is concluded that:



o]

Pipeline distribution is the most economical means of dis-
‘Eribu:ing liquefaction plant products, except in thosé cases
where a river system is adjacent to both the plant and the
market area. Where barge movement is possible, it is less
expensive in some cases than pipelinpe transportation. These
factors are not absolute due to equipment amortizatiom as

it affects the allowable rate chafged.

An extensive pipeline system now exists in the U.S. for both
petroleum products and natural gas distribution. At present
many of these lines have inadequate surplus capacity available
to move the liquefaction products to be generatsd. From
Houston, Texas the flow is in the opposite direction. How-
ever, these factors may be mitigated by the time liquefactiom
plants are built. In several cases pipeline companies con-
tacted expressed an interest in purchase of the products

&t the plant site"for distribufion and résaie t& Giistomers -

at their'expense,

8.5 RECOMMENDATIONS

It is recommended that:

Further studies be conducted of the most probable gpectrum
of perroleum product needs in the several U.S. marketing
areas being considered at the time the liquefaction plants

will be in operation.

Further refined cost estimates be developed for tie new con-
struction required to accomplish distribution, with emphasis

on pipelines and supporting equipment.

Comsideration be given to distribution modes with the highest
profit mergin return for the products generaced, considering
that imported petrolewum products will have easi¢st access

to costal cities,



Tunle

B-1 - Transportation Cost Ratios

Pracess

Bonufucturing Harketing SRC 11 | H-Coal CsF Fay
Location Center  Based Basad Based | Bused

Noew Athens, 111, Chicage, 111. 1.00 1.14 1.05 2.07
Noew Atnens, 111, Houston, Tex. 2.11 2.24 2.20 2.50
Moundsville, W. va, flover, bel. 2,17 2.16 2019 1.07
Gilleste, V. Sun Francisco, 4.20 4.38 | 4.28 | 4.87

Calif,
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APPENDIX €

M-GASOLINE BASED PROCESS

Preliminary technical and relative economic factors are gsummarized here
for the M-Gascline based process. It obrained a high rating in the pre~
liminary assessment described in APPENDIX A and drew special interest by
DOE. However, because the evaluation basis used for the thenm existing

24
3=

2
Mobil-M assessment was established for another studyz" and differed
from that used for the compariscn of SRC II, H-Coal, CSF and Fischer-
Tropsch, the Mobil-M results are summarized here separately for reference.

Future comparisons should include Mobil-M as a candidate.

C.1 DEVELOPMENT STATUS

Comee -yt P P M

The process consistsﬁofffwo major étépé which are:
1. The production of methanol from coal
The production of gasoline from methanol

The production of methanol from coal is practiced commercially
in a number of countries of the world and has beem practiced on an indus-
trial scale in the U.S. The process and its economics ars dcminated

by the process performance in production of synthesis gas from coal.

The conversion of methanol to”high octane gasoline is under develop-
ment by the Mobill Research and Development Corporation. Work has included
laboratory scale and a four-barrel-per-day Process Develooment Unit (PDU
operated by Mobil at Paulsboro, New Jersey. DOE, and its predecessor ERDA,

have supplied fumds ro support this work.



C.2 DATA SOURCES AND FIXED CAPITAL IKVESTMENT BASES

The data for the coal to methancl process and its yields were taken
29
irom a report propared for ERDA by the E. I. Dupont de Nemours Company,”

Adjustments were made fo the design and economics to correct for the fact

that the coal composition used in the reference report differed from that

used 1n this report.

The data Zaor the mechanol to M-Gasoline process and its yields were

taken from a repor: prepared for ERDA by the Mobil Research and Development

nn

Corporatiun

The bases Ior the fixed capital investments for the plant were taken

. 22.23
from the two indicated references.”  ?

C.3 PROCZSS DESIGN BASIS

The process.con;Epi and economics for the MfGaso%ine procgss . were devel- .
oped under.guiaelines thchldiffered from those prescfibed for the SRC'II,- )
H-Coal, donor solvent and Fischer-Tropsch processes as covered in Section 5
of this repart. Therefore, the results are not directly comparable. A
key difference is the selection of gasifier; the first four process concepts
included second-peneration pressurized entrained gasifiers feeding either
solid coal or coal-in-0il slurry. The M-Gasoline process, by contrast,
used a4 coal-in-water slurry feed with its attendant decrease in thermal
efficiencv. There asre 2 number of other differences in design philosaophies
and concepts between the M-Gasoline concept which follows and the other

four processes.

€.4 PROCEES DESCRIPTICKN

The M-Gasoline process is shown schematically in block flow diagram,
R~03-F8~-1.
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For ease of presentation, the process has been divided into three sections:

1. Conversion of cocal to a clean, low sulfur synthesis. gas
Z. Conversion of syngas ta crude methanol
3. Conversion of crude methanol to gasoline and LPG products

In the flrst sectxan, prepared coal is slurried with water and pumped
to several entrained Texaco type gasifiers which operate at about 2,300 F
and 800 psig. The synthesis gas is quenched and cooled while generating

high pressure steam. Dust removal is accomplished in a three-stags dust

removal section including a moisture saturation process, a Venturi scrubber,

and a gas/solids removal wash tray. Sour synthesis gas, after dust removal
and final quenching, is shifted to the required H, fCO ratio for methanol

synthesis. The H S iz removeéd in the selactive HZS removal unit which is

the first stage of the Selexol process; the .second stage-removes the.QOz-h ST

‘ahd CO$ from the shifred synthesis gas. The Cdz;rich.gag fé-used;t@'s:rip

eatrzined gases from slag produced in the gasifiers.

Tha syngas, now at about 580 psig and 85°F from the COz'remcval unit,
enters the second section. of the plant {conversion to methamel). 1Ir is’
First passed through desulfurizer drums which contain activated carbon
granules that act as a sulfur guard for the methanol synthesis catalyst
The sulfur-free syngas is compressed to about 1,500 psig, preneated, and
passed through several catalyst beds Co convert the syngas to methanol.

Recycled quench gas is used to dissipate the heat released in the reaction.

To saparatz the unreacted zases from the pfoduct methancl, the reactor
ouclet gas is cooled in 2 heat exchanger train. The resulring two-phase
mixture produced by cooling is separated and the unreactad gases are com
prassad. ﬁimethyletha? and higher alcohols are collected and sent, with
nmethanol, to the methanol-to-gasoline convarsiom unit (M-Gasoline plant).

Purge ges from methanol synthesis is used for steam generation.
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i the third section of the plant, methanel 1s converted to gasoline,
LPG, and a fuel gas. Crude mwethanol is preheated to 600°F at 300 psig and
the mezhanol, as o vapor, enters the first of a two-stage reactieon system.
The [irst reaction catalycically converts the methanol to an eguilibrium

mixtere of dimethvlether, methanol and water.

The reozction 1s exothermic; hence, the effluent leaves the reactor
at abaut 770°F.  The gas from this reactor is cooled to 650°F by quenching
with a ¢eol roovele gas before entering one of several reactors in parallel
reguired for the second reaction. In this second reaction, a shape-selective
zeolite catalvst is used to complete the conversion of methanol te hydro-

carbons and water. The overall reaction can be represented as follows:

nCH3OH (CHz}n + nH20

Essentially no hydrocarbons having more than eleven carbon atoms are produced.

Condensed water is treated and used for cooling tower make-up and coal
‘slurrying.  Hyvdrocarbons produced from the reaction are separated im the

zas plant to produce SNG, a C,-C

37 liquids stream as depentanizer overhead,

and €, -plus liguids.

6
The . depentanizer overhead, containing isobutane, is depropanized and
sent to an UF alkylation unit to alkylate the butenes and pentenes. The
alkylate is blended with the sythesized Cehplus liquids and butanes from

the M-Gasoline reaction to produce M-Gasoline produck.

A coal-fired steam plant is provided to produce the plant steam require-
ments to supplement that produced by waste heatr boilers in the gasifier
and shift arcas. In addition to firing coal, the steam plant boilers also
fire spent char from the gasifier, stripped gases from slag removal, tail
gas from the sulfur plant, purge gas from methanol synthesis, fuel gas from
Fiw: gas plant, and regeneration gases from the M-Gasoline plant. The flue

gas clean-up unit is provided to collect the fly ash and unburned carbon
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from the boiler flue gas {(utilizing wet high energy collection) followed

by SO, absorption from the gas and then 0, recovery in concentrated form.

The 5;2 absorption is accomplished using a regenerative Weliman-Lord pro—
cess; most of the S0, recovered is sent to the sulfur plant where it com-
bines with the HES E;um the selective HZS removal unit to produce elemental
sulfur. The rest of the 502 from the boiler flue gas is recoverad as N32504

in the flue gas clean-up unit.

The plant is a seif-concained facility producing all of its own power,

steam, and fuel gas.

C.5 ASSESSMENT OF PROCESSING OTHER COALS

In the M-Gasoline process, as in the Fischer-Tropsch process, all the
coal fed to the process is gasified to produce a synthesis gas which 1is
converted to the final products. In this report the M-Gasoline process
is based on the use of the Texacq, 3351f1e* and, the rlscner-xrousch process.
uses the BCR ga51fler ‘concept, Although diFferent types of g=5¢fle*5 are
used, the trends in yield pattern resultlng from use of different coals
should be similar. The information presentéd in Table 5-3 can theréfore
be used to indicate the impact on the M-Gasoline process of using alternate
ceals even though the relative changes when using the Texaco gasifier may

be Zifferent.

As previously shown for the Fischer-Tropsch process, the M-Gasocline
process would require less coal feed and less oxygen to produce the same
quantity of preducts from Eastern Coal Provinee coal. This should translate
into a decrease in the capital cost since both the coal preparation area
and the oxvgen plant would be smaller., There should ke little change in
plant thermal efficisncy since the decreased coal feed rate is ofisat by

the higher EHY of the Eastern coal.
Again, as was shown for the Fischer-Tropsch process, the ¥M-Gssoline
process would require more cocal feed and more oxygen to preduce tha same

quantity of products from Rocky Mountain Coal Province coal. Therszfore,
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tihe net change would be an increase in capiral cost and a decrease in thermal
efficieney. However, the cost of Rocky Mountain ccal is expected to be
signiiicantly lower than the Eastern and Interior coals and would tend to

compensates for anv increased capital cost.

C.6 ENVIROEMENTAL CONSIDERATIONS

The major ocnvironmental aspects relating to the M-Gasoline proces:s

were considered in detail and are presented below.

Bl ATR EMIESIONS

[}

The generation and contrel of air emissions for the M-Gasoline
plant are ourlined in Fipure C-1, which also shows the nature and amount
of the streams vented to the air. All effluents are conveyed to the steam

and power generatien plant and are exhausted to the air with the flue gas.

Coal 1is IEd to the process ga51L1er as a water slurry, and
all ru‘lnch.nr- opcvatlons occur in a wet mode; there:ore, no- partlculates'

are emitted during coal preparation.

The gas stream produced by the gasifier is freed of particu-
lates by an abatement system congisting of a condensation scrubber followed
by a Venturi scrubber and a wet tray scrubber; the separated char particles
are used as fuel for the steam and power generating plant. After shifr
conversion, the gas stream is conveved Eo an acid gas removal unit where
the avid gases present (mzinly hydrogem sulfide, hydrogen cyanide, carbon
oxysulfide, and carbon dioxide) are separated from the other main syngas
components (hydrogen, carbon monoxide, and methane). On regeneration of
the salvent, carbon dioxide with craces of carbon monoxide and hydrogen
sulfide is separated from the other acid gases and added te the combustion
air fed to-the steam and power generating plant. Hydrogen sulfide and other

contaminants are conveyed t¢ the sulfur plant.
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The last traces of sulfur present in the cleaned synthesis
gas are removed by an activated carbon guard bed, to avoid deactivating
the methanol and gasoline synthesis catalysts. The liquid fuels produced

are essentially nitrogen and sulfur free.

The sulfur plant converts approximately 95 percent of the
hydrogen sulfide to elemental sulfur; other contaminants are thermally
oxidized to inoffensive compounds. The tail gas from the sulfur plant joins

the combustion air fed to the steam and power generating plant.

Stezm and power are generated by combustion ¢f crushed coal,
char separated from the process gasifier gas stream, and fuel gas obtained
as by-products from hydrocarbon synthesis. The solid fuels contaln sub-
stantiasl amounts of sulfur, requiring flue gas scrubbing for removal of
sulfur dioxide. This is achieved in a Wellman-Lord flue gas desulfurization

unit, after removal of particulates by a high emergy wet scrubber. Desulfur-

ization occurs by contacting the flue=gas”yftﬁha“quﬁti;cn”qf*s@dium*Eulfiié,ﬁf?“

which absorbs 50,,; becoming sOdium_bisulfife. " On heating, sodium euifite.
is recovered and recycled, while the SO, s;rédm'gené;ated is conveyed to

the sulfur plant; there suifur dioxide reacts wirh hydrogen suliide, pro-

ducing zlemental sulfur. During flue gas scrubbing, some sodium sulfite

{s oxidized to sodium sulfate, which is not reactive and is removed as a
waste product. Part of the 502 is emitted to the air, together with carbom

dioxide, particulates, nitrogen oxides, and small amounts of sulfur trioxide.

The amounts and concentrations of the effluents emitfed to
the air are also detailed in Table §-1, while the sulfur balance for the
plant is presentad in Table C-2. Compliance with applicable standards is

discussad in the Zollowin section.

c.6.2 COMPLIANCE WITH APPLICABLE SOURCE ATR EMISSION STANDARDS

The projected M—Gasoline-plant particulats emission rate
is 175 1b/hr, which exceeds the emission standards -allecwed by the states

of Illinois and Wyoming af 85 and 39 1b/hr, respectively. The suifur
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dioxide emission standard for the state of Wyoming is =slso exceeded, emis-
sion bring pere:ted ro be 0.%6 1b/MM Btu fired against an zllowable 0.20
1b/M¥ Btu {ired. Both these excessive emissions are produced by the steam
and puwer generating unit. This unit is similar to a coal bufning power
plant; many of these plants are presently operating in compliance with
applicable emission standards. It is believed that upgrading of the air
pollution control tochnolegy would provide the improvements required to

mevt Lhe standarcs.
C.6.3 WATER TREATMENT AND SUPPLY

The gencratlon and treatment of aqueouz contaminants for
tie M-Gaseiine plant is outlined in Figure C-2, which shows the treatment
and disposition of the aqueous efiluent streams; approximate flow rates
are reportod. Raw river water is purified by fiocculation and settling
and used for cooling water makeup and, after further sand filtratien and
déionization,-for boiier feedwétef makeupq Ihé,Boiler:blowddwntis!qsed_Tin
for cooling water makeup, ‘ L

The most highly contaminated stream is the sour water gen-
erated by several process units, such as the gasifiers and product distil-
lation units. This stream contains hydrogen sulfide, ammonium sulfide,
nhenols, xylenols, thiocyanates, cyanides and solids (ash and char). Treat-
ment consists of steam stripping to remove hydrogen sulfide and ammonia;
the aqueous stream is then used for slag and ash quenching and disposal.
Other wmore lightly contaminated streams, such as the eily water (after oil-
water separation), deionizer wastewater, and water treatment sludges are
also used for ash disposal. Cooling water blowdown is used for wet scrubbing
of the flue gas from the steam and power generating unit, then is coﬁveyed
to the ash dispnsal unit. The overflow from the latter unit is used to

slurry the coal fed to the gasifier.

The water treatment and supply system described is a "zero
discharge" system, i.e., no water 1s returned to the river. However, most

ef fluent streams are brought into contact with slag and ash; these materials,
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therefore, will become enriched in contaminants and require careful disposal

to avoid leaching by percolation or runeff.
C.6.4 WATER CORSUMPTION

Water consumption is at the rate of 42,000 gpm. This is
appraximately twice that for the CS8F process, which has the highest water
requirement of the four vrocesses assessed in the bedy of this report.

Since this loss is primarily in the form of cooling water makeup, the need
for improvement~in heat recoveries in the M-Gasoline process is indicated.
In a semi-arid location greater use of air coolers as well as improved heat

recovery should be applied to the plant design.
- - C.6.3 GENERAL

Solid waste problems are expected to be similar to that of

any average equivalent sized ccal conversion plant.

Biohazards are expected to be minimal compared to plants
having dissolver operations. No coal-derived carcineogeunic hazards, either

in the in-plant streams or final products ara axpactad.

C.7 ECONQMICS

The sconomic¢ procedures presented in Section 7 involved in the detailed
analyses of the four high potential processes were also applied to the M-
Gasoline process, also sized for a capacity of 600 billion Btu per day of

products. The possible market values of the products are similar to the

"values contained in Table 7-1. A summary of pertinent analytical/economic

information for base case location {Eastern Region of the Interior Coa.
Province) and also the two alternate lecations {(Appalachian Rezion of the
Eastern Goal Province and rhe Powder River Region of the Rocky Mountain
Province) are presented in Tables C-3 through C-8. All economics are pre-
sented in first quarter 1978 dollars and the same ratieo system adopted in

Section 7 is used; see Tables 7-2 through 7-4, inclusive.
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Table C=3 summarizes the ‘eed coal and product quantities for the base
case (Eascern Region of the Interior Coel Provimce}. The energy quantities
given in C-3 indicate an overall thermall efficiency of 46 percent for the

. - . 22,23
process op which the study 1s based. ’

In a study by The Ralph M. Parsons
1 : :

Company,"£+ which consisted of a conceptual design, an overall thermal effi-

ciency of 39 percent was indicated to be feesible. Higher product ylelds

were indicated to be possible.

The fixed and toral capital investment rarics are summarized in Tables
C=4 and (-5 for the 107,000 BPSD gasoline plant. The cost of furure plants
might be reduced by the use of fewer and more advanced gasifiers and

e . . 24
modifications to the methanol synthesls process.

Table C-6 summarizes the operating cost ratios and Table C-7 summarizes
the required product selling price ratios and the contributions of economic
categories such as capital burden, cost of coal, operations cost and by-
prbduct credit. Projected total annual revenues ratlios as well as feguired

annuzl revenues and benefit/cost (B/C) ratio-are snowin in Table c-8.-

Tables C-6 and C-7 indicate the methanol process configuration con~
sidered here is a potentially high cost synthetic caspline producer. Tech-

niques for improving the efficiencies and economics should be considered.
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Table C-1 - Combined Effluents Emitted to the AiT,
M-Gasoline pased Plant

Concentration
{ppm)

Amount
{TPD)

Gaseous Effluent
Carbon Dioxide
Sulfur Dioxide
Sulfur Trioxide
Nitrogen oxides (as NOZ)

particulate Matter

Table C-2 - sulfur Balance, M-Gasoline pased Process

Item

Total Input ¢rom the Typical Feed Coal

Qutputs:

Recovered as pilemental sulfur

As Sulfur Qxides Emiss1CNs from Combustion of
5olid and Gaseous fuels for Steam and Power

Generatliomn

As Sodium gulfate from Flue Gas ScrubbeT

“Total Qutputs

C-15



Tuble -3 - Coal Foed ang Prodocer Quantitios

Hastoprn Region - Base Chso

-
BPSh
Iren (IO 5ep) 109 Beuzn
Foed Cogy I, 294
Tary ) Pradact «
Prnpylvncilﬁwuulnv 12,780 . 1)
kol ing 106,572 351
’ Sul iy 4
| N1 280y ———— ———
/ Totrng Prodig rg LY, 561 CohiAg
’ Frie Prondery
j M Broastog o Lo Flon2
r A Bru/day 60
, Ligquid Products
Bhl/ton of Coal _ 2.31
bhi/din | 119, 300
Table C-q - Fixed Cuapita: Investment ﬁutiﬂ
‘ iI__ﬁcJative Contribution 1o FCI
ftem (Castern Region - Base Caso)
Conl Preparation, Storage, Grinding 7 0.10
and Drying o
Processy Operations 1.52
Stewn and Power Gienerat jon 0.25
Offsites and Genery] Facilities ELEZ
Tatal Constructeg Cost - 2.14 ¥
Enginccring, Home Office, ree and 0.2¢6
Sales Tux at 1257 \
Fixed Capital Imvestmene ' : 2.4 »
Ratip '
o
NS




e

Table C-3 - Total Capital Inveétment Ratio

Relative Contribut jon to Tot al 1nvestmcnt

Eastern \ Appalachian WesLeTh

Region Region Region

Fixed Capital Investment 1.85
Initial Catalysts 0.02
grartup Costs g.04
Tnterest During Construction 0.24
Commitment Fee 0.04
Total Dcpreclable Investment 2.23
Working Capital 0.17
2.40

Total {apttal [nvestment Ratio

Table C-6 -~ Qperating Costs Ratio

pelative Contribution T

Western

Appalachian
Region

Region

Coal

MateTials, supplies and
ggilities

Operating Suppiies 0.02
griliries 0.02
0.17

Maintenaince vaterials and
Contract LahoT

CatalysTts and Chemicals . 0.03

Total Materials, Supplies
and Utilities

Labor

Qperating Lapbor and Supervision

Maintenance Labor and
Supervision

payroll Burden

pPayroll Overheadedministration
| Toral Labor COSTS
VG and A averhead

property Taxes and [(NSUTYaNce

Total Operating Costs Ratio

c-17




Table ¢-7 - Required Proguce Selling Price Rutios

Helotive Contrihntion o Unit By

njpesp

Lasteorn Appalachian

Wostern
1tem Revian Recion Resion
|‘ Reanied Product Sep; ing Mpeige

! Capitag 0. 9] 0. 80

; Coinl BT 0.75

i Un0rat jons 057 ] . (.54

! j?)'-}ll'OLIll;'f Crodis Zhoe :_[_}__l_)_{l

l RPST et jos 020 2.08

L—._______—...__,___——--—-._...._______

Table -8 . Possible ang chuﬁrcd Annunl‘ROUQHUCH_and
» A o ' Benefit/ost Ratio '
T e s ——
o ) Rglutjuﬁ;COntrihu;ian to Annudl_ubvonuo;

From

'.‘Edstcrﬁ,' "ﬁpﬁhlhhhjhhhﬁ -NeStcrn
"Region ~Repian ‘ Repion

’ Possihjoe Annun | Revenye -

] Product g
L, U3 : 0.11 0.11
Lasol jpe lz&g 1.28
Urodacy Totral .41 1.39 (
By-producry i
Sn)fur .08 0.07
Soding Sulfurp 0.01 .10
By-product Total 0.08 0.08
lotal Al ] Reveonue Ratiop 1.50 1.47
Required Annna; Revenue Rkatjg 2.1 2.09
(65/35 chtfﬁqujty at 12y DCrRR)
- - X
Benefit /Cost (B/C} Ratio 0.60 0.58
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SINGLE PRODUCT SYNGAS BASED PROCESSES



APPENDIX D

SINGLE PRODUCT SYNGAS BASED PROCESSES

In order to supplement the 1

particutarly the synthesis §

aformation from the high potential processes,

as based indirect liquefaction type, Ccursory

designs, estimates and economics were develoned for plants’ producing

SNG, using Fischer-Tropsch

- These are briefly discussed

FT) technology, and g5 percent hydrogen

below.

D.1 FISCHER-TROPSCH BASED SNG

Inasmuch as the (FT} pr

high valume of SNG, 2 cursor

to prcduce al 1-81G, nav*ng a total HHV of! {600- bllllon Btu/day Blocx

flow diagram Drawing } No. R-0
gasification, shifr conversi
having an HHV of approximate
F-T flame sprayed catalvtic

7-T configuration used in th

The fixed capital inves
for the F-T plant included i
processes. In additionm, the
revenue to the required reve
flow is 0.89 compared €O 0.8
selling price of §3.25/MCF) .
ratic becomes 1.13 compared
aNG/1liquid fuel plants, Tesp

ara presented in Tables D-1,

ccess configuration usad here produced 2

y modlflcatlon of the FT process was maae .

6=~F3-1 deplcts this. process Follow1ng

on and mathanatlon ope*a:zons result in a SWG'
1y 930 Btu/SCF. These units utilize the
reactors for consistent comparison with the

e study.

rment estimate is approximately equal to that

o this report as one of the high sotential -
ratio of estimated possible total annual

nue ta achieve ‘a 12 percent discounted cash

§ for the F-T SVGJllquld fuel process (SNG
At a SNG selling price of $4. 25/MCF, the

ro 1.01 for the all-SNG F-T plant and the

ectively. This, and other pert1nenr data,
p-2, D=3 and D4 .




bz HYDROGEK. PROCESS

Another altermate single product process is presented for the manu-
facture of al} hyvdrogen. From time to time, hydrogen has been touted as
the desirable future fuel. 4 CUTSOry process design was made to produce
essentially 95 percent nydrogen, with approx1mute1y 4 percent methane,
having a total HHV of 80D billion Btu/day. This process is shown on black
flow diagram Drawing No. R~07-F§-1, Raw product from the gasifier (Synkhesis
gas;, tollowing partlculates Yemoval and heat recovery, is shifted almost
complietely to hydrogen using conventional Lype shift reactors. The remain-
ing small quantity of carbon monoxide is methanated ip fital clean~up cataly-

tie methanarion reactors.

the F~T based all-SNG plant. The ratio of estimated possible total annual
Tevenue to the required revenue Lo achieve a 12 percent discounted cash

flow is 0.97 compared to 0.89 for the all-SNG process. This. ig predlca:ed
on a hydrosen selling prlCE equivalent to that of SNG on a2 Btu- bas;s ThlS,
along with other pertirent data, 'is summarlzed in Tables D—lﬁ Dfu,.D.i-énd
D-4,

o

L.
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Table D-1 - Ratios of Tetal Capital Investment
gNG and He VS. Fischer-Tropsech
Eastern Regilon of InterioT Coal Province {Base Lase)

\ Relative Contribution 10 Total Investment i

Fischer-Tropsch Fischer-Tropsch
Based Based SNG - Hydrogen
1.13

Ttem

e

Fixed Capital Investment 1.29
Initial Catalysts 0.02
Sgartup Costs 0.07
0.15
0.03

1 k3 BD

{nterest During Construction
Ccommitment Fee

e == = e
OF‘ODUI
o o D
oy e
) L O

1P P

—
1))
n
—
[ ¥}
N

Total Depreciated Investment 1.56
working Capiiz 0.12 g.12 0.10
Ratio to Total Capital 1.68 1.71 1.44

Investment tO SRe-11 °

PUT R oy oEtnl

“Table D-2 - Sensistivity of Benéfit/Cﬁst Ratio to SNG Marketf?alue',_.
Eastern Region of the Interior Coal Province {Base Case) '

\ Process
- —
Fischer-
Item Tropsch F-T SNG - Hvdrogen
r-_Benefit/ Cost Ratio: . l
654 .35/MCF SNG Price 1,01 1.15
451.52/MCF-H, Priced 1.25
@53.25/NCF SNG Price .88 0.89
! 251.16/MCF Hy price® 9.97
i “ .
'. g52.25/MCF SNG Price 0.74 : 0.63 -
| 430, 80/MCF H, price? 0.69
t 2

& . : . :
Hvdrogen priced game as SNG on unit HEV

L



Table N-3 - Rutiog of Operating Costs

Relative Contrjhution to Operuating (ost

Fischer- Fischer-
Trapsch - lropsch
hased [ hased SNG lHydraogen
ltom (%) . (" (%)
| Coal 8.4 - 57.1 62.6
} Marterials, Supplics, and Utilities
Operating Supplics .3 0.5 0.5
Urilitios 0.3 0.3 0.7
Maintenance Materjags and 10,3 lo.s 9.5
Contract Lahor )
Catalysts ang Chemicals 2.1 3.0 ' 1.4
Total Material, supplies, and 15,5 15,2 -
Utilities
Plabop |
Operating Labor and Supervision 1.7 RS 1.4
Haintenance Labor and Supervision 5.1 Y 4.7
Payroll Burden 2.4 2.2 2.1
Plant (h-orhc:m/;\dmini.'-'.trution 5.5 5.4 4.7
fotal Labor Costs 4.7 14,2 13.2
Goand A Overhong R ' 1.5 s L 1.5
Property. JTuxes and Insurance T Chw Sz, A N )
Total Operating Costs ing.p . 100.0 100, 0
tmerating (osts Ratio te 5RC 11 1.29 1.27 1.20

Table D-4 - Ratios of Unit Btu Rpsp
SNG and Hy vs, Fischer-'l"rupsch
Lastorn Region of Interjor Coal Province (Base Case)

Relative Contribution to Unit Rty RP*Sp ’

- Fischer-'l’ropsch-
Jtem hased F-T based sng ‘Hydrogen
Capital® 0.63 .66 0.50
Coal h 0.49 .47 .49
Operations ¢ 0.36 Q.35 0.33
By-Product Credit -0.04 : - =0,04 - o=0.04
Rutio of ppsp To SRC 717 1.44 1.44 1.28

“E!cprcciation; horrowing COSt, 65% of the tota] investment borrowed at gy inter-
CST, with Principal repaid in equal installments over the 20 year project tern;
Working capital, borrowed for the 20 Year term; Ioan commitment fee of (3.75% an

hfum]s Ot vet drawn: 129 TetuTn on equity funds +» Income tax,

Labor, uti) itios, maintenance Iahor and Materiais, PToperty taxes, insurance,

ctatalysts ung chemicals, Supplies, G&A overhead, plant overhead, payroii burden.
By-product tredit based on: sulfur, $6U/ton; ammonia, $140/ton. J

D-6
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APPENDIX E

REFERENCE ECONOMIC DATA
CONVERSION OF RELATIVE ECONOMICS TO DOLLAR VALUES

gection 7 of this report presents relative economics for the four high poten—
tial processes. This method permitted schievement of the study objective

which was comparison of processeés.

To provide 2 basis for conversion of the relative economics Lo the first
quatrLer 1978 preliminary estimates of dollar values Table -1, titled "Key
Reference Ecgnomic pata™, is presented; this tahble presenkts dollar wvalues
for ail kay economic factors IoT the SRC I1 process which, based on these
study results, was assigned & relative econcmic vaiue of 1.0. The us= of
,;he,E—l cconomic information in conjunction with the .Section 7 results will’
'permit the reader CO reproduce proje;fe& dallar valqes_for the economics

of any of the processes scudied.



Tahle -1 - Key Reference Lconomic Data

{SRC II Rase Cases)

Eastern Appalachian Western kY
Region Region, Rocky
Interior Cosal Eastern Coal Mountain
Ttem Province Province Region -
Berimnred Fixed Capital 1,155 1,152 1,270 7
Investment (S
Total Capita) Investment (S 1,475 1,450 1.380
Operaring Costs (S/MM Btu) 1.75 1.90 1.15
Required Product Seclling 2.80 2.90 2.25
Price (871 Bru)
Possible Annual Revenues ($194) 470 470 470
(SNG Sold » 5.5 /M0
Required Annual Revenues {SMM) 555 575 445
{65/55 Debt/lquity Ratio as
12% NCERR) .
Transportu?ion Cost ($/MM Bru) - o1z N i
[ New Athens, 111, - Chicago, I11.- - - o
I
>
N






