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4.1 CONVERSI ON COSTS AND PRCDUCT ECONOM CS

The follomﬁnP eval uation of a wide range of alternate fuels
produced fromcoal attenpts to build upon prior work in the field
that has, successively, estimated the plant construction and operat-
ing costs for each process, standardized the bases of estimation
(time of construction, size of plant, location, financing nethods,
etc.) and evaluated the quality of product produced.

Such work has been sponsored by the Departnment of Energy since
the early 1970's. The nost recent work was performed by the Engineer-
ing Societies Conmmission on Energy, Inc. (ESCOE)." That work col -
| ected prior analyses performed for DCE and others, made adj ust-
ments in each to account for differing assunptions regarding input
prices, plant scale, financing nmethods and costs, and thus reeval u-
ated themon a nore comon basis. The differences in product qual-
ity were factored for value based on current price relationship
anong natural petrol eum products.

Qur approach will differ in several regards:

First of all we shall use the baseline ESCOE plant nodels,
capital costs and operating cost relationships, updated to
a uniform 1980 dollar basis.

Second we shall scale all plants to a conmon output plant
Ssize” in order to retain conparability at other, down-
stream stages of processing and use.

Third we shall deal with differences in product quality
directly, and on a cost of product basis, by considering
the additional costs required to upgrade |ower quality
pro?uats and make them conparable wth the higher grade
synf uel s.

Fourth we shall then exam ne the nmethods and costs of fur-
ther processing and transporting the generic synfu3el pr o-
ducts to nake them available to end use narkets.

The ESCCE capital estimates were all adjusted to a 1980
dol lar basis by the use of the \Wolesale Price Index - Indus-
trial Conmmpdities Index. Qhers have frequently used the Chem ca
Engineerin? Plant |ndex, however we feel that no significant his-
torical difference exists and the WPl Index basis is a nore suit-
abl e bench mark for further forecasting since it is a conponent

'Coal Conversion Conparison, ESCOE Report FE-2468-51, July, 1979.

2ESCCE scaled all plants to a comon input size in order to sinplify
the costs - auxiliaries and off-siteS are normalized.

3ve did not exam ne differences in end use efficiency that exist
or are possible. This should be subsequently exam ned.
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of Us. macro-econom c forecasting nodels and the Chem cal Con-
struction Index is not.

Exhibit 4-1 displays the original capital cost estinmates of
ESCOE Exhibit 4-2 updates these estimates to a uniform 1980 cost
asi s.

Qperating costs are nore conplex. The major cost categories

are:
Coal
Uilities
Wat er
Power

Cat al ysts and Chem cal s
Labor

Over head

Mai nt enance

Coal prices are uniformto all processes - as are assuned costs of
water, power and labor. The costs of overhead are a uniformfrac-
tion of operating and naintenance |abor - they include adm nistra-
tive personnel costs as well as G&A expenses. The maintenance rule
i's made uni form anmong systens-al though differences should exist on
the basis of system approach.

~ The original ESCCE operating cost variables are shown on
Exhibit 4-3. These unit prices provide the bases for updating the
ESCOE costs to the val ues shown on Exhibit 4-4.°

The cost of produci ng hydrogen f or product upgrading is par-
tially inbedded in other estynates. The uniformconditron is that

hydrogen is demanded at a greater |evel then could be supplied from
excess char, residue, or filtrate from the process plant. There-
fore a hydrogen plant nust be built at the upgrgding plant site.
This plant is designed to reform synthesis gas. The cost of hydro-
gen can then be based on the hydrogen plant™s costs - including
syngas feed at the estimated syngas product costs of our conpanion
syngas plant. Alternately we could capitalize a coal gasification
plant in this area, however that seens to be an even nore unrealis-
tic node of system optim zation.

~ In the long run, as product slate demand for synthetic coa
liquids beconmes clarified, the optimzation of an integrated coal -
t o- product plant can be designed in a nuch nore sophisticated
nmanner .

*The input costs were in certain instances drawn from original
sources cited by ESCOE.

o reform synthetic fuel product - the cost is conparable $6.25 -
6. 75/ MM BTU
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4.2 SCALE OF PRODUCTI ON

Chenmi cal process plant economics are highly sensitive to
scale. Typical scaling factors or rules, are of the order of
60% -70% This neans that as plant size doubles the cost only
increases by 60% - 70% In the caseof decreased scale - the -
factor works in the opposite direction, a decrease in scale to
I\2 plant scale leads to only about |\3 decrease in cost, which
in turn leads to al nost 30% nore capital being required per unit
of output. In very capital intensive processes, the inportance
of this to product cost is great. Coal conversion processes
thicaIIy have 1/2 of their costs derived from capital charges,
therefore a doubling of scale could reduce total unit costs by
as much as 15%- 20%

For this reason the question of plant scale nust be very
carefully examined. ESCOE, in ordering the various estimates to
the values shown in Exhibit .4-1 applied “typical chem cal engineer-
ing scaling factors”. It is beyond the scope of the present effort
to audit that undertaking. However, it is Incunbent upon us to
avoid the distortion of fairly presented uniform cost data by
anot her exponential adjustment of capital costs. W nust rescale
the liquids’ plants since they have been standardized on an ‘input’
basi s, whereas we nmust exam ne costs on a plant ‘output' basis,
since we are also exam ni ng downstream processes and costs, which
in turn require uniformscal e assunptions.

Several difficulties are present:

1. The optimal size of plant and vessels for various
systems is not known, due to the fact that nost
processes are now being explored at 5 - 10% pil ot
pl ant scal e.

2. In a shift fromuniforminput scale to a uniform
output scale, the nost efficient processes wll
suffer the greatest penalty for their relative
downsizing. This is not realistic.

3. W are not aware of the relative changes that took
place in the initial (ESCCE) standardi zation, hence
are blind to the conpound effect of a second scal -

I ng adj ustnent. :

For these reasons, with the enphasis upon the above factors, in
order of their ranking, we have chosen to restate costs on an
out put basis through a linear method of cost adjustnent.

The principal justification for this apparently unsound pro-
cedure is found in the first factor above - there is no evidence
of commercial scale econony available in the case of any pro-

cesses, Wth the exception of gasification plants (or gasifier
reactors) . In that case, nultiple train Elants a?ﬁear at sub-
commercial plant scale. In general, the bulk of e solid feed

stock is so great, that initial reactor vessel sizes becone
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limted by available fabricating (rolling, bending, heat-treating)
facilities, as well as transportation constraints. Subsequent

pl ant stage econom cs do not determne. The gasifier-reactor
vessel size limtations are such that returns to scale may be
limted at a relatively low |evel of output.

For this predom nant reason, we have used a unitary cost
scaling factor to shift fromuniforminput sized plants (25,000
tons of coal per day) to a uniformoutput basis - 50,000 bbl
per day. A normal procedure would otherwi se unfairly penalize
the nost efficient processes. In the final analysis, efficiency
w |l determ ne economc advantage.

4.3 PRODUCT QUALITY (Reference No. 38)

The issue of product quality was resolved in a somewhat in-
direct manner by ESCOE. Their ‘rating scale’ value system (a nea-
sure of ordinal utility or value) which was based on present pro-
duct price relationships is not a suitable nmethod for |ong range
econom ¢ analyses. During the long-run,. values change, end use
patterns and conversion technol ogy devel opnents can create a sur-
plus of a once premer product, or contrariw se, create a shortage
of a previously unwanted by-product. Distillates and gasoline have
traded places once and are perhaps posed to trade places again in
their relative val ues

The setting of w despread synthetic fuels production and use
creates an entirely new franework for evaluating the ‘normal re-
finery slate of petroleum derived products. W have created a
slate of products that to sonme degree reflects the range of com
pounds present in crude oil and in sone degree reflects the tech-
nol ogy (now) available to separately produce these conpounds. In
some I nstances the products were specifically sought, in other
cases markets were sought for by-products that were avail abl e.

When coal is introduced in lieu of crude oil to a substantia
degree, the avail able range of Products and by-products nmay be
the sanme, but the proportions o availability wll be quite dif-
ferent, as will be the cost of producing different fractions. *

The proportion of each fraction that can be derived from
crude oils is highly variable dependi ng upon the nature of the

feedstock and the nature of the refining processes used. In gen-
eral, increasing the lighter fraction §-350°F) i nvol ves nore severe
reformng, and higher cost. The use of a heavy, sour feedstock

crude oil worsens this condition. The use of coal as the feedstock
significantIK exaggerates this condition in certain synthetic pro-
cesses - such as direct liquefaction. Indirect |iquefaction pro-
cesses are specific for alcohols, gasolines and the light ends.

It is reasonable to visualize a population of crude oil and
coal “refineries” with individually nmore specialized or limted
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product slates than are found in the universe of conventional re-
fineries.

_ Broad slate coal synthetic liquids plants are unlikely to be
wi dely deployed. This can be expected for several reasons:

1. Product uEgrading is difficult and expensive once out-
side of the basic process.

2. Afair range of limted slate coal-conversion processes
are beconm ng available, that nore selectively produce
various fractions.

The costs of achieving a given level of product quality increases
in a slightly non-linear fashion as the percent hydrogen is in-
creased or the boiling range is lowered. Exhibit 4-5 shows this
relationship graphically. Benchmark products and costs are shown
for several direct and indirect |iquefaction processes. The in-
direct processes - which catalytically synthesize liquids from
synthesis gas are specific for gasolines, alcohols and LPG  The
direct catal ytic hydrogenation processes tend to produce naphthenes
and crude oil equivalent range conpounds. The hydrogen sol vent
systens tend to produce a nore limted range of product with a
substantial (20 - 359% naphtha fraction, the majority product in
thedi stillate boiling range (350°F - 750°F).

X Increased yield of the higher quality products can be achieved
y:

I ncreased coking of bottons

. Addi ng nore hydrogen
. To process stream
By hydrotreatnent of products
The cost of the former is seen in the difference between SRC

[l and EDS on Exhibit 4-4. The Exxon donor sol vent system cokes

the bottons (or heavy distillates) to yield nmore naphtha and LPG
as follows:

SRC 11 EDS
(18% 13,000 bbl Naphtha 3699 27,500 Naphtha
( 8% 6,400 bbl #2 Fuel Ol 15% 10,000 LPG
(7399 52,900 bbl Distillate (499 37,200 bbl Distillate
72,300 75, 400

Sinmlarly changing the H Coal process froma fuel oil to a synthoil
mode increases cost as it lowers the average boiling range.

The distribution of product quality that is typical of each
process is shown on the follow ng page. (Exhibit 4-5).
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The range of quality is not entirely a function of the APl gra-
vity, the boiling range or hydrogen content, however, these related
indices are sufficient for our purposes. W can relate the cost of
producing a synthetic fuel to this scale. Exhibit 4-6 shows a graph
of the production cost of the whole Iiquid product from various syn-
thetic processes versus the average (50%distillation) boiling range
of the synthetic product.

This chart shows the increase in average cost per mllion btu's
as the average distillation range of the liquid is l[owered. Thus
gasoline costs nore to produce via indirect processes such as Mbil
“M or Fischer Tropsch, than naphthas, distillates and fuel-oils.

This scalegillustrates the relative costs of the ESCOE |iquid
fuel processes. It also contrasts the (1978) earlier ESCCE cost
estimates with later estinmates of shale oil costs deveIoPed by the

O fice of Technology Assessment (1980). The oil shale liquids
which reside in a higher boiling range than the coal |iquids, apPear
e

significantly nore expensive on this scale. In order to reconc
this discontinuity it is necessary to digress briefly. :

4.4  ESTI MATI NG METHCDS

The accuracy of conpl ex sKstenB cost estimating has been the
subject of several studies. These studies have been primarily be-
havioral rather than conceptual. As larger, nore conplex systems
projects have been conceived, -the amunt of unknown and untried
system conponents have necessaril¥ i ncreased due to the great cost
of large system prototypes. Pilot or process denmonstration units
and nodel s are devel oped at extrenely small scale for the sane eco-
nom c reasons; the subsequent scale-up is of a high order. Esti-
mates drawn from bench or small scale pilot plants are subject to
much greater estimating error.

Two overriding conclusions have been reached in this natter

1. Cost estimates tend to decrease in variation fromactua
costs as the el apsed time between estimate and construc-
tion is shortened.

2. The accuracK of the estimate is related to the degree of
detail of the design engineering.

Chem cal process plants,8 public works, ° and weapons Ssystens
devel opment and estimating histories have been analyzed, with

10

6Syngas (fuels) are not suitable related to boiling point nmeasurenent.
Twan Assessnment of O Shale Technol ogi es”, oTA - June 1980

8A Review of Cost Estimates in New Technol ogi es: Inplications for
Energy process Plants, Rand Corp. for the Dept. of Energy July 1979.

S«Systematic Errors in Cost Estimates for Public Investment Projects
Hufschmidt & Gerin, in The Analysis of Public Qutput, Colunbia Univ.
Press 1970.

101he Weapons Acqui sition Process: An Econom c Anal yses, Peck & Scherer,
Harvard univ. 1962.
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essentially the same range of variances found between early esti-
mates and actual results - growth in costs have occurred of the
order of 2-3 times the oriqginal estimate. The average of actua
toesti mat ed costs(%%), were found to be as follows:

Actual Cost/
System Type Esti mated Cost (Ratio)
Weapons System 1.40 - 1.89
Public Wrks 1.26 - 2.14
Maj or Construction 2.18
Energy Process Plants 2.53

The weapons system cost overruns were higher in the 1950's (1.89) than
in the 1960"s (1.40) nost |ikely, because of the greater degree of
pioneering efforts and the greater |ack of experience with |arge wea-
pons systens at that tinme.

Exhi bit 4-7 bel ow shows the cost growth experience in pioneer-
ing energy systems as a function of the type of estimte enpl oyed
(or available at that time). It can be seen that the prelimnary
estimates were nearly double that of the initial estimates - (84%
above the first estimate) and the definitive estimtes increased
al most as nuch again fromthe prelimnary esti mates (134% above the
first, or 50% above the prelimnary estinate)

The ESCCE data were largely taken from prelimnary estimates,
based on Process Denonstration Unit (PDU) develropment €xpert ence,
in one or two cases frompilot plant experience (at |less than 1%
scale) or fromforeign commercial experience under different site
and environnental conditions. The OTA shale oil values were de-
rived froma very highly definitized engineering analysis. The
degree of evolution which that estimate had undergone can be seen
on Exhibit 4-E

| f the other ESCOE liquid synfuel plants were to increase by
as nuch as have typically occurred between prelimnary and defini -
tive estimates, the cost's would increase by about another 500, 12
That would result in a shift of the cost line on Exhibit 4-6 as
shown on Exhibit 4-9.

Such an interprelation of the quality of the ESCOE estimates
woul d resol ve the discrepancy between the ESCCE estinmates and the
OTA estimates (for oil, shale liquids) and produce a nore continuous
scal e of synfuel cost relationships.

“An alternative method of calibrating the various estimtes for
conS|stenc¥ with respect to the status of process estimtes as well
as the methods enployed in the estimating process? would be to select

11Average Increase fromprelimnary to definitive cost estimates
for energy process plants.

2es Ref erence 3.
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Estimated cost ($)

EXH BIT 4-8

H STORY OF SHALE O L CAPI TAL COST ESTI MATES

25,000
A = Estimates based on C.F.Braun

. definitive engi neering St udy
20,000 | -
15,000 —
10,000 |

n
5,000 |

R

0 B n 1 | 1 3 | 1 | ! ] | | ] 1

1955 1970 1975

Estimated surface shale oil facility contruction costs
(capital  costs/barrel/calendur day; constant $ 1977)
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a sub-set of processes that were devel oped on the basis of the sane
| evel of engineering definition or maturity - preferably the nost
advanced projects in this sense.

There have been nore recent, updated design and estimating
efforts undertaken in the case of:

1) Indirect Liquefaction - Mobil MG 13

2) Methanol1

3)H gh BTU Gasification

4)Direct Liquefaction - H Coal 1°

14

These estimating efforts are essentially conparable with the
(OTA) G| Shale estimates in terns of the relative engineering and
devel opment maturity of the process plants invol ved.

Exhibit 4-9 also reflects the liquid fuel costs of ‘generic”
sanueI processes based on the selected “best estinmates” noted above.
These are not neant to be truly generalized processes (or generic
processes) , they are nonetheless representative, advanced menbers
of each synthetic liquid product class.

The costs of these processes are shown in detail on Exhibit
4-1o.

The effect of using the |atest, or best estimtes is approxi-
mately the sanme as was achi eved by the use of the Rand Corp. (and
others) cost estimating error factors. The original ESCCE val ues
are increased by about 50% on average.

The satisfactory conjunction of factored cost estimates arrived
at by the use of statistical variances derived from past estimting
histories with the “generic” estimtes taken fromthe nost advanced
projects, gives us an inproved nmeasure of confidence in the adjust-
ment of ESCOE synfuel production costs to the higher |evels dis-
Played on Exhibits 4-9 and 4-10. The revised functional form of the

iquid fuels is displaced to the right on Exhibit 4-9 by about $3.00-
$4.00 per mllion BTUs. The relative costs are not appreciably
af fected considering the probable differences in residual (estimat-
ing) error contained in these estimates. |t seens nost reasonabl e,
however, to presune that the najority of the estinmating errors have
been accounted for, and the values we are enploying are normalized
to the greatest practical degree possible at the present tine: i.e.
barring further engineering or denonstration plant design and con-
struction experience.

13Liquefaction Technol ogy Assessnent - Phase 1 ORNL-5664 Feb. 1981.

14Unpublished Anal yses
15Rand Corporation - Unpublished Analyses.
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The H coal process (in the synfuel node) has been used as a
surrogate for direct coal liquids. Updated estimates of an un-
publ i shed nature were used that draw fromthe cunul ative pilot plant
hi stories and the nost recent denonstration plant estimates. The
Mobi | Met hanol -to-Gas (MIG and nethanol estinmates were drawn from
a recently published study by Fluor Corporation for Oak Ridge Na-
tional Laboratory of indirect |iquefaction processes. The study
provided a (nearly) 100% gasoline option which virtually elimnates
the Dby-product costing problenms. The nethanol estimtes were
Ment hanol / SNG  joint production process schenes. The systens coul d
have been adjusted in keeping with the 100% gasol i ne MIG process
scheme by elimnating the direct costs of nmethanol to gasoline stages.
Alternately the by-product value of SNG could be directly priced by
using the high BTU gas plant costs fromthe SNG estimate bel ow.

Both synthesis gas processes are Lurgi systens.

The SNG process estimate was taken from unpublished estinates
drawn from advanced comercial design and estimating efforts. An
advanced Lurgi gasifier - the British Gas Corporation slagging bed
version - is used.

The costs of direct and indirect liquids - increase by about 50%
- to remain in approxi mately the sane relative cost relationship that
the ESCOE based data displayed. The hi-BTU gas estinmates only In-
creased about 25% above the earlier ESCOE values. This appears to
be reasonable considering the relatively nore mature status of (Lur-
1) ogasification technology. "~ The OTA oil shale liquids estimte of
48. 20\ bbl reflects the precommercial stage of devel opnent. The
| evel that we are attenpting to standardi ze at, versus the devel op-
ment stage of the foregoing direct and indirect |iquid systens.

Continuing Cost Escal ation

The earlier analyses of Rand Corp. and others suggested that
the potential cost increase fromeven a definitive estimate to the
actual project costs of pioneer plants and najor devel opnent al
systems is typically another twenty percent increase in cost. W
can add that i1ncrement to arrive at an upper value for all systens.

_ There have been and continue to be other relevant post-comer-
cial trends of comrercial series production plants that were not
c8n3|dered by the authors of the cost escalation - studies cited
above

Hi storical data regarding the chem cal process industry and
petroleumrefining industry denonstrates a strong pattern of capi-
tal productivity inprovenent or technol ogy advance, during post-
devel opment years. This can be denonstrated for the entire sector
as well as in the mcro-industrial setting of a single chemca
I ndustry segnent.

A capital productivity rate of |ess then 2% year can return
the 20% (actual cost to definitive cost estimate potential increase
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during the first 10 years of commercial deploynment. In 20 years at
| east a 35%)redu16ct|m1|nthe capital outlay per barrel of product
can be expected.

These two viewpoints provide us with m nimum and maxi num esti -
mates of the nost probable range of expected production costs for
synthetic fuels. Exhibit 4-11 illustrates the range of expected
val ues for synfuel |iquids based on these estimating limts.

This scale of values will be used to provide individual pro-
duct (or by-product) costs. The presence of a significant anount
of petroleumin the total supply equation, for as far as we can
see, creates many cost and pricing conplexities. W do not wish to
conplicate synthetic fuel supply economcs with Wrld QI Price dis-
ruptions, or any free-market or administered market conditions. W
w |l close our eyes to all of these dinmensions and construct our
cost schedule on the basis of coal based |liquid, gas and solid fue
options or opportunity costs.

16This rate (1.49% has been experienced by the entire chemcal in-

dustry throughout the entire post war period (1949 to date).
Specific industry sectors have experienced nmuch greater rates

of productivity i1nprovenment; viz, synthetic methanol experienced
nore than a 4%/ year productivity gain for over 20 years.
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4.5 PRODUCT UPGRADI NG (References 39, 40)

The typical (direct |iquefaction) coal |iquids possess several
characteristics that require upgrading in order to:
Provi de product stability

Permt mxture wth conventional
petroleumliquids . . . or

Permt common use of pipelines
and ot her infrastructure

The principal differences result from

Lower |evels of hydrogen - 9 - 10% versus 11 14% f or petro-
leum and 1T - I2% for shale oils.

~ Hgher levels of heteroatoms in both Iiquids and shale oil
(nitrogen and oxygen conpounds) than are found in petrol eum feed-

st ocks.

The | ower hydrogen and hi gher heteroatom conditions are resol ved
together by hydrotreatment. Raising the hydrogen |evels up above
10% results in the renoval of nost of the nitrogen and oxygen hetero-

atons, and al so decreases the aromaticity of the coal |iquids and
shal e oils.
The high aromatic content of coal |iquids makes the naphthas

excel l ent high octane blending stock - however the high nitrogen
and oxygen percent (2 - 3% in the heavy naphtha range requires the
use of fairly severe hydrotreatnment to renove the diolefins and
heteratons - which are present in the formof phenols and cresols

(oxygen).
In the synfuel distillates the nitrogen |evel is higher and

results in unstable conpounds With rapid gum formation, making
this avery unsatisfactory fuel unless upgraded.

There have been a succession of studies of synthetic |iquids
upgradi ng processes sponsored by DOE. They have been conducted
on both shale oil and direct coal Iiquids.

The principal neasures exam ned include:

Hydrotreating (Exhibit 4-12)
Hydr ocr acki ng
Fluid Catalytic Cracking
Catal ytic reform ng as well as hydrocracki ng are subsequently used

to upgrade (naphthas) to finished transportation fuels. (See Ex-
hibit 4-12 Dbel ow)

ej b&a



AB .
Uoj}23s uoije|jisia 19u3 JoJusuniedag  130¥N0S

e j béa

e |
I < |
I swojjog |
" % | I 11-2¥S ajoum
_ _ , Fo
| “ | Jojesedag basd Usald
| , _ 3Inssal
_ 2_.38@_,. \ _ s d
B P
| I |
I “ ! 10)esedas (sujes) Q
_ b33, \ _ 34Nssal d !
| Jowiojay \ . d ajdnInw) -
\ _ by §10)089Y
10jeUO}}R _
|
- 5 _ t .
aujjose9 juyvpq | 9 se9 0_u>uw~— [}
R TR fw uabo. pAy
- rl y dnayew

se9

110 11-24S 40 INiINI<3Y
4ILVIYI0YAAH 39VIS IScid nolAIHD
30 WYY¥9VIQ Mold QI1JI1T1dWIS Fet-v II9Inxa



Consideration has al so been given to variation in the hydrogen
source for hydrotreaters - the partial oxidation of raw coal |iquids,
reformng of refinery products and overheads, or outside gasses.

An additional issue is the |ocation of upgrading facilities;
at the coal liquids (or shale oil - retort) plant, or at a con-
ventional refinery, or both.

The factors which favor the synthetic oil plant |ocation are:

available resi due for hydrogen manufacturing
local upgradi ng permts comon carrier transportation

upgraded synthetic product can be blended with petro-
| eum feedstock (in pipelines and at refineries)

The factors that favor a refinery location for upgrading are:

Superior prospects for system optim zation
. Avai lability of hydrogen from naphtha reforners

Uses available refinery capacity idled by |ack of
petrol eum feedstock.

An alternative approach could be to perform a mnimum anount
of upgrading at the synfuels plant to facilitate transportation and
storage, with product finishing and blending perforned at a |arger
refinery site. The coal liquids in general do not require further
cracki ng because they lie in the atnospheric gas-oil and naphtha
range. The shale oils require cracking to produce nore usable
product fromthe higher distiTTate range such as jet fuel and die-
sel ol I's. The heavy distiTTates fromcoal liquids; if heavily hy-
drotreated (to 11% H bywyycan be used as a feedstock for a fluid
catgjgtic cracker (FCC) where the product can be significantly up-
gr aded.

~ Exhibit 413illustrates the cost of upgrading various direct
l'iquid process cuts.

The raw liquids versus the upgraded |iquids are conpared bel ow
I n hydrogen content.

Raw Li qui d Upgr aded
SRC Napht ha 11.33% 11.6%
SRC Distill. 7.71 11.0
H Coal Distillate 10.1 11.4
H Coal Fuel Ol 7.37 10.0

These cases cover the general conditions ex%erienced by the
range of nost direct coal liquids - the sanples being drawn from

experimental |aboratory investigations performed by Mbil Research
and Devel opnment Corporation upon SRC |ight and heavy fractions and
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Hcoal distillate and fuel oil fractions. This pretty well covers
the range of |iquids produced by SRC and H Coal (synfuel and fuel
oil node) and can be extrapol ated to the EDS case.

Addi tional work performed by U O P., Chevron and Suntech con-
firmthe general upgrading needs and the best approach - hydro-
treat nent.

The plant investnent required varies from $140 million dollars
for the mld hydrotreatnent required of the naphtha cuts (C;-
400°F) to as nuch as $465 million for a hydrotreatment plant for
the heavy distillate or residual SRC fraction and nearly that for
the fuel oil fraction of H Coal fuel oil process plants.

The average upgrading cost is about $2.00 per million BTUs -
varying from $4.00-to nearly $20.00 per barrel. The latter figure
represents an economc limt which suggests either a | ower grade
utilézation of the heavier products or a different refining app-
roach.

The direct liquids upgrading cost analysis can be conpressed
to a single representative-or “generic” upgraded coal |iquid

The general costs of upgrading are shown on Exhibit 4-14:

Napht ha’ s $ 4.06

L. Distillates 11.58

Heavy Distillates -

Fuel Gl 19.21 (19.11-19.32)

| ndi vi dual processes such as EDS SRC-11 and H Coal (fuel oi
node) will differ in raw liquid base costs,but since the quality
of product tends to vary in a reasonable relationship to their
costs”, the costs of upgrading, which are increasly related to
quality, lend to cause aclustering of upgraded direct Ilquid
costs.

If we utilize the costs of H Coal production of raw liquids
devel oped above as a base, the ‘generic’ costs for upgraded pro-
ducts would be as follows on Exhibit 4-14. The estinated costs
of nearly $75.00 per barrel or over $12.00 per mllion btu's is
fp{ F e;oduct that is equivalent to a high grade refining crude
oi eed.

The upgrading of shale oil to a suitable refinery syncrude has
been estimated by Chevron to cost $10.00 per barrel (1n 1980

dollars) or $1.72 per nillion btu. If this is added to the cost
of raw shale-oil liquids at the retort, the total cost of shale
oil “syncrude” is:

1

7SeeExhibit 4-6 above
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