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£ TRACT

The objective of the work was to review and assers the present ctate of
the art of indivect iiquid fuels synthesis, with particular emphasis to be
placed upon those processes which produce methanol suitable tor use cs fuel.

Following this review, four conceptual designs {or indirect conversicn
of a Western subbituminous ccal to methanol and gasoline were prepared,
Capital and operati-.g costs for each of the four .ascc were then estimated.
This information was used to calculate the regquired product selliug prices
under a '"base 'use" get of firaucial ground rules. Resulte cf the methanol
production techrclogy assessment and economic assessments of four coal
conversion plants ave presented.

1.0 INTRODUCTION

To properly direct ics limited resources, DOL requires a limited
assessment of the present stare of the art of diffcrent coal conversion
routes. Such assessments permit better undergtanding of the relative technical
and economic potential of thesc processes and form an Important part of
the basis for future prcgrammatic decisions. The objective of tne wurk
described here was t:z reviaw and assess the present state of the art of
indirect liquid furls syuthesis, with particular emphasis to be placed upon
those processes w:i:th produce methanol. Potential uses fer cthis product
e lTude combustiol. in peaking-fype turbiunes or liquid-fueled bu. .cis and
conversion to pr-ainm-grade fuels through the use of upgrading processes
euch as the Mobi! methanc] to gasoline (MTG) procoss. The [uel-grade methanul

product fror many synthesis processes is likely o h2 contaminsted by other




light hydrocarbons sirce few such processes are highly selective; however,
when the principal prodact consisted of storable, fuel-grade liquids,
such processes were cuonsidered and evaluated.

Following this rev.iew anu assessment of fuel-grade methancl synthesis
technologies, Fluor Engineers and Constructors, Hourton Division, prepared
four conceptual process designs for indirect conversion of a Western
subbituminous coal to either methancl or gasoline and estimated capital and
operating costs for cach of the four cases. This information was used by
the Oak Ridze National Laboratory (ORNL) to determine the required nroduct
selling prices under a 'base case" zet of financial ground rules. The
soangitivity of procéss sconomics to changes in a variety of these financial
narameters was also inﬁestigated by performing numercvus additional parallel
cost determinations for each case.

The four designs examined in this study inclded indi:iect conversion of
a generic Western coal located in nortiicazt Wyoming tc give the iollowiag
produets:

e methanol production for turbine-grade fuel, case D-Z

» methanol production for gasuline bleading, case B-1L

s gasoiine production with coproducticn of syntnetic natural gas

(SKG), case C~2Z
e gasoline productiou maximized (via partial oxidation of methane),
case C-1.

The toral as received coal feed rate of esch of the plants is 30,000

tons ner stream dav. Lurgi-dry ash gasi’iers, ICT methanol syn:-hesis, and

the Mchi! (TPSD) methanol-to-gasolin2 'MTG) process arc used.

2.0  ASSESSMENT OF METHANOL PRODUCTION TECHROLOGY
The principal objectzive of this asseseuient was to review and assess the

present state of the art of liquid fuels synthesis from coal by the indirec*
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routa, with particular emphasis on processes that produca methanol as the
primary product. Results and corclusions of thivs assessment are giver in
wef, 2 and appear below:
Almost all the methanol produced today is made frcm natural gas or
from petroleum-derived naphtha. One commercial plant in South Africa produces
methanol from coal, Essentislly all the methanol produced teday is of high
rurity and is used as a chemical intermediate. The growing world sho~tage
2f liquid fuels from pe:roleum has caused increased interest in the potential
of methanol as a fuel. Th: development of the Mobil MTG process, which converts
methanel to high-octane gasoline, has sharpened this interest.
This raview and assessment of fuel-griacde mechanol synthesis and related
technoiozies covers the following ¢eneral areas:
1. commercizl vethanol synthesis processes;
2 promising developmeats in frel-grade methanol-type synthesis.
including; '
® ~ata’yst advances,
e reartor ronfigurations,
2 product upgrading,
e =vagas feed limitations;
3., dinduscris]l interest in this technology {(as indicaced, for
A

In addition, oshsclete or unused methanol synthesis processes are reevaluated

from the standpcliat of liquid fuels productiou.

Based on & roview of availlable inférmation, a judgmantal assessment of
te2lative techmical and eccnomic potreatial of all processes identified was
made without prepariny datailed cost estimates.

This was accomplished by revieving the literature and peients con
methanol synthesis and had discussions with Davyv Poawerg: s, Haldor Tousoe,
wvurgi, Mobil Research and Development, Cham Systens, and Wentworth Brothers
(ruccessors to Vulcan-Ciurcinnatl). The invesiieatlon covered current
Frocesses, obsclete processes, zconomics, optimization of the svnthesis loop,
and possible variations from current technology thac might occur as a result

of large-scale use of fuazl~grade methanol.
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# uncenvertional processes are to be considered for fuel-grade
metha ol produ.tion, the base nrocess agrinst which ther will bave to compete
is cenvent:oral methanol synthesis as tynified by the [mperial Chemical
Industrizs, Ltd. (ICI), Lurpi, Mitsubisai, Haldor Towsoe, or Wentwnrih
Brothers rechnclogies., We therefors felt it apprepriate to eramin: rhese
conventicnal technologies to dete iine the econom.c or technelogical oreas-
thrcu.ghs that would have to be achierved by a new, unconventional prUscess to

make it more attractive rhan U052 now availablie.

~

A brief summary of the conclusions is given bezlow.

. we 4.5 uot find any discarcded o7 obsolete mecthanol sinthesis

processes the oopesy Lo offe: any advantzge over urcen’, cesmnercinl procoes: es
for ¢i2 producticn of tuel-grade metharei. Thus, 17 the sutiy is restricted

ti the preductisn of riels consisting ¢esentiaily of retbamol with miner

amounts (up to 20%Y of crher fuel-type comhounds as impuriciez, cur conclusiun
P : )

.

is t-at no piczess 1s available thoe appearséto e petter ttan current
wetienol svathesis technology. However, if th scope of the study is exbanded
te incluge c¢he produc;ian of othar synthesis products (e.g., Fischer-Trosuch-
type produets, olefins, atc.) and the pocsible conersion of sich preducts
to oth2r fus)e (such as gascline or diesel fuel}, the possibilit::s jor new
trocess devoloprient are enovmously increased.  This appea.” to ue to oo a
ver  frootful Jieid for process and caralyst vesearch and devslaomert.
It appears that tor the productiol of industrial methanol, the
Jow-pressur: proceus (59 to 100 atm) has a clear economic advod.cos ovey
the older, "igh-pressure process {700 tc 300 atm)

3. The industrisl preference for th. low=pruesure process uLifce (tg

wtrodurtion in wbewt 1966 is not pased on greater produnt puréty nr {mproved

selecrivity, but on hetter overall proucess economics. ¢ uppuars probable

+




to us that, even if tke product purity specifications are relaxad to permit
the production of fusl-grade methanol, the low-pressure process will still
have the economic advantage. However, if should be noted thatr the proponents
of the high-pvessure prccess do not agree with this, especially in regard

to large coal-based .lants. Resoluticn of this controversiai question would
require detailed designs and rost estimates with a high degree of provability.
This would be a difficult task because (1) it would probahly involve the use
of high~pressure second-generatio.u gasifiers that hava not yet beea f+.)1y
demonstrated, and (2) it would require the use of cazalvsr data for whiich
only linited propvrietary evidence is available.

b, he capital cost of the fipal product purification section is
aeglisible in cowparison to the costs of othar parts of the plant. Operating
tosts for the final dist3illaiion towers are aliso negligible since the “eat
~.an be <upp’ied by low-pres.ure steam, which will genevall bte available
in excess juantitics ir a coal.-to-methanol plant. Thus eliminationrof product

rarif cation in a fuel-grade metnanol plant reduces costs by only a very
mincy arouat.

3. TDavelopmeut of a synthesiy catalyst of greater actaivity ceuld
subntantially reduce the cogt of methanol production,  There is no indication
at preseot that such 4 atalrst os close to discovery: nowever, rhe possibilitv
i snuch g develormeat in the fulure should ant be 1ated out.

$orn
{

5. The Moni? C {methanol-to-gasolins) proress hay LREA T S
sotenticlizies of npgradirg the infcial synthes's products to high-octare
gasoline. I similar uvsgrading miocesses corla r2 deveioped tor 1 wider rang.

of iwiti4i syvnthesis prodvcts (e.g., Fi,cher-Trospeh product:), the possibilities

for eronemi: combinations of synthesis conditions. catalysts. and products

ave greatly increased. Tudustiial vesearcihi 1n this arra nppearvs tc be active




7. In a coal-to-~gasoline plant using thie methanol-Mobil-MTG route, the
capi.al investmeni in the methanol synthesis l~oj is only about 10% of the
total facility cost. The largest part of the total Investment i1s in the coal
handling, gacification, oxyg=n plant, gas purification, and urilities (steam,
power, and water) sysrtems,

8. New catalyst developments, which could sccur at any time, might
result inu more economical processes for the production of methanol-reisted
fvels from synthesis gas. This poscibility is cspeciually bellevable if th.
accperatie product spectrum is expanded to include nhizher alcohols, aliphatics,
aromatics, cthers, and other compounds hich might he uscful as rutomative
ot turbine fuels. Also, ncw desezlepments ir methanol svntuerie catalysts

could increase the optimal opersting pressure for larc¢e-scale .uel-grade

5]

methanc!l plants and cculd ilncrcase the maximum methaau: throughput per train,
thus improving the economic:. All these possibilitics appear to b« under

active investigation by industry.




Cost savings would be expected to occur in the fol..wing areas: coal
preparation and storage, reduced coal consumption in boilers ard optimization
of storage capacity/equipment design; oxygen production, use of three-3200
TPSD trains instead of four-2400 TPSD trains (for case C-1); gasification,
24 gusifiers instead of 28; compressor and makeup .cmpressors on the same
shaft; methianol con ersion, less catalyst volume required :due to reduc.i-r
of traims.

The direct field costs were separated intn major process areas and
are show: .in Figuras 1-3. These figures depict the discribution of direct
fieid <»sts for ecach design and iilustrate the variations in distribution
beteen designs. In general, offsites and power/steam generation accont. for
~30% of the total direct field costs. Oxygen production, syngar pur:ficetion,
gasiiication, 2nd methanol synthesis each account for 6-11% of the total
dirort 1ield -usts., Metnanol conversion to gasoline accounts for 5-6%
in cases C-1 and -2, Chift conversion is 5 smoll paft of the total airect

field costs, aacounting for 17 in all case. Case C-1 shows noticab’e

sue to the extra oxygen and steum required to ceturm the methane,
3.3 Fconomic Arnalvsis
Econoric analvses were nerformed by ORNL using the ORNlL-develaped

, 4
econemie analveic computer proysram PRI,

PRY calculates the voquired

selling price of the main product from a4 pincossing plant for o siven set

af economic inpu* values t'ie giscounted cahs flow (DCF) method, The caleulatod
product price 1s the selling price of the product at the plant gais that wil:
aeet all the cost cbiligations of the plant under a glven set of financial
parameters. The selling price does neot include any additional tax levies

03 the product, or transportation and marketing ch..rges. The base casc

economic parameters used in the analysis of each of rhe four conceptual
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plants are summarized iu Table 7. The price per unit heatlng value for
coproducts (SNG, C3 LPG, C, LFG, crude diesel fuel, and napbhtha) werc
ratioed to the price per unit heating value of the principal liquid product
(methanol or gasoline). The prices used to determine the price ratios

are based o1 a 1990 scenario for fuel priceé given by DOE.3 The price
ratios are showm in Table 8.

Unit prices for ammonia and phenols were not ratioed to the main
product price; bowever, they were credited to the plants at §120/ten and
50.125/1b, respectively. Excess power was given a credit of $0.03/kWh 1n
case (-1 where a slight escess of 14.3 MW was produced.

Sensitivity studies, were performed to determine che impact on the
main product price u: step chinges in several economic ~arameters. n
performing rne seasit.vity studies, the step chanze was introduced in one
paramete; at a time, keeping the remaining parameters at their base case
values.,

3.4 Kesults

Calculated product prices for tlho base condlitions are shown in Table 10.
The price of methanol for turbine-grade fuel 1is 38.81/1068tu or $0.%6/gal.

It should be uoted that this is the reqguired selling price at the plant gate,
The price of methionol for sasciine blending s $8.81/100Bta or 50.%7/2al.

The differcnce in price por galisn of the two grades of methanol {- a " esull
of the dijference n allowanle water content.

When facilities for couversive of the methanol to pgasoline are included,
the price of gasoline ir $10.88/10%Beu or Sv.0%/gal.  If the co-prodiuct SHG
15 steam reformed tu produce more s.ngas for methanol synthesis/conversion,

the price of gasoline inmcreases to £13.87/10Bty ar $7.752/ga1.



3.0 Econumic Assessment of Methanol and Gascline Production from Coal

Afrer the assessment of methanol productinn technology 'vas completed,

four conceptual designs for methanol and gasoline production from coal were

prepared by Fluor Enpineers and Constructors,

Houston Division.

The conceptual

designs are based on use of crasistent technelogy for the cnre of the plant

(ge.sification through metlianol synthesis) with additional processing as

necesszary for production of different liguid products of irterest. A

sumnary of the bases for design «s given in Table 1.

are as follows:

o Methrnol produntion

& Fethanol productieon

¢ Gasoline production

# Gasoline production maximized - case

for gasoiine blerding - case
with coproduction cf NG -

-1

The nase designati-ns

for turvine-grade fuel - case B-Z

31

crse 0.2

Turbine-grade methanol may co.ruin up te 2% water, whereas gascoline blend . ng-

grade methanol mav corntain uc more than .17,

Table 1.

Feed coa’ type

Feed .ma:. quantity to gasifier,
TESD, HAF

Gasifier tpe

Plant leocationg

Power/chr produved tor sale

Pr-f«rred vooiing medium

Euvirormpental ronsrrainte

C:pital and operating

A capital and cost summary is given in 7able 2.

st [afarmatior was also preparad for

bas=2s lor process design

Wyodal.

16.07)

Mark 1V Lurgi drv ash
S. Fo Wyomang
e

air

wprn wastewdater discharie;

solid waste Jddaponal

cengistent with prop sad

RCHFA guldelines; -onfoarmity

with proposed NST'S air standards

each design.




Tablsz

?. Capacity and cost summary
( in mid-1979 dollars:

Metnanol Methanol Tasoliine Cascline
pruduction production producticn production
for turbine~ for gascline wirhk copro<uctiam maxinmized
zrade t 1el blending o7 ONG (case C-1}

{(case B-Z%) (case B-1) (case (-2}
Coal feed rate (TPSD of MAF coal):
Coal to gasifiers 14,400 16,0060 5,000 16,000
Coal to power plant £.716G 4,210 4,123 5,702
Total coal feed 20,210 20,210 20,320 1,702
Products:
Methanol (BPSD) 51,500 52.77G . —=-
Gasoline (BPSD) - —— un.br. 42,580
SNG (1.0°SCFD) 1513 153 ] wuu ) i9
Propane LPG (BPSD) _— - H uww Z,165
Butanes LPG {BPSD) ———— - oLl 3,460
Naphtha (BUSD) 1,380 1,380 — ——
Crude diesel Ammmuv 1,30( 3.900 1.500 3,900
Crude phencls {1031b/5D) I8 354 RN B4
baaonnm.AHMmcv 1in 0 110 118
Powetr. MW 0 U o G
Gverall tnermal efficiency &4 .8 64 . 8 ol . 50.4
Total capital cost {1066)% 7,135 2,137 2.318 2 792
Annual operacing cost AHCmmut 131.1 331.2 340" 175.8
Product trices for base case’
Methanol {$/gal--$/10%3tu) N 56--8.81 0.53- .81 = ———— ——
fasoline MﬂmmT-ﬁ%wnE e memma 1.25--10.88 1.59--135.87
NG ($/10°Btu) £.02 8.02 8,73 11.10

UV, — ———

%rhis includes a 20% estimating a.lowance, working capital, and startup costs.

wmmmmm on a stream factor of 353
CBase case assvmed: 100% equity
ref. u. Nmuwmmn ovmnmnwnw life;

. & en T aa

fer cases 3-1 and 7 2, $3% for case -2,

DY I R

Frmwe 1L

I Y R A g

L -]

and ©0Z for case C-1.

t3x, .r-ﬁu

rral-

state Hﬂ)n.., iy
Q1 /10 R

tinancing; 12% annual after-tax rate of returm on equity; :990 price scenarvio given in
mi%mmn nonmnn:nn»on. 487 federai income tax; 3%

local property

no c.lvaoce valuse.

‘e

a1
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ORNL utilirzed inform:.icn developed by Fluors the roqulired produét
selling prices (hereafter referred to as nroduct pricesg) under the base
economic conditions indics-ed in Table 3, 1In tre economic analysis, it
wzg assumed that the prrice per unilt heating value of most of the hvdrocarbon
co-puroducts maintalas . predetervin.d -atio viil lhe principal liq:id
nreduct price {methancl »>r gasc’inc) ¢ giveu in ref. 3. The sensitivit.
of process economics to change: it a variety of finauciil par.umeters was
alsn investigated hy perforeil o) wloicional yavallel cost deternirvations for

oach case,

Tendle H Eoonomic sase coniitions
Peveontage of cquity {{aaneing 160
Annual after-tax rate »f roature ou equity, ” 12
uperating tife, yrs N
emstruccion perind, vra b
Federal income tax ratse 7 48
State income tax rate 7, ?
Iizal Proroftw tax ane {nsarance coat, % h
Fstimattre allovance, 7 2y
Depreciztion method Sum oof vears aiga b
odetr 1 ovengr s
Coil wast, 5110080 |

wollar vilqe bhane mid-1979

-
4 it ¢
Palony o a peveentace o totad devrec iabd - canital .




3.1 Discussion of Processes

The totai guantity of coal used in each case was %30,000 tons per stream
day {TPSD) of as-rec=ived coal. This varied slightly between cases, depending
on the amount required to produce steam/power in the coal-fired boilers;
however, in each case, 16,000 TPSC of moisture- and ash-free f{MAF) coal,
or 22,916 17SD of as-received coal, is gasified. Twenty-eight Lurgi Mark TV
drv-ast gasifiers, divic 1 inte two trains and follbwed by four trains of
low-pressure methanol svuathezis equipment, are wged in the prepavation of
methanol. The Lechnoiogy used [or the onsite units and coffsite units is
comnarcial or near-comnercial technology.

'he production of substitute natural gas (SNG), which occurs in all four
cases, is a result of using Lurgi gasifiers. Turgi gasifiers produce a
synthesis yas containing a signilicant fraction ~f =ethane. This methane is
inert in the methancl syathesis unit and has fo be purged continucusly Irom
the reaction loop. In cases B-1, B-Z, aru C-2, the purge gas is methanated,
dried and sold as SNG. In case (-1, the methanol unit purge gas is reformed
to make more methanol synthesis gas (CO + llp), resulting in a Ligher methanol
yield and, subsequencly, a higher gasoline yield. & small purge for remcval
of nitrogen, cigon, and other inerts is 51 ilt vequired in case (-1, proiucing
a small quaatity of ING.

v ironmental protection is based on conformity with proposed NSPS aiv
standards, solid wuste disposal consistenl with proposed RCRA gnidelines, and
soro wastewster discharge. Jn using the proposed NGPS air stanards, it was
assumed that atmospheric emissions apply to the plant as a whole rather than
to irdividual process units (i.e., the bubble concept). Use of the bubhle
concept provided freedom in choosing a method to dispoae ot sualfur, Specifi-
cally, acid gas from a nonselective acid gas removal unit is incinerated in the

boilers, and the resu) ting sulfur dioxide is removed in a flue gas desulfurization
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The following sections describe each case in more detail.

Matrhanol Production For Turbine-grade Fuel:
Case B-2

The major processing sceps for production of turbine-zrade methanol
are coal preparation, coal gasification, raw gas shift, acid-gas removal,
methanol synthesis, and methanol purification by fractionation. Other steps,
such as air separation, hydrogen reccvery, naphtha hydrotreating, phensl
recove.y, ammenia recnvery, and methanatiocin, are required to treat side
streams and to prepare oxvger and hydrogen feed streams.

A significant feature of this case is the 1a;ge amount of noamethanoi
cubstances produced; lees chan half the total product heating value is repre-

T

sented by thez mothano) product. OCrher products are ING, crude phenols, crude

fuel (light oil product), aaphtha, and awwula. Tar is also preduced

i
i s
fi-
@
T
et

but is uded as supplemental fuel in 2 coal-fired boiler. The quantitv and
diversity of the nonmethanol products are attributable t¢ the use ot the Lurgl
dry-ash gasifier, which normally produces 2 numher af materials other than
synthesis gas.

Methanol froductiou Fur Gasclinc Blending:
Case B-1

The producrion of methanol for gasoline blending requires the same processing
steps as Jdoes the production of turbine -grade wmethanol. Throueh more effect . .
trvactional distillation of the methenol, the water content of the nrel.. ir

this case s reduced ~0.1%.

Gzsoline Production With Coproduction O° wit:
Caze =2
The production of gascline is accomplished in case -2 via catalvtic

conversion of crude methanol to gaseline-range nydrorarhons in a Mobil MIG
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fixed-bed unit. Fra:tionation and alkylation of the Mchil MIG product yield
stabilized gascline, prcpane, mixed butanes, and alkylate. The stabilized
gasoline, alkylate, and hydrotreated nalitha are combined and pressured wici
butanes to yield a tinished 10 RVP unleaded gasoline. Prooane and exc2ss
butanes are rold as L¥G.

3asoline Production M;ximized:
Case C-1

The process design in case C-1 differs from that in case -2 the TLurgi
oxygen-biown catalyticz partial ovidation process to rafere the methane in
the gas purged from the methanol synthesis unit into svathesis gds. This
nrocess arrengement results in a 92% reduction ir SNG productien but 3 7hs
increase in gasoline productior.
3.2 Capital and Operating lLosts

Cost nstimates for each of the four plants werc provided by Fluor
and Constructors according to the guidelines sresented in Table 4. Capiral
cost estimates for all fuur cases are summarized in Table 5. The total plant
ingtalled ~os- has beea broken down iute three major groups: onsited, cffsites,
and administra’ ‘ve/riscellaneous units, Filuor estimates the accuracy of the

cap:ital co.

0
i+

30%. Operating costs Jor all four cases have been
summorized in Tabie 6. Fluor estimates the acouracy of rhe operating costs to
be + 20%. Upon *he recormendation of Fluor, an estimating allowance amcunticy
to 207 of the total plant installed cost was added .v ORNL as an escimate of
cost increas=:s which may rasalt from o detailed design rather than a
concepinal design. Start-up costs were not given by Fluo- and were estimared
by ORMI. to he &% of the total plant instalied cost as given in Table 5.

The caist estimates presented in Tables are based on a [irr.-of-its kind
plant design. It was estimated that capital cost savings of 10-20% and

operating cost savings of ~v10% could be realized in an Nth plant design
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Table 4. Fluoxr's basis for capital cost estimates

Costs are represented in constant rid-1979 dollars. Ne escalation
was applied beyond that date.

Costs associated with the purchase of land aod the costs of
obtaining permits, government approvals, and lease rights are ust
included.

Process licensor fzes and rovalties are not included.
rate and local sales taxes are not included.

Limited site preparation is assumsed to be requirec. Blasting,
axtenslve timber removal, and structural piling ave assumed o
be unnecessary.

3G pipelines beyoud the pattery limits are excluded
Access roads to the planr site are excluded.

Coal 1s zupplied by unit train. Costs of railears and railroad
track outside of the plant battery limits are excluded.

The plant iz self-suffic.ent in utilities. Electrical power is
neither purchased nor so0ld, except for the case of maximum
gasoline vroduction (case C=1) where an excess of 14.3 MW is sold.

Water is obtaine? fron water wells drilled on the plarnt sice.

The zlant i3 ascumed to b2 located in tue northeastern part of

ol
Vyoming,.

Cost astimates for sovers! of the units in the fazility were provided
by wvendors. Wheve vendor estimates were not available, unit costs
ware estimatad using Fluor's factored estimate methods to arrive at

a Gulf Coast direct field cezt (DFC). Corrections were then made to
the Gulf Coast DFC to allew for wage differentials, productivity,
et.c., In the area where the unit 15 to be hHuilc.

——— ~ —— —— o a—— ——
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Table 5, Capital investment sunmacy
(ail estimates are in millions of mis-1979 dollavs’

- ——— —_—

Yethanol Metbanol Gasolin. Gasoline
production production preduction production
for turbine-~ for gasoline with pirimized
grade fuel blending coproduction (case C-1)
(case R-2) {case B-i) of SKG
(rase C-2)
wet field cosis:
'rocess units 61.:.0 614.9 660.9 802.6
ffsite units 3494 445.4 SHTLG 599.4
idminiscrative/uisceilanecus
m1ts 409.4 409 2.0 2.2
Tatal direct field costs 1104.3 1105.2 1199.2 1664.2
trect field c.ets| at 45%
ineering costs )} of DFC 496.5 597.3 f3u.d 649 .9
Total plant irstailed cost 1601.2 1602.5 11:3.8 20%4.1
lmating allowarce” 320.7 3.4 LR 418.8
Total depreciable capiial 1921.5 192:.8 2085.6 25312.9
lrect capital:
latalysts and chemicals 18.2 i6h.2 19.7 27.1
jrart-up 96.1 G96.1 104 .4 125.8
dorking capiral® _99.2 .99.9 197.3 128.7
Tetal indirect capital 2113.5 214.2 2334 278.%
Tetal capi. 0 lovesimert 2135.0 2137.0 2138.4 2292.0

i T s e e = | it e | St rsoeet 1 - [ . — - —_— —

rimating ailovance taken at 20% of total plant instal’ad coit.

artup taken as 67 of total plaul instailed rost.

rking capital i= taken as the sum uf the folliowing: 60~day supply of coal, ZZ-day
sduct value, 3N-day pavroll and payroll burden, 30-day operating supvlies and chemicals:

raar supply of catalysts; and spare parts aaid other warchousn stock.
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Table 6. Anncal oparating costs
(alt costs are in mfllions of mid-197% dcllars per year)

Methanoi Methanol Gascline
production vroduction production
for turbine~ for gascline with
grade fuel blending ~apraduction
{zas2 B~2}  {case B-l) of LNG

(cese C-2)

Gasoline
productio
maximized
{case (-1

Raw material (cual)® 178,68 178.0° 175,45 °
Operating labor ? 4.3 4.8 .5
Maintenancze labcrf 5.4 5.4 3.4
Administracive and support labor £.8 £.8 6.8
Labor burden £.5 5.5 6.7
Catalysts and chemicals 11.1 11.1 12.3
Mzintenance materials}i 33.0 33.¢ 35.7
General aund adminiscrativa

expenses ¥ . 32.0 32.0 34.8
Solids disposal * 06 0.6 0.5
Local taxes and insurance ' Co_9z.8 52.59 57.4%
Total operating costs 33:.1 ;;;T; ?;E:;

180.9°
6.3
.0
6.8
7.0
146
43,1

b,oal at $1/1052tv
200 TPSD as received cozl; 957 stream factor.

?ﬂ,AOO TPSD as received coal; 92% stream factor.
‘30,400 TPSD as receivec coal: 205 stream facter.
eOperatora at $8.60/h»,

Iuereral labor at %7, M/hr

?587 of operating, maintenance, admimistrative and support laber cost,
’5.17/:r ot onsite plus 1.25%/yr of offsive plant installed i.vestment.

sz/VT of zectal rlaat instalied cost.

$0 40/ton includes labor andé materials to rruck ash and other salids from plant to

disposal site.

2.757 per vear of total depreciabla capital, addea Sv ORNL.
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Table 7. Base case economic parameters 1sed in the
- economic analysis of the four conceptial plants

100% equity financing

12% annual after-tax rate of return (AARR) cn equity
Constant mid~1979 dollars

No escalation of costs or prices beynnd 1979

Coal price: $1.0/10%Btu

Product price ratiocs for 1990 (Sez Table 6.2 for detalls)
Plant life: 25 years

5 year construztion period with the following investment
schedule:

Year % Investment
1 9.2
2 24,2
2 42.9
4 2.3
3 2.3
Total 100.0
Federal fncome tax: 48%
State incoume tax: 3z
Local property tax and lnsurance cost: 2,75%
Investment tax credit: 10X
Estimating allowance 202
Project and process coatingencies: o%
Annuzl plant s¢rvice factors:
Hetlian] Methanol Gigoldine
provaction produciion production with Casoline

far ta.hine~ for gasoline ceproduction of rroductio:

grale ve. “b.euding SNG poximizol

Lease B 2) scise B-1) SAnagy (=2 ~{ase ¢
507 SO 59% 502
7% Y 7% 5%
a5% “5% 93% 90

fers saivage valua
Li.d costs ard procuss royaltias onitted
S-lids waste Jigromal cost: $0.40/ton
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Table 8. Product price ratios® and by-product credits
: used ia this stady

Price ratios based on unleaded gasoline

1979 1990
Methanol | 0.84 0.88
Substitute matural gas (51G) 0.59 0.8
C3 LPG 0.69 0.85
C4 LPG; 0.76 0.87
Naphtia 0.88 0,93
Tnleaced gasoline 1.00 1.CC
No, 2 fuel oil C.864 - 0.88
No. 6 fuel il 0.62 0.72
Crude diesel fuel® 0.59 0.6z

By-pruduct creditsc

Phens1s?  $0.125/1b
' Ammonja-.e $120/short ton
Powar® $0.03/gw—hr

8product prices were provided by DOE (ref. 2) except as noted; price ratios
are basad on rhe raric of the price per unit heating value of the coproducts
to the price per unit heating value of unleaded gasoline and were deternined
hy ORNL.,

b?roduct price ratio hased on the product price ascumed by Fluor for th.o study.
“These valuaes vere uot ratioed to other products.

dThis product price was estimatad by Fluor fer this atudy.

®assumed by ORNL for thic study.
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Table 10. Base case rasults

' Principal
Principal , liquid product
Case designaticn liquid product ($/gal - $/10%Btu
Metnanol productica for methanol 0.56 ~ 8,81
turbine-grade fuel (B-2)
Methanol production for methanol 0.57 - 8.81
gasoline hlending, (B-1)
Gasoline proauctinn with
coproduction uf SNG, (C=2) gasoline 1.25 -~ 10.88
Gasoline preduccion maximized gasoline 1.5Y - 13.87
(C-1)

In all cases, the response of jroduct price to the various sensitivities

were similar and are given below in Toble 171.

Table 11. Effect of varia%ion o¢f :apital and operating
cest related parameters on product price

Test APPrOXimate percentage:
No . change of product price
1 15% annu 1 after~tax rate of retnrr

on Investment (vs 127 for bhase conficioq) +27
2 Piant capi:alization at 70% debt s ith =36

200 equity (vs. [00Z aquity for base
cendition)

3 25% inecrease in depreciabie capjital +37
4 $0.5/10"Ben increase in coal cosr +10
5 20% increas~ in annual operating costas +2

(exciusive of coual)
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Variation of capitalnreiaLcﬂ parameters have a large influence ou product
orice. A large part of the product price i3 for sapital recoverv ind, hence,
the product price is very senaitive to changes invelving the capital recovery
~harges. For example, an increae in total depreciable capital of 5% causes
4 177 increas~ in product price (casc 3). A graphical illustration of the
marked effect of changes in total depraciable capital on the price of
gasoline fo  case €-2 is given in Fipure 4. Tr,r comparison, the relative
{insensitivity of gasoline price .o changes in feed cosl acet and operating
costs ar« alsn shown. An increasr in =nnual atter tax rate of return on
equiry frem 12% to 15% yields an iacrease cf 277 in praauct price fexsc 2).

Jhen the method of financ:ug is varied from i00% equity to 75% debt with
25% equity, preduct srice drops ~36%, as expected, tue Lo the jatge r1eduction
in equity capital (rase 3).

~ubstancial variations in parameters related to operatlng costs ur coal
costs coused small to negiigible changes in uroduct prize. Increasiug the
nanual operating costs (exclusive of coal vcosts ) by 207 tur exanple, crused
a product price increase of tess than 27 {case 2).

Process fconomic Implicatiorns berivabile Frow This § tudy

Some of the major ecuromic implications that can be derived from this
stydy are:

L, Ffecoe o e duar el il orten ndont: The effrct of reducivg the
water contenc ol the nrodnot nethavol fiom 2% (Luvbine-grade methanol s to .10
(3 oltine blendirng-g ads methanal) nas a neg'.gible effect on the plant
crpital cost wrdd practicativ no «i{s(* on th. plant operating cost. The
calculated priva of the wocelling Llending-grade methanol 18 l¢/gal (°1.8%)

mere than the turbine-gtode methano!. This reflacts the difference in heating

value rather than capital iavestment.
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2. Conversion of metharol to gasoline: Including methanol conversioen
facilities (case C-2) in the basic design of a methunol production facility
(case B-2) resulted in an increase of $181 miilion in the total capital
investment and zn increase in annua! cperating costs of 9.4 million. The
averall thermal efficiency decreased from 54.8% to 61.6%. The caleulated
price o gasoline from this facility is $1.25/gal when the product price
ratios given in Table 7 are used. When constant-value product prices
determined for case B-2 were used in calculating the pvice of gasoline for
cage -2 {instead of price ratios), the resulting price of gasoline
was $1.38/gal. Tuis compares with s price of $0.36/gal for turbine-grade
rethanol, cr $0.556/gal fou eonde (unfracticnated) methanol. This is in
good ag:cement with the price r2lacionship between crude (unfractionated)

[
methaiol and Mobil-MTG gasnline cuipe3ted by Mobil~ and given helow:

Moid L MTG ’ [Crude p
gasoline price! = 2.4 x jmethnnal pkiﬂol + 50.05/gal.
($/gal) } {($/8al) )

3. Effeet of reformivg methanol sunthesis unit purge gas to maxLia” e
rasnl e prodruciion: The Lurgi gasifier which was selected for coal
grsification., produces siguificant volume of methane which must be purged
trom th methanol svalhosis loop. Two npetions far hLandling tha purge
¢as when decigning the -lant have bheen ctudied. 'The ;ovee gay can =ifaer
be asthanated and sold a3 -+ copruduct. or tr o, ohe roformed to yield
additicoal syugas which can be furtaer Lonverted to increass st
production The i isicn to reform the purg. s topends on the estimated
selling price ol SNG during the life of the rlant. As »n oxarfhie, on?

i the results of this study indicated cuat, {f the SN poice is telow

o B , "
$5.135/10%Btu, it is more sreucmical te centoduce SNGoas a plaat product

e



27

t. Effect of capital related parameters cn product price: Capital
related parameters have large =ffects on product price as evidenced by
the sensitivity tests. Various methods of debt fimancing or other methods
which reduce the total amount of capital investment will be a very eftective
methods which reduce the total amount of capital investment will be a very

effective method of reducing product price.
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