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For the hn.ghe.r capital charge rate, methanol costs vary frm $9 56
e e ﬂo‘#ﬂ.zﬁ'fmistm

Since the present state—of—-the~art gasification of lignite
wsing the Texaco gasifier is costly due te the effect of the
lignite water slurry concentration, the Davy McKee costs will be
uvsed in ‘preference. ' The Davy McKee study utilizes the proven
Winkler gasification which does not require 2 coal sluerry feed.
Thus, the product cost of methamol varies from $5.70/mBtu for the
low CCR to $9.56/mBtu for the high CCR.

D. Production of Gascline from Coal wia Fischer—Tropsch

and Mobil's MTG Technology

There are three original studies available which investigate
the technical feasibility of producing gasoline from coal—-derived
methancl. These studies are:

1. "Coal-to-Methanol-to-Gasoline Commercial Plant,”
Plants, Incorporated, Cambridge Massachusetts,
March 1979.[10]

Badger
FE-2416-43-V1,2,

2. “Research Guidance Studies to Assess Gasoline from Ceoal
by Methanol-to-Gasoline and Sasol-Type Fischer-Tropsch Tech—
aclogies,”™ Max Schreimer, Mobil Research and Development Corpora—
tion, FE-2447-13, August 1978.[7]

3. “Screening Evaluation: Syathetic Liquid Fuels Marnufac—
ture,” Frepared by the Ralph Parsons Co. for EPRI.[1]

The Badger study is based on a "slag bach"™ gasifier which is
2 new concept and wmay still require developmental work. (See a
more detailed discussion above im Section IV.) Lurgi technology
is vsed for methanol synthesis, and Mobil fixed bed technology is
used for methanol—-tc—gasoline conversion. -

The Hobil study actually includes three cases, designated
Cagses 1, 2, and 3. Cases 1 and 2 utilize Lurgi technmology for
cozl gasificarion and methanel synthesis, and Mobil £fixed bed
technology for methapol-to-gasoline conversion. These cases
differ ir that Case 1 produces approximately 50 percent gascline
and SNG, whereas Case 2 produces approximately 100 percent gaso—
iine. Case 3 uses Lurgi gasification technology's but employs
Fisciter-Tropsch technology for product synthesis.

..The Parsons study is based on the BGC/Lurgi gasifier which
still needs to be commercially demonstrated. TFischer-Tropsch
technology is used for product synthesis.

Depth of Design: Both the Badger and the Mobil studies are
based on a comparable level of engineering design. The investment
estimates are of budget or scoping quality. The Badger study is
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based oo process licensors econcmiec data for proprietary processes

- wm+and- on- vendor -quotes--derived--frow-in-house- eguipment specifica—
-- - tions- for non—proprietary processes.

estimate represents an accuracy of minus 5 percent, plus 20 per-

cent. The Mobil study is of the same order of aceuracy as the

Badger study. The Parsons study is a screening evaluvation, and

could be expected to be less accurate than the other two studies.

Ultimate Analysis of Coal-to-Gascline Feedstock: TUltimate
analysis for the coal feedstocks are presented in Table 27. The
Badger study uses a Southern Appaliachian bituminous cocal; whereas
Mobil uses a Wyoming subbituminous coal, and Parsons uses an
Illinois No. 6 bituminons coal. The coal considered in the Badger
study is a low sulfur cozl which would meet the sulfur dioxide
emissions standard for large power plants.[12] It is unlikelr
that a coal of this quality would be used for synfuels production.

For the Badger study, the coal, free of debris, cleaned,
sized, and washed is delivered to the plant site. Thus, this case

excludes coal preparation costs which has been included in the
other studies.

[N

e

Material Balance and Efficiencies: Feedstock and preduct
rates for each case are presented in Table 28. All rates are
“based on 50,000 FOEB/CD of products (excluding by—preducts). For
the Badger study gasoline represents almost 100 percent of the
-product slate. The efficiency for this case is 49 percent. For
Case 1 of the Mobil study the major products are SNG and gasoline
and the overall process efficiency is 63.2 percent. The produc—
tion of SNG increases the overall process efficiency over the
all~gasaline cases since the isolation of SNG produced in the
Lurgi gasifier requires less energy than gasoline-production.
Gasoline is the main product from Case 2; the efficiency of this
case is 46.6 percent which is comparable to the Badger plant effi-
cienmcy«. A vwvariety .of products are produced Zfrom Case 3
(Fischer-Tropsch) with the main products being SNG and gasoline.
The efficiency of this case is 57 percent. The efficiency of the
Parsons case is 56 percent. ~While both the Parsons and Mobil
(Case 3) studies are based on Fischer-Tropsch technology, their
product slates vary widely. For the Parsons case 15,000 FOEB/CD
of heavy fuel oil is produced compared to 700 for the Mobil case;

whereas 190 mscf/CD of SNG is produced for the Mobil case and coly
112 mscf/CDb for the Parsons case.
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Both of the Fischer-Tropsch synthesis cases produce signifi-
cant quantities of SNG and/or residual oil. For a tramspertation
fuels oriented syanchetic fuels dindustry, their product slates
would be unacceptable. Both cases produce approximately 33 per-
cent transportation fuels (gasoline and diesel fuel). However,
currently transporcation fuels (jet fuel, diesel fuel, and gaso-
line) accowmt for 51 percent of the refined perroleum products and
this percentage is expected to increase to nearly 55 percent by

- e - s Tt el -j..._]a.‘:._ﬂ.}'_::g,_:
S0 B ST [ERE s ke PR Tt

Badger states’ their 'cost -~



[ - = al -~ ‘e - 7
7

3

x

-63- . ¥

Table 27

Coal to Methanol to Gasolipe: Ultimate Avalysis of Coals

eimm e ~-.Studye.. - c-w . Badger[10]- ~-- --- -  Mobil[7] - Parsoms[E] ~- -- = -~ ==

.. - S e e ] ..
Coal es Southexrn Appalachiap Wyoming
Sub—-Bituminous

HHV, Dry, Btu/lb 12,840 11,818 12,771
LYV, Dry, Btu/lb - 10,963 11,709

Ultimate Analysis of
Dry Coal, Wt. Percent

I
: c 73.8 70.84 69.5
; B 4.8 4.85 5.3
3;7 O 6-4 18-32 10- 0 -
' N 1.6 0.71 1.3
S 1.1 0.43 3.9 -
Ash 12.3 4.85 10.0 _
! Total 100.0 1G0.0 100.0 r
.
%4 Moisture 2.4 28.0 4.2 K:
: (as received) ‘j_
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Table 28
Coal-to~Gasoline: Feedstock and Product Rates

{Normalized to 50,000 FOEB/CD of Product)

25 Ve T
Badger[12] Case 1 Case 2 Case 3 Parsons[l]
' g
Yoo Feedstocks
“ : Coal (tpd) 23,147 29,467 37,219 30,406 21,528
i Electricity 7,572 - - -

(mBtu/day)
:“ Methanol - - - 44
Products
% F Propane bpd 2,911 1,678 3,606 1,211 -
o Isobutane, bpd 4,544 - - - -
I Butane, bpd - 2,380 5,162 160 2,005%
: f SNG, mSCF/d - 160 ~ 150 112
FO Alcohols, tpd - - - 255 951%
i Gasoline, bpd 46,728 23,795 50,843 14,853 10,160
¥ 3 Diesel Fuel, bpd - - - 2,523 6,014*
Pl Heavy Fuel O0il, bpd - - - 680 14,840
“ By-Products

Fower, mbtu/d - 470 153 296 -
LA Coal Fines, mBtu/d - 22,043 - - -
Lo Sulfur, tpd 207 66 83 67 762
sumonia, tpd - 111 .140 113 -

K Eneré_y Basis mBtu/d

;o4 Feedstocks

% ;- Coal 583,497 501,471 633,392 517,454 526,790
& : Electricity 7,572 - - - -
£t Methanol - - - 85 -

Bl

A Products

¥t LPG 10,897 6,405 13,814 4,619 -

PO Butane C - 9,975 21,633 590 11,829
it SHG - 157,139 - 190,129 94,524
v E Alcohols - . - - 7,603 5,613
5-'_, : Gasoline 264,855 121,474 259,555 74,607 59,942
Diesel Fuel - - - 13,487 35,484
5 Heavy Fuel 0il - - - 3,865 87,608
i Total 294,552 295,000 295,000 295,360 295,000
i Thermal Efficiency, % 49 63.2 46.6 57.1 56.0
£k

N % = FOEB

N
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greater than Badger's,
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the year 2000 (see Table 7[361). At the expense of an increased

product cost, both-of these plants could be altered to meet @ more
desirable: product slate. - - -

Product Qualities: 7The main produscs from the Badger and
Mobil studies are SNG amd gasoline. Chemical and physical
analyses of these products are presected in Table 29. JAnalyses of
the products from the Parsons study were not available. The SNG
from Cases 1 and 3 of the Mobil study is of satisfactory quality
and is compatible with natural gas. The vmleaded gasclines pre—
sented in Table 29 meet 211 1976 ASTM specifirations. Compared to
typical present-day gasolines these are slightly lower in API®
gravity. It would be prefergzble if the durene content of the
gasoline were less than 4 wt. perceat since dureme contents of 5
wt. percent in conventiomal gasolines have caused carburetor icing
and stalling. The olefinic concentraticn of the Case 3 gasoline
(20 vol. %) is higher than that of conventional easolines, and
experience with higher olefinic gasolines is Lmired. Con—
sequently, marketing such a gasoline would require further testing.

Al) of the propane and butane products are satisfactory
fuels. The iscbutane from the Badger study is of high purity and
may be used as a petrochemical or as a refinery feedstock. 7The
diesel fuel from Case 3 of the Mcbil study could be marketed as a
premium diesel fuel, No. 1-D. The heavy fuel oil from this case
contains no sulfur or metals and thus could be mnarketed as a
premium gas turbine fuel. The alcchols from these case are a

mixture of Cyp~Cg alcohols, and are essentially free of acids,
aldehydes, ketones and water.

MTG Process Economics: Table 30 presents capital investment
costs broken down into individual process unit costs. An inspec—
tion of this table shows that the estimates of the toral imstan—
taneous plant investment for the MIG process ramge from about 2.6
billion for the Badger study and Case 1 of the Maobil study, to.
gbour $3.6 billion for Case 2 of the Mobil study. The Badger
stuéy and Case 2 of the Mobil study are both designed to produce
gasoline as the mnajor product. Since doth of these cases are
based on Mobil's methancl-to-gasoline technolegy and produce
similar product slates, it is expected that their investment costs
would be comparable, but this is not the case. Mobil's capital
estimare is nearly $§1 billion more than Badger's. Even though the
capiral cost of a subbituminous coal plant is expected to be
greater than a bituminous coal plant, this difference is nmuch too
large. Table 30 shows thar the “"gasification, et 21" costs for
these cases are zlmost identical, even though the Mobil case is
slightly less efficient and operates with subbituminous coal as 2
feedstock as opposed to bituminous coal for the Badger study. On
this basis one would expect Mobil's gasification costs to be

which would tend to make the investment
difference between the two studies even greater.
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Table 29
" Product Qualities: Coal—to—Gasoliune
t C e e e e e e e o ew o ~MOBIL[Z] .. - - ...
S . -Study: . -- ceeeiem s . - Case 1l ... .. - .. L ..-Case 3. ..
1) SNG
, Composition, %
Bydrogen 1.7 3.8
Methane 95.5 89.7
i Ethene - 1.0
3 Ethane 0.2 2.3
Propene - 1.0
Propane 0.1 0.1
Butaune 0.1 -
H Carbon Dioxide 0.5 0.5
a ] Inerts (No + Ar) 1.9 1.6
K Total 100 100
3 . Beat of Combustion, Btu/scf 980 1000
i Water 0.01% 0.01%
g Sulfur None None
: Carbon Monoxide (0.1% Max) 0.02% 0.07%
T )
_ Mobil[7]
, Study: Badger Case 1,2 Case 3
2) Gasolime
x Gravity, °API 62.7 61.4 67.2
§ Research Octane Number 82.7 93 91
LE Motor Octane Number 82.7 83 83
Volatility
Reid Vapor Pressure, lb. 10.0 10.0 10.0
’_ﬁ Distillation, °F -
¥ IEP 79 85 86
b 10 106 110 108
30% 140 146 137
50% 187 200 186
- 70% 259 262 249
e 90% 339 336 335
) EP 390 388 420
g
: Sulfur, Wtr.Z% Nil Nil Nil
Compesition, Vol. %
Paraffins 54 51 &0
Olefins 12 11 20
Napthenes 7 9 3
. Aromatics 27 29 17
B Durene Content 4 Vol.Z 4.6 Wr.% -
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Table 30
Coal-to—Gasoline: Capital Cost Summary
4 (Million of First Quarter 1981 Dollars
B o . - U S MabLLT] - - e e e s
Study: Badger[lo_] Case 1 Case 2 Case 3 Parsons[l]
Technology (Gasification/ Slag Bath/ Lurgi/ Luxrgi/largi/ Lurgi/ BGC Lurgi/
Syothesis) - Lurpi/MIG Lurgi/MTG MIG Fischer—  Fischer—
Tropsch Tropsch
Investment Costs
Coal and Lime Preparation 78 - - - &1
: Coal Gasification 210 304 - 307 147
£ Shift Comversiom 63 49 - 49 57
i ] Acid Gas Remowal 216 109 - 110 2414
Sulfur Recovery 18 89 - 90 44
Hydrocarbon Recovery - - - 30 -
By-product Separation
< and Recovery - 78 - 19 100
= Syngas Compression 36 - - - 70
i Methanol Syathesis 220 82 - - -
Eﬁ- Cyrogenic Hydrogen Recovery 18 4 - 9 31
& Total Gasificatiom, et al 859 s 840 614 733
;5‘ 3
3 SNG Production ' - 38 - 37 -
: Gasoline Productiom 216 106 370 - -
P F~T Synthesis and F-T
Product Processing - - . - 218 342
% Oxygen Production 351 167 261 168 266
i Steam a2nd Power Gegperatiocn 121 231 266 274 11
i Cooling Water aund
n Make—up, WWT 90 69 128 77 -
H Egviroumerntal 63 - - - -
Ei' Wagte Disposal . - 104 . - 109 -
5 Storage and Shipping i1 34 - 13 -
¥ General Facilities 1156 - 286 - -
£ Infrastructure - 70 83 71 -
Other Project Costs - 376 510 270 -
Engineering and Desigu 246 189 288 208 -
Miscellaneous 138 107 - 169 212
'g Sub-Total 2197 2206 3022 2228 1624
Contingency 330 331 455 343 244
F Contractor's Fee 56 35 76 57 41
? Total Instantaneous Plant
1; Investment 2583 2592 3563 2628 1909
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Operating ccsts are presented in Table 31. Operating costs

«-~-——-for. the Mcbil Case .2 srudy -are $150 .million more than those for

--the Badger. . study..- Unfortunately, not encugh information was
avallable to reconcile these capital and operating cost dif-
ferences.

Iables 32 and 33 present economic summaries and average preo-
duct costs when using capital charge rates (CCR) of 11.5 and 30
percent. The average product costs for the MTG processes range
from $7.37-9.75/mBtu for the low CCR and from $12.94-17.43 for the
high CCR. In addition to average product costs, product costs for
the various studies based on the product value method discussed in
a previous report are also presented in these tables.[10a]

While the cost estimates of these two stodies are difficult
to recomcile, the incremental product cost to produce gasoline
from merhanol using rthe MIG process can be determined and may be
wmore consistent. To accomplish this the incremental investment
and operating costs will be determined betweem: 1) the Badger
methanol plant -(from the bituminous coals section) and the Badget
gasoline from methamol plant, and 2) the Mobil methanol plant
(from the subbituminous c¢oals section) and the Mobil (Case 1)
gasoline from methanol plant. Then the incremental product costs
for eack case will be compared. Mobil's Case 1 MIG unit is sized
to produce 20,600 FOEB/CD of gasoline while Badger's was sized to
Produce 45,000 FOEB/CD. Therefore, in the- economics te be pre—
-sented below the Mcbil study MTG unit has been scaled up to 45,000
FOEB/CD.

The incremental instantanecus plant investments are:
1. $634 million - Badger Study
2. $596 million ~ Mobil Study
The incremental operating costs are:
1. $97 millice - Badger-Study
2a $53 million — Mobil Study
After determining the total anmual charge per the procedure
discussed in a previous reporr,{l0aj the incremental chaxrge to
produce 45,000 FOEB/CD of gasoline (50,000 FOEB/CD of total pro—
duct) from methanol via the Mobil MTG process is:
$/mBtu
Capital Charge Rate
11l.5% 30%

Badger 1.76 3.12
Mobil 1.435 2.87

o netow SR WA ERET TSNS i @ o e
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Table 31

Coal~to-Gasoline: Operating Cost Summary
(M:x.ll:.ons of First Quarter 1981 Dollars Per Yea:)

- R Mobil[?] -
Badger[10] Cazse 1 Case Z (Case 3 Pa.rsans[l]

Raw Materials

Coal 232 184 232 186 216
E Limestone 8.4 - - - -
3 Catalysts and ) 27.3 7.5 - 9.4 11
3 Chemicals
k Utilities
Power 28.3 - - - -
Water - 2.2 - 2.2 -

Labor and Related

R TR FEICL R T

‘ Operations 15.5 9.6 - 14.2 -
3 Maintenance 13.4 46.5 - 53.1 -
3 Supervision 1.7 - - - -
General Services 3.1 - - - -
g- Capital Related
]
&
£ Operating - 2.4 - 3.5 -
b Maintenance 38 31.1 - 35.5 -
: Administration and
; General Overhead - 34.6 - 41.7 -
: Local Taxes and 7.5 71.9 - 80 -
; Insurance
1 Interest on Working 5.2 5.3 8.2 5.5 7.0
; Capital
] Other Operating Cost . 32 - 295 - 133
Gross Annual 516 396 335 431
Operating Cost
By—product Credit (3.8) (17.4) (11.0) (9.6) (13.9)
Net Annual Operating Cost 412 378 524 422 355

sf
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Iable 32

Coal—-to-Gasoline: Econcmic Summary, CCR = 1l.5%
(Millions of First Quarter 1981 bollars)

Badger Tase 1 Case 2 Case 3 Parsoms
Total Instantaneous 2583 2592 3563 2688 1904
Plant Investment-
Total Adjusted Capital 2929 2939 4040 3048 2159
Investment
Start—up Cost 182 181 249 188 133
Pre-paid Royalties 26 26 34 20 9
Total Capital Investment 3136 3146 4323 3256 2301
Working Capital 132 izl 249 188 133
Total Capital Requirement 3319 3327 4572 3444 2434
Annual Capital Charge 382 383 526 396 280
Annual Operating Costs 412 378 524 422 355
Total Annual Charge 794 761 1050 818 635
Average Product Cost
$/FOEB of Product 43.51 41.68 57.52 44.83  34.79
$/mBtu of Product 7.37 7.06 5.75 7.60 5.90
v Product Costs, $/mBru
F LPG 5.82 6.17 ~ 7.72  6.56 5.31
¢ Butane 5.82 6.17 7.72 6.56 5.31
%, SNG - 6.41 - 6.82 5.52
e Alcohols : - - - 8.52 6.90
B Gasoline 7.55 8.01 10.03 8.52 65.90
& Diesel Fuel - - - 7.67 6.21
¥ Heavy Fuel 0il - - - 6.56 3.31
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Table 33 i;
Coal-to—Gasoline: Economic Summary, CCR = 30Z ’
(Millions of First Quarter 1981 Dollars) 7
- S SR ¥ o0 v [P ,
Badger Case 1 Case 2 Case 3 Parsouns z
Total Iastantaneous Plant
Investment 2,583 2,592 3,563 2,688 1,904 3
Total Adjusted Capital i
Investment 2,883 2,893 3,976 3,000 2,125 ¥
Startup Cost 182 181 249 188 i3s3 £
Pre—paid Royalities 26 26 34 20 20 3
Total Capital Investment 3,091 3,100 4,259 3,208 2,278
Working Capital 182 181 249 188 133 Z
Total Capital Requirement 3,273 3,281 4,508 . 3,396 2,411 H
Annual Capital Charge 982 984 1,352 1,019 723 -5
Anmual Operating Costs 412 azs 524 422 355 i
Total Annual Charge 1,3%4 1,362 1,876 1,441 1,078
Average Product Cost - ;u
$/F0EB of Product 76.37 74.65 102.82 78.95  59.09 %
$/mBtu of Product 12.94 12.65 17.43 13.38 10.01
Product Costs, $/mBtu H
LEG ‘ 10.19 11.06  13.80 11.36  9.04 i
Butane 10.19 11.06 13.80 11.36 9.04 z
i SNG - 11.49 - 11.80 9.39 b
: Alcohols - - - 14.75  11.74 i
; Gasoline 13.25 14.36 17.93 14.75 11.74
; Diesel Fuel - - - 13.28 10.57 z
Heavy Fuel 0il - - - 11.36 9.04 §
; 3
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The costs from the Badger study are slightly higher than those
L T e TIrom Mobil. Since Mobil has researched and developed the MIG pro= — = ~————m=rse=
Tt TrrrTrreess, it ds believed that their studyis more reliable; ~therefore, - - o
their costs will be used in preference to Badger's.

e e T e

] ' Fischer—-Tropsch Process Economics: This section examines the
: investment cost ~differences between the two Fischer-Tropsch
studies. The instantaneous plant investment of the Mobil/Fischer—
Tropsch case is $719 million more than thar of the Parsons case.
When imspecting onsite process equipment costs, the Parsons case
: cost $343 million more. However, the cost of offsite type equip~
;- ment is $908 million more for the Mobil case. Therefore, even
4 ' though there is a large onsite investment cost difference, the
major differences between the two studies appears to be in offsite
3 investment costs. The Mobil study is probably more accurate since
; it is based on a more thorough design. Operatipg costs from the
Mobil/Fischer-Tropsch study are $75 million greater than those
from the Parsons study. Unfortunately not encugh information was
available to reconcile these differences.
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_ Tables 32 and 33 presemt economic summaries and average pro—
ook . duct costs for both CCR's. The average product costs for the two
b Fischer-Tropsch studies ranged from $5.50-7.60/mBtu for the low
£ CCR to $10.01 to 13.38/mBtu for the high CCR. Product costs based

’ on the product value method are also presented in these tables.
Since the Parsons' study is based on a less thorough design than
‘the Mobil study, the Parsons’ study will not be further investi—
gated.
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To determine the average product cost difference between a
Fischer-Tropsch synthesis plant and 2 methancl synthesis plant,
the Mobil study (Lurgi gasification/Fischer-Tropsch synthesis) can
be compared with Mobil's Lurgi pgasification/Lurgi methanol syn—
thesis case from Table 17. Differences in investment and operat—
ing costs between these .two.cases .reflect the differences. inm.syn— ... .. ... _.._.
thesis techmology. The instantancous plant investment dJdifference
is $355 million and the operating cost difference is $67 million
with the Fischer-Tropsch case being greater. These figures trans—
late into an average product cost difference of $1.00/mBru.
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