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SECTION 7

ECONOMICS

This section summarizes the economic evaluation procedures used Lo analvze
the high potential coal liquefactiom technologies; it also presents the
results of this evaluation. All economic factors are presenﬁed.in first
quarter 1978 dollars.

The economic comparisen of four high potential processes includes individual
estimates of projected fixed capital investment, total capital iavestment,
operating costa, and profitability wmeasures. Since the primary objective

is development of relative economics, all cost and profitability comparisons
are presented as rakios. The process with the lowest required capital invest-
ment, required product selling price {RPSP) or revenue was assigned a value
of 1.0 and che equivalent value for all other processes for the particular
economic factor under study was presented as a ratio to the reference process

far that economic factor category. This procedure will beome clearer when

we begin to discuss the economic comparisoms in detail.

For those readers who may want to convert the relative economic factoers
presented in this report section to the actual dollar values estimated in

this study, the projected economics for SRC II are summarized in Table E-1
located in Appendix E. '

The results of the Base Case analysis, consisting of the Eastern Region

of the Interior Ccal Province 1ncatiqn,'wi11 be presented first. The impact
of locating the plants in the Appalachian Region of the Eastarn Coal Province
and the Powder River Regicn of the Rocky Mountain Province will then be
summarized. Finally, 2 comparison of projected economics for product supply
to the four market areas - Delaware, Chicago, Housrtom, and San Franecisco —

will be presented. Sensitivities to key project parameters wiil also be

summarized.
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T Ceonomic asacssments are based on rhe prouess configurations pre-
viously described in Section 5 and & of this report, coupled with the pro-
codurcs used Lo develop the comparative ceconomic asscessment as described

privity in the Toliowing paragraphs.

?.i.l FLXED CAPITAL INVESTRMENT

The Tixed capital invesement {FCI) .source . information [or
vach process bas been listed inSection 5. This includes experience gunér
albed by Parsons during the development of seven comprehensive conceptual
designs plus the results of similar conceptual designs by other contractors,
Parvsons design projects required the development of preliminary specifications
ARC cost data lor over 6,000 major equipment Items used in coal conversion
plants.  Using this cequipment cost data, fixed capital estimates were devel-
oped for BY unifs common to coal liguefaction plants such as coal preparva-
bion, acid gas bredement, sulfur rémuval,'fractionation, filtfation, and
nthers., This information was uscd wherc appropriate to develop the FCIs

for chis stcudy,

For analytical purposes, the coal conversion complexes were

divided inte the [ollowing four accounts/sections:

c Coal preparation, storage, grinding, and drying

o) Process operatioms
o Utiltitics
o) Facilities

In addition, 12.5% of the constructed cost total for these
four accounts sections was added as an allowance for the costs of engineering,

home allice, {ee, and sales tax.



The FCI for a given process plant used a combination of a

number of types of estimating procedures as described below.

7.1.1.1 Coal Preparation, Storage, Grinding and Drying

The FCls for these units were develeoped based on analvsis
of the results of similar units contained in the nine conceptual designs/eco-
nomic evaluations generated by major contractors. Where required, the units

were adjusted, scaled, and escalated.

7.1.1.2 Process Qperations

The primary coal conversion units such as the coal hydro-
liquefaction, ceal extraction, coal catalytic hydroliquefaction, gasification,
and production of liquids from synthesis gas are specific to the separate

processes. The FCIs were taken with judgement applied from major contrac-

.tors' conceptual de51grs. Where reuuired the sizes of .the units were 5caled PRy e

vp or dewn. The costs were escalated to a, flrst quarter 19IB basis. There
are a large number of other types of units  common to coal conversion plants;
examples include acid gas removal units, sulfur plants, oxvgen plants, fil-

tration units, fractionation units, and product upgrading/refining units.

For the upgrading/refiming units, FCIs were obrtained by careful analysis
and judgemencal adjustment of prior inhouse and petrcleum industry refining
experience plus, where appropriate, use of experimental data generated while

processing <coal-derived ligquids in refinery type operations.

An example of use of prior inhouse refining experience
is catalytic réfotming as a step to produce gesocline. Hydrotreating is
an example of use of experimental data to define capaclty and esconomics
of a refinery type operations when procassing coal-derived liquids. Here
the experimental data developed in DOE/ERDA/OCR sﬁonsored programs were
nsad to =stablish design parameters such as'lspace velocity, hydrogen consu:ﬁpticn,

and others. For the other important supporting process units such as acid



gas removal unité, etc., the FCIs were developed by analysis and adjustment

of prior relarcd conceptual designs/economic evaluacions.
7.1.1.3  Utilities

4 utilities balance was developed for each candidate
process. The FCIs [or the utilities section was then developed from unit
costs of prior conceptual designs/economic evaluations for related processes.
Each case was analyzed prior to establishment of the FCI and suitable adjust=

moncs, and escalations made.

P OfTgizes and Gemeral Faciliries

allowances for offsites and general facilities were
devoloped based on the cosrs of ‘similar facilities in .related prior concep-

tual designs. The source costs were escalated to first quarter 1978 dollars.

Offsites end ancillaries include buildings, roads, urili-
ties, communications, rolling stock, and related facilities required to

eificiently service the plant operation and population:
7.1.2 TOTAL CAPITAL REQUIREMENTS
In addition Lo fiwed capital investment, total capital require-
ments include initial charges of catalysts and chemicals, start-up costs,
construction financing, and provision for working capital. Procedures for

developing these costs are summarized below.

7.1.2.1 Initial Charges of Catalysts and Chemicals

The cost of the initial charge of catalyst and chemicals
(C & C) was developed for each process. To develop the costs, each unit
was analyzed and the quantities of imitial - C & Cs required were estimated

and priced. The annual consumption of C & Cs was also estimated.

™



I 7.1.2.2  Start-up Costs
An allowance of 5% of FCI was used for start-up costs.

7.1.2.3 Construction Financing

The construction financing was calculated based on a

five-year construction period, with the rate of funds drawdown as follows:

PR LI Lo T -

Cumulative
Year Percent Drawdown Percent Drawdown
1 8 8
2 17 ' 25
3 26 . . 51
4 29 . 80
N 5 .

The cost of construction financing .is based on 9% incterest
for funds drawn and a loan commitment fae of 0.75% for funds committed but

not vet drawn.

Fol

7.1.2. Working Capital

Working capital consisted of the cost of:

' 15 days feed coai inventory

] 30 days inﬁentory of Iiquid product

@ Cost of spare pgrts inventory = l%Z of FCI
] 30 days accounts receivable

2 30 days budget for current expenzes
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o 30 days credit for accounts payable
Working capital funds were borrowed for the project operating life.
7.1.3 OPERATING COSTS
Operaring costs consist of the cost of purchased coal, mater-
ijals and supplivs, operéting iabor, maintenance, G & & overhead, property

taxes and insurance, and miscellaneous. Methods of estimating these factors

are described below.

)

.1.3.1 Coal Cost

The coal conversion plants are conceived to be located

close to mines. The analysis is based on the following delivered costs

of ceal to the project:

_ Q_-V'EQStE?U #egiﬁnlof'the'lpteriof Coal Pfovin#e - §22.00
o Appalachian Region of the Eastern Coal Province $27.00
° Powder River Region of the Rocky Mountain Coal

Province - $ 8.50

7.1.3.2 Materials and Supﬁlies

Facteors used were:

e Raw water, $0.30/1000 gallomns

o Operating Supplies, 30% of operating, labor

7.1.3.3 Operating Labor

The staffing was estimated for each plant. The operating
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cor labor wage rate used was $8.00 per hour. The payroll burden was 35% of
‘ operating and maintenance labor.

. 7.1.3.4 Maintenance
Maintenance costs used were:
o Process units, 4% of FCI
e Offsites and Ancillaries, 2% of FCI

?:1.3.5 G & A Dverhead

An allowance of 1.5% of the total manufacturing cost
was used for the G & A.

7.1.3.6 Property Taxes and Insurance . . . ...

An allowﬁncé_df 2.?5% ﬁf:ECI:was:used fdrfpfﬁpe:ty ﬁaxes',
and insurance. N

7.1.4 REQUIRED PRODUCT SELLING PRICE

The RPSP was calculated using the capical investments and

operstiung costs previously described plus the following parameters:

o Design/construction period = S years
@' Operating period ' = 20 vears
a . Total project life . = 25 yezrs



o Depreciation = 13 years useful life;
double declining

balance method

e} Debt = 654 of total investment
repaid in egual install-
ments over the 20-year

operating life

& Equity =  35% of total investment
o Interest rate = 9%
o Discounted cash flow (DCF)} rate
- of return on equity = 12%
o By-product credits: ,
‘ .Ammonia - T Qgﬂl?i;.$140/tcn.
Sulfur ' = 60/short ton

The RPSP necessary Lo pay expenses and provide a 12% DCF
rate of rTeturn on equity was predlcted u51ng a computer program An sllowance

for inflation for the life of the project was not included in the RPSP model.
7.1.5 POSSIBLE ANNUAL REVENUE

A brief assessment was made of the possible product market
values. Marker values were assigned to LPG and liquid fuels based on review
of published information plus, in some cases, discussion with suppliers
and potential users. The values were based on the coal-based fuels being
comperitive with petroleum based fuels having similar characteristics.
Confirmation of the marketability and market values of coal derived fuels

is required.



S

In the case of SNG, the primary evaluation was based on a market value
of $3.25 ber thousand cubic feet {MCF). This judgement value is intermediate
between intrastate natural gas pfices and the value allowed for SNG from
naphtha. The true marker value for SNGC from coal must await commercializa-

tion.

The market values used are summarized in Table 7-1; values
are presented for [our markets consisting of Delaware, Chicago, Houston,
and San Francisco.

7.1.6 BENEFIT COST RATIO

Benefit/cost (B/C) ratios were calculated for each high potan-

tial process as follows:

B/C = Possible Annual Market Value of Products

RequirgdﬂAnnual_quggue;tgNY;glg_nglpcg“gn‘zqgiggb.”-;

_The B/C ratio is presented to rank the processes based on'-
projected prozltablllty levels. When the B/C ratio is greater than one,
the projected DCF based on the market valve of products is graater than

12X. The higher the B/C ratio, the greater the projected DCF (profirability).

7.2 RESULTS: BASE CASE. PLANT GATE ECONOMICS

The results for projected plant gate economics for the Eazstera Region

of the Interior Coagl Province follow.
7.2.1 FIXED CAPITAL INVESTMENT

The predicced racios of the fixed c¢apital investments for
the four processes are shown in Table 7~2; the relative contributions, on
en index basis, of the separate plant sections are aslso shown. The results

indicate that the processes array themselves in the following order of in-

creasing FCIs:



i. SRC II based
H~Coa! based
CS8F based

13

Fischer-Tropach based

E Sl )

.02 TOTAL CAPITAL TINVESTMENT

The predicted ratios of total capital investments for the
processes are presented in Table 7-3, The relative contributions of the

separace contributors to the total investment are given on an index basis.

The ranking of the preocesses is identical to that obtained

for fixed capital investment.
7.2.3 OPERATING CDSTS

“he ratios of the total operating costs are shown 'in Table 7-4.
Cost - contrlbutlon by the cost 1tems are shown on: an 1ndex baSLS * The.pro-
cesses, ranked in order of increasing operatlno ccsts, array themselvES

as follows:

SRC II based
¥-Coal based

-2

3. CSF based
4. Fischer-Tropsch based
7.2.4 REQUIRED PRODUCT SELLING PRICE (RPSP)

The raties of total required annual revenues and therefore,
unit Btu RPSP are given in Table 7-5. The sub-group contributions are shown

on an index basis. The ranking, in order of increasing umit Btu RPSP is:

SRC II based
H-Coal based
CSF based

R L N

Fischer-Tropsch based

~4
1

10
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i 7.2.5 POSSIBLE ANNUAL REVENUZ

L
The ratios of possible annual total revenues for the-600
billion Btu per day of products are presented in Table 7-6. The contribu~
tion by the individusl preducts are shown on an index basis. Here the rank-

ing, in decreasing order of passible revenues, is:

1. Fischer-Tropsch based
2, H-Coal based
3. CSF based )
4. SRC II based
7.2.6 BENEFIT C0S8T (3/C) RATIO

The ratio of possibie annual market revenue to required annual
revenue at 12% DCF was calculated for each process, base case. This impor-

rant ratio is a direct function.of projected profitability: "=~ v -~

- The predicted B/C ratios arémf-l

Proeess | B/C Ratio
Fischer-Tropsch based 0.88
H-Loal based . 0.88
SEC II basad _ 0.85 -
CSF based - 0.77

The results indicate that the B/C ratios for Fischér-T:opéch;
H-Coal, and SRC 11 are approximately equivalent, with CSF showing an approxi-
mately 10% lower value. For the project parameters used, all of the process

plants are indicated to yield a DCF lower than 12% . on equity.

The sansitivity of the B/C ratio to SNG market value is shown
{n Table 7~7 and Figure 7~1. The sensitivity was projected over a SNG mar-

ket value range of $2.25 to $4.25 per MCF. The results show that the B/C

7-11
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ratios for rhe configuration of Fischer-Tropsch used for this study predictably
is most sensitive to SNG markét value. At a 54.25/MCF SNG value, the B/C

ratio is approximately one. It also indicates that H-Cual and SRC II based
plants show similar B/C ratios and similar sensitivity slopes; for CSF the

B/C ratio is lowsr than for H-Coal and SRC II.

7.3 RESULTS: BASE TASE, DELIVERED

A secondary objective of the anzlysis was to compars the projected
technical and economic performances of the high potentizl processes when
delivering fuels to four market areas. To accomplish this, a brief survey
of fue! transportation costs was conducted. For refgrence,'the results

sre summarized in Appendix B.

The first example to be presented is delivery of'p*oducts from the
Eastern Renlon ‘of the Interior Coal Prov1nce to the Chlcago marketlng area
termxnal To lllustrate thls case, the plant site was arbltraflly conceived
to be levated in New Athens, 1111n01s, lnformatlon is avallable for thzs
site which was earlier selected for potential use in the government demonstra-

tion plant program.

Preferred tramsporiaticn methods and costs were investigared for move-
ment of all preducts from New Athens to Chicago. Transport methods inves-
tigated included pipelines, barge, and rail. The trensportation costs were
based on the results of contacts with rallroads, pipeline and barge com-

panies, review of available published lirerature, and inhouse information.

The results indicate that the costs of transporting the products repre-

sent the following percentages of the plant gate RPSPs and B/C ratios:

7-12
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Process
SRC II B-Coal CSF Fischer-Tropsch
Ttem based based based basad

Transportation Cost as %

of Plant Gate RPSP 4 4 3 6

Ratio of Delivered RPSP 1.00 1.16 1.23 1.46

B/C Ratios, Delivered
L_ Basis 0.82 C.84 0.72 0.83

The ranking of the processes is therefore the same based on delivered

costs as earlier developed for plant gate costs.

7.4 RESULTS: EFFECT OF ALTERNATE LOCATIONS

An additional secondary objective of the studv was to assess the per-
formance and projectad economics for the processes in ‘the Appalachian Region
of the Eastsrn Coal Province and the ‘Powder River Regicnm 6f'fhe”R¢ckyﬂM0un-

tain Province..'

Differences which result from cperation of the process piants in the.
three separate tegions include c¢oal characteristics, cost of coal, sroduct
slate, labor costs, preferred method of supplying the urilities, 2nd others.

The effects of these differences were discussed in Section 5.

The effects af the different locaticns were analyzed. Taole 7-8 sum-
marized projected values of FCI ratio, predicted thermal efficisncy, and.
the required feed coal and oxygen rates for the three regions. Tadle 7-9
shows the relative contrilbutions of the separate accounts to RPS? ratio
for the Eastern Coal Provirnce case and Table 7-10 presents similar dara

for the Rocky Mountain Regionm.

The summary comparison present in Table 7-11 shows that the RPSP ratiocs
vary significantly between regions, with the Appalachian area the most
costly area in which to produce and the Western Rocky Mountain Rezion the

least expensive and giving the SRC II process a grester advantage im rhis
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area. Tne shift in ratios is mainly attributed toc lower coal prices in
the West, $8.25/ton versus $27.00/ton in the Appalachian Region of the Eastern
Coa} Province; the western coal used for this study was largely surIiace

mine produced while the Appalachian area used significant underground mining.

Table 7-11 ratics combined with Table E-1 (Appendix E) key cost data i
indicate lowest potential product costs at the western U.S. site, intermediate
costs in the Inrerior region and somewhat bigger costs in the Appalachizn

region.
7.4.1 DZLIVERED COST, APPALACHIAN AND ROCKY MOUNTAIN REGIONS

Delivery costs for the Appalachian location plant products
te the Dover, Delaware marketing center are based on pipeline deliveries.
These a2re approximately double the delivery costs for the base case location

to Chicago.

' . The-Western Rocky Mountain Region. product delivery to-San
Francisco, also by pipeline, costs approximately four times that for the

base case locartion to Chicago.

Tabulations of transportation cost percentages and ratios

of delivered RPSP are shown below:



SO .

Loy

Procass
SRC 1II H-Coal CsF Fischer-Tropsch
ltem based based based based
Appalachian Region to
Dover, DE:
Transportation costs as
# of Plant Gare HRPSP g 8 ? 5
Ratioc of Delivered RPSP 1.00 1.16 1.25 1.37
B/C Ratios, Delivered
Basis 0.75 0.77 "0.69 0.81
Western Rocky Mountain
Region to San Francisca:
Transportation cost as
2 of Plant Gate RPSP 22 19 17 18
Ratio of Delivered RPSP 1.00 1.20 1.27 1.41
B/C Ratios Delivered-: - Lol e e e REXPECIRE S R
Basis S 0.87. | 0.87 [ 0.79 ©D.91 .

Tsbie 7-12 summarizes the pfbjected B/C ratices fbr‘plant ’

gare and for'déli?ering'of products to the assigned marketing areas. The

largest decline in B/C ratios for delivered as compared to plant gate oper-

aticns occurs in the Western Region.




Talale 7-1 - Possible Fuel Market Values
(First Quarter 1978)

Possifrle Unit Market Value

Item Botaware Chicugo llouston san Pruncisco
SNG{S/MUCE) 3.25 3.25 3.25 3.25
IPGy (§§/bb1) 12.00 12.50 12.00 12,00
LGy (8/Db1Y [ 3. 00 13.50 15.00 ]S.Ub
Gasoline {§/bhl) 17.15 18.00 16.75 17.75
bistillate Fuel Oil No. 2 16.00 15.75 14.50 15,00
{8/ hsl) : '

Distiflate el U011 No, 4 1450 15.00 14.50 14,50 .
e Heavy (§/hhl)
Residual Fuel DLl ($/hb1) 12,00 12.00 12.00 11.00

- Rutios of lstimated Fixed Cuplital Investments

Tahle =2
Relative Contribution to FCI
1t - Fischer-
cn SRC 1I il-Coal CSF Tropsch
Based Based Based Based
{oal reparation, Storage, 0.06 0.06 0.06 0.05
Grinding und Nrving
I'rocess Operations 0.62 0.78 0.91 1.20
Steam and Power LGonerations 0.09 .10 ¢.13 0.15
Offsites and General bFacilities 0.12 0.13 0.15 0.10
Total Constructed Cost 0.89 1.07 1.25 1.58
Add:  Engineering, Home foice, .11 D.13 0,15 0.20
Fee and Sules Tax € 12.5%
Ratlo to SRC I1 1.00 1.20 1.40 1.70
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Table 7-3 - Ratios of Total Capital Tnvestment

Eastern Region of the Interier Coal Province (Base Case)

Relative Contribution to Total Investment

Fischer-

SRC II H-Cozl CSF Tropsch
Item Based Based Based Based
Fixed Capital Investment 0.75 0.91 1.07 1.25%
Initial Catalvsts 0.01 0.01 0.01 Q.02
Start-up Costs .05 0.05 0.06 G.07
Interest During Construction 0.10 0,13 D.13 0.15
Commitment Fee 0,02 0.02 0.03 0.03

Total Depreciation - - -

Investment 0.93 1.12 1.30 1.36
#orking Capital 0.07 0.08 ¢.10 0.12
Ratio of Total Capital 1.00 1.20 1.40 1.68

Investment to SRC II




Table 7-4 - Ratios of Operating Costs

Relative Contribution
to Operating Cost
Fischer-
Item SkC IT H-Coal CSF Tropsch
Bascd Based Based Based
Coal .63 (.67 .73 {0.75
Materiuls, Supplies, and Utilities
Oueruting "Supplics 0.01 0.01 0.01 0.01
Urilities 0.01 0.01 0.01 .01
tintenance Materials and {1.08 0.09 0.11 0.13
Contract lahor
Cotalysts and Chemieazls 0.04 0.07 0.04 0.03
Total Matcrial, Supplies and 0.14 0.18 0.17 0. 18
Utlli;ies
Lubor . . _

Operating Labor and Supervision 0.02 | 0.03 0.02° | 0.02
Maintenance Luobor and Supervision| 0.04 0.05 Q.65 G.07
Payrcll Burden 0.02 0.02 0.02 0.03
Piant Overhecad/Administration 0.05 0.06 0.06 0.07

Total Labor Costs 0.13 0.16 0.15 0.1%
G and A Overhead 0.01 0.01 .02 0.02
Property Taxes and Insurance 0.09 011 0.13 0.15
Ratio to SRC II 1.00 i.15 1.20 1.29
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to Table 7-5 - Ratios of Required Product Selling Price

J _

: Relative Contribution to Unit Btu RPSP
i Fischer-
o Ltem SRC I1 | H-Coal CSF Tropsch

Based Based Based Based

Capital® 0.38 0.46 0.54 0.63

Coal 0.42 0.44 0.49 (.49

Operations o 0.24 0.51 0.51 0.36

By-product Credit -0.04 -0.05 -0.06 -0.04

Ratio of RPSP to SRC II 1.00 1.16 1.28 1.34

aAmorti:ation; borrowing cost, 65% of the total investment borrowed at
% interest, with principal repaid in equal installments over the
20 year project term; working capital, borrowed for the 20 year torm;
loan cermitment fee of §,.75% on funds not yer drawn; 12% return cn
equity funds; income tax.

bLabor, utilities, maintenance labor and materials, property taxes,
insurance, catalysts and chemicals, supplies, G and A overhead, plant
overhead, payroll burden.

cBy—produc‘t credit based on: "sulfur, 3a0/tony ammenia, -5140/tonm. . "

Table 7-6 - Ratios of Possible Annual Revenues
Eastern Region of Interior Coal Province (Base Case)

Relative Contribution to Annual Revenue
ischer-
ftem SRC IT | H-Coal CSF Tropsch
Based Based Based Based
SNG (%) d.32 0.36 0.30 C0.T4
LPGy 0.04 0.04 Gg.10 -
LPGs 0.02 0.11 0.02 : .12
Gasoline 0.13 0.26 - 0.27 0.46 .
No. 2 Fuel - - - .03
Heavy Fuel 0il - 0.04 - 0.0
Residual Fuel 0il - Q.44 0.33 0.40 -
QOxygenates _ - - " - 0.07
By-products 0.05 0.06 0.07 0.04
Ratio of Possible Total 1.00 1.20 1.16 1.8
Revenue to SRC 11
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Table 7-7 - Sensitivity of Benefit/Cost Ratio to SNG Market Valﬁe

Eastern Region of the Interior Coal Province .(Base Case):. -
Process
Fischer-
SRC 1I H-Ceal . C8F Tropsch
Based -Based Based Based
SNG I'roduction as % of .
- 2 ) ) -
Total Fucls, Btu Basis 26 . 28 -75 53
Benefit/Cost Ratio:
at $4.25/MCF SNG Price 0,93 0.96 0.83 1,01
at $a. SNG Price 0.85 0.88 0.77 0,88 -
(Base '
at $2.25/MCF SNG Price 0.77 0.80 0.71 . 0. 74
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shla TG - Rarios oF RPSE - Appalachian Regilon of Eastern (cal Province

' Relstive Contribuzion to Uni< Btu RPSP
Izenm e

»1s5CNerT-

SRC II H-Copal CSF Troosch
. Canital® 0.36 0.3 0.31 0.61
Coal 0.43 0. 30 0.52 0.53
! Omerations 0.25 .28 0. 30 0.33
{ By-sroducs Credit® -0.04 ~0. 06 ~0.0% -0.05
l RPavis of RPSP to SRC I7 1.00 1,17 1.27 1.42

Table 7-10 - Ratios of RPSP - Western Rocky Mountain Region

Relative Consvibution to lUnit Btu RPSP

SRC 11 H-Coal Car Tropsch.

Canital® : 0,52 0.65 | 0.73 . 0.81

Coal _ n.22 0.23 0.25 0.23

Operasiors” 0.32 0.1 0.41 0.6

: P

Br-product Credit - -0.06 -0.06 -0.08 -0.06
Ratic of RPSP to SRC Il 1.00 1.23 1,33 1.16

Depreciation: borrowing cost, 63% of the total invesiment porrowed at

% inTerest., with principal repaid in equal installmenzs over the

20-vear projsct term; working on Ifunds not ver drawn: 2% return on

equity funds; income tax.

Labar. utilizies, maintenance labor and materials, property taxes,
insurance, catalvsts and chemicals, supplies, G&A overhead, plant-
overhead. nayroll burden. : o -
CBy-product credit based on: sulfur, 560/ton; ammonia, $130/ton.




Table 7-11 - Regional Comparison of RPSP Ratios

Base Process
Region Fischer-
SRC I1 H-Coal CSF Tropsch
Eastern _ 1.00 1.16 1.28 1.44
(Base Case)
Appalachian 1.04 1.22 1.32 1.48
Western 0.81 0.99 1.18 1.07
. Table 7-12 - Regional Comparison of B/C Ratios
Base Process
Region Cost Tvpe Fischer-
SRC 1II H-Coal CEF Tropsch
Eastern Planit Gate 0.85 0.88 0.77 0.58
(Base Case)
Delivered 0.82 C.84 0.72 0.85
Appalachian Plant. Gate 0.82 0.83 0.74 0.85
Delivered 0.75 0.77 0.69 n.81
Western Plant Gate 1.06 1.05 0.92 U7
Delivered 0.87 0.87 0.79 0.91

1-1
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SECTION 8

DISCUSSION

8.1 RODU TIOY

The Seziion 7 economic comparison indicatss that, for thes process con-
figurztions, product compositions and economic assessment procedurss used,
the SRC II based tachnology offers the potential for lower fixed capital
investments (see Table 7-2) and lower RPSP (see Table 7-5). The gzroup of
high potential processas show the following ranking in arder of increasing

capital cos:o:

L. SaC II based ,
2. 'H-Coal based - '
3. CSF based

4. Fischer-Tropsch based

When = benefic/cos: (3/C) ratio index i3 applied, SRC II Ddasad, H-Coal

-

based, and Fischer-Iropsch based processas show similar 3/C's, with CSF

indicacing a lower B/C. Since the B/C ratic is defined zs:

; _ Possivble Annual Product Ravenue
B/C = —

Requited Annual Ravenus & L2% DCF on Equizy,

- 1 a

- -

The comparison of 3/C and RPSP confirm Table 7-7 informarion that the H-

[ p]
"]
ot}
14
aq
s
L
"

Coal and Fischer-Tropsch configurations used inm thia study prode
a : - =

potential valued product sla than the SRC II based configuzziion.

rom these producad by SRC LI and

Y

The

"

ischer-Tropsch products diffa

g#=Coal in that thev hava nil sulfar, nicrogen, znd parciculais conizncs.
Thev also tend o be higner in sliphactic rather tham zromatic in cemposition

and would therefore have potential marketzbility ss petrochenicel Izedstocks.



To summarize, the Fischér-Tropsch products gppear to have certzin advantagses

relative to those produced in the hydroliguafaction processes {8RC 1I and

"l':

:-Coal) with regard to environmental zcceprability and potential value to
the petrochemical indusiry.
Further suggestions for interpretation of the Section 7 comparative

economics 2-e discuszed below and additional analyses presented.

The comparative economics developed in this study rTepresent the results

5% & limited efZort anelvsis. During the course of this limited elfore,

e
4]
[F1g
o
(411

sti some 33 cozl liguefaction processes wers examined

Fi

the character
and four were selected Zor more detailed comparisons. Because adequate
detail wes rot aveilable for the Exxon Donor Solvent (ZD8) process fzom
DO ar che stact oS the study, DOE agreed that it would be esxcluded. Simi-

1ar future studies should include the TDS, as well as the Mobil-M process.

in *e_rcsnec;, the qu=s*lnﬁ cf whether si .:fiﬂ nt adai“' nal work

= (manhou*s) would serlausl; 2lrer the results was brief ly examined. To do
this, more comprehensive conceptual design/economic eveiuarions by major
contrac-ors ‘or SRC II based, B-Coal based, CSF based, and Fischer-TIropsch
based process plants were reviewed, their results were compiled snd znalyzed,

and the regulcs zare Summar¢zed later in this report section.

snother cuestion retrospectively evaluated was the eifect of diffar-

ences in product slate on the comparative economics. Zirst approach to
this eanalysis was a comparison of the hydrogea-to-carben (B/C) ratio with

fixed capital investment and required product selling price. The ratiomale
behind this was that liquefaction involves the addition of hydrogen to coal
which has 2z carbon hydrogen composition of approximately CHy o- Product
aromatics will have & C:H composition such as CH, while aliphaties will
appragch CI—:2 and SNG is CHA. As more nydrogen is added to the éoal, the
products tend to be "more ligquid," have lower sulfur amd nitrogen contents,
and tend to have a higher markest value. The ques:tion of whether product
H/C ratios might provide some indicator of the differences in economics (
to be expected between process plants which produce differing product slates

was therefore briefly examined and the results are summarized below.

§-2




8.2 SUMMARY: MAJOR CONTRACTORS' CONCEPTUAL DESIGN/ECONOMIC EVALUATION
RESULTS

The objective of this brief survey was to determine if similar economic

comparison conclusions might have been drawn from inspection of the results

. contained in conceptual design/economic evaluation reports which used sig-

nificantly more effort (manhours). To do this, reports for SRC Il (Oilfcas),6
H-Coal),12 CSF,14 and Fischer-Tropschs plants were reviewed. Similar com-
prehensive design reports were not gvailable to us for the M-Gasoline or
EDS processes. For the purpose of th;s comparison, captive ¢oal mines and
coal preparation costs were deleted from the reference report estimates,
Also, the capacity of each plant was adjusted to 670 billion Btu/day of
products (the 0il/Gas plant output which was the higher of the group) and
the estimates escalated to first quarter 1978 dollars. No adjustments were

made ro pracess configurations or efficiencies.

The product slates for the four processes expressed as. per:eqz or

tctal fuels preduced on a Btu basxs are shuwn “in Table 8 1 The results
indicate :Hee product slates. vary wxdely maqug valzd comperzsons d1: 1cu1t
Ncte that the CSF procsass produces a very hlgh percentage of oasollne (by
extensive hydrocracking of heavy liquids at a high Capltal cost). On the
other hand, the H-Coal process included very little upgrading; further,
while gas is made by thea H-Coal pfocess none is shown as product indicating
a2 designers option to consume this product to-satisfy plant fuel require-

ments.

The fixed capital investment ratios are shown in Table 8=2; for com-
parisom, the ratios developed in this study and presented in Table-?;2 are
also presented. Only limited conclusions can be gafely. drawn from this
comparison. These conclusions appear to be that when a given contraetor
compared several proc¢esses, the processes arraved themselves in the same
FCI ranking as developed in this study. To illustrate, the SRC Il based
and Fischer-Tropsch based conceptual designs/sconomic evaluations wers

developed by the same contractor, as wera the H-Coal based and CSF based.



To properly compare processes where the designs/economic evaluations
were developed by differemt contractors would requ;re sdjustments to factors

such as thermal efficiency, and others.

To summarize, review of major contractors' conceptual designs/economic
eveluations tends to corroborate the FCI rankings developed in this study.
Conversely, comprehensive designs/economic evaluations which contradict

these rankings are not known to exist at this time.

8.7 EFFECT OF PRODUCT COMPOSITION ON ECONOMICS

4n objective of any comparison of process potential is to compare the
economics for production of identical product compositions. Pragmatically,
for a limited effort study such as reported here, this cbjective can be
approached but not achieved. As an alternate, it would be valuable to
define, in a simple manner, the economic impact of differing product com-
posirions. The availability of such a ccrrEIaiion'would aésist'in making .
meanlng ful CDmnSrlSOHE between processes Wthh produce dlfferent produc:s.
A brlef star: was made at the end of this study to better understand the

relationship between product comp051t1on and ecomomics.

A first approach was to investigate the relationship between the H/C
ratio (weight basis), FCI ratio, amd RPSP ratio. The incentive to look

at this simple ratio is that as it increases, plant complexity increases,

hereroatem content (S,N) decreases, and the products tend to be more "iiquid.’

.To supplement the informatiocn from the high potential processes Irom
this study, a brief arbirrary assessment of procedure and possible economics
for production of SNG, using Fischer-Tropsch based technology, and 95% L
technclogy,5 was develaped. This second-order supplementary information

is included as Appendix C.

H/C ratios and FCIs for plants to produce 600 billion Btu of fuels
per day are shown in Table 8-3 and Figure 8-1. For SRC II based, H-Coal

based, and CSF based, the B/C ratio increases in the same ranking as the

B~

T,



? . FCI ratic. Alsc shown in Figure 8~2 are B/C and FCI ratios for 2 modified
| SRC plamt in which incremental hydrotreating capacity is added;20 while the
economi¢ assessment bases differed from those used in this study, these

independent predictions zlso show the same trend.

Figure B8-3 presents relative RPSP as a function of product H/C ratio.
Here again a trend consistent with the prior rankings of the hydrolique-

B faction processes SRC II based, H-Coal based, and CSF based is evident.

With some judgment, the results indicate a different relationship for
indivect liquefaction processes such as Fischer-Tropsch and SNG. 1t appears
that the cost of complete gasification of the coal to produce syngas domi-
nates the economics and the relative fixed capital investments are similar

for SNG and Fischer=-Tropsch.

For approximate com@érative purposes, Figure 8-4, a least squares fir
- from plotted data;-indicates‘ptdduqt’mark;t.valua‘rangeTagfa“Eﬁnétiéﬁ of
H/C;ratiq,__Heré égain, an'uﬁward trend of market value appesrs as the H/C .
ratio increases. It is of interest that a sélling price for SNG conmsistent
with the other fuels considered would be $3.75 per million Bru, a value
intermediate between the base and high values used in the Benefit/Cost ratic

compar 150Mn.

. In summary, Figures 8- and 8-2 indicate that production of products

' with increasing hydrogen contents, plus the companion changes in sulfur
content and product composition, can be expected to be accomplished at
higher costs. These trend results, certainly not highlv auantitative at
this stage of development, highlight the need to compare procass capzbilities
using equal product compositions. It also begs the question wherher there
are significant differences between major process contenders if they produce
the same products. The answer to this question should recognize that the
primary liquefaction facilities may represent approximately 23% of the fixed
capital investment with the other 75% consisting of coal preparatica, pro-
duct recovery, and product refining. The trends illustrated in Figures

8-1 and 8-2 are considered significant in any comparison of liquefaction

8-5
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technoiogies 2nd can be used as a guide to approximate economic impact of

differing product slates for the appropriate process type.

Table 8-1 - Summary of Product Slates from

Reference 5,6,12,14 Conceptual Designs
] Process
Product 0il/Gas® Fischer->
(% of Total Fuels, Btu Basis) | (SRC II) H-Coall? { CSF™ Tropsch
ENG 26.0 a | I17.0 53.0
LrG £.0 15.0 3.0
Gasoline 70.0
Naphtha 8.0 38.0 19.0
Diesel Fuel 17.0
HeavylFuel bii 6;0
Syncrude' 62.0
Residual Fuel 0il 60.0
Oxygenates 2.0
Total 100.0 100.0 100.0 100.0

2SNG is produced but s consumed in process as fuel.

8-5

~



from Reference

5,6,12,14

Table 8-2 - Fixed Capital Investment Ratios

Conceptual Designs

(Basis: 670 Billion Btu Products/Day)

Process
0i1/Gas® Fischer-=
Item (SRC-11) H-Coall? CSFi% Tropsch
FCI ratio from reference 1.0 1.7 1 1.9 1.6
reports, 670 billion Btu/day
~ FCI ratio, this study, 1.0 1.2 1.4 1.7
Table 7-2

Table 8-3 - Plant Product H/C and FCT Ratios

Fixed Capital
Procass H/C Investment
SRC II based 0.128 1.0
H-Coal based 0.150 1.2
C3F based 0.162 1.4
F-T pased 0.284 .13?
SV& (F-T based) 0.323 1.7
H2 4.29 1.4

§8-7
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FIXED EAPITAL IRVESTMEMT RRTID
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HYGROGEN TO CAABON {H/C) WEIGHT RATIO

Figure 8-2 - Fixed Capital Investment Ratio and Qil/Gas Desulfurization
Vs, Qil/Gas Products Hydrogen To Carbon Weight Ratio
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