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Abstract

Process Economics Program Report No. 148
COSTS OF SYNTHESIS GASES AND METHANOL

(February 1983)

The report and the associated interactive computer program
(SYNCOST) provide a framework for projecting the cost of large scale
manufacture of syngases, carbon monoxide, hydrogen, and methanol. The
context is one in which the syngases and related products would serve
as feedstocks for non—-traditional routes to bulk chemicals. The raw
materials covered are natural gas, vacuum residue, and a bituminous

coal.

Costs were estimated for producing syngases of various H,:CO
ratios, for producing hydrogen, for separating the syngas mixtures, for
recovering CO, from flue gases, and for methanol synthesis. These were
_computerized in the form of a set of cost modules which comprise the
SYNCOST program. Raw materials, selected values of the H,:CO ratio in
the syngas, and scale of production are the primary independent vari-
ables. Some of the modules are independent and some are linked, but no
optimization of costs is performed by SYNCOST. The program is designed
so that the user can readily change most of the calculation parameters.
For forward calculations the user can enter projected raw materials and
other unit costs to the year 200l. A set of nominal default values is

provided.

In addition to the updated evaluations noted above, the background
material covered in the report includes general overviews of the
sources and uses of syngases, the gasification of coal, and the mechan-
ics of producing syngases with low Hy:CO ratios (<3) by steam reforming
of natural gas.
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1 INTRODUCTION

monia, hydrogen, methanol, and other chemicals. Less traditional uses
of syngases continue to be developed and have increased in importance
in recent years, viz., acetic acid and acetic anhydride manufacture.

Amanase Fha «~
nulvns 1] Y3 y

ethylene.

The syngas routes may be attractive in themselves, irrespective of
raw materials, or they may provide the option to use alternative and

ultimately cheaper raw materials such as coal and, in certain circum—

given considerable impetus by the fact that for petroleum based commod-
ity chemicals, feedstock costs now compose the major part of the
product value. An added attraction of syngas is that it can be manufac-
tured from almost any raw material containing carbon; hence the avail-

ability of feedstocks is ensured. The developments in syngas chemistry

8
position——a capital intensive industry adding a high value to a low

cost feedstock.

The cost of syngas can be highly variable, depending on hydrogen/

carbon monoxide ratio, raw material and process, scale of operation and

of COy, ¢
hydrogen, and so on. Often, the syngas routes are indirect, proceeding
via methanol and including a carbonylation step using carbon monoxide
per se. In addition, over the past decade, cost components have esca-
lated at widely different rates, sometimes with large step changes. A

frequent problem for analysis in this area has thus been the lack of
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readily avallable data for current and representative costs of syngases
and related products. To serve this need we therefore developed a
flexible and easily updated computer model called SYNCOST, which

_calculates the costs of syngas and related products.

In this study we present the data base used for the SYNCOST pro—
gram, and describe the use and limitations of the program. To add the
perspective which we found lacking in much of the published work, we
also review at some length the background considerations to the produc-
tion and use of syngases. The report is issued in two volumes. Volume
II contains the detailed evaluations of process economics. Volume I is
intended to serve more as a user mannual for SYNCOST. It contains sum—
mary data and a description and listing of SYNCOST, written in Fortran
77. (The program is also available on tape for an additional charge.)

The information in this report derives primarily from material
published in patents and the open literature. However, we are indebted
to a number of people in industry who gave us initial direction and in-
sight, and subsequently were kind enough to comment on the draft mate-
rial. These include staff at Celanese Chemical, ICI, Humphries and
Glasgow, Davy-McKee, Air Products and Chemicals, Du Pont, and the
Alternate Energy and Resources Department of Texaco. In addition,
information was supplied by Tenneco Chemicals and Kawasaki Heavy
Industries on Cosorb’, by Union Carbide on PSA and cryogenic separa-
tions, by Monsanto on Prism® separator systems, and by Humphries and
Glasgow on hydrogen production systems. This we gratefully acknowl-
edge. We are also indebted to the Tennessee Valley Authority (TVA) for
permitting us to visit theilr Texaco gasification unit at Muscle Shoals,

Alabama.



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part I, February 1983

2 OVERVIEW

The primary aim of the present work is to provide a flexible frame-
work for calculiating and projecting the cost of large scaie manufacture
of synthesis gases, methanol, carbon monoxide, and hydrogen. The term
synthesis gas or syngas, for short, is used here to refer to mixtures
of hydrogen and carbon monoxide. If a mixture also contains substan-
tial amounts of carbon dioxide, we normally qualify it, as for example,
"raw syngas" or "methanol syngas.”

We have estimated costs for syngas production from a range of raw
materials and computerized the data in the form of cost modules. Raw
materials, selected values of the Hp:CO ratio in the syngas, and scale
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modules are independent and some are linked, but no optimization of

costs 1s attempted within the program.

The raw materials covered are natural gas, vacuum residue, and a

bituminous coal. The context 1s one in which the syngases and related

chemicals, i.e., the base cases relate to a large scale of production

and to syngases with low Hp:CO ratios (<3).

Raclkorannd

uu\-nnnvull‘.
Svnoas derived mainlv from natural ecas ig currentlv uged on a huce
2yngas derived mainly m natural gag 1g currantly ugeqd on a huge

scale for the production of ammonia, and hydrogen, and on a lesser
scale for the production of methanol and miscellaneous chemicals such

as oxo alcohols.

est In a new generation of processes for bulk chemicals via syngas or

"C1" routes which are expected to increase in importance in the coming



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part |, February 1983

years. Examples of this trend are the highly successful commercializa-
tion by Momsanto of a syngas route to acetic acid (see, e.g., FEF
Review 78-3-4), the imminent commercialization of the Eastman/Halcon
technology for acetic anhydride, and the research being devoted to both

direct and indirect (via methanol) routes to ethylene from syngas (see

DD wmonmde 1
Lol DNEpuUile 4

not appear competitive with established processes at present relative
prices of petroleum products and syngas derived from natural gas (basis

a trendline uncontrolled price close to that of fuel o0il). A major

driving force for these developmenis has been the perception that crude
oll prices are likely to continue escalating over the longer term
faster on average than the costs of construction and the price of coal.

Given this, syngas or methanol made from coal or low cost natural gas
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eral primary bulk chemicals. The biggest impact on the industry would
be if this were the case regarding production of ethylene.

Our study took place during a period in which the trend of oil
prices sharply reversed. At the start of the study, in late 1980,

(average refiner acquisition cost of imported oil peaked at close to
40$/bbl in early 1981). At the time of writing this summary in mid-

1982, in contrast, there is a deep worldwide recession and an oil glut,
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try consensus regarding the future course of oil prices and the pros-

pects for synfuels also has changed. Opinion has polarized into two

schools of economic thought over the present oil glut. One group holds
the other bhelieves that more than

that 1t ig a temnorarv nhenomenon:
TEEERREE =T - WETTT ST pheTeeT TR R =2

ample oil supplies are likely for the rest of the century. We have sum-

marized some of their key arguments in Appendix A.

The first school expects frequent interruptions of oil supplies
during the next 20 years, with oil prices climbing faster than general

inflation. The opposite school, probably the current majority, sees
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OPEC losing its ability to control prices, which are projected to in-
crease littie, if at all, in real terms through the year 2000.

If the latter school is right, most of the capital intensive coal
ute
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As noted in Section 3, a key criterion here is that the crude oil price
escalates on average faster in real terms (perhaps a minimum of 2%/yr)

than
ol

o construction costs. The relative rate of escalation between
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a much more minor impact.

The authors of the present report inclin W ! 1
of thought about the eventual course of oil prices. However, the main
point here is that, because the sensitivities to the differential rates
of escalation are very large, and the uncertainties in projecting costs
are high, it is prudent to carry out ongoing analysis of alternative
scenarios and alternative feedstock options as better defined data be-
come available or as perceptions change. To this end our computet pro—

PR Py . _a & a o _ __
reaay estimaition

re

h
[

ﬂg vel costs

£ e of sc
of syngases from various raw materials, should be of particular util-

gases) which are comprised primarily of mixtures of hydrogen and carbon
monoxide. For certain uses, appreciable amounts of carbon dioxide or

methane may also be left in the mixture. The cost of syngas varies

over a wide ra , depending on circumstances and constraintg a

cable to a particular site. The cost of syngas in the general case is

therefore moot. The reasons for this include the following:
On the supply side:

® Syngas is made from a multitude of raw materials by various
processes (see Table 3.1 and Figure 3.1 in the next section).

e The scale of production varies by a factor of 1,000 or more.

For the components CO and Hy as such, pipeline net-u.bs exist

in areas of plant concentration like the U.S. Gulf Coast, and
add a further ontion.

= _te14] -ma widms Pp=SSile
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o If very large facilities are constructed to produce methanol,

itute natural gas (SNG), or Figcher=Tropech liguidg for

using a portion of the syngas feedstocks for
g8 1likely to give the most substantial
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economies of scale.

e The more promising coal gasification technologies are not yet
fully developed or demonstrated.

On the demand side:

e The Hy:CO ratios of the syngas vary with the feedstock and pro-
cess, and rarely match the Hp:CO ratios optimally required by a
given process.

e The strategy and economics of adjusting the Hy:CO ratio may be

contingent on the overall hydrogen/carbon balance at a given

location (i.e., extent to which integration is feasible or de-
gsirable with other units on site). Often this boils down to

the requirement for, and value to be assigned to hydrogen at a
given location.

o The syngas routes often consist of several process steps, and
the actual feedstocks comprise, for example, methanol and
carbon monoxide rather than the stoichiometrically equivalent
syngas with a 1:1 Hp:CO ratio (viz, acetic acid and anhydride
procesgses). In practice, the methanol and CO may be produced
in totally independent facilities which differ in scale by an
order of magnitude (see Table 3.2 and Figure 3.2 in the next
section).

e Both production and user processes typically give rise to
larger heat flows. For optimum economics, close integration of
the heat balance is necessary.

In developing a cost model, therefore, considerable simplification
appeared justified because even a very sophisticated model would likely
fail to give better than screening level accuracy in the general case.
Scope iimitations of a PEFP study also required that we focus onto a cer-
talin area of syngas utilization, and a modular approach appeared to be
the most practical. The set of modules was selected by working back-
ward and trying to match the "demand side” requirements for manufacture
(see Sectiomn 3).
This resulted in focusing on the costs and options for producing, on a
large scale, syngases with low H2:CO ratios (<3:1), and methanol/carbon

monoxide combinations. We also included the economics of large scale
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by-product in certain processes for the adjustment of Hy:CO ratios, and
in CO production. However, the economics of ammonia production per se,
or of hydrogen production on a small gcale are not include n gen
eral, the scale of production examined is substantially above that

which would correspond to facilities dedicated to "oxo" chemicals pro-

duction. The study also limits itself to examining the costs of on-

from blast furnace gases) 1s outside the present scope.

Study Features, Limitations, and Caveats

Estimating) computer program, which provides production cost estimates
for the product modules detailed in Table 2.1 and illustrated in
Figures 2.1 to 2.3. In addition, sufficient background is presented on
reforming and gasification to brief a user who lacks familiarity with
the ramifications of syngas production.

To help the user avoid some pitfalls, below we first call out some

caveats regarding the program. A more systematic description of the

program is given in Appendix B.

The program runs in an interactive mode. A prime emphasis in its

aod o - - tmntale 211 +ha A
CoOLBII wWad J® ViLiNQLELY GailiL LIl W

tal costs as well as feedstock prices) can be replaced by the user.
The same applies to the various factored parameters, e.g., percentages

allowed for maintenance labor and materials, G&A, ROI, etc.

Data are entered for and the program calculates costs for actual

years from 1980 on

ties prices in the program as initially compiled (and on the tape op-

tionally available to clients), comprise actual representative values

—- 1009 _._ 3 __ __
L LJ04 41U OILW

in the United States for 1980 and 1981. Fo rd, the de-
fault values are based on a trendline extrapolation made in late 1981,
which assumes moderate oil price increases from 1985 onward (see below

and also Appendix A). Being a trendline projection it, does not
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Table 2.1

SYNCOST PROGRAM MODULES

Module o Base N
Number Module Name Case” Default! Min Max
1 Syngas (0.75) from coal (MM scfd) 802.0 802.0 50 1,600
2 Syngas (1.0) from coal (MM scfd) 803.2 803.2 50 1,600
3 Syngas (1.0) from natural gas (COp import) (MM scfd) 302.8 200.0 15 600
4 Syngas (1.0) from syngas (3.0) by skimming (MM scfd) 141.7 97.6% 40 570
5 Syngas (1.0) from syngas (2.0) by skimming (MM scfd) 190.0 129.28 40 760
6 Syngas (_1-0) from vacuum resid (MM scfd) 298.3 200.0 50 600
7 Syngas (1.5) from coal (MM scfd) 804.3 804.3 50 1,600
8 Syngas (2.0) from coal (MM scfd) 805.0 805.0 50 1,600
9 Syngas (2.0) from natural gas (CO; import) (MM scfd) 294.6 200.0 40 600
10 Syngas (2.0) from vacuum resid (MM scfd) 295.9 200.0 50 600
11 Syngas (2.0) from syngas (3.0) by skimming (MM scfd) 220.5 151.5% 40 880
12 Syngas (3.0) from natural gas (MM scfd) 290.5 200.0 40 600
13 Methanol syngas (2.26) from coal (MM scfd) 805.3 805.3# 50 1,600
14 Crude syngas (4.9) from natural gas (MM scfd) 264.9  264.9"* 90 530
15 CO from gas—-derived syngas (3.0) (via Cosorb®) (MM 1b/yr) 149.3 149.3 70 600
16 CO from gas-derived syngas (3.0) (via cryogenic) (MM 1b/yr) 149.3 149.3 70 600
17 CO from gas-derived crude syngas (via Cosorb®) (MM 1b/yr) 149.3 149.3 70 600
18 CO from gas-derived crude syngas (via cryogenic) (MM 1b/yr) 149.3 149.3 70 600
19 CO from coal-derived methanol syngas (via Cosorb®) (MM 1b/yr) 149.3 149.3 70 600
20 CO from resid-derived syngas (2.0) (via cryogenic) (MM 1lb/yr) 149.3 149.3 70 600
21 Hydrogen (97%) from natural gas (MM scfd) 276.9 100.0 8 560
22 Hydrogen (972) from coal (MM scfd) 781.0 200.0 50 1,560
23 Hydrogen (982) from vacuum resid (MM scfd) 286.1 100.0 50 1,150
24 Methanol from natural gas (metric tons/day) 2,500 2,500 140 5,000
25 Methanol from gas—derived crude syngas (metric tons/day) 2,500 2,500 960 5,000
26 Methano! from coal (metric tons/day) 10,000 10,000 600 20,000
27 Methanol from coal-derived methanol syngas (metric tons/day) 10,000 10,000 600 20,000
28 Carbon dioxide from flue gas (MM 1b/yr) 870 870 400 1,750

*Capacity at which design was carried out and a detalled cost estimate made. Except for coal the base case
also represents the capacity above which parallel lines are needed.

tThis 1s the capacity for which the program automatically calculates costs. The selection of this
value 18 largely arbitrary.

o o _ 2w £ AAMN wne __ea s _.3
SEFYOQUCT CAPACITY IO0r 4UVU MM BCIA IeEed.

#Matches 10,000 metric tons/day methanol capacity.
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Figure 2.1

NATURAL GAS BASED MODULES

_,@ Reforming and CO2 Removal 40-600 MM scii® 3:1
Heat Recovery and Recycle Syngms
. O’ Reforming and CO2 Removal 40-600 MM scid
Heat Recovery and Recycle
'
L CO2 Recovery 400-1750 MM |b/yr
from Flue Gases
__.@ Reforming and CO2 Removal
Heat Recovery and Recycle
_,@ Reforming and |__[HT and L]
Heat Recovery [ shif
L_o{7) Refoming and 90-530 MM scid M:':."”l
Heat Recovery Syngas
Notes:
a  Module number 5000 metri »
Methanol] | Methanol c fons/da
b Basis contained(CO+H3) for gases I§ hesis | Worificati Y

Al
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Figure 2.2

PARTIAL OXIDATION MODULES

Notes:

b
Partial c
H .
Oxidation and 25 CO2 50-600 MM scid -~ s],l
Heat Recovery Removal Removal yrga
Partial )
Oxidotion and |—| HaS L { shin — COz 50-600 MM scfd - s2.|
Heat Recovery Removal Removal yngas
> O . Cryogenic 70-600 MM Ib/yr  ( Carbon
2} | Orire Separation id
Partial
Oxidation and Ha$ - HT and LT — o2 — Methanation

a Includes oxygen plant in all cases

b Includes sulfur recovery in all cases

c Basis contained (CO+H3)

10
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COAL GASIFICATION MODULES

Figure 2.3

6 & & b &

_.@[

b .
Guasificotion and Acid G 50-1600 MM scid 0.75:1
Heat Recovery Hydrolyshs Removal "\ Syngos
Guasificotion and Shifr and Acid Gos 50-1600 MM scid 1.0:1
Heat Recovery Hydrolysis Removal Syngas
Gasification and Shift and Acid Gas 50-1600 MM scid 1.5:1
Heat Recovery Hydrolysls Removal "\ Syngas
Guasificotion and Shift and Acid Gas 50-1600 MM scfd
Heat Recovery Hydrolysis Removal
Gasification and Shift and Acid G 50-1600 MM scfd
Heat Recovery Hydrolysis Removal
@ Mathanol Mathanol 600-20, 000 metric tone/day (o)
Synthesis Purification
® 70-600 MM | Carbon
‘ . 4 Drying s?novb b/yr o oroon
paration u
yd
Rich
Syngas,
Gasification and HT and LT Acid Gos Methanation 50-1560 MM scid
Heat Recovery Shift Removal

Module numben

Includes oxygen plant in oll cases

Includes sulfur recovery in all coses
Basls contained (CO+H3) for gases
@ and @ can also be combined to give a single medule @

11
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recognize economic ups and downs. The values for 1982 in particular

deviate considerably from actual prices.

The depth of technical analysis backing up the data varies, depend-
ing on the depth of the current analysis, availability of past PEP anal-
ysis, industry input, etc. It is generally lightest for the vacuum

residue cases. For the mainstream natural gas and coal based processes

previously covered by PEP, we did a substantial amount of reevaluation
and updating. For the Hy~CO separations, we relied more heavily on the

face value of data supplied by licensors of the various techmologies
than we would have in a normal PEP evaluation. For the base case costs
relating to coal gasification, we made use of cost data from detailed
studies by contractors. However, in the final analysis we increased
the capital estimates to reflect a more conservative design basis.

(See also below.)

Because of budget limitations on the study some of the rough edges
are left showing. In particular, the outpuis as generated by the pro—
gram, in most cases, have a somewhat different basis and give numbers
which differ in various degrees from those shown in the background anal-

yses. The key areas in which there is lack of uniformity are as

Mmoo nd Amdren W sem o P Y Y

mamds med
LUSL 4allu \—ﬁpﬂ\—l-l-! Udiad aitc vl a

ol
LA (- ¥ 8
basis." For yngases these data refer to the (CO + Hy)

..... R, P el Al meeem_

bUllLeul— Villy » Lll (.Ul.l.l.l.uﬁl-, l.lle costs auu. bapﬂb.l.l—&eﬁ UL syun—
gases 1n Sections 4, 5, and 7 are presented on a total dry

Sl e ool o . 4 . meelh ot~ 2l A2 LLmwmaimonm £
SLitall vad.idbe 1118 Illﬂkcﬁ VEL] Buuﬂl.aul-l.ﬂ& uLl.l.cl-cll(—:B Ior

streams with a larger COy content, such as methanol syngas.

ad
&

For methanol and the separated components Hy and CO, however,
the data are on a contained basis (e.g., per unit of 100%
methanol) throughOut the report.

The nnn{nt cogts in SYNCOST fo

-aane

25% higher than those shown in Sect
el

adontine a more conservative de
e ge

uvr l° AREFNr de ¥ il b ¥V
(see below).

e The capital costs in SYNCOST and the text may also differ some~
what because of the following:

a. The program data are curve-fitted and the match to the
input point data 1g not nprf'pnf,.

12
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b. The program costs for imported steam include an allowance
for capital, and are based on coal fired boilers. In some
instances in the text the capital for boilers for imported
steam is included in the off-sites investment, and coal and
oil firing is variously assumed.

e The SYNCOST default value for COy cost is zero. In the text,
various values are assigned to COj cost. In both text and pro-
gram, however, no credit is taken for any CO; produced. It is
assumed to be vented.

e The SYNCOST default credits and debits low pressure steam at a
fractional value of high pressure steam in proportion to
heating values. In Section 6 low pressure steam is credited at
zero value.

As noted, the default values are readily changed (see Appendix B).

The program, as it stands, calculates syngas costs only for the
selected discrete values of the Hy:CO ratio shown in Table 2.1. For
intermediate values manual interpolation is needed. In general, for
syngas made by gasification, the cost changes little for moderate
changes in the Hy:CO ratio.

Regarding the production of CO, numerous varfations are possible
from various combinations of separation processes, raw materials, and
alternative points at which feedstock for separation could be with-
drawvn. The modules for estimating CO costs can therefore only give a

selection of illustrative costs.

Hydrogen of various purities is the coproduct in the separation of
CO from syngas and in "skimming” to lower the H:CO ratio of syngases.
The compositions produced by the various processes evaluated in the
present study are shown in Table 2.2. The value assigned to the coprod-
uct hydrogen has a major influence on the value of the primary product.
Syngases made by partial oxidation are.typically hydrogen lean with
respect to the consuming processes (see Section 3); the Hy:CO ratio is
increased by shifting. If in such a situation CO is separated from a
8lip stream, the system can be designed so that the hydrogen is mixed
back into the main syngas stream. One logical option is then to value
the hydrogen the same as the syngas feedstock. Syngas made by steam
reforming, in contrast, typically is hydrogen rich, and the hydrogen

13
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Program module no.
Primary feedstock
Intermediate
feedstock

Process

Primary product

Hydrogen composition

(volZ)™

By

co

(4]

CHy

N, + Ar

Hyot
Total

Pressure (psia)

HHV (Btu/scf
contained Hp)

Program module no.

Primary feedstock

feedstock

Process

Primary product

Hydrogen composition

(volX)*
Hy

Pressure {psia)

HHYV (Btu/acf
contained Hy)

*tr = <10 ppav.

Table 2.2

HYDROGEN COMPOSITIONS

Direct Manufacturing

Coproduct in CO Production

-

21 2z 23 18 178 15 16 20 19
Natural Coal Vacuum Natural Natural Natural Natural Vacuum Coal
fas resid gas gas ras gas resid
- — -— Crude Crude Syngas Syngas Syngas Crude
syngas syngas {3:1) (3:1) (2:1) syngas
Reforming Gasification Partial Cryogenic Cosordb®  Cosord® + Cryogenic Cryogenic Cosorb®
oxidation separation methanation separation separation
Hydrogen Hydrogen Hydrogen o co co co co co
96.6 96.6 98.1 98.5 85.44 97.85 98.5 99.41 93.00
tr tr tr tr 0.92 tr tr tr 0.05
tr tr tr tr 9.10 tr tr tr 4.36
2.5 1.3 0.7 1.38 4.31 1.82 1.47 0.33 0.54
0.2 1.5 1.1 0.12 0.22 0.26 0.03 0.26 2.05
0.7 1.0 0.1 -_ - 0.07 - - -
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
220 715 1020 230 240 230 230 1040 770
351 339 332 339 379 343 340 328 331

11

Prisa® +
methanation

Syngas (2:1)

4
Natural gas

Aenoas £3:1%
Syngas (3:1)

Priss® +
methanation

Syngas (l:1)

Prisa® +
methanation

Syngas (l:1)

tThe water content is typically that corresponding to saturation.
SThe default values in the SYNCOST program for the credit given to this stream are taken as fuel value-
#The default values for the credit given to this stream are taken to be the same as the syngas feedstock values.

14
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needs to find an outside use. In the general case its value is there-

In SYNCOST, the default credit given to hydrogen in all separation
modules except 17 and 19 (see Table 2.2.) 18 an estimated “chemical
value.” The latter corresponds to the product value (production cost +
25Z RO1) for hydrogen made from natural gas in a 100 million scf

e

plant. This scale of production is that associated with

large scale refinery usage. For 1981 the chemical transfer value (with—
out G&A charges) is estimated as 258¢/1,000 scf (basis 417¢/million Btu

natural gas) as compared with a fuel equivalent of 154¢/1,000 scf
(basis 476¢/million Btu fuel oil).

uasi1s il )

Modules for on-purpose hydrogen production on a large scale from
all the raw materials are included in the program to provide reference

points for allocating values to hydrogen coproduct in other circum-
stances.

my_ o — e S . _ 8 - -_ _. R
ine pas€ case aesigns 10I 8y

pressures:

Product Pressure

(psia)
Syngas Hoy
Natural gas reforming 240 220
Coal gasification 785 715
Partial oxidation of resid 1050 1050

The cost data from the program relate to product delivered at these
same pressures. This introduces a slight bias against the partial oxi-
dation processes, particularly if the user process runs at high pres-
sures. However, in general the incremental cost of syngas compression
is not large. Costs of syngas compression are examined in Section 4

and estimated to be 5¢ to 13¢/1,000 scf for compression at the rate of

15
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For the CO separation and skimming cases, when either of the coproduct
pressures is reduced below feed pressure, the costs of recompression to

A 240 noia ara includad in the
wae L e A4 BL‘ A N o - LS YA

Units of Measure

As our standard measures of quantity we adopted the units noted

below. The program provides the option to print out costs in selected

{a) Syngases and hydrogen. Standard cubic feet and ﬂnrmal cubic
meters of contained (CO + Hy) are used as the normal m
gureg. The reference bages uged here are:

e Standard cubic feed (scf) at 60°F, 760 mm Hg
e Normal cubic meters (Nm3) at 0°C, 760 mm Hg

=31 7 2 = Fanfl
L J l.‘lll'J A JleJdes = |DLL)
Namanad ol na ~wa~ doswend T Toe cvcmoad am o wmone Joer Lol o —cwmwd co—ecae
vapalLliliLlitTd alit Lypialall quoiwcu vua a CL Uuay vaob.id u CULLVEL™
sions to a yearly basis made with a 0.9 on-stream factor
£4 nmawatrdan faw 290 E Jdawa wasw “A—.-\ P oy
\L.G., UFGLGLLUM AVE JaUes un]a ycL ]cﬂl.’l Lu I.Il.c PLLIILUULB
M refers to a thousand and MM to a million; e.g., MMSCFD is
ahan Anv a mil1ldnan atandard Amthia fant nar dav. A Willdnan
DLV A L -\ wla e = 3 2 WALV L W LAY 2 2 A ) A =2 PGI- uc] &% Wik VS LE

refers to 109.

(b) Methanol and coal. A single measure, the metric ton (or
tonne), which is equal to 1,000 kg and 2,205 1b was adopted
as the standard. Again capacities are typically quoted on a
daily basis.

(c) Carbon oxides. Capacities and costs typically refer to a

pound as the unit of quantity, and to a year ag the time
unit.

The rationale for the selections is briefly as follows. Our
emphasis is on uniformity. However, at the same time we do not want to

depart too much from the traditional industry quantity measures because

L Liadll AUUN quUdliliLilLly [Hcasules DeELdadusc

of the loss in the perception of scale. Since the field covers ele-
ments from various industries, e.g., chemicals, industrial gases, and
utilities, which traditionally use different units and even different
reference bases, any compromise, particularly in an international con-
text, leads to some units of questionable parentage, e.g., heating

values in Btu/metric ton.

16
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Traditionally PEP expresses all costs and capacities on a weight
basis. However, for syngases, weight is an awkward measure because the
molecular weight changes as the Hy:CO ratio changes. 1In contrast, the
volume of contained (CO + Hz) stays constant even as the ratio of Hy:CO

is stoichiometrically changed by shifting.

01 and Profitability

[

As a general yardstick for comparison of the overall economic
attractiveness of competing processes, PEP uses the concept of a o)
uct value, i.e., a unit production cost plus an annual capital charge.
The capital charge traditionally included by PEP has been a simple
25%Z/yr before-tax return on total fixed capital (TFC), sometimes

loosely referred to as a 252 ROI. (In this approach the TFC is that
estimated for instantaneous construction, and does not include allow-
ances for funds during construction, escalation or start—up costs). We
n adequate and in fact a preferred
measure for the types of comparisons being made in this study. In con-
trast, much of the published work dealing with coal gasification econom—

ics has recourse to complex criteria for return on capital invested,

(=9
©

Fh

cost of capital.

Because the coal based plants require large amounts of capital per
unit of production, the level of return required on that capital is a
key factor determining the competitiveness of such plants. Obviously
ments. Similarly any investment credits and accelerated depreciation
allowed for tax purposes would have a significant impact on the price
required for the product. For any specific project, therefore, a de-
tailed analysis of the projected cash flows as a function of possible

financing arrangements is indispensible.

The aim of this study, however, is to provide cost numbers for gen—-

eral screening level evaluations and projections. A prime advantage of
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of the approach. It is unambiguous, easily calculated, and readily

understood. For projects in which the associated parameters such as
construction periods and capacity build~up rates, are comparable, the
correlations between the discounted-cash-flow (DCF) yields and the ROI

are very similar for all of the projects. For such projects, compari-

srane dn favme nf DOT miwre £ fod 4
DALY L2 3 o Y & ~ L ) L A

&

§
(2]

yield. For gas based plants compared with coal based plants, comstruc-
tion periods and other constraints differ, and a given ROI does not
represent quite the same DCF yield in each case. However, we expect
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he correlation to be close e
simple ROI as a realistic measure of profitability.
The return on capital that should be expected is, of course, open

to debate. For the constraints on a typical petrochemical plant, the
cash flow represented by a 102/yr depreciation allowance and a 25%/yr

for 157 yield on a constant dollar basis used to be traditional for
screening level analyses of petrochemical projects. In recent times

expectations have perhaps diminished. For a risky project such as a
normally be allowed for. However, many of the published analyses base

project value calculations on real yields on capital of less than

10Z/yr. Therefore, the default product values calculated here for coal

Design Bases and Costs

The modules in the SYNCOST program are listed in Table 2.1.
Additional modules can be added by the user (

see Appendix B).

A sample printout showing i1llustrative production cost estimates
for each module 1is included at the end of this section. The sample out-
puts give costa at the default capacity with default values for raw

18



st of Synthesis Gas, Carbon Monoxide, and Hydrogen Part |, February 1983

materials and utilities costs. (The term default value here refers to
the values entered in the SYNCOST program data base at the time of

-~ A -~ | L L _ _. e =
Out LU I'nl’ SUDSCIL1DELS. ine various

L

o

issue of this study, and a

sen
default values can be changed by the user——see Appendix B.)

Please note that in all the cases shown at the end of this sec-
tion, the costs include an allowance for G&A costs. That is, they cor—
respond to final product rather than intermediate product modules. In
contrast, when moduies are used in sequence, G&A costs are not allo-
cated to an intermediate module (e.g.., syngas for CO production), un—
less a user so elects. This avoids snowballing of G&A allowances. For
the same reason, the default values entered in the raw material data
base for intermediate syngas streams, and also for hydrogen credits do
not contain a G&A allowance. Also note that the sample outputs for the
skimming modules (4, 5, 11) are shown for a capacity of 200 million
scfd product, rather than for the actual program default capacity, 200

e or 1980 and 1981 are e
mates of representative average mid-year values for the U.S. Gulf

(UsGC) .

For convenience illustrative default values are also entered in

the SYNCOST data base for 1982 onward. Below, we use some estimates
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emphasize the following:

e The values for 1980-1982 derive from a somewhat arbitrary
scenario (detailed in Appendix A) constructed in late 1981 to
project trendline prices.

® The scenario assumes that oil prices will start to escalate
again in real terms past 198S5.

e The values are trendline estimates, which ignore the ups and
downs in the economy. Thus for example, the 1982 values are
estimates of prices, given an economic recovery; they differ

substantially from actual prices as at mid-1982 (see

illustrations in Appendix A).

e The values for 1990 onward are simple extrapolations at con-
stant rates of escalation.
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Figure 2.4

COSTS OF SYNGASES FROM REFORMING OF NATURAL GAS
AND PARTIAL OXIDATION OF RESID

USGC mid~1981, PEP Cost Index = 400

Ho Credit at 258 ¢/1000 scf
Free CO2

1:1 (CO9 Import)

~— e 2:1 (Vacuum Resid)
2:1 (CO2 Import)

- 4 SN T 1:1 (Vacuum Resid ) _
240 |- ydrogen == = ~ S 3:1 (CO2 Recycle) —

- 2:1 (Skim 3:1) -

- \ 4,9:1 Raw Gas ._
200 1 ] | | | | i N L

0 200 400 600 800 1000

CAPACITY, million scfd (CO+H2)
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Figure 2.5

COMPARISONS OF PRODUCT VALUES

USGC mid-1981, PEP Cost Index = 400

Fraa CDA
2

Hg Credits at 258 ¢/1000 scf
200 million scfd Capacity in ail Cases

4.9:1 Singas from Natural Gas

3:1 Syngas from Natural Gas (CO2 Recycle)
2:1 Syngas from Natural Gas (Skim 3:1)
2:1 Syngas from Natural Gas (CO2 Import)
2:1 Syngas from Vacuum Resid

2:1 Syngos from Coal

1:1 Syngas from Vacuum Resid

1:1 Syngos from Natural Gas (Skim 3:1)
1:1 Syngos from Natural Gas (Skim 2:1)
1:1 Syngas from Natural Gas (CO2 Import)
1:1 Syngas from Coal

Hydrogen from Natural Gas

LW S0 40U
PRODUCT VALUE, ¢/1000 scf
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Some comparative cost data are plotted in Figures 2.4 and 2.5,
with comments being given in the subsections below. However, given
that the prime aim of this study is to facilitate the user to generate
syngas cost data for the user's own specific constraints, no extensive

tabulation of cost data is included.

Natural Gas Reforming

The ratio of Hy:CO in the product from steam reforming of natural
gas 1s characteristically well above 3:1, and normally closer to 5:1,
because of the shift reaction in the reformer. Most of the proposed
syngas routes to bulk chemicals, however, require ratios of 2:1 or

less, or sometimes methanol and carbon monoxide.

To produce these lower ratios one can either separate (skim off)
some hydrogen from the reformer product, or feed carbon dioxide to the

reformer, or both. The carbon dioxide can, in part, be recycled from

the reformer product, be recovered from reformer flue gases, or be
imported. Addition of CO7 to the reformer feed has typically been
practiced in connection with oxo syngas production at relatively small

scales of operation. However, little has been published on the

routes approach commercial status, production of syngas from coal may
be more economic in the United States than production from natural gas.
In addition, certain coal gasification processes yleld low Hp:CO ratios

+3) whioch . | and dn +thia
VR =

p GG LAIL LILLO

P
sense are inherently more suited for the majority of potential synthe-

However, natural gas reforming is a well established and highly re-
fined technology which currently remains the most widely used, and in

general still the most economic route for synthesis gas generation.

Also, the future availability and relative pricing of natural gas seems
particularly uncertain. We therefore feel that natural gas reforming
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and variations thereon must still be taken to provide the reference

basis, or calibration, for cost comparisons and projections relating to

(g
o

that typical of methanol plants, because integration with methanol
production facilities may often be an option to be considered, and not
infrequently methanol itself may be an intermediate feedstock in the

PEP
analysis did not cover the highest efficiency designs that are now
claimed to be practical for the two leading processes, viz., those
licensed by ICI and Lurgi. We therefore reevaluated a "high efficiency
r the ICI pr
believed to be very similar. Lurgi is likely to have a slight edge in
energy efficiency, but requires more complex reactors. For a high
efficiency ICI design without CO7 addition we estimate a feed and fuel
al h

18ty gas usage of 32

ga or 34.6 GJ/metric ton of methanol

(HHV basis). However, the most energy efficient design would not
necessarily be optimal for production of methanol if low cost natural
gas is available; in the nearer term, new methanol capacity is most

likely to be added in locations where gas is cheap.

The question of steam balance i1s an important aspect of reforming
economics. As discussed in Section 4, reformer design has become
sophisticated enough to provide the designer considerable flexibility
he steam balance. For the syngas cases, we elected to
- use designs which were self-sufficient with respect to steam genera-
tion. The only exception was the crude-syngas module (14) which com—

prises the front end of a methanol unit. Here we in effect cut the

4 *-a 1 ha
=D L300 DV [T Y13

hydrogen rich purge stream used as reformer fuel in the two resulting
modules was converted into a natural gas equivalent based on heating
values. In practice, of course, the reformer heat balance for the
other cases as well would be similarly integrated with some downstream
process, so that application of coets durived for the . unecral case must

necessarily entail an approximation.
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The ba u gas feedstock
rate corresponding to 2,500 metric tons/day of methanol. This ap-

proaches the maximum single-~train methanol unit capacity considered to
be feasible with current engineering experience. Above this capacity,

use of parallel trains is assumed and costs are scaled accordingly

(exponent ca. 0.9). Scaling of costs down to about 1,000 tons/day

capacity equivalent is also relatively straightforward. However, much

below this, one has to allow both for reductions in energy efficiency,
and for changes in design philosophy, e.g., use of electric drives in-

stead of steam turbine drives for compressors at the smaller capaci~-
ties. Examination of the effects of such factors in a few selected

cases enabled them to be roughly quantified. However, no detailed de-

capacities approaching the lower limits shown should be considered in-

creasingly approximate.

We evaluated a number of alternatives for lowering the Hy:CO ratio

the product gases, i cluding addition of COy to reformer feed, and
t

of 2
he use of various separation techniques to skim off some hydrogen
(cryogenic, Cosorb®, PSA, Prism®). A 3:1 Hy:CO ratio can be attained

1!"‘

by recovering and recycling the COp in the reformer product. COy recow-
erable from the product and the fiue gases would suffice to lower the
ratio to about 1.2. For ratios below this, import of COy is necessary.
0f the skimming processes, Monsanto's Prism® membrane separation tech-
nology appears to be the most attractive, in part because it skims
hydrogen without a major reduction in the pressure of the syngas

stream. The skimming cases in SYNCOST are based on use of this pro-

cess.

Some comparative syngas cost data are shown in Figure 2.4 to
illustrate the range of costs. These costs are derived on the basis of
f 258¢/1,000 coproduct in
skimming (i.e., assuming a chemical use for hydrogen), and charging COp

at zero cost for the cases entailing COy addition.
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It is evident that reducing the H2:CO ratio is relatively costly.

The costs of the process using COp addition increase very sharply as

P

1
n

o

H2:CO0 ratio decreases, even with free CO2 because of the increas-

[

ngly large amounts of CO2 being handled. The costs for the 1l:1 gas
would be off the scale of the chart if COp i1s recovered by flue gas
scrubbing. Thus, as a general rule, skimming to obtain low ratios is
more attractive. However, the absolute and relative costs are sensi-
tive to the charges/credits for Hy, COz, and the scale of operationms.
To provide some reference values for Hp and CO2 costs we evaluated

on-purpose large-scale production of hydrogen, and the recovery of COj

B
Fh
-

Ml o L f e e A B A . I B Ny ey Lo e PR
ie Iyarogei Coste. aasa LHLELESU 1l LI prLugram are 1Ll a4 conveua—

tional process using steam reforming, combined with high and low temper-
ature shift, CO2 removal, and methanation, to produce hydrogen at a

rate of 100 million scfd. We also screened a proposed modification to
the conventional
Adsorption (PSA) replaces the steps downstream of high temperature
shift. We found the economics to look attractive, but dependent on
substantial export steam credits. If we had used the lower product
values estimated for hydrogen produced by PSA as default values for

hydrogen credit, the economics of skimming would look somewhat less

favorable.

For COp, we estimated costs for recovery from flue gases by
scrubbing with MEA; a module for this is included in the program. The
CO7 is generated at close to atmospheric pressure. In general, scrub-
bing of the gases appears to be uneconomic, although we understand that
it is still practiced in certain instances. We also note that very

recently Dow has announced an 1 for such a process.
Location adjacent to an ammonia plant, on the other hand, could provide
effectively free CO9 and would be the preferable way to go in the pres-
ent context. This is the implicit assumption made regarding the zero

default value assigned to COy in the SYN

= = === =TT FT TeT T
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Some illustrative costs for carbon monoxide production are shown
in Figure 2.6. The choice here is typically either a cryogenic separa-
tion or the Cosorb® process. The latter uses a selective solvent con-
sisting of cuprous aluminum chloride dissolved in toluene. Both these
methods are capable of producing a CO of better than 99% (v) purity.
The other methods we examined for hydrogen skimming (viz, PSA and
Prisn®) do not yleld a CO of the purity typically required for feed-
stock use. For separation of CO from syngases the cryogenic process
appears to have the edge. As in skimming, values assigned to hydrogen
coproduct have a major influence on the cost. Examination of the eco-
nomics of CO recovery from various by produced streams is outside the
scope of the present work. However, we would note that economics for
recovery of CO from blast furnace gases are presented in PEP Report
123. The Cosorb® process was found to be well suited for the latter
application because nitrogen, which goes with the CO in the cryogenic
process, has very low solubility in the Cosorb® solvent. We understand
that many of the initial problems encountered with commercial applica-

tion of the Cosorb® process have now been overcome.

The economics of natural gas based production are compared further
below with those of coal and residue based production. Generally, such
comparisons are best dome for the products made from the syngas rather
than for the syngas itself, because stoichiometric considerations may

make it difficult to establish a uniform basis for comparison.

Partial Oxidation of Vacuum Residue

In partial oxidation processes, the greater part of the oxygen in
the syngas product is supplied directly as oxygen rather than deriving
from steam, as in reforﬁing. Hy:CO ratios of syngases produced by
partial oxidation are thus characteristically much lower than those
produced by steam reforming, and match well the ratios needed for oxo
feedstocks and the feedstocks for most of the proposed routes to bulk
chemicals. The typical Hp:CO ratio for partial oxidation of vacuum
resid 1s for example, approximately 1l:1 (see also Table 3.1). Higher
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Figure 2.6

COSTS OF CARBON MONOXIDE

USGC 1981, PEP Cost Index = 400
Hydrogen Credit at 258 ¢/1000 scf
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A  Cryogenic separation from 3/1 syngas made by steam reforming
of natural gas at 200 million scfd.

B  Cosort® separation from 3/1 syngas made by steam reforming
of natural gas at 200 million scfd.

C  Cryogenic separation from 2/1 syngas made by partial oxidation
of vacuum resid at 200 million scfd.

* Multiply by 0.0413 to obtain million scfd
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ratios as required can be obtained readily and economically by the

shift reaction, and in contrast to steam reforming, the cost of the

that they lend themselves well to processing a very wide range of raw
materials, including the "bottom of the barrel,” which sometimes con—
tains high levels of sulfur and metallic impurities. In contrast, the
use of steam reforming 1s restricted to sulfur free feedstocks
carbon numbers up to the naphtha range (i.e., up to Cg). This is be~

cause the catalysts used in steam reforming cannot tolerate sulfur, and
exhiblt an increased tendency to coke with heavier feedstocks. Partly
£ its
to produce syngas for the traditional large scale applications such as
ammonia, methanol, and hydrogen and as well as the smaller scale uses

such as oxo chemicals, acetic acid, and carbon monoxide. The most re-

cant mathannl
genc wnanoL

me nlant gtarted un in tha IInited Stateg (nart of a metha-=
1 pirant startec in the U {part or a metha

up in the United States

nol/acetic acid complex operated as a joint venture by Du Pont/USI) is

based on partial oxidation of heavy residue.

Within the limitations of the present study it was not possible to

do any extensive new design work for partial oxidation. Nevertheles

8’
on the basis of previous PEP work and industry inputs, we feel that the
cost estimates given here for syngas generation by partial oxidation
are both consistent with the other data in this study and representa-
tive of current practice. The costs relate to a complex based on
Texaco gasifiers, Rectisol® acid gas removal, and a Claus/SCOT® sulfur

recovery system. Other proven technologies are also available for the

various operations. The present selection was based on convenience.

A module for methanol is not entered. Approximate costs for
methanol from vacuum residue can be obtained by judiciously combining
modules 10 and 27, i.e., 2:1 syngas from resid, with methanol from coal
derived syhgas.
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As seen in Figure 2.4, given the price structures assumed for
1981, partial oxidation of residue is attractive for production of syn—-
gases with low Hy:CO ratios. Vacuum residue, has in the past been sold

rro ™
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difficult to sell it as fuel because of envirommental restrictions on
the sulfur content of fuels and because of competition from coal. At
the same time the average crude oil processed in refineries will become

mmanmanaderaTer hanewd am Mdn demnemnnn~d
lesLGDDLYcL’ HMCAQVvVAGL e LMAD ALGLECQGOL
vacuum residue may result in a longer term price trend which makes it

more generally attractive as a feedstock for syngas based processes. A

PEP report on vacuum residue will issue in 1983.

Coal Gasification

In the present study we review the background to gasification, and
zero in on the economics of syngas production by the second-generation

entrained-flow gasification technology pioneered by Texaco.

Entrained flow gasifiers are in principle very similar to the par-
tial oxidation reactors used to produce syngases and hydrogen from mis-
cellaneous hydrocarbon feedstocks. However, as compared with processes
using gaseous or liquid feedstocks, use of coal obviously presents
and corrosive solids under extreme conditions. The design of safe and
efficlent pressure feeders has proved to be particularly intractable.

In addition, the makeup of coal is complex and highly variable; there-

handle physically and in the way they react chemically. Even coal from

a given geological formation may show considerable variability.

The ratios of Hy, CO, CO7, and CH; in a gasifier product vary only
slightly with the type of coal, but are highly dependent on the type of
gasification system. The amounts of oxygen and steam required vary

both with the type of coal and the process.

Entrained flow gasifiers are favored for production of syngas to

be used as a chemical feedstock because they produce the low H,:CO
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ratios typically required, and minimize the residual methane in the
product (each mol of methane represents the loss of three mols of syn—
gas). However, because certain types of gasifiers are inherently more
sultable for certain coals, the optimal choice of a gasifier is rarely
clear cut. For commercial systems, demonstrated operability may, of

course, be the dominating factor.
The cost data presented in this study are keyed to:

® Illinois No. 6 bituminous coal delivered to the U.S. Gulf
Coast.

e Texaco gasification, Rectisol® acid gas removal, ICI methanol
process.

e U.S. Gulf Coast construction costs.
e Base case capacity equivalent to 10,000 metric tons/day of
methanol.
The rationale for these selections is outlined below. Reference mate-
rial relating to this is detailed in the more extended discussion in
Section 6 of the report.

The status of entrained flow gasifiers appears to be as follows:
e Koppers-Totzek (atmospheric, dry feed) - Operated on a
commerclal scale for ammonia synthesis.

e Texaco (pressure, slurry feed) — Several large pilot units in
operation; a commercial unit and a demonstration plant under
construction.

e Shell-Koppers (pressure, dry feed) - Advanced large pilot
development.

e Saarberg-Otto (pressure, dry feed) — Large pilot development.

The Koppers—-Totzek process is in commercial operation in South
Africa, India, and elsewhere, and has also recently been chosen by the
Tennessee Valley Authority (TVA) for its proposed commercial-scale coal
gasification facilities at Murphy Hill, Alabama. However, the disadvan—
tages of operating at atmospheric pressure make it an unlikely compet-

itor for the longer term.

In terms of efficiency and the range of processable coals, the

Shell-Koppers and Saarberg~Otto pressurized, dry feed, entrained flow
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gasifiers (PDEG) are the most attractive. However, the Saarberg—Otto
process is in a relatively early stage of development. The Shell-

and proposals have been made for its commercialization. It is there-
fore likely that a PDEG could be demonstrated on a commercial scale in
the latter half of this decade. . However, the published information and
the analysis regarding t
resolution of one of the most intractable problems, the development of
an efficient pressurized dry feed system suitable for commercial opera-
tion, may still be some way off. (Recently Shell and Krupp-Koppers

nd each company is continuing some

a
development on its own.)

Of the pressurized entrained flow developments, the Texaco tech-
nology, which feeds coal as a water slurry, has progressed the fur-
thest. Variations of this technology have been successfully piloted on
stantial scale by Ruhrkohle/Ruhrchemie (RAG
Construction of a demonstration plant to gasify some 1,000 metric
tons/day of coal is proceeding at the Cool Water generating station in
Barstow, California. This is a project to demonstrate gasification/
Texaco gasifiers
of a similar size are under construction as part of Tennessee Eastman's
commercial venture to produce acetic anhydride from coal derived syngas

(see Section 3).

We believe that the costs keyed to Texaco gasification are conser-
vatively representative of what might be expected by 1990. Another ad-
vantage to our selecting Texaco technology 1is the large number of
openly published technoeconomic studies (for projects using such gasi-
fiers) which have been carried out by major contractors for the U.S.
Department of Energy and the Electric Power Research Institute (EPRI).
Availability of a selection of well-honed designs and estimates by

contractors with experience in this area increases confidence in the

numbers.
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Acid gas removal and sulfur recovery systems typically account for
up to 20Z of the gasification system investment. For sulfur recovery,
a Claus plant with a tall gas treating unit is often chosen. Choice of
the optimum acid gas removal process is not clear—cut, but the
Rectisol® (Linde aﬁd Lurgi) and Selexol® (Norton Company) selective
physical solvent processes have been the ones most commonly specified
in proposed gasification designs. The Rectisol® process, which uses
refrigerated methanol as a solvent, is commercially well established in
coal gasification and other systems. It has a successful history of
protecting sulfur-sensitive catalysts such as those used in methanol
systems. Costs associated with it should therefore be representative

for our general case.

The Illinois No. 6 coal as the feedstock and the U.S. Gulf Coast
as the manufacturing location, are advantageous choices because both
have in many ways become standard reference points and are used widely
as a basis for comparison. It could be argued that despite this advan~
tage, the combination departs too far from anticipated reality--that
because of the expense of transporting coal, gasification complexes
will most likely be located at the mine. We are not altogether con~
vinced of this. Gasification economics are highly capital intensive
and the extia costs and problems of setting up in a remote location,
together with the transport costs of the product, could negate the
advantages of the cheaper coal. Thus particularly for chemicals prod-
uction, an established manufacturing location could prove to be the

most economic site.

After screening the mass of published work on gasification, we
concluded that the most recent in a series of studies for EPRI by Fluor
Inc. (472120) presented technoeconomic data sufficlently well fitted to
the criteria for our base case. Fluor had evaluated the production of
methanol at a scale close to 10,000 metric tons/day from Illinois No. 6
bituminous coal with Texaco coal gasifiers, Rectisol® acid gas removal,
and ICI methanol synthesis. The evaluation was based on design data

supplied by both Texaco and ICI for their respective units, and on
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design and cost data supplied by Lotepro for the Rectisol® process.
Both technical and economic data were presented in sufficient detail to
enable breaking out costs of syngas manufacture per se. We therefore
ugsed the data presented in reference 472120 as the source of ocur base
case numbers. The base case data were adjusted for a slightly differ-
ent scale and scope and the costs were also escalated forward to 1981.
We scaled the costs by section to arrive at overall costs for lower
capacities. 1In the final analygis we algo opted for a somevhat more

conservative design basis (see further below under Gasification
Capital).

For syngases per se we used the front section of the methanol

plant design. There 1s less flexibility to adjust the process steam

halance internally in gasification than in gteam reform

ing designs.

For the coal based syngases we therefore chose not to make the designs
self-gsufficient in steam, but kept the hardware as for the front end of
the methanol plant and made appropriate credits and debits in utili-
ties. This resulted in a net import of high pressure steam for the

syngas cases.

The design was ad justed to include less shift and acid gas removal
capacity for Hy:CO ratios lower than the 2.26:1 used for the methanol

e
Lle

=n

ental costs for modification o
design to include a low temperature shift and a methanation stage for
the production of hydrogen at very large capacities. The overall
designs are in all cases keyed to the use of a sulfur tolerant shift
catalyst, go that the feed to ghift is not dried or fully ccocled. This
is advantageous because enough steam for the shift reaction is intro-
duced as part of the upstream quench operation. There appears to be
potential for backing out some of this quench steam when lower H:CO
ratios are required. With optimization of an overall design in each in-
stance, therefore, syngas product values may be more sensitive to the
H9:CO ratio than the present data indicate, with somewhat lower values

At ttha TAavvaw masdan
(-1 %) WIS AVWCA LOLALVS
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Gasification Capital

The capital investment values for the coal gasification pro-

cesses used in the SYNCOST data are higher than those shown in Section

6. The differences for the base cases are detailed in Table 2.3.

Subsequent PEP evaluations of gasification (PEP Report 154,

Coal Gasification) together with.industry feedback convinced us that a
somewhat more conservative design basis than that used in Section 6
should be adopted to match the assumed stream factor of 0.9, even for a
ure plant. In particular we increased the sparing of equipment in
the gasification and heat recovery sections to 50%, and provided for
more extensive coal preparation. In addition, auxiliary steam generat-
ing faciiities were increased to simpiify start—up and some additions
were made to the general service facilities. The estimated additiomnal
capital was $190 million on the battery limits investment (BLI) and $70 |
million on the off-sites for the base case in 198l. The resulting in-

creases in the total fixed capltaL (1ry) in absolute and percentage

terms for the various modules are as shown in Table 2.3.

Table 2.3

CAPITAL COSTS FOR COAL GASIFICATION MODULES

Total Fixed

Capital
Capacity ($ million)
Program MM scfd or Section ) 4
Module Product (tonnes/day) 6 SYNCOST Increase
1 Syngas (0.75:1) 802 1,032 1,292 25.2
2 Syngas (1:1) 803 1,055 1,315 24.6
7 Syngas (1l.5:1) 804 1,080 1,340 24.1
8 Syngas (2:1) 805 1,096 1,356 23.7
13 Syngas (2.26:1) 805 1,102 1,362 23.6
22 Hydrogen 781 1,243 1,503 20.9
26 Methanol from coal (10,000) 1,322 1,582 19.7
27 Methanol from syngas (10,000) 220 220 -—
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The program data thus correspond to a relatively conservative
estimate, whereas the Section 6 data represent an optimistic projection

of tha rnete asanniatad wie
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Product Values——Comparisons and Projections

The estimated 1981 product values (production costs + 25%
ROI) for coal based syngases are shown in Figure 2.7. The two bands
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tic capital estimates detailed in Section 6. In contrast to steam re-
forming, the cost of syngas 1s relatively insensitive to the H,:CO
ratio. The gasification produces a raw gas with a low ratio (0.75),

lues of syn-
gases made by reforming of natural gas for the process scheme in which
the Hy:CO ratio is reduced to 2:1 by recycle and import of COj.
However, because user processes may be optimized around differenmt H,:CO
ratios, direct comparison of coal and natural gas based syngas costs at
a given ratio may be misleading. Comparison of the costs of first line
derivatives can be made on a more uniform and clear-cut basis, and 1is
here done for methanol in Figure Z.8. It is seen that for the assumed
price relativities, coal based methanol would not at present be di-
rectly competitive except in the optimistic case at very large scales
of manufacture. We emphasize again that this is without any special
financing arrangemenis or subsidies, on the basis of a bituminous coal
shipped to the U.S. Gulf Coast (i.e., a fairly high coal price), and
for current world scale capacities. We also show a range of methanol
values calculated on the basis of 50¢/million Btu gas and location

. The va
an allowance of 1¢/1b for shipping. These figures roughly match the
range of costs that might be anticipated for methanol made in the
Middle East and shipped in large tankers to the U.S. Gulf Coast, and
indicate that such methanol could be highly competitive.
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Figure 2.7

USGC mid-1981, PEP Cost Index = 400
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Figure 2.8

COSTS OF METHANOL

USGC mid-1981, PEP Cost Index = 400

I | I | I I I I |

Delivered Coal 1.9 $/million Btu
(47.3 $/metric ton)

Natural Gas 4.17 $/million Bty

Conservative
== == = Optimistic (Capital x 0.835)

Coal (Case A)

— 80
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‘-
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Natural Gas 73
— 66
Range of Imported Methanol Costs
(50¢/million Btu Natural Gas)
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CAPACITY, 1000 metric tons/day
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The breakdown of the 1981 costs into basic components is as

follows:
Methanol from Methanol from
Cost Component Natural Gas Coal
Natural gas or coal related costs 55% 212
Lahor related costs 7 8
Capital related costs 38 71
Total 100% 100Z

The 257 ROI accounts for 46 of the 71 ¢
coal case, compared with 25 of the 38 for the natural gas based case.
The figures illustrate the high sensitivity of the natural gas based

economics to gas (i.e., ultimately oil) price, and the extreme sensitiv-

ity of the coal based economics to capital requirements.

based on the cost projections for input factors as discussed in
Appendix A. The plot is made in constant 1981 $ so that the effects of
the geéneral level of inflation are eliminated, i.e., the cost increases
shown are those over and above general inflation. For the scenario
used, the crossover for natural gas based methanol compared with coal
based methanol manufactured at 2,500 metric tons/day takes place in
i990. (By crossover we here mean the time at which product vaiues by
two routes become equal.) If the more optimistic capital estimates of
Section 6 are used without modification, the crossover occurs in 1983.
For comparisons made at 5,000 metric tons/day, the crossover moves to
1985, as it does if 20Z ROI were used in the product value calculation
instead of 25Z. Thus only relatively modest real increases in natural
gas prices are needed to make coal based methanol competitive with gas

based methanol in the United States. However, the competitive product

available.
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Figure 2.9

METHANOL COST PROJECTIONS

USGC 2500 metric tons/day

Trendline Projections (See Appendix A)
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(b) Crossover point chcng if comparisons made at 5000 metric tons/day

capacity, or with 20% ROI for coal case.
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The economics of proposed nontraditional syngas routes for
some major bulk chemicals were examined in PEP Report.146. For coal
based compared with oil based ethylene processes, crossovers were esti-
mated to occur this side of 1990. Such a conclusion would, of course,
have radical implications for the competitive structure of the world
chemical industry. However, the estimates were based on a scenario
with an oil price escalation which might be considered high in terms of
present perceptions. As noted at the end of Section 3, the illustra-
tive scenario used in the present study, which projects oil price in-
creases at somewhat more modest rates, would push such crossovers much

closer to the year 2000.

With the géneral perception of more modest oil price in-
creases, some of the urgency assoclated with syngas developments has
vanished. Nonetheless, the expanding area of syngas chemistry remains
an exciting one, with potential for radical developments. The present
work should aid ongoing evaluations.
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SYNGAS(H2/CD=0.75) FROM COAL
802.00 MMSCFD

VARIABLE COST SUMMARY FOR 1981

CONSUMPTION
UNIT £OST PER MSCF C/MSCF
RAW MATERIALS
COAL AT MINE 32.308/TONNE 0.0187 60.34
COAL. TRANSPORT 15.00$/TONNE 0.0187 28,02
ASH DISPOSAL 5.00%/TONNE 0,001 0.93
MISC. CHEM. & CAT, 0.51
789,80
BY PRODUCTS
SULFUR 4,54C/LR ( 1.2570) (  S.71)
( 5.71)
IMPORTED UTILITIES
HP STEAM 7.708/MLE 0.0120 9.24
ELECTRICITY 3.40C/KWH ( 0.1810) (  0.65)
CLARIFIED WATER 41,00C/MGAL 0.0148 0.61
.20
TOTAL VARIABLE COSTS 93,29
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SYNGAS(H2/C0=0,75) FROM COAL

802,00 MMSCFD

¥XCOSTS SHOWN IN CURRENT $

INVESTMENTS (MM$)
BATTERY LIMITS(BLI)
TOTAL FIXEDR CAFITAL(TFC)

COST INDEX(CURRENT %)

COAL AT MINE ($/TONNE)

PRODUCTION COST,

RAW MATERIALS
BY-PRODULT CREDIT
IMPORTED UTILITIES

VARIABLE COSTS
OPERATING LABOR( 42,0/SHIFT)
MAINTENANCE LAROR(1.4% RLI)
CONTROL LABR LABOR(20.0% OF LABOR)
TOTAL DIRFCT LABOR
HAINTENANCE HATERIALS(2.4% BLID)
OFERATING SUPPI.IES(10.0% OF LABOR)

PLANT OVERHEAD(30.0%Z TOTAL LABOR)
TAXES AND INSURANCE( 2.,0% TFC)
DEPRECIATION(10.0X TFC)

G%A» SALESs RESEARCH( 3.0Z FPV)
ROI EREFORF TAXES(25.0% TFC)

FRODUCT VALUE(PV)s C/MSCF

43

80.87
(4.83)
8.31

84.35

8,34

108.80

273.15

(MODULE # 1)

1052.8
1291.9

400,0

32,30

8%.80
(5.71)
?.20

93,29

2.44
6.39

0.49

?.32

F.39
0.24

9.83

2.80
?.81
49.04

61 .65
9.35
122.59

306.03

1406.1
1725.4

534,2

42.30

117.73
(7.55)
12.03

122.21

3,30
8.54
0.66

12.42

163.73

406.34

2018.6
2477.0

766.9

61,80

169.71
(11.13)
16.99

235.05

383.31
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SYNGAS(H2/C0=1,0) FROM COAL

803.20 MMSCFD

VARTIABRLE COST SUMMARY FOR 1981

CONSUMPTION
UNIT COST PER MSCF C/MSCF
RAW MATERIALS
COAL. AT MINE 32.30%/TONNE 0.0187 60.27
COAL TRANSPORT 15.,008%/TONNE 0.0187 27.99
ASH DISPOSAL 5.,00%/TONNE 0.,001¢9 0.93
MISC. CREM. % CAT. 0.54
89,73
BY PRODUCTS
SULFUR 4.,354C/LE ¢ 1.2570) ( 5.71)
( 3.71)
IMFORTED UTILITIES
HF STEAM 7.708/MLE 0.0110 8.47
ELECTRICITY 2+60C/KUWH ( 0.1330) ( 0.35)
CLARIFIED WATER 41.00C/MGAL 0.0149 0.61
8.53
TOTAL VARTIABLE COSTS ‘ 22.55
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SYNGAS(H2/C0=1.0) FROM COAL

803.20 MMSCFD

XXCOSTS SHOWN IN CURRENT $

INVESTMENTS (MM$)
BATTERY LIMITS(BLI)
TOTAL. FIXED CAPITAL(TFC)
COST INDEX(CURRENT $)

COAL AT MINE ($/TONNE)

RAW MATERIALS
BY-PRODUCT CREDIT
IMPORTEDI UTILITIES

VARIABLE COSTS
OPERATING LABOR( 42.0/SHIFT)
MAINTENANCE LABDR(1.6%X BLI)
CONTROL LAB LABOR(20.0X OF LABOR)
TOTAL DIRECT LABOR

MAINTENANCE MATERIALS(2.4Z BLI)
OFERATING SUPPLIES(10.0X OP LARBOR)

PLANT OVERHEAD(30.0Z TOTAL LABOR)
TAXES AND INSURANCE( 2.0% TFC)
DEPRECIATION(10.,0% TFC)

ROI REFORE TAXES(25.04Z TFC)
FRODUCT VALUE(FV)» LC/MSCF

45

?52.2
1166.4

355.0

28.80

110.54

275.42

(MODULE # 2)

10814
4704

1072.8
1314.5

400,0

32,30

89.73
(5.71)
8.53

922,55

2.44
4.51
0.49

9.44

124,55

308.58

1 00
dA7O

1432.8
1755.5

534.,2

42.30

117.64
(7.53)
11.18

121.27

3.29
8.69
0.66

12.64

13,03
0,33

13.36

3:.79
13.31
66.33

83.63

2056.9
2520.3

76649

61.80

169.59
(11,15
15.82

174,26

4.66
12.47
0.93

18.06

18.71
0.47

19.18

S.42

238.80

588.32
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SYNGAS(H2/€C0=1.0) FROM NATURAL GAS

WITH C02 IMPORT

200,00 MMSCFD

VARIABLE COST SUMMARY FOR 1981

RAW MATERIALS
NATURAL GAS
CARBON DIOXIDE
MISC. CHEM. % CAT.
MISC, CHEM. & CAT.

IMPORTED UTILITIES

NAT. GAS FUEL
LP STEANM
ELECTRICITY
COOLING WATER
PROCESS WATER

TOTAL VARIABIE CNSTS

UNTIT COST

4.17¢/MMBTU
0.00C/LB

4,17$/MMRTU
5,208/MLE
3+60C/KWH
S+40C/7MGAL
68.,00C/MGAL

46

CONSUMPTION

PER MSCF C/MSCF
0.2540 105.92
27,8500 0.00
0.84
1,75
"108.51

0,2300 95,91
0.0502 26.10
1.2770 4,60
0.7410 4,00
0.0075 0.51
131,12
239.63
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SYNGAS(H2/C0=1.,0) FROM NATURAL GAS

WITH CO2 IMFORT

200,00 MMSCFD
X&kCOSTS SHOWN IN CURRENT $

INVESTMENTS (MMS$)

BATTERY LIMITS(BLI)
TOTAL FIXED CAPITAL(TFC)
COST INDEX(CURRENT $)

NATURAL GAS ($/MMBTU)

PRODUCTION COSTs C/MSCF

RAW MATERIALS
IMPFORTED UTILITIES

OPERATING LABORC 4.0/SHIFT)
MAINTENANCE LABOR(1.5% BLI)

CONTROL LAB LABOR(20.0X%X OP LABOR)

TOTAL DIRECT |.ABOR

MAINTENANCE MATERIALS(1.5% BL

D::!AT'I’MI" CIIDDI TEQI!A.O'I no

1
WU RLNNTTE AT LERY o WUF b

FLANT OVERHEAD(80.0% TOTAL LAROR)

TAXES AND INSURANCE( 2.0X TFC)
DEFRECIATION(10,0% TFC)

SUBTOTAIL.Y FLANT GATE COSTYT
GiAy SALES» RESEARCH( 3.0Z PV)

ROI BEFORE TAXES(25.0Z TFC)

)
BO

3.00
0.08

3,08

3.18
4,94
24,69

32.81
267.67
10.19

61.72

(MODULE # 3)

147.8  197.4
182.8  244.1
400.0  534.2
4.17 7.37
108,51  190.63
131,12 218,25
239,63  408.88
0,93 1,26
3.37 4.51
0.19 0.25
4.49 6.02
3.37 4,51
0,09 0.13
3.46 4,64
3.59 4.82
5.56 7,43
27.82  37.15
36.97  49.40
284,55 468.94
10,95 17.38
69.56  92.88

o
o~
(4]
<O
o~

=
~

o _ 0
F7esV

1.78
6.47
0.36

8.61

6.47
0.18

6465

6.89
10.67
53.35

70.91
764.43
27.77

133.37

~o
™
4]
(4]
~



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part I, February 1983

SYNBAS(H2/C0=1.0) FROM SYNGAS(H2/C0=3,0)
RY SKIMMING

200.00 MMSCFD

VARIABLE COST SUMMARY FOR 1981

RAW MATERTIALS

SYNGAS(3.0)/6 2.38%/M8CF
BRY FRODUCTS

HYDROGEN 2.58%/MSCF

IMFORTED UTILITIES

4,178 /MMBTU
3+A0C/KUH

NAT. GAS FUEL
ELECTRICITY

TOTAL VARIAERLE 0STS

48

CONSUMF TION
PER MSCF C/MSCF

2.0500 488,27

“a88,27

¢ 0.9700) ( 250.26)

¢ 250.26)

0.0013 0.53

1.5240 5.49

6,02

244.03



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part I, February 1983

SYNGAS(H2/C0=1.0) FROM SYNGAS(H2/C0=3.0)

nv CEIMMINMG
U OGN ATHITAIIRD

200.00 MMSCFD

¥xC0OSTS SHOWN IN CURRENT ¢

INVESTMENTS (MM$)
BATTERY LIMITS(EBL

TNTAIL CTVYEDND CADTTA
TR Ik §FiIALL LT 2108

SYNGAS(3.0)/6 ($/MSCF )
PRODUCTION COSTs C/MSCF
RAW MATERIALS
BY-FRODUCT CREDIT

IMPORTED UTILITIES
VARIABLE COSTS
OFERATING LABOR( 0.0/SHIFT)
HAINTENANCE LABOR(1.3% BLID
CONTROL LAB LABOR(20.0%Z OF LAEOR)
TOTAL DIRECT LABROR

MAINTENANCE MATERIALS(1.5% BLI)
OFERATING SUFFPLIES(10.,0%Z OF LABROR)

FLANT OVERHEADR(BO.0Z TOTAL LABOR)
TAXES AND INSURANCE( 2.0%Z TFC)

ROI BEFORE TAXES(25.,0%Z TFC)

FRODUCT VALUE(FV)s» C/MSCF

49

b B A

(233.77)
5.68

231,64

A%Q 72
F

0.00
0.74
0,00

0.74

0.74
0.00

0.74

0.59

2,33

266.98

488.27
(250.26)
6,02

244,03

0,00
0.83
0.00

0.83

0.83
0.00

0.83

0.66
1.11

5+96

(MODULE & 4)

811.48
(408,37)
9.92

413,23

0.00
i.il
0.00

1.11

1.11
0.00

1.11

0.89
1.49

7.43

7.81

425,26

1990

1329.34
(663,48)
16.35

682.21

0.00
1.60
0.00

1.60

1.460
0.00

1.60

1.28
2.13
10.65

14.06

69%9.47

769.09



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part I, February 1983

SYNGAS(H2/C0=1.0) FROM SYNGAS(H2/C0=2.0)

RY SKIMMING

200,00 MMSCFD

VARIABLE COST SUMMARY FOR 1981

RAW MATERIALS
SYNBAS(2.0)/6 2,628 /MSCF

BY FRODUCTS
HYDROGEN 2.58%/MSCF

IMFORTED UTILITIES

NAT. GAS FUEL 4,178/MMRTU
ELECTRICITY 3.+60C/KUWH

TOTAL VARTABRLE fNSTS

50

CONSUMFTION

-  ome v -

{

0.,4800)

0.,0006
1.5030

286.92



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part I, February 1983

SYNGAS(H2/C0=1.0) FROM SYNGAS(H2/C0=2.,0) (MODULE # 5)
BY SKIMMING

200.00 MMSCFD

XXCOSTS SHOWN IN CURRENT $

1980 1981 1985 1990
INVESTMENTS (MM$)
BATTERY LIMITS(BLI) 17,5 19,7 26,3 37.8
TOTAL FIXED CAPITAL(TFC) 17.5 19.7 26.4 37.8
COST INDEX(CURRENT $) 355.0 400.0 534.,2 766.9
SYNGAS(2.0)/8 ($/MSCF ) 2.46 2,62 4,32 7.05
PRODUCTION COSTy C/MSCF
RAW MATERIALS 380,64 405,08 668.64 1091,12
BY-FRODUCT CREDIT (115.68) (123.84) (202.08) (328.32)
IMPORTED UTILITIES 5,37 5.68 9,35 15.38
VARIABLE COSTS 270,33 286.92 475,91 778.18
OFPERATING LABORC 0,0/SHIFT) 0,00 0.00 0.00 0.00
MAINTENANCE LABOR(1.5% BLI) 0.40 0,45 0460 0.86
CONTROL LAB LABOR(20,0% OF LABOR) 0,00 0.00 0,00 0.00
TOTAL DIRECT LABOR 0.40 0,45 0,60 0.86
MAINTENANCE MATERIALS(1.S% BLI) 0.40 0.45 0.60 0.86
OPERATING SUPPLIES(10.0% OP LABOR) 0.00 0.00 0.00 0,00
0.40 0.45 0,60 0.86
FLANT OVERHEAD(B0.0% TOTAL LABOR) 0.32 0.36 0.48 0,69
TAXES AND INSURANCE( 2.,0% TFC) 0.53 0.60 0,80 1,15
DEPRECIATION(10.,0% TFC) 2,66 3.00 4,02 5.75
3.51 3.96 £.30 7.59
SUBTOTAL: FLANT GATE COST 274.64 291,78 482,41  787.49
G2Ar» SALESs RESEARCH( 3.0% PV) 12.28 13.09 21,48 34.95
ROT BEFORE TAXES(25.0% TFC) b.66 7.50 10,05 14.38
FRODUCT VALUE(FV), C/MSCF 293,58 312.37 S13.94 836.82
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Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part |, February 1983

SYNGAS(H2/C0=1.0) FROM VACUUM RESIDUE

200.00 MMSCFD

VARIABLE COSY SUMMARY FOR 1981

CONSUMPTION
UNIT COST PER MSCF C/MSCF

RAW MATERIALS
VACUUM RESIDUE 5.65C/LB 22,9400 129,72
MISC. CHEM. & CAT. 0.46
"130.18

BY PRODUCTS -
SULFUR 4,54C/LB ( 1.3600) (  6.17)
( 6417)

IMPORTED UTILITIES

HF STEAM 7.708/MLR ( 0.0040) (  3.08)
ELECTRICITY 3.460C/KWH 0.6940 2.50
COOLING WATER 5. 40C/MBAL 0.0980 0.53
PROCESS WATER 48,00C/MGAL 0.0091 0.62
0.57
TOTAI. VARIABLE C0OSTS 124,58
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Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part I, February 1983

SYNGAS(H2/C0=1.0) FROM VACUUM RESIDUE (MODULE % 6)

200.00 MMSCFD

XxCOSTS SHOWN IN CURRENT ¢

1980 1981 1985 1990
INVESTMENTS (MM$)

BATTERY LIMITS(BLI) 149,5 168.5 225.0 323.0
TOTAL FIXEN CAPITAL(TFC) 197.2 222.2 296.8 42641
COST INDEX(CURRENT $) 355.0 400.0 534,2 766.9
VACUUM RESIDUE (C/LE ) 5.15 5.65 10,50 15,80

FRODUCTION COSTs C/MSCF
RAW MATERIALS 118,63 130.18 241,69 363.47
BY~-PRODUCT CREDIT (5.22) (6.17)  (8.17) (12,06)
1MPORTED UTILITIES 0,59 0.57 1,65 3.34
VARIAELE CNSTS 114,00 124.58 235.17 354.95
OPERATING LABOR( 8.0/SHIFT) 1.64 1.87 2.52 3.56
MAINTENANCF LAROR(1.5% BLI) 3.41 3.85 S.14 7.37
CONTROL LABR LAEOR(20.0% OP LABOR) 0.33 0.37 0.50 0,71
TOTAL DIREGCT LAEOR 5.38 6,09 8416 11.64
MAINTENANCE MATERIALS(1.5% BLI) 3.41 3.85 5.14 7.37
OFERATING SUFPFPLIES(10.0%Z OP LAROR) 0.16 0,19 0.25 0.36
3.57 4,04 5,39 7.73
FLANT OVERHEAD(80.0% TOTAL LABOR) 4,30 4.87 6.53 9,31
TAXES AND INSURANCE( 2,0% TFC) 6.00 6.76 9.04 12,97
DEFRECIATION(10.0% TFC) 30.02 33.82 45.18 64.86
40.32 45,45 60.75 87.14
SUERTOTAL! FLANT GATE COST 163.27 180,14  309.47  441.44
G8Ay SALESs, RESEARCH( 3.0% PV) 7.53 8.38 13.32 19.66
ROI BEFORE TAXES(25.0% TFC) 75.04 84.55 112.94 162,14
FRODUCT VALUE(FV)s C/MSCF 245,84 273,09 435,73 643.26
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Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part I, February 1983

SYNGAS(H2/C0=1.5) FROM COAL

ONASL WA s
OV« oV MINDLFLE

VARIABLE COST

RAW MATERIALS
COAL AT MINE
COAL TRANSPORT

AU NYCDAC AL
AN VAW Witk

MISC. CHEM. & CAT.

RY PRODUCTS
SULFUR

IMPORTED UTILITIES
HP STEAM

ELECTRICITY
CLARIFIED WATER

TOTAL VARTABLE COSTS

SUMMARY FOR 1981

UNIT COST

32.30%/ TUNNE
15.008/TONNE

e _NNe /TRMME
TEVVES IR

4,54C/LB

7.708/MLEB
3+.40C/KWH
41.00C/MGAL

54

CONSUMPTION
FER MSCF

( 1.2570)

0.00%90
¢ 0.1160)
0.,0150

{

C/MSCF



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part |, February 1983

SYNGAS(H2/C0=1.5) FROM COAL (MODULE $ 7)

804.30 MMSCFD

XXCOSTS SHOWN IN CURRENT $

1980 1761 1985 i?90
INVESTMENTS (MM$)

RATTERY LIMITS(BLI) 971.9 1095.0 14462.4 2099.5
TOTAL FIXED CAPITAL(TFC) 1189.4 1340.2 1789.9 2569.5
COST INDEX(CURRENT $) 355.0 400.0 934,2 766.9
COAL AT MINE ($/TONNE) 28.80 32.30 42,30 61.80

PRODUCTION COST: C/MECF
RAW MATERIALS 80.75 87.68 117.57 169.49
BY~-PRODUCT CREDIT (4.,83) (5.71) (7.559) (11.1%3)
IMPORTED UTILITIES 6.45 7.13 ?.37 13,26
VARIABLE COSTS 82.37 21,10 119.39 171.60
OPERATING LABOR( 42,0/SHIFT) 2.14 2.44 3.29 4,45
MAINTENANCE LABROR(1.4X BLI) 5.89 .43 8.84 12.71
CONTROL LAB LAROR(20,0% OP LABOR) 0.43 0.49 0.66 0.93
TOTAL DIRECT LARBOR 8.46 ?2.56 12.81 18,29
MAINTENANCE MATERIALS{(2.4% BLI) 8.83 ?.95 13.28 19.07
OFERATING SUPFLIES(10.0%Z OF I.ABOR) 0.21 0.24 0.33 0.47
9.04 10.19 13.61 19.54
PLANT NVERHEAD(30.0% TOTAL LABOR) 2:54 2.87 3.84 5.49
TAXES AND INSURANCE( 2.0% TFC) 9.00 10.14 13.35 19.45
DEPRECIATION(10.0% TFC) 45.02 50.72 67.74 97.25
36.36 63,73 85.13 i22.19
SUBTOTAL S PLANT GATE COSBT 156.43 174.58 230.%94% 331.62
GEAr» SALES, RESEARCH( 3.0Z PV 8.47 ?.50 12,61 18.12
ROT BEFORE TAXES(25.0% TFC) 112,54 126.81 169.36 243.13
PRONUCT VALUE(FV), LC/MSCF 277.44 310.89 412,91 592.87
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Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part I, February 1983

805.00 MMSCFD

VARIABLE COST

RAW MATERIALS
COAL AT MINE
COAL TRANSPORT
ASH DISFOSAL

MISC. CHEM. &t CAT,

BY PRODUCTS
SULFUR

IMPORTED UTILITIES

HF STEAM
ELECTRICITY

CLARIFIED WATER

TOTAL VARIABLE (OSTS

SUMMARY FOR 1981

32,308/ TONNE
15.008/TONNE
5.008/TONNE

7.708/MLB
3+600/KWH

41.,00C/MGAL

56

CONSUMPTION

o Y N

0.0186
0.0186
0.,0019

0.0080
”~ F. Y. X .9
0.0%10)

0.0151

-

-



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part |, February 1983

SYNGAS(H2/C0=2.0) FROM COAL (MODULE # 8)

1980 1981 1985 1990
INVESTHENTS (HH$)
BATTERY LIMITS(BLI) 984.4 1109.2 1481.4 2126.6
TOTAL FIXED CAPITAL(TFC) 1203.2 1355.7 1810.6 2599.3
COST INDEX(CURRENT $) 355.0  400.0  534,2  766.9
COAL AT MINE ($/TONNE) 28,80 32,30 42,30  61.80
PRODUCTION COST» C/MSCF
RAW MATERIALS 80,77  B9.71 117,60 169.55
BY-PRODUCT CREDIT (4.83)  (5.71)  (7.55) (11.15)
IMPORTED UTILITIES 5.83 6,45 8,50 12,05
VARIABLE COSTS 81.77  90.45 118,55 170,45
OPERATING LABOR( 42.0/SHIFT) 2.14 2,43 3.28 4,65
MAINTENANCE LABOR(1.6% BLI) 5.96 6.71 8.96 12.87
CONTROL LAB LAROR(20.0% OP LABOR) 0,43 0,49 0.66 0.93
TOTAL DIRECT LABOR 8,53 9.63 12,90 18,45
MAINTENANCE MATERIALS(2,4% BLI) 8.93 10,07 13.44 19,30
OPERATING SUPPLIES(10,0% OP LABOR) 0.21 0.24 0.33 0.47

9.14 10.31 13.77 19.77

PLANT OVERHEAD(30.,0% TOTAL LABOR) 2,56 2.89 3.87 5.54
TAXES AND INSURANCE( 2.0% TFC) 9,10 10.25 13,49 19.44
DEPRECIATINN(10.0%Z TFC) 45,50 51,27 68.47 98,29

57.16 64.41 86,03 123,49

SUBTNTAL: PLANT GATE COST 156.40 i74.80 231425 332.16
G&8Ar SALESs; RESEARCH{ 3Z.0% PV} 8.51 ?.55 12.468 18.22
ROI BEFORE TAXES(25.,0X% TFC) 113.75 128.17 171.17 245.73
PRODUCT VALUE(PV)s C/MSCF 278.86 312,52 415.10 596.11
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Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part |, February 1983

SYNGAS(H2/C0=2,0) FROM NATURAL GAS
WITH CO2 IMFORT

200,00 rnSCFD

VARIABLE COST SUMMARY FOR 1981

UNIT COST
RAW MATERIALS
NATURAL GAS 4.17%/MMRTU
CARBON DIOXIDE 0.00C/LB
MISC. CHEM. & CAT.
IMPORTED UTILITIES
NAT. BAS FUEL 4.17$/MMBTU
ELECTRICITY 3.60C/KWH
COOLING WATER 5.40C/HGAL

FROCESS WATER &68.00C/NGAL

TOTAL VARIARLE COSTS

58

CONSUMPTION

FER MSCF C/MSCF
0.2610 108.84
8.94600 0.00
le 23

"110.07
0.1880 78.40
1.2020 4,33
0.3190 1.72
0.0064 0,43
“ga.e8

194.95



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part |, February 1983

SYNGAS(H2/C0=2.0) FROM NATURAL GAS
WITH CO2 IMPORT

200,00 MMSCFD
XXCOSTS SHOWN IN CURRENT ¢

TAIL) T' CMTE /MMe&

TR & MMV ¥P )

INVES
BATTERY LIMITS(BLI)
TOTAL FIXED CAFITAL(TFC)

COST INDEX(CURRENT $)
NATURAL GAS ($/MMBTU)

pDN
s

W

L=

NMETINN
Wi s A WIS

o

neT. /Mo
wWwr ¥ ¥ W TV T

AW MATERIALS
MPORTEDR UTILITIES

>

R
I

VARIABLE COSTS
OFERATING LABOR( 4.0/8H

TOTAL DIRECT LABOR

MAINTENANCE MATERIALS(1.5% BLI)
OFPERATING SUPPLIES(10.0XZ OF LABOR)

FLANT OVERHEAD(80.0Z TOTAL LAROR)
TAXES AND INSURANCE( 2.0% TFC)
DEPRECIATION(10.0XZ TFC)

SUBTOTAL.: FPLANT GATE COST

G&As SALES» RESEARCH( 3.0% PV)

ROI BEFORE TAXES(25.,0%Z TFC)

PRODUCT VALUE(PV), C/MSCF

59

355.0
4.00

105.44
81.23

186.67

0.82
1.80
0.14

2.78

1.80
0.08

4 no
4+00

2,22
3.22
16.12

21.56
212.89
7.83

40,30

261.02

(MODULE # 9)

110,07
84.88

194.95

0.93
2.03
0.1%

3.15

2.03
0,09

45.40

278.28

534.2
7:.37

193.99
148,78

342,77

1,26
2,70
0.25

4,21

2.70
0.13
2.83
3.37

4,85
24.25

32.47
382.28
13.70

60,62

456.60

326.82
250.08

576.%90

i.78
3.88
0.36

6,02

3.88
0.18

A ne
TeVO

4.82

6:.96
34.81

45,59
633.57
22.29
87.02

742.88



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part |, February 1983

SYNGAS(H2/C0=2.0) FROM VACUUM RESIDUE

200,00 MMSCFD

VARIABLE COST SUMMARY FOR 1981

CONSUMPTION
UNIT COST PER MSCF C/MSCF
RAW MATERIALS
VACUUM RESIDUE S+65C/LEB 22.4100 126,42
MISC. CHEM. % CAT. 0.51
127.;5
BY PRODUCTS
SULFUR 4.54C/LB ¢ 1.3200) ¢ S5.99)
( J.99)
IMPORTED UTILITIES
HP STEAM 7.70%/MLEB 0.0104 8.01
ELECTRICITY 2 400/7KUH 0.84820 2:10
COOLING WATER 95.,40C/MGAL 0.1160 0.63
FROCESS WATER 48.00C/MGAL 0.0082 0.56
12,30
TO0TAi. VARIABLE COSTS i33.44
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Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part I, February 1983

SYNBAS(H2/C0=2.0) FROM VACUUM RESIDUE

XRCOSTS SHOWN IN CURRENT $

NV
BA
TOTA

b FEVIVY Y

THENTS (Fiis)
ERY LIMITS(BLI)
L FIXED CAPITALITFC)

INVES
T7
COST INDEX(CURRENT $)

VACUUM RESIDUE (C/LB

BY-PRODUET CREDIT
IMPORTED UTILITIES

VARIAELE COSTS

OFERATING LABOR( 8.0/SHIFT

AATAUTIVMAMME | ADNR /4 E& T TV
FIRANIENMANRUOE LMOURALeJA DLAJ

)

CONTROL LAB LAEOR(20.0X DP LABOR)

TOTAL DIRECT LABOR

MAINTENANCE MATERIALS(1.35% BLI)
OPFRATING SUPPLIES(10.0% OP LAEOR)

FLANT OVERHEAD(80.0X TOTAL LABOR)

TAXES AND INSURANCE( 2.0% T
DEPRECIATION(10.0% TFC)

ROI BEFORE TAXES(25.0X TFC)

PRODUCT VALUE(PV)y» C/MSCF

FC)

61

wrr

127.13

(5.99)
12.30

133.44

1.87
4,05
0.37

6.29

4,05
0.19

4.24

5.03
7.30

293.02

(MODULE #10)

235.99

(7,93)

17,41

245.47

2.52
S.42
0.50

8.44

S5.42
0.25

S5.67

6.75
9.7%

P4 R 4

48.74

121.84

-

460.72

355.08
(11.71)
26.07

36%.44

3.56
7.78
0.71

12.05

7.78
0.36

8.14

9,64
13,99
69,97

93.60

P R ey



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part |, February 1983

SYNGAS(H2/C0=2.0) FROM SYNGAS(H2/C0=3.0)

BY SKIMMING
200.00 MMSCFD

VARIABLE COST SUMMARY FOR 1981

UNIT COST

KAl MATERIALS

SYNGAS(3.0)/G 2.41%/MSCF
BY FRODUCTS

HYOROGEN 2.388%/M5CF
IMFORTED UTILITIES

NAT. GAS FUEL 4.17$/MMETU

ELECTRICITY 3:60C/KWH

TOTAL VARIARLE CDSTS

62

CONSUMFTION

PER MSCF C/MSCF
1.3200 318,49
318,49
¢ 0,3193) ¢ 82.38)
¢ 82.38)
0.0004 0,16
0.9330 3.36
3.52
239,63



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part I, February 1983

SYNGAS(H2/C0=2.0) FROM SYNGAS(H2/C0=3.0) (MODULE #11)
BY SKIMMING

200,00 MMSCFD

XXCOSTS SHOWN IN CURRENT $

i980 81 i?85 1990
INVESTMENTS {(MM$) o ) - o
BATTERY LIMITS(BLI) ?.8 11.0 14,7 21.1
TOTAL FIXED CAPITAL(TFC) 9.8 11.0 14.7 21.2
COST INDEX(CURRENT %) 355.0 400.,0 5934,2 766.9
SYNGAS(3.0)/6 ($/MSCF ) 2.27 2.41 4,00 b.54
PRGDUCTION COST; C/MSECF
RAW MATERIALS 299.63 318.4¢9 n28.11 843,82
BY-PRODUCT CREDIT (76.95) (82.38) (134.43) (218.40)
IMPORTED UTILITIES 3.33 3,52 5.79 9.54
VARIABLE COSTS 226,03 239,63 399.47 694.96
OFERATING LABOR( 0.0/SHIFT) 0.00 0,00 0.00 0,00
MAINTENANCE LAROR(1.5X BLID 0,22 0,29 0,34 0.48
CONTROL LAR LABOR(20.0%Z OF LAEROR) 0.00 0.00 0.00 0,00
TOTAL DIRECT LAROR 0,22 0.25 0.34 0.48
MAINTENANCE MATERIALS(1.5%Z BLI) 0.22 0.25 0.34 0.48
OFPERATING SUFFPLIES(10.0%Z OF LAROR) 0.00 0.00 0.00 0.00
0.22 0.25 0.34 0.48
FLANT OVERHEAD(B0.0%Z TOTAL LABOR) 0.18 0,20 0.27 0,38
TAXES AND INSURANCE( 2.0%Z TFC) 0,30 0,33 0.45 Q.65
DEFRECIATION(10.0%Z TFO) 1,49 1.67 2.24 3.23
1.97 2.20 2.96 4,26
SUBTOTAL: FLANT GATE COST 228,44 242.33 A03,11 6560.18
G&A» SALESs RESEARCH( 3.0%Z PV) ?.564 10.17 14.80 27 .42
ROI BEFORE TAXES(25.0%Z TFC) 3,73 4,19 5.59 8.07
PRODUCT VALUE(PV)» C/MSCF 241,73 296.69 4725.50 699,67
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Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part |, February 1983

SYNGAS(H2/C0=3.0) FROM NATURAL GAS

VARIABLE COST SUMMARY FOR 1981

CONSUMPTION
UNIT £OST PER MSCF C/MSCF
RAW MATERIALS
NATURAL GAS 4.17%/MNBTU 0.2650 110,51
MISC. CHEM. & CAT. 0.90
111,41
IMPORTED UTILITIES
NAT. BAS FUEL 4.17$/MMRTU 0.,1600 66,72
ELECTRICITY 3.600/KWH 1,0180 3.66
COOLING WATER 5.40C/HGAL 0.2230 1,20
PROCESS WATER 68.00C/NGAL 0.0045 0.44
72,02
TOTAL VARTABLE COSTS 183.43
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Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part |, February 1983

SYNGAS(H2/C0=3.0) FROM NATURAL GAS
WITH C02 RECYCLE

200.00 MMSCFD

XXCOSTS SHOWN IN CURRENT $

INVESTMENTS (MM$)
BATTERY LIMITS(BLI)
TOTAL FIXED CAPITAL(TFC)

COST INDEX(CURRENT $)

NATURAL BAS ($/MMBTU)
PRODUCTION COST, C/MSCF
RAW MATERIALS
INPORTED UTILITIES

VARIABLE COSTS

OFERATING LABORC 4,0/SHIFT)
MAINTENANCE LABOR(1.5% BLI)
CONTROL LAB LABOR(20.0% OP

TOTAL DIRECT LAROR

MAINTENANCE MATERIALS(1.5% BLI)D
OPERATING SUPFLIES(10.0Z OP LABOR)

PLANT OVERHEAD(R0.0% TOTAL L ABOR)
TAXES AND INSURANCE( 2.0% TFC)
DEPRECIATION(10.0Z TFC)

SUBTOTAL: PLANT GATE COST
G&%As SALESy RESEARCH( 3.0% FV)

ROI BEFORE TAXES(25,0X TFC)
PRODBUCT VALUE(FV), C/MSCF
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S
3
i ®
<o

88.2

355.0
4.00

106.76
68.94

175.70

0.82
1,51
0.14

2.49

1.51
0.08

4 en
Aea7

1.99
2.68
13.42

18.09
197.87
7.16

33.56

238.59

(MODULE %12)

111.41
72.02

183.43

0.93
1.70

n_10

v e a7

2.82

1.70
0.09

.« 20
Ae77

2.24
3.03
15.13

20.42
208.446
7.62

37.82

253.90

534.2
7.37

196.50
126.31

322.81

1.26
2.27
vigs

3.78

2427
0.13

- an
& eV

3.02
4.04
20.21

27.27
356.26
12.58

50.53

419.37

331416
212.34

543.50

1.78
3.26
0.36

5.40

3.26
0.18

> AA
[ X B A

4.32
5.80
29.01

39.13
591.47
20.54

72,53

684.54
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METHANOL SYNGAS(H2/C0=2.26) FROM COAL

805.30 MMSCFD

VARIABLE COST SUMMARY FOR 1981

CONSUMPTION
UNIT €OST PER MSCF C/MSCF
RAW MATERIALS
COAL AT MINE 32.30%/TONNE 0.0186 60,21
COAL TRANSPORT 15.00%/ TONNE 0.0186 27,96
ASH DISPOSAL 5.00%/TONNE 0.0019 0.93
MISC. CHEM. & CAT. 0,42
89,72
BY PRODUCTS
SULFUR 4.54C/LB ¢ 1.,2570) ¢ 5.71)
¢ 57D
IMPORTED UTILITIES
HP STEAM 7.708/MLEB 0.0076 5.85
ELECTRICITY 3.640C/KWH ¢ 0.0825) ¢ 0.30)
CLARIFIED WATER 41,00C/MGAL 0.0151 0.62
6417
TOTAL VARTABLE COSTS 90.18
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METHANDL SYNGAS(H2/C0=2.,24) FROM COAL

805.

o

0 MMSCFD

XKXCOSTS SHOWN IN CURRENT ¢

HM$)
S(BLI)
APITAL (TFC)
COST INDEX(CURRENT $)

COAL AT MINE ($/TONNE)

QAI.I “ATEDTAI ﬂ
R R A PN,

RY~PRODUCT CREDIT
IMPORTED UTILITIES

VARIABLE COSTS

OPERATING LABOR( 42.0/SHIFT)

MATIUMTIFMAMMPME 3
TMIMANRTERARUVE LHDUN\I.DI- DI-JI

CONTROL LAB LABOR(20.0% OP LABOR)
TOTAL DIRECT LABOR

MAINTENANCE MATERIALS(2.4% BLI)
OFPERATING SUPPLIES(10.0XZ OP LABOR)

PLANT OVERHEAD(30.0% TOTAL LAROR)
TAXES AND INSURANCE( 2.0% TFC)
DEPRECIATION(10.0%Z TFC)

ROI BEFORE TAXES(25.0X TFO)

PRODUCT VALUE(PV), C/MSCF
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1980

98%9.0
1208.4

3535.0

28.80

(MODULE

1981

It G
Lol =
O =
[
L L ]
O~ ™

400.0

32.30

$13)

1985

[

00
= Q0

00 @
. e
&N

534.2

42,30

1990

NN
[
=t Cod
o O
L d L ]
o D

766.9

61.80

169.96

4,65
12.92
0.93

18.50

19.38
0.47

19.85

5.55
19.74
98.68

123.97
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CRUDE SYNGAS(H2/C0=4.92)

FROM NATURAL GAS

264,90 MMSCFD

VARIAEBLF COST

RAW MATERIALS
NATURAL GAS

[YE'Y. ¥ Merrmar a A
MidILe LALLM & LA

IMPORTED UTILITIES

NAT. GAS FUEL
HF STEAM
MP STEANM

Fl AT TOTTY
RhtULIiIRNLI,AT10

COOLING WATER
PROCESS WATER

o a e VY LS e I - Xy

TUTAL VAKLAMLE LUDID

SUMMARY FOR 1981

UNIT CasT

4.17$/MMRTU

4.,17%/MMBTU
7.70%/0l.8
6.50%/MLB

2 LA 24700010
WOV, NEN

S+40C/MGAL
48.00C/MGAL
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(

CONSUMFTION
FER MSCF

0.0208
0.7170
0.0047
0.0028

C/MSCF

52.38

35.49)

13.53
2.58
0.03
0.19
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CRUDE SYNGAS(H2/C0=4.92)

INVESTMENTS (MM$)
BATTERY LIMITS(BLI)

TRATAL PSPV MARTTAL TR
TUIARL FLARU LAFLIALVITOWL)

NATURAL GAS ($/MMBTU)

PRODUCTION COST» C/MSCF

MAM MATE
LAYl J "HIE“IHLD

IMPORTED UTILITIES
VARIABLE COSTS

OPERATING LABOR( 2.,0/SHIFT)
MAINTENANCE LABOR(1.5Z% BLI)

CONTROL LAB LABOR(20.0% OF LABOKR)

MAINTENANCE MATERIALS(1.5% BLI)

OPERATING SUPPLIES(10.0Z OP I.LABOR)

FLANT OVERHEAD(80.0% TOTAL LABOR)
TAXES AND INSURANCE( 2.0% TFC)

MERACMATATYAMIAA AW TEAL
VEFRELGIPBILANUNMVIVIVA T LY

SURTOTAL: FPLANT GATE COST
G&A» SALESsy RESEARCH( 3.0% PV)
ROI REFORE TAXES(25.0% TFC)

PRODUCT VALUE(FV), C/MSCF
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amnT an
LE&EOD e MO

32.89 .

156.37

0.31
1.13
0.06

1 _8n
R A Y

1.13
0.03

1.16

1,20
1.89
F47

12.56
171,59
6.04
23.67

201,30

(MODULE #14)

128.77
33.22

161.99

0.35
1,27
0.07

T _20
AsLT7

179.13
6.36
26.66

212.15

mm= aa
L7 oY
68,01

293.45

0.48
1,69
0.10

b I By 4
> s

1.69
0,05

1.74

1.82
2.85
15.25

18.92
318.38
10.95
35,62

364.95

383.48
121.84

505.32

0.67
2:43
0,13

.97
[ R 4~

2.43

607.55
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COlFROH GAS-DERIVED SYNGAS(H2/C0=3.0)

BY COSORB SEFARATION

149.30 HMMLB/YR

VARIABLE COST SUMMARY FOR 1981

RAW MATERIALS
SYNGAS(3.0)/6
MISC. CHEM. & CAT,

RY PRODUCTS

UuvnonnReal
7T UIRUJUOCIY

FUEL GAS

IMPORTED UTILITIES

TOTALL VARTIABLE £0OSTS

CONSUMPTION
UNIT £OS8T PER LB
2.468/M5CF 0.0539
2.538%/H5CF { 0.0400)
4.76%/78MBTU  ( 0.0001)

5.208/MLE
3.60C/KWH

S_AND /MIAL
TV I T

70
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CO FROM GAS-DERIVEN SYNGAS(H2/C0=3,0) (MODIILE #13)
BY COSORB SEFPARATION

149.30 MMLR/YR

XXCNSTS SHOMN IN CURRENT $

1980 1981 1985 1990
INVESTMENTS (MM$)
BATTERY LIMITS(RLI) 7.6 846 11,5 16.5
TOTAL FIXED CAPITAL(TFC) 8.6 9.7 12,9 18.6
COST INDEX(CURRENT $) 355.0  400.0  534,2  766.,9
SYNBAS(3.0)/6 ($/MSCF ) 2,31 2.46 4.07 6.64
PRODUCTION COSTs C/LB
RAW MATERIALS 12,56 13,39 22,11 36.04
BY-PROMUCT CREDIT (9.48)  (10.36) (16.91) (27.47)
IMPORTED UTILITIES 0,90 0.99 1.44 2,21
VARTABLE COSTS 3.78 4,02 6.64  10.78
OPERATING LABOR( 2.0/8SHIFT) 0.18 0.21 0.28 0.39
MAINTENANCE LABOR(2.0% BLI) 0.10 0,12 0.15 0.22
CONTROL LAB LAROR(20,0% OF LABOR) 0.04 0.04 0.06 0.08
TOTAL DIRECT LLABOR 0,32 0.37 0.49 0,69
MAINTENANCE MATERIALS(?.0% BLI) 0.10 0,12 0,15 0.22
OPERATING SUPPLIES(10.0% OF LABOR) 0.02 0.02 0.03 0.04
0.12 0.14 0.18 0.26
PLANT OVERHFAD(80.0%Z TNTAL I.AROR) 0.26 0,30 0.39 0.55
TAXES ANDN INSURANCE( 2.0% TFC) 0,12 0.13 0.17 0.25
DEFRECTATION(10.,0X TFC) 0.58 0.65 0.86 1,25
0.94 1.08 1,42 2.05
SUBTOTAL: FLANT BATE COST 5.18 5.61 8.73  13.78
G%Ay SALES, RESEARCH( 3.0% PV) 0.50 0.54 0.86 1.37
ROI REFORE TAXES(25.0%Z TFC) 1.44 1.62 2.16 3.11
PRODICT VALUECFY), C/LE 7.12 7.77  11.75  18.26
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CO FROM GAS-DERIVED SYNGAS(H2/C0=3,0)

RY CRYOGENIC SEPARATION

149,30 MMLEB/YR

VARIABLE COST SUMMARY FOR 1981

RAW MATERIALS
SYNGAS(3.0)/6

MISC. CHEM. % CAT,

BY PRODUCTS
HYDROGEN
FURL. GAS

IMFORTED UTILITIES

ELECTRICITY
COOLING WATER

TOTAL VARIABLE COSTS

UNIT r£OST

2.,448%/MSCF

2.58%/MSCF
4.76%/MMBTU

3+60C/KWH
H.40C/MGAL

72

CONSUMPTION
PER LE C/LE

0.0541 13.31
0.0
TT13.36
( 0.0393)  ( 10.14)
( 0.,0005) ¢ 0,24
¢ 10.38)
0.1970 0.71
0.0012 0.01
0.72
3.70



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part I, February 1983

CO FROM GAS-DERIVEDN KRYNGAS(H2/C0=Z.0) (MOTIUILE #14)
RY CRYOGENIC SEPARATIODN

149.30 MMLE/YR

XXCNSTS SHOWN IN CURRENT ¢

i?gd i?8i i985 i990
INVESTMENTS {(MMS$) T o T T
BATTERY LIMITS(RLI) 4,3 4.8 6.4 9.2
TOTAL FIXED CAPITAL(TFC) 4.9 5.5 7.3 10.5
COST INDEX(CURRENT %) 355.,0 400.0 534,2 746.9
SYNBAS(3.0)/6 ($/MSCF ) 2.31 2+.46 4,07 b6.64
PRODUCTION COST. C/LE
RAW MATERIALS 12.54 13.36 22.09 346.02
BY-PROBUCT CREDIT (9.69) (10,38) (16.95) (27.49)
IMPORTED UTILITIES 0.68 0.72 1.17 1.92
VARTABLE LOSTS 3.53 3.70 6.31 10.45
OPERATING LARORC 2,0/8HIFT) 0.18 0.21- 0.28 0,39
MAINTENANCE LABOR(2.0X BLI) Q.04 0.08 0.09 0.12
CONTROL LAE LAROR(20.0%Z OF LABOR) 0.04 0.04 0.06 0.08
TOTAL DIRECT LAROR 0.28 0.31 0.43 0.59
MAINTENANCE MATERIALS(2.0% BLI) 0.06 0.06 0.09 0.12
OPERATING SUPPLIES(10.0%Z OF LAROR) 0,02 0.02 0.03 0.04
0.08 0,08 0.12 0.16
FPLANT NDVERHEAU(B0.0%Z TOTAL 1LARNR) 0,22 0.25%5 0.34 0.47
TAXES AND INSURANCEC( 2.0% TFC) 0.07 0.07 0,10 0.14
DEPRECTIATION(10.0XZ TFO) 0.33 0.37 0.49 0.70
0.62 0.69 0.93 1.31
SUERTOTALS FPLANT BATE TOST 4.51 4.78 7.79 i2.51
GRAs SALESs RESEARCH( X.0% PV) 0.46 0.50 0.80 1.29
ROT BEFORE TAXES(25.0%Z TFC) 0,82 0.92 1,22 1.76
PRODUECT VALUE(FV)y C/LB 5.79 6,20 9.81 15.56
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€0 FROM GAS-DERIVED CRUDNE SYNGAS
(H2/C0=4.9) BY COSORB SEPARATION

‘149,30 MMLEB/YR

VARIABLE COST SUMMARY FOR 1981

CONSUMPTION
UNIT COST FPER LE

RAW MATERIALS
SYNGAS(4.9)/6 2+.06%/M8CF 0.0846
MISC. CHEM. % CAT.

RY PRODUCTS
HYDROGEN(85.,4%) 1.54%/MSCF C 0.069%)

IMFORTED UTILITIES

LF STEAM 5.208/MLEB 0.0012
ELECTRICITY 3.400/KWH 0.1660
COOLING WATER 5.40C/MGAL 0.0036

TOTAL VARTABLE COSTS
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¢ 1]

CO FROM GAS-DERIVER CRUDNE SYNGA
RATIO

oarnAD
AAAZLUS "07’ Ul l.:'.l-‘)ul\ﬂ REFAR

L 4
-4

4
i

149.30 MMLB/YR

INVESTHENTS (HN$)
BATTERY LIMITS(BLI)
TOTAL FIXED CAPITAL(TFC)

COST INDEX(CURRENT $)

SYNGAS(4.9)/G ($/MGCF )

RAW MATERIALS
BY-FRODUCT CREDIT
IMPORTED UTILITIES

VARIABLE £ASTS

OPERATING LABOR( 2.0/SHIFT)

L I 3 ¥

MATNTENANCE LABOR(Z2.0% BLI)
CONTROL LAB LABOR(20.0% OF LAROR)

TOTAL DIRECT LABOR

MAINTENANCE MATERIALS(2.0% BLI)
OPERATING SUFPPLIES(10.0% OP LABROR)

PLANT OVERHEAD(80.0% TOTAL LABOR)
TAXES AND INSURANCE( 2.0%Z TFC)

DEPRECIATION(10.0% TFC)

ROI BEFORE TAXES(25.0X TFC)

FRODUCT VALUE(FV), C/LB

75

(10.00)
1.17

7.80

0.18
0.12
0.04

0.34

0.12
0.02

0.14

0.27
D.14

(MODULE

L4

(10 76
1.27

8.10

0.21
O.14
0.04

0.39

0.14
0.02

0.14

0,31

$17)
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£0 FROM BAS-DERTUEDN CRUDE SYNGAS

(H2/C0=4.9) BY CRYOGENIC SEFARATION
149.30 MMLB/YR

VARIABLE COST SUMMARY FOR 1981

RAW MATERIALS
SYNGAS(4.9)/6 2.06%/NHSCF
MISC. CHEM. & CAT.

BY FRODUCTS

CARRON DIOXIDE 0.00C/LEB
HYDRNGEN 2,588/MSCF
FUEL GAS 4.748/MNRTU

IMPORTED UTILITIES

LFP STEAM 5.208/MLR
ELECTRICITY 3,600 /KUH
COOLING WATER 5+40C/MGAL

TOTAL. VARTAEBLE COSTS

76

CONSUMPTION

D 109
Fi.nn e
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0.0891
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CO FROM GAS~-DERIVED CRUDE SYNGAS
(H2/C0=4.9) BY CRYDGENIC SEFARATION

149.30 MMLB/YR

XXC0OSTS SHOWN IN CURRENT $

INVESTMENTS (MMS$)
BATTERY LIMITS(BLI)
TOTAL FIXED CAPITALC(TFC)

COST INDEX(CURRENT $)

SYNGAS(4.9)/6 ($/MSCF )

FRODUCTION COSTy C/LB
RAW MATERIALS

BY-PRODUCT CREDIT
IMPORTED UTILITIES

VARTABLE COSTS
OFPERATING LABOR( 4.0/SHIFT)
MAINTENANCE LABOR(2.0%Z BLI)
CONTROL LAB LABOR(20.0% OF LABOR)
TOTAL DIRECT LABOR

MAINTENANCE MATERIALS(2,0% BLI)
OPERATING SUPPLIFES(10.0X OF L.ABOR)

PLANT OVERHEAD(B80.0% TOTAL I.ABDR)
TAXES AND INSURANCEC( 2.0X% TFC)
DEFRECTATION(10.0Z TFC)

SUBTNTAL: PLANT GATE £OST

G2Ay SALESs RESEARCH( 3,0% PV)
ROI REFORE TAXES(25.0Z TFC)

PRODUCT VALUE(FV)» C/LR

77

1980

15.9
17.2

355.0

17.55
(18.89)
1.84

0.50

0.36
0.21
0.07

0.64

0,21
0.04

0.25

0.51
0.23
1.15

1.89

3.28

0.77

2.88

6.93

(MODULE #18)

1981

17.9
19.3

400.0

18,56
(20.25)
1,97

0.28

0.41
0.24
0.08

0.73

0.24
0.04

0.28

0.58
0.26
1,29

2.13

3.42

0.83

31.23

7.48

1985

23.9
25.8

3:¢354

31.82
(33.17)
3.03

1.68

0.55
0.32
0.11

0.98

0.32
0.06

0.38

0.78
0.3%
1.73

2.86

5.90

52.89
(33.55)
4.79

4.13

0.78
0.46
0.16

1.40

0.46
0.08

0.54

1.12
0.350
2.48

4,10

10.17

2.16

6.21

18.54
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CO FROM COAL-DERIVED METHANOL SYNGAS
(H2/C0=2,24) BY COSORB SEPARATION
149.30 MMLB/YR
VARIABLE COST SUMMARY FOR 1981
UNIT COST
RAW MATERIALS
SYNGAS(2.26) /€ 3.04$/MSCF
MISC. CHEM. % CAT,
BY PRODUCTS
HYDROBEN(93%) 3.04$/HSCF
IMPORTED UTILITIES
LP STEAN 5.208/MLB
ELECTRICITY 3. 60C/KWH
COOLING WATER 5.40C/MGAL

78

CONSUMPTION
PER LB C/LE

0.0445 13,52

0.13

TT13.85

( 0.,0306) (  9.30)

( 9.30)

0.0010 0,54

0.1200 0.43

0.0030 0,02

0.99

5.34
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CO FROM COAL-DERIVED METHANOL SYNGAS

(H2/00=2.26) BY COSORR SEPARATION
149.30 MMLB/YR

¥XCOSTS SHOWN IN CURRENT $

INUVESTMENTS (MM$)
BATTERY LIMITS(BLI)
TOTAL FIXEDR CAPITAL(TFC)

COST INDEX(CURRENT $)

SYNGAS(2.26)/C ($/MSCF )

RAW MATERIALS
BY-PRODULCT CREDIT
IMPORTED UTILITIES
VARIABLE COSTS
OPERATING LABOR( 2,0/SHIFT)
MAINTENANCE LABDR(2.0Z BLI)
CONTROL LAB LABOR(20.0Z OF LAROR)
TOTAL DIRECT LARBOR

MAINTENANCE MATERIALS(2.0% BLI)
OFERATING SUPPLIES(10.0X OF I.ABOR)

PLANT OVERHEAD(80.0%Z TOTAL I.ABOR)
TAXES AND INSURANCE( 2.0% TFC)
DEPRECTATION(10.,0Z TFC)

ROI BEFORE TAXES(25.0Z TFC)

FRODUCT VALUE(FV)s» C/LB

79

12.16

(8.29)
0.%90

4,77

0.18
0.10

0.04

0.32

0.10
0.02

0.12

0.26
0.11

(MONULE $19)

o

0
1o
P

0 0
o o
F

400.0

3.04

13.65

(9.30)
0.99

T34

0.21
0.11

0.04

0.36

0,11
0.02

0.13

0.29

18,09

(12.33)
1.44

7.20

0.28
0.15

L A R

0.06

0.49

0.15
0.03

0.18

0.39

25.99
(17.72)
2.21

10.48

0.39
0.22

L X1

0.08

0.69

0,22
0.04

0.26

0.55
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€0 FROM RESID-DERIVED SYNGAS(H2/C0=2.0)

EY CRYNGENIC SEFARATION

149.30 MMLB/YR

VARIABLE COST SUMMARY FOR 1981

RAW MATERIALS

BTy A T A W

SYNGAS(?.0)/R
MISC. CHEM. % CAT.

BY PRODUCTS
HYNROGGEN

FUEL GAS

IMPORTED UTILITIES

ELECTRICITY
COOLING WATER

TOTAL VARIARLE 0OSTS

CONSUMPTION

UNIT £0ST PER LB

2,848 /MSCF 0.0419

2,588/HSCF ¢ 0.0271) ¢

4.76%/MNBTU  ( 0.0004) (
(

3.60C/KWH 0.1630

5+40C/MBAL 0.0012
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€0 FROM RESID-DERIVED SYNGAS(H2/C0=2.0) (MODULE #20)
BRY CRYOGENIC SEPARATION

149.30 MMLB/YR

XXCONSTS SHOWN IN CURRENT ¢

1980 1981 1985 1990
INVESTMENTS (MM$)
BATTERY LIMITS(RLI) 4.6 5.2 6.9 10.0
TOTAL FIXED CAPITAL(TFC) 5.3 4.0 8.0 11.5
COST INDEX(CURRENT $) 355.0 400.0 534,72 766.9
SYNGAS(2.,0) /R ($/MSCF ) 2.56 2.84 4.47 6.58
PRODUCTION COST; C/LB
RAW MATERIALS 10.76 11.94 18,78 27.65
BY-PRODUCT CREDIT (6.70)  (7.17) (11.72) (19.01)
IMPORTED UTILITIES 0.56 0460 0.97 1,59
VARIABLE COSTS 4,62 5.37 8,03 10.23
OPERATING LABOR( 2.0/SHIFT) 0.18 0.21 0,28 0.39
MAINTENANCE LABOR(2.0% BLI) 0.06 0.07 0,09 0.13
CONTROL LAR LAROR(20.0%Z OF LABOR) 0.04 0.04 0,06 0.08
TOTAL DIRECT LABOR 0.28 0.32 0,43 0.60
MAINTENANCE MATERIALS(2.0% BLI) 0.06 0.07 0.09 0.13
OPERATING SUPPLIES(10.0% OF LARDR) 0.02 0,02 0.03 0.04
0.08 0,09 0.12 0.17
PLANT OVERHEAD(80.0% TOTAL LAROR) 0.22 0,26 0.34 0.48
TAXES AND INSURANCE( 2.0% TFC) 0.07 0,08 0.11 0.15
DEPRECIATIONC10,0% TFC) 0.35 0.40 0.54 0.77
0.64 0.74 0.99 1.40
SUBTOTAL: PLANT BATE ©OST 5.62 6.52 $.57 12,40
G&As SALESs, RESEARCH( 3.0% PV) 0.41 0.45 0.70 1,03
ROI BEFORE TAXES(25.0% TFC) 0.89 1.00 1.34 1.93
FRODUGCT VALUE(PV), C/LB 5.92 7.97 11.61 15.36
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100.00 MMSCFD

VARIABLE COST SUMMARY FOR 1981

RAW MATERIALS

NATURAL GAS 4,17%/4¥MBTU
MISC. CHEM. & CAT.
IMPORTED UTILITIES

NAT. GAS FUEL 4,17%/MHBTU
HF STEAM 7.708/MLB
MF STEAM 6.508/MLB
LF STEANM 5.208/MLE
ELECTRICITY 3+60C/KWH
COOLLING WATER 5.40C/MGAL
PROCESS WATER 68.,00C/MGAL

TOTAL VARTABLE COSTS

82

0.1440
0.0544) 4
0,0544
0.0134
0.8380
0.2020
0.0067

60.03

41.89)

35.36
6.97
3.02
1.09

183.34
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HYDROGEN(97%) FROM NATURAL GAS

100,00 MMSCFD
XXCOSTS SHOWN IN CURRENT $

H$)
S(BLI)
APITAL(TFC)
COST INDEX(CURRENT $)
NATURAL

GAS ($/MMBTU)

RAW MATERIALS
IMFORTED UTILITIES

VARIABLE COSTS

ERATING LABORC 4,0/SHIFT)
INTENANCE LABOR(I.SZ BLI)

MAINTENANCE MATERIALS(1.5%Z BLI)

OFPERATING SUPPLIES(10.0X OP LAROR)

PLANT OVERHEAD(R0.0% TOTAL LABOR)
TAXES AND INSURANCE( 2.0% TFC)
DEPRECIATION(10,0X TFC)

SUBTOTAL: PLANT GATE COST
G%A» SALES, RESEARCH( 3,0% PV)

ROI BEFORE TAXES(235.0Z TFO)
PROBUCT VALUE(FV)s C/MSCF

83

113.20

62.16

175.34

1.64
1.74
033

3.71

202.58

7.47

38.81

248.86

(MODULE

1.87
1.96
0.37

4.20

1,96
0.19

2415

e S ¥ 3
oI

3.50
17.50

24,36
214.07
7.97

43.76

265.80

$21)

362.96

13.03

58.45

434,44

21.15

83.87

705.16
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HYDROGEN(97%Z) FROM COAL

200.00 MMSCFD

VARIABLE COST

RAW MATERIALS
COAL AT MINE
COAL TRANSFORT
ASH DISPOSAL
MISC. CHEM. 8 CAT.

BY PRODUCTS
SULFUR

IMPORTED UTILITIES
HF STEAM

LP STEANM
ELECTRICITY
CLARIFIED WATER

SUMMARY FOR 1781

32.30%/TONNE
15.00%/TONNE
5,008/ TONNE

4.34C/LB

7.708/MLE

. .20& /7M1

YR AT R S 4] P

3+.60C/KWH
41.00C/MGAL

84

CONSUMPTION

DED MOoMEe
TR NTowr

0.,0192
0.,01%2

0,0019

{ 1.2570) (

0,014

{ N.N140%
5 v 7

0.0307
0.0160

s
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"HYDROGEN(97Z) FROM COAL (MODULE #22)

200,00 MMSCFD

XXCOSTS SHOWN IN CURRENT $

1980 1981 1985 1990
INVESTMENTS (MM$)
BATTERY LIMITS(BLI) 343.1  386.5  516.2  741.1
TOTAL FIXED CAPITAL(TFC) 439.0  4%4.7  660.7  948.4
COST INDEX(CURRENT $) 355.0  400.0  534.2  766.9
COAL AT MINE ($/TONNE) 28,80 32,30  42.30  61.80
PRODUCTION COST:; C/MSCF
RAW MATERIALS 83,92 93,26 122,27 176.31
BY-PRODUCT CREDIT (4,83)  (5.71)  (7.55) (11.15)
IMPORTED UTILITIES 4.15 4.53 6.08 8.87
VARIABLE COSTS 83,24  92.08 120,80 174.03
OPERATING LABOR( 20.0/SHIFT) a.11 4.67 6.29 8.91
MAINTENANCE LABOR(1.6% BLI) 8.36 9,41 12,57 18,05
CONTROL LAB LABOR(20.0% OF 1.ABOR) 0.82 0,93 1.26 1.78
TOTAL DIRECT LABOR 13,29 15,01 20.12 28,74
MAINTENANCE MATERIALS(2,4% BLI) 12,53 14,12  18.86  27.07
OPERATING SUPPLIES(10.0% OP LABOR) 0.41 0.47 0.63 0.89
12,94 14,59  19.49  27.96
PLANT OVERHEAD(30,0% TOTAL LABOR) 3.99 4.50 6.04 8.62
TAXES AND INSURANCEC 2.0% TFC) 13.36  15.06  20.11 28,87
DEPRFCIATION(10.0% TFC) 66,82  75.30 100,56 144,35
84.17  94.86 126,71 181.84
SUBTOTAL: FPLANT GATE COST 193,64 216.54 2B7.12  412.57
G2A» SALES, RESEARCH( 3.0Z PV) 11.30  12.70  16.89  24.27
ROT BEFORE TAXES(25.0% TFC) 147,05 188,24 251.41 340.88
PRODUCT VALUE(PY)s C/MSCF 371.99 417.48 555.42 797,72
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HYDROGEN(98%) FROM VACUUM RESIDUE

100.00 MMSCFD

VARIABLE COST SUMMARY FOR 1981

- CONSUMFTION

UNTT GOST FPER MBCF C/NSCF
RAW MATERIALS
VACUUM RESIDUE D+63C/LB 23.2500 131,36
MISC. CHEM. & CAT. 0.7%
132.15
BY PRODBUCTS
SULFUR 4,.34C/LE { 1.3800) { &.27)
{ ;.27>
IMPORTED UTILITIES
HF STEAM 7.708/MLE 0.0622 47.89
ELECTRICITY 3+60C/KWH 1.2650 4,55
COOLING WATER 5.40C/MGAL " 0.1720 0,93
PROCESS WATER &83. 3G/ HGAL $.0086 $.58
53.95
TOTAL VARIARLE COSTS 179.83
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HYDROGEN(98%Z) FROM VACUUM RESIDUE

100.00 MMSCFD

XXCOSTS SHOWN IN CURRENT $

)
BLI)
PITAL(TFC)

COST INDEX(CURRENT $)

VACUUM RESIDUE (C/1.B )

PRODUCTION COST, C/MECF

DALl MATEDTAL
nriw nn El\ll‘ll—a

BY-FRODUCT CREDRIT
IMPORTED UTILITIES

VARIABLE COSTS

OFPERATING LABOR( 8.0/SHIFT)

MATUMYrrARAMNS
nAaLiviCeANLC LHB'-"\\I.OCII- DLLI

CONTROL LABR LABOR(20.0%Z OF LABOR)
TOTAL DIRECT LABOR

MAINTENANCE MATERIALS(1.5Z BLI)
OFERATING SUPPLIES(10.0Z OP LABOR)

PLANT DVERHEAD(80.,0% TOTAL LAROR)
TAXES AND INSURANCE( 2,0% TFC)

DEPRECIATION(10.0Z TFC)

ROI BEFORE TAXES(25.0Z TFC)

FRODUCT VALUE(PV)y C/MSCF

87

120.41
(5.30)
49.20

164,31

3.29
4.77
0.66

8.72

4,77
0.33

5.10

6.98
g.58

(MODULE #23)

ol
0
0
b

117.7
158.7

400,0

5465

132.15
(6.27)
53,95

179.83
3.73

537
0.75

9.85

5.37
0.37

5.74

7.88
9.464

394,06

245.18
(8.29)
73.08

309.97

5.03
7.1i8
1,01

13.22

7.18
0.50

7.48

10.58
12.91
64.54

161.34

5978.44

368.89
(12.24)
106.35

463,00

7.13
10.31
1.43

18.87

10.31
0.71

11.02
15.10

18.53
92,43

2 2 m 4w

877.42
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METHANOL FROM NATURAL GAS

2490.70 TONNE/D

VARIABLE COST SUMMARY FOR 1981

CONSUMPTION
UNIT COST PER TONNE $/ TONNE
RAW MATERIALS
NATURAL GAS 4.17%/MMRTU 30.8600 128.469
ACTIVE CARBON 1.75¢/LR 0.0220 0.04
REFORMING CATALYST 2,008/LB 0.1540 0.31
METHANOL CATALYST 4,00%/LR 0.2870 1.15
130,19
BY FRODUCTS
HIGHER ALCOHOLS 4.80C/LB ( 16.4700) ( 0.79)
( 0.79)
IMFORTED UTILITIES
NAT. GAS FUEL 4.17%/MMBTU 1.8700 7,80
ELECTRICITY 3+40C/KWH 33,0700 1.19
COOLING UATER 5.40C/MBAL 28.6600 1,35
FROCESS WATER 48.00C/MGAL 0.2980 0.20
10.74
TOTAL VARIABLE COSTS 140.14
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METHANOL FROM NATURAL GAS (MODULE #24)

2490.70 TONNE/D

XXCOSTS SHOWN IN CURRENT s

1980 iegl 1985 1990
INVESTMENTS (MMS)

BATTERY LIMITS(BLI) 137.8 155.2 207.3 297.6
TOTAL FIXED CAPITAL(TFC) 188.9 212.8 284,3 408.1
COST INDEX(CURRENT %) 355.0 400.0 534.2 766.9
NATURAL GAS ($/MMBTU) 4.00 4,17 737 12.43

FRODUCTION COST» $/TONNE
RAW MATERIALS 124.71 130.19 22%9.42 386.51
RY~-FPRODUCT CREDIT (0.72) (0.79) (1,33) (2.03)
IMPORTED UTILITIES 10.18 10.74 18,28 30.33
VARIABLE COSTS 134.17 140.14 246,37 414,81
OPERATING LABOR( &.0/SHIFT) 0.99 1.12 1,52 2.15
MAINTENANCE LABOR(1.5Z BLI) 2.53 2.85 3.80 546
CONTROL LABR LABOR(20.0%Z OP LABOR) 0.20 0.22 0.30 0.43
TOTAL DIRECT ILABOR 3.72 4,19 9.62 8.04
MAINTENANCE HATERIALS{(1.3% BLI) 2.53 2.85 3.80 9.46
OPERATING SUPPLTIES(10.0Z OF LABOR) 0.10 0.11 0.15 0.21
2.63 2.96 395 5+67
FLANT DOVERHEAD(B0.0%Z TOTAL LABOR) 2.98 3.35 4,50 6.43
TAXES AND INSURANCE( 2.0%Z TFC) 4,462 5.20 695 ?.98
DEPRECIATION(10.0X TFOC) 23.09 26,01 34.73 49 .88
30,69 34,56 46,20  66.29
SUBTOTAL: FLANT GATE COST 171.21 181.85 302.14 494.81
GEAr SALESs RESEARCH(C 3.0%Z PV) 7.10 7.66 12.07 19.22
ROI BEFORE TAXES(25.0X TFC) 57.72 65.02 86.87 124.70
PRODUCT VALUE(FV)» $/TONNE 236,03 254,53 401.08 638,73

89



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part |, February 1983

METHANOL FROM GAS~DERIVED
CRUDE SYNGAS(H2/C0=4.%)

2490.,70 TONNE/D

VARIABLE COST SUMMARY FOR 1981

RAW MATERIALS
SYNGAS(4.9)/6
METHANDL CATALYST

BY PRODUCTS

IMPORTED UTILITIES
NAT. BAS FUEL

1IM ST A
nr S2I1cANn

MP STEAM
ELECTRICITY

COOLING WATER

TOTAL VARIABLE CASTS

- —— - -

2.,06%/MSCF
4,00%/LB

4.178/MNBTU
7.70G8/HLE
6.508/MLE
3. 40C/KWH
T+ 40C/MGAL

90

CONSUMPTION
PER TONNE $/TONNE
106.5000 219,39
0.1540 0.62
"220.01
( 14.4700) ¢ 0.79)
( 0.79)
( 13.3500) ( 55.67)
4,8900 37.65
( 2.2100) ( 14.37)
{ 42.9900) {  1.55)
28.4400 1.54
( 32.40)
186.82
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METHANOL FROM GAS-NERIVED (MODULE #25)
CRUDE SYNGAS(H2/C0=4.9)

2490.70 TONNE/D

XXCOSTS SHOWN IN CURRENT $

1980 1981 1985 19%0
INUESTMENTS (MM&)

BATTERY LIMITS(BLI) 72.5 81.7 109.1 156.7
TOTAL FIXED CAFPITAL(TFC) 104.5 120.0 160.3 230.1
COST INDEX(CURRENT $) 355.0 400.0 534,72 766.9
SYNGAS(4,.9)/6 {($/MSCF ) 1.95 2.06 3.54 5.89

PRODUCTION COST: £/TONNE
RAW MATERIALS 208.19 220,01 377.83 628.48
BY~-FRODUCT CREDIT (0.72) (0.79) (1.33) (2.03)
IMPORTED UTILITIES (32,28) (32.40) (&7.81) (122.,46)
VARIABLE CNSTS 175.19 186.8%2 308.49 503.99
OPERATING LABOR( 4.0/SHIFT) 0.66 0.75 1,01 1.43
MAINTENANCE LABNDR(1.5% BLI) 1.33 1.50 2,00 2.87
CONTROL LAB LAROR(20.,0% OF LABOR) 0.13 0.19% 0.20 0.29
TOTAL DIRFLCT 1.ABOR 2.12 2.40 3.21 4,5%
MAINTENANCE MATERIALS(1.5% BLI) i.33 1.50 2.00 2.87
OPERATING SUPPLIES(10.0% DP LARNOR) 0.07 0.07 0,10 0.14
1,40 1.57 2+10 3.01
PLANT OVERHEAU(80.0% TOTAL LARDR) 1.70 1.92 2.57 3.67
TAXES AND INSURANCE( 2.0%Z TFC) 2,60 2.93 3.92 5¢62
DEFRECIATION(10.0% TFC) 13.02 14,47 19.59 28.12
17.32 19.52 26,08 37.41
SURTNTAL ! FPLANT GATE QST 194.03 210.31 340.08 549,00
G&Ar SALESs RESEARCH( 3.0% PV 7.09 7.66 12,07 19.22
ROI BREFORE TAXES(25,0%Z TFC) 32.54 36,67 48.98 70,31
PRODUCT VALUE(FV)y $/TONNE 235,44 254.44 401.13 638,53
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METHANOL FROM COAL

10000.00 TONNE/D

VARIABLE COST SUMMARY FOR 19R1

RAW MATERIALS
COAL AT MINE
COAL TRANSPORTY
ASH DISPOSAL
METHANOL CATALYST
MISC. CHEM. & CAT.

BY PRODUCTS
SULFUR

IMPORTED UTILITIES

CLARIFIED WATER

TOTAL VARIABLE CNSTS

UNIT COST

32.308/TONNE

15.008/TONNE
5.008/TONNE
4,008/LB

4.54C/LEB

41.00C/MGAL

92

CONSUMPTION
FER TONNE

1.5000
1.5000
0.1500
0.4000

(101.4000)

1,3700

$/TONNE

- -
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METHANOL FROM COAL

10000.00 TONNE/D
X¥XCOSTS SHOWN IN CURRENT ¢

INVESTMENTS (MM$)
BATTERY LIMITS(BLI)
TOTAIL FIXED CAPITAL(TFC)

COST INDEX(CURRENT %)

COAL AT MINE ($/TONNE)

PRODUCTION COST» $/TONNE
RAW MATERIALS

BY-FRUUULT UKRtDLT
IMPORTED UTILITIES

VARIAELE COSTS
OFERATING LABOR( 62.0/SHIFT)

MAINTENANCE I.ABOR(1.6% BLI)
CONTROL LAB LAROR(20.0% OF LAROR)

PLANT ODVERHEAD(30.0% TOTAL LABDR)
TAXES AND INSURANCE( 2.0% TFC)

DEFRECTIATION(10.0Z TFC)
SURTOTAL?! FPLANT GATE COST

G2A» SALES» RESEARCH( 3.0Z FPV)
ROI BEFORE TAXES(25.0%Z TFC)

PRODUCT VALUE(PV)s» $/TONNE

93

1980

1129.3
1404.4

355.0

28.80

105.88

248.45

(MODULE #26)

1981

127245
1582.4

400.0

32,30

73.%90
(4.60)
0.56

69.86

2.89
6.20
0.58

G467

o _ "IN
T eIV

0.29

?.59

2.90
9.63
48.17

120.43

278.75

1985

1699.4
2113.3

534.2

42,30

96.90
(6.09)
0.79

?1.60

3.90
8.28
0.78

12.96

17 _AD
A d Vo

0.39

12.81

1990

2439.6
3033.9

766.9

61.80

139,77
(B8.,99)
1.14

131.92

9.52

230.89

532.30
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METHANOL FROM COAL-DERIVED
METHANOL SYNGAS(H2/C0=2.26)

10000.00 TONNE/D

VARIABLE COST SUMMARY FOR 1981

CONSUMFTION
UNTT COST PER TONNE $/TONNE
RAW MATERIALS

SYNBAS(2,26)/C 3,048 /MSCF 80.5000 244,72
METHANGOL CATALYST 4,008/LB 0.4000 1,60
MISC. CHEM. 8 CAT. 0.10
246,42

IMPORTED UTILITIES
HP STEAM 7.708/MLB ( 0.6100) 4.70)
ELECTRIGITY 3.60C/KWH 6.6300 0.24
CLARIFIED WATER 41.00C/MGAL 0.1500 0.06
4,40)
TOTAL VARIABLE COSTS 242,02

9%
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METHANOL FROM COAL-DERIVER (MORULE #27)
METHANOL SYNGAS(H2/C0=2.26)

10000.00 TONNE/D

XXCOSTS SHOWN IN CURRENT ¢

1980 1981 1985 1990
INVESTMENTS (MM$)

BATTERY LIMITS(RLI) 140.7 158.0 211.0 302,9
TOTAL FIXED CAPITAL(TFC) 195.2 220.90 293.8 421.8
COST INDEX(CURRENT %) 355.0 400.0 534.2 766.9
SYNGBAS(2.246)/C ($/MSCF ) 2.71 3.04 4.03 5.79

FRODUCTION COST» $/TONNE
RAW MATERIALS 219,60 246 .42 I26.464 46%.42
IMNPORTED UTILITIES (3.99) (4.40) (5.74) (8.13)
VARIABLE COSTS 215.61 242,02 320,92 461.27
OFERATING LABOR( 20.0/SHIFT) 0.82 0.93 1.26 1.78
MATNTENANCE LABOR(1,4Z BLI) 0.68 0.77 1.03 1.48
CONTROL LAB LABOR(20.0%Z OF LABOR) 0.16 0.19 0.25 0.36
TOTAL DIRECT LABOR 1.66 1.89 2.54 Jeb2
MAINTENANCE MATERIALS(2,4%Z BLI) 1.02 1.15 1,54 2.21
OFPERATING SUPPLIES(10.0X OP LAROR) 0.08 0.09 0.13 0.18
1.10 1.24 1.67 2.39
PLANT OVERHEAD(30.0% TOTAL LABOR) 0.50 0.357 0.76 1.09
TAXES AND INSURANCE( 2.0% TFC) 1,19 1.34 1.79 257
DEFPRECTATINN(10,0X TFC) 5.94 6.70 8.94 12.84
7.63 8.61 11.49 1650
SUBTOTAL ! FPLANT GATE COST 226.00 253.76 336.62 483.78
G&Asy SALES: RESEARCH( 3.0% PV) 7+45 8.37 11.10 15.96
ROI BEFORE TAXES(25.0% TFC) 14.84 16.74 22,36 32.10
FROUWUCT VALUE(FPV)r $/TONNE 248,31 278.87 370.08 531.84

95



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part |, February 1983

CARBON DIOXIDE FROM FLUE GAS SCRUBBING

870.00 MMLEB/YR

VARIABLE COST SUMMARY FOR 1981

CONSUNPTION
UNIT GOST PER LB C/LB
RAW MATERIALS

MISC. CHEM. & CAT, 0,05
70,05

IMPORTED UTILITIES
LP STEAN 5.208/MLB 0.0024 1,23
ELECTRICITY 3.60C/KWH 0.0910 0.33
COOLING WATER 5.40C/MGAL 0.0157 0.08
1,64
TOTAL VARIABLE COSTS 1,69
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CAREON DIOXIDE FROM FLUE GAS SCRUBBING

870.00 MMLRBR/YR

XXCOSTS SHOWN IN CURRENT $

INVESTMENTS (MM$)
BATTERY LIMITS(BLI)
TOTAL FIXED CAPITAL(TFC)

COST INDEX(CURRENT $)

IMPDRTED UTILITIES
VARTABLE COSTS

OPERATING LABOR( 2.,0/SHIFT)
MAINTENANCE LABOR(1.,5Z BLID

COAMTRM I AD | ADNDIDONA _NAY ND
LS L v

ADOALDY
VLI PN W R PWRYN&LWVEOVMm now

nr

TOTAL DIRECT LABOR

MAINTENANCE MATERIALS(1,5% BLI)
OFERATING SUPPLIFES(10.0Z 0OF LABOR)

PLANT OVERHEAD(80.0% TOTAL LABOR)
TAXES AND INSURANCE( 2.0% TFC)
NEPRECIATINN(10.0Z TFC)

SUBTOTAL? FLANT GATE COST
G&Ar» SALES» RESEARCH( 3.0% PV)
ROI BEFORE TAXES(25.0% TFC)

PROTUCT VALUE(FPV)» C/LB

97

0.04
1.50

1.54

0.03
0,05

n_n1
Vo wa

0.09

0.05
0.00

0.05
0.07
0.09
0.44

0.60
2.28
0.10
1.11

3.49

(MODULE

I -
1 )
P o
1 -

30.1
43.7

400.0

0.05
1.64

1.69

0.04
0.05

n_n14
Vewva

0.10

0.05
0.00

0.05

0.08
0.10
0.50

0.48
2.52
0.12
1.26

3.90

0.07
2.29

2:36

0.05
0.07

H_nN1
Vevae

0.13

0.07
0.01

0.08
0.10
0.13
0.467

0.0
3.47
0.16
1.468

5.31

0.10
3,38

3.48

0.07
0.10

nHn_n1
veva

0.18

0.10
0.01

0.11

n 14 A
Vel
0.1%9
0.94

1.29
9.06
0.23
2.41

7.70
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3 SOURCES AND USES OF SYNGASES
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General references to “syngas based processes” are here used to in-
clude those processes which use pure carbon monoxide and/or hydrogen

derived from syngas mixtures, e.g., the manufacture of ammonia. Thus,

syngaseg are already used on a huge scale. Fo xamnle. SRI's Chemical

I0OL SASTP=T, 282 2 LS LoS

Economics Handbook estimates the hydrogen consumption in 1980 for the

United States alone as follows:

109 gef 109 Nm3

Ammonia production 1,281 34.3
Refinery operations 587 15.7
Small users © 273 7.3
Methanol production 168 4.5

Total 2,309 61.8

carbon monoxide in a ratio of about 5 to 1, the above is equivalent to
an annual production of over 40 billion 1b of syngas. This compares
with an ethylene production in the United States in 1980 of around 28

the traditional uses of syngases, but derives from the interest in

[

new generation of processes for bulk chemicals via "syngas” or "Ci"”
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years. Examples of this trend are the highly successfully commercial-
ization by Monsanto of a syngas route to acetic acid (see, e.g., PEP
Review 78-3-4), the imminent commercialization of the Eastman/Halcon
technology for acetic anhydride, and the research being devoted to both
direct and indirect (via methanol) routes to ethylene from syngas (see
PEP Report 146, Bulk Chemicals from Synthesis Gas).
The search for processes able to use cheaper (or ultimately
cheaper) feedstocks such as coal, and in certain circumstances natural
gas, derives in part from the fact that for commodity chemicals based
on petroleum, the feedstocks currently account for the major part of

[P PN

e PYyN -
I-II.B Pl- uuu.l... Va&LUL » tll.l.Ut

-
(]
"
=8
ct
[
=]
[ 1]
&
2}
(]
-]
<

ability of feedstocks over the longer term--this has always been a
dominant consideration in the production of fuels and chemicals via

syngas in South Africa.

Syngas Sources

Syngas mixtures can be made by many processes and from almost any
raw material containing carbon. The processes and feedstocks used com-

mercially are shown in Table 3.1l. The main steps in the production of

in the simplified schematic, Figure 3.1.

Steam reforming of natural gas is still the predominant method of
syngas production. The capacities of commercial reforming units vary
over an amazing range of sizes, something like 3,000:1. As discussed

ection 4

vy = e e tan wemsa

in

(72

rently about 2,500 metric tons/day, and the reformer unit on this pro-
duces some 300 million scfd of syngas. Recent world scale methanol

production facilities are being constructed at or close to this capac-

wand 18 difficult both to transport and to

store in large quantities. Hence hydrogen plants are often built on-
site as matching facilities. Reformers with capacities as small as 0.l

PPN --.

miilion scfd are therefore economic in specific circumstances (385148).
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Table 3.1

SYNGAS SOURCES

2]

[al
-4

(2]

o

1.75

Natural gas

Partial oxidation
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Figure 3.1

PRODUCTION OF SYNGASES AND RELATED PRODUCTS
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In comparison, partial oxidation/gasification facilities are typically

with a more or less fixed ratio of Hy to CO which is characteristic of
that process and feedstock combination (see Table 3.1). To change this
intrinsic ratio requires modification of the feedstock or additional

downstream processing, which may be expensive.
The chemistries of steam reforming and partial oxidation (gasifica-

tion) are examined in later sections in some detail. In all cases a

key reaction is the exothermic water gas shift reactionm,

CO + Hoa =0y +
0 «——C02 <

~
w

-
A

L]
g

which usually proceeds to virtual equilibrium. Hence addition of car-
bon dioxide to the feedstock for reforming or gasification will result
a

[

in a product with a reduced molar ratio of Hy to CO. As discussed in

Section 4 the increase in CO concentration also tends to increase

carbon formation.

Under typical reforming conditions (e.g., as optimized for meth-

aermnt Sesmal o N 100 e L oA 33 L e
al1oi 5yutctnesis) apoutr iL/sJ 0 Lne VW procuceda py reiorm

CH; + Hp0—>CO + 3H2 (3.2)

shifts to CO2. As a result the syngas produced has an Hy:CO ratio of
about 5:1. Extraction and recycling of the CO produced (or import of
the equivalent amount of CO7) can yield a product with an H2:CO ratio

as low ag 3:1. To lower the ratio further requires import of addi-

tional CO2. However, as shown in Section 4, to approach H2:CO ratios

o =

as low as 1:1, relatively large amounts of COy need to be imported and

PRpTprn, Ipray ) meed AL e o Ta. S . L P N . .
Lrecyciedqa, a Lue CousL penalLy 10 Lnls pecoues 1nCreasingily severe.
i

This holds even when the COp is available at zero transfer value from

an adjacent facility (e.g., ammonia manufacture). However, for
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[

relatively small scale operations like oxo synthesis, addition of COp
to the reformer feed to lower the Hy:CO ratio in a steam reforming
facility was traditionally used (19520), and we understand is still

practiced today.

gas reforming. Thus, complete recycle of the COy produced gives a prod-
uct for which the H2:CO ratio approaches 2. Reforming of residual
fuels is not practical because of the attack of the impurities on the

tent of the product is supplied directly as oxygen rather than deriving
from steam as in reforming. Hy:CO ratios of syngases produced by par-

tial oxidation are thus characteristically much lower than those pro-

carried out at high temperatures in refractory lined reactors. It is a
very flexible process and facilitles can be designed to process in the

same unit feedstocks ranging from natural gas to vacuum residue. A

by Tenneco and USS Chemicals, for example, is reportedly to be fed with
a mixture of natural gas and oxo synthesis by-products, with provisions
for future conversion to residual oil feed (472204). The Hy:CO ratio

of the

artial oxidation reactor product ig characteriestically slightly

n
¥ - & iy ha Y

below 2 for a natural gas feed, and approaches unity for the heavier

liquid hydrocarbon feedstocks.

For the gasification (partial oxidation) of coals and lignites,
characteristic Hp:CO ratios of the gasifier effluent are typically well
below unity. For dry-feed slagging gasifiers the ratio is typically
about 0.5. For gasifiers fed with a coal/water slurry, such as those
in the Texaco process, the Hy:CO ratio of the gasifier products is
somewhat higher. The relatively high ratios (£2) associated with "dry
bottom” (nonslagging) Lurgl gasifiers result from the substantial
amount of water gas shift taking place within the gasifier due to the
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large amounts of steam injected to keep the temperature of the bed

below the fusion temperature of the coal.

The Hy:CO ratio in a syngas mixture can, of course, be altered
independently of the primary generation process. The ratio can be
readily increased by shifting some of the CO to Hy by the water gas
shift reaction. The ratio can be adjusted both up and down by split—
ting the mixture either into the pure components, or into an Hy, rich
and a CO rich stream. Cryogenic, absorption, adsorption, and membrane

processes are the primary techniques for such separation or "skimming."

The most common way of increasing the Hp:CO ratio is the water gas
shift reaction {see equation 3.1 above). If desired, e.g., for hydro-
gen or ammonia manufacture, essentially all the CO in the syngas mix-
ture can be shifted to Hy. [The shift reaction of course does not alter
the total mols of (CO + Hy) in the product, only their ratio. Hence it
is convenient in comparisons to deal with capacities and costs of syno—
gases on the basis of the contained volume of (CO + Hj). Sometimes
comparisons are done in terms of Hy equivalents, which amounts to the

same thing.]

acid gas re
tion of the ratio by COs addition to the reactor feed, or by separating
the components is relatively costly. The economics of the adjustment
by separation are in addition very sensitive to the credit that can be
assigned in any given instance to the coproduct (normally Hy or an Hj

rich stream).

Partial oxidation and coal gasification processes yleld raw syn—
gases rich in CO. They are thus inherently well suited to provide
----- methanol. The coming generation of new processes
for bulk chemicals which, as we shall see below, typically use Hy and

CO in a ratio of 2 or less.

The steam reforming process, on the other hand, yields syngases

rich in Hy. It is thus very well suited for Hy or ammonia production,

[ ol
o
cn
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but less well maitched in terms of stoichiometry to provide, for ex—
ample, methanol syngas. It is interesting that, as commercially devel-
oped, methanol synthesis from natural gas does not use anywhere near a

stoichiometric syngas feed (see further below). The feed to the syn—-

nd
LA

purge is taken from the reactors to serve as fuel for the reforming
furnaces. The synthesis reactors thus in effect also serve as a sepa—
ration system for the syngas, and produce an Hy rich coproduct stream

hat Aiffar=

oAMALT
G OVIMMEWIIGY WVMiolLiwaA

ent overall process configuration would have been developed against a
background of much higher feedstock costs. 1In recent times, for ex-

ample, separation of Hp from the purge stream has become a more common

P
tion to reaction stoichiometry generally increase as feedstock costs

.increase.

Below we examine the overall stoichiometric requirements of a

selection of syngas based processes.

§yqsgs Uses in General

Table 3.2 1lists the major products traditionally made from syngas
together with chemicals whose manufacture from syngas is considered to
be both feasible and potentially attractive. A schematic of the routes
from syngas for the latter is given in Figure 3.2. The listings are

illustrative rather than comprehensive.

As 18 evident from the overview given further below, more often
than not, it 1s the indirect routes that show the best selectivities
and the most promise at the present state of the art. Typically these
proceed via methanol as an intermediate and sometimes also require a

carbonylation step.

Methanol and CO rather than the equivalent stoichiometric syngas
are thus more frequently the actual feedstocks. It is for this reason

that- +h
G W
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Table 3.2
SYNGAS USES
ng:coa) Capacity Syngas Rezuited Technology
Ratio Actual Ratio(Db) (MM 1b/yr) (MM scfd){e) (£)  Associated With:
Traditional uses

Amnonia Hy Hy + Np 986(c) 107 -
Hydrogen Hp Hy 173 100 —-—
Methanol -~ via natural gas 2/1 4/1=5/1 + €0y 1,449(d) 212(h) -

via resid/coal 21 2.3/1 + €0, 1,445(2) 160 -
Oxo alcohols 2/1 2/1 or (1/1 + Hy) 150 9 -
Phosgene co — 150 2 -
Fischer-Tropsch liquids{8) - z/i 3,800 1,000 -

Nontraditional uses
Acetic acid 1/1 Methanol + CO 600 49 Monsanto
Acetic anhydride /1 Methanol + CO 500 61 . Eastman/Halcon
Vinyl acetate 1.25/1 HMethanol + 0.5/1 500 87 Halcon
Ethylene glycol ~ direct 1.5/1 1.5/1 400 66 Union Carbide
oxalate 21 Hz + CO 400 66 Ube/Union Carbide

Ethanol - direct 2/1 3.5/1 + coy 600(1) 345 IFP

homologation 2/1 Methanol + 2/1 1,677 320 -_
Ethylene - diract (F-T) 1/1(m)  0.83/1 1,000(1) 795 Ruhrchemie

methanol eracking 2/1 Methanol 1,000(k) 530 Mobil

homologation 2/1 Methanol + 2/1 1,000(1) 320 -

(‘)Stqichioutric ratio of hydrogen to CO required by net reaction sequence at a theoretical yield of 100%.

(b)The actual feedstocks used, e.g., (methanol + 0.5/1) means that the synthesis utilizes the syngas in the
form of methanol and syngas with a hydrogen/CO ratio of 0.5/1.

(e)1,500 short tons/day with a stream factor of 0.9.

(d)2,000 metric tons/day.

(e)Basis contained (CO + Hp); MM represents a million, scfd is standard (60°F, 14.7 psia) cubic feet per day.
(£)Methanol converted to a 2:1 syngas equivalent of 80,000 scf/metric ton.

(8)Approximate values for Sasol 2.

(h)About 1/4 of the feed gas is recovered as a hydrogen rich fuel stream.

(1)About 1.75 1b of other alcohols are coproduced per 1b of ethylene.

(3)about 1.4 1b of coproducts are made per 1lb of ethylene.

(k)About 1 1b of coproduct 1s made per 1lb of ethylene.

(1)Less than 0.2 1b of hydrocarbon coproducts are produced per lb of ethylene.

(m)Net reaction sequence includes an internal shift.
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Figure 3.2
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this study, and options examined for separation of CO from syngases.

Because hydrogen is frequently a coproduct, we included the economics

better definition of the range of values that might be assigned to such

coproduct.

Syngases derived from coal could also eventually provide the foun-
dation for a synfuels industry, e.g., large methyl fuel facilities, or

comnlexes producing medium Btu cas (MBG). po
b 4 - 4t b == N 1 4

n
g ==L DL o

as supplying feedstocks to satellite chemical production facilities.
For example, an MBG complex proposed by the Tennessee Valley Authority

(TVA) in the United States (4 67) is rated for about 3 x 109 Btu per
1

831
day and would produce some 1,000 million scfd of MBG. The rating of

S L3 L U

such a complex is equivalent to about 50,000 bbl/day of crude oil and
would need 20,000 tons/day of coal. Alternatively, in a gasification/

P Y. V1N

combined-cycie (GCC) power piant, where a combination of steam and gas
turbines is used to generate electricity, such a plant would produce
about 2,000 megawatts (472138). The scale of syngas production in such
complexes would thus be at or above the largest scale examined here,
d

—— Tomnmntad mnen wl mmmdem W
auu aliviaLivua vl w

costs between varlous coproducts as well as methods
of financing, would be factors of major importance. For the present
study we elected to focus on the production of syngas at scales at
which it could be dedicated to bulk chemicals manufacture. Below we

atadl An
cLasi 0L

P |
listed in Table 3.2.

Traditional Uses

Methanol

As noted, methanol is the key to many of the proposed routes. Its
manufacture from both natural gas and coal is therefore reviewed in
some detail in Sections 4 and 6 respectively. Some features regarding
the stoichiometry of its production are highlighted below.

State—of~the—art methanol processes as exemplified by the technolo-
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methanol from syngas at 50 to 100 atm. The primary reaction, which is
exothermic, is:

CO + 2Hy "= CH30H (3.3)

In commercial operation, however, maintaining a minimum of some 3% CO,
in the feed is essential for good catalyst performance and life

(472045). The COy appears to maintain the catalyst in an intermediate

COy + 3Hy—e——>CH30H + H20 (3.4)

This reaction is reported to proceed to some extent directly, but

mainly via a reverse shift (see equation 3.1).

In steam reforming of natural gas, typically one of every three
mols of CO produced shifts to COy in the reformer; this CO2 is not

, 1f extra CO; ig

~2
readily available at low cost (e.g., from adjacent ammonia facilities)
it normally is attractive to compress some of this and add it either to
the reformer feed, or even directly to the synthesis reactor feed. It

follows from equations 3.3 and 3.4 that the stoichiometric usage of
hydrogen which corresponds to an Hy:(2CO + 3C03) ratio of 1, translates
to an Hy:CO ratio of about 3.5, or greater if extra CO7 is imported.

This compares with the H2:CO ratio of about 5 characteristic of natural

as reforming without COy additionm.

As noted above, because of the predominance of natural gas as a
feedstock, methanol process designs are optimized in conjunction with
steam reforming, l1.e., to operate economically with the nonstoichio~
metric feed coming directly from reforming. {(This is someiimes called
the “low carbon concept.”) Addition of COy, when available at low
cost, improves the economics by saving about 52 of the total gas re-

quirement. The advantage of COy addition increases of course as the
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Syngas made by partial oxidation in contrast, is hydrogen lean
with respect to methanol stoichiometry. Hence for methanol synthesis
such gas is shifted and the CO7 removed to give a close match to stoi-
chiometry (Hp:CO ratio 22). It is advantageous to leave some COp in
the syngas (see above) and to run slightly on the hydrogen rich side.

The state—of-the—art maximum single line methanol capacity 1is
somewhat above 2,500 metric tons/day. However, for potential methyl
fuel or methanol-to-ethylene plants, operation at even larger scales
would be attractive, and larger capacity methanol reactor designs are
being developed and offered, e.g., 5,000 tons/day by Davy-McKee/Ammonia
Casale (472205).

In terms of scale, the reformer of a 2,500 tons/day methanol unit
run on the "low carbon concept” produces about 265 million scfd (7.1
million Nm3/day) of syngas (basis contained CO and Hy). Roughly 1/4 of
this is in effect returned as fuel to the reformer. With the
approximately stoichiometric syngas produced by partial oxidation or
gasification, about 200 million scfd yields 2,500 tons/day methanol.

szrogen

In the production of hydrogen via syngas, essentially all the CO
in the mixture is shifted to CO, and hydrogen. The hydrogen thus
derives in part from the basic feedstock and in part from steam. 1In
all the routes (steam reforming, partial oxidation, and gasification)
part of the shifting takes place in the syngas production reactor.
Additional steam is then added and the shift reaction is completed,
usually in high and low temperature stages. In large scale production
the COp, and HyS if present, are traditionally scrubbed out by appropri-

ate regenerative liquid scrubbing processes. Residual carbon oxides

are then removed by conversion to methane in a catalytic reactor (i.e.,

by "methanation,” or the reverse of the shift and steam reforming reac—
tions shown by equations 3.1 and 3.2). This gives a hydrogen product

containing some methane and inerts (see Table 2.2). At small scales of
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production, e.g., <1 million scfd) the CO; removal and product purifica-
tion steps are usually combined and performed in fixed bed adsorbers
containing a combination of molecular sieves, alumina, and carbon
(385148). However, use of a regenerated adsorption step (the Pressure
Swing Adsorption, or PSA, process developed by Union Carbide) to re-

) NP

place the low temperature shift, COs removal, and methanation steps
also appears to be attractive in certain circumstances on a very much
larger scale, particularly if very pure hydrogen is needed (see Section

4).

The steam reforming process is very flexible and lends itself to
both small and large operations. Partial oxidation, on the other hand,
is impractical for small scale operation (<5 million scfd). For gasifi~
cation of coal the minimum scale of operation is probably even larger

(>50 million scfd).

As ghown in the tabulation earlier, the current major use of hydro-

scfd of hydrogen. The next largest use of hydrogen is in refinery oper—-

ations (e.g., for desulfurization, hydrocracking). Capacities for such

being envisaged for synfuels manufacture by direct coal liquefaction
(e.g., EDS, SRC-II) is often about 50,000 barrels/day. They typically
require 200 to 300 million scfd of hydrogen.

The interest in the present study was not in hydrogen manufacture
in

nar aa_ Howaver o
Per g¢. nowever, 0y g

here for the production of CO and the adjustment of the Hy:CO ratio of
syngas by skimming and separation. The value assigned to the hydrogen
coproduct 18 thus a principal determinant of the cost of the syngas or
CO produced. The economics of the independent large scale manufacture
of hydrogen from natural gas, vacuum residue, and coal were therefore

estimated in order to provide a reference basis for assigning hydrogen

credits. The standard default value used in the SYNCOST program for

hydrogen is that estimated for production of hydrogen by reforming of
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natural gas at a capacity of 100 million scfd. On the basis of the
default scenario used in the present study, steam reforming of natural

3 - S oo e onem L . T &

oo - -~ -~ a weanmim INNN L I3 wman~
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hydrogen production.

Ammonia

The final step in the manufacture of ammonia is the well known

simple equation:

3Hy + Np——="2NHj (3.5)

Commercial catalysts are based on iron and conventionally the synthesis
loop is operated at 2000 to 4000 psi. More energy efficient designs

operating at pressures as low as 500 psi have also been developed in

chiometric 3:1 ratio and is itself also known as a syngas. Production
of ammonia syngas is broadly analogous to the production of hydrogen,
but the detailed designs differ in some key respects. When the ammonia
syngas is made by steam reforming of natural gas., the optimal design
entails reforming in two stages. In the primary reformer, conditions
are less severe than for hydrogen production because a high methane
"glip” is allowable (see Section 4 for details on reforming). The
methane remaining in the product from the primary reformer is converted
in a secondary reformer, where part of the product is burned with air

to provide heat as well as the nitrogen needed for ammonia synthesis.

ature shift, scrubbed free of CO2 and methanated to remove traces of
carbon oxides. It is then compressed and sent to the ammonia synthesis

loop.
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When partial oxidation (gasification) is used to produce the hydro-

used to provide the oxygen. The methanation stage is then omitted.
Instead, the final purification of the hydrogen is done with molecular
sieves to remove traces of CO;, followed by a liquid nitrogen wash to

rem

ove CO, CH;, and most of the ar
to arrive at the correct hydrogen/nitrogen ratio before the gas is com-
pressed for ammonia synthesis. The removal of inert gases by the nitro-

gen wash is an advantage for the synthesis step because the purge

fashion by AECI Ltd. in South Africa (472190).

A 1,500 short tons/day ammonia plant is typical of state—of-the—
art world scale facilities. The amount of hydrogen fed to the syn-

thesis loop in a conventional reaction scheme at this scale would be

with low H2:CO ratios. Production of ammonia, which 1lies at the other
end of the scale of H:CO ratios, was therefore excluded from more
detailed examination, despite ammonia's status as the major user of

vnonn =
J AR &

Oxo Alcohols and Derivatives

Oxo alcohols are produced by first reacting (hydroformylating) an
olefin with a syngas (Hy + CO) to form an aldehyde. Simultaneously in

he same reactor

[

ggqnggg nrnoenginc the aldehy

derivative of it, is hydrogenated to form an oxo alcohol.

Major applications of this use propylene as a feedstock to manufac-
ture normal butanol, and 2—-ethylhexanol (2~EH). n=-Butanol is used

widely as a sol h

plasticizers for PVC. The stoichiometry of the main reactions is

represented by:
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(1) Hydroformylation—-

CH3CH = CHy + CO + Hp—> CH3CH2CHpCHO
n-butyraldehyde
+
CHj3
\
CHCHO
/
CH3

isobutyraldehyde

(2a) Hydrogenation-—

CH3CHyCH2CHO + Hp——>CH3CH,CH,CHOH
n-butanol

(2b) Aldol condensation and hydrogenation--
2CH3CHpCHp CHO——-CH3CH2CHyCH = C ~CHO + Hp0

CHoCH3
2-ethylhexenal

(2-ethylhexenal) + 2H2-—-t-CH30HZCH20H2-—?H-—CHZOH
CHyCH3
2-ethylhexanol

(3.6)

(3.7)

(3.8)

3.9)

Sequence 2b takes place in the presence of alkali. Three different

catalytic systems are used industrially to carry out the reactions:

Catalyst Licensor Type

Required
Conventional Ruhrchemie Two step, high 1:1 gas +
cobalt pressure (5000 psi) hydrogen
Modified cobalt/  Shell One step, medium
phosphine pressure (1500 psi)
Rhodium Union Carbide Two step, low 1l:1 gas +
et al. pressure (300 psi) hydrogen
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In the one step process (modified cobalt/phosphine catalyst) both
ormylation and hydrogenation, i.e., steps 1 and 2a or 2b take
place in a single reactor. The simplified stoichiometry therefore
requires a syngas feed with an Hy:CO ratio of 2:1. Side reactioms such

as hydrogenation of olefin to paraffin and aldehyde to alcohol consume

was based on an actual ratio of 2.06:1 in the syngas feed.

In the two step process the hydroformylation and hydrogenation
steps are carried out separately, and the simplified stoichiometries

harm wnas £
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stage, and pure hydrogen for the second stage. Again, because of side

reactions, in practice an Hp:CO ratio somewhat above 1:1 is used. In a

PEP evaluation of the rhodium catalyst technology (Report 21B, p. 79)
+ha Adaaion waoe hanead An a2 Ffaad wit an neN watrdn AFf 1 NAQ1
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methyl methacrylate from both ethylene and propylene by a variety of
direct and indirect hydroformulation reactions using, for example,
methyl propionate and isobutyric acid intermediates (PEP Report 11B).

for carbon monoxide and methanol.

In terms of oxo chemicals, facilities producing, for example, 150
million 1b/yr of butanol would be considered world scale. A one stage
process requires 9.4 million scfd of syngas with an Hy:CO ratio of 2:1.

A two stage process req
& 3

million scfd of hydrogen.

Thus, in the present context, world scale facilities for oxo chem-
icals are very small users of syngas. Production of syngas in dedi-
cated facilities matching oxo synthesis size would therefore be
relatively expensive. However, the syngas feedstock represents, for
example, only about 202 of the product value of, the n—butanol pro-
duced. Hence minimizing the syngas cost may not always be a prime

consideration in oxo manufacture.
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The present study concerns the economics of producing syngases
with the Hy:CO ratios typical of oxo synthesis. However, the study

context is that of the new generation of processes for bulk chemicals
sion on scaling down to the "oxo scale"” is included in Section 4. 1In
general, though, any extrapolation of the study data to much lower

scales i1s likely to be highly inaccurate.

Phosgene and Miscellaneous Carbonylations

Phosgene is made by passing dry carbon monoxide and chlorine over
hot activated charcoal:

cn 4+ 1
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The primary use of phosgene is in the manufacture of isocyanates, most
of which are used for polyurethanes. A world scale facility typically
produces 150 million 1b/yr of phosgene and requires 45 million 1b/yr or

some 1.85 million scfd of carbon monoxide——in the present context a
very small scale of production.

Other even smaller scale uses include the Reppe & Koch hydrocar-

- _ __ —a B __ _ _— A PR, B e . Ry e P S . _ 1 _ e a
pOoXxXyLAL1OLNS Ni1Cil reacCtr Carovon monoxide ana waLer wiiLii oierin Lo

produce various carboxylic acids used in plasticizers and synthetic
lubricants (see also PEP Report 123, Section 4).

lyst 1s used by Saso
icals as by-products. The well publicized and recently commissioned
Sasol Two unit is reported to produce about 40,000 barrels/day of motor
fuels and some 600,000 tons per year of chemical by-products including
160,000 tons/yr of ethylene. Feedstock to the synthesis reactors is
some 1,000 million scfd of 2/1 syngas produced by 36 Lurgi coal gasifi-
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The Sasol developments represent a special case, in which security

th

influence. Nevertheless they demomstrate coal gasification technology
on a large scale, and establish a reference point for costs at the

current state of the art.

Fuel Gas

Gasification of coal in small scale producers is well established
and has been widely practiced worldwide. Such gasifiers typically

operate at close to atmospheric pressure, use alr as the oxygen source,
Standard units might be sized to produce about 1.5 billion Btu/day of

LBG from 100 tons/day of coal. They are currently being promoted on

the basis of favorable economics for localized fuel supply in special

Nontraditional Uses

. A large amount of research in recent yeais has been devoted to

developing improved routes from syngas to chemicals and fuels. The

-
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prime driving force has been the steep rigse in the price o

However, particularly for oxygenated chemicals such as acetic acid and
ethylene glycol, the syngas routes often have an inherent elegance
which can also have the potential to translate into economic advantage,
the key to which appears to lie in finding highly selective catalyst

systems and processing routes.

Conventional Fischer-Tropsch (F-T) technology enables the produc—-
tion of a wide spectrum of products directly from syngas. The F-T mech-
anism has generally been interpreted in terms of polymerizatiom of a {;
unit. This would mandate that for species other than methane and meth-
anol, the selectivity is and has to remain relatively low, and such low

selectivities do occur in practice. To overcome this limitation much

the development of alternative catalysts. An alternative means to
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improve selectivity has been to use methanol as an intermediate. The
dovnstream processes often use the novel shape-and-size-selective zeo-
lite catalysts. A perspective on recent catalyst developments is given
in reference 470082. Below we briefly review the scale and stoichiome-
tries entailed in the developments listed in Table 3.2. The listing 1is
not comprehensive, but covers the major developments that would use
syngas on a large scalie and appear to have good potential for commer-

clalization.

It is apparent that in general the stoichiometric requirements are
for syngases with a Hy:CO ratio of 2:1 or less. Regarding stoichiom-

etry, therefore, partial oxidation of residue and coal gasification pro—

______ | T - = 2L & . i Sy e _ o __ al . —
CE88ES Nave an 1inereEnL aavainrage. owever, Lne &€

tent to which some
processes might also be able to use CO, as well as CO, and be run with
nonstoichiometric feedstocks is generally not clear. It is also seen
that the scales of operation of individual units are usually below the

o mmm mde = 2 - L.011 o - B o m e amam ~ temleawm Al Sln cmmmemd i Al mmala a8
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syngas generation. The latter would favor production complexes which

integrate a number of different units using syngas feedstocks.

for acetic acid in 1970 (see PEP Review 78-3-4), industry acceptance of
the process has been very rapid. Worldwide about one-third of acetic

acid production 1s now based on this process and most new capacity is

®
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verall reaction ig an exothermic one repregented

CH30H + CO~——> CH3COOH (3.11)

It is conducted at pressures of 400 to 1000 psi with homogeneous iodide
promoted rhodium catalysts, in the presence of water. Other conditions
and catalysts can favor formation from the same reactants of methyl

acetate (itself an intermediate in the acetic acid synthesis)
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methyl formate. With similar catalysts and somewhat higher pressures,

CH3COO0H + CO + 2Hy ——> CH3CHCOOH + Hy0 (3.12)

The purity requirements of the feedstocks for acetic acid manufac-
ture are not overly stringent, e.g., typlcal feed compositions might

Methanol Feed wtZ CO Feed VolZ
Methanol 99.9 co 98.0
Water 0-1 Nz 100
Total 10C.0 Hy 0.6
CO2 <5 ppm

CH4 0.4

Total 100.0

Methyl formate production, on the other hand, appears to be some-
what more sensitive to impurities (see PEP Report 156). The net reac-

tion here is:

CH30H + CO—> HCOOCH3 (3.13)

This reaction is the basis for the processes for formic acid offered by

BASF, Leonard, and Halcon/SD. It takes place under anhydrous condi-
tions in the presence of alkali methoxide catalysts. Pressures used
for commerclal operation are somewhat higher than for acetic acid manu-
facture. In a second step the methyl formate is catalytically hydro-

lyzed to yleld formic acid and methanol:

HCOOCH3 + Hp0 —> HCOOH + CH30H (3.13a)
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The net reaction therefore consumes only carbon monoxide and water to
produce formic acid. One of the main reasons for interest in a direct
process for formic acid stems from the trend to switch to the Monsanto
process for acetic acid. Formerly the bulk of formic acid was produced
as a by-product in the manufacture of acetic acid by the oxidation of
butane. Formic acid by a direct process i1s, of course, made on a much
smaller scale than acetic acid, and for optimum economics the CO produc-
tion would need to be integrated in a complex such as described further
below. (A large unit would produce some 44 million 1lb/yr of formic

acid and consume about 1.5 million scfd of CO.)

The most recently commissioned grassroots world scale acetic acid
plant is that for the Du Pont/USI venture at Deer Park in Texas. In
this complex, syngas produced from a heavy sour residue by partial
oxidation is used to manufacture both methanol and acetic acid. The
acetic acid unit is reportedly rated for some 600 million 1lb/yr, and
would therefore consume about 450 metric tons/day of methanol and 315
million 1b/yr (12.8 million scfd) of CO.

If one includes methanol, the overall stoichiometry of equation
3.11 requires hydrogen and CO in a ratio of 1:1. Effective utilization
of the syngas 1s therefore readily achieved if the syngas is produced
by gasification of either resid or coal. One possible way of integrat-
ing a methanol-acetic acid complex based on such feedstocks is illus~
trated in Figure 3.3. The flowrates and Hy:CO ratios shown are
approximate. The hydrogen stream produced in the CO separation unit
can be blended back into the methanol synthesis feed to maintain opti-
nmum stoichiometry. Syngas produced by steam reforming of natural gas,
on.the other hand, is already hydrogen rich. Hence unless there is a
chemical use for hydrogen on a site, e.g., refinery processing or am-
monia manufacture, any hydrogen separated out might only have fuel
value. In such circumstances it could sometimes be more economic to
have a separate partial oxidation unit to produce the syngas for CO

recovery.
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The scheme shown on Figure 3.3 is one for which approximate feed-
stock costs could be estimated by combining a set of modules from the
SYNCOST program. In practice, some cost advantage might be gained by
purifying a fraction of the raw syngas separately as feedstock for the

CO separation unit.

Figure 3.3

SCHEMATIC OF METHANOL/ACETIC ACID COMPLE X

. faw Syngas Syngas Syngas Methanol
Vacwum Resid Hp/CO <1 Ha/CO=~1.9 Hy/CO~2.3 2050 metric
2200 metric tons/day | Partiol | 215 MM scid | Shift and 176 MM scid 201 MM scfd [0 ) tons/day
|Oxidation or »| Acid Gas iiadionias
or Coal Gasification Removal | Af Uni
4000 metric tons/day .
Hydrogen ::u"/ II':I’IC
ngas 25 MM scfd i
38 MM scid
I Carbon Acetic
bvemipl Monoxide | Acid jr——————
Separation | Carbon Monoxide Unit | Acetic Acid
433 metric : 824 metric
tons/day tons/day
(13 MM scfd) (600 MM 1b/yr)

Acetic Anhydride

w syngas routes to acetic anhydride have received much publicity

in recent years, in part because of the decision by Tennessee Bastman
to commercialize & new technology using coal based syngas as feedstock
(472211). This new route 1s based on the carbonylation of methyl
acetate, which itself can be derived in toto from syngas. The fact
that the syngas will be made by gasific
incidental. However, the general interest in the venture has been much
intensified by the coal feedstock aspect, and the fact that it will

provide the first commercial demonstration of the second generation

f
ication technology. The coal based plant at Kingsport,

Tennessee, is due to be completed in 1983.
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At present, most acetic anhydride is made by the ketene route. In
this, acetic acid is cracked to form ketene, which is reacted with

another mo

0ol of acetic acid to form acetic anhydride. If the acetic
acid is made fr t

m methanol and carbon monoxide, the ketene route itself

can also be considered to be a syngas route. A comparison of the

ketene and methyl acetate carbonylation routes is given in the recent

PEP report, Bulk Chemicals from Synthesis Gas (No. 146). SRI concluded
a ably with the established ketene

=]
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Both Eastman and Halcon/SD have been active in developing varia-
tions of the new process based on carbonylation of methyl acetate. The
know-how of both parties was eventually pooled for the commercial
venture. Early Halcon patents also describe the use of dimethyl ether
as an intermediate, together with methyl acetate, or singly. Later
work appears to have focused on methyl acetate. The most active

catalyst systems are rhodium based with iodide promoters similar to

those for acetic acid synthesis.

The chemistry of the methyl acetate carbonylation is complex and
there are several variations of the basic technology. The stoichiom~

etry of the overall sequence starting from syngas can be represented

) Y
Y o

(a) Methanol synthesis—-

2C0 + 4Hy—> 2CH30H (3.3)

Q
Q
(=]
I
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w
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(c) Esterification to methyl acetate~—

CH3COOH + CH30H——> CH3COOCH3 + H20 (3.14)
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(d) Methyl acetate carbonylation——

CH3COOCH3 + CO '_>(CH3C0)20 (3.15)

(e) Net reaction to acetic anhydride——

4C0 + 4Hy —>(CH3C0),0 + HyO (3.16)

The net stoichiometry thus requires carbon monoxide and hydrogen
in a 1:1 ratio. The sequence as shown above achieves this indirectly

with methanol and carbon monoxide.

Tennessee Eastman uses the anhydride to esterify cellulose. This
produces acetic acid and substitutes for step b. Halcon/SD emphasizes
that it is also possible to have a manufacturing sequence which entails
no acetic acid-—the methyl acetate is supplied instead by making twice
the amount of anhydride in step d, and recycling half of this to be
reacted with methanol (472210):

(CH3C0)20 + 2CH30H —> 2CH3COOCH3 + Ho0 (3.17)

The net stoichiometry remains unchanged.

A world scale plant would manufacture about 500 million 1b/yr ace-
tic anhydride. For sequences b through d, such a plant would require
some 245 metric tons/day of methanol, 417 metric tons/day of acetic
acid, and 235 metric tons/day (about 7 million scfd or 170 million
1b/yr) of carbon monoxide. The figures for methanol and carbon
monoxide are approximately double if the amounts needed for acetic acid

are included.

However, dedicated units would still fall substantially short of
world scale capacities for the various intermediate feedstocks; integra—-
tion with other syngas based units would be of advantage. Apparently,
the use of coal rather than natural gas for syngas generation in the

Eastman project 1s a site specific consideration.
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tate is being offered by Halcon/SD for commercial application. The
technology is related to the acetic anhydride synthesis discussed

above. The current conventional route to vinyl acetate is the vapor
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The overall stoichiometry of the carbonylation route when starting
from syngas may be represented by:
(a) Methanol synthesis——
2C0 + 4Hy——>2CH40H (3.3)
(b) Esterification—
2CH3CO0H + 2CH30H ——>2CH4CO0CH3 + 2H50 (3.17)

mathv]l anatata
methylL acecate

(e¢) Hydrocarbonylation—-

2CH3CO0CH3 + 2C0 + Hp——>(CH3C00)2CHCH3 + CH3COOH (3.18)
ethylidene acetic
diacetate acid

(d) Cracking--

(CH3CGO) 2C' iCH3 ———VCE3C0“H + CH3COOCH:CH2 {3.19)
vinyl
acetate
(e) Net reaction—
4CO + 5Hy——>CH3COOCH:CHy + 2H0 (3.20)

[
N
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The chemistry is complex and no detailed analysis of the reaction mech-
anisms has been published. The same catalysts (e.g., fodide and phos-
phene promoted palladium acetate) can be used in the carbonylation step
to make both ethylidene diacetate (EDA) and acetic anhydride. The prod-
uct distribution is then very much influenced by the Hy:CO ratio, as
illustrated in Figure 3.4. This also indicates why it is relatively
easy to produce acetic anhydride highly selectively, but more difficult
to attain high selectivities to EDA or vinyl acetate. A link between
acetic anhydride and EDA is that EDA decomposes not only as per equa—
tion 3.19, but also to produce anhydride and acetaldehyde:

(CH3C00)9CHCH3— (CH3C0)20 + CH3CHO (3.21)

Figure 3.4

TYPICAL PRODUCT DISTRIBUTIONS IN
REACTION OF METHYL ACETATE WITH SYNGAS

A I 1 I 1
5 80 Acotaldehyde:
a -
a -
O s0l— Ethylidene _
a Diacetate
[V -
(o}
g 40 —
O y
w20 -]
0 I o L 1
0 20 40 60 80 100
PERCENT Hg IN SYNGAS
L 1 1 ] L
0 0.25 0.67 1.5 4
Ho/CO RATIO
Source: 472208.
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The net stoichiometric requirement of the sequence of reactions a
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monoxide, being used as methanol and a 0.5:1 Hp:CO ratio syngas.

We understand that some of the key patents relating to this tech-
nology have as yet not been published. Our screening of the carbonyla-
tion route on the information available to date (see PEP Report 146)

tiveness of the process at present may be marginal at best. Advanta-
geously priced syngas from a large complex would certainly be required.
The evaluation was for a base case unit to produce 500 million 1b/yr of
« The
feedstock requirements were 703 metric tons/day of methamol and some 31
million scfd of syngas with an Hy:CO ratio of 0.58:1.

lycol ig currently
tional ethylene oxide hydration route. However, up to 1968 Du Pont

produced it commercially via a syngas route, and a variety of syngas
routes are now under active development. A direct synthesis is in-

herently the most attractive, but indirect routes at present show

better prospects for commercialization in the medium term.

[
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2
o
1]

Union Carbide has been prominent in developing such e
the 19708 filed some fifty patents relating to it. The Union Carbide
process uses homogeneous rhodium catalysts and is considered to repre-
sent a key advance in that it overcomes the selectivity limitations of

conventional Fischer-Tropsch catalysis (470082). At optimum conditiomns
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a selectivity of 702 to ethylene glycol has been obtained. However,
despite its potential attractiveness, a commercially viable technology
remains elusive. The main problems relate to the poor activity of the
noble metal catalysts (which necessitates high pressures), and to

catalyst recovery.

The stoichiometry for this process requires syngas with an
Ho:CO ratio of 1:5. A typical world scale facility produces some 400
million 1b/yr ethylene glycol and would have a potential syngas re-
quirement of about 66 million scfd.

Glycolic Acid Route

One indirect route is a three step process in which formalde-
hyde is hydrocarboxylated to glycolic acid, which is then esterified
and reduced with hydrogen, the net reaction being:

HCHO + 2Hy + CO=—>(CHyOH)7 ' (3.23)

This route represents the commercial technology once practiced by

Du Pont. In recent years Chevron has patented improvements to the pro-
cess. However, various screening evaluations to date have indicated
that it is unlikely to be competitive at current price relativities,

but may have potential over the longer term.

Oxalate Route

Ethylene glycol can be madé in two steps from syngas by forming
and hydrogenating a dialkyl oxalate. Recently, Union Carbide
Corporation and Ube Industries announced the signing of an agreement
for joint development of such a route. The most recent PEP evaluation
of this found it attractive in comparison with the currently estab-
lished route entailing hydration of ethylene oxide (see PEP Review
81-2-1, Ethylene Glycol via Oxalate Esters).
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Several varlations of the oxalate formation have been patented,
but the most attractive appears to be a gas phase reaction between car-
bon monoxide and the methyl ester of nitrous acid over a catalyst of
solid palladium on carbon. The total reaction sequence to ethylene

glycol may be represented by:

(a) Oxalate synthesis——

2C0 + 2CH30N0——>(I:OOCH3 + 2NO (3.24)
COOCH3
methyl dimethyl nitric
nitrite oxalate oxide

(b) Nitrite synthesis—-

2NO + 2CH40H + 1/2 0y ——>2CH30NO + Hy0 (3.25)

(¢) Hydrogenation——

COOCH3 CH90H
| + 4Hy — | + 2CH30H (3.26)
COOCH3 CH0H
(d) Net reaction-—
CH,0H
2C0 + 4Hy + 1/2 03 ——> | + H0 (3.27)
CHy0H

The stoichiometry therefore requires syngas with an Hy:CO ratio of 2:1,

separated into the components.

A 400 millfion 1b/yr plant is estimated to require about 18.5
million scfd of carbon monoxide and 37 million scfd of hydrogen. In
addition, the process would consume some 145 metric tons/day of

methanol to give by-product methyl formate and dimethyl carbonate.
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Research on both direct and indirect synthesis of eth
syngas 1s belng actively pursued by a number of companies. Potential

large scale end uses are as feedstock for ethylene and as a fuel.

Direct Routes
Mhin Adwant awnmthanda $4a an avarharmda manntdinn wthdah +albbaa
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place over a number of catalysts:
4Hy + 2C0 ——>-CH3CH20H + H20 (3.28)

One such route has been under development by Union Carbide. It entails
reaction over a rhodium based catalyst at pressures of 1000 to 2500

psi. The economics of this process were screened in PEP Report 53A and

[-9

and the large amounts of rhodium catalyst required.

Another possible route can be identified in the patents origi-
nating at the Institut Francais du Petrole (IFP). This process uses a

copper—cobalt catalyst at moderate pressures (<1000 psi) and is in many
T

work appears to be to produce a methanol/butanol gasoline extender.
This 1s achieved by using the IFP process to produce C;+ alcohols at

low conversions and passing unreacted syngas to a conventional methanol

the

3

evnthacia, Howovar rocoga ran he ad
syntheslis. However rocess can be ad

a primary product. As in methanol synthesis, the CO, also reacts di-
rectly and via reverse shift to give:

6H

n 4+ 2000 ———e——aCH
12 v 2LO2 CH
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Our evaluation was for the substantial scale of 600 million 1b/yr. By
anaiogy to methanol synthesis, the design was based on a nonstoichio-

metric, hydrogen rich feed with an Hy:C0:COp ratio of 7:2:1. The
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estimated requirement of syngas was about 345 million scfd (basis con~-
tained CO + Hz). About 1.75 1b of other alcohols are coproduced per 1lb

of ethanol.

We concluded that such a route could become attractive in the
1990s given somewhat optimistic assumptions for coal based chemistry
(see the conclusion of this section). However, recent industry feed-
back indicates that there are serious problems in maintaining catalyst

activity in such a system.

Indirect Route

The reaction of methanol with syngas to produce ethanol was
discovered by the U.S. Bureau of Mines in the 1950s and is generally

referred to as "homologation.”
The overall stoichiometry is as follows:
e Methanol synthesig—-

CO + 2Hy—> CH30H (3.3)

e Homologation——

CH30H + 2Hy + CO——>CH3CHp0H + Hy0 (3.30)

Thus, a 2:1 ratio syngas is required in each of the steps. The cata-
lysts used in homologation are typically halogen promoted oxo cata-—
lysts, and pressures of about 4000 psi are required. The potential of
this technology was evaluated in PEP Review 80-1-3 in the context of a
syngas route to ethylene. At the given state of the art, the corrosive
environment and high pressures of the process resulted in very high
capital requirements per unit of product. The prospects for this

processes were therefore not highly rated.
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commercially produced from syngas or methanol within the next decade.

The scale of syngas and methanol plants dedicated to ethylene manufac-—

ture would match the largest base case sizes considered in the present

- o A

PEP Report 146, Bulk Chemicals from Syngas, reviewed and evaluated
both a direct route from syngas via modified Fischer-Tropsch synthesis
(Ruhrchemie), and an indirect route via steam cracking of methanol
(Mobil). Some comments on the potential attractiveness of these routes

are given further below.

Direct Route—Modified Fischer-Tropsch

The stoichiometry of the direct synthesis of ethylene from

syngas may be represented by:

4H, + 2C0——>CyH,; + 2Hy0 (3.31)

good shift catalysts, so that typically some one—third of the CO shifts
to COy:

CO + HyO——>C0y + Hy (3.1)
The net stoichiometry is therefore:

38y + 3C0—>CyH, + Hy0 + COy (3.32)

It requires syngas with an Hy:CO ratio of 1:1 rather than the 2:1 ratio
needed by the synthesis reaction itself.
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At practical temperatures and pressures, ethylene is not the
thermodynamically favored product. However, in F-T synthesis, thermo-
dynamic equilibrium is reached slowly and it is possible to limit both
chain growth and hydrogenation and thus increase the ylield of the short
chained olefins by modification of the catalysts, e.g., by promotion
with titanium.

The PEP evaluation of the direct synthesis concluded that
potentially the direct synthesis would be the most attractive of the
various routes. However, this conclusion derived from a design based
on laboratory bench scale data. In practice, a loss of selectivity on
scale-up appears to be a problem. Considerable uncertainty is associ-
ated with this and other assumptions made to arrive at a practical de-

sign on a commercial scale.

The evaluation was based on the use of a syngas with an Hy:CO
ratio of 0.83. A billion 1b/yr ethylene plant was estimated to require
795 million scfd of syngas. Some 1.4 1b of C3+ coproducts are produced

in the process for each 1lb of ethylene.

Indirect Route-——Methanol Homologation

The steps required to produce ethanol were noted above. The
dehydration of ethanol is not a mew process, and is, in fact, practiced
commercially in developing countries such as India and Brazil. The de-

hydration is endothermic and can be represented by:
CoH50H—>CyH;, + Hp0 (3.33)

The reaction takes place over silica—alumina and other catalysts.

Diethyl ether is formed as an intermediate.

For a 1 billion 1b/yr ethylene plant some 320 million scfd of
syngas with a 2:1 Hp:CO ratio would be needed to make the required
amount of ethanol. The overall process produces relatively small
amounts of coproducts. As noted above, our screening evaluations of

the process have found it to be unattractive.
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Indirect Route—Methanol c:ackiqg

Ethylene 1s produced from methanol as follows:

2CH30H—>CH30CH3 + Hp0—>CoH; + 2H20 (3.34)

dimethyl
ether

The reaction takes place over the new class of molecular—shape-
selective zeolite catalysts at low pressures (about 15 psig) and moder-
ate temperatures (about 700°F). 1In practice the distribution of the
light products is somewhat similar to that from gas oil cracking, with
ethylene comprising about one~half, and propylene about one—quarter of
the weight of hydrocarbons formed. Mobil 0il has been prominent in the
development of the basic technology, which is closely related to its
methanol-to-gasoline process (MTG). The end products depend in part om
the pore size of the zeolite. Gasoline (aromatics) production requires

larger pores than does olefins production.

A 1 billion 1b/yr ethylene plant would require about 4.8
1b/1b or some 6,600 metric tons/day of methamol. The equivalent 2:1
syngas requirement would be about 530 million scfd. About 1 1lb of co-
products is produced per 1lb of ethylene.

Though questions remain about the optimal design, e.g., fluid
compared with fixed beds, the development of this technology appears to
be well advanced. A commercial plant based on the fixed bed version of
the related MIG process is under construction in New Zealand, and a
fluid bed MTG plant ié being constructed on a pilot scale. Several
major companies are developing the smaller pore zeolites preferred for
ethylene production. It is thus likely that techmology could be ready
for commercialization of methanol cracking by the middle of the 1980s.
Some comments relating to the probability of this happening are given
in the following paragraphs.
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Conclusions

In addition to the processes which have traditionally been based
on syngas, the Monsanto process for acetic acid has been highly success-—
£ul

» and the Eastman/

undergo demonstration on a commercial scale.

For the other processes being developed, the economics are gener-
ally not competitive at present relative prices of petroleum products
and syngas derived from natural gas (basis a trendline uncontrolled
at of fuel oil).' A major driving force for these
developments has been the perception that crude oil prices are likely
to continue escalating over the longer term faster on average than the
costs of construction and the price of coal. Given this, at some point
W cost natural gas
will become a competitive feedstock for manufacture of many of the chemr
icals noted above. The biggest impact on the industry would be if this
were the case regarding production of ethylene.

In PEP Report 146 (Bulk Chemicals from Synthesis Gas) illustrative
economics were presented comparing the costs of ethyleme production
from coal via methanol cfacking (dehydration) with the costs of ethyl-

ene from gas oill cracking. The scenario used was an "optimistic” one

prices from third quarter of 1980 onward, compared with zero real
escalation in capital costs, with coal escalating at 1Z/yr in real
terms. Also somewhat optimistic values were assigned to the production
costs of met
were predicted for as early as 1985. (The crossover point is the time
at which the value of ethylene from coal equals the value of ethylene
from gas oil, value being production cost plus a 25% year pretax ROI in
new facilities).

The crossover point is extremely sensitive to the assumption about
the relative escalation between capital (construction) costs and crude

oil price. This sensitivity derives from two factors. Firstly, the
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to the economics of ethylene manufacture. (The coproducts are assumed
to have values related directly to oil price.) Sensitivity to coal
price is in relation much smaller.

The more even, or "pessimistic,” scenario used for the default

ageimmaege nn raal agcalariaon an
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crude oil prices until 1985, and a subsequent build-up to 2.5%Z/yr in
1990 and onward (see Appendix A). Construction costs are assumed to

escalate 0.5%/yr faster than inflation. In additibn, somewhat'higher

than were assumed for the evaluations in Report 146. Some very rough
calculations indicate that the latter alone would shift the crossover
point from 1985 to close to 1990. The more moderate relative escala-
nint nt
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some ten more years, close to the year 2000.

Such sensitivities and the uncertainties associated with project-
ing costs, highlight the importance of continuing analysis of alterna-
tive scenarios as better defined data become available or as
perceptions change. The optimistic (high oil price escalation) sce-
nario was in some ways conservative at the time (early 1981), given oil
prices apprcaching $40/barrel (e.g., Chemical Week, Feb. 11, 1981, p.

42). Equally, with the present “"oil glut” and recession (mid 1982),

the scenario projecting no real oil price escalation before 1985 may
overly reflect the mood of the times. Current opinion has, polarized
into two extreme schools of economic thought. One group holds that the
oil giut is a temporary and artificial phenomenon; the other believes
that more than ample supplies are likely for the rest of the century.
The difference between the two in terms of where the chemical industry
is heading, however, could be the difference between some five coal
based ethylene units in place in the United States by the year 2000,

and no coal based unit in place by that time.

We should add that a credible crossover point for new facilities
1s a necessary but not sufficient precondition for coal based facili-
ties to be built. Among other determining factors are the following.
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For example, in the United States much of the new ethylene capac-
ity estimated to be added between 1990 and 2000, maybe
will be to replace retired facilities (this could be some 15 billion
1b/yr). It might be more attractive to revamp and modernize such facil-
ities for using traditional feedstocks. Secondly, there is typically a

lag in gwitchi

o to new tach
g 1 1 1ing to new tecrk

en if guch technolo
successfully demonstrated. Because with coal based complexes the risks
are high, and the sums of capital placed at risk are very large, stra-

tegic problems in arranging financing for such projects may require

¢
¢
B
l‘
b
b
{
§
¢
b
h
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icals manufacture to areas of low cost feedstocks, namely those pos-
sessing assoclated natural gas for which the alternative use is

flaring. Methanol based on low cost gas could equally well be used ao

a cracking feedstock. Or, new capacity in developed areas could be
preempted by capacity for ethylene and derivatives built in areas hav-
ing cheaper feedstocks. Considering this latter aspect in previous
studies, SRI has concluded that the likely impact would be to reduce
the rate of new capacity additions by the established producers, but

not preempt the addition of new capacity in the developed areas.

Detailed analysis of such strategic considerations is, of course,
well outside the scope of the present study. The aim here is to pro-
vide a tool for better and more ready quantification, on an ongoing
basis, of one piece of the input for such studies, namely, syngas and

related costs.
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Appendix A
DEFAULT INPUT DATA
SRI's SYNCOST program as submitted to PEP clients contains default
data for the years 1980 to 2001. The values, shown in Tables A.l and
A.2 relate to the U.S. Gulf Coast.

For 1980 and 1981 the values are estimates of representative

r d to those used in the 1980 and 1981
editions of the PEP Yearbook. (There are some differences in bases,
e.g., for steam.) It should be noted that the natural gas prices are

taken as equivalent to medi oils rather than as the
pal

ium sulfur fue
by

1
average price actually d industrial users.

For 1982 to 1990 we used projections made in late 1981 as part of
studies on the effects of natural gas decontrol on chemical prices.

The values are "trendline” projections which ignore the ups and downs

o8

n the economy. Thus, for example, the values for 1982 are estimates

of prices for a scenario in which economic recovery is assumed to have
taken place, and thus differ substantially from actual values in mid-

1982. An {llustration of this is given further below. For convenience
"dummy” values are also provided for 1
tions at constant rates of escalation.
The 1982 to 1990 projections are keyed to a scenario in which oil

prices (using Saudi marker crude as the reference) are assumed to dip
slightly in real terms in 1982 and then stay constant until 1985.

inflation) is then assumed to restart in 1986 and increase to 2.5% per
year from 1990 onward. (See Table A.l.) The rationale for such a

scenario is discussed further below.

< ev
mestic Product Deflator)

&

inflation (as measured by the Gross

139



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part |, February 1983

Table A.l

SYNCOST DEFAULT VALUES — INDEPENDENT INPUTS

(Current Dollars, U.5. Gulf Coast)

1980 1981 1982(a) 1983 1984 1985 1986 1987 1988 1989
GDP deflator (1958 = 100) 266.4 289.0 309.2 330.9 354.0 378.8 A405.3 433.7 464.1 496.6
GDP inflation X pa -— 8.5 7.0 7.0 7.0 7.0 7.0 7.0 7.0 1.0
Multiplier to 1980 § 1.000 0.922 0.861 0.805 0.752 0.703 0.657 0.614 0.57&4 0.536
Arabian Light f.o.b. ($/B)(¢) 28.5  32.0 33.8 36.2  38.7 4l.4  45.0 48.9 5.4  58.2
Escalation Z pa real 48.3 3.5 (1.16) -— — - 1.5 1.5 2.0 2.0
U.5. avg. crude ($/B) 28.1 36.2 38.6 41.2 64.1 47.2 51.8 56.2 61.2 66.7
PEP Cost Index (1958 = 100) 355 400 430 462.3 496.9 534.2 574.3 617.3 663.6 713.4
Wages ($/hr) 15.4 17.5 18.9 20.4 21.9 23.6 25.3 27.1 29.1 31.2
Fuel oil (¢/MM Btu) 440 476 622 705 760 810 885 957 1,060 1,129
HP steam ($/M 1b) 7.0 7.7 8.3 8.9 9.5 10.2 10.9 11.7 12.6 13.5
MP steam ($/M 1b) 5.9 6.3 7.0 7.5 8.0 8.6 9.2 9.9 10.6 11.4
LP stesm ($/M 1b) 4.7 5.2 5.6 6.0 [ 11 6.9 7.4 7.9 8.5 9.1
Electricity (¢/kwh) 3.4 3.6 4.5 5.0 5.8 5.9 6.6 7.3 8.0 8.8
Clarified water (¢/M gal) 36 41 & 50 54 58 62 67 72 77
Cooling water (¢/M gal) 4.9 S.4 6.2 6.7 7.3 7.9 8.6 9.4 10.2 1l.1
Process water (¢/M gal) 60 68 77 83 8 96 103 111 120 129
Natural gas (¢/M{ Btu) 400 417 351 609 674 737 827 913 1,013 1,121
Hllezi%lntoul chemicals 0.845 1.000 1.072 1.150 1.235 1.326 1.435 1.547 1.671 1.805

) .

Active carbon (¢/1db) 148 175 188 201 216 232 251 271 292 316
Ash disposal ($/tomne) 4.6 5.0 5.35 5.7 6.1 6.6 7.0 7.5 8.0 8.6
Coal at mine (§/tonne) 28.8 32.3 34.6 37.0 39.6 42.3 45.5 49.0 52.9 57.2
Coal transport ($/tomne) 13.8 15.0 16.0 17.2 18.4 19.7 21.0 22.5 24.1 25.8
Fuel gas (¢/MM Btu) 440 476 622 705 760 810 885 957 1,060 1,129
Higher alcohols (¢/1b) b4 4.8 6.2 7.0 7.6 8.1 8.9 9.6 104 11.3
Methanol catalyst (¢/1b) 340 400 430 460 495 530 575 620 670 720
Reforming catalyst (¢/1b) 170 200 215 230 250 265 290 310 33s 360
Sulfur (¢/1b) 3.84 4.54 4.87 5.22 5.61 6.01 6.51 7.02 7.59 8.19
Vacuum residue (¢/1b) 5.15 5.65 8.00 9.20 9.8 10.5 11.5 12.5 13.5 14.6

1990(b) 1991 1992 1993 1994 1995 1996 1997 1998 1999
GDP deflator (1958 = 100) $31.3 568.5 608.3 650.9 696.4 745.2 797.4 853.2 912.9 976.8
GDP inflation X pa 7.0 7.0 7.0 7.0 7.0 7.0 1.0 7.0 7.0 7.0
Multiplier to 1980 § 0.501 0.469 0.438 0.4509 0.383 0.357 0.33% 0.312 0.292 0.273
Arabian Light f.o.b. (3/!)(°) 63.9 70.0 76.8 84.3 92.4 101.4 111.2 121.9 133.7 146.6
Becalation X pa real 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
U.S5. avg. crude ($/B) 73.1 80.0 87.5 95.8 104.9 114.8 125.7 137.6 150.7 165.0
PEP Cost Index (1958 = 100) 766.9 824.4 886.2 952.7 1,024 1,101 1,184 1,272 1,368 1,470
Wages (§/hr) 33.4 35.8 38.4 1.1 44.0 47.1 50.4 54.0 57.8 61.8
Puel oil (¢/MM Btu) 1,232 1,346 1,471 1,608 1,757 1,921 2,100 2,297 2,511 2,750
HP steam ($/M 1b) 14.6 15.6 16.8 18.1 19.4 20.9 22.5 24.2 26.0 27.9
MP steam ($/M 1b) 12.3 13.2 14.2 15.2 16.4 17.6 18.9 20.4 21.9 23.5
LP steam ($/M 1b) 9.8 10.5 11.3 12.1 13.1 14.0 15.1 16.2 17.4 18.7
slectricity (e/kwh) 9.7 10.6 11.5 12.6 13.7 14.9 16.3 17.7 19.3 21.1
Clarified water (¢/M gal) 83 89 96 103 111 119 128 138 148 159
Cooling water (¢/M gal) 12.1 13.0 14.1 15.3 16.5 17.9 19.4 21.0 22.7 24.6
Process water (¢/M gal) 138 149 160 172 185 199 214 230 247 266
Natural gas (¢/MM Btu) 1,243 1,358 1,486 1,622 1,773 1,938 2,119 2,316 2,533 2,773
Hincisiangoul cheaicals 1.953 2.112 2.286 2.474 2.677 2,898 3.136 3.39% 3.675 3.979

)

Active carbon (¢/1b) 342 370 400 433 468 507 549 594 643 696
Ash disposal ($/tonne) 9.2 9.8 10.5 11.3 12.0 12.9 13.8 14.8 15.8 16.9
Coal at mine ($/tonne) 61.8 66.8 72.2 78.0 84.3 9.1 98.4 106.4 115.0 124.3
Coal transport (§/tonne) 27.6 29.5 31.6 33.8 36.1 38.7 41.4 44.3 47.4 50.7
Fuel gas (¢/MN Btu) 1,232 1,346 1,471} 1,608 1,757 1,921 2,100 2,297 2,5i1 2,750
Higher alcohols (¢/1b) 12.3 13.5 14.7 16.1 17.6 19.2 21.0 23.0 25.1 27.5
Methanol catalyst (¢/1b) 780 845 915 990 1,070 1,160 1,255 1,360 1,470 1,590
Reforming catalyst (¢/1b) 390 420 460 495 535 580 630 680 735 800
Sulfur (¢/1b) 8.87 9.59 10.38 11.23 12.15 13.16 14.24 15.41 16.68 18.06
Vacuum residue (¢/1b) 15.8 17.2 18.8 20.6 22.5 24.6 26.9 29.4 32.2 35.2

(8)vglues from 1982 oowards are trend line projectionms.
(b)values from 1990 onwards are simple axtrapolations.

(c)o11 price values and escalation projections sre not used directly, but underpin the projections.

(d)patio of price of miscellaneous chemicals in given ysar to price in 1981.
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2000

1,045.2
0.255
160.8
180.6

1,581
66.1

3,010
30.0
25.3
20.1
23.0
171
26.7
286

3,036
4.309

754
18.1
134.3
54.2
3,010
30.1
1,725
860
19.56
38.5

2001

1,183
0,238
176.4
197.7

1,699
70.8

3,295
32.3
27.2
21.7
25.2
28.9
307

3,324
4,666

816
19.3
145.1
58.0
3,295
33.0
1,865

21.18
42.1
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Kaw Haterial

Table A.2

SYNCOST DEFAULT VALUES - DERIVED INPUTS"
(Current Dollars, U.S. Gulf Coast)

Carbon dioxide (¢/1b)(a) 0.0 0.0
CO» ex flue gas (c/1b)(8) 3.4 3.8
Hydrogen(b) (¢c/mscf) 241 258
Hydrogen (85.43)(¢) (c/mscf) 143 15
Hydrogen (932)(d) (c/mscf) M 04
2.26/¢(®) (¢/muck) 271 304
4.9/6(£) (c/mece) 195 206
3.0/6(8) (¢/msct) 231 246
2.0/¢(h) (c/mact) 253 270
2.0/r(1) (¢/asct) 256 284
Raw Material 1990 1991
Carbon dioxide (¢/1b){a) 0.0 0.0
. COp ex fiue gas (c/1b){s) 7.3 80
Hydrogen(b) (¢/msct) 684 745
Hydrogen (85.4%) (c¢/mscf) 39% 436
Hydrogen (932) (¢/mscf) 579 623
Syngas 2.26/C (¢/mscf) 579 623
Syngas 4.9/C (¢/mscf) 589 643
Syngas 3.0/C (¢/wecf) 664 723
Syngas 2.8/C {c/msct) 721 785
Syngas 2.0/R (¢/mscf) 658 712
Rav Material 2000 2001
Carbon dioxtde (¢/1b)(8) 0.0 0.0
€02 ex flue gas (¢/1b)i&) 15.7 16.9
Hydrogen(®) (¢/msct) 1,612 1,759
Hydrogen (85.4X) (¢/mscf) 975 1,068

Hydrogen (93%) (¢/mscf)

Syngas 2.26/C (¢/msct)
synges 4.9/G (¢/mect)
Syngas 3.0/G (¢/mscf)
Syngas 2.0/G (c/mscf)
Syngas 2.0/R (¢/mscf)

*All value

(2)zero va

(d)valyed

(e)pefault
(f)Default
(8)Dafaulr
(h)pefault
(1)pefault
(Dvalues

s shown are without G&A.

lue is used for default.

as syngas
capacity 805.3 MM scfd.
capacity 264.9 MM scfd.
capacity 200.0 MM scfd.
capacity 200.0 MM scfd.
capacity 200.0 MM scfd.
for 1982 onward are trendl

1992

0.0
8.7
:18%
477
670
670
702
788

nes

173

1993

0.0
$.3

521
720
720
766
859
831

840

1963 1964 1985 1986 1987 1968 1989
0.0 0.0 0.0 0.0 0.0 0.0 0.0
&5 47 5.2 5.5 6.0 6.5 6.9
352 387 421 468 513 565 621
228 246 262 287 310 337 366
350 376 403 433 465 500 538
350 376 403 433 465 500 538
29% 324 354 396 436 483 533
340 373 407 452 497 547 602
370 407 443 492  S&0  S9S 654
389 416 447 485 525 565 610

1994 1995 1996 1997 1998 1999
0.0 0.0 0.0 0.0 0.0 0.0
0.1 10,8 11.7 1246 13.5  14.5
962 1,067 1,141 1,243 1,355 1,478
569 622 680 744 814 891
7% 833 896 93 1,036 1,114
774 833 896 963 1,036 1,114
837 913 998 1,089 1,190 1,301
936 1,020 1,112 1,211 1,321 1,442
1,014 1,104 1,204 1,312 1,430 1,560
910 988 1,072 1,164 1,264 1,372

The value of CO; from flue gases is shown for illustration only.
(b)Basis 100 MM scfd production by stean reforming of natural gas.
(¢)value taken as equivalent to fuel value on a Btu basis (HHV).

{2.26/C) feedstock.
Syngas 2.26/C refers to syngas with an H2:CO ratio of 2.26:1 from cosl, etc.

ine projections.
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average 7%/yr from 1982 onward. (The percentage increases shown in
Table A.l refer to increases in mid~year values over those of the

previous year.)

Plant construction costs (as measured by the PEP Cost Index) are
assumed to increase 7.5%/yr from 1982 onward, i.e., a real increase of
about 0.5%Z/yr. As discussed in PEP Review 81-3-1, the average real
increase for the 1970s was over 2.5%/yr. Escalation at these high real
rates was interpreted as being primarily due to demand pull on equip—-
ment prices during surges of construction activity. However, for the
1980s much less major chemical plant construction may be anticipated,
and lower or possibly even negative real escalation is therefore
likely.

Similarly, wages of plant operators are assumed to increase at
only slightly above the general level of inflation. This is again in
sharp contrast to the experience of the 1970s when increases averaged

some 5Z/yr in real terms.

Miscellaneous chemicals and catalysts ("$ prices” relative to
1981) are assumed to increase in price in parallel with the price of
the "median” chemical in the PEP 1981 Yearbook, i.e., with a cost

component breakdown as follows:

Crude o1l related costs 33

Labor related costs 18
Capital related costs 46
Miscellaneous 3

Total 100

The natural gas price trend from 1982 onward is assumed to be
determined by interfuel competition with 0.3Z sulfur residual oil in a
market without price controls. It is thus assumed to increase from
about 90Z of the projected fuel oil value in 1982, to parity and
slightly above in 1990 and the following years.
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We established the residual fuel price trend by considering the
historical behavior of its margin over crude oil in conjunction with
refinery profitability. This margin, on average, declined somewhat
during the 1970s and plunged precipitously in 1981. The sharp decline
in 1981 of residual oil and other refinery product margins over crude
0oll was primarily due to the decontrol of the price of crude oil in the
United States in the middle of a recession. The U.S. crude price rose
to world levels while product prices stayed low. Refinery operating
levels had dropped to below 70%Z of capacity and cash flows turned nega-
tive. The forward projections assume that there will be a substantial
improvement in prices and margins over those in 1981, but even so, only
to a level where a new refinery would show a slightly negative cash
flow for the next decade. The margin of residual fuel over crude oil,
assumed to have recovered in 1982, is then projected to show a modest
decline comparable with the decline in the 1970s. We estimated the
price of vacuum residue on the basis of the process economics of de-
layed coking within the general context of refinery economics noted
above. This results in values for the 1980s which are some $3.5/bbl
(1981 $) less than the value of high sulfur (37 S) residual fuel oil.

The trend in the price of coal (f.o.b. mine) is assumed to follow
the trend of oil prices directionally but at a much attenuated rate of
real escalation; zero percent to 1985 and increasing to 1%/yr from 1988
onward. The cost of coal transport is assumed to follow the level of
general inflation. Steam costs are based on coal firing and approxi-
mated as 50% capital related and 50% coal related in 1981. In contrast
to the traditional PEP practice, the numbers for steam costs include

illustrative capital charges.

Comparison of Actual and Projected Values

A comparison of the trendline projections with the actual esti-
mates of representative prices on the U.S. Gulf Coast for mid-1982 is

shown for a selection of items in Table A.3.
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Table A.3

COMPARISON OF PROJECTED AND ACTUAL PRICES FOR 1982

Trendline Estimated Actual
Projections, Values,
Scenario A Scenario B
PEP Cost Index 430 425
Wages ($/hr)* 18.90 19.10
Electricity (¢/kwh) 4.5 4.5
Cooling water (¢/1,000 gal) 6.2 6.09
Process water (¢/1,000 gal) 77.0 73.5
Natural gas (¢/million Btu) 551 320
Miscellaneous chemicals (=) 1.07 0.95
Active carbon (¢/1b) 188 206
Ash disposal ($/tonne) 5.35 5.3
Coal at mine ($/tonne) 34.6 30.0
Coal transport ($/tonne) 16.0 20.0
Fuel gas (¢/million Btu) 622 320
Methanol catalyst (¢/1b) 430 440
Reforming catalyst (¢/1b) 215 200
Sulfur (¢/1b) 4.87 6.29
Vacuum residue (¢/1b) 8.00 5.8

*For plant operating labor, including fringe benefits and
shift overlap allowance.

tEscalation factor relative to 1981 for miscellaneous
chemicals and catalysts.
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The effects on estimated product values are shown in Tables A.4,
A.5, and A.6
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large difference between the projected trendline and actual prices of
natural gas. Interestingly the estimated carbon monoxide values are

close for both cases. This results because the residue feedstock cost
i h

ections on 0il Prices

-
0o

h
=

The world supply/demand balance for oil has developed into the
most important single factor in determining not merely chemical feed-
stock prices but the whole course of the world economy. The first

sharp increases in prices imposed by OPEC in 1973/74 led to a worldwide

dropped in 1974 and 1975, and supplies came back into balance, the real
price of oil leveled off and then declined slightly; the economies of
the world picked up; and inflation at least appeared to be coming under
control. Then the revolutionm in Iram,
cut crude production once again in 1979 and 1980. The crude price
almost tripled, the world fell back into recession, and most countries
were plagued again with a high rate of inflation. Just as the world

economy appeared to arigse from this recessionary period in 1981, eco-
nomic activity, particularly in the United States and Japan, again
faded in the second half of 198l. Projections made in late 1981
typically anticipated that world economic activity would begin to

quicken in the second half of 1982 and improve moderately during 1983.

There are two extreme schools of economic thought concerning the
present "oil glut.” One group holds that it is a temporary and arti-
ficial phenomenon (e.g., Banks, F. E., Chemical Economy & Engineering

view, April 82); the other believeg that

for the rest of the century (e.g., Brown, W. M., Fortune, Nov. 30, 81).
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Table A.4
METHANOL FROM NATURAL GAS
(Module #24)

Capacity: 2,490 Tonnes/Day

1982
Scenario A Scenario B

Investments (million §)

Battery limits 166.9 164.9

TOTAL FIXED CAPITAL 228.8 226.1
PEP Cost Index (current §) 430 425
Natural gas ($/million Btu) 5.51 3.20

Variable costs ($/tonne)

Raw materials 171.64 100.37

By-product credit (1.02) (1.02)

Imported utilities 13.80 9.47
PRODUCT VALUE ($/tonne) 308 229
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Table A.5
HYDROGEN (97X) FROM NATURAL GAS
(Module #21)

Capacity: 100 Milliomn scfd

1982
Scenario A Scenario B

Investments (million §)

Battery limits 46.2 45.7

TOTAL FIXED CAPITAL 61.8 6l.1
PEP Cost Index (current §) 430 425
Natural gas ($/million Btu) 5.51 3.20

Variable costs (¢/1,000 scf)

Raw materials 155.72 91.21
Imported utilities 85.31 52.02
PRODUCT VALUE (¢/1,000 scf) 321 223
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Table A.6
CARBON MONOXIDE FROM RESID-DERIVED SYNGAS (H5:CO = 2.0)

BY CRYOGENIC SEPARATION
(Module #20)

Capacity: 149 Million 1lb/yr

1982
Scenario A Scenario B

Investments (million §)

Battery limits 5.6 5.5

TOTAL FIXED CAPITAL 6.5 6.4
PEP Cost Index (current $) 430 425
Syngas (2.0)/R* ($/1,000 scf) 3.49 2.96
Variable costs (¢/1b)

Raw materials 14.66 12.45

By-product credit (8.94) (6.15)

Imported utilities 0.74 0.74
PRODUCT VALUE (¢/1b) 9.34 9.79

*Syngas (2.0)/R refers to syngas with an Hy:CO ratio of
2:1 made from vacuum residue.
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Economists of the first school point to the following factors to

support their contention that the surplus of supply over demand is

g

The drop in demand for oil, while partially a function of con-
servation, has also been a primary result of recessions in the
industrial countries.

The counstant risks of war or other disturbances in the Middle
East, which connote a high probability of frequent interrup-
tions of oil production in one or another country of the re-
gion.

World consumption of crude during periods of normal economic
activity average more than 20 billion barrels of oil per year,
which 1g more than the level of discoveries of nev regerves.

frequent interruptions of oil supplies, and that oil prices will climb

faster than general inflation.

Economists of the opposite school believe that the high prices of

oil have already moved the world into a new era of energy conservation,

and that surpluses of avallable supply over demand are likely to be

with us for years. These economists point to the following factors to

support their contention:

The laws of price elasticity have finally begun to act on de-
mand for oil, as witness the shift in the United States toward
small, high-mileage automobiles.

Crude ¢il production particul nr'lu from non

D n
bl €8 AL r'
countries will continue to 1ncrease and is likely to more than
replace any o1l production lost by the developed countrieg, and
OPEC's share of production is likely to decline slowly but

oil
steadily in the future.

New coal technologies make it convenient to replace heavy fuel
0il in existing oil-fired boilers.

Advances in refinery technology enable the world to prod uce
more light products (naphtha, gasoline, and jet fuel) and less
fuel oil, from a barrel of crude.
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They project continuing declines in world consumpiion of oil, with OPEC
losing its ability to hold the threat of shortages over the industrial
countries; and they believe that world oil prices will increase
"little, if at all,” through the year 2000, except maybe for periodic

terns that will conserve energy in new ways, and that we are likely to
see smaller outputs of energy required to produce a unit of GNP than we

grew accustomed to in the prosperous years immediately following World

country, Saudi Arabila, holding an effective grip on more than half of
the world's exportable supplies. We believe that Saudi Arabia will
find that, in the long run, its interests are best served by holding

prices of competitive energy sources. Since most alternative sources
of crude, with the possible exception of tar sands and oil shale, are

more expensive than crude at current prices, SRI believes that the

nrira of erunde mmet increacae in tha lono tarm 1f NPEC san madarata
price oI cruge T ingcrease in the long term 1I VYLl can mogerate

their supply in line with the demand for crude.

The basic assumptions underlying our projections of economic

growth and of oil and gas prices, therefore, can be summarized as

follows:

e The world will remain relatively troubled, but there will be
few Interruptions of oil supplies during the next 20 years as
serious as, say, that caused by the Iranian revolution of 1979.

The ma'lnr oil nrndut-'lno countries, led 'hv Saudi Arahia, “ill;

in general arrange their levels of production 8o that supplies
are in reasonable balance with demand, and so that prices tend
toward equilibrium with other-—and particularly with new—-—
energy sources. In the short term, the real price of crude may
decline slightly or remain stable until the current oil glut is
worked off by both production cutbacks and increased demand

brought by 1mproving world-economic activity. Following the
glut, the long term real price of crude will increase moder-

it =

ately.
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The industrial countries will continue to find ways to conserve
energy, but their demand for primary energy will increase
slowly as they achieve moderate economic growth——although
rarely at the levels enjoyed in the 1950s and 1960s.

s

World financial institutions will find ways to keep recycling
the petrodollars, using them mainly to finance the oil imports
of the less developed countries.
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APFENDIX B
SYNCOST COMFUTER PROGRAM

In general evaluations of the various sunthesis dgas routes
to bulk chemicals it is useful to he abhle to estimate and
proJect the cost of sundasesr carbon monoxider» and/or methanol.
We have assembled the economics develored earlier in this
rerort into a computer prodram to estimate sundas costs for a3
ranse of vears. The prodramr SYNCDOST, calculates production
costs (including return on investment) for sundases (H2/CO
ratio 0.75 to 3.0)s carbon monoxidey hudrodens "raw® sundas,
and methanol. The feedstocks available are those investidated
in this rerort! coals natural gass and vacuum residue. UWe
have divided the process data develored by PEF into rrocess
modules that can be linked by the srodram in various
user-surrlied seauences to rroduce rproduction cost tables for a
range of wears. The modules available are listed in Table R.1

and are shown schematically in Fidure B.1, We have included 3

153



Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part I, February 1983

TABLE B.1
AVATILABLE MODULES AND CAPACITIES

CAPACITY
HODULE DEFAULT NININUM MAXINUMN
i SYNBAS(H2/CN=0,75) FROM LOAL 802,0 50 - 1400 MMSCFD
2 SYNBAS(H2/C0=1.,0) FROM COAL 803.2 30 - 1400 MMSCFD
3 SYNGAS(H2/C0=1,0) FRON NATURAL 6AS 97.6 15 - 4600 MMSCFD
WITH CO2 IMPORT
4 SYNGAS(H2/C0=1.0) FROKM SYNGAS(H2/C0=3.0) 129.2 40 - 600 MMBCFD
BY SKIMMING
3 SYNGAS(H2/C0=1,0) FRON SYNGAS(H2/C0=2.0) 200.0 - 40 - 760 MMSCFD
BY SKINMING
é SYNGAS(H2/C0=1.0) FRON VACUUM RESIDUE 200.0 30 - 600 MNSCFD
7 SYNGAS(H2/C0=1,5) FROM COAL 804.3 30 - 14600 MMSCFD
8 SYNBAB(H2/C0=2,0) FROM COAL 805.0 30 - 1600 MMSCFD
9 SYNGAS(H2/C0=2,0) FROM NATURAL GAS 200.0 90 - 600 NNSCFD
WITH CO2 JHPORT
10 SYNBAS(H2/C0=2.0) FROM VACUUM RESIDUE 200.0 5 - 600 NNSCFD
11 8YN6AS(H2/CO-2.0) FROM SYNGAS(H2/C0=3.0) 131,35 40 - 880 MHSCFD
BY SKINNING
12 SYNBAS(H2/C0=3,0) FRON NATURAL GAS 200.0 40 - 600 NNSCFD
WITH CO2 RECYCLE
13 NETHANOL SYNGAS(H2/C0=2.26) FROM COAL 803.3 30 - 1600 MMSCFD
14 CRUDE SYNGAS(H2/C0=4.92) 264.9 90 - 530 HMSCFD
FRON MATURAL 6AS
13 CO FROM GAS-DERIVED SYNGAB(H2/C0=3,0) 149.3 70 - 600 MMLB/YR
BY COSORB SEPARATION
16 CO FROM GAS-DERIVED SYNGAS(H2/C0=3.0) 149.3 70 - 400 MMLB/YR
BY CRYOGENIC SEPARATION
17 CO _FROM GAS-DERIVED CRUDE SYNGAS 149.3 70 - 400 MMLB/YR
(H2/C0=4.9) BY COSORE SEPARATION
18 CO FROM GAS-DERIVED CRUDE SYNGAS 149.3 70 - 400 MMLB/YR
(H2/C0=4.9) BY CRYOGENIC SEPARATION
19 CO FROM COAL-DERIVED METHANOL SYNGAS 149.3 70 - 400 HMLB/YR
(H2/C0=2.24) BY COSORB SEPARATION
20 CO FROM RESID-DERIUED SYN.AS(NZ/CO=2 0) 149.3 70 - 600 HMLB/YR
BY CRYOGENIC SEPARATIO
21 HYDROGEN(97%) FROM NATURAL GAS 100.0 8 - 560 MNSCFD
22 HYDROGEN(97X) FROM COAL 200.0 50 - 1360 MNSCFD
23 HYDROGEN(98X) FROM VACUUM RESIDUE 100.0 50 -~ 1150 MMSCFD
24 NETHANOL FRON NATURAL 6GAS . 2490.7 140 - 5000 TONNE/D
25 HETHANOL FROM GAS-DERIVED 2490.7 960 - 5000 TONNE/D
CRUDE SYNGAS(H2/C0=4.9)
26 METHANOL FROM COAL 10000.0 600 - 20000 TONNE/D
27 METHANOL FROM COAL-DERIVED 10000.0 600 - 20000 TONNE/D
NETHANOL SYNBAS(H2/C0=2.26)
28 CARBON DIOXIDE FROM FLUE 6A5 SCRUBBING 870.0 400 - 1750 MMLB/YR
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Figure B.1
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module for carbon dioxide production from flue das for use with

the sundas modules when imrorted carbon dioxide is reauired.

The prodgram calculates the product value (rlant date cost
+ GRA + return on investment) for any desired set of rrocess
modules., The prodgram contains default values for various
material and utility costs and oreratindg cost factorss but
considerable flexibility in modifuing these factors is
availasble. Durinsg execution of the rrodramy Provision is made
for modifwing carital investmenty cost indexs material and
utilities costes return on investments taxes and insurance,
derreciation, maintenance, deneral and administratives and
overhead factors. The default Process and rrice data may be
rernanently modified to the user’s specifications by chanding

the two data files attached to the prosiram.,

The SYNCOST erodgram runs interactivelw. The user inruts
the desired process seauence and anw frice or factor
modifications at the kewboard in resronse to computer
‘rpromets." The erodgram outrut can be obtained interactively or

it can be saved and printed on 3 hatch devirce.

The SYNCOST mrodram is written in Fortran 77 and was
develored on 3 VAX 11/782 computer, Storade reauired is 134K

bytes for the source prodram.,
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B.2 PROGRAM LOGIC

followed bv

The rroduct module selection is entered first,

falculations for the

the intermaediate module selections.

followed by

intermediate modules are run in the order entered,

the product module calculations,
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For each process seauence the user must select the uvears
of interest and individual process caracitiesy and mav modify
any of the default prices or cost factors. For subseauent
process seauences the user has the option of (1) usind the
entered wears/cost factor dats from the rrevious seavence» (2)
reentering new vears/cost factor datas or (3) usind the stored

default cost factor values,

Some flexiblity for working with various English and
metric units is included in the Pprogram. Areas where a3 choice

of units is available are indicated in the rrodram epromrts,

The output from each process seauence consists of rroduct
value summary tables for the wears selecteds for each rrocess
module., Several printout ortions are available (see Section
B.3): The program is designed rrimarily for hard corv outrut.
If 8 CRY device is used for outruty some of the tables may be

lost.

The user is promrted interactiveluy for input to the
prodram. When inrut errors are detected by the prodgrams error
messades (bedginning with "#88°) are srinted and the user is

directed to correct the error by reentering the faulty line,

During execution the prosram creates and uses two direct
access process and price dats files. These files are deleted

uron normal termination.
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B.3 INPUT DATA

Inrut data are supplied bw (1) data files containing the
basic process datar default rricesy and cost factorsy and (2)

Frrocess seauences and data modifications suprlied interactivelw

by the user via prodram prompting,

The data files contain estimated wasiesy inflation factors,
utilities costssy and raw material casts for the wears

1980~-2001, A list of the default values is shown in Table R.2.

Most of these values may be modified interactivelw,

Interactive InPut

For each process sequence the princiral input data

reauired are as follows!

3. An intedger code corresronding to each rFrocess module
in the seauence.

b, Caracity of each process (ortional).

¢+ Years for which rnalculations are required.

de Ture of printout.

e, Cost units in which the rroduct value tables are

rresented,

f+ Choice of printout in current ¢ or constant %,
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Table B.2
Default Utilities and Raw Materials Costs
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Table B.2 (Concluded)

Default Utilities and Raw Materials Costs

0 1 2 3 4 9 é 7 8 9

COST INDEX:
80-89 355.0 400.0 430.0 442.3 496,97 534.2 574.,3 417.3 663.6 713.4

90-99 746.9 824.4 886.2 952.7 1024.0 1101.0 1184.0 1272.0 1348.0 1470.0
00-01 1581.0 1699.0

INFLATION FACTOR:
80-89 1.000 0.922 0.841 0.805 0.752 0.703 0,657 0.414 0.574 0.536
90-99 0.50% 0.469 0.438 0.409 0,383 0,357 0,334 0,312 0.292 0,273
00-01 0.255 0.283

WAGE» $/HRE
80-8% 1%.40 17.50 18.90 20.40 21.90 23.60 25.30 27.10 29.10 31,20
90-99 33,40 35,80 38.40 41,10 44,00 47,10 50.40 54.00 57.80 41.80
00-01  66.10 70.80

NAT, GAS FUEL » $/MMRTU

-89 4,00 4,17 5.51 46,09 46,74 7.37 8,27 9.13 10,13 11,21

90-99 12,43 13.58 14.84 14.22 17.73 19.38 21.1% 23.16 25.33 27.73

-01 30,36 33,24
rubp Bl 393 3rkdeny
80-89 4,40 476 6,22 7,05 7.40 .10 B.85 9.57 10,40 11,29

920-99 12,32 13.4g 14,71 14,08 17,57 19.21 21.00 22,97 25.11 27.30

80-8¢9 7.00- 7.70 8,30 8.9 9.50 10,20 10,.%0 11.70 12,60 1
90-99 14,40 15o68 16,80 1B.10 19.40 20.90 22,50 24,20 24,00 2

0-01 30,00 32,3

NP _STEAM s $/HLE
0-89 5,90 4.50 7,00 7,50 R.00 8.0 9.20 9.90 10,60 11.40
90-99 12,30 13.20 14,20 15.20 16.40 17,40 18.90 20.40 21.90 23,50

-01 25,30 27.20

LP _GSTEAM y $/ML
80-89 4,70 5,20 5,40 46,00 4,40 65.90 7.40 7,90 8,50 9,10
90-99 9.80 10.50 11,30 12.10 13.10 14,00 15 10 16,20 17.40 18.70

88 a} %0.10 21,70

ELECTRICITY v C/KWH
~ 9 3,60 4,50 S5.00 5.50 5.90 4.40 7.30 8.00 8.:80
10,60 11.50 12,60 13,70 14,90 14.30 17.70 19.30 21.10

90-
2.- 25,2
CLARKF*ED ?2R: HgﬁL
1.00 46,00 50.00 54,00 58.00 62.00 67.00 72,00 77,00
90 99 183.00 89,00 96,00 103.00 111.00 119.00 128,00 138,00 148,00 159,00

00-01 171.00 184,00 .

CONLING WATER » C/MGAL
80-89 4,90 S5.40 4.20 6,70 7,30 7.90 B.60 9.40 10,20 11.10
20-99 12.10 13.00 14,10 15.30 14.50 17.90 19,40 21,00 22.70 24.40
00-01 26,70 28.90

PROCESS WATER » C/MGAL
80-89 60,00 48.00 77.00 83.00 89,00 96,00 103.00 111.00 120,00 129,00
90-99 138.00 149.00 160,00 172.00 185.00 199.00 214.00 230.00 247,00 284.00
00-01 286,00 307.00
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g+ Hudrodgen buy-product value (if rrocesses rroduce

hudrodgen).

In addition to the princiral inrut datar, the rrogram

Prompts for several ortional modifications to the material and

utilities costs and oreratindg cost factors.

Descriptions of the prodram rromsts during execution
follow. All inrut is in free formatr i.e. sucessive entries
on 3 line can be serarated hw 2 blank or comma a2nd ended with a

slash (/).

Q1. °TYPE O TO STOP NOW OR ENTER FEEDSTOCK (1=COAL.,
2=NATURAL GAS» 3I=VACUUM RESIDUE)?"®

Ture 0 (zero) to terminate the prodramy or ture the

inteder rerresenting the desired feedstock.

Q2. °LIST AVAILABLE MODULES (Y OR N)7°*

Ture Y(es) to det 3 list of modules (and caracity
ranges) available for the feedstock entered above.
Ture N(o) for no list.

Q3. °DO YOU WISH TO USE YOUR YFARs WAGEs UTILITY COST»
BASIS (P COST FACTORS AND RAW MATERTAL PRICE DATA
ENTERED FOR THE PREVIOUS PROCESS SFQUENCE (Y OR N)7?°
To run another pProcess seauence usindg the data fron
the srevious seauencer ture Y(es). Ture N(o) to reset
the wader» costr» and factor data to default values and
rrompt for any modifications. If the Y cortion is

selented, Q4y 55 and 13-21 are surpressed.
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‘NUMBER OF YEARS FOR WHICH ESTIMATES ARE T0 RE
CALCULATED (MAX=10)7"

Enter the number of uyears for which calculations are
desired, The maxisum number of wears is 10» but if
outrut is via a screen or terminal device with 80

character widthsy 5 vears is the maximum for readstble

outrut,

*WHICH YEARS?'

Enter the vears for which rroduction cost estimates
are reauiredr e.d.» 1981,1982,1983,1984,1985. The
vears need not be contidguous.

NOTE: The prodram has default data for 1980-2001. If
years are selected outside this rande» the arprorriate
data must he entered for cost index (Q143), wade
(Q14b)s utilities costs (Q14d-k)s» and raw material

costs (Q17).

*PRODUCT MODULE?®

Enter the inteder code for the product module desired
(see Table B.1). The product module is entered first
even though it is the last module for which
calculations are done in any Process seauence,

NOTE: The rroduct value for this module includes
G&ArSIR cost:, The GEA cost can be surpressed by
entering 3 nedative inteder code for the sroduct

= . .. 9 _
ROOULE»
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"RUN BASE CASE» WITH DEFAULT VALUES FOR ALL MODULES IN
PROCESS SEQUENCE (Y OR N)?°

Ture Y(es) to run the process sequence with the
default carpacitiesr outrut units, material and utility
costss and cost factors surpplied by the prodram (see
Tables B.1 and B.2). Ture N(o) to override caracity
and anw of the various cost and factor default data.
When the "default® ortion is selected the rlant
caracities of the various related modules are
automatically matched by the prodram., If the Y ortion
is selectedy Q8 and 12-21 are suprressed.

"ENTER CAFACITY, FOLLOWED BY UNIT (DEFAULT=xxxx)
(1=MMSCFDy 2=MMBTU/HRs 3=MMLR/YRy» 4=TONNE/DAY)":,

e.d, 5000.+4 for 3 5000 tonne/day rlant.

The entered caracity is used for each of the srecified
vears. Ture 3 / (slash) to use the default caracity
listed.

NOTE: 1If there are several modules in 3 Process
seauencer the user sust match the caeracities of the

related modules.

-

*LIST INTERMEDRIATE MODULES (Y OR N)?°

Ture Y(es) for 3 list of intermediate modules reauired
for the chosen rrodurt module. The list will include
the modules which calculate costs for raw materials

used by the eproduct module. Ture N(o) for no list.
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desireds or enter / (slash) if no intermediate
module(s) is desired.
If the product module has related "intermediate"

modules (listed in G9)s the module(s) may be included

here as "intermediates.® The sroduct value calculated

intermediate module is not included in the rrocess
seauencer either the default raw material rPrice or one
entered by the user is used in the rroduct module
calculation.

Any unrelated modules may be droured and entered here
and run as part of 3 proress seauence for convenience,
This minimizes kesboard entries:. For exampler to det
cost estimates for four different unrelated modules:»
it is more efficient to run them all in one rrocess
seauence 3s a3 Froduct sodule and three "intermediates®
rather than running four serarate rrocess seauences of
one product module each.

NOTES:! G2AsSsR cost is not included in the
intermediate module costs. To include GEA cost» enter

8 nesdative inteder code for the intermediate module,
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@Q11. CENTER CAPACITY, FOLLOWED BY UNIT (1=MMSCFD.,
2=MMBTU/HR» 3=MMLB/YR» 4=TONNE/DAY)*®

Enter the caracitu for the selected intermediate
moduley of ture / (slash) for the default caracitu.
The caracities of related modules are asutomaticazllu
matched only if the user selects the default caracity
for a3l1 modules. Otherwiser the user must match the

caracities of any related modules.

NOTE: Q10 and Q11 are rereated four times so that use
to four intermediate modules maw be run with the

product module to create a rrocess seauence.
@12, °*TYPE OF PRINTOUT DESIRED (O0=FUl.Ls 1=ARBREVIATED,
2=8HORT) ?*
0= two radges of printout for each process module
including (1) a variable cost detzil for the first
vear selected and (2) a3 full table of rroduct

value vs, vear for each srocess module.

NOTE: If a CRT terminal device is used for

outruts the first pade of Printout may be last.

1= & full table of sproduct value vs. gear for each

Process module.,

2= 3 short table of product value vs. uwear for each
rrocess madule. Investmenty raw material,
bu-productr and utility costsr and product value

are included.,
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Ture Y(es) to override any of the default data for
cost index» hourluy uwade or utilities costs for the

wears of interest,

8. "COST INDBEXES?"
Enter the cost indexes for the weare selected in
Q3. An entry of blank opr zero for anu uvear causes
the default valuee to be used. Enter / (clach) tao
use all default values. Far examrle, if
1981,1982,1983+1984,1985 was entered for 05 and

the default cost indexes are

40094307462.3+496.9+534.2 then

350.99450./ will result in

~—

1981 1982 1983 1984 1985
350 430 450  496.9 534.2

be "LABOR COST (US $/HR)T"
Enter the hourlw wase for each of the selected

vears., A blank entry for anw vear causes the

default value to be used:. Enter / (slash) to use
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Co

d.

all default values.

"INFLATION FACTOR?®
Enter the inflation factor for the selected years,

The inflation factor is used in converting current

$ to constant $.

*Utilities xx COSTy PRECEDED BY COST UNITS..."
21d-k. Enter the utility costs for the selected
uyearsy preceded by the arrrorriate cost unit code.
A blank 2ntry for any wear causes the default
value to be used., Enter / (slash) to use all
default values.,

For examrlesr 694.2004,30,4,.50/

will enter $4,20 /MMBTU for 1981, $4.30/MMBTU for
1982y $4,350/MMBTU for 1983 and default values for

the remainind vears.,

NOTE: The natural #as cost must be entered as 3
rew material cost (Material Code #17) in Q16

below.

*LIST RAW MATERIAL CORES AND FPRICES (Y OR N)7?*

Enter Y(es) for a comeplete listind of all default raw

mBterial prices for 1980-2001, The units shown are

the units used by the prodram. (The default codes and

rrices are shown in Table R.2).
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Enter Y(es) to override anu of the default raw
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Ture / (slash) to terminate the entry,
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Enter the hudrodgen value in the units reauested.
rrices entered here are userd for the buy-product

USED OTHERWISE)®
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@19. F“LIST NEWLY ENTERED FRICES (Y OR N)T*
Ture V¥(es) to list the raw material prices Just
entered.,

@20, ;gﬁnr?g WISH TO ENTER BASIC OPERATING COST FACTORS (Y

Ture Y(es) to override anvy of the default values for
control laboratorys orerating suprlies, taxes and

insurancer derreciationr G3A»SsRy before-tax return on

investment,» and location factars,

20 a~-g. Enter 8 veluer or / (slash) to use the

default value.

The investments for all modules in a2 rprocess seauence
are multirlied by the location factor (default value =
1.0 It can be used to modify the default investment
data to 2 non-U.8. locationy or to temsrorarily ad.ust
the investments bw the entered factor.

@21. °COST UNTITS FOR module xx?° (1=C/MSCF, 2=$/MMBTU,
3=C/LB; A=¢/TONNE;S=¢/MNM3. 4=¢/TON-CAL: 7=C/KG:
8=C/GAL) "

Enter the inteder code corresronding to the cost units

desired for the production cost summary table

printout.,

NOTE: Not all listed units are availasble for each
module, The pPrndram indicates when the selected units

cannot be used and rromrts for another choice.
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By default the rroduction cost tables are printed out
in current $. Enter a /7 (slash) for current ¢

printout. If 3 gear is entered here (in the rande
1980-2001) the production costs are rrinted in
constant ¢ for the vear entered. (The variable cost
table is printed out for the gear in which the
constant $ ortion is chosen.,)

*OVERRIDE MAINTENANCE LABORs MATERIAL AND OVERHEAD
FACTORS FDOR module x»x (Y OR N)T°

Ture Y(es) to override the maintenance and overhead

default factores for the listed module,

23a~-¢c,2 Enter the arpropriaste factor or ture / (slash)

to use the defsult value.,

NOTE: The maintenance lahors materials and orerating
supplies factors are srecific to each rprocess module.

Any entries here are for the listed module onlu.
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Data Files

The basic process data and default rrice data are stored
in two files which are read by the SYNCOST rrogram via lodical
units 3 (rrocess data) and 4 (price data)., The prodram stores
the data in direct access files and retrieves the data via

logical units 1 (process datas) and 2 (rrice data).

The data are stored in list-directed or *free format®" form
(sucessive entries on @ line are serarated bw commas) and can
be aondified before execution of the rprodram by 8 user familiar

with file editind,

Process Data File

The rrocess data file (Section R.6) contains caracituy
material and utilities consumrtionsr and investment data for
the process modules. The following is & list of the rrocess
data file format, by line?

line number

1 module nuaber

2 module titley 40 characters/line maximum

3 .

4 a cost index
b ture of investment calculation (see note 1)
cl battery limits investment at base caracitw
dl caracity exronent for scale-down
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caracity exponent for scale-ur

A, coefficients used in 3rd order fit
B[ of battery limits investment to
c, caracity (c)!  BLI=A+Rc+Ce +De’
D

total fixed carital at base caracity
napracity exronent for scale-down

caracity exronent for scale-ue

coefficents used in 3rd order fit

FC= A+Bc+fc +Dc

w D
\——Nf—-r

e as ma s e azasus umas Sna

unit of caracity (I=MHNSCFDy Z=NMBTU/HR»
3=MMLE/YRr 4=TONNE/DAY)

base caracity

stream factor (fraction of time on-stream)

eauivalent methanol caesacity fsctor

____________ I__..

fﬁf‘ "B‘GUI‘BI G Fruresshded Unl.“ L9 2 4

note 2)
raw material code (See Table B.2)

raw aaterial unit consumrtion

consumption units (0=%, 1=LRy 3=MSCF» 5=2MGAL
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6=MMBTUy 7=TONNE,» 9=MLER)

chemical name (ortional)

Rereat line 7 for each raw material or

bu-product (maximus of 7 entries)

999/

number of orerators at bacse caracity

inteder rcode for method
of orerators to desired

used to scale number
caracitue (see note 3)

int

»
L1}
|u
l"

nano

labors ZBLI

o
ID

in aterials,

»
»
Tt

nanc

ZRL.I

plant overheady X total labor

uprper caracity cutoff for utilities
consumptions (see note 4)

natural das fuel unit consumrtion» mmBtu

fuel 0il unit consumetions mmBtu

hish press. steam unit consuartion,

pedium Press. steam unit consumrtion:

low press. steam unit consumptiony

electricity unit consumrtionr kwh

clarified water unit consumrtion:

coolindg water unit consumrtionr 1,000 gal

rrocess water unit consumetions 1,000 gal

(=]

ssme 33 line 10 (see note 4)

~r

(see note 4

uib
<

iline

ryr UU'JL |o

rroduct

-~

. =l
.r

-
n
(14
n

o O
n
A Q.
A

OF Savin
in price

w
e
L
D e

rode g ¢t
alue file

< 1

eroduct name (enclosed in arostrorhes)
MMBTU/MSCF of sproduct
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d SCF/LE of product
e LB/GAL of rroduct
1 4 BTU/LB of rroduct
(- minimum rPlant caracity allowed (same units

a6 base caracity (line 6b))
h maxiaum Plant caracite a3llowed
i default caracity (o0 be used for defzult

calcylation option)

NOTES!
(1) The investment (J) mavw be scaled to different
caracities in three waws (¢ = caracityy cbh = base
caracityy Ib = base investament)!

Tupe 1-(used for coal-based processes)

for ¢ § cb 2 3
I = A+BetCe +De
for ¢ > cb
1 = Ib % (c/cbH)kX0.95

Ture 2- (used for natural das-bhased rrocesses)

for ¢ § cb 2 3
I = Ib x (A+BE4CE +NE )
where E is the eauivalent methanol caracity
(see note 2)
for ¢ > cb
I = Ib x (c/chb)%%0.9

Tupe 3-(used for vacuum residue-based cases)

for ¢ £ cb
I = Ib x (c/cb)XXscale-down exronent
for ¢ > cb
I = Ib x (c/chb)XXscale~ur exronent
(2) Eauivalent methanol caracity factorsr E =
2500/ eauivalent amount of product eroduced from & 2500
MTPD methannl reformer. For examrler 302,8 MMSCFD
Byndgas 1.0 can be produced in a 2300 MTFN methanol
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reformery so E=2500/302,8=8.24,

(3) The number of orerators can be scaled to different
caracity

manasmibdiae
A ™

.
apapities 25 folloug (o0 = o itu: cb = bhacea

caracitu)!

Code O0-for natural das and vacuum residue modules?
for ¢ £ cb

dop - $ or a3t base caracity
for ¢ > cb
éor = Sor(base) x (c/chH)XX0,95
Codes 1-4

The number of orerators is exrressed as a function
of caracity (& opr = A+Bc+Cc2+Dc3= caracityr o is
expressed in 1,000 tonnes/dau)., 1 is used for
methanol from coaly 2 for sundases from coalsr 3
for methanol from coal suyndgasr» and 4 for hudroden

from coal.

{(4) In the natural dgas modulessy for some rlantss the
utilities unit consumptions are 8 function of rlant
size., The carpacitu entered here is the maximum
caracity at which the utilities consumprtions on this
line arprlu. There are provisions for ur to 3
utilities consumprtion randes on lines 10, 11, and 12,
listed in order of decreasing caracity., If the
utilities unit consumrtion is inderendent of caracityy
the caracity entered on line 10 should be a larde
numberr e.g. 1.Fé6» and lines 11 and 12 lines should
contain a / (slash).

(5) If the product number code is entered heresr the
calculated product value for this module is
temrorarily entered into the rrice file and can be
used in other mndules for the duration of the terminal
session.

i to 12 additional modules can be added to the srocess

datse Tile by fTollowinsg this foraabts, The row materisls used
suct follow the exieting codes in the srice file or additional

raw aaterial codes must be added to the srice file bu the user.

The price unit and consumrtion units must match.
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addition to the raw saterial sricesy the file contains! cost

format® form with sucessive entries on a line serparated by

commas, The format of this file is as follows.

line nuaber

1 number of dears for which data is included
{(maximum = 22)

2 years for which data is included
3 ‘PCI’» cost index values for each year
4 INFL FAC’y inflation facrtor for each vear

{(used in constant $/current ¢ conversion)

] ‘WAGE 'y hourly wade ($/hr) for each uwear
6 ‘6AS‘y natural das costs ($/mmBtu)

7 ‘FUEL’y fuel o0il costs ($/mmRtu)

8 ‘HP STEAM’s nosts ($/1000 1b)

9 ‘MP STEAN’» caosts ($/1000 1bd)

10 ‘LP STEAM‘» costs ($/1000 1b)

11 ‘ELECT’» electricity costs (c/kwh)

12 ‘CLARIFIED H20’»y costs (c/1000 ga3l)

13 ‘COOLING H20’y costs (c/1000 dal)
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14 ‘PROCESS H20’, costs (c/1000 dgal)
15~end
3 material code number (see Table R.2)
b material name (enclosed in arostrorhes)
c Frrice unit code (0=¢, 1=C/LBy 3=C/MSCF,

6=8/MNBTUs 7=8/TONNE, 8=$/MNM3)

d prices for each wear
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Be4 FPRODUCT VALU

CALCULATION

SRI‘s SYNCOST rrosram calculates rroduct value by the same
techniaues that are used for PEP rerports,. The product value is
defined as net rplant date cost (includindg derreciation) rlus
deneraly administrativer salesy and research costs rlus s
25X/yr sretax return on total fixed caritals The rroduction
costs denerally do not include any allowance for shirprinds i.e.
they rerresent bulk costss f.o.b. rlant. The various elements

of the rroduct value calculation are discussed below.

The rlant caracity figure refers to the annual rproduction
rate that can be achieved in 3 plant that orerates continuously
about 90X of the time. The caracity is expressed on a
contained basis. For swndas moduless the caracity refere to CO

4+ H2 content.

Investments

The batterwy limits investment is an estimate of the
installed maJjor Process eauirment costs including allowances
for ensineerindgy field exrensess overhead» and contractor’s
costs. The total fixed carital includes the totzl investment
in battery limitsy utilities and tankader waste disrosaly and
gseneral service facilities. Working capital and start-up costs
are not included in the investment figsures., The total fixed
carital figuree also exclude the cost of land, site
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develormentsy and rovalties or licenses., ‘Overnight®
construction is assumed, Investaent dats for each Process has
been estimated at a base caracity and cost index. The
investaents are updated to the vears of interest by means of
the PEP Cost Index (1958 = 100) and investments are scaled to
other caracities either by usindg derived caracity exronents or

from investaent vs, caracity correlations.,

Raw Materials

Raw material prices generally do not include delivery or
shirprindg costs (excert as noted), All prices and consumptions

are exrressed on 8 contained basis,

Orerators

The number of orerators shown is an estimate for a well
instrumented plant. For natural das and vacuum residue modules
we assumed that the number of orerators is inderendent of
cspacity up to the hase carpacity and is scaled in prorortion to
the caracity thereafter. For cosl modulesy the number of
orerators is exrressed as a function of caracitu. The hourly
wade is expressed 8as $/hour actually workeds including frinde

benefits and shift overlar,
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Utilities

The utilities costs reflect both orerating and carital
costs (where approrpriate), Utilities consumptions are

exrressed on 8 contained basis.

Maintenance costs are senerally estimated at 1.5-3%/vear
of the battery limits investment for maintenasnce lsbor and

1:,5-32/9ear for maintenance surrlies.

Control laboratory labor and orerating surplies are
estimated at 20X and 10% (default values) respectively of

orerating labor costs.,

Plant overhead is estimated as 80X (default value) of
total labor for natural d4as and vacuums residue-based processes

and 30% (default value) of total lashor for coal-based

PTrOCESEEE .,

Taxee and Insurance

Taxes and insurance (excluding income tax) are estimated

at 2%/vear (default value) of total fixed carital.
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BGeneraly Administrative» Salesy and Research

The dgeneral, administrativer sales and research (GEA»S!R)

costs are lumred tosether and taken a3s 3% (default value) of
the rroduct sales. Product sales are based on the comruted
product value plus the value of the buy-productsy if anv, The

G2As»S»R coste are arplied only to the final esroduct in anu

process seauence (unless srecified otherwise by the user).

Derreciation

Derreciation is estimated as 10%/vesr (default value) of

total fixed carital.,

Return on Investment

The before-tax return on investment is taken as 25%/vear

(default value) of the total fixed cariteal.

Interest on Working Carital

Interest on working carital is not included in the product

value.
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Samrle Run 1

RUN SYNCOST

WELCOME TO THE SYNCOST PROGRAM FOR ESTIMATING COSTS

OF SYNTHESIS GASES, CARBON MONOXIDE» HYDROGEN AND METHANOL.
ALL CONSUNMPTIONS AND COSTS ARE EXPRESSED ON A CONTAINED BASIS,
ADDITIONAL INFORMATION ABOUT THE PROCESSES MAY BE FOUND

IN SRI INTERNATIONAL PROCESS ECONOMIC PROGRAW REPORT 148.

@i, TYPE 0 TO STOP NOW DR
ENTER FEEDSTOCK: 1=COALs» 2=NATURAL BASs 3=VAC, RESIDUE?

1
22. LIST AVAILABLE MODULES (Y OR N)?
Y
FEEDSTOCK! COAL
MODULES AVAILABLE!
1-SYNGAS(H2/C0=0,75) FROM COAL
¢  350.- 1600.MHMSCFD )
2-8YNGAS (H2/C0=1.,0) FRON COAL
( 50.- 1600.MNSCFD )
7-SYNBAS(H2/C0=1.5) FROM COAL
¢ 50.- 1600.MMSCFD )
8-8YNGAS(H2/C0=2.0) FRON COAL
{ 50.~ 1600.MHSCFD )
13-METHANOL SYNGAS(H2/C0=2,26) FROM COAL
(  30.- 1600.MHSCFD )
19-C0 FRON COAL-DERIVED METHANOL SYNGAS (H?/C0=2.26) BY COSORB
{ 70.- &00,NMLB/YR )
22-HYDROGEN(®7X) FROM COAL
( 350.~ 1560.8NSCFD )
26-HETHANOL FROM COAL
{ 600,-20000.TONNE/D )
27-HETHANOL FROM COAL-DERIVED METHANOL SYNGAS(H2/C0=2.26)
{ 600,-20000.TONNE/D )
Q4. NUMBER OF YEARS FOR WHICH ESTIMATES ARE TD BE CALCULATED(MAX=10)7
3
@5, WHICH VEARS?
1982,1983,1784
@6+ PRODUCT MODULE?
27
Q7. RUN BASE CASE, WITH DEFAULT VALUES FOR ALL
MODULES IN THE PROCESS SEQUENCE (Y OR N)?
Y
@10, INTERMEDIATE MODULE?
13
G10. INTERMEDIATE MODULE?
/
Q12, TYPE OF PRINTOUT DESIREDs (O=FULL, 1=ABBREVIATED 2=SHORT)?
0
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VARIABLE COST SUNMARY FOR 1982
UNIT COST
RAM MWATERIALS
COAL AT MINE 34,408/ TONNE
COAL TRANSPORT 16.,00%/TONNE
ASH DISPOSAL 5.35$/TONNE
MISC. CHEM. & CAT,
BY PRODUCTS
SULFUR 4.87C/LB
IMPORTED UTILITIES
HP STEAN 8.30/HLB
ELECTRICITY 4,50C/KuH
CLARIFIED WATER 46,00C/MGAL

TOTAL VARTABLE COSTS

(MODULE #13)

LUNSURFTION
PER MSCF C/MSCF
0.0184 64,49
0.0186 29.82
0.0019 1.00
0.66
95,97
¢ 1.25700 (6.2
¢ 62
0.0076 6,31
( 0.0825) ¢ 0.37)
0.0151 0.70
664

1
c
-
-

1

and

- "Abbreviated®
Frintout orFtions

HMETHANOL SYNBAS(H2/C0=2,26) FROM COAL

805,30 MNSCFD
$3COSTS SHOUN IN CURRENT ¢

INUESTMENTS (MN&)

BATTERY LIMITS(BLI)
TOTAL FIXED CAPITAL(TFC)

COST INDEX(CURRENT $)

COAL AT NINE ($/TONNE)

PRODUCTION COST» C/MSCF

RAW MATERIALS
BY-PROBUCT CREDIT

MATIMTENANPCE MAT
TR s vt eued

£ .
OPERATING SUPPL

bed
"

ALS(2.42 BLD)
ES(10,0Z0P LABOR)

PLANT OVERHEAD(30.0Z TOTAL LABOR)
TAXES AND INSURANCE( 2.0X TFC)
DEPRECIATION(10.02 TFC)

SUBTOTAL: PLANT GATE COST
ROI BEFORE TAXES(25.0% TFC)

PRODUCT VALUE(PV)» C/MSCF

1197.9
1463.7

430.0

34,60

aveSa

187.5%

138,32

325.87

(HODULE #13)

1287.9  1384.3
1573.7  1491.5
462,3 496.9
37,00 39.60
102,80 110,00
(6.:56) (7.0%)
711 739
103,35 1i0.54
2.84 3.00
79 8.37
0,57  0.61
11,20 12.03
11,48 12,54
0.28 0.31
11.96 12.87
3.36 3.61
11.90 12,79
59.49 63,94
74,75 80,34
201.26 215.78
148.72 159.83
349,98  375.63
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METHANOL FROM COAL-DERIVED (MODULE $27)
METHANOL SYNGAS(H2/C0=2,26)

10000,00 TONRE/D

VARIABLE COST SUMMARY FOR 1982

CONSUMPTION
UNIT COST PER TONNE $/TONNE
RAW MATERIALS

SYNGAS(2.,26)/C 3.26$/MSCF 80,5000 262,33
METHANOL CATALYST 4.308/LB 0.4000 1,72
MISC. CHEM. % CaT, 0.11
"264.14

INPORTED UTILITIES
HP STEAN 8.308/MLB ¢ 0.6100) «  35.06)
ELECTRICITY 4,50C/KWH 6.6300 0.30
CLARIFIED WATER 46 .00C/MGAL 0.1500 0.07
(  4.,469)
TOTAL VARIABLE COSTS 25%.47

Outrut from Samrle Run 1

"Full® and "Abbreviated®"
rrintout ortions

METHANOL FROM COAL-DERIVED
METHANOL SYNGAS(H2/C0=2.26)

10000,00 TONNE/D

$8COSTS SHOWN IN CURRENT ¢

INVESTMENTS (HNN$)
BATTERY LIMITS(BLD)
TOTAL FIXED CAPITAL(TFC)
COST INDEX(CURRENT $)

§YNGAS(2.26)/C ($/HSCF )

PRODUCTION COST,» $/TONNE

RAV MATERIALS
INPORTED UTILITIES

VARIABLE COSTS
OPERATING LABOR( 20.0/SHIFT)
MATNTENANCE LABOR(1.6X BLI)
CONTROL LAB LABOR(20.0% OP LABOR)
TOTAL DIRECT LABOR

MAINTENANCE MATERIALS(2.4% BLI)
OPERATING SUPPLIES(10.0Z0P LABOR)

PLANT OVERHEAD(30.0X TOTAL LABOR)
TAXES AND INSURANCE( 2.0X% TFC)
DEPRECIATION(10.,0Z TFC)

SUBTOTAL: PLANT GATE COST
G234y SALES» RESEARCH( 3.0% PV)
ROI BEFORE TAXES(25.0X TFC)

PRODUCT VALUE(PV)» $/TONNE

1982

169.9
23645

430.0

3.26

264.16
(4.,69)

239.47

1.01
0.83
0.20

2.04

1.24
0.10

1,34

0.61
1.44
7.20

9.25
272.10
8.97
18,00

299.07

(NODULE #27)

1983

182.6
254.3

4462.3

3.30

283.468

(5,02)

278,646

1.09
0.89
0.22

2.20

1,33
0.11

1,44

0.66
1.55
7.74

9.95
292,25
.64
19.35

321,24

1984

196.3
273.3

496.9

3.76

304.48
(5:36)

299.12

1.17
0.96
0.23

2.36

1.43
0.12

1.35

0.71
1.66
8.32

10,69
313,72
10.35
20.80

344,87
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*Short"* Priﬁtgut

SYNGAS(H2/C0=2,24) FROM

NETHANOL

805,30 MMSCFD
XRCOSTS SHOWN IN CURRENT $

INVESTHENTS (NN$)
BATTERY LIMITS(BLI)
TOTAL FIXED CAPITAL(TFC)

COST INDEX(CURRENT $)

COAL AT MINE ($/TONNE)

RAN MATERIALS

BY-PRODUCT CREDIT
IMPORTED UTILITIES
PRODUCT VALUE(PV)s C/MSCF

HETHANOL FRON COAL-DERIVED

METHANOL SYNGAS(H2/C0=2,26)
10000.00 TONNE/D

XXCOSTS SHOWN IN CURRENT $

INVESTNENTS (MM$)
BATTERY LIMITS(RLI)
TOTAL FIXED CAPITAL(TFC)
COST INDEX(CURRENT $)

SYNGAS(2.26)/€C ($/MSCF )

RAW MATERIALS
IMPORTED UTILITIES
PRODUCT VALUE(PV)» $/TONNE

188

=]
-

1982

1197.9
1463.7

430.0

34.60

95,97
(6,12)
6.64

323,87

1982

169.9
236,35

430.0

3.26

264.16
(4.69)
299.07

1983

1287.9
157347

46243

37.00

102.80

(6.356)

7.11
34%.98

1983

182.6
234,3

462.3
3,30

283.68

(3.,02)

321.24

1984

1384.3
1691.,5

496.9

39.60

110,00
(7,05)

7.59

375,63

(MODULE #27)

1984

196.3
273.3

496.9
3.74

J04.48
(3,36)
344.87
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CERKESYNCOST- JANUARY 10+

Cx A PROGRAN FOR ESTINATING SYNTHESIS GASs CARBON MONOXIDE.

C8  HYBROGEN MD METHANOL COSTS. FEEBSWS AVAILABLE ARE

€3  COALy NATURAL BAS AND RESIDUAL 0 THE PROGRAN RUNS

C:  IN CONAMCTION HITH T80 DATA FILES- CI-EHIDAL AND UTILITY
g PRICES (UNIT 4) AND PROCESS DATA (UNIT 3

€3  TABLES DISPLAYING UP TO 10 YEARS OF PRODUCTION COSTS CAMN
g BE GENERATED,

€  USER-SUPPLIED INPUT IS INTERACTIVE (IN RESPONSE TO

g‘ PROGRAN PROWPTS) o

g:nmum

cmm—mmm IPTED VARIABLES

£3 BlA BATTERY LINITS INVESTMENT CALCULATION FACTOR

cx B BATTERY LINITS INVESTNENT CALCULATION FﬁCTOR

cx NC BMTERY LINITS IWESTIENT CALCULATION '_;

[ ] BATTERY LINITS INVESTMENT CALCULATION FACTOR

cx RIP BATTERY LINITS IMSTIENT (HN8) IN PRQCESS FILE
Cs CAPR BASE CAPACITY OF DATA IN PROCESS FILE

(3 CAPD DEFAILT WACITY USED IN CALCULATIONS

€3 CAPHAX BAXINUM CAPACITY ALLONED F OR PROCESS CALCULATIONS
CE CAPHIN MINIMUOM CAPACITY ALLOWED FOR PROCESS CALCULATIONS
 CAPS CAPACITY REQUESTED BY USER

3 CFl CM\ERSIN mrm. MMBTU/NSCF

ct Cr2 ACTOR, SCF/LB

o R WERSION FAC’I‘OR; LB/GAL

s Cr4 COMVERSION FACTOR- BTU/LB

s (R YEARLY CAPACIT

€S EOMETH EQUIVALENT HETM CAPACITY FACTOR

s F1 CONSUNPTION COMVERSION FACTOR

&t 2 COST CONVERSION FACTOR

Cx FLOC umm FACTIR FOR INVEST

s 11 NTEGER CODE FOR COST IINITS USED FOR_PRINTOUT
s ICAPP USEIH!EMSTED PRDIIET MODULE CAPACITY UNITS

€3 108 INTEGER CODE FOR CAPACITY UNITS SELECTED BY USER
€t It INTEGER CODE FOR CAPACITY UNITS IN PROCESS FILE
cs IBOL YEAR FOR WHICH CONSTANT DOLLAR CAL ONS DONE
€3 IERR ERRIR DURING MATERIAL PR

cs IFY ARRAY SUSSCRIPT CORRESPONDING TD YEAR CHOSEN FOR
a CONSTANT § CALCULATIONS

cs 1P INTEGER CODE FOR UNITS OF CAPACITY

& IPFLAG TYPE OF PRINTOUT

cx IPN COBE FOR NATERIAL PRICE UNITS: EG. 1=C/LB

€ It ARRAY INDEX FOR UTILITIES

cx I CODE FOR UTILITIES PRICES: EG. &6=%/MMBTU

et Iy ARRAY INBEX FOR YEAR

cs I ARRAY SUBSCRIPT FOR YEAR USED FOR VARIABLE COST PRINTOUT
£x L 170 UNIT 1- DIRECT ACLESS FILE FOR PRICE DATA
s 12 i INIT 2- DIRECT ACCSSS FILE FOR PROCESS DATA
a1 I/0 UNIT 3- INPUT PROCESS DATA

s L4 170 INIT 4~ INPUT PRICE MTA

pedeisisiedainisiadsivivhidadsivistuintricivteivuivivivintvivivduivintauinsvivdeintcivguinieingaingaivgrisin,

RN e "‘?iiﬁsw

3
(=
L)

giagggaﬁsa

i

170 UNIT 5~ INTERACTIVE INPUT

170 UNIT 6~ INTERACTIVE OUTPUT

1/0 UNET 7- COST TABLES OUTPUT

COBE FOR WM’M LABIR SCALING CALCULATION
PRODUCY MOBULE NUMBER

RAE BATERIAL (OR BY-PRODUCT) NAME
NUMBER OF

RY-PRODUCTS

FLAG IMBICATING FIRST OR SUISEOUENT PR(EESS SEMNCE
PE OF FEEBSTOCK: 1=COAL» 2=GAS» 3=RE

WUMBER IN PRICE FILE

7Y
MMBER OF RAM MATERIALS AND BY-PRODUCTS IN PROCESS
PROCESS MODULES IN PROCESS SEQUENCE

OF
RAN NATERIAL RECORD NUMBER ( IN PRICE FILE)
MUMBER OF RAM MATERIAL PRICES ENTERED BY USER
0 RECORD ER_IN PRICE FILE)

ICES ENTE D“WUSER
NUMBER OF YEARS FOR WHICH CALCULATIONS ARE TO BE DONE
NUMBER OF YEARS FOR WHICH DATA IS STORED IN PRICE FILE

OM-STREAM EFFICIENCY

PROBUCY MODILE CAPACITY REWESTED BY USER

COST INDEX OF INVESTMENT DATA IN PROCESS FILE
CONTROL LAB, X OF IPERM'IM LABOR

BEFNI. VN.UE CONTROL LABy T OF OPERATING LABOR

TION, ZTFC
DEFAIILT MCIMIONv 1 TFC
GENERAL, ADMINy SM.ES! RESEARCH»  OF PRODUCT VALUE
USED FOR CALCULATIDN
DEFAULT GENERALs ADMINs SALES, RESEARCH
GENERALy ADMINs SALESs RESEARCH, 2 OF PRODUCT VALUE
LABORy % BLI
INTENANCE MATERIALS) Z BLI
ATING IESs X OPERATING LABOR
MLT TING SUPPLIES, 1 OPERATING LABOR
PLANT OVERHEAD; 2 TOTAL LABOR
RETURN ON IMWVESTHENT, X TFC
DEFALY RETURN ON INVESTNENT, 2 TFC
PROBUCT NANE
TAXES AND INSURANCE, L TFC
DEFAULT TAXES AND INSURANCE, X TFC
PRICE UNITS OF MAJOR RAW MATERIAL IN PROCESS
LOGICAL FLAG USED TO SKIP VARIOUS INPUT WHEM DEFAULTY
OPTION CHOSEN
TOTAL FIXED CAPITAL IMSTIENT CAI.EUI.ATIDN FACTORS
TOTAL FIXED CAPITAL INVESTMENT CALCULATION FACTORS
TOW. FIXED CAPITAL IMS'NENT CALCULATION FACTORS

OTAL FIXED CAPITAL INVESTMENT CALCULATION FACTORS
TOTH. s;lﬁll CAPITAL (M#$) IN PROCESS DATA FILE

§

PROCESS TITLE

NUMBER OF OPERATORS AT BASE CAPACIT

MMBER OF OPERATORS SCALED 10 REOUESTED CAPACITY
LNI%FLAG— TRUE IF REGUESTED YEARS ARE OUTSIDE

T RANGE
YES OR NO AMSWER TO INPUT PROMPTS



161

privivivisfeinisistuiviziviuiaisininintuiepuivinietninseininiasninduinintrininvivinginimsvininguvpuivinis;

Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part |, February 1983

SCRIPTED VARIABLE
BLI(D BATTERY LIHITS INVESTMENT IN NTH YEAR (MM$)
BPCIN) BY-PRODUCT VALUE IN N H YEAR
CAP(N) USER-REQUESTED CAPACITY FOR WTH PROCESS IN SEQUENCE
CAPY CAPACITY

UPPER CUTOFF FOR UTILITIES CONSUMPTION
CAPACITY UNITS, EG, *MMSCFD*

) ON UF RAU HATERIAL K

A G G

DEP(M) IEPRECMTION N NTH YEA

BFALIN) D CONSTANT ¢ CONVERSION FACTOR FOR NTH YEAR
DUMY m RM

FINE(D llﬂ.M’lM FACTOR IN NTH YEAR

FINFD T ARRAY OF INFLATION FACTORS

GA(N) GEIERAL; ADNIN,» SALES» RESEARCH COSTS IN NTH YEAR
ICAPUN(N)  CODE FOR CAPACITY UNITS FOR MTH PROCESS

IPRUN CODE FOR MATERIAL PRICE UNITS

I CODE FOR ALLOWABLE UTILITIES UNITS

TRIT CODE FOR UTILITIES UNITS USED IN PROCESS FILE
IYERR(N)  NTH YEAR REQGUESTED IY USER

IYEARD DEFAILT YEARS IN DA

HAT(K) INTEGER CODE FOR KTH RAH MTERIAL IN PROCESS

MNAME(K)  NAME OF KTH RAW WATERIAL IN PROCESS

NODH(K) CODE FOR MYDROGEN BY-PRODUCT FRODUCED IN NODULUE ¥
HODN(W) MTH_MODULE IN PROCESS SEQUENCE

HM(K) UNITS OF CONSUMPTION OF KTH RAM MATERIAL IN FROCESS
NEWPR NEW RAW IWERIAL PRICES SUPPLIED BY USER

PCI(N COST INDEX IN YEAR

PLin DEFAULT ARRAY !l-' COST INDEXES

PO(N) PLANT OVERHEAD IN NTH YEAR

PR(N) RAW MATERIAL PRICE SUPPLIED BY USER FOR NTH YEAR
PRCAP (I CAPACITY RANGE OF NTH NODULE

PRICE(N:K) PRICE OF RAW MATERIAL K IN NTH YEAR

PRICED T ARRAY OF RAM NATERIAL PRICES

PRELIN) PRICE IF NAJOR RAW MATERIAL IN PROCESS FOR NTH YEAR
PRMANE(M)  PROCESS TITLE FOR PROCESS ¥

PUNIT PRICE UNITS) EB, "C/LB"

PY(N) PRODUCT VALUE IN NTH YEAR

RHC(N) RAM MATERIAL COSTS IN NTH YEAR

ROIOD RETURN ON INVESTMENT IN NTH YEAR

T0LIND CONTROL LAB LABOR COST IN NTH YEAR

TFC(D TOTAL FIXED CAPITAL IN NTH YEAR (M$)

TI(K) TAXES AND INSURANCE IN NTH YEAR

TN NAINTENANCE I.ABUR IN NTH YEAR

TN HAINTENANCE BA ERIN. IN NTH TEAR

ToL(N) N’ERATIM LAROR IN YEAR

TOS(N) NG SUPPLIES IN NTH YEAR

TIL(N) TOTN. um IN NTH YEAR

Unout PRODUCTION COS UNITSv EG. *C/NSCF*

UTC(N) TILITIES COSTS IN N

UTCONCK UTILITIES conswnon ll" UTILITY K AT REQUESTED CAPACITY
m(lrl) UTILI"ES CONSUNPTION OF UTILITY X FOR CAFACITY RANGE L

UTF ALLOVABLE UTILITIES UNITS

UTIL(N/K)  UTILITIES COST FOR UTILITY K IN NTH YEAR
UTILd BEFAULT UTILITIES COSTS

UTHAME UTILITY NAMES

&
cs
Cs
G

UTUN(K) COST UNITS m UTILITY K
UAGE (W) HOURLY WAGE ($/MR) IN NTH YEAR
Y WAGE

DINENSION CAP(S)s IUF(9)vPR(10)+NEWPR(S0) DUNN(12)y
um(.'n.mmmmmsnmuo) sPRICED(22)»FINF(10)

uvmc mm NANES20) PUNNIS7 ¢ MNANE(B)%20,
1UTHANE (9)415, WT(B)U:MIT(H)ﬂ!COSTUN(B)ﬂ!
2CAPUNCA)38y TITLE1%40s TITLE2B40, UTFORM(S)344y
JPRNANE (40)3505 FRODS16 m(“)ﬂlo UTUN{9)x7
W/IMhLZ'U!LMLSUU’Ud
COMMON/DEFAMRT/NYEARD mm NFD(22)
M/YEARSIM!"EMUO)leEﬂD(ZZ):IWLvWAC(lO)
COMMON/YDAT/PRICE(10+50) sPCI(10) sMAGE (10)
COMMON/CAPCTY/CAPCyCYRy 11/ CAPS, ICS

/PCLyPDPsPT1,POS, PRI s PGA
COMNDN/OPCOST/6A(10) s DEP(10) TT(10) y THL(10) »THN(10),TTL(10),
1TCL(10)sPD(10) ,ROI (10} RMC(10),UTC(10),T0S(107,PY{10) ,BPC(10)
2oTOL{10) s TOPRyF19F2,BLIC10) s TFC(10) yNBP,PRN1 (10}
COMMON/UCHAR /UTMANE » UTUN

COMNON/CHAR/PRNANE » PRCAP

COMMON/UTLTY/UTIL(10,9) vUTILD(ZZv?)

WIPRM /CAPBy ICUMP+ PCIPsNI,BLIPyBLAYBLB)BLC)BLDy TFCP ¢ OSE ) MLSy
TCA: TCBy TCCo TCB; NMAT s HAT (8) s CONS(B) » TOP yNPROD » PHLP 1PPOP

vawh”whﬁbﬂ' 1CF39$F4|C”HIN!WMX|FLM!EGETH:

SCAPUC3) sUTCON(?) » UTCONP (953

mm:TlTLEhTITLEbPRM:UNWT;PWIT1COSTW1CM’W

1,PM
DATA UTHAME/’NAT, GAS FUEL’y ‘FUEL OIL'» ‘HP STEAN',
1'MP STEAN’y ‘LP STEAN'» 'ELECTRICI"’ 'CLMIFIED WATER »
2°COOLING WATER’; ‘PROCESS WATER/
MTA MI616191909001515;5/

CAPUM/ " IMSCFD’ s ‘MMBTU/HR’ » /MMLB/YR' » ' TONNE/D' /
MTQ mn/"' 'C/LB' ‘C/KG + 'C/HSOF':'C/W'!'C/M'!"MTU'
17$/TONNE’ s ‘$/MNN3’ s '$/MLB' + ‘' $/T-CAL* /
I“& UNOUT//NSCF* o ‘WHBTU s ‘LB’ » ' TONNE * » ' HNH3‘» ‘ TON-CAL ' » 'KG*»

DATA COSTIIU c/nscr'.'omwm' ‘C/LB' o' $/TONNE ' 5 ' $/HNN3' »

1'8/T-CAL’y *
HTA Pﬂ.h rPTIIlPOSDvPRIIrPﬂWZOnIOHL110.125. lso
MATA IUF/1s1y 212!21 141414

TA UTFORN/’ 4aU5 § 10=US

$/TON-CAL' »
‘943 $/1000 LB OR 7=US $/1000 KG' 2 11=U8 C/XWH'»
5'05 /1000 64 OR A=US C/CU W'y’
M ml"mm’ﬂ'lmm' 'S/IIJ' ‘$/KLBY»'$/KLB’ » 'C/KIN
’Clm ‘C/MNBAL 2 'C/TNBAL* /
mlnlhmlllvmnlvlll’rll!lmlllzom/
WIE LOBICAL UNITS



61

Cost of Synthesis Gas,

HENRUN=1 -

OPEN PRICE AND PROCESS DATA FILES FOR BIRECT ACCESS
OPEN(L1,ACCESS='DIRECT ‘ yRECL=29»STATUS="NEV' )
II’EI(LZ:ACCES#'BIREH’ sRECL=108, STATUS='NEN')

UP PROCESS DATA FILE AND BATERIAL PRICE FILE
L1=PRICE FILE
L2=PROCESS

DATA FILE

CAL [
WRITE(L6,B00)
WRITE(L5,801)
READ(LY,%,END=1000} NF

JOB END
(MF.£0,0) GO TO 1000
WRITE(L6+805)

READ(LY,822,END=1000) YIRN

IF(YORNJEQ. 'Y’} CALL PL

READ IN DESIRED HOM.ES Mll CAPACITIES

ZERO MODULE DATA AND FACTORS
ICAPP=0

Be BEE #

gas

HODN(¥)=0
ENDDO
PCAP=0,
C$% CHECK FOR USING PREVIOUSLY ENTERED YEAR,WAGE,UTILITY DATA
IF (NEWRUN,EQ.0) THEN
TE(L6+877)
RE?IFNLS'BZZ) YORN
80 IF(YORN.NE.’Y’,OR.NEWRUN.EQ.1) THEN
NYEAR=0
30 1Y=1,10
BAGE(IY)=-.00001
FINF(IV)=-,00001
Ju=1,9

UTIL(IY,JU)=-,00001
B0 K=1,50
' PRICE(IYtK)=-.00001
ENDDO
ENDDD
PR1=-0,00001
=~0,00001
PGAP=-0,00001
"I=—0-00001
PCL=-0,00001
P05=-0,00001
IDOL=0
FLOC=1,
REAR IN YEARS
WITE(LS,81D)
REAB(LS,%) NYEAR

Carbon Monoxide, and Hydrogen Part |, February 1983

IVEAR=NINO{NYEAR) 10)
WRITE(L5,809)
REAB(LS»3) (IVEAR(IY)sIY=1,NYEAR)

CHECK TO SEE IF YEARS ARE ENTERED
IF{W.E0.0) THEN

G0 10 80
e IF
100 WRITE(L4,803)
C3% SELECT PRODUCT MODULE/CAPACITY
READ(LS» %) HODNP

NEWRUN=0
IF (MODNP,6T.50) THEN
mm%‘%m)

F
CASESy USING DEFAULTS?
WRITE(L6,871)
REAR(LS»822) YORN

READAL=,T| ’
IF (YORN.EQ. 'Y‘) READAL=.FALSE,
N0D=1

IF(READAL) THEN
READ(L2,REC=ABS(NODNP) ) YITLE1, TITLE2, DUMM» IP,CAFD, CAPB
IF(CAPD.LT.0,001) CAPD=CAPR
WRITE(LS,806) CAPD,CAPUNCIP)
ﬁlﬁ}:ﬁﬂRﬂlvaul)PWdWP

109

110  CALL ERROR(%109)

111 IF(ICAPP.EQ.0) ICAPP=1
WRITE(L6,804)
REAB(LS»822) YORM
IF (YORNJEG. ‘Y’ )CALL FPLIST (NODNP)

END_If
Cgoﬂiﬂ INTERMERIATE MODULES/CAPACITIES

1 l 4
140 WRITE(L6,008)
READ(LS»%,END=150) NODN(X)
IF (HODN(N) .EQ,0) GO TO 130
IF(READAL) THEN
M(LZDRE&(ABS(W(M))%TITLEIoTITLEZrDUMrIP;CAPBrCAPD

IF(M.LT 0,001) CAPD=CAP
URITE (L4+B06)CAPD) CAPUNS IP)

145 REM'IULSvtsERR‘l“uENB-Hﬂ CAF () » ICAPUN(N)
N

146 CALL ERROR(2143)

147 mxmm.zo.o) ICAPUN(N)=1

e 1F

3% SET PRODUCT MOBULE AS LAST MODILE IN CHAIN

c3 mnvc MODULE CODE SUPPRESSES GHA CALCUMTION
150  NODN(NNOD)=-NODNP
ICMM(NMD)-ICAPP
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(NM0D)=

ELECT PRIHTWT OPTIONS

WRITE(L6:852)

REM(LS:I)IP‘FL“G
YORN='N

YEARFL=,
COX CHECK FOR' YEﬁRS QUTSIDE DEFAULT YEARS
B0 _IY=1,NYEAR

"R T, TYEARD(L) R, TYEAR(IY) 6T, YEMRDNYEARD)) THEN
WRITE (Lé,B4) IVEAR(]

END IF

EX0
Cx USER INPUT OF UNIT COSTS FOR GIVEN YEARS
IF(YEARFL) 60 TO 201
C$8_ PRINT OUT DEFAULT UNIT COSTS IF DESIRED
200 IF(READAL)THEN
WRITE(L6+860)
READ(LS,822) VORM
TF(YORM.EQ, ‘Y') THEM
WRITE(L6+841) (1, 1=0
URITE(LE1862) (PCIINIY)vIY’er)
WRITE(L6,882) (FINFD(IY),1¥=1,22)
WRITE(L6+863) (WABED(IY)»IV=1,22)

B0 Iu=1,9
URITE(LSsB564) UTNAME(IU) »UTUNCIUD o (UTILD(IY, IU) 0 IY=1+22)
EM_IF
MRITE(L6,812)
mﬁ#(lﬁv@) YORN
201 IF(YORN.EQ.‘Y’.OR.YEARFL.AND.READAL) THEN

WRITE(LS,813)
ENTER COST INDEX FOR GIVEN YEARS
202 REAB(LY,&,ENB=205,ERR=203) (PCI(1Y),IY=1,NYEAR)
60 10 205
203 CALL ERROR(220
CALL l!FMI.T(PCIl)vPCI)
m ENTER INFLA ﬁC
207 WRITE (L6 8
20 Eﬂélgg:%ﬂﬁ-[m#ﬂ) (FINFUIY) s IY=1,NYEAR)
CALL ERROR (3210)
215 CALL DEFAULT(FINFDsFINF)
217 WRITE(LS»815)
ENTER WAGES rm

(= ¢ ] TVEN Y]
220 walgizrmuo'm‘ﬂl) (WAGE(TY) s IV=1,NYEAR)
221  CALL ERROR(3220
230  CALL EF‘I.T(WEB:M)
Cs% ENTER UTILITIES COSTS FOR GIVEN YEARS
WRITE(L6+878)
D 1=2,9

1UN=0
28 WRITE(L6,816) UTNAME(IU)
WRITE(L6,870) UTFORN(IUF(IW))

and Hydrogen Part |, February 1983

25 READ(LS»8sEND=240,ERR=237) IUN» (UTIL(IY,IU)+IV=1,NYEAR)
g(ﬁ'ligoﬂ 10 240

237 CALL ERROR(¥214)
%m NITS IF MECESSARY

IERR=0
IFCIU.ME6) CALL CONVERT(IUN»IUNUT(IU)sUTIL(1,IU)sIERR)
IFUIERR.NE.O) THEN
WRITE(16,807)
60 10 235
Bl IF
C3% SET DEFAMLT VALLES IF NECESSARY
% CALL DEFAULT(UTILD(1,IU)»UTIL(T,1U))

ELSE
C3% SET DEFAULY VALUES FOR PCI» WAGES» UTILITIES COSTS
ﬂﬂl}(wﬁl’cl) )

%II. DEFAULT(FINFDoFINF)
CALL KFMLT(UTILD(MU),UTIL(lvw))
ENDDO

ae I
430 IF(READAL ,OR YEARFL) THEN
Ce8 PRINT 001 u'sﬁ.;g RAY MATERIAL CODES IF DESIRED

WEQ YY)
HITE(L&N?NI»I#!?)

I}E?%L’l‘éﬂ%?hmﬂﬂ“) N, NAME  IUN»PRICED
1 URITE(LE7B56) T+ NANEsPUNIT (TUNHL)» (PRICEB(J) 1 J=1922)

M IF

ENTER RAN MATERIAL COSTS
WRITE(L5,849)
RED"( (L3+822) YORN

L46+850)
Do 1=1,50

M=0

WRITE(L6+876)

DO 17=1,NYEAR
PR(IY) -.0001

M M(LSvlvEND-MhERR-MI) NUMo TUNy (PRCIY) » TY=1,NYEAR)
#.m.

“1 CALL ERROR{3440)

42 READ(L1,REC=NUM) NN»NAME s IPUN»PRICED
€43 CONVERT PRICES IF NECESSARY
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TERR=0

TFTUM.ME PUNICALL CONVERTCIUN» IPUNs PRy TERR)

I OERR o) ek P
WRITE(L&y859) PUNITCIUNH) o NUMyPUNTTCIPUMHL )
T0 440

END IF
Css SET DEFAULT PRICES WHERE MECESSARY
CALL DEFAMAT(PRICED:PR)
NPRICE=NPRICE+H1
NEWPR (NPRICE ) =MUM
mPﬁCE'('{EﬁH) PRIK)
[] o
C¥ SET MAT, GAS FUEL COST = NAT, GAS FEEDSTOCK PRICE
m%nm.m.m UTIL(Ks D)=PRIK)

44 BDIF

CALL BEFAULY (UTILD(1,1),UTIL(1,1))
CS3 READ IN HYDROGEN CREDIT VALUE IF NECESSARY
4350 B0 ¥=1,0M0D

MH=MUDH (ABS(NOBN (M) ) )
TFCNH.NE,0) THEN
READCLTyREC=NH)NH» NAME » IPUN»PRICED
%ll’i(u:sll) PRNANE (ABS(MODN(H) ) ) sNAME s PUNTT{ IPUNH)

R T o001

READ{(L3+8,END=500,ERR=461) (PR(IY),IY=1,NYEAR)
60 W 442

461 CALL ERROR{$44
Cs3 SET DEFAULT PRIBES HERE NECESSARY
452 CALL HFAIIJ(PRICED:PR)
NPRICE=NPR
NEWPR( WRICEHI!
B0 IV=1,NYEAR
PRICECIYMM)=PR(IY)

IF{YORM.E@. "Y'} THEN
MRITE(L$+879) (IYEARCIY) IY=1,NYEAR)
J=1sNPRICE
NN=NEWPR(])
READ(L1,REC=NN) NMsNAME, IUN
URITE(LS,880) NAME PUNITCIUN+1)» (PRICE(KyNN) 1K=1,NYEAR)

m ¥
ENBIF
Cis READ IN MSIC MTM COST FACTORS

WRITE(LS
READ(LS-M) YORN

TFCYORN.EQ, 'Y’) THEN
WRITE(LS,842)PCLD

S0 WRITE(L4,843) POSD

02
L3:%,END=303) PTI
W03 WRITE(L&y D
READ(LSs %, END=504) PDP
504 WRITE(L6+847) PEAD
READ(LS»8,END=505) PGAP
b HITE(LG;NB) PRID
o
04
08

ﬁ“ $HEND=505) PRI

READ 1 anml FACTOR FOR INVESTMENT (1.,0=DEFAULT)
WRITECLS,856)
m(lr L35, END=508) FLOC

C33 SET DEFAULT VALUES FOR BASIC OPERATING COST FACTORS WHERE NECESSARY
IF(PCL.LT.0s) PEL=PCLD
IF(POS.LT.0.) POS=POSD
IF(PTI.LT.0.) PTI=PTID
IF(PP.LTL0,) pm
IF(PGAP,LT.0,) PGAP=PGAD
TF(PRE,LT,0.) PRI=PRID
IF(FLOC,LT.0,001) FLOC=1,0
Ce2  CALCILATE OPERATING COSTS FOR EACH SELECTED PROCESS MODULE
3 ¥=1,M00
Cs% GET PROCESS DATA
Cﬂ.l. PRMIN(ABS(HONI(H)))

THEN
Car  CHECK T § Ok CONSTANT ¢ PRINTOUT
o IF YEARS WTSIIE DEFAULT RANGE- CURRENT $ PRINTOUT ONLY
et WRITE(LS,881) IYEARD(1) s IYEARD (NYEARD)
READ(LS+3,END=309) IDOL
IF(IDOL \NE.Q) THEN
IFCIDOL, LT.IYEARIJ(I).OR TDOL . GT. IYEARD(NYEARD) ) THEN
WRITE(LS,883)
60_T0 5081
END IF
ENB IF

£ IF
WRITE(L6,872) PROD
READ(L5,822) YORN
Cs$ CHECK FOR OVERRIDE OF MAINT LAB,MATL AND OVERHEAD FACTORS
IFCYORNLEQ. ‘Y*) THEN
i T
183 -
R1 E%vasﬂ) P

READ(LSs %oEND=512) PMMP

310
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12 WRITE(L6,873) PPOP
READ(LS»8+END=514) PPOP
S14 B IF

el IF
C38 5ET DEFAULT CAPACITY IF NO USER-SUPPLIED CAPACITY
520 IF(CAP(M).EQ.0.) THEN

CAPC=CAPD

CAPS=CAPD

ICS=ICUNP

B0 10 (559+349,379,580) ICS
e Cﬂe&l BESIRED CAPACITY TO STANDARD UNITS

CAPS=CAP(N)
ICSS!CW(H)

' }8 5%3%560 $701380) ICI.IP
{ 4541568) ICAPUN
CAPC=BESIRED CAPACITY CONVERTED T0 UNITS USED IN HOMAE

CYR=YEARLY CAPACITY (IN NSTF, MMBTU, LBy OR TONNE)
10_ISSCFD

M;Cs"s;l)

IF(CH.’F’.O.) CAPC=CAP (H)324,/(CF131000.)

(N)SCF2/(USER3SS,)

10 559

CAPC=CAP ()3CF2/433,59

CYR=CAPCE365000+ S0SE

80 10 590

60 TO (362,564:965+568) TCAPUN(H)
COWVERT T0 WTU/MR
W;ﬂ)ﬂM.ﬂllﬂ.
m(ﬁ)
wc-w;mcmcrzl(osm.uo)

CAPC=CAP(N)#LF4/10884.
CYR=CAPCE24, 3345, 30SE

g 10 3%
TO (5729574:576+578) ICAPUN(N)
70 NMLB/YR
g(%zs%.o.) CAPC=CAP(¥)3345,80SE/CF2
U
IFCCF1NE.0.0.,AMB.CF2.ME,0.) CAPC=CAP(N)30SERB,76/(CFISCF2)
80 70 579
ms};ll)
CAPC=CAP(N)BO0SE/1.2427
m 1,84

90 TO (582158415061588) ICAPUN(N)

T0 TONNE/DAY
IF(CF2,0E.0,) CAPC=CAP(N)3433,59/CF2
60 T0 589

g8 99 9 9 9¥8g g ¢ ¢ v¥g gy @ 9 pEEEy

IF(%%E’.O.) CAPC=CAP(M)%10884./CF4
CAPC=UAP(K)$1.2427/0SE
80 10 389
CAPC=CAP(H)
CYR=CAPCE3435,$0SE
IF(CAPC.EQ.0.) THEN
RlTE(LésSSS) CAPSy CAPUNLICS),PROD

WRITE(L6,806
m(L.’»” wmmm«m

3%8 2 ¢

Ce8 CHECK m cmcm 1DE m
IF(CAPC, 6T, wmx OR.CAPL.LT.CAPHIN) THEN
WRITE(LS,837) CN’(II);CW(ICS):CAMIII:WMX-CM(IM)
MRITE(L6,806) CAPD,CAPUN(ICUNP)
(L3s%) CAP(H) ICAPUNCN)
(CAP(N).LT.0.) GO TO 400
60 10 520

Bl IF

ol CN.EAE CONVERSION FACTORS FOR COST PRINTOUTS
C3% CALCULATE G+A FOR PRODUCT MODULE ONLY OR WHEN NEGATIVE NODIRLE CODE
596  IF(MOBN(N).LT.0) THEN

ELSE
L

e IF
CALL COTPERCICUMPYI1:F15F2)
IF(F1,£Q.0.) THEN
WRITE(L4,854) COSTUN(I1)» PROD
HITE(LMW) PROD
READ(LY,D) T

M 1
o mnl lIITII.ITIES CONSUMPTION BASED ON CAPACITY
IF(CAPC,LT.CAPU(I)) THEN
» 9

oy
UTCON( J)=UTCONP( J» 1)

X980
60 T0 595
o IF

WS CONTINUE
MIGQ"Y’E:R FOR VARIABLE COST PRINTOUT

DO_IV=1:NVEAR
IF (IYEARCIY).EQ.IDOL) IVP=IY

EXNSO
3 CALCLATE COSTS FOR EACH YEAR
IFY=IDOL-1980+1
B0 17=1,NYEAR
£33 CALCULATE CURRENTS/CONSTANTS CONVERSION FACTOR
DFAC(IY)=1,
IF(IDOL,NE,O) DFACCIY)=FINF(IY)/FINFI(IFY)
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A ME AT! DALl MATEDYAL Allli nv.mnmwr rdere
WRWABIL R MIiLRIM. 21T NIRA 1 CIE ]

CALL NATL(TY, TYP+ABS (HODH(K)))
TE LABOR COSTS

CALL LABOR(IY)
CALCULATE UTILITY COSTS
CALL UTILTY(IYsIYP)
CALCULATE IWES"ENT RELATED COSTS AND OP COSTS
CALL TWCAL(IY

ENDDD

3% PRINT DUT OPERATING COST TABLE
CALL PCOST(ABS(MBN(H)))

e SI%(HMT VM.!! FDR FUTURE USE

HYEM
css cmm PRICE T0 UNITS USED IN PROCESS NODULES
PRICE (1Y, NPROD)=PU(IY) /(F18F2)

£ If
WRITE(L6+858) PRNAME(ABS(MOBN(H)))
ENSDO

88 FORMATS-—-——
800 FORMAT{///»’ WELCUME TO THE SYNCOST PROGRAM FOR ESTIMATING COSTS'»

170" 0F SINTIESIS GASES, CARDON OKGLILE, HTIROGEN AMD HETHANOL. "
2/+* ALL CONSUNPTIONS AND COSTS ARE EXPRESSED ON A
Y hin BSIS. /2" ABTTIONAL INEORNATION ABOUT THE' »
4. PROCESSED MAY B PO, /* IN ST INTERMATIONL PROCESS '
r%?‘“ REhe
o0t m’%éro%‘t’ s : ‘%3}%?&5' 3-VAC, RESIDUE? *)
[} * ’
o mﬁ Gb. PROMCT HODET 7y oAIN')
B4 FURMT(: @9, LIST TNTEREDIATE MIDLEST(Y OR 10 1)
805 FORMAT(’ G2, LIST AVAILABLE ODULES (Y OR N)? )
FRATC Gat15). ENIER CAPRCITT, FOLLONCY BT UNTT COEFAULT! *»
R e, 25MBTU/Ry JLD/TR, A<TOE/IAD! *)
y y y 4= -
807 FORMAT(’ SHMNIT ERROR-PLEASE REENTER')
FORMT(: 10, TNTERIEDIATE HOMAE?
FORNAT(* @5, WHICH YEARS?
60 FURATC o4, nmo)tr YEARS FOR WHICH ESTIMTES ARE T0 BE's

CALCULATED(MAX
811 FORMAT(/’ 018, "»As’ PMI:ES’vh HYDROGEN COPRODUCT.’»
1’  PLEASE ENTER THE VALUES FOR THE SELECTED YEARS FOR‘s/»
mm' IN "9f9’ OF NE
(BEFALY

MSC%IEA{ISE% DTERHISE)" )
812 FORNAT(’ 014, N YOU WISH TO ENTER UNIT COST DATA FOR THE ')
813 IFM T 0 IIKXES') 1/)
814 FMT(’ 019. LIST NEWY mm PR!CES"(Y RN )
. 0143, LABOR COST

mm( Q14D-K, ‘s8¢’ CDSTv PREBEDED BY COST UNITS»")
gg FMT(;)OMC. INFLATION FACTOR?'s/)

840 FORMAT(’ G20, DO YOU WISH TO ENTER BASIC OPERATING COST FACTORS?'»

raYmmn )

842 FORIAT ROL L4B LABOR, 20 LABOR (DEFALLT="yF5.201)1 ')
845 FoRei(” uzon mmm  SUPPLIES, Z0° LABDR (DEFALLT="F3:2/)7")
BAS FIRMAT(" AES WO INSIRAICE, TIFC (BEFALT="f5,2:°57 )

844 FORMAT(’ m. WIECIM’!N: 2IFC (IEFMLT":FS.Z )
847 FORMAT(’ Q20E. GlAsS)Re X PRODUCT VALUE BEFAULT"':FSJ:')" !
848 FORMAT(’ Q20F, ROI( m—mn ZTFC (DEFALLT='+F5.20°)7 ‘)
849 FORMAT(’ 016, BO YOU WISH TO ENTER RAW MATERIAL COSTS"(Y R N) ‘)
830 FORMAT(' 017, ENTER NATERIAL CODE, UMIT,» PRICES FOR THE SELECTED',
17 YEARS:‘y/y' (TYPE / TO END)‘4/)
831 FORMAT(’ THE FOLLOVING UNITS MAY BE USED: '+/s
1’ 0=8y 13C/LBy 3=C/NBCFs 6=$/WHMBTU» 7=0/TONNE, 8=9/WM3‘)
FMT(' ?%2. TYI’E OF PRINTOUT DESIRED, (O=FULL, 1-ABBREVIATED,

m 1{//s’ m. COST UNITS FOR ‘vAs’-’+/y
1’ (1=C/HSCFy 2=4/MBTU; 3=C/LB, 44/TM! J=$/M3s ¢

2e/y!  628/TON-CAL )
A7’y m BE /
M* yv/y

855 FORMAT(/»’ SMTHE SELECTED MCITY *1F10420A8s ‘CANNOT BE')
1/’ CALCULATED FROM THE PROCESS DATA FOR ‘sAs/s’ PLEASE 'y

SELECT B UNITS, *)
856 lljm(n&"_ gzgs. LMTIM FACTOR FOR INVEGTMENT DATA'»
857 FORMAT(’ S4THE SEl.ECTElI CAPACITY ‘9F10,2/A8s’ IS (I.ITSIBE THE’
1/ ALLOWADLE RAMBE’¢/y4Xs ‘OF' vFlOch"'vFIOoZ! ABy/
2' REENTER CAPACITY DELOW OR TYPE -1..0 TO SKIP THIS PROCESS. *)
m FORMAT(’ CALCILATIONS COMPLETE FOR M
859 FORMATC’ SMTIE SELECTED PRICE UNITS ‘sAs’ FOR MATERIAL /»
1135/4Xs ‘CANNOT BE CONVERTED TO THE UNITS USED BY THE ’»
2'PROCESS NOMILE (’vﬁv'l'vMXv'PLEASE REENTER PRICE MTA.
950 FORMAT(’ @13, LIST DEFAULT UNIT COST VALUES?(Y OR N)
861 FORMAT(/’ DEFAIRLT VALUES: ‘»/8Xr10(X6,1X) 9 /11Xs10( ' ———-* 13X))

862 FORNATC’ COST Im:'vh’ 80-897280F7+1s/0  90-99'+10F7.1s
1y 00~01'92F7,1)
8563 FURMAT(’ WAGEy $/HR:‘»/y’  BO-89°910F7.2¢/¢' N-99'+10F7.2y
10 00~01'127.2)
80-89'210F7:2v/¢*  90-99'210F7.2»

84 FMT(IXMI.'” y “ofe/y’
Uy’ 127.2)

1
865 FURNAT(’ 013. LIST RAN MATERIAL CODES AND PRICEST(Y OR N) )
866 Fw; }x.!z.ﬂm.'.'.m-h 80-89/510F7.2¢/+°  90-99y
(Y41}
849 FORMAT(/’' RAN MATERIAL CODES AMND EFMIJ PRICES:‘»
umx.xo(u.:x),mx.xo('—-- 13X
870 FORMAT(A:'?y/)
871 FORMAT(' 07, M BASE CASE» WITH IEFMI.T VALLES FOR ALL’y
17° WODULES IN MESS SEQUENCE (Y OR M)? ‘)
.77] FMT(' @23, WBIIIE NTENMEE U\Mv MATERIAL AND OVERHERD '»
L'FACTORS /s’  FOR ‘ofs’ (Y OR DT )
FORMAT(* 0230. HAINTENANCE LABORy ZBLI (DEFAULT=yF5.2¢°)7 /)

074 FORMAT(“ » NAINTENANCE M s ZBLI (DEFAULT='+F5,297)? ‘)

875 FORMAT(' PI.MT 1 TOTAL LABOR (DEFAULT="+F5:247)7")
876 FMT(’ cnnc. UNIVs PRICES?

877 03, DO YOU WISH YOUR YEAR: WAGE, UTILITY LOST»"»

FORMAY( 10 I!SE
1° BASIC 0P COST FACTORS AND‘s/‘  RAW MATERIAL PRICE DATA'»
2' ENTERED FOR THE PREVIDUS PROCESS SEQUENCE? (YR N) /)
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878 FORNAT(’ NATURAL GAS FUEL COST MAY BE ENTERED LATER—',
17 AS RAU NATERIAL #17/y/1X)
879 FORMAT(34X,1019)
880 FORMAT(1XsA245A11y2Xy10(F7.2,2X))
881 FORMAT!' @22, PRINT COSTS IN CURRENT § (DEFAULT, TYPE/) OR‘»
1’ IN CONSTANT $ (ENTER YEAR}?'+/)
2 (YEAR WUST BE WITHIN RANGE 'sI4s'-'+1427))
FORMATC' INFLATION FACTORE'»/o°  80-89'210F7.3:/»'  90-99',
110F7.30/0°  00-01'»2F7,3)
US FORNAT(‘ M CANNOT CAL CII.ME CONSTANT ¢ FOR ’114)
884 FORMAT(' WOTE: THE SELECTED ‘y14y’ IS OUTSIDE TIE
1’ BEFAILY RANGE.')/’ YOU MUS NTE LOST IN]IEX: LABOR
2'RATEs UTILITIES D m MTERIAI. COSTS BELOW')
1000 CI.NE(L 1STATUS="DELETE ")
W(LZ:STMU!‘F DELETE’)

g8

SUDROUTINE CONVERT (NIN»MNOUT»#» IERR)
CONVERSION FACTOR TO CONVERT INPUT PRICE UNITS(NIN) T0
1=C/LBy 2=C/KGy 3=C/MSCFy 4=C/K3y S=C/WGAL) &=$/MNBTU»
7=8/TONNE; 8=$/MMN3y 9=8/MLB» 10=8/TON-CAL
T"LII“A WITS(“@J& APPROPRIATE FACTOR
THENS TON FﬁCl’(lOﬂ
DIMENSION A(10)

COMNON/ YEARS/NYEAR IYEAR(10)

”Iﬁ FMT/IO 1202046!4”0’22 MPOO 110, !00!0‘5“110 MlOnlO. IOH
14. +2149403732613804 1. 37326+ 11093,
2100!”0’02“2!10!2‘0"2 “2!7“0!10!3'00'0003 685!0045““1!4‘0”
3’."0" .453613‘0.92.67881.11.3735412”.!1.!210.“11.220461410.7

2046'0.-1.’630.-31.

42, s1ls/
tn !mliﬂﬂ! INTEGER mmm 10 INPUT/OUTPUT UNITS

IF(NIN.EQ.0) THEN
IERR=2
RETURN

END IF

IF(NIN.EQ.NOUT) THEN
RETURN

o 1IF

C82 FLAG ERROR
TF(NOUT EQ.0) THEN
IERR=1

g8 Sﬁg

en IF

K=NOUT+108(NIN-1)

FACTOR=FACT(K)

IF(FACTOR.EG.0.) THEN
TERR=2

If
I=1,NYEAR
A(1)=FACTORRACI)
ENDDO

8858888383 g8

100
tn

SUBROUTINE CSTPER(N1:N2,F1,F2)
CONVERT COST T0 REQUESTED UNITS
NisUNITS IN R(I:ESS HODULE
N2=REQUESTE

D N
FoHSLE s 2T 3=LBy A<TOMIE, SeHNKG) 6T 7oKE
F1CONSUNPTION CONERSION FACTOR * GTON-CAL, 7Ky
F2=COST COWVERSION FACTOR

DAT/CAPBy ICUNPsPCIPsNIsBLIP;BLAyBLB
1 'eafcaﬂfg'm@*‘ses@%‘m**"*ﬁ'm;?&é?éé'ﬁiﬁgg"“’
? ¥
manmcomnurmé,;):wﬁ i '

mm

10%

120

130
10

170

IF(CF1.ME.0.) F1=1,/CF)
F2=0.01

F1=CF2¢0,001
RETURN
F1=2,20483CF2
F2=

F1=37,326
F2=

0,01

B ME.0.) Fie.003988/0F1
F220,00

RETURN
Fgm.mﬁﬂ
Fi=0,

RETURN
200 10 (21052205230 240
R R an’ m‘iw 1240025002601 270+ 280)N2

210 Fi=CFi
RETURN

Fi=1,
F2s0,01
TURN

F1=CF1¥CF280.00
RETURN
Fl=,00220463CFA
F2=0,01

RETURN



861

=i
=3
L]

g 3

2§

L

F1=CF1837,326
0t

Fi=,003948

F2=0.01

RETURN

F1=CF18CF28.00220438

RETURN

Fl;‘lﬁﬁétﬁWO

60 T0 (310y320,330,340+ 35013505370, 380002
CONVERT FRON LB

TF(CF2.ME.0.) F1=1000,/CF2

RETURN

JF(CFISCF2.ME0.) F1=1000./(CF13CF2)

¢

Hi=l,
RETURN
F1=2204,4
5?0.01

TURN
IF(CF2.NE.0.) F1=37326,/CF2
F2=0

RETURN
IFICFISCF2,ME/0,) F1=3,968/(CF1X(F2)

n-z.msa
RETURN
Fi=CF3
B (410742054301 401 4501 460> 470, 480) 2
|

| 4 Tm'mi ? 14 1] y ?
TR ) T, 45359/CF2

IF(CFA.NE.0.) F1=453,597/CFA
£2:0,01

RETUR
IF(CF2,NE.0.) F1215,931/CF2
£2=0.01

F1=1,7999/CF4
F2=0.01

RETURN
F1=0.001

RETURN
480 F1=CF3/2204.6
RETURN
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838888 8

SUBROUTINE DATAF
READ IN AND SET UP FOR BIRECT ACCESS MATERIAL PRICE FILE AND

PROCESS MODULE DATA FILE
UNIT L1=MATERIAL PRICE FILE (DIRECT ACCESS)
HDIII.E“ lll;“ﬁ'}-“ FILE (DIRECT ACCESS)

UMIT L3= PROCESS
UNIT L4= PRICE DATA
m-THLEIMO!TITLEZMO!PNMM:CAPUN(4)t8;

1PRNAME (40) 840, PRCAP(40) 821 s PROCESSEB0
PINENSION PRICENZZ)vMT(S)vCONS(S)vUTCONP(?vS)1HUN(B)vCﬁPU(3)
19L2sL 3014215914117+ IPFLAG
AULT/NYEARD PCIII(ﬂ)rUAGEII(Z?)vFINFNZZ)
mnm.nnmmom.unw(
COMMON/YEARS/NYEAR IYEAR( 1 0)|IYEARD(22)1!DOL!IIFQC(10)

CHAR/PRNANE s PRCAP

A_CAPUN/ " NHSCFD’ » ' MNBTU/HR' » ' MMLB/YR' » ' TBNNE/D'/
m IN DEFMLT BATA
REAB(L4:3) NYEARD
Eﬂ(ﬂnl) (IYEARD(IY)» I¥=1,NYEARD)

(L4s%) MMAME: (PCID( (1)1 1Y=1,NYEARD)
IED(H: ) MNAME, (FINFD(IY)»1Y=1,NYEARD)
READ(LA»%) NNANE, (WAGED(IY))IV=1,NYEARD)

0 IU=1,9
READ(LA»8) MNANE,» (UTILD(IY,IU)»IV=1,NYEARD)
READ IN MATERIAL PRICES

B 1=1,22
PRICED(1)20,
ENDDO

READ(LA»2,END=90) MATNO,NNANE, IPRUN, PRICED

CREATE BIRECT ACCESS RECORD OF PRICE DATA
:lTE(leREC-‘MTNO) MATND MNAME » IPRUN» PRICED
oL

X4
E'BTCM(J,IM.

i

CFé4=0,
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120

200
2

n
(= 1)
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s
TITLEL=" *
TITLE2=" '

READ IN PROCESS DATA FROW UMIT L3
m«umw—zoo NREC
READ(L3,8) TITLEL
READ(L3,X) TITLE?
WES#TITLEI(IHO)/’/' *J/TITLE2(1139)

IFIMSS(I 1).E0.° '.W.PROCESS(IM‘H!).EG.' ) THEN
mc%ss I3K)=PROCESS(1$13K)//*

IF(K.6T.1) GO 10 110
el IF
£)N8D0
PRNAME (NREC)=PROCESS (1 :60)
READ(L3s8) PCIPsNI,BLIP/BLAsBLBsBLCsBLD
(L3:8)TECPyTCA/TCB: TCCH TCED
(%36‘) ICUNPsCAPB » OSE ,EQMETH
y
REAB(LIsB) MAT(J),CONSCJ) s MUN(J)
TF(NAT(J).EQ.999) 60 TO 120
WAT=J
ENDD0
E‘lll(lili" TOP»NLS sPHLP » PIHP , PPOP
=1y
&NU'" CAPUCT) » (UTCONP(Js 1) s J=1,9)
L3:8) m:mlﬁllmlﬁ:ilﬁhcwl;m’mrwn

RITE(M(HEC) 12) CAPHINSCAPMAX
CREATE DIRECT-ACCESS RECORD

20N(J)9J=1+8) y TOP2 LS o PHLP s PHHP ,PPOP  CAPUS { (UTCONP{Js I}
351%);3;1.3),m.m.m yCF2,CF3+CF4,CAPKIN CAPHAX

RETURN
FORMAT(F6.01 "~ 1F5.01AB)
12 ]

OF PROCESS DATA
RITE(H!IEC#IEC)TIMI!TlTLEZvPCIPle!DUP!N.A!BLB!BLC;BLD;TFCP:
1TCA+TCBy TCCo TCD» ICUNP» CAPD» CAPB+ OSE s EGHETH NMAT » (MAT (J) s CONS( J) s

s PR
M lw.l.z.u,u rl..')vl.é oL

}
3
"]
=

SUSROUTIMNE DEFALLT(A:B)
A=BEFAULT DATA ARRAY(FUNCTION OF 1980-2001)

B=0UTPUT ARRAY(FUNCTION OF USER-SELECTED YEARS)

FILL IN M'I'A IN ARRAY B FRON DEFAULT DATA (ARRAY A) AS

AFUNCTION OF YEAR

llﬂSlM A(22),B(1
ARSIIYEM:!YEM(!O):!YEARII(H)rIMLsN'AC(lO)

n I¥=1,NYEAR
IVY=IYEAR(IY)-1YEARD(1)41
IF(B{IY).LT.0.0) B(IY)=ALIYY)

SUSROUTINE
m l!LZ!IJ!I.MLS!LhIJ!IPFLAG

d.mw #HIDATA ENTRY ERROR-PLEASE REENTER LINE‘s/s* ?')

SUBROUTINE FPLIST(N)
IATE NMODLES

BIMENGION LST(2,40
CHARACTER PM(W)M'PRCAP(MNZI
COMHON/CHAR

/PRNANE »

DATA LST/090401002810+1210191285010501010+0528+0+0+0,
1125090+01000+0+01125021290:145051450713705102010+0+0+0+
2010!0!0!14:010!0!13!01010!2“0/

ITE(L621) PRNAME(N

I=1
lF(LST(lvN).EG.O) THEN
URITE(L6»3

e 1
Y II'ILE (LST(IsN) NE.O)
MN=LST(IsN)
RH{(L&?) 14> PRNANE (NN) » PRCAP (NN)

RETURN

FORMAT (XA /3X» ‘REQUIRED INTERMEDIATE MODULES:')
FORMAT(3X2 129 '=" 9As/53Xs ' {280 ") ")
Egﬂl('i'd v/NOME’ )

38 CALCUATE 1 IMSTIENTI INVESTRENT-RELATED COSTS AND
C88 PROGUCT ’

WEARSINYEM IVEAR
MIYMTIPRICE(IOvSO)pPCI(IO)sUABE(IO)
CONMON/CAPCTY/CAPC,CYR
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mvmfcﬁ'ilzwigm?srﬁ{oﬁmm THN(10), TTL(10)
1TCL(10)PO(10)sROT(10)sRHC(10),UTC(10)5 TOS(10)PUC10) 1BPL(10)
2.muo).m.r1.rz.umo;;r;tlz(m;um%(m i
?
R bt M A e AL e o
2 [PHNCR) (S + CF A CAPHIN) CAPHAX FLOC) EOMETH
3)sUTCON(9) o UTCONP(9+3) 1 CAPD

=mc/cm
MI(IY)MIP
Cx2 INVESTMENT IN Mts

C1x SCALE IMSMT T0 DESIRED CAPACITY AND COST INDEX
Cex GOTO APPROPRIATE INVESTMENT VS. CAPACITY ALGORITHM

G0 T0 (100,200,300)N1
C#8 COAL CASES
100 IF(M.LE WB TlE
NVESTHENT VS,

JRB_ORDER F Y
ll(lY)-(I.MCAPC!(H.MAPﬂ(BLC APCIBLD) ) )3R2
TFC(IY)=(TCAHCAPCR{ TCRHCAPCR(TCCHTAPCRTCD) ) )¥R2

RICIY)=(R1880,95)3BLIPER2
OFF=R28(TFLP-BLIP) X (R13%0.75)
J%"Fll(“)w“

TCEU=0.9
IF{CAPC.GT,CAPB) 60 TD 10
ERCAP=EQMETHSCAPC

C8% 38D ORDER FIT OF INVEST/BASE INVEST VS, EQUIVALENT METHANOL CAPACITY
CF=,075884EQCAPX (5, J99E-A1EQCAPS(EQCAFX1, 910E-11-1,161E-7))
BLICTY)=CFABLIPYR2
TFCLIY)=CFRTFCPIR2
60 10 40
BLEU=BL

TCED=TCA
IF(CAPC-CAFB) 30+20,10
IRESTMENT SCALED VIA CAPACITY EXPONENT

SCALE
BLICIY)=(R1SSBLEU)SBLIPIR2
TFC(IY)=(RIASTCEV) STFCPAR2
80 10 40
LICIY)sBLIPEIR2
TFCLIY)=TFCPIR2
60 10 &

SCALE DOWN
BLICIY)=(R1EABLED)SBLIPSR2
TFCCIY )=(RIXRTCED)KTFCPER2

CALCULATE BEPRECIATION

ACTOR=F 18F2

=8B
s

828 o8 =
§"’I
[ ]

NVESTHENTS
BLI(IY)=0, 1SAINT(FLOCSBLI(IY)210,10,5)

Cas 634y

C3% CALCULATE

TFC(1Y)=0, ASAINT(FLOCRTFC(IY)210,10.5)
BEP(IY)=ROUND(FACTORSPBPSTFC(IV)$1,E6/CYR)
T AMD INSURANCE

AXES

TI(IT)M(FMTWTHTFC(IY)H.EUCYR)
NAINTENANCE LABOR AND MAINTENANCE MATERIAL

M(IY)W(FACTWIIL"BLI(IY)H.Eé/CYR)

THR(IY)=ROUNDCFACTORSPIMPEBLI (1Y)21,E46/CYR)

TOIAL m

TILOIY)=TOL(IV)4TCL(IYV)HTHL(IV)

PLANT OVE

RHEAD
POCIY)=ROUND(PPOPR0. 018TTL(IY))

RETURN ON INVESTMENT
- ROT(TY)=RIUMB(FACTORSPRISTFC(IY)21.E8/CYR)

COST=RNCCIY)#TTLCIY)4UTC(IY)+TIMCIV)+TCS(IYV)+POCIN)E
1ROICIY)4DEPCIY)4TI(IY)

SALES, RESEARCH
uv%w(wuoo-mnmsn
PUIY)=(OSTH6ACTY) +BPC(TY)
=

SUBROUTINE LABOR(IY)

LABOR AND LABOR-RELATED COSTS
COMNON/YBAT/PRICE (10, 50)yPCI(10) /WABE (10)
mm:mmx.ms-m-m
wmnm
CONNON/OPCDST /64 )1”(10)!“(10)11’1(10)vTM(

lm(“)vm(m)lml(lmIR”C(IO)vUTC(lO)vTﬂS(lO)

2¢TOL(10)» TOPR,F1+F2,BLI(10), TFC(10) »NBP+PRN1(10)
CONNON/PRDAT/CAPB» ICUNP sPCIP NI o BLIPy BLAs BLB,BLC » BLD, TFCP,OSEsNLS)
1TCA2 TCB: TCCy TCD, MMAT 1 MAT (B) yCONS(8) » TOP s NPROD, PHLP , PNNP  PPOP

Zimw)r"(a)!CF!!CFbCﬂrCHvCAP”INvChPMXvFLDC;EﬂHETHr

JCAPU(3 M(9)9m(9’3 1CAP

SCALE m OPERATORS TO ESIRED CAPACITY
IF(IY.EQ.1) THEN

TOPR=0,
60 TO (10520030,40,50) MLSH1

0)9TTL(10),
PY(10),BPC(10)

€33 NAT GAS AND RESID

B 28 <8 =B

TOPR=TOP
IF(CAPC,6T,CAPB) TOPR=AINTCTOPS(CAPC/CAPB) 30,9540, 5)
80 T0 40
C=,0018CAPC
TOPRAINT18,30PACA (1, K61CK AZ5-CR01271))
SYNGAS FRON COAL
C=CAPC
TOPR=AINT13, LICR 02546401, BIE-H4CH1 412E-)))
PETIAML FRON COAL STHGAS
aaénraawcs.am(-.mm(.4174-&.0209)))
NHYDROGEN FRON COAL
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50  C=CAPC
Eﬂ%ﬂﬁlﬂ(ﬂo%ﬂ( 033240847, 97E-71031, 353€-8) )
(38 OPERATING LABOR
80  TOLUTY)Y=ROUND(F1AF 23 TOPROUAGE (1Y)4876000./CYR)
CONTROL TORY
- TCL{IY)=ROUND(PCLETOL (1Y)$0.01)

OPERATING SUPPLIES
TOS(1Y)=ROUND(POSSTOL(1Y130.01)
RETURN

%

cs
SUBROUTINE MATL(1YyIYPsMN)
CS2 GET MATERIAL PRICES AND CALCULATE MATERTAL-RELATED COSTS

DINENSION COST(S)
CHARACTER NNAME (8 W(B)l?vCOSTIﬂ(S)ﬂvPIMIT(H”7
vCﬂ'lllH)!SrTlTLElMO:TITLEZ"O: PUNS7,PRODS1 4, PUNIL X7

LOGICAL IPRNT

mlmluvL2yL39L41L5nL69L7vIPFLAG

COMMON/YEARS/NYEAR IYEAR(1 YEMD(ZZ);IM:BFAC(N)
MIYMT/PRICE(W-SO):PC!(IO):UAGE
CONMON/CAPCTY/CAPC,CYR I1,CAPS, 1CS
COMMON/OPCOST/GA(10)DEP{10), TI(10),THL{10) , THH{10)» TTL(10)
ll’l:l.(lO)vPO(lO)vNI(lO)-M(IO)nUTC(lO)pTOS(lO)rPV(lO):lPC(lO)
2, T0L(10) s TOPR:F1/F2,BLI(10)» TFC(10) - NBP,PRN1(10)
COMMON/PRDAT/CAPD: 1

Pﬂ?l 1+BLIPBLAsBLEsBLCsBLD, TFCPs0SEsMLSy

nca.m.lcmcn.mr.mm.cousm).m.mnn.mmpmp,mp
2-1”(0 sM(8)5CF1sCF25CF 35 CF4s CAPHINy CAPNAX FLOC s EQNETH
SCAPULS .urculm,mmw 3)2CAPD

COMMOM/PCHAR/HNANE » T m.EloTITLEZnPRDD:WT:PUNITvCOSTUNrCAPUN

IPRNT=\FALSE,
IF(IY.EQ, IYP.AND, IPFLAG.EQ.0) IPRNT=,TRUE.
ey
BPC(1Y)=0,
RNC(1Y)=0,
Cs% PRINT OUT %ILE COST SUMHARY TABRLE

IFCIPRAT)
WRITE(L79) TITLE1sMMy TITLED,CAPS:CAPUN(ICS
WRITE(L791) IYEARCIYP), UNOGUT(I1)sCOSTUNCI l

ENDIF
C32 CALCULATE MATERIAL AND BY-PRODUCT COSTS
D0 J=1,MMAT

HATNO=NAT())
(=] MT ¢ TO CENTS IF WECESSARY TO GET COST IN CENTS

F3=1,
IF(IM(J).GT 3) F3=100,
COBT(J)=ROUNB(F mtcﬂmmm)munﬂ)

)]
TF(MM(J) JNE.O) THEN
C88 CONVERT UNIT PRICE TO $ IF NECESSARY FOR PRINTOUT
PRICEP=PRICE{IYFsNATNO)
PRICEN=PRICE(IY,MAT(1))
PUNSPUNIT({ IPRUN(J)+1)
IF(PUNC11) EQ. "C’ JAND PRICE (1,HATNO) 6T, 99.99) THEN

s PRINT

PRICEP=PRICEP20,01
IF(),EQ.1) PRICEN-PRICENS0.01
PUN{121)="8’

e IF
STORE MAJOR M'IERI%&RICE FOR SUMNARY PRINTOUY

IF{J,EQ. 1)

PRN1(TY)=PRICEN

IF(IY.EQ.1) WRITE(PUNM1»10)PUN
ea IF

FORMAT(A)
IFCIPRNT) WRITE(L7:2) MNAME(J)sPRICEP,PUN)CONS(J)SF1,COST(J)

FCIPRNT) URITE(L7:3) HNAME(J)+COST(J)
E.n'{.rl.!ﬂ.l) PRN1(IY)=0,

REC(IYV)=RHC(IY)4COSTLJ)
BPCIY)=BPC(IYMLOST())
NIP=NIPIL
IF
ENDBO
IF(IMT) WRITE(L7,4) RHC(IYP)
OUT BY-PRODUCT COSTS FOR YEAR IYP
IFCIPRNT . AMDMBP.NE.0) THEN
RITEL7)S)

J=1 M0
IF(CONS(J]) LT, 0.) THEN
IF (RN )  NE

+0) THEN
C33 COMVERT %T PRICE T0 S IF "DA;CES‘.)EMY FOR PRINTOUT

e

VO AN

CEP=PRICE(IYP
PUN=PUNIT{IPRUN(.})+1)
IF(PUN(1:1) ,£Q. ‘C’ ,AND.PRICEP.GT.99.99) THEN
PRICEP=PRICEP$0.01
PUNC1:1)="8’
el IF

IFCIPRNT) WRITE(L716) WNAME(J),PRICEP/PUN

1 7 ADSICONS{ J)F1),ARS(LOST(J))

ELSE
IFCIPRNT) WRITE(L7,7) MNAME(J)sABS(COST(J))
Bl IF
El IF
2 )
IF CIPRNT . AND, NBP .GE. 1) WRITE(L7,8) ABS(BPC(IYP))

anl'xﬂmmu.[ CosT m FOR !Ih/l‘ZX:'CONWTIM':
T COST’ ySXs‘PER ‘9A793Xs879/29%y ' ====—====' 1 4)»

2' ‘98X’ ‘of/v' RAW MATERIALS')

FORMAT(3X9A200 4% 1F 8,207 3X2FB1416X1F7,2)
FORMAT(3X 1420, 33%,F8,2)

mr(sn.' ....... :/57le7o2)
FORMAT(/+’ BY PRODUCTS
qun!mMXvFé.L’vﬁ?!?Xv'('vFﬂ.M')'MXU'( 17:24°)")
FORNA M?Ormr 5'%2; 2 )

FORMAT( 1F8:2¢")')
mum.m.sx,'(mm "9121"'1/“!“0!//“!”0 211Xs88://)
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)
P N ACL eATIVE CONIMPTIONS 08 COSTS
nncusmu N A(10)
COMNON/YEARS/NYEAR: IYEAR(10)
CHARACTER AC(1089
B0 1721, NYEAR
ATV )=* '
VRITE(ACCIY) 11 ABSIACIY))
TFGACTY) LT 04) THEM
=2
D0 M=2s4
TECLIY (KR BB, *) N1
0.2 T
AL e 218y
BLSE
H_:(!":ﬂ:ﬂ”“'m—m//'('//M(IY)(M'B)//')'
en IF
o9 IF
ENDO0
RET
(4,1}
SUBROUTINE PLOST (MM
PRI UL PERATING CUST TAMLE. -

CHARACTER ULINE$20:COSTUN(BIR7 /HNANE (81520 PUNIT(11)87 UNDUT (B)%7
1.11M1m,mu—:2t§oywwmxs.mm.mmm, CCi10)s9

LosL7/IPFLAB
e
T/PRICE
CONO/PERCNT/PCL1PDP, PT1+PUS: PRI PEA
WWIMHHLHHHLNWKUWWU sFUNL T ILUD
1' PR T4 _NADRD_TRE
'Wa‘ii‘ﬁwﬁﬁﬁmiiiw.m.m.nu:.nw.rrcr.oss,ms.
1TCA, T00, TOE, TOR. MMAT  KAT (8) . CONS(B) » TOPy 1 PHNF s PPOP

2, IPRUN(S) »MN(8) ICﬂvCFZ'mvCFMCAPHIN!C“PHRX!FLW!EMETH:

ICAPU(3) s UTEON( D) JUTCONP(9+ 3) 1 CAPD
/6A(10),DEP(103,T1(10) yTHL(10)

nn- n | 1- M‘!'lll ~ARI

FUNILIFUN

COMNON/OPCOST TAREI0)S TTL(10)
ATCL0 PO LG RO UTCAIC) T gggw( 0)+BPC(10)
LPTULVIVIY IUFRIT LT OIDLA VAV ITULUIV/ IRDY FFRITI VAV

LOGICAL IPRNT

PINENSTON COST(10),700ST(10)

88 SET UP PRINTOUT CONTROL
AT 2) IPRNT=,TRIE
WRITE(L7:22) TITLELsMNy TITLE2,CAPSICAPUN(ICS)
J WRIIELOYZU/ TLWL

IFAFLOCIRE 140
IFCIDOL . NE .

ELSE
IIITE(IJ:!O)

lltll!(l.?vl) {IYEARCIY)+IV=1,NYEAR)
SRITE(ULINE,2) NYE

Lo TRANE -nv..-nmnl

NRITE(L7,24)
R“E(L7123) (BLICIY)SDFAC(IY) » IV=1,NYEAR)

URITE(L7524) (TFC(IY)SDFAC(IY), Y=
ARITE(LY28) (LS (Yoo roy oA NTEAR)

8
-l
Iy
Pl

i
-E

=3
et
Cl -na
o b
_‘
=
o

)=UTC( IV)SDFAC(IY)
Co% PRINT UTILITIES WSTS

PAREN(CDOL »CT
WRITE(L7:6) (CECTTY» [Y=1oNYEAR)
(Y PLAIY 4T
WITC(IY))
TCOST(IY)=COST(IV) $TFACCIN

E i!g

[~
-
=
g

~.."":"
—I

ILINE)
&S%CDST( I¥)+1¥=1,NYEAR)

v8) TOPRs (TOL(IY)SDFAC(IY) s IY=1,NYEAR)

v! PM:(TK(IY)!DFAC(IY)sIY-lsNYEM)
110} FLLIUILLALT IRPrALULT ) 9 1T=1 s NYEAR)

mﬁ%}m (IPATEL TV MAORACIY)

s PRINT WERM’IE SUPPLIES» MAINTEMANCE MATERIALS COSTS

4 TODMT

8
3
=55
gaa

ﬁ‘“!i
Amim

l!s

5%

.r.""'
ANy Py, iny,
e
*J\l\]

.i?é

lE
MRITE(L7¢11) (COST(IY),IV=1,NYEAD)

T=afRinie s

WRITECL7:12) PHAP, (THHCIY)SDF, =
mmu:m PUSy (108 CIY) SR BE LTy L et EAR)

W.!!E!:!!Eﬂ
COST{IV)=(

HWS(IY))WAC(IY)

19 (PRALCIV)SDFACIIY),
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TCOST (IV)=TCOST(IYMLCAST(IY)

ENDDO
PRINT PLANT OVERHEAD» TAXEG+ INSUR, AND DEPRECIATION COSTS
IFCIPRNT) THEN
WRITE(L79ULINE)
WRITE(L?,14) (COST(IY)sIY=1,NYEAR)
WRITE(L7,13) PPOPy (POCIY)SDFAC(IY) o IY=1,NYEAR)
RlTE(L?vlb) PTI(TI{IY)SDFAC(IY)»IY=1,NYEAR)
WRITE(L7,17) PDP:(W(IYNDFAC(!Y):IY-I:NYEAR)
JH_E(I. »ULINE

DO _IV=1,NYEAR
COST(IV)=(POCIY)+TI(IY)4DEP(IY))RDFAC(IY)
TCOST(IY)=TCOST(IY}4LOST(IY)

IFCIPRAT) THEN
WRITE(L7y14) (COST(IY)sIY=19NYEAR)
CALL PAREW(TCOST,CC)
mﬁqf Lh18) (CC(IV):IY'I;NYEAR)
IF(m.!.O.)RITE(le?) PEA» (BACTY)SDFAC(IY) s IY=1,NYEAR)
PRINT RETURN ON INVESTMENT

WRITE(L7:20) PRI»(ROI(IY)SDFAC(IY)yIY=1)NYEAR)
E'HIEE(UM.HE)

D0 IY=1,NYEAR
%(IY)W(IY)!IFAC(XY)

m(m.cc)
PRINT PRODUCT YALUE
ﬂlﬁ(l?ﬁl) COSTUN(I1)» (CCIY)»IV=1,NYEAR)

t(/mx,tom.sxn
Ut )
FORMAT(//* FROMTION COSTs o)

FORMAT(/»’ RMY MTERIN.S'vZOXvIOF?.Z)

FORMAY(‘  BY-PRODUCT CREDIT’(17X M?)

FORMAT(’ INPORTED UTILITIES’;IéX:IOA

FORMAT( VARIABLE COSTS's16X»10F9,2)

FORMAT(/»* OPERATING LABOR(’sF5.1s'/SHIFT)’sSKs10F9,:2)
FORMAT("  MAINTENANCE LABOR(‘/F3.1,'2 BLI)'»8Xy 10F9,2)
FORMAT{/ LAB LABOR('y LAMR 110F%.2)
FORMAT(* TOTAL DIRECY LABOR’:IZX; 0F9.

FORNAT(/»’ MAINTENANCE MATERIALS('F3, h’l BLI) 72X 10F9,2
FORMAT(’ OPERATING SUPPLIES('sF4.1,‘20P LABOR)‘»10F9.2)
FORMAT(35Xs10F9,2)
FMT(h PLANT MM(’;H.INZ TOTAL LABOR)*+10F9.2)
FORMAT(’  TAXES AND INSURAMCE(‘yF4.15°'Y TFC)‘s3Xs10F5.2)
FMY(' DEPRECIATION(’ 1F4.17’Z TFC)' lOX;lOF?.Z
FORMAT(/‘ SUBTOTAL: PLANT GATE COST‘»9Xs10A9)
FORMAT(/’ 6%Ar SALESy RESEARCH(’ 9F4.h'Z PY) 9 3X210F9.2)
FMT(I' ROI BEFORE TAXES(’:F!.lo'Z TEC)* 16X 10F9.2}
T(’ PRODUCT WME(W)' '14719X110A9)
T(1H1sA402 3Ky * (MODULE $'91257)"+/1XsA401//1XsF10:291XsABs/)
FORMAT(’ DBATTERY LINITS(BLI)'s14X,10F9.1)
FORMAT(' TOTAL FIXED CAPITAL(TFC)‘,9Xs10F9,1)

FURMAT(/s* COST INDEX(CURRENT $)‘»13Xr10F9.1)
FORMAT(' (ms)’)

INVESTHENTS
FORMAT(/8X1A209 ' (' s87+") * 1 202 10F9.,2)
FORMAT(//+* LOCATION FACTOR: ‘yF6.3)
FORMAT(* $3COSTS SHOWN IN CONSTANT
FORMAT(’ 33COSTS SHOMN IN CURRENT $')

SUBRDUTINE PLIST(NF)
PRINT A LIST OF PRODUCTS

PRNANE (40)350:PRCAP (40) 321
1sFEED(3)312
COMMON/TO/LE sL25L3vLAsLSsL60L7
COMMON/CHAR /PRNANE

g BE wumuen

’
DINENSION NUMPR(20y3)
DATA FEED/'COAL’»'NATURAL GAS’y’VACUUM RESIDUE’/
DATA NUMNPR/15297185139191221256927911305
13949519211912914+15¢165177189215241251 28,520y
:vév 480/

WRITE(L6»2) FEED(NF)
30 WHILE (MUWPR(I.NF).NE.O)

IF&"I(PF)
WRITE(LGs1) NM»PRMANE(MN) s PRCAP (NM)
IsI#1

RETURN
1 FORMAT(IXeI29/-"9As/8X2" (" sfAs’)’)
2  FORMAT(’ FEEDSTOCK: ’»A»/1X»’MOBULES AVAILABLE:‘)
3 T(SX!M
D
css
(» 4
SUBRDUT INE MIN(H)
Ck% GET PROCESS DATA FOR MODILE N
CHARACTER TITLEI“O!TITLEZ"O’M(8)3201”?0“16
DIMENSION PRICED(22)
Wlﬂll.leZvurHil.ﬁ
COMMON/YDAT /PR]CE ( 10-50).?01(10):%65(10)
WNAME» TITLEY, TITLE2,PROD
MWPRMTMMM;PCIP,NI,MP,M-M;BLC.BLD-TFCP.OSE-HLS;
lTMvTﬂvTCCvTCDvWTrMT(B)vCWS(S)vTUPvNPROB;PN.PvPW:PPOP

20 IPRUN(8) s HUN(8) +CF 1 vCF2:CF316F H CAPHIN: CAPMAX ) FLOC EQNETH,
JCAPUC3) s UTCON(D) s UTCONP( 9 3)
(32 READ IN PROCESS DATA
CX8 ZERO ARRAYS
100 Do 1=1,8
MAT(1)=0
CONS(1)=0,
MN(T)=
L]

EMD

C38 READ IN REQUIRED PROCESS DATA

300 REAB(L24REC=M) TITLE1,TITLE2/PCIPyNI+BLIPsBLAYBLE)BLC,BLD,TFCP)
1TCAs TCB TCCo TCB s ICUNPsCAPD CAPR OSE » EGNETH, NNAT 1 (KAT(J) »CONS (J)



202

Cost of Synthesis Gas, Carbon Monoxide, and Hydrogen Part |, February 1983

munm.e),m,u.sim PP PPOP AP &grmu,n.mm
52&?" FEH TN v o
F(CAPRLLE. 6 001) CAPD=CAF

D0 J=1, 0T

HATND=MAT(J)
READ(L1sREC=NATNO) i, MNANE(J)» IPRUN{J) sFRICED

Cst GET DEFAULT RAN MATERIAL PRICE IF NO USER-SUPPLIED VALUE
CALL DEFAULT(PRICED:PRICE(1,HATND))

RETURN
END

SUBROUTINE UTILTY(IY, IYP) -
g LR L ——
1CAL IPRNT ’

Lo8
COMMON/T0/L1 -LZ:L3»L4:L51I.69 L7+ IPFLAG
COMNON/UCHAR /UTNAN

“i%m&ﬁ'%‘)‘ (Wiﬂﬁ?%mum.

1muo),mm.no1uohmu YsUTC(10)5TOS(10),PV(10)sBPC(1

21"!.(10)vaFloFZyH.I(lORTﬂI:(lO%rﬂﬁaﬂég(%&% BLD, TFCP Y OE
! 14 1 1 1 ¥ 1114

ORI, TE TED, WA AT (502N (), 106, RPRDD, PHLP PRI oFEOP

Zsmlmﬂrlll(ﬁ)-CFI1CF21CﬂvCHvCAPﬂIN;CAPMXrFLDCoEMTH:

JCAPU(3) sUTCIN( ) ;UTCONP

CONNON/YTLTY NTIL(!O:?);UT!LD(ZEN)

IPRNT=,FALSE,

lF(lY.Eﬂ.lW.H.IPﬂ.AB EQ.0) IPRNT=,TRUE,

FCIPRNT) WRITE(L
llTC 10

=1y
IF (K.LE.S) F3=100.
COST=ROUNB (F28F SIUTCONCK) SFIRUTIL{IY1K) )
IFCIPRNT . AND .ABS(UTCON(K) ) 46T, 0. 1) THEN
IF(UTCONCK) .6T.0.) THEN
€S2 PRINT UTILITY PRICE. 10Ny COST
ITE(L752) U (K)o UTIL(IYyK) sUTUN(K) yUTCON(K) 3F 1,COST

WRITE(L7,5) UTHANE(K) sUTIL(IY+K) 1UTUN(K) »ABS(UTCONCK)SF1)y
ABS{COST)
EN IF
el IF
UTCCIY)=UTCLIV)HCOST
£
TFC(IPRNT) THEM
IF(UTC(IYP) ,6T.0.) THEN
WRITE(L7,3) UTC(IVP)

B R ITE(L708) ABSUETECIYPY)
i A

END IF
Cx3 CALCMLATE TOTAL VARIABLE COSTS

M(IY)M(IY)MC(")
IF(IPRNT)
IF(WC.GT.O.) THEN
WRITE(L7:4) TWC

ELSE
WRITE(L7+7) ABS(TVC)
IF

RETURN
FURMAT(/»* TMPORTED UTILITIES's/)
mr(sx.msnx-u 21077”!“.41“!"'7.2)

[ PEE———" s7x F?
%t: ™ UARTABLE cosrs',xzx.rs 2
U 3!00151”1F6.21A7,2X1 1F8.h')’14X1’('1F7.21')’)

WT(lh TOTAL m AR.E CDSTS';HX: "1FBe2r "))

FUNCTION ROUMND(X)

ROWE 10 HUNDRETH
ROUND=516N(0 01, X)FAINT (ABS(X)%100,40,5)
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PROCESS DATA FILE

1
“SYNBAS(H2/C0=0,75) FROM COAL

400,151053, 000, 4412640210, 163726401 - 10466E-02+ 0. T338BE-06
12890000, 60546 1020, HBAEHO1 -, 14150240, 9F221E 08
e TR, “COM. AT AIKE’

2 DISPOSAL
16!.514101 NISC. CHEMICALS'
%-1.25 o1y ‘SULFUR/

/
24492114612,4130,
%0;‘"! +012199-,1811,01483/

0./
g;'sms«o.m/c'..xzs.zz.s-..so.,uoo.,o.
'SYHS(WLO) FROM COAL’

400.11:1073.0000.35467902:0.l&SSlEWh-.lM?OE-O&O.?JM-N
{3&03,8.318365402.0.20773:’,01,-.ums—o?,o.101335—05
? 22V 770

99+01866+7,"COAL AT NINE'

Y4
..83%2.7 ! DISNSAL’
169454290+ ‘NISC, CHEMICALS'
200-1, 25711 'SULFIR’

999,
24492014802, 30,
16ESs994081999-0153,01491/

0.
0v/
gi'smasu.o)/c'.o.wyzs.sy +950, 11600+ 50,

'SYNGAS(H2/C0=1,0) FRON NATURAL GAS’
‘ITH IHPORT/

400.’21 200.2000.r0n0u0.
2470“!0"00!00!00
1130 08100 1”8026

171 [] !

.85:11 'CARBON RIOXIDE’
16!205’!0! Hl“o m. ‘ COT.'

999/
40 1011 oS’lh’”Mo
nE" 02301 124 o°5°2!102771 1 4 07‘11 0007‘9!
1000902450 199405021,27791,7411,00749)
194261999 .049999~,060995,57 99 . 7419, 00749,
gv ‘SYNGAS(1:0)/6"143279254319915.1600.997.46
' s

SY%WLO) FRON SYMS(HZ/COﬂ 0’
400,03y 26, 72!0.7500&*0090.90000(*0010.10.
2 m’”'otw*w’o'! I
111410710o9!0o
2402.0513!'3“5(3.0)/6’
HYDROGEN'

119-4973»
/

0¢9001,5+1,5+80.
3.569 +001269v9911,524/
1}

0./
gv SYNGAS(140}/65 94327125, 31174041800,1129,2

'SYNGAS(H2/C0=1,0) FROM SYNGAS(H2/C0=2,0}‘

‘DY SKIMMING’

400.v3r 180 110.7500060090.90000&00’0"0.
l 5100 MIOOMM!OHOo

1!1”0’00”00

2191548, 3+ *SYNGAS(2,0) /6"

119-4823» ‘'HYDROGEN’

99/
0900130143280,
+E69 4000647 y1 551,503/

0./

0./
gv'SYM(loO)/GS'vo327125o31ﬂ40ﬂ760.!200o
:M(mi.m FROM VACUUM RESIDUE’

400,+3» 232.00+0,80000E+00+0,90000E400+ 0. +0.,
WQMQOQMMlODW”W!Oo 20,
11298.3:0.9+0,
26122,98: 11 "VACUUN RESIDUE
] 0“007 'NISC. mICN.S'
209-1,36¢1'SULFUR’

/
80 10110501 '5’800
‘1’.56",-.004." +69825,098.,0091
L ]

0./
(7).' 'SYNGAS(1:0) /R’ 1327125:319150, v500. 1200,
'SYM(WI.S) FRON COAL'

400.!lleoNUOoWWH’OZvOo16796€+Oly-.10388€°02!0.73067E-06
1340,00+0. 55578E 4020, 223338401, -, 18473E-02,0, 13135605
11004.310.9' o
5!.0186477!’001 AT NINE’
61,0184 TRANSPORT'
20.00186977"\3" DISPOSAL’
lbnﬂlvﬂv NISC, CﬂEHICN.S'
1;102571 ? SII.

240 !2!106'2'41300
10E8999.00%r05-.114,,01502/
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- Y+1-1-1
o ® @
- N N,

..
H
{
n
[~
]

2 i Sitad

400+1191109,00,0,37248E4021 0, 16707E401 -, 10350E-020. 731 50E-06
1356,0040,63829E10250., 211448 4015, 14195E-02+0,97727E-06

l’MﬂOo”Oo
90,0186427,°COAL AT NINE’
61.2‘1‘83417#(:01 TRMSPDRT
361080720, ‘NISE, CREMICALS'
%;lnﬁ?lh SIRFUR’

4020160200030
aotw v o008 9 9-, 0919, 01505/
I

Ov'SYNHS(Z 0)/C1.327935+5819150491600,+0,

"SYNGAS(H2/C0=2,0) FROM NATURAL GAS’
'UITII m IWT

WWQ !Ll l.ll owﬂh Hh W'o Hh

158050!0"0.'0-!06
!!2.".94!0;9!39‘.?

1794281169 'NATURAL GAS’
318,961, CARBON DIOXIDE’
#;}.23:0:’!1130. CHEMICALS'

4190901451145080,
14E610188909991,202¢7,3192,00637

unuvna%?iii?gnzezvlog}i i nQO&EI

21! 'SYNGAG(2,0)/67+.327:35.5811 140,600,200,

10

SWS(HZICI#Z.O) FROM VACUUM RESIDUE’

400.13’ 243.00;0 80000E10010,90000E100+ . »0,
4A_DADMAE

"

us\uwnuwvvv;nﬂ"\n IVWWVRTVVIVI iV

Sv0
2612241215 'VACUUN RESTOUE’
161451501 'NISC, CHENICALS'
20,-1,32:1, 'SULFUR’

yrel
841091.911,5+80,

1.Ehooo. NiNR... OL9. . 1L,

svmuifiivavirifiuuaiiea

0./
0./
%21 *SYNGAS(2,0) /R’ 14327535581 19504 v600, 1200,

’m(lﬂlm’-? 0) FRON SYNGAS(H2/C0-3.0)‘

;ﬂ =2. ¢ O%F_ m AA_A OAMRAT LAA A
TVVITST AiV0aT WWETWY\'Q‘IVW\II’.TWY\ID!U‘

11.87+0. +00'00900°05+0010u°.
1:200.5:0. 98,

2411,32:3,*SYNGAS(3,0)/5/
117-+3193:3, *HYDROGEN’

7Y/
0. !0'1 osvlosiwo
1.4, . 000108, 0025, o1/

Smwr bwwwwr P PP b iwwed

o%'mm.o)/ss',.xzms 5821140+ 1880, 1151.5

lmAnlnﬁ ARA_® AL PRAM uATawRAI AAAg

SYROAGLHE/TO=3.0) FROR MATURAL GAS’
RECYCLE'

400.,2: 98.20.0,:0,:0.:0,
i“o%l 0!00100'6
15290,990:918.6
1724263262 NATURAL GAS’
.1’2;.190,0v ‘BISC, CHENICALS’

4.90!1.591.50“.
1,E67:180y399+1,018y9,223,,00545

0./
?gv ‘STNBAB(3401/6" 11324744, 645 114016001200,

mz.oo.o.ummz.o. 1306401 1-+ 14000E~027 0+ 96 331E-0%

1’“5.3!00
59.01864;7-'601 AT HINE’
67.01864+7, ‘COAL TRANSPORT

2 _F_4a00 n"!nnen ,
LT IVVIUUT/ ¥ RO DIOF

169481640+ 'Hlsc. MICM.S'
200-1.2571,781H |

999/
2809291:692.4930,

‘l'oshn +0076599-,0825 . 01512/
A I

231 'SYNGAS(2,26)/C’ 94327138,03199504 7160010,

ums SYHS(MICIHJZ)'
‘FRON NATURAL GA

m.v‘b 730“100!00 !00'00
92 NIOQIOUOH 0,

12264, 51092748

1714308260 ‘MATURAL GAS’

14: 3120, 'NISC, CHEM, & CAT,/
99/
2490¢1,5¢1.5,80,

%OE" .l-256v 1'00“”! o02002: ! o7l7l ! 900473! 000283

3 "STNMIS(4,9) /675432315937 1190,1530, 10,

“CO FRON GA5-DERIVED SYNBAS(H2/C0=3,0)/
‘BY COSORR SEPARATION

N
400, 51+1114,00,0, 380755402, 0 |4om:u_;1 - 10ZAAE-02,0, TITAE-DL



L0¢

400,93y  8.60+0.64000E400,0,45000E400+0. 10,
’o“l » +0010.650005+00:0. 0.
3!1"03!00’!0.

24!.0539'3! SYNGAS(3.0)/6°
16901320y 'NISC. CHENICALS’
n,-.m.x,'mmm
71=,0000871169 ‘FUEL GAS’

999/
201002412,980,
%.;h v221,001037412+1.003/

0./
gzuma BONOXIDE” 5, 322113,552 15705 9600, 50,

- ‘CO FROM GAS-DERIVED SYul.ﬁAS(HZ/CD-IS )

;g e S(E)PSOOOOEWO 0., 60000€400+0. 10
5:&000. 40010+ 6 00065;00'0.1% et
31149, 3,0.%+0,

24,0941+ 39/ SYNGAS{3,0) /6"
167405505 'NISC, CHEMICALS'
lllﬂOlﬂJn'WlRM'

-, 00049624, "FUEL 6AS’

m
2:3002:92,980
%o“nn" ol97! 1,00121/

g;'m HONOXIDE #4322¢13.555 9570, 160010,

‘CO FROM GAS-DERIVED CRUDE SYNGAS’
*{H2/C0=4,9) BY COSORD SEPARATION’
400,93y  104400.,66000E400,0,45000E400+0,10.
13,6210,85000640010,65000E400+0. 50,
31149.3y.,9/
251,0846937/SYNGAS(4,9) /6’
161015550"”153. CHEMICALS
g;;o“”ﬂv “HYDROBEN(85.4%) /

2090124924180,
s.;& 19094001255 416619 ,00362/

0./
Oy ‘CARBON MONOXIDE'»+322+13.5552¢7049600.10,

FRON GAS-DERTVED CRUDE SYNGAS'
'(ll2/00=4.9) BY CRYCGENIC SEPARMION’
A00:93r  17:90+0,65000E400+0,45000E4+00+ 0. 10

19,345 $00+0,63000£100,0. 50,
3’14’0 1009!00

089193, SWSHJ)/G’
16n2!101 NISC., CHEMICALS'
35-:91301, 'CARBON DIOXIDE’
lh-o°712!3n HWYDROGEN*
71=,0039418y 'FUEL BAS’
999/
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4 !0!20!2. luo
%o?mn 1001162 ,35399,0192/

0./
%'cmu HONOXIDE ' »2322913.55119704 980040,

'CO FRON m-ﬁklm METHANOL S
‘{H2/C0=2,26) BY SEPARAT]
400.!3! 8,40,0, 54000€400,0. 6500080090.!0.
9.3870,45000E400+0,55000E+00+04+0.
3)“’03!00’!00
23y Mv3v'SM(2.26)IC'
lbnﬂ!O: MISC, CHENICALS
!;omv ¢ ' HYDROGEN(93T) '

2050524924980,
sosél r917+0010314121,,003/

0./
02 'CARBON MONOXIDE'»,322+13:551927049600.+0,

20
‘CO FRON ESIIHERIWB SW(MICO‘LO)’
‘BY CRYOGENIC SEPARATI
400,43y 5.20!0.6100**00!0.600005*0010.!0.
6.0050,50000E+00+0. 60000E 40050, 10,
e149:31,9/
221,041%+3, 'SYNGAS(2,0) /R’
161,04+0,‘NISC. CHEMICALS‘
119-,027193s HYW
I /000373!6! FUEL GAS'

999
20!0’20!2"800
30!6!"!".1631“00123/
Y,
oi'cmm MONOXIDE 5 +322¢13,957997049600410,
:Hm(ﬂﬂ FROM NATURAL GAS'
400"29 88.9090.10.:0.;0.

l“o”'OolOolOo 10.
19276,910.9+92,030

5278269’ N !
160243740+ 'NISC, CHENICALS’
999/
‘010110571051800

vodddyr=1 0544y . 05441 ,01341 , 8381 10 2021, 0067

57}'! o13599-005447,0544,,0134+,838s.202,00567
gé'mmm'..324,189.7...3..560..100.
:m(m) FRON COAL‘
Mo1111239o0000o41353€+02!0 19328E101,-,12143€-0210,89958E-04

1503:00+0,69783E402+0. 24180E 401 5 -, 1 71 SAE-02+ 0, 1 2404E-05
1+781:90,910.
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$,.01919:7+ ‘COAL AT MINE’
Gnﬂ’l’ 7+°COAL._TRANSPORT’
B y TSPOSAL /
lbvl.oOv'llSCo CHENICALS'
209-1,257+1, ‘SULFUR’

99/
27:9411:612:4030,
3056!!!.0“3' 140149+ ,0307, ,016/

0./
g;'mm/c',.324.189.7".50.,1550.,200.
THYDROGEN(98Y) FRON VACIUM RESTDUE’

m.ﬂv 273.0010.“0005*00!0.90000&00;0.10.
348,0010.80000E400+0, 20000E400:0. 0,
ll?“u 150,90,

26123:25+1y ' UACULR RESIDUE

16».79-01'“30. CHENICALS’

205-1.38+15 ‘SULFUR’

/
8490¢1.51,5,90,
0.56"’ v062211v1426511 4172+ ,00859

/
3' "HYDROGEN/R’ 1432411897y 2450, 1150, 1100,
):nu,u FRON NATURAL GAS’

Mub 159:2010450410410,
212:805090¢490,70,
4;2"0.712.9'1“1‘.0037 BAG"

? ||RM.
&ng&%v ‘ACTIVE CARBON'
187.154s 1+ ‘REFORMING CATALYST’
1500287519 ‘HETHANOL CATALYST'
g;;}hihlﬂﬂm ALCOHOLS

‘o 107105!1051
105691&7"1"33.07"28 &y .298
500.92:769759933.071128.84+,298

09 NETHANOL/G’ »y 164699690, 2140, 15000, 10,

FRON
‘CRUDE SYNBAS(M2/C0=4.9)’
400492 81.7010. 90490490,

1”0“!00! IV IV

452490,7:0,%1 1,

154y CA
01-}6.47:1-’“!6![!! ALCOHOLS'
:DOIIOSl-lo :30.

oof‘l.'ﬂ'o 980899-242111-42,991 928 . 44/
).

0./
%’m@' r216:6¢9690,1960. 15000, 50,

"NETIANOL. FRON COAL"

400, 9111272,0010,46252E40290 ., 14485E 4001 - . 5441 JE~05+ 0. 301B4E-07
1502.0%0.77769!{02-0.18624£+009-.75195E-0510.3942IE-09
4110000"0. 70,
11,5075 'COAL AT HINE’

TRANSPOR

70'COAL T
e A aLYST-
TH 3 6.ﬁlsc LhIh o)
20-161.4r1s "SLFIR'

3M.1191.62,4/ 30,
1B8929099+1,37/
0./

0./
Oy "METHANOL/C' 151646196904 96004 920000450,

FROM COAL-DERIVED'
'NETMANOL SYMGAS(H2/C0-2,26)°
400,+1y 158.00+0,87600€401,0,11502E-01+0, 91045E-04,- . 56825E-10
229,00,0, 3210E+02:0.17057E-01:0.12712E—05:-.90901E-10

4510000+ 90,9:0,

23100.5930 SYNGAS{2,.26)/C’

132,401y 'NETHAMOL CATALYST’
16;}0.-09 ‘HISC. CHEMICALS'
10, !3’106'204)300

1:E6yre~s6177364830,15/
0./

0./
%'mw",s.s.mo..eoo..zoooo..o.
“CARDON DIOXIDE FROM FLUE 6AS SCRUBBING'

400,13y  30,1050,85000£100+ 0, 90000E+00+0. 50,
43,83+0,85000£100, 0, 70000E100+0. 10,

(14

187041:9/
léo;ﬁvb‘lﬂﬂio CHEM. & CAT.’

209011.5¢1,5:80.
1056' rr92400236,0914+,0157/

0/
3 'M_DIDXIBE' 198463191400, 11750, 10,
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PRICE DATA FILE

lm-tm.mz-mz-tm,mmmum,1m»1m;1mumum»1m,im.
1”591”61!”7!1”0!1”9'20“ 2001/
o°l 400.,0+ 4“00' 462.31 49‘0’! m.b SNJ: ‘1703! “30‘1 7130"
l #ozl 224.41 886:2 952.7:1024.0,1101.0,1184,0s1272,0,1368,0+1470.0¢
2!
WL I rhat 9200 DAL D051 7500 03,6571 6141, 5741 S

357713341 0312102921 12731, 2551, 283
’& rliollﬂos'lﬂo?ﬁcivﬂo9|23.6l25 3!27o1v29o1131.21
330‘!50.'“04!‘1 1'“.0!4701'”04!5‘00!57 9161001

+1970,8/
‘& 98,0014,1795,5198,0918,7417,3798.2799.13110:1311. 21+
g.‘s!lxom!140“516022117073119038121019'23 16125.33127.731

FUEL’ 94,4014,7616:2217,0517,6018,10+8,8519,57710,40+11,29»
%.32-13. 114:71516, 08:17.57119-21!21.00122097125.11127.501

10,32
‘NP STEAN17,0017,70+8,3018,9019,50+10,20710: 9011170712, 60+13,50»
u.u»ls.w-um;18.lo;19.40.20.90.22.50.24.20-26.00:27.90

400132, 30/
" STEM' 19:909805017,0097,5008,0098,6019,20¢9.90:10.60,11,40¢
12,30013.20¢14,:20115,20,16,40:17,50118,90120,40521,90,23.50s

25:30027,
‘LP STEAN' 14,7015:2005.8016,0096,4014.90:7.40:7,90:8.50+9,10+
,.1“5{05;'1";'!2.1'13.1"..0”5.1'15.2,17.4,18.7,
¥
/ELEET’ 13,4003, 6014,50+5,0053,5015, 901 6. 8017, 3008.00:8,80s
9.70:10230 10”!120“!13170'140”1160”117070119030121o‘0'

‘CLARIFIED uzn 38,00141.00146,00,50,00y54.00158,00142,00¢47.00, 72,00+ 77.00s
83,00+89.00496.00:103.00,113,00,119. 00,128,005 138,005 148,00 159,00+

171,00+184,00/
DTN KO0 0. 9005, M0y 20067007, 30073008, 6007404 1020111100
lZ.;srgoﬂvll.lO-lS.M;lG.SOvl7.90u"o40121.00122.70: 40“'
s IV LD
‘ H20° 160,00168,0077. 00:83,00,89, 00,96+ 00s 103,00+ 111,00+ 120,001 129, 00
13 .oo.;:;.gg;ﬁo +001172,001 185,00, 199,00 214,00, 250,00, 247,00,268.,00, '

19 'ACTIVE CARDON’ ylvl“uﬂ.’ml“nﬁl01216.1232o1251.1271.1292.'316. 132,930,y
m.;m.mmn .1994.5%43- 1696,7754,7816,

20°AH N 714:625:015, 5.716.1-6 6:7-17-.’”8.18 659421948+10,5+11:3+12,»
120’1130.!“..’1500!1‘09!1001!1 03

DIRKIBE's

5! ‘COAL AT BINE' v7v20 8932,3934:6037493946142,3145:5149,152.9157,2141.8188.8:72.2y
TosBA 3L L4106 TS, 130,31 30, 0148

v'CON, TRANSPORT +7113,84 151140017, 2'10.4.19.7'21..zz.s,za.x.zs.om.c.zv $13las
9’"'“"""1’2 i ’“4 T T T8 LR 50957110, e 11 29212, 320 1M 14071
1a.u.17.s7.ivfzi.le..zz 7025, 10 2025030, 17330 | e ieenar ISR T
8 ‘HIGHER ALCONOLS’ 11144, .016.217.l7o618o11009v9o6!lo.4v11 3012,3113:5014.7516: 1
B AR AT 1206012620287 13100337 1308
3”.1436.l477.15215539.'iizov&uﬂ‘uﬁiluﬁlné%.ri' HIRIen 0

10 mmmz)' 3927153041326, 1350, 376, 1403, 1433, 1465, 300, 1538, 1
v iqo}.h.-iu.;ba.’ngi-x .'.uu'..un..xz?zi“

? (1] 1] (1] o [
. & * ‘3. [ ‘ [ ] l
ms "'::o"::‘;“g;":;iﬁzl '.'?m.':sz’%sq&gzonao..m..m.,
; """3"?*", hod Sl b B OIS IE LS s s,
VAT R W TR R T
o2ty 0“113050114.“91&221l7o730l9o38121.19123o16125033127.731

N 092504 12651129049310,9335.+360,

mimﬁ 5. on ;gh:l 5: i fn .7%.0.1969.07.

S SRTETYS

t

Nv'ﬂlﬂll'! 103:8414,54,4 1
9:39110,38711,23912,15,13:16114,2 4115.41116-68!18.06,".
BT LA T T i T
(3} (34 [14 [} 11 (3] 14 (1] 4 (1) [} [}
22+ /SYNBAS(2,01 /R’ 1 39 uZ“u“sMWuﬂ‘u“Tn +19291 196541610 »
650.:7!2-1773.-“0.-910.;988.'1072.11164.11264.:1372.11490o71618o
231 "SYNGAS(2,26)/C° 139271 41304+ 932641350+ 13764 14034 1433+ 1485+ 9500, 1 538,41
579.-623.'670.1 .:774.;'33.109 l’“o!louﬂlu‘olu”-l!m
24y 'SYNBAS{3,0)/6° 131231, 7246+ +937349407,1452, 14 97.:547.1602.!
6645972341708, 5859, 1936, ¢ 020.01112.11211.01321.:1“2.- +11718,
25+ 'STWBAG(4.9)/8’ v!vlﬁnm.vm.ﬂ"o 9324, 1354139641436, 1483, 9533,y
wovmoﬂ%ﬂ“uuhv +21089.91190, 71301, 51423, 71556,
26 "VACUUN RESIME 1,5, 515.65 1994219:8110, 5-!1.5112.5113 5:14.5+15.8
17:2118:8120,6922,5524,6126,9129:4:32,2538.2+38,5:42




472045

472093

472120

472138

472190

472204

472205

s mnne~

487109
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