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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 H2:CO 

ratios, for producing hydrogen, for separating the syngas mixtures, for 

recovering CO2 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 H2:C0 ratio in 

the syngas, and scale of production are the primary independent varl- 

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 2001. 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 H2:CO ratios (<3) by steam reforming 

of natural gas. 
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For detailed marketing data and information, the reader is 

referred to one of the SRI programs specializing in marketing 

research. The CHEMICAL ECONOMICS HANDBOOK Program covers 

most major chemicals and chemical products produced in the 

United States and the WORLD PETROCHEMICALS Program covers 

major hydrocarbons and their derivatives on a worldwide basis. 

In addition, the SRI DIRECTORY OF CHEMICAL PRODUCERS services 

provide detailed lists of chemical producers by company, prod- 

uct, and plant for the United States and Western Europe. 
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Mixtures of carbon monoxide and hydrogen, commonly known as syn- 

gases, are produced on an enormous scale for the manufacture of am- 

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. 

Among the promising new developments in syngas chemistry are routes to 

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- 

stances, natural gas. The search for alternative feedstocks has been 

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 syugas chemistry 

have the potential for radical impacts on the chemical industry. They 

open the door to the possible return of the industry to Its traditional 

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 

extent of integration with other processes, cost of CO2, credit for 

hydrogen, and 80 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 available 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 their Texaco gasification unit at Muscle Shoals, 

Alabsma. 
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2 OVERVIEW 

The primary aim of the present work is to provide a flexible frame- 

work for calculating and projecting the cost of large scale 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 computerieed the data in the form of cost modules. Raw 

materials, selected values of the H2:CO ratio in the syngas, and scale 

of production are the primary independent variables. Some of the 

modules are independent and some are linked, but no optimization of 

costs is attempted within the program. 

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

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

products would serve as feedstocks for nontraditional routes to bulk 

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

and to syngases with low H3:CO ratios (~3). 

Background 

Syngas derived mainly from natural gas is currently used 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 0x0 alcohols. 

The impetus for the present work, however, derives from the inter- 

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

"Cl" routes which are expected to increase in importance in the coming 
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years. Examples of this trend are the highly successful commercializa- 

tion 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 syngas based processes in the development stage generally do 

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 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, eyngas or methanol made from coal or low cost natural gas 

will eventually become a competitive feedstock for manufacture of sev- 

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, 

there were still oil Shortages, and oil prices were increasing steadily 

(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, 

and falling oil prices are the norm (currently ca. 32$/bbl). The indue- 

try consensus regarding the future course of oil prices and the pros- 

pects for synfuele also has changed. Opinion has polarieed into two 

schools of economic thought over the present oil glut. One group holds 

that it is a temporary phenomenon; the other believes that more than 

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

marized soae 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 little, if at all, in real terms through the year 2000. 

If the latter school is right, most of the capital intensive coal 

based routes will not become competitive before the end of the century. 

AS noted in Section 3, a key criterion here IS that the crude oil price 

escalates on average faster in real terme (perhaps a minimum of P%/yr) 

than do construction costs. The relative rate of escalation between 

oil and coal ha6 a much more minor impact. 

The authors of the present report incline toward the first school 

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 computer pro- 

gram, which enables rapid and ready estimation of screening level costs 

of syngaees from various raw materials, should be of particular util- 

ity. 

Features of Syngas Supply and Use 

,,Syngas" is a generic name for a class of feedstocks (and fuel 

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 syngae varies 

over a wide range, depending on circumstances and constraints appli- 

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 Bide: 

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

l The scale of production varies by a factor of 1,000 or more. 
For the components CO and Hg as such, pipeline network6 exist 
in areas of plant concentration like the U.S. Gulf Coast, and 
add a further option. 
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l If very large facilities are constructed to produce methanol, 
substitute natural gas (SNG), or Fischer-Tropsch liquids for 
the fuel market, using a portion of the syngas feedstocks for 
chemicals manufacture is likely to give the most substantial 
economies of scale. 

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

On the demand side: 

l The H2:CO ratios of the syngas vary with the feedstock and pro- 
cess, and rarely match the H2:CO ratios optimally required by a 
given process. 

l .The strategy and economics of adjusting the H2: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- 
sirable with other units on site). Often this boils down to 
the requirement for, and value to be assigned to hydrogen at a 
given location. 

l The syngas routes often consist of several process steps, and 
the actual feedstocks comprise, for example, methanol and 
carbon monoxide rather than the BtOiChiOmetriCally equivalent 
eyngas with a 1:l H2:CO ratio (viz , acetic acid and anhydride 
processes). 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). 

l Both production and user processes typically give rise to 
largsr 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 limitations of a PEP study also required that we focus onto a cer- 

tain area of syngas utilization, and a modular approach appeared to be 

the most practical. The set of module6 was selected by working back- 

ward and trying to match the "demand side" requirements for manufacture 

of bulk chemicals from syngaa by nontraditional routes (see Section 3). 

This resulted in focusing on the costs and options for producing, on a 

large scale, B~aBeB with low H2:CO ratios (<3:1), and methanol/carbon 

monoxide combinations. We also included the economics of large scale 

production of hydrogen to provide reference values, since hydrogen is a 
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by-product in certain processes for the adjustment of H2:CO ratios, and 

in CO production. However, the economics of ammonia production per se, 

or of hydrogen production on a small scale are not included. In gen- 

eral, the scale of production examined is substantially above that 

which muld correspond to facilities dedicated to "0x0" chemicals pro- 

duction. The study also limitB,itself to examining the COBtB of on- 

purpose production only. Recovery from by-product streams (e.g., CO 

from blast furnace gases) is outside the present scope. 

Study Features, Limitations, and Caveats 

The end product of SRI's study is the SYNCOST (Syngas Cost 

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 

design was flexibility. Ultimately all the data within it (e.g., capi- 

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, C&A, ROI, etc. 

Data are entered for and the program calculates costs for actual 

years from 1980 onward. The default values for raw materials and utili- 

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

tionally available to clients), comprise actual representative values 

in the United States for 1980 and 1981. For 1982 and onward, 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 

Ebdule 
uumbar Module Uame 

Base 
Case* Default+ 

1 Syngam (0.75) from coal (MM ecfd) 802.0 802.0 

2 Syngas (1.0) from coal (ID4 ecfd) 803.2 803.2 

3 Syngas (1.0) from natural gas (CO2 import) (MM scfd) 302.8 200.0 

4 Syngas (1.0) from eyegas (3.0) by ekimmiag (MM scfd) 141.7 97.65 

5 Syngae (1.0) from syngae (2.0) by skinring (MM ecfd) 190.0 129.25 

6 Syngae (1.0) from vacuwn resid (BM 6cfd) 298.3 200.0 

7 Syngas (1.5) from coal (MM scfd) 804.3 804.3 

a Syngas (2.0) from coal (lM scfd) 805.0 805.0 

9 Syngan (2.0) from natural gall (CO2 import) (M4 scfd) 294.6 200.0 

10 Syngae (2.0) from vaculp rerid (HI4 ecfd) 295.9 200.0 

11 Syngae (2.0) from ryegas (3.0) by skimming (IS4 acfd) 220.5 151.5s 

12 Syagas (3.0) from natural gar, (MM ncfd) 290.5 200.0 

13 Methanol syngar (2.26) from coal (MM ncfd) 805.3 805.31 

14 Crude ayagas (4.9) from natural gas (MI4 scfd) 264.9 264.9+* 

15 CO from gal-derived syngas (3.0) (via Conorb@) (EM lb/yr) 149.3 149.3 

16 CO from gae-derived syngas (3.0) (via cryogenic) (MI fb/yr) 149.3 149.3 

17 CO from gas-derived crude ayngaa (via Coeorb@) (MM lb/Jr) 149.3 149.3 

18 CO from gacl-derived crude ayagas (via cryogenic) (MU lblyr) 149.3 149.3 

19 CO from coal-derived metbanol eyngaa (via Conorb@) (HI4 lb/yr) 149.3 149.3 

20 CO from reaid-derived ayngas (2.0) (via cryogenic) (MM lb/yr) 149.3 149.3 

21 Hydrogen (97%) from natural gan (MM scfd) 276.9 100.0 

22 Hydrogen (97%) from coal (MU scfd) 781.0 200.0 

23 Uydrogea (98%) from vacuum resid (UM ecfd) 286.1 100.0 

24 Pktbanol from natural gas (metric tons/day) 2,500 2,500 

25 Methanol from gas-derived crude syngaa (metric tons/day) 2,500 2,500 

26 Methane! from coal (metric tons/day) 10,000 10,000 

27 Methanol from coal-derived methanol ayagas (metric tone/day) 10,000 10,000 

28 Carbon dioxide from flue gas (MM lb/yr) 870 870 

ntn - 
50 

50 

15 

40 

40 

50 

50 

50 

40 

50 

40 

40 

50 

90 

70 

70 

70 

70 

70 

70 

8 

50 

50 

140 

960 

600 

600 

400 

Max 

1,600 

1,600 

600 

570 

760 

600 

1,600 

1,600 

600 

600 

880 

600 

1.600 

530 

600 

600 

600 

600 

600 

600 

560 

1,560 

1,150 

5,000 

5,000 

20,000 

20,000 

1,750 

"Capacity at which design was carried out and a detailed coat estimate made. Except for coal the base caee 
alao represents the capacity ebove which parallel lines are needed. 

tTbi8 ia the capacity for which the program automatically calculates costs. The selection of this 
value ie largely arbitrary. 

SProduct capacity for 200 MN scfd feed. 

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

*%tcbea 2.500 metric tons/day methanol capacity. 
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Figure 2.2 

PARTIAL OXIDATION MODULES 
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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 H2-CO separations, we relied more heavily on the 

face value of data supplied by licensers of the various technologies 

than we.muld 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 outputs 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 

follows: 

l All the STNCOST cost and capacity data are on a "contained 
basis." For syngases these data refer to the (CO + H2) 
content only. In contrast, the costs and capacities of syn- 
gases in Sections 4, 5, and 7 are presented on a total dry 
stream basis. This makes very substantial differences for 
streams with a larger CO2 content, such as methanol syngas. 

For methanol and the separated components Ii2 and CO, however, 
the data are on a contained basis (e.g., per unit of 100% 
methanol) throughout the report. 

l The capital costs in SYNCOST for the coal based cases are 20 to 
25% higher than those shown in Section 6. This results from 
adopting a more conservative design for the program database 
(see below). 

l The capital costs in STNCOST 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 is not perfect. 
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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 
011 firing is variously assumed. 

l 
l The SYNCOST default value for CO2 cost is zero. In the text, 

various values are assigned to CO2 cost. In both text and pro- 
gram, however, no credit is taken for any CO2 produced. It is 
assumed to be vented. 

l 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 H2: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 H2:CO ratio. 

0 
Regarding the production of CO, numerous variations are possible 

from various combinations of separation processes, raw materials, and 

alternative points at which feedstock for separation could be with- 

drawn. The modules for estimating CO costs can therefore only give a 

selection of illustrative costs. 

0 

0. 

Hydrogen of various purities is the coproduct in the separation of 

CO from syngas and In "skimming" to lower the H2: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 H2:CO ratio Is 

Increased by shifting. If in such a situation CO is separated from a 

slip 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 
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Table 2.2 

HYDROGEN, COMPOSITIONS 

Program module no. 

Primary feedstock 

Intermediate 
feedmtoek 

primary product 

Hydrogen conpoSition 
(rolX)* 

“2 

co 

co2 

Cb 

N, + Ar 

ll20t 

Total 

WV (Btu/aef 
contained H2) 

Rosrr module no. 

Riury feedatock 

1ntcrMdiatc 
feedatock 

Primary product 

uydrogen composition 
(volx)+ 

Hz 
co 

CO2 
CJb 
Nz + AI 
lt*ot 

Tom1 

HHV (gcu/m.f 
contained H2) 

Direct Mmufacturing Coproduct in CD Production 

21 22 23 18 175 15 16 20 191 

natural Co01 VaCUllm t&rural Natural Natur.91 Natur.91 V.SCUUn Coal 

ew raid gas gas s- Pm raid 

-- crude crude smsam Synga0 SPS= Crude 
*pIgas Ilyngas (3:1) (3:1) (2:l) wu-- 

Ileforming Gasification Partial cryogenic Cocmrb’ Co.orb’ + Cryogaic CryOgeIliC Cosorb’ 
oxidation separation methanation m?parrtion separation 

Hydrogen Rydrogea Hydrogen CO co co co co co 

96.6 

tr 

tr 

2.5 

0.2 

0.7 

100.0 

220 

351 

96.6 

tr 

tr 

1.3 

1.5 

1.0 

100.0 

715 

339 

98.1 

tr 

tr 

0.7 

1.1 

0.1 

100.0 

1020 

332 

98.5 

tr 

tr 

1.38 

0.12 

lDO.O 

230 

339 

65.44 

0.92 

9.10 

4.31 

0.22 

100.0 

240 

379 

97.05 

tr 

tr 

1.82 

0.26 

0.07 

100.0 

230 

343 

98.5 99.41 93.00 

tr tr 0.05 

tr tr 4.36 

1.47 0.33 0.54 

0.03 0.26 2.05 

100.0 100.0 100.0 

230 1040 770 

340 326 331 

Coproduct in Skiming 

11 4 5 

Natural ~1 Natural m* Natural g*s 

Syngam (3:l) syqaa (3:1) Syngat3 (2:l) 

Priaa~ + Prim* + Prima + 
methanatioo ~thanatioll methamtion 

syogaa (2:l) Syn.+o (1:l) syn&sa (1:l) 

97.52 

tr 

tr 

2.10 

tr 

0.36 

100.0 

250 

347 

96.99 

tr 

tr 

2.63 

tr 

0.36 

100.0 

250 

353 

96.46 

tr 

tc 

3.16 

tr 

0.38 

100.0 

250 

359 

l tr - Cl0 Ppm”. 

tThc vata content is typically that corresponding to saturation. 

SThc default values in the STKOST program for the credit given to this ‘Cream are taken u fuel value. 

IThe default valuea for the credit given to this atream are taken to be the mame am the sy~%.n feedstock valucm. 
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needs to find an outside use. In the general case its value is there- 

fore moot. It could range from chemical value (e.g., for synthesis or 

hydrogenation) down to fuel value. 

In SYNCOST, the default credit given to hydrogen in all separation 

modules except 17 and 19 (see Table 2.2.) is an estimated *'chemical 

value." The latter corresponds,to the product value (production cost + 

25% ROI) for hydrogen made from natural gas in a 100 million scfd 

plant. This scale of production is that associated, for example, with 

large scale refinery usage. For 1981 the chemical transfer value (with- 

out G&A charges) is estimated as 258c/l,OOO scf (basis 417c/million Btu 

natural gas) as compared with a fuel equivalent of 154c/l,OOO scf 

(basis 476c/million Btu fuel oil). 

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. 

The base case designs for syngas deliver product at the following 

pressures: 

Product Pressure 

hia) 
HP Syngas 

Natural gas reforming 

Coal gasification 

Partial oxidation of resid 

240 220 

785 715 

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 5c to 13c/l,OOO scf for compression at the rate of 

300 million scfd from 240 psia to 480-1200 psia (1981 basis). Unit 

costs for compression from low pressures, however, are much larger. 
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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 

ca. 240 psia are included in the production cost. 

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 

alternative units as well. 

(a) Syngases and hydrogen. Standard cubic feet and normal cubic 
meters of contained (CO + H2) are used as the normal mea- 
sures. The reference bases used here are: 

l Standard cubic feed (scf) at 60oF, 760 mm Iig 

l Normal cubic meters (Nm3) at OoC, 760 mm Ug 

l [Nm3] x 37.325 - [scf] 

Capacities are typically quoted on a per day basis and conver- 
sions to a yearly basis made with a 0.9 on-stream factor 
(1 .e., operation for 328.5 days per year). In the printouts 
M refers to a thousand and MM to a million; e.g., MMSCFD is 
short for a million standard cubic feet per day. A billion 
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 lb 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 as 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 

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. 
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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 H2:CO ratio changes. In contrast, the 

volume of contained (CO + H2) stays constant even as the ratio of H2:CO 

Is stoichiometrically changed by shifting. 

ROI and Profitability 

As a general yardstick for comparison of the overall economic 

attractiveness of competing processes, PEP uses the concept of a prod- 

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%/yr before-tax return on total fixed capital (TFC), sometimes 

loosely referred to as a 25% 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 

feel that such an approach remains an 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, 

and often places great emphasis on "creative** financing to lower the 

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 

availability of low cost financing will result in lower revenue require- 

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 

using a capital charge based on a simple ROI is in fact the simplicity 
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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- 

sons in terms of ROI mirror closely the comparisons in terms of DCF 

yield. For gas based plants compared with coal based plants, construc- 

tion periods and other constraints differ, and a given ROI does not 

represent quite the same DCF yield in each case. However, we expect 

the correlation to be close enough in general to justify retaining the 

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 lO%/yr depreciation allowance and a 25%/yr 

pretax ROI generally is equivalent to a DCF yield of 12-17X. To aim 

for 15% 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 

coal based facility, a higher than average return on equity might 

normally be allowed for. However, many of the published analyses base 

project value calculations on real yields on capital of less than 

lO%/yr. Therefore, the default product values calculated here for coal 

based products are perhaps conservative. 

For SYNCOST we elected to stay with the product value and ROI 

concepts, but provided the option for the user to select the % ROI. 

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 illustrative production cost estimates 

for each module is included at the end of this section. The sample out- 

puts give costs at the default capacity with default values for raw 
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materials and utilities costs. (The term default value here refers to 

the values entered in the SYNCOST program data base at the time of 

issue of this study, and as sent out to PEP subscribers. The various 

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 modules 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 

million scfd feed. 

The default costs and prices entered for 1980 and 1981 are esti- 

mates of representative average mid-year values for the U.S. Gulf Coast 

(USGC). 

For convenience illustrative default values are also entered in 

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

based on these to illustrate possible trends. However, we would 

emphasiee the following: 

0 

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 1985. 

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). 

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 

Hq Credit at 258 c/1000 scf 
Free CO2 
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Figure 2.5 

COMPARISONS OF PRODUCT VALUES 

USGCmid-1981, PEP Cust Index = 400 

Free CO2 

H2 Credits at 258 c/l000 scf 

200 million scfl Capacity in all Cases 

4.9:1 Singas fran Natuml Gas 

3:l Syqas fram Natuml Gcr (CO2 Recycle) 
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Hydrogen from Coal 
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PRODUCT VALUE, @lOO 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 coet data for the user's own specific constraints, no extensive 

tabulation of cost data is included. 

Natural Gas Reforming 

The ratio of H2:CO in the product from steam reforming of natural 

gas Is characteristically well above 3:1, and normally closer to 5:1, 

because of the shift reaction in the reformer. Most of the proposed 

syngas route8 t0 bulk Chemicals, however, require ratios of 2:l 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 CO2 to the reformer feed has typically been 

practiced in connection with 0x0 syngas production at relatively small 

scale8 of operation. However, little has been published on the 

comparative economics of these options. 

It could well be, that by the time some of the proposed syngas 

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 yield low H2:CO ratios 

(approaching 0.5) which can readily be shifted upward, and In this 

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

ses. 

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. 

aSO, the future availability and relative pricing Of natural gas seems 

particularly uncertain. We therefore feel that UatUral 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 

8yUg88e8. 

We keyed reformer design for syngas production rather closely to 

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 feedstoclc in the 

eyngas route to a given chemical. For methanol itself, existing PEP 

analysis did not cover the highest efficiency design8 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 

design” for the ICI process. The economics of the Lurgi process are 

believed to be very similar. Lurgl is likely to have a slight edge in 

energy efficiency, but requires more complex reactors. For a high 

efficiency ICI design without CO2 addition we estimate a feed and fuel 

natural gas usage of 32.8 million Btu or 34.6 GJ/metric ton of methanol 

(m 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 is an important aspect of reforming 

economics. A8 discussed in Section 4, reformer design has become 

sophisticated enough to provide the designer considerable flexibility 

in optimizing the steam balance. For the syngas cases, we elected to 

use design8 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 

flow sheet in two, with matching steam credit8 and debits. Also the 

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 dOwIMtre8m 

process, 80 that application of torte drzived for the :,r%oral ~88 must 

necessarily entail an approximation. 
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The base c88e designs were Carried out at a natural 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 change8 in design philosophy, e.g., use of electric drives in- 

stead of steam turbine drives for compressor8 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- 

sign W8S done for the lower Capacities. The costs estimated for 

capacities 8pprO8Ching the lower limits shown should be considered in- 

creasingly approximate. 

We evaluated a number of alternatives for lowering the H2:CO ratio 

of the product gases, including addition of CO2 to reformer feed, and 

the use of various separation techniques to skim off some hydrogen 

(cryogenic, Cosorb@, PSA, Prism@). A 3:l H2:CO ratio can be attained 

by recovering and recycling the CO2 in the reformer product. CO2 recow- 

erable from the product and the flue gases would suffice to lower the 

ratio to about 1.2. For ratios below this, import of CO2 Is necessary. 

Of 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 

8 tream. The skimming cases in STNCOST are based on use of this pro- 

Ce88m 

Some comparative syngae cost data are shown in Figure 2.4 to 

illustrate the range of costs. These costs are derived on the b88iS of 

using a value of 258c/l,OOO scf for hydrogen produced as coproduct in 

8khIdIlg (i.e., assuming 8 chemical use for hydrogen), and charging CO2 

at zero cost for the cases entailing CO2 addition. 
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It is evident that reducing the H2:CO ratio is relatively costly. 

The costs of the process using CO2 addition increase very sharply as 

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

ingly large amounts of CO2 being handled. The costs for the 1:l gas 

would be off the scale of the chart if CO2 is 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 H2, C02, and the scale of operations. 

To provide some reference values for H2 and CO2 Cost8 we evaluated 

on-purpose large-scale production of hydrogen, and the recovery of CO2 

from flue gases. 

The hydrogen cost data entered in the program are for a conven- 

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 process for hydrogen in which Pressure Swing 

Adsorption (PSA) replace8 the steps downstream of high temperature 

shift. We found the economics to look attractive, but dependent on 

8Ubst8nti81 export steam credits. If we had used the lower product 

values estimated for hydrogen produced by PSA as default values for 

hydrogen credit, the economic8 of skimming would look somewhat less 

favorable. 

For CO2, we estimated costs for recovery from flue gases by 

scrubbing with MEA; a module for this is included in the program. The 

CO2 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 h88 announced an improved technology for such a process. 

Location adjacent to an ammonia plant, on the other hand, could provide 

effectively free CO2 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 CO2 in the SYNCOST program. 
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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. Roth these 

methods are capable of producing a CO of better than 99% (v) purity. 

The other method8 we examined for hydrogen skimming (viz, PSA and 

Prism@) do not yield a CC of the purity typically required for feed- 

stock use= For separation of CO from syngases the cryogenic process 

appears to have the edge. A8 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 CO8Orb’ process was found to be well suited for the latter 

application because nitrogen, which goes with the CO in the cryogenic 

process, ha8 very low solubility in the Cosorb@ solvent. We understand 

that many of the initial problem8 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 done for the product8 made from the syngas rather 

than for the syngas itself, because stoichiometric consideration8 may 

make it difficult to establish 8 uniform basis for cOmp8riSOn. 

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, 8s in reforming. H2: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 0x0 

feedstocks 8nd the feedstocks for most of the proposed routes to bulk 

chemicals. The typic81 H2:CO ratio for partial oxidation of v8cuum 

resid is for example, approximately 1:l (see also Table 3.1). Higher 



Figure 2.6 

COSTS OF CARBON MONOXIDE 

USGC 1981, PEP Cost Index = 400 

Hydmgen Credit at 258 c/1000 scf 
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A Cryogenic separation from 3/l syngas made by steam reforming 

of natural gas at 200 million scfd. 

B Cosor@ separation from 3/l syngas made by steam reforming 

of natuml gas at 200 million SCM. 

C Cryogenic-sepamtion from 2/l syngas made by partial oxidation 
of vacuum resid at 200 million scfd. 

* Multiply by 0.0413 to obtain million SCM 
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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 

syngas is thus not highly sensitive to the H2:CO ratio. 

Another feature of noncatalytic partial oxidation processes is 

that they lend themselves well to processing 8 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 is restricted to sulfur free feedstocks with 

carbon number8 up to the naphtha range (i.e., up to $1. This is be- 

cause the catalysts used in steam reforming cannot tolerate sulfur, and 

exhibit an increased tendency to coke with heavier feedstocks. Partly 

because of its flexibility, partial oxidation has been used selectively 

to produce syngas for the traditional large scale 8pplic8tion8 such 8s 

ammonia, methanol, and hydrogen and 8s well as the smaller scale uses 

such as 0x0 chemicals, acetic acid, and carbon monoxide. The most re- 

cent methanol plant started up in the United States (part of 8 metha- 

nol/acetic acid complex operated as 8 joint venture by Du Pont/USI) is 

based on partial Oxid8tiOn of heavy residue. 

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

do any extensive new design work for partial oxidation. Nevertheless, 

on the basis of previous PEP work and industry inputs, we feel that the 

cost estimate8 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 

TeX8CO gaSifier8, Rectisol@ acid gas removal, and a Claus/SCOT@ sulfur 

recovery system. Other proven technologies are 8180 8vailable 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 8nd 27, i.e., 2:l eyngas from resid, with methanol from coal 

derived syngas. 
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A8 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 H2:CO ratios. Vacuum residue, ha8 in the past been sold 

primarily 8s residual fuel oil. However, it may become increasingly 

difficult to sell it as fuel because of environmental 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 

progressively heavier. This increasing supply and declining demand for 

v8cuum residue may result in 8 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 syngae 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 

special problem8 relating to the handling of large flows of abrasive 

and corrosive solids under extreme conditions. The design of safe and 

efficient pressure feeder8 has proved to be particularly intractable. 

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

fore, different coals behave very differently both in the way they 

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

8,given geological formation may show considerable variability. 

The ratios of H2, CO, C02, and CHq 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 H2: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- 

8-I l However, because certain types of gasifiers are inherently more 

Suitable 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: 

l Illinois No. 6 bituminous coal delivered to the U.S. Gulf 
CO8St. 

l Texaco gasification, Kectisol@ acid gas removal, ICI methanol 
process* 

0 U.S. Gulf Coast construction costs. 

l 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: 

l Koppers-Totzek (8tZUJSpherfC, dry feed) - Operated on 8 
commercial scale for ammonia synthesis. 

a Texaco (pressure, slurry feed) - Sever81 large pilot unit8 in 
operation; a commercial unit and a demonstration plant under 
construction. 

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

a 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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g88ifier8 (PDEG) are the most attractive. However, the Saarberg-Otto 

process is in a relatively early stage of development. The Shell- 

Koppers process ha8 undergone extensive testing in large pilot units, 

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 the Shell-Koppers technology are rather limited; 

resolution of one of the most intractable problems, the development of 

an efficient preSSUri8ed dry feed system suitable for commercial opera- 

tion, may still be some way Off. (Recently Shell and Krupp-Koppere 

terminated their association, and e8Ch company is continuing some 

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 

a substantial scale by Ruhrlcohle/Ruhrchemie (RAG/RCH), Dow, and TVA. 

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 8 project to demonstrate gasification/ 

combined-cycle technology for electricity generation. Texaco gasifiers 

of 8 8imil8r size are under construction as part of Tennessee Eastman's 

connnercial 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 is 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 20% of the g8sification system investment. For sulfur recovery, 

a Claus plant with a tail gas treating unit is often chosen. Choice of 

the optimum acid gas removal process is not clear-cut, but the 

Rectisol@ (Linde and Lurgi) and Selexol@ (Norton Company) selective 

physical solvent processes have been the ones most commonly specified 

in proposed gasification designs. The Rectisolg 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 8s those used in methanol 

Systems. costs a88OCi8ted 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 tr8nspOrting Coal, ga8ifiCatiOn Complexes 

will most likely be located at the mine. We are not altogether con- 

vinced of this. Gasification economics are highly capital intensive 

8nd the extra costs and problems of setting up In 8 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 gasific8tion, we 

concluded that the most recent in a series of studies for EPRI by Fluor 

Inc. (472120) presented technoeconomic data sufficiently well fitted to 

the criteria for our base case* Fluor had evaluated the production of 

methanol at 8 scale close to 10,000 metric tons/day from Illinois No. 6 

bituminous coal with TeX8CO coal gasifiers, ReCtiSOl" acid g8S 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 8nd economic data were presented in sufficient detail to 

enable breaking out costs of syngas manufacture per se* We therefore 

used the d8t8 presented in reference 472120 as the source of our 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 cost8 for lower 

capacities. In the final analysis we also opted for a somewhat more 

conservative design b88iS (see further below under G8SifiCatiOn 

Capital). 

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

plant design. There is less flexibility to adjust the process steam 

balance internally in gasification than in steam reforming designs. 

For the coal based syngases we therefore chose not to make the designs 

self-sufficient in steam, but kept the hardware as for the front end of 

the methanol plant and made appropriate credit8 and debits in utili- 

ties. This resulted in a net import of high pressure steam for the 

8yIQ88 C88e8. 

The design was adjusted to include less shift and acid gas removal 

capacity for H2:CO ratios lower than the 2.26:1 used for the methanol 

synthesis. We also estimated incremental costs for modification of the 

design to include 8 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, 80 that the feed to shift is not dried or fully cooled. This 

is adV8nt8geOUS 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 H2:CO 

ratios are required. With optimization of an overall design in each in- 

stance, therefore, syngas product values may be more sensitive to the 

H2:CO ratio than the present data indicate, with somewhat lower values 

at the lower ratios. 
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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 

mature plant. In particular we increased the sparing of equipment in 

the gasification and heat recovery sections to SO%, and provided for 

more extensive coal preparation. In addition, auxiliary steam generat- 

ing facilities were increased to simplify start-up and some additions 

were made to the general service facilities. The estimated additional 

capital was $190 million on the battery limits investment (BLI) and $70 

million on the off-sites for the base case in 1981. The resulting in- 

creases in the total fixed capital (TFC) 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 

Program 
Module 

Capacity ($ million) 
MM scfd or Section x 

Product (tonnes/day) 6 SYNCOST Increase 

1 Syngas (0.75:1) 802 1,032 1,292 

2 Syngas (1:l) 803 1,055 1,315 

7 Syngas (1.5:l) 804 1,080 1,340 

8 Syngas (2:l) 805 1,096 1,356 

13 Syngas (2.26:1) 805 1,102 1,362 

22 Hydrogen 781 1,243 1,503 

26 Methanol from coal (10,000) 1,322 1,582 

27 Methanol from syngas (10,000) 220 220 

25.2 

24.6 

24.1 

23.7 

23.6 

20.9 

19.7 
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The program data thus correspond to a relatively conservative 

estimate, whereas the Section 6 data represent an optimistic projection 

of the costs associated with second generation gasification technology. 

Product Values-Comparisons and Projections 

The estimated 1981 product values (production costs + 25% 

RCI) for coal based syngases are shown in Figure 2.7. The two bands 

correspond to (A) the SYNCOST default values and (B) the more optimis- 

tic capital estimates detailed in Section 6. In contrast to steam re- 

forming, the cost of syngas is relatively insensitive to the H2:CO 

ratio. The gasification produces a raw gas with a low ratio (O-75), 

which can be increased readily and economically by shifting. 

Also plotted for comparison are the product values of syn- 

gases made by reforming of natural gas for the process scheme in which 

the H2:CO ratio is reduced to 2:l by recycle and import of CO2. 

However, because user processes may be optimized around different H2:C0 

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 is 

here done for methanol in Figure 2.8. 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 arrangements 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 SOc/million Btu gas and location 

factors of 1.3 to 1.7 (see bar on the plot). The values also include 

an allowance of lc/lb 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 

COSTS OF SYNGASES FROM COAL GASIFICATION 

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

COSTS OF METHANOL 

USGC mid-1981, PEP Cost Index ~400 
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The breakdown of the 1981 costs into basic components is as 

follows: 

Cost Component 

Natural gas or coal related costs 

Labor related costs 

Capital related costs 

Total 

Methanol from Methanol from 
Natural Gas Coal 

55% 21% 

7 8 

38 71 

100% 100% 

The 25% ROI accounts for 46 of the 71 capital related points for the 

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. 

Figure 2.9 shows projected costs for methanol manufacture, 

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 general 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 

1990. (By crossover we here mean the time at which product values 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 20% ROI were used in the product value calculation 

instead of 25%. 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. Rowever, the competitive product 

may by then have become methanol produced in areas where cheaper gas is 

available. 

38 



Figure 2.9 

METHANOL COST PROJECTIONS 
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(a) Crossover point change for optismistic coal case (Capital x 0.835). 

(b) Crossover point change 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 general perception of more modest oil price in- 

creases, some of the urgency associated 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/CO=O.75) FROM COAL 

802.00 MMSCFD 

VARIABLE COST SUMMARY FOR 1981 

RAW IIATERIALS 
COAL AT flINE 
COAL TRANSPORT 
ASH DISPOSAL 
MISC. CHEII. 8 CAT. 

CONSUHPTION 
UN’fT COST PER MSCF C/MSCF 
--..------ ----------- w---s-- 

32.3011TONNE 0.0387 60.34 
lS.OOS/TGNNE 0.0187 28.02 

S+OO%/TGNNE 0*0019 0.93 
0151 

----me- 
89.80 

BY PROIIUCTS 
SULFUR 4 * 54C/L E ( 1 r2570) ( 5.71) 

------- 

( 5.71) 

InPORTED UTILITIES 

HP STEM 
ELECTRICITY 
CLARIFIED WATER 

TOTAL VARfAB1.E COSTS 93.29 

7*70S/HLB 0.0120 9.24 
3.60C/KUH ( 0.1810) ! 0,651 

41rOOC/HGAL 0.0148 0.61 
--w-w-- 

9.20 
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SYNGAS(H2/C0=0.75) FROM COAL 

0 

(MODULE 8 1) 

802.00 MMSCFD 

#*COSTS SHOWN IN CURRENT % 

1980 1981 1985 1990 
---- ---- Wm.-- m--- 

INVESTMENTS (MM%) 
BATTERY LIMITStBLI) 
TOTAL FIXED CAPITAL(TFC1 

934.4 1052.8 1406.1 2018,6 
1146.6 1291.9 1725.4 2477,O 

COST INDEXtCURRENT S) 3SS.O 400.0 534.2 766.9 

COAL AT MINE ( $/TONNE 1 28.80 32.30 42.30 61.80 

PRODUCTION COST9 C/HSCF 

RAW MATERIALS 
BY-PRODUCT CREDIT 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABOR( 42rO/SHIFTl 
NAINTENANCE LABOR(le6X BLI) 
CONTROL LAB LABOR(2OaOX OP LABOR) 

TOTAL DIRECT LABOR 

flAINTENANCE MATERIALS(2,4% BLI) 
OPERATING SUPPI.IES(~OIOX OP LABOR) 

PLANT QUERHEAD(30.0% TOTAL LABOR) 
TAXES ANIl INSURANCEl 2*0X TFC) 
DEPRECIATIQN(lO.O% TFC) 

SUETOTAI.. : PLANT GATE COST 156001. 174.09 230.19 330.43 

RIFLv SALESt RESEARCH{ 3.0% PU) 8.34 9.35 32.42 17.83 

ROI BEFORF TAXES(25.OX TFC) 

PROnlJCT ‘JALUE(PU)r C/MSCF 

80.87 E19,80 
(4.83) (5,711 

8.31 9.20 
---- -mm- 

84.35 93.29 

2.15 2.44 3.30 4.66 
5.67 6.39 8.54 12.26 
0143 0.49 0.66 0.93 
---- ---e s--e ---- 

8.25 9.32 12.50 17.85 

8.51 9.59 12.81 18.39 
0.21 0.24 0.33 0.47 
---- ---- ---s mm--- 

8,72 9.83 13.14 18.86 

2,47 2.80 
8.70 9.81 

43.52 49.04 
m--m e-e - 

54.69 61.65 

108.80 122.59 163.73 235.05 
m--m ---- ---- ---- 

273.15 306*03 406.34 583.31 

117.73 169e71 
(7.55) (11.15) 
12.03 16.99 

-a-- m--B 
122.21 175.55 

3.75 se35 
13010 18.80 
65.49 94.02 

---.. ---- 

82.34 118.17 
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SYNGAStH2/CO=l+O) FROtl COAL 

803.20 MMSCFD 

VARIABLE COST SUHHARY FOR 1981 

RAW MATERIALS 
COAL AT flINE 
COAL TRANSPORT 
ASH DISPOSAL 
HISC. CHEHe Z CAT. 

UNIT COST 
--------- 

32.30S/TONNE 
lS~OOS/TONNE 

J.OOS/TONNE 

CONSUHPTION 
PER MSCF 

----------- 

BY PRODUCTS 
SULFUR 4.!54C/LB 

IMPORTED UTILITIES 

HP STEM 
ELECTRICITY 
CLARIFIED WATER 

TOTAL VARIABLE COSTS 

7*70S/iiLB 
3 + 60C/KWH 

41rOOC/HGAL 

0*0187 
0.0187 
OIOOl9 

1.2570) 

0.0110 
0.1530) 
0.0149 

C/HSCF 
------- 

60.27 
27.99 
0.93 
0.54 

------- 
89.73 

( 5.71) 
------- 

( 5.71) 

8.47 
( 0.55) 

0.61 
----sm.. 

8.53 

92.55 
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SYNGAS(H2/CO=l+O) FROtl COAL OIIODULE t 2) 

803.20 WISCFD 

ItSCOSTS SHOWN IN CURRENT S 

1980 1981 1985 1990 
--mm mm-- --w- --a.- 

INVESTMENTS tilMS) 
BATTERY LIHITSlBLI) 
TOTAL FIXED CAPITAL ( TFC 1 

COST INDEXtCURRENT $1 

COAL AT l4INE (S/TONNE) 

952.2 1072.8 1432.8 2056.9 
1166.6 1314.5 1755.5 2520.3 

355.0 400.0 S34.2 766.9 

28.80 32.30 42.30 61.80 

PRODUCTION COST* C/tlSCF 

RAW MATERIALS 
BY-PRODUCT CREDIT 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABOR( 42eO/SHIFT) 
HAINTENANCE LABOR(tr6X ELI) 
CONTROL LAB LABOR(20rOX OP LABOR) 

TOTAL DIRECT LABOR 

MAINTENANCE HATERIALS(2r4X ELI) 
OPERATING SUPPLIES(lO,OX OP LABOR) 

80.81 
(4.83) 
7.72 
-m-w 
83.70 

2.15 
5.77 
0.43 
---- 
8.35 

8.66 
0.21 
-m-e 
8.87 

89.73 
(5.71) 
8.53 
s-w- 

92.55 

2.44 
6.51 
0.49 
es-- 
9.44 

9.76 
0.24 
mm-- 
10*00 

117.64 
(7.55) 
11.18 
s--w 

121.27 

3.29 
8.69 
0.66 
-Be- 
12.64 

13.03 
0.33 
---- 
13.36 

169.59 
(11.15) 
15.82 
---- 

174.26 

4.66 
12.47 
0.93 
B--e 
18.06 

18.71 
0.47 
---- 
19.18 

PLANT OVERHEAD(3O.OX TOTAL I..ABGR) 
TAXES AND INSURANCEf 2.0% TFC) 
DEPRECIATION(lO.O% TFC) 

SUBTOTAL : PLANT GATE COST 

GtAv SALES? RESEARCHt 3.0% PV) 

ROI BEFORE TAXES(25.0% TFC) 

PROOUCT VALUE (PV ) I C/HSCF 
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2.50 
8.84 
44.21 
---- 
ss.59 

156.47 

8.41 

110.54 
---- 

275.42 

2.83 
9.96 
49.82 
---- 
62.61 

174.60 

9.43 

124.55 
---- 

308.58 

3.79 
13.31 
66.53 
--mm 

83.63 

230.90 

12.52 

166.33 
---- 

409.75 

5.42 
19.10 
95.52 
---- 

120,04 

331.54 

17.98 

238.80 
---- 

588.32 



SYNGAS(H2/CO=l.O) FROM NATURAL GAS 
WITH CO2 IMPORT 

200100 HMSCFD 

VARIABLE COST SUMMARY FOR 1981 

RAW MATERIALS 
NATURAL GAS 
CARBON DIOXIDE 
MISC, CHEH. 8 CAT. 
MISC, CHEM, 8: CAT, 

CONSUtiPTION 
UNIT COST PER MSCF C/MSCF 
I-------- ----------- ------- 

4.17S/MHETll 0.2540 105.92 
OeOOC/LB 27,RSOO 0.00 

0.84 
1.75 

------- 
108.51 

IMPORTED UTILITIES 

NAT. GAS FUEL 
LP STEAM 
ELECTRICITY 
COOLING WATER 
PROCESS WATER 

4rl7S/MMPTU 0.2300 95.91 
5 l 2OS/MLB 0.0502 26.10 
3+60C/KWH 1.2770 4.60 
5.4OC/MGAL 0.7410 4.00 

68 l OOC/MGAL 0*007s OISl 
---B-w- 

131.12 

TOTAL VARIABLE COSTS 
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SYNGAS(H2/CO=l.O) FROM NATURAL GAS 
WITH CO2 IMPORT 

200.00 MHSCFD 

*#COSTS SHOWN IN CURRENT S 

INVESTMENTS (MM%> 
BATTERY LIMITStBLI) 
TOTAL FIXED CAPITALtTFC) 

COST INDEXtCURRENT S) 3ss*o 400.0 534.2 766.9 

NATURAL GAS (S/MMBTU) 4.00 4.17 7.37 12.43 

PRODUCTION COST? C/MSCF 

RAW MATERIALS 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABOR< 4.0ISHIFT) 
MAINTENANCE LABOR(l.SX BLI) 
CONTROL LAB LABOR(2O.OX OP LABOR) 

TOTAL DIRECT LABOR 

MAINTENANCE MATERIALS(l.S% BLI) 
OPERATING SUPPLIES(~OIO% OP LABOR) 

PLANT OVERHEAD(80.0% TOTAL LABOR) 
TAXES AND INSURANCEt 2.0% TFC) 
DEPRECIATION(lO.O% TFC) 

(MODULE # 3) 

1980 1981 1985 1990 
-w-e ---- s--- m-w- 

131.2 147.8 197.4 283.4 
162.2 182.8 244.1 350.5 

103.79 108rSl 
124.01 131.12 
e-s- m-w- 

227.80 239.63 

0.82 0.93 
3.00 3.37 
0.16 0.19 
-e-e S-B- 
3.98 4.49 

3.00 3*37 
0.08 0.09 
-w-m m-w- 
3.08 3.46 

3.18 3.59 
4.94 S.56 

24.69 27.82 
---e ---- 
32.81 36.97 

190.63 320.78 
238.25 357.48 

--we --em 
408.88 678.26 

1.26 1.78 
4.Sl 6.47 
0.25 0.36 
---- -mm- 
6.02 8.61 

4.51 6.47 
0.13 0.18 
---- -w-e 
4.64 6.65 

4.82 6.89 
7.43 10.67 

37.15 s3.35 
m-m- ---- 

49.40 70.91 

SUBTOTAL : PLCINT GATE COST 

G8Ap SALES9 RESEARCHt 3.0% PV) 

ROI BEFORE TAXES(2S.OX TFC) 

PRODUCT VhLUE(PV)r C/HSCF 
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267.67 284.55 468.94 764.43 

10.19 1019s 17.38 27.77 

61.72 69.56 92.88 133.37 
w--e ---- ---- ---- 

339.58 365.06 579.20 925.57 



SYNGaS(H2/CO=l.O) FROM SYNGaS(H2/CO=3,0) 
PY SKIMIIING 

200.00 MMSCFD 

VaRIaBLE COST SUMMaRY FOR 1981 

RAW MATERIALS 
SYNGAS(3+0)/G 

UNIT COST 
-.m------- 

2,38S/MSCF 

CONSUMPTION 
PER MSCF 

m---------m 

BY PRODUCTS 
HYDROGEN 

IMPORTED UTILITIES 

NaTI Gas FUEL 4.17$/MMBTU 0.0013 
ELECTRICITY 3 I hOC/KWH 1.5240 

2.58S/MSCF ( 0.9700) 

2*0500 

C/MSCF 
------- 

488.27 
--mm--- 
488.27 

( 250.26) 
a------ 

( ,250.26) 

0.53 
5.49 

-----me 
6,02 

TOTAL VARIABLE COSTS 244.03 
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SYNGaS(H2/CO=l,O) FROM SYNGaS(HZ/CO=3.0) (MODULE # 4) 
BY SKIMMING 

200.00 MMSCFD 

##COSTS SHOWN IN CURRENT S 

INVESTMENTS (MM%) 
BATTERY LIMITS(EL1) 
TOTAL FIXED CAPITALtTFC) 

1980 1981 1985 1990 
---- ---- -w-m ---- 

32.3 36.4 48.7 69t9 
32,4 36.5 48.8 70.0 

COST INDEXtCURRENT S) 355.0 400*0 534.2 766.9 

SYNGAS(3.0)/G O/HSCF 1 2.24 2.38 3.96 6.4R 

PRODUCTION COST9 C/MSCF 

RAW MaTERIaLS 
BY-PRODUCT CREDIT 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABOR{ O.O/SHIFT) 
IIAINTENANCE LABOR(l.S% BLI) 
CONTROL LaE LAEOR(~O+O% OP LaGoR) 

TOTAL DIRECT LABOR 

MAINTENANCE MATERIALS(l.S% PLI) 
OPERATING SUPPLIES(lO,O% OP LABOR) 

PLaNT OVERHEaD(8OeOX TOTaL LABOR) 
TaXES AND INSURANCE( 2.0% TFC) 
DEPRECIATION(lO.O% TFC) 

SUBTOTAL.: PLANT GATE COST 239,63 253.03 425.26 699.47 

G8Ar SALES9 RESEARCHf 3.0% PV) 15.02 15.99 26.36 42.98 

ROI BEFORE TAXES(25,OX TFC) 12.33 13e89 18.57 26.64 
---- --mm ---- --we 

266.98 382*90 470.19 769.OY PRODIJCT VALUE CPU) 9 C/MSCF 

459.73 
(233.77) 

5.68 
. ..--- 

231.64 

0.00 
0.74 
0.00 
---- 

0.74 

0.74 0183 1.11 1.60 
0.00 0.00 OIOO 0.00 
-w-m ---- m--m ---- 

0.74 0183 l*ll 1.60 

0.59 0.66 
0.99 l*ll 
4.93 5.56 
---- ---- 

6.51 7.33 

488.27 811.68 j329.34 
(250.26) (408.37) (663.48) 

6,02 9.92 
---- ---- 

244.03 413.23 

16.35 
-..--- 

682.21 

OIOO 0.00 0.00 
0.83 1.11 1.60 
0.00 0.00 OIOO 
-m-w ---- --a- 

0.83 1.11 1.60 

0.89 1.28 
1.49 2.13 
7.43 10.65 
---- ---- 

9.81 14.06 
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SYNGAS(HZ/CO=l.O) FROM SYNGAS(H2/CO=2+0) 

RAW MATERIALS 
SYNGAS(2eO)/G 

BY PRODUCTS 
HYDROGEN 

IMPORTED UTILITIES 

NAT. GAS FUEL 
ELECTRICITY 

BY SKIMMING 

200,OO MMSCFD 

VARIABLE COST SUMMARY FOR 1981 

UNIT COST 
--------- 

2.62S/MSC.F 

2,58S/MSCF 

4,17S/HHRTll 
3.60C/KWH 

CONSUMFTION 
PER MSCF 

-----w----- 

1.5480 

C/HSCF 
-----em 

405.08 
------... 
405.08 

( 0.4800) 

0.0006 
l+SO30 

( 123,841 
w----e- 

t 123.84) 

0.27 
5.41 

---w-B- 
5.68 

TOTAL VARIAELE COSTS 
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SYNGAS(H2/CO=l.O) FROM SYNGAS(H2/CO=Z.O) (MODULE # 5) 
BY SKIMMING 

200.00 MMSCFD 

**COSTS SHOWN IN CURRENT S 

INVESTMENTS (MMS) 
BATTERY LIMITStBLI) 
TOTAL FIXED CAPITALtTFC) 

COST INDEXtCURRENT $1 

SYNGAS(2,0)/G (S/MSCF 1 

PRODUCTION COSTr C/MSCF 

RAW MATERIALS 
BY-PRODUCT CREDIT 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LAEOR( O,O/SHIFT) 
MAINTENANCE LAEORtlrSX BLI) 
CONTROL LAB LABOR(20,OX OP LABOR) 

TUTAL DIRECT LABOR 

MhINTENANCE MATERIALS(lrS% BLI) 
OPERATING SUPPLIES(lO.O% OP LABOR) 

PLANT OVERHEAD(80.0% TOTAL LABOR) 
TAXES AND INSURANCEt 2.0% TFC) 
DEPRECIATIONllO+O% TFC) 

SUBTOTAL : PLANT GATE COST 

G8Av SALES9 RESEARCHf 3.0% PV) 

ROI BEFORE TAXES(25eOX TFC) 

PRODUCT VALUE (PU ) 9 C/MSCF 
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1980 1981 1989 lY90 
---- --we -em- ---- 

17.5 19.7 26.3 37.8 
17.5 19,7 26.4 37,8 

355.0 400.0 534.2 766,9 

2.46 2.62 4.32 7.05 

380.64 405.08 
(115,681 (123.84) 

5.37 5.68 
---- ---- 

270.33 286.92 

668.64 
(202,081 

9.3s 
---- 

475.91 

0.00 
0.40 
oeoo 
-m-w 

0.40 

0.00 
0.45 
0.00 
---- 

0.45 

0.00 
0.60 
0.00 
---- 

0.60 

0.40 
0.00 
---m 

0.40 

0.45 
0.00 
---- 

0.45 

0.60 
0.00 
---- 

0160 

0.32 0.36 
0.53 0.60 
2.66 3.00 
---- ---- 

3.51 3.96 

0148 
0180 
4.02 
---w 

5.30 

274.64 291.7f.i 482.41 

12.28 3.3.09 

7.50 
---- 

312.37 

21.48 

6.66 
---- 

293.S8 

10.0s 
n--e 

513.94 

1091.12 
(328.32) 

15.38 
---- 

778.18 

0000 
0.86 
OIOO 
---- 

0186 

0.86 
0.00 
---- 

0.86 

0.69 
1.15 
5.75 
---- 

7.SY 

787.49 

34.95 

14.38 
---- 

836.82 



SYNGaS(H2/CO=lrO) FROM VaCUUH RESIDUE 

200.00 MMSCFD 

VaRIaBLE COST SUMMARY FOR 1981 

CONSUMPTION 
UNIT COST PER MSCF C/MSCF 
--------- ----------- ------- 

RAW MaTERIaLS 
VACUUM RESIDUE 
MISC. CHEM. L CaT. 

BY PRODUCTS 
SULFUR 

IMPORTED UTILITIES 

HP STEAM 
ELECTRlCITY 
COOLING WATER 
PROCESS ,WaTER 

5.65C/LE 22.9600 129r72 
0.46 

--...- em- 
130.18 

4 .S4C/LB ( 1.3600) ( 6.17) 
--B-w-- 

( 6rl7) 

7.70S/MLE ( 0*00401 ( 3,081 
3 ..6OC/KWH 0.6940 2.50 
sr40CIM~aL 0.0980 0.53 

68+OOC/MGaL 0*0091 0162 
------- 

0.57 

l 

TOTAL VARIABLE COSTS 124.58 
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SYNGAS(H2/CO=l.O) FROM VACUUM RESIDUE 

200.00 MMSCFD 

**COSTS SHOWN IN CURRENT S 

INVESTMENTS (MM%) 
BATTERY LIMITS(BL1) 
TOTAL FIXED CAPITALfTFC) 

COST INDEXtCURRENT S) 

VACUUM RESIDUE (C/LB 

(HODULE I 6) 

1980 1981 1985 1990 
-s-m -s-m -we- ---.. 

149,s 168.5 23s.o 323.0 
197,2 222.2 296.8 426.1 

3ss.o 400.0 534.2 766.9 

!irlS 5.65 10.50 15.80 1 

118.63 130.18 
(5.22) (6.17) 

PRODUCTION COST, C/MSCF 

RAW MATERIALS 
BY -PRODUCT CRED I T 
IMPORTED UTILITIES 

VARIABLE CGSTS 

OPERATING LABOR( FJ.O/SHIFT) 
MAINTENANCF LABOR(1.5% ELI) 
CONTPWL LAB LABOR(2OeOX OP LABOR) 

TOTAL DIRECT LABOR 

HAINTENANCE MATERIALS(l.S% BLI) 
OPERATING SUPPLIES(lO+O% OP LABOR) 

PLANT GVERHEAD(EJO.O% TOTAL LABOR) 
7AXES AND INSURANCE( 2.0% TFC) 
DEPRECIATION(lO.O% TFC) 

o*s9 
---- 

114.00 

1.64 
3.41 
0.33 
---- 

5.38 

3.41 
0.16 
---- 

3e57 

4.30 
6.00 

30.02 
---- 

40.32 

SUBTOTAL : PI.ANT GATE: COST 

G8Av SALESv RESEARCHt 3.0% PV) 

ROI BEFORE TAXES(2J.OX TFC) 

PRODUCT UALIJE t PV 1 II C/MSC:F 

53 

163.27 

7.53 

75.04 
-me- 

245.84 

0.57 
^--- 

124e58 

1.87 
3.85 
0.37 
-a-- 

6.09 

3.85 
0.19 
---- 

4.04 

4.87 
6.76 

33.82 
---- 

45.45 

180.16 

8.38 

84.55 
-s-m 

273.09 

241 e69 
(8.17) 

1.65 
---- 

235.17 

2.52 
5.14 
0.50 
--a- 

8.16 

5.14 
0.25 
-e-m 

5.39 

6.53 
9.04 

45.18 
---- 

60.75 

309.47 

13.32 

112.94 
---- 

435.73 

363.67 
(12,06) 

3.34 
---- 

3s4*95 

3.56 
7.37 
0.71 
--mm 

11.64 

7.37 
0.36 
---- 

7.73 

9.31 
12.97 
64.86 

---- 

87.14 

461.46 

19.66 

162.14 
--a- 

643.26 



sYNGas(H2/co=i.s) FROM coaL 

804e30 MMSCFD 

VARIABLE COST SUiltlARY FOR 1981 

RAW MATERIALS 
COaL AT MINE 
COaL TRaNSPORT 
ASH DISPOSAL 
MISC. CHEM. L CaT. 

CONSUHPTION 
UNIT COST PER MSCF C/MSCF 
--------- ----------- -s-w--- 

32.30S/TONNE 010186 60.21 
lSrOOS/TONNE 0.0186 27.96 

S.OOS/TONNE OIOO39 0.93 
0.58 

------- 
89.68 

BY PRODUCTS 
SULFUR 4,S4C/LB (. 1.2570~ ( S.71) ’ 

------- 

( 5.71) 

IMPORTED UTILITIES 

HP STEAM 
ELECTRICITY 
CLARIFIED WATER 

7,7OS/ML% 0*0090 6.93 
3,60C/KWH ( 0.1160) ( 0,42) 

41.OOC/MGAL OIOlSO 0.62 
------- 

7.13 

TOTAL VARIABLE COSTS 91.10 
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SYNGAS(H2/CO=lrS) FROM COAL (MODULE t 7) 

804r30 MMSCFD 

tOCOSTS SHOWN IN CURRENT S 

a 

INVESTMENTS (MMS) 
BATTERY LIMITS(BLI) 
TOTAL FIXEQ CAPITALtTFC) 

COST INDEX(CURRENT $1 35s.o 400.0 534.2 766.9 

coaL AT MINE (S/TONNE) 28.80 32.30 42.30 61.80 

PRODUCTION COST, CIMSCF 

RAW MATERIALS 
BY-PRODUCT CREDIT 
IHPORTED UTILITIES 

VARIABLE CGSTS 

OPERATING LABOR{ 42eO/SHIFT) 
MAINTENANCE LABOR(1+6% BLI) 
CONTROL LaB LaBoR(20,ox op LaBoR) 

TOTAL DIRECT LABOR 

MAINTENANCE MATERIALS(2r4X ELI) 
OPERATlNG SUPPLIES(lOeO% OP I.ABOR) 

PLANT OVERHEAD(30rOX TOTAL LABOR) 
TAXES AND INSURANCE{ 2.0% TFC) 
DEPRECIATION(lO.O% TFC) 

SUBTOTAL. : PLANT GATE COST 

GSA, SALES9 RESEARCHt 3.0% PV) 

ROT BEFORE TAXES(2S.OX TFC) 

PRODUCT VALUE(PV)r ClMSCF 

1980 1981 1985 1990 
---- W-B- -e-- ---- 

971.9 109s.o 1462.4 2099.5 
1189.4 1340.2 1789.9 2569 .S 

80.75 89.68 
(4.83) (S.71) 

6.45 7.13 
---- -mm- 

82.37 91.10 

117.57 169.49 
(7.5s) (11.15) 

9.37 13.26 
m--m -w-m 

119.39 171.60 

2.14 2.44 3.29 
5.89 6.63 8.86 
0.43 0.49 0.66 
---- B-w- ---- 

8.46 9.56 12.81 

4.65 
12.71 

0.93 
w--- 

18.29 

8.83 9.9s 13.28 19.07 
0.21 0.24 0.33 0.47 
-B-m ---- ---- em-- 

9.04 10.19 13.61 19.54 

2eS4 2.87 
9.00 10.14 

45.02 50.72 
-s-w S-B- 

56.56 63.73 

3.84 5.49 
13.55 19.45 
67.74 97.25 

em-- s-w- 

85.13 122.19 

156.43 174rS8 230.94 331.62 

8.47 9.50 12.61 18.12 

112.54 126.81 169.36 243.13 
-mm- ---- --em ---- 

277.44 310.89 412.91 592.87 
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SYNGAS(H2/CO=2+0) FROM COAL 

805100 MMSCFD 

VaRIaBLE COST SUMMaRY FOR 1981 

UNIT COST 
--------- 

CONSUMPTION 
PER MSCF C/MSCF 

----------- -s--s-- 

RAW MATERIALS 
COAL AT MINE 
COAL TRANSPORT 
ASH DISPOSAL 
MISC. CHEM. 8 CaT. 

BY PRODUCTS 
SULFUR 

IMPORTED UTILITIES 

HP STEAM 
ELECTRICITY 
CLARIFIED WATER 

TOTAL VARIABLE COSTS 90.45 

32.30S/TONNE 010186 60.21 
lSrOOS/TONNE 0.0186 27.96 

SrOOS/TONNE 0.0019 0.93 
0161 

---e--m 
89.71 

4*S4C/LB ( 1.2570) ( 3.71) 
------- 

( 5.71) 

7.70S/MLB 0.0080 6.16 
3.60C/KWH ( 0.0910) ( 0.33) 

41*00C/tiGaL 0*01s1 0.62 
------- 

6.4s 
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SYNGAS(H2/C0=2rO) FROM COAL (MODULE # 8) 

8OS.00 MMSCFD 

**COSTS SHOWN IN CURRENT S 

INVESTMENTS (MM%, 
BATTERY LIMITStBLI) 
TOTAL FIXED CAPITAL(TFC) 

1980 1981 1985 1990 
B-B- ---- ---- ---m 

984.4 1109.2 1481.4 2126.6 
1203.2 1355.7 181016 2599,3 

COST INDEXtCURRENT $1 355.0 400.0 534.2 766.9 

COAL AT MINE (S/TONNE 1 28.80 32.30 42.30 61.80 

PRODUCTION COST9 C/MSCF 

RAW MATERIALS 
BY-PRODUCT CREDIT 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABOR{ 42.O/SHIFT) 
MAINTENANCE LABOR(l,6% ELI) 
CONTROL LAB LABOR(20,OX OP LABOR) 

'TOTAL DIRECT LABOR 

MAINTENANCE MATERIALS(2,4% ELI) 
OPERATING SUPPLIES~~OIOX OP LABOR) 

f’LANT OVERHEAD(30.0% TOTAL LABOR) 
TAXES AND INSURANCEt 2.0% TFC) 
DEPRECIATION(lO.O% TFC) 

SUBTGTAL : PLANT GATE COST 156.60 174.80 231.25 332.16 
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80.77 89.71 
(4.83) (5.71) 
5.83 6.45 
s-m- ---s 

81.77 90.45 

2.14 2.43 
S.96 6.71 
0.43 0.49 
--me ---- 
8eS3 9.63 

8.93 10.07 
0.21 0.24 
m-m- e-e- 
9.14 10.31 

2.S6 2.89 
9.10 10.25 
45.50 51.27 
---- ---- 
S7.16 64.41 

117.60 169.55 
(7.5s) (11.15) 
8.50 12.05 
B-B- s--m 

118.5s 170.4s 

3.28 4.65 
8.96 12.87 
0.66 0.93 
--a- ---..a 
12.90 18.45 

13.44 
0.33 
-s-B 
13.77 

3.87 5.54 
13.69 19.66 
68.47 98.29 
---- B--m 
86.03 123.49 

19.30 
0.47 
---- 
19.77 

GSA? SALES? RESEARCHt 310% PV) 8.51 

ROI BEFORE TAXES(2S.OX TFC) 

PRODUCT VALUE(PV)r C/MSCF 

113.75 128.17 
---- --me 

278.86 312.52 

9.9;s 12.68 18.22 

171.17 245.73 
---- m--m 

415.10 596.11 



SYNGAS(HZ/CO=Z+O) FROM NATURCSL GAS 
UITH CO2 IilPORT 

200.00 MHSCFD 

VARIABLE COST SUiitMRY FOR 1981 

RAW ilhTERIALS 
NATURAL GAS 
CARBON DIOXIDE 
PiISC. CHEfI. L CAT. 

CONSUHPT I ON 
UNIT COST PER IISCF 
--------- ----------- 

4.17%/HHRTlI 0.2610 
O*OOC/LB 8.9600 

IHPORTED UTILITIES 

NAT, GAS FUEL 4r17S/H?iBTU 0.1880 78.40 
ELECTRICITY 3.6OC/KWH 1 r2020 4.33 
COOLING WATER 5.40C/HGAL 0.3190 1.72 
PROCESS WATER 68.OQC/HGAL 0.0064 0.43 

TOTAL VARIABLE COSTS 194.95 

C/HSCF 

108.84 
0,oo 
1.23 

------- 
110.07 

------- 
84.88 
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SYNGAS(H2/CO=2.0) FROM NATURAL GAS 
WITH CO2 IHPORT 

(HODULE # 9) 

200.00 HHSCFD 

trCCOSTS SHOWN IN CURRENT S 

1980 1981 1985 1990 
w--m ---- mm-- -w-- 

INUESTHENTS (HHS) 
BATTERY LIHITStBLI) 
TOTAL FIXED CAPITAL(TFC) 

78.7 88.7 118.4 170.0 
105.9 119.3 159.3 228.7 

l COST INDEXtCURRENT S) 

NATURAL GAS (S/HHBTU) 

35500 400.0 534.2 766.9 

4.00 4.17 7.37 12.43 

PRODUCTION COSTlr C/HSCF 

RAW HATERIALS 105.44 110107 193.99 326.82 
IHPORTED UTILITIES 81.23 84.88 148.78 250.08 

---a ---- --mm ---- 

VARIABLE COSTS 186.67 194.95 342.77 576.90 

OPERATING LABOR{ 4rO/SHIFT) 0.82 0.93 1.26 1.78 
HATNTENANCE LABOR(l.JX ELI) 1.80 2.03 2.70 3.88 
CONTROL LAB LABOR(20.0X OP LABOR) 0.16 0.19 0.25 0.36 

s--m m-w- ---- ---- 

TOTAL DIRECT LABOR 2.78 3.15 4.21 6.02 

HAINTENANCE MATERIALS(lrJX BLI) 1.80 2.03 2.70 3.88 
OPERATING SUPPLIES(lO.OX OP LABOR) 0.08 0.09 0.13 0.18 

-s-s s--- ---- m--- 

1.88 2.12 2.83 4.06 

PLANT OUERHEAD(GO.OX TOTAL LABOR) 2.22 2.52 3.37 4.82 
TAXES AND INSURANCEt 2.0% TFC) 3.22 3.63 4.85 6.96 
DEPRECIATION(lO,O% TFC) 16.12 18.16 24.25 34.81 

-e-e B-m- ---- ---- 

21.56 24.31 32.47 46.59 

SUBTGTAL.: PLANT GATE COST 212e89 224.53 382.28 633.57 

0 GSA9 SALESv RESEARCHt 3.0% PU) 7.83 8.35 13.70 22.29 

ROI BEFORE TAXES(25.OX TFC) 40.30 45.40 60.62 87.02 
---- ---- --mm m-B- 

PRODUCT UALUE(PU), C/HSCF 261.02 278.28 456.60 742.88 
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SYNGAS (H2/C0=2.0 ) FROH UACUUH RESIDUE 

200.00 HHSCFD 

VARIABLE COST SUHHARY FOR 1981 

RAW HATERIALS 
UACUUH RESIDUE 
HI%. CHEH. 8 CAT. 

UNIT COST 
--------- 

S.&SC/LB 

CONSUHPTION 
PER HSCF C/HSCF 

----------- --s---w 

22.4100 12&a&2 
0.51 

--m-w-- 
127.13 

BY PRODUCTS 
SULFUR 4r54C/LB ( 1 l 3200) ( 5.99) 

------- 
( 5.99) 

IHPORTED UTILITIES 

HP STEAH 7.70S/HL% 
ELECTRTCITY 3. &OC/KWH 
COOLING WATER 5.40C/HGAL 
PROCESS WATER 68eOOC/HGAL 

TOTAL VARIABLE COSTS 
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0.0104 8.01 
0.8620 3.10 
0.1160 0.63 
0.0082 0.56 

-m.----- 

12.30 

133.44 



SYNGAS(H2/CO=2rO) FROH UACUUH RESIDUE (HODULE #lOI 

200.00 HHSCFD 

**COSTS SHOWN IN CURRENT S 

INUESTHENTS tHHS> 
BATTERY LIHITStBLI) 
TOTAL FIXED CAPITALtTFC) 

COST INDEXtCURRENT S) 

UACUUH RESIDUE (C/LB 1 

PRODUCTION COSTl CIHSCF 

RAW MATERIALS 
BY-PRODUCT CREDIT 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABORf 8.01SHIFT) 
HAINTENANCE LABOR(l.JX BLI) 
CONTROL LAB LABOR(2OeOX OP LABOR) 

TOTAL DIRECT LABOR 

MAINTENANCE HATERIALStlrSX BLI) 
OPERATING SUPPLIES(lO.O% OP LABOR) 

PLANT OUERHEAD(80,OX TOTAL LABOR) 
TAXES AND INSURANCE{ 2.0% TFC) 
DEPRECIATION(lO.O% TFC) 

SUBTOTAL: PLANT GATE COST 

G8Ap SALES? RESEARCHt 3.0% PU) 

ROI BEFORE TAXESt25.0% TFC) 

PRODUCT UALJJE (PU ) 9 C/MSCF 

1980 1981 1985 1990 
--SW m-B- ---w ---- 

157.6 177.6 237.2 340.6 
212.8 239.8 320.2 459.7 

355.0 400.0 534.2 766.9 

5.15 5.65 lOI 15.80 

115.84 
(5,071 
11.27 

--e- 

122.04 

1.64 
3.60 
0.33 
-a-- 

5.57 

3.60 
0.16 
w-w- 

3.76 

4.46 
6.48 

32.39 
e--w 

43.33 

174.70 

8.06 

80.97 
--mm 

263.73 

127.13 235.99 
(5.99) (7.93) 
12.30 

---- 

133.44 

1.87 
4*05 
0.37 
S-B- 

6.29 

4.05 
0.19 
-em- 

4.24 

5.03 
7.30 

36.50 
m-B- 

48*83 

192.80 

8.97 

91.25 
-em- 

293.02 

17.41 
se-- 

245.47 

2.52 
5.42 
0.50 
--em 

8.44 

5.42 
0.25 
--a- 

5.67 

6.75 
9.75 

48.74 
-s-e 

65.24 

324.82 

14.06 

121.84 
--mm 

460.72 

355.08 
(11.71) 

26.07 
---- 

369.44 

3.56 
7.78 
0.71 
---- 

12.05 

7.78 
0.36 
-w-m 

8.14 

9.64 
13.99 
69.97 

Be-- 

93.60 

483.23 

20.72 

174.92 
em-- 

678.87 
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SYNGAS(H2/CO=2.0) FROH SYNGAS(H2/CO=3.0) 

UNIT COST 
--..----e- 

RAW HATERIALS 
SYNGAS(3+0)/0 2*41S/MSCF 

BY PRODUCTS 
HYDROGEN 2.58SiMSCF 

IMPORTED UTILITIES 

NAT. GAS FUEL 
ELECTRICITY 

BY SKIMHING 

200.00 MNSCFD 

VARIABLE COST SUflHARY FOR 1981 

4.17S/HHBTLI 
3+6OC/KWH 

CONSUHPTION 
PER HSCF 

1.3200 

( 0.3193) 

0.0004 
0.9330 

C/MSCF 
-Be---- 

318.49 
----e-e 
318.49 

( 82.38) 
-I----- 

( 82.38) 

0.16 
3.36 

------- 
3.52 

TOTAL UARIABLF: COSTS 239.63 
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SYNGAS(H2/CO=2.0) FROM SYNGAS(H2/CO=3.0) (MODULE #I11 

l BY SKIHMING 

200.00 HHSCFD 

ttCOSTS SHOWN IN CURRENT S 

INVESTMENTS (MMSI 
BATTERY LIMITS(BL1) 
TOTAL FIXED CAPITALCTFC) 

COST INDEX(CURRENT S) 355,o 400.0 534.2 766.9 

SYNGAS(3.0)/G O/HSCF I 2.27 2.41 4.00 6.54 

PRODUCTION COSTv C/MSCF 

RAW HATERIALS 
BY-PRODUCT CREDIT 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABORt O,O/SHIFT) 
MAINTENANCE LABOR(l.S% BLI) 
CONTROL LAB LABOR(20.0% OP LABOR) 

TOTAL DIRECT LABOR 

MAINTENANCE MATERIALSflaSX BLI) 
OPERATING SUPPLIES(lO.O% OP LABOR) 

PLANT OUERHEAD(80.0% TOTAL LABOR) 
TAXES AND INSURANCE{ 2.0% TFC) 
I~EFRECIATION(1O~O% TFC) 

SUBTOTAL: PLANT GATE COST 228.44 242.33 403.11 660.18 

GtAv SALES, RESEARCH{ 3.0% FU) 9.56 10.17 16.80 27e42 

ROI BEFORE TAXES(25.OX TFC) 3.73 4.19 5.59 8r07 
--mm ---- -mm.. ----a 

241.73 256.69 425.5 0 695.67 PRODUCT UALUEIP’J), C/MSCF 

1980 1981 1985 1990 
--w- m-s- ---m ---a 

9.8 11.0 14,7 21,l 
9e8 11.0 14,7 21.2 

299.65 318.49 538.11 
(76.95) (82.38) (134,43) 

3.33 3.52 
-e-m s-e- 

226.03 239.63 

5.79 
---- 

399.47 

863.82 
(218.40) 

.9+54 
---- 

654.96 

0.00 
0.22 
0.00 
--a- 

0122 

OIOO 0.00 
0.25 0.34 
OIOO 0.00 
--em --mm 

0.25 0.34 

0.00 
0.48 
0.00 
- -. __ -. 

0.4R 

0.22 
OIOO 
--em 

0.22 

0.25 0.34 
0.00 0.00 
---- ---m 

0.25 0.34 

0148 
OIOO 
---- 

0.4G 

0.18 0.20 0.27 0.38 
0.30 0.33 0.45 0.65 . 
1.49 1.67 2.24 3.23 
-m-w ---- --Be B--m 

1.97 2.20 2.96 4.26 

63 



SYNGAStH2/C0=3.0) FROH NATURAL GAS 
WITH CO2 RECYCLE 

200.00 MHSCFD 

VARIABLE COST SUHHARY FOR 1981 

RAW HATERIALS 
NATURAL GAS 
HISC, CHEH. a CAT, 

IHPORTED UTILITIES 

NAT. GAS FUEL 
ELECTRICITY 
COOLING WATER 
PROCESS WATER 

TOTAL VARIABLE COSTS 183.43 

UNIT COST 
--w------ 

CONSUHPTION 
PER HSCF C/HSCF 

----------- ------- 

4,17S/HHBTU 0.2650 llO*Sl 
0190 

------- 
111.41 

4.17S/HHETU 0.1600 66.72 
3.&OC/KWH 1 l O180 3.66 
5+40C/HGAL 0.2230 1.20 

68.0OC/HGAL 0.0065 0.44 
----m-w 

72.02 

. 
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SYNGAS(H2/CO=3.0) FROH NATURAL GAS 
WITH CO2 RECYCLE 

200.00 HHSCFD 

**COSTS SHOWN IN CURRENT S 

INUESTHENTS tHHS, 
BATTERY LIHITStBLI) 
TOTAL FIXED CAPITALtTFC) 

COST INDEXtCURRENT S) 355.0 400.0 534.2 766.9 

NATURAL GAS (S/MMBTU) 4.00 4.17 7.37 12.43 

PRODUCTION COST? C/HSCF 

RAW HATERIALS 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABOR{ 4.0/SHIFT) 
HAINTENANCE LABORtleSX BLI) 
CONTROL LAB LABOR(20,OX OP LABOR) 

TOTAL DIRECT LABOR 

MAINTENANCE MATERIALStlrSX BLI) 
OPERATING SUPPLIES(lO,O% OP LABOR) 

PLANT OUERHEAD(SO.O% TOTAL LABOR) 
TAXES AND INSURANCEt 2.0% TFC) 
DEPRECIATION~IO.O% TFC) 

SUBTOTAL.: PLANT GATE COST 

GLAl SALES, RESEARCHl 310% PU) 

ROI BEFORE TAXES(25,OX TFC) 

PRODUCT UALIJE (FU) v C/HSCF 

1980 1981 
-s-m m--m 

66.2 74.6 99.6 143.0 
88.2 99.4 132.8 190.6 

106.76 111.41 196.50 331.16 
68.94 72.02 126.31 212+34 

m--m W-B- mm-- -m-w 

175.70 183.43 322.81 543.50 

0.82 0.93 1.26 1.78 
l.51 1.70 2.27 3.26 
0.16 0.19 0.25 0.36 
-m-s e-m- s-s- ---- 

2.49 2.82 3.78 5.40 

1.51 1.70 2.27 3.26 
0.08 0.09 0.13 0.18 
-s-w --mm e-s- -s-B 

1.59 1.79 2.40 3.44 

1.99 2.26 3.02 4.32 
2.68 3.03 4.04 5.80 

13.42 15.13 20.21 29.01 
---- m-s- e--s ---- 

18.09 20.42 27.27 39.13 

197.87 208.46 356.26 591.47 

7.16 7.62 12.58 20.54 

33.56 37.82 
-m-s e-m- 

238.59 253.90 

OIIODULE #12) 

1985 1990 
..--w m-m.. 

50.53 72.53 
---- --SW 

419.37 684.54 
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HETHANOL SYNGAS(H2/CO=2.26) FROH COAL 

805,30 HHSCFD 

VARIABLE COST SUMMARY FOR 1981 

RAW HATERIALS 
COAL AT HINE 
COAL TRANSPORT 
ASH DISPOSAL 
HISC. CHEH. 8 CAT. 

CONSUHPTION 
UNIT COST PER HSCF C/HSCF 
--------- ----------- m--m--- 

32,30S/TQNNE 0.0186 60.21 
lSrOOS/TONNE 010186 27.96 

S.OOS/TONNE 0.0039 0.93 
0,62 

----s-m 
89.72 

BY PRODUCTS 
SULFUR 4.54C/LB ( 1 r2570) ( 5171) 

------- 

( 5.71) 

IHPORTED UTILITIES 

HP STEAH 
ELECTRICITY 
CLARIFIED WATER 

7.70S/HLB OeOO76 5.85 
3,40C/KWH t 0.0825) ( 0.30) 

4l.OOC/HGAL 010151 0.62 
------I 

6.17 

TOTAL VARIABLE COSTS 
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METHANOL SYNGAS(H2/C0=2.26) FROM COAL (HODULE 113) 

805.30 HHSCFD 

**COSTS SHOWN IN CURRENT S 

INUESTHENTS (MHS) 
BATTERY LIHITStBLI) 
TOTAL FIXED CAPITALtTFC) 

1980 1981 1985 1990 
e--m -mm- -e-- -mm- 

989.0 1114.3 1488.2 2136.4 
1208.4 1361.6 1818.4 2610.6 

COST INDEXtCURRENT S) 355.0 400.0 534.2 766.9 

COAL AT HINE ( S/TONNE 1 28.80 32.30 42.30 61 r80 

PRODUCTION COSTI CIHSCF 

RAW MATERIALS 
BY-PRODUCT CREDIT 
IHPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABORt 42.O/SHIFT) 
HAINTENANCE LABOR(l.&% BLI) 
CONTROL LAB LABOR(2OaOX OP LABOR) 

TOTAL DIRECT LAEOR 

HAINTENANCE HATERIALS(2.4% ELI) 
OPERATING SUPPLIES(lO.O% OP LABOR) 

PLANT OUERHEAD(30.0% TOTAL LABOR) 
TAXES AND INSURANCE{ 2.0% TFC) 
DEPRECIATION(lO.O% TFC) 

SUBTOTAL : PLANT GATE COST 156.64 

80.78 
(4.83) 

5.58 
W-B- 

01.53 

89.72 117.62 169 r56 
(5.71) (7.55) (llr15) 

6.17 8r14 
-w-- -m-B 

90.18 118.21 

2.14 2.43 
5.98 6.74 
0.43 0.49 
-m-w -mm- 

8.55 9.66 

8.97 10.11 
0.21 0.24 
-m-s -m-w 

9.18 10.35 

2.56 2.90 
9.14 10.29 

45.68 51.47 
-s-B -w-B 

57.38 64.66 

174.85 

8.53 9.56 

114.20 128.68 
-m-w -e-- 

279.37 313.09 

11*55 
e--w 

169.96 

3.28 4.65 
9.00 12.92 
0166 0.93 
-m-B s--e 

12.94 18.50 

13.50 19.38 
0.33 0.47 
-m-w -e-m 

13.83 19.85 

3.88 5.55 
13.75 19074 
68.74 98.68 

---- -w-e 

86e37 123.97 

231.35 332.28 

12.70 18.25 

171.84 246.71 
-m-w -mm- 

415.89 597.24 

G&A, SALES, RESEARCH{ 3.0% PU) 

ROI BEFORE TAXES(SJ.O% TFC) 

PRODUCT UALUE(FU)r C/MSCF 

- 

0 
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CRUDE SYNGAS(H2/CG=4.92) 
FRGH NATURAL GAS 

264.90 HMSCFD 

VARIABLE COST SUHHARY FOR 19Gl 

RAW HATERIALS 
NATURAL GAS 
HISC. CHEH, a CAT. 

CONSUHPTION 
UNIT COST PER MSCF C/MSCF 
---s-w--- ----------- ---me-- 

4,17S/HMPTU 0.3080 128.44 
0.33 

---...m-- 
128.77 

IHPORTED UTILITIES 

NAT. GAS FUEL 
HP STEAH 
HP STEAH 
ELECTRICITY 
COOLING WATER 
PROCESS WATER 

4*17S/HMBTU 0.1256 52.38 
7.70S/HLB ( 0.0461) ( 35.49) 
6. SOS/HLB 0*0208 13.53 
3.6OC/KWH 0.7170 2.58 
5,40C/HGAL 0.0047 0.03 

48rOOC/HGAL 0.0028 0.19 
------- 

33.22 

TOTAL UARTABLE COSTS 
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l 
CRUDE SYNGAS(H2/CO=4.92) 
FROM NATURAL GAS 

264.90 HHSCFD 

WCOSTS SHOUN IN CURRENT S 

(HODlILE #14) 

INUESTHENTS tHHS, 
BATTERY LIHITStBLI) 
TOTAL FIXED CAPITALtTFC) 

COST INDEXtCURRENT S) 355.0 400.0 534.2 766.9 

NATURAL GAS ( S/HHBTU) 4.00 4.17 7.37 12.43 

PRODUCTION COST, C/HSCF 

1980 1981 1985 1990 
---s -mm- ---- s--m 

65.3 73.6 98.3 141.2 
82.4 92.8 124.0 178.0 

RAW HATERIALS 123.48 328.77 227.44 383.48 
IHPGRTED UTILITIES 32.89 33.22 68.01 121.84 

--mm B-B- ---- me-- 
VARIABLE COSTS 156.37 161.99 295.45 505.32 

OPERATING LABORt 2rO/SHIFT) 0.31 0.35 0.48 0.67 
HAINTENANCE LAEOR(J.5% BLI) 1.13 1.27 1.69 2.43 
CONTROL LAB LABOR(2OaOX OP LABOR) 0.06 0.07 0.10 0.13 

s-m- --s- s--m ---- 

TOTAL DIRECT LABOR 1.50 1.69 2.27 3.23 

HAINTENANCE HATERIALS(l.S% ELI) 1.13 1.27 1.69 2.43 
OPERATING SUPPLTES(lO,O% OP LABOR) 0.03 0.04 0.05 0.07 

-mm- ---- ---- m-m- 
1.16 1.31 1.74 2.50 

PLANT OUERHEAD(80.0% TOTAL LA8OR) 1.20 1.35 1.82 2.58 
TAXES AND INSURANCEt 2.0% TFC) 1.89 2.13 2.85 4.09 
DEFRECIATION(lO~O% TFC) 9.47 10.66 14.25 20.46 

-s-B -s-w -m-s es-- 
12.56 14.14 18.92 27.13 

SUBTOTAL : PLANT GATE COST 

GSA? SALES9 RESEARCH{ 3.0% PU) 

ROI BEFORE TAXES(2J.OX TFC) 

PRODUCT UALUE(FU)r C/HSCF 

171 .s9 179.13 318.38 538.18 

6.04 6.36 10.95 18.23 

23.67 26.66 35.62 51.14 
-es- ---- ---- w--- 

201.30 212.15 364.95 607.55 
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CO FROH GAS-DERIVED SYNGAS(Hi?/CO=3,0) 
BY COSORB SEPARATION 

149.30 HHLB/YR 

VARIABLE CDST SUHHARY FOR 1981 

UNIT COST 
--m.------ 

CONSUHPTION 
PER LB C/LB 

----------- ------- 

RAW HATERIALS 
SYNGAS(3+0)/G 
HI%, CHEH, L CAT. 

BY PRODIICTS 
HYDROGEN 
FUEL GAS 

IMPORTED UTILITIES 

LP STEAH 
ELECTRICITY 
COOLING WATER 

TOTAL VARIABLE COSTS 4.02 

2,46S/HSCF 0.0539 13.26 
0.13 

mm--. --- 
13r39 

2.58S/HSCF t 0.0400) ( 10.32) 
4,76S/HHRTU ( 0.0001) ( 0,041 

--w--e- 

( 10,361 

5r20S/HLB OIOOYO 0.54 
3.60C/KWH 011200 0.43 
Sr4OC/HGAL 0.0030 0.02 

------- 

0.99 
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CO FROH GAS-DERJUED SYNGAS(H3/CQ=3+0) (HIIEIILE #IS) 

l BY COSORB SEPARATION 

149.30 HHLE/YR 

#SCfJSTS SHOWN IN CURRENT S 

1980 19Rl 19R5 1990 
-w-- --we -m-m ---- 

a 

INVESTMENTS (MHS) 
BATTERY LIHITStELI) 
TOTAL. FIXED CAPITAI..(TFC) 

7.6 8e6 11.5 16.5 
5.6 9.7 12*9 18.6 

COST INDEXtCURRENT S) 355.0 400.0 534.2 766+9 

SYNRAS(3rO)/G (S/HSCF 1 2.31 2.46 4.07 6.64 

PRODUCTION COSTI C/LB 

RAW MATERIALS 
BY-PRGDIJCT CREDIT 
IHPORTED UTILITIES 

UART4lW.E CGSTS 

12.56 13.39 22rll 36.04 
(9.68) (10.36) (16.91) (27.47) 

0.90 0.99 1.44 2.21 
--a- --s- ---- ---- 

3.78 4r02 6.44 10178 

OPERATING LABORt ?.O/SHIFT) 
HAINTENANCE LABC)R(2.0% BI.1) 
CONTROL LAB LABGR(20rOX OP LABOR) 

TOTAL DIRECT LABOR 

0.18 0.31 0.28 0139 
0.10 0*12 0.15 0.22 
0.04 0.04 0.06 0.08 
--w- --a- s--- em-- 

0.32 0.37 0.49 0.69 

MAINTENANCE MATERIALS(?.O% BLI) 
OPERATING SJlPPL.TES( 1010% OP LABOR) 

PLANT GUERHFAD (GO. OX TOTAL. LABOR 1 
TAXES AND INSURANCEt 2.0% TFC) 
DEPRECIATXGN(l.O.O% TFC) 

SUBTOTAL. : PLANT GATE COST 

GILA9 SALES? RESEARCHt 3.0% FU) 

ROX BEFORE TAXES(25,0,% TFC) 

FRGDJJCT UALI.JE (FU 1 I C/LB 

0.10 0.12 0.15 0.22 
0.02 0.02 0.03 0.04 
-m-m w-e- ---- ---- 

0.12 0.14 0.18 0.26 

0.26 0.30 0.39 0.55 
0.12 0.13 0.17 0.25 
0.58 0.65 0.86 1.25 
-me-- --m- ---w ---- 
0.96 1.08 1.42 2.05 

S.18 5.61 8.73 13.78 

0.50 0.54 0.86 1.37 

1.44 1.62 2.16 3.11 
---- ---- --me -m-m 

7.12 7.77 11.7s 18.26 
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CO FROH GAS-DERIVED SYNGAS(H2/CO=3.0) 
BY CRYOGENIC SEPARATION 

149.30 MHLB/YR 

VARIABLE COST SIJHHARY FOR 1981 

RAW HATERIALS 
SYNGAS(3.0)/G 
HISC. CHEH. L CAT. 

CONSUHFTION 
UNIT COST PER LB C/LB 
--------- ----------- m-----m 

2r46S/HSCF 010541 13.31 
0.05 

w------ 
13.36 

BY PRODl.lCTS 
HY DRGGEN 2 e 58S/HSr.F ( 0.0393) ( 1011.4) 
FUEL GAS 4,76S/HHBTU ( 010005) ( 0.24) 

m-----m 
( 10.38) 

IHPORTED UTILITIES 

ELECTRICITY 3. bOC/KWH 0.1970 0.71 
COOLING WATER 5,40C/HGAL 0.0012 0.01 

------.. 

0072 

TOTAL UAR1ABI.E COSTS 3.70 
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CO FROH GAS-DERIVED SYNGAStHi?/CG=3rO) 
BY CRYOGENIC SEPARATION 

149.30 HHLB/YR 

XtCOSTS SHOWN IN CURRENT S 

19eo 1981 1985 
-w-B m-m- --se 

INUESTHENTS tHHS, 
BATTERY LIHITStPLI) 
TOTAL FIXED CAPITAL ( TFC 1 

COST INDEXlCURRENT S) 355.0 400.0 534.2 766+9 

SYNGAS(3.0)/0 (S/HSCF 1 2.31 2.46 4.07 6.64 

PRODUCTION COST, C/LB 

R&W HATERIALS 
BY-PRODUCT CREDIT 
IHPORTED UTILITIES 

UAR1ABI.F COSTS 

OPERATING LAROR( 2.0/SHIFT) 
HAINTENANCE LABGR(2.0% 81-I) 
CONTROL LAB LABOR(20.0% OP LABOR) 

TOTAL DIRECT LABOR 

HAINTENANCE MATERIALS(?.O% BLI) 
OPERATING SUPPLIES(lO.O% GP LABOR) 

PLANT GUERHEAD ( 80.0% TOTAL LABGR 1 
TAXES AND INSURANCEt 2.0% TFC) 
DEPRECIATIGN~lO.O% TFC) 

SURTGTAL: PLANT GATE CGST 

GSA? SALES? RESEARCHt 3.0% PU) 

ROT BEFORE TAXES(25.0% TFC) 

FRGDIJCT UALtJE (PU) I C/LB 

4.3 4.8 6.4 9.2 
4.9 5.5 7.3 10.5 

12.54 13.36 22.09 36.02 
(9.69) (10.38) (16.95) (27.49) 
0.68 0.72 1.17 1.92 
s--- -a-- ---- m-B- 

3.53 3.70 6.31 10.45 

0.18 0.21. 0.28 0.39 
0.06 0.06 0.09 0112 
0.04 0.04 0.06 0.08 
-se- -maI meI- -es- 
0.28 0.31 0.43 0.59 

0.06 0.06 
0.02 0102 
-w-B m-m- 

0.08 0.08 

0.22 0.25 
0.07 0.07 
0033 0.37 
me-- Be-- 

0.62 0.69 

4.51 4.78 7.79 12.51 

0.46 o.so 0.80 1.29 

0.82 0.92 1.22 1.76 
-em-- me-- me-- me-- 
5.79 6.20 9.81 115.56 

(HODlJLE 116) 

0.09 
0.03 
s--- 

0.12 

0.34 
0.10 
0.49 
---- 

0.93 

1990 
---- 

0.12 
0.04 
---- 
0.16 

0*47 
0.14 
0.70 
---- 

1.31 
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CO FROH GAS-DERIVED CRUDE SYNGAS 
(H2/CO=4.9) BY COSORB SEPARATION 

149.30 HHLB/YR 

VARIABLE COST SUHHhRY FOR 1981 

UNIT COST 
-----w-w- 

RAW HATERIALS 
SYNGAS(4r9)/0 2,06S/HSCF 
HISC, CHEH. a CAT. 

BY PRODUCTS 
HYDROGENt85.4%) 1,54S/HSCF 

CONSUHPTION 
PER LB C/LB 

-----I----- ------- 

0.0846 17r43 
0116 

------- 
17.59 

( 0.0699) ( 10.76) 
--s-s-- 

( 10.76) 

IMPORTED UTILITIES 

LP STEA.M 
ELECTRI:C,ITY 
COOLING WATER 

TOTAL VARIABLE COSTS 8.10 

5,20S/HLB 0.0012 0.65 
3.6QC/KWH o* 1660 0.60 
5.40C/HGAL 0.0036 0.02 

------- 

1.27 
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CO FROH GAS-DERIVED CRUDE SYNGAS 
(H2/C0=4.9) BY CGSORB SEPARATION 

(H0II.IL.F. tl7 1 

149.30 HHLB/YR 

SSCOSTS SHOWN IN CURRENT S 

INVESTMENTS tHHS, 
BATTERY LIHITStBLI) 
TOTAL FIXED CAPITAI.(TFC) 

1980 1981 1985 1990 
--em ---- S-B- ---- 

1;:: 
10.4 13.9 19.9 
13.6 18,2 26.1 

a 

COST INDEXtCURRENT 0 355.0 400.0 534.2 766.9 

SYNGAS(4.9)/G (S/HSCF 1 1.95 2.06 3*54 5.89 

PRODUCTION COSTv C/LB 

RAW HATERIALS 
BY-PRODUCT CREDIT 
IHPORTED UTILITIES 

UAR1ABl.E COSTS 

OPERATING LABORf i?.O/SHIFT) 
HATNTENANCE LABOR(2rOX BLI) 
CONTROL LAB LABOR(20.0% OP LABOR) 

TOTAL DIRECT LABOR 

HAINTENANCE HATERIALS(2.0% BLI) 
OPERATING SUPPLIES(lO.O% OP LABOR) 

PLANT OVERHEAD (GO ,0X TOTAL LABOR 1 
TAXES AND INSURANCE{ 2.0% TFC) 
DEPRECTATION(lO.OX TFC) 

SUBTOTAL: PLANT GATE COST 9.J2 10.05 16.35 28.86 

G8Av SALES9 RESEARCH{ 3.0% PU) 0.67 0.71 1.17 1.89 

ROI BEFORE TAXES(25.OX TFC) 

PRODUCT UALIJE ( PU 1 I C/LB 

75 

16.63 17.59 
(lO*OO) (10.76) 

1.17 1.27 
--mm s--m 

7.80 8.10 

0.18 0.21 0.28 0.39 
0.12 0.14 0.19 0.27 
0.04 0.04 0.06 0.08 
--mm ---- -mm- ---- 

0.34 0.39 0.53 0.74 

0.12 0.14 
0.02 0.02 
-s-s ---- 

0.14 0.16 

0.27 0.31 0.42 0.59 
0.16 0.18 0.24 0.35 
0.81 0.91 1.22 1*75 
--mm ---- ---- ---- 

1.24 1.40 1.88 2.69 

2.03 2.28 3.05 4.37 
--mm ---- ---- ---- 

12.22 13.04 20.57 35.12 

30.16 50.13 
(18.31) (27.89) 
1,87 2.88 
---- -s-m 

13,72 25.12 

0.19 0.27 
0.03 0.04 
-s-w ---- 

0.22 0.31 



CO FRGfl GAS-DERJUED CRUDE SYNGAS 
(H2/C0=4,9) BY CRYOGENIC SEPARATION 

149.30 HMLB/YR 

VARIABLE COST SUMMARY FOR 19Gl 

CONSUMPTION 
UNIT COST PER LB C/LB 
--------... ----------- ------- 

RAW HATERIALS 
SYNGAS(4.9)/0 2.06$/MSCF O.OR91 18.35 
MISC. CHEH. 8 CAT. 0.21 

----w-- 
18+56 

BY PRODUCTS 
CARRON DIOXIDE 
HYDROGEN 
FUEL GAS 

O.OOC/LB ( 0.9130) t 0.00) 
2. ?iG%/tlSCF ( 0.0712) ( 18.37) 
4.76~/MHBflI ( 010039) ( 1.88) 

------- 

t 20.25) 

IMPDRTED IJTILITIES 

LP STEAM S*20%/HLR 0*0012 
ELECTRXCITY 3,6OC/KWH 0*3530 
COOLING WATER 5.4OC/ilGAL 010192 

TOTAL UARlABLE COSTS 0.28 
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CO FROM GAS-DERIVED CRUDE SYNGAS 
(H2/CO=4.9) BY CRYOGENIC SEPARATION 

149.30 MMLB/YR 

SSCGSTS SHOWN IN CURRENT % 

1980 1981 1985 1990 
w-s- B-s- -s-e ---a 

INVESTMENTS (MM,, 
BATTERY LIMITStBLI) 
TOTAL. FIXED CAPITAL t TFC) 

COST INDEXtCURRENT $) 3ss.o 400.0 534,2 766.9 

SYNGAS(4.9)/0 ($/MSCF 1 1.9s 2.06 3*54 5.89 

PRODUCTION COSTr C/LB 

RAW MATERIALS 
BY-PRGDUCT CREDIT 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABORt 4.0/SHIFT) 
MAINTENANCE LABGR(2rOX BLI) 
CONTROL LAB LABOR(20.0X OP LABOR) 

TOTAL DIRECT LABOR 

MAINTENANCE MATERIALS(2rOX BLI) 
OPERATING SUPPLIESt 1010% OP LABOR) 

PLANT OUERHEAD(GO.OX TOTAL LABGR) 
TAXES AND INSURANCE( 2.0% TFC) 
DEPRECTATIGN(lO.OX TFC) 

SUBTOTAL : PLANT GATE COST 3.28 3.42 s*90 10117 

GSA, SALES? RESEARCH{ 3.0% PU) 0.77 0.83 1.34 2.16 

RO1: BEFORE TAXES(25.OX TFC) 2.88 3.23 4.32 6.23. 
-w-m ---e ---- ---- 

6.93 7.48 11.56 18.54 PRODUCT UALlJE (PU I , C/LB 

77 

15.9 17.9 23.9 34.3 
17.2 19.3 25.8 37.1 

17.ss 18.56 31.83 52.89 
(18.89) (20.2s) (33.17) (53.5s) 

1.84 1.97 3.03 4.79 
---- -mm- ---- ---e 

0.50 0.28 1.68 4.13 

0.36 0.41 0.55 0.78 
0.21 0.24 0.32 0.46 
0.07 0.08 0.11 0.16 
-s-s --mm ---- s--m 

0.64 0.73 0.98 1.40 

0.21 0.24 0.32 0.46 
0.04 0.04 0.06 0.08 
--Be w-m- ---m -B-e 

Oe25 0.28 0138 0.54 

0.51 0.58 0.78 1.12 
0.23 0.26 0.35 0.50 
1.15 1.29 1.73 2.48 
---- ---- ---- --em 

1.89 2.13 2.86 4.10 

(HQDULE #18) 



CO FROM COAL-DERIVED METHANOL SYNGAS 
tH2/CO=2+26) BY CGSORB SEPARATION 

149.30 MMLB/YR 

VARIABLE COST SUMMARY FOR 1981 

UNIT COST 
--------- 

RAU MATERIALS 
SYNGAS(2.26)K 3.04$/MSCF 
MISC. CHEM. L CAT. 

BY PRODUCTS 
HYDROGEH(93X) 3,04$/MSCF 

IMPORTED UTILITIES 

LP STEAM 
ELECTRICITY 
COOLING WATER 

s. 20S/flLB 
3. (SOC/KWH 
S,40C/llGAL 

CONSUMPTION 
PER LB 

----------- 

0.0445 

( 0.0306) 

0*0010 
0.1200 
0*0030 

C/LB 
----w-s 

13+S2 
0.13 

------- 
13.65 

( 9.30) 
-w--w-- 

( 9.30) 

0.54 
0.43 
0.02 

------- 

0.99 

TOTAL VARIABLE COSTS 

78 

s.34 



CO FROM COAL-DERIVED METHANOL SYNGAS 
(H2/CO=2.26) BY CQSGRR SEPARATION 

149.30 MMLE/YR 

OlGBULE #X9) 

**COSTS SHOWN IN CURRENT $ 

1980 1981 1985 1990 
-em- ---- ---- ---- 

INVESTMENTS (MM%, 
BATTERY LIMITS(BL1) 
TOTAL FIXER CAPITAL (TFC) 

COST INDEXtCURRENT %) 355.0 4ooeo 534.2 766.9 

SYNGAS(2,26)/C (S/MSCF 1 2.71 3.04 4.03 5.79 

PRODUCTION COST, C/LB 

RAW MATERIALS 
BY-PRODUCT CREDIT 
IMPORTED UTILITIES 

UARIAELE CGSTS 

OPERATING LABORt 2rO/SHIFT) 
MAINTENANCE LABGRt2eOX BLI) 
CONTROL LAB LABOR(20,0% OP LAEOR) 

TOTAL DIRECT LABOR 

MAINTENANCE ilATERIALS(2eOX ELI) 
OPERATING SUPPL.TES( 10.0% GP LABOR) 

PLANT GUERHEAD(GO.O% TOTAL LABOR) 
TAXES AND INSURANCEt 2.0% TFC) 
DEPRECTATIGN(lO.OX TFC) 

SUBTGTAL. : PLANT GATE COST 6.14 

GSAv SALES? RESEARCH{ 3.0% PU) 

ROI BEFORE TAXESt25.OX TFC) 

PRODIICT UALIJE (PU) 9 C/LB 

79 

7.5 8.4 11.2 16.1 
8.3 9.4 12.5 18.0 

12.16 
(8r29) 

0.90 
-s-- 

4.77 

0118 0.21 
0.10 0.11 
0.04 0.04 
s--m -s-s 

0.32 0.36 

0.10 
0.02 
-B-s 

0.12 

0,26 0.29 
0.11 0.13 
0.56 0.63 
-s-w ---- 

0*93 1*05 

0149 

1*39 
---- 
8.02 

13.6s 18.09 
(9.30) (12.33) 

0.99 1.44 
--mm ---- 

5.34 7.20 

0.28 0.39 
0.15 0.22 
0.06 0.08 
--mm --Be 

0.49 0.69 

0.11 0.15 
0.02 0.03 
-s-B s--m 

0.13 0118 

0.39 0.55 
0.17 0.24 
0.84 1.21 
---- -w-w 

1.40 2.00 

6.88 

0.55 

1.57 
---- 
9.00 

9.27 13.43 

0.73 1.06 

2.09 3.01 
---- --mm 

12.09 17.50 

25,99 
(17.72) 

2.21 
-e-m 

10.48 

0.22 
0.04 
---w 

0.26 



CO FROM RESID-DERIVED SYNGAS(H?/EO=2eO) 
BY CRYOGENIC SEPARATION 

149.30 MMLB/YR 

VARIABLE COST SllHMARY FOR 1981 

RAW MATERIALS 
SYNGAS(Z’.O)/R 
NISC. CHEM. t CAT. 

CONSUHPTION 
UNIT CGST PER LB C/LB 
--------- -----..-s--- ------- 

2r84%/MSCF 0*0419 11.90 
0.04 

--B--w- 
11.94 

BY PRGDUCTS 
HYDROGEN 
FUEL GAS 

2.SG$/MSCF ( 0.0271) ( 6.99) 
4,76S/MMBTU ( 0.0004) ( 0.18) 

--B--w- 
( 7.17) 

IMPORTED UTILITIES 

ELECTRICITY 3,60C/KWH 
COOLING WATER 5,40C/MGAL 

TOTAL VARIABLE CCISTS 

80 

0.1630 0.59 
0.0012 0.01 

------- 
0.60 

5.37 



CO FROM RESID-DERIUEn SYNGAS(H2/C0=2.0) (MODULE #20) 
BY CRYOGENIC SEPARATION 

149.30 MMLB/YR 

%$COSTS SHOWN IN CURRENT S 

1980 1981 198s 1990 
---- --Be B--w ---- 

INVESTMENTS (JIM11 
BATTERY LIMXTStELI) 
TOTAL FIXED CAPITALtTFC) 

COST INDEXfCURRENT $1 355.0 400.0 534.2 766.9 

SYNGASt2rO)/R (S/H!iCF 1 2.56 2.84 4.47 6.58 

PRODUCTION COSTv C/LB 

RAW MATERIALS 
BY-PRGDl.JCT CREDIT 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABOR( 2eO/SHIFT) 
HAINTENANCE LABGR(2,OX BLI) 
CONTROL LAB LARORt20rOX OP LABOR) 

TOTAL DIRECT LABOR 

HAINTENANCE flATERIALS(2.0% BLI) 
OPERATING SUPPl.TES(lO.O% OP LABOR) 

PLANT GUERHEAD(GOrOX TOTAL LABOR) 
TAXES AND INSURANCEt 2.0% TFC) 
DEPRECIATIGN(IO,O% TFC) 

SUBTOTAL : PLANT GATE COST 

GSAr SALESr RESEARCHt 3.0% PU) 

ROI REFGRE TAXES(2S.OX TFC) 

PRGDIJCT UALUEtPU) v C/LB 

81 

4.4 s.2 6.9 10.0 
s.3 6.0 8.0 11.5 

10.76 11.94 
(4.70) (7.17) 
0.56 0.60 
m--s --mm 
4.62 5.37 

0.18 0.21 
0.06 0.07 
0.04 0.04 
B-B- w--m 
0.28 0.32 

OIO6 0.07 0.09 0.13 
0102 0.02 0.03 0.04 
---- --mm -em- m-B- 
0.08 0.09 0.12 0.17 

0.22 0.26 0.34 0.48 
0.07 0.08 0.11 011s 
0.35 0.40 0.54 0.77 
-w-m w-w- -A-- Mm-- 
0.64 0.74 0.99 1.40 

5.62 6.52 9.57 

0.41 

0.89 1.00 
""--- --.m- 
6.92 7+97 

0.45 

18.78 27.65 
(11.72) (19.01) 
0.97 leS9 
-".-- m-w- 
8.03 10.23 

0.28 0.39 
0.09 0013 
0.06 0.08 
-m-m ""Be- 

0.43 0.60 

0.70 

1.34 1.93 
-me- ---- 
11.41 15.36 

12.40 

1.03 



HYDROGEN(97X) FROM NATURAL GAS 

100.00 MMSCFD 

VARIABLE COST SUMMRY FOR 1981 

CONSUMPTION 
UNIT COST PER NSCF WMSCF 
------s-m ----------- m-m---- 

RAW MATERIALS 
NATURAL GAS 4.17%/HMBTU 0.27GO llJ.93 
MISC. CHEM, 8 CAT, 2137 

------- 
118.30 

IMPORTED UTILITIES 

NAT. GAS FUEL 
HP STEAM 
MP STEAM 
LP STEAM 
ELECTRICITY 
COOL I NO HATER 
PROCESS WATER 

4.17S/MMETU 0.1440 60.05 
7.7OS/M1.8 ( 0.0544) ( 41.89) 
6rSOS/MLB 0.0544 35.36 
5 * 20S/MLB 010134 6.97 
3.60WKWH 0.8380 3.02 
5,4OC/MGAL 0.2020 1.09 

68eOOC/MGAL 0.0067 0.46 
------“” 

6S.06 

TOTAL VARIABLE COSTS 183e36 

82 



HYDROGEN(97X) FROM NATURAL GAS (MODULE t21) 

100,OO MMSCFD 

WCOSTS SHOWN IN CURRENT % 

INVESTMENTS tHM$, 
BATTERY LIMITStELI) 
TOTAL FIXED CAPITAL(TFC) 

COST INDEXtCURRENT S) 

NATIJRAL GAS (S/flMBTU) 

PRODUCTION COST, C/MSCF 

RAW MATERIALS 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABOR{ 4eO/SHIFT) 
MAINTENANCE LABOR(l.S% BLI) 
CONTROL LAB LABOR(2OeOX OP LABOR) 

TOTAL DIRECT LABOR 

MAINTENANCE MATERIALS(lrS% BLI) 
OPERATING SUPPLIES(lO.O% OP LABOR) 

PLANT GUERHEAD(RO.O% TOTAL LABOR) 
TAXES AND INSURANCEt 2.0% TFC) 
DEPRECIATION(lO,O% TFC) 

SUBTOTAL : PLANT GATE COST 202.JG 214.07 362.96 600.14 

GSA9 SALES? RESEARCHf 3.0% PU) 7.47 7.97 13.03 ?1*15 

ROI BEFORE TAXES(25.0% TFC) 

PRODUCT VALUE t PU 1 I WMSCF 

83 

1980 
-m-m 

1981 1985 1990 
-B-M B-B- B--B 

38.2 43.0 
51.0 s7.s 

355.0 400.0 

4.00 4.17 

113.20 118.30 
62.16, 65.06 

-e-m 
175.36 

-B-M 

183.36 

1.64 
1.74 
0.33 
-“B-m 

3.71 

1.87 2.52 
1.96 2.62 
0.37 0.50 
-w-s m-s- 

4.20 5.64 

1.74 1.96 
0.16 0.19 
-m-s -em- 

1.90 2.15 

2.97 
3.11 

lS.53 
-“m-e 

21.41 

3.36 4.51 
3.50 4.68 

17.50 23.38 
S-B- -w-m 

24.36 32.57 

38.81 
-m-m 

248.G6 

43.76 58.45 
mm-- ---- 

265.80 434 r44 

57.4 82.51 
76.8 110.2 

534.2 766.9 

7.37 

208.03 3S0.18 
113.85 191.10 

-B-B m-s- 

321 r88 541.28 

2.62 3.77 
0.25 0.36 
“.s-- m-w- 

2.87 4.13 

12.43 

3.S6 
3.77 
0.71 
--em 

8.04 

6.43 
6.71 

33.5s 
--se 

46.69 

83.87 
---- 

705.16 



HYDROGEN(97X) FROM COAL 

200.00 MMSCFD 

VARIABLE COST SUMMARY FOR 19Rl 

UNIT COST 
----m--m- 

CONSUMPTION 
PER MSCF C/MSCF 

-------“.--- we----- 
RAW MATERIALS 

COAL AT MINE 
COAL TRANSPORT 
ASH DISPOSAL 
HISC. CHEM. 8 CAT, 

BY PRODUCTS 
SULFUR 

IMPORTED UTILITIES 

HP STEAM 
LP STEAM 
ELECTRICITY 
CLARIFIED WATER 

32,30$/TGNNE 0.0192 61+98 
lS.OO%/TGNNE 0.0192 28.79 

S.OO%/TONNE 0.0019 0.96 
1.53 

------- 
93e26 

4.54C/LB ( 1.2570) ( 5.71) 
------- 

( S.71) 

7.70%/MLB 0.0163 12.55 
5.2O$/ill.8 ( 0.0169) ( 8r79) 
3.60C/KWH 0.0307 0.11 

41+0OC/MGAL 0.0160 0066 
------- 

4.53 

TOTAL VARIABLE COSTS 92.08 



HYDROGEN(97X) FROM COAL (MODULE #22) 

200.00 HMSCFD 

**COSTS SHOWN IN CURRENT $ 

INVESTMENTS tMH$, 
BATTERY LIMITStBLI) 
TOTAL FIXED CAPITALtTFC) 

COST INDEXtCURRENT $1 

COAL AT MINE ( S/TONNE 1 

PRODUCTION COSTv C/MSCF 

RAW MATERIALS 
BY-PRODUCT CREDIT 
IMPORTED UTILITIES 

VARIABLE CGSTS 

OPERATING LABORt 2OeOiSHIFT) 
MAINTENANCE LABOR(le6X BLI) 
CONTROL LA8 LABOR(2OeOX OP LABOR) 

TOTAL DIRECT LABOR 

MAINTENANCE MATERIALS(2r4X ELI) 
OPERATING SUPPLIES(lO.O% OP LABOR) 

PLANT OUERHEAD(30,OX TOTAL LABOR) 
TAXES AND INSURANCEt 2.0% TFC) 
DEPRFCIATION(lO.O% TFC) 

SUBTOTAL : PLANT GATE COST 

GtAt SALESv RESEARCH{ 3.0% PU) 

ROT BEFORE TAXES(25eOX TFC) 

PRGDJJCT VALUE ( PU) I C/MSCF 

1980 1981 1985 1990 
--em s-s- s--w -s-w 

343.1 386.5 516.2 741.1 
4.39.0 494.7 660.7 948.4 

35510 400.0 534.2 766.9 

28.80 32.30 42.30 61.80 

83.92 93.26 
(4.83) (S.71) 

4.15 4.53 
---s B-B- 

83.24 92.08 

4.11 4.67 6.29 8.91 
8.36 9.41 12.57 18.05 
0.82 0.93 1.26 1.78 
-m”“- s-s- B-B- ---- 

13.29 15.01 20.12 28.74 

12.33 14.12 18.86 27.07 
0.41 0.47 0.63 0.89 
a--- e-e- -s-B -w-e 

12.94 14.59 19.49 27.96 

3.99 4.50 6.04 8.62 
13.36 lSr06 20.11 28.87 
66.82 75.30 100156 144.3s 

---s W-B- --mm ---- 

84.17 94.86 126.71 181.84 

193.64 216.54 287.12 412.57 

11.30 12.70 16.89 24.27 

l&7.05 188.24 251.41 360.88 
--e- -me- m--w ---- 

371.99 417.48 555.42 797.72 

122.27 
(7.55) 

6.08 
B-B- 

120.80 

176.31 
(11.15) 

8.87 
-w-m 

174.03 

85 



HYDROGEN(98X) FROM VACUUM RESIDUE 

lOOsO MMSCFD 

VARIABLE COST SUMMARY FOR 1981 

UNIT COST 
““--s-w--- 

RAU HATERIALS 
UACUUH RESIDUE 5.6SC/LB 
MISC. CHEM. 8 CAT, 

BY PRODUCTS 
SULFUR 4.S4C/LB ( 1.3ROO) 

IMPORTED UTILITIES 

HP STEAM 7*70S/MLB 0.0622 
ELECTRICITY 3 e (SOC/KWH 1.2650 
COOLING WATER 5.40C/MGAL 011720 
PROCESS WATER 6G.OOC/MGAL 0.0086 

: CONSIIMPT ION 
PER HSCF 

---------I- 

23.2500 

C/MSCF 
----es- 

131.36 
0.79 

---._ --- 
132.15 

( 6.27) 
--.b---- 

( 6.27) 

47.89 
4.5s 
0.93 
0.58 

--u---- 
53.95 

TOTAL UARXA8L.E COSTS 179.83 

86 



HYDROGEN(98X) FROM VACUUM RESIDUE (MODULE #23 1 

100.00 MMSCFD 

rLXCOSTS SHOWN IN CURRENT d 

1980 1981 1985 1990 
-s-m e-m- ---e w-m- 

INVESTMENTS tHM$> 
BATTERY LItlITS(BL1) 
TOTAL FIXED CAPITAL(TFC) 

COST INDEX(CURRENT S) 

VACUUM RESIDUE (C/LB 1 

PRODUCTION COST, C/MSCF 

RAU JIATERIALS 
BY-PRODUCT CREDIT 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABORt 8rO/SHIFT) 
MAINTENANCE LABGRtlrSX ELI) 
CONTROL LAB LABOR(20rOX OP LABOR) 

TOTAL DIRECT LABOR 

MAINTENANCE MATERIALS(lr5X ELI) 
OPERATING SUPPLIES(lO.O% OP LABOR) 

PLANT GUERHEAD(GO.O% TOTAL LABOR) 
TAXES AND INSURANCEt 2.0% TFC) 
DEPRECIATION(IO.O% TFC) 

SUBTOTAL. : PLANT GATE COST 

GILA)r SALES9 RESEARCH{ 3.0% PU) 

ROI BEFORE TAXES(25rOX TFC) 

PRODUCT UALIJE (PU) I C/MSCF 

87 

104.5 117.7 157.3 225.7 
140.9 lS8.7 212.0 304.3 

3ss.o 400.0 534.2 766.9 

5.15 5.65 lOI50 15.80 

120.41 132.1s 
(5.30) (6,271 
49.20 s3.95 

s-m- w--s 

164.31 179.83 

245.1s 
(8.29) 
73.08 

---s 

309.97 

3.29 3.73 5.03 
4.77 5.37 7.18 
0.66 0.75 1.01 
-w-s ---- ---e 

8.72 9.85 13.22 

4.77 
0.33 
---- 

5.10 

5.37 
0.37 
s--m 

5.74 

7.18 
0.50 
-m-e 

7.68 

6.98 7.88 10.58 
8.58 9.66 12.91 

42.09 48.31 64.54 
---- mm-- m--e 

58.45 65.85 88.03 

236.513 261.27 418.90 

10.80 12.01 18r20 

107.23 120.78 
---- ---- 

354.61 394 rO6 

161.34 
---m 

598.44 

368.89 
(12.24) 
106.35 

a--- 

463.00 

7.13 
10.31 

1.43 
-mm- 

18.87 

10.31 
0.71 
-m-m 

11.02 

lS.10 
18.53 
92.63 

---- 

126.26 

619.15 

26.69 

231 ,S8 
-m-m 

877+42 



METHANOL FROM NATURAL GAS 

2490.70 TONNE/D 

VARIABLE COST SUHHARY FOR 1981 

RAU MATERIALS 
NATURAL GAS 
ACTIVE CARBON 
REFORMING CATALYST 
METHANOL CATALYST 

BY PRODIJCTS 
HIGHER ALCOHOLS 

IMPORTED UTILITIES 

NAT. GAS FUEL 
ELECTRICITY 
COOLING UATER 
PROCESS WATER 

UNIT COST 
--“.--m-B- 

4+17S/MMRTU 
1.7!i$/LB 
2.00S/LB 
4,OO$/LB 

4 ,I)OC/LB 

4.17%/MMBTU 1.8700 7.80 
3 + (SOC/KWH 33.0700 1.19 
5+4OC/MGAL 28.6600 1.55 

68*00C/MGAL 0.2980 0.20 

CONSUtlPTION 
PER TONNE 

----------- 
$/TONNE 
------- 

30*8600 128.69 
0.0220 0.04 
0.1540 0.31 
012870 1.15 

( 16.4700) 

^--“.--B 
130119 

( 0.79) 
-m---m- 

( 0.79) 

--es--- 

10.74 

TOTAL VARIABLE COSTS 

88 

140.14 



METHANOL FROM NATURAL G&S (MODULE 124 1 

2490.70 TONNE/D 

**COSTS SHOWN IN CURRENT S 

1980 1981 198s 1990 
mm-- ---s -m-w ---- 

INVESTMENTS tMHS, 
BATTERY LIMITStBLI) 
TOTAL FIXED CAPITALtTFC) 

COST INDEXtCURRENT $1 355.0 400.0 J34.2 766.9 

NATURAL GAS (S/MMBTU) 4.00 4.17 7.37 12.43 

PRODUCTION COSTv S/TONNE 

RAU MATERIALS 
BY-PRODUCT CREDIT 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABORt 6rO/SHIFT) 
MAINTENANCE LABOR(l.S% BLI) 
CONTROL LAB LABOR(PO.O% OP LABOR) 

TOTAL DIRECT LABOR 

MAINTENANCE MATERIALS(l.S% BLI) 
OPERATING SUPPLTES(lO.O% OP LABOR) 

PLANT GUERHEAD(80,OX TOTAL LABOR) 
TAXES AND INSURANCEt 2.0% TFC) 
DEPRECIATIGN(IO~O% TFC) 

SUBTOTAL: PLANT GATE COST 

GIAI SALES3 RESEARCH{ 3.0% PU) 

ROI BEFORE TAXES(25.OX TFC) 

PRODIICT VALUE (PU 19 S/TONNE 

89 

137.8 155.2 207.3 297.6 
188e9 212.8 284.3 408.1 

124.71 130.19 
(0.72) (0.79) 
10.18 10.74 
-s-B mm-- 

134.17 140.14 

229.42 386 .Sl 
(1.33) (2.03) 
18.28 30.33 
--mm ---- 

246.37 414.81 

0.99 
2.S3 
0.20 
--mm 
3.72 

1.12 1.52 
2.85 3.80 
0.22 0.30 
W-B- ---- 
4.19 5.62 

2.15 
5.46 
0.43 
--mm 
8.04 

2.53 2.85 3.80 5.46 
0.10 0.11 0.15 0.21 
--mm B-B- -m-s w-m- 
2.63 2.96 3.95 S.67 

2.98 3.35 4.50 6.43 
4.62 5.20 6.9s 9.98 
23.09 26.01 3417s 49.88 
--es -w-w ---- -a-- 
30.69 34.56 46.20 66.29 

171.21 181.8s 302.14 494.81 

7.10 7.66 12.07 19.22 

57.72 65.02 86.87 124.70 
--mm ---- ---- ---- 

236.03 2J4.53 401.08 638.73 



METHANOL FROM GAS-DERIVED 
CRUDE SYNGAS(H2/CO=4.9) 

2490.70 TONNE/D 

VARIABLE COST SUMMARY FOR 1981 

RAU MATERIALS 
SYNGAS(4.9)/0 
METHANGL CATALYST 

BY PRODUCTS 
HIGHER ALCOHOLS 

IMPORTED UTILITIES 

NAT. GAS FUEL 
HP STEAM 
MP STEAM 
ELECTRTCITY 
COOLING MATER 

UNIT COST 
--------- 

2,06S/flSCF 
4,00S/LB 

4 r80C/LB ( 16.4700) 

CONSUMPTION 
PER TGNNE 

----------- 

106.5000 
O.lS40 

S/TONNE 
------“. 

219.39 
0.62 

------“u. 
220.01 

( 0.79) 
-mm---- 

( 0.79) 

4.17S/MMETU ( 13.3500) ( 55.67) 
7.7OS/MLB 4.8900 37.65 
6+50S/MLB ( 2.2100) ( 14.37) 
3.6OC/KWH ( 42.9900) ( 1.55) 
5.40C/MGAL 28.4400 1.54 

----s-m 
( 32.40) 

TOTAL VARIABLE CGSTS 186.82 

90 



METHANOL FROM GAS-DERIVED 
CRUDE SYNGAS(H2/CO=4+9) 

(MOP1IL.E 135 ) 

2490.70 TONNE/D 

trlrCOSTS SHOUN IN CURRENT S 

1980 1981 1985 1990 
m--w e--m -w-m m-s”.. 

INUESTHENTS (MM%, 
BATTERY LIMITStBL.1) 
TOTAL FIXED CAPITALfTFC) 

COST INDEXtCURRENT 9) 3ss.o 400.0 534.2 76&,9 

SYNGAS(4.9)/G (S/MSCF 1 119s 2.06 3.54 5.89 

PRODUCTION COSTr S/TONNE 

RAW MATERIALS 
BY-PRGDIJCT CREDIT 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABOR{ 4.0/SHIFT) 
MAINTENANCE LA80R(l.S% BLI) 
CONTROL LAB LAEOR(20.0% OP LABOR) 

TOTAL DIRECT l.ABOR 

MAINTENANCE MATERIALS(l.S% BLI) 
OPERATING SUPPLIEStlO.O% GP LABGR) 

PLANT GUERHEAD(GO.O% TOTAL LABOR) 
TAXES AND INSURANCE{ 2.0% TFC) 
DEPRECTATION(lO.O% TFC) 

SUBTOTAL. : PLANT GATE COST 196.03 210.31 340.08 549.00 

GIA? SALES9 RESEARCHt 3.0% PU) 7.09 7.66 12.07 1.9.22 

ROI BEFORE TAXES(25,OX TFC) 

PRGDIJCT VALUE (PU 1 I S/TONNE 

91 

72.5 81.7 109.1 lS6.7 
106.5 120.0 160.3 23061 

208.19 
(Oe72) 

(32.28) 
--mm 

175119 

0.66 
1.33 
0.13 
“.-Be 

2.12 

1.33 
0.07 
-m-m 

1.40 

1.70 1.92 
2,60 2.93 

13.02 14.67 
---- --w- 

17.32 19.52 

32.54 3&,67 
-w-m m-L- 

235.66 254.64 

220*01 377.83 
to.791 (1.33) 

(32,40) (67.81) 
-““-- ---- 

186.82 308.69 

0.75 
l.SO 
0.1s 
--".w 

2.40 

1.01 1.43 
2.00 2.87 
0.20 0.29 
-m-m m--w 

3.21 4.59 

1.50 
0.07 
w--m 

1.57 

2.00 2.87 
0.10 0.14 
---w mm-- 

2.10 3*01 

2.57 3.67 
3.92 5.62 

19.59 28.12 
---- mm-- 

26.08 37.41 

48r98 70.31 
---- --mm 

401.13 638.53 

628.48 
(2.03) 

(122.46) 
mm-- 

503.99 



METHANOL FROM COAL 

10000.00 TONNE/D 

VARIABLE COST SIIMHARY FOR 19Rl 

RAW MATERIALS 
COAL AT HINE 
COAL TRANSPORT 
ASH DISPOSAL 
METHANOL CATALYST 
MISC. CHEMr L CAT. 

UNTT COST 
--M------ 

32.30S/TONNE 
lS.OOS/TONNE 

S.OOS/TONNE 
4,00S/LB 

CONSllHPT I ON 
PER TONNE 

----------- 
S/TONNE 
------- 

l.SOOO 48.45 
1.5000 22.50 
0.1500 0.75 
0.4000 1.60 

0.60 
-.---w-- 

73.90 

BY PRODIJCTS 
SULFUR 4*54C/LB (101.4000) ( 4.60) 

-m--w-- 
( 4.60) 

IMPORTED UTILITIES 

CLARIFIED WATER 4l.OOC/HGAL 1.3700 0.S6 
------I 

0.56 

TOTAL VARIABLE CnSTS 
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METHANOL FROM COAL (MODULE 126) 

10000,OO TONNE/D 

**COSTS SHOWN IN CURRENT S 

1980 1981 1985 1990 
-mm- ---- m-B- ---a 

INVESTMENTS (MM%, 
BATTERY LIMITS(BL1) 
TOTAL FIXED CAPITALtTFC) 

COST INDEXtCURRENT 8) 355.0 400.0 534.2 766.9 

COAL AT MINE ( S/TONNE 1 28.80 32.30 42.30 61.80 

PRODUCTION COSTv S/TONNE 

RAW MATERIALS 
BY-PRODUCT CREDIT 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABOR{ 62.O/SHIFT) 
MAINTENANCE LABOR(1.6% ELI) 
CONTROL LAB LABOR(20rOX OP LAROR) 

TOTAL DIRECT LABOR 

MAINTENANCE HATERIALS(2r4X BLI) 
OPERATING SUPPLIES(lO.O% QP LABOR) 

PLANT GUERHEAD(30rOX TOTAL LABOR) 
TAXES AND INSURANCEt 2.0% TFC) 
DEPRECIATIGN(lO.OX TFC) 

SUBTOTAL: PLANT GATE COST 

GBAv SALESv RESEARCHt 3.0% PU) 

ROI BEFORE TAXES(2S.OX TFC) 

PRODIJCT UALIJE (PU 1 I $/TONNE 

112943 1272*5 1699.4 2439.6 
1404.4 1582.4 2113.3 3033.9 

66+46 73.90 96.90 139.77 
(3.G9) (4.60) (6.09) (8,991 

0.49 0.56 0.79 1.14 
---- ---- --a- ---w 

63.04 69.86 91.60 131.92 

2.5s 2.89 3.90 s.52 
5.50 6.20 8.28 11.88 
O.Sl 0.S8 0.78 1.10 
--es ---- s-m- ---m 
8.56 9.67 12.96 18.50 

8.25 9.30 12.42 17.82 
0.26 0.29 0.39 0.55 
-a-- ---- -mm- ---“. 

8eSl 9.59 12.81 18.37 

2.57 2.90 3.89 5.5s 
8.55 9.63 12.87 18.47 

42.7s 48.17 64.33 92.36 
--me -em- --m- w--m 

53.87 60.70 81.09 116.38 

134.00 149.82 198.46 285.17 

7.57 8.50 11 l 30 16.24 

106.88 120.43 160.83 230.89 
m--m ---- ---- ---- 

248.45 278.75 370.59 532.30 
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METHANOL FROM COAL-DERIVED 
METHANOL SYNGAS(H2/CO=2,26) 

10000.00 TONNE/D 

VARIABLE COST SUMMARY FOR 19Gl 

RAW MATERIALS 
SYNGAS(2.2&)/C 
METHANOL CATALYST 
MISC. CHEM. I CAT. 

CONSUMPTION 
UNIT COST PER TONNE S/TONNE 
--------- ----------- ------- 

3r04S/HSCF 80.5000 244.72 
4*OOS/LB 0.4000 1.60 

0.10 
------- 
246.42 

IMPORTED UTILITIES 

HP STEAM 
ELECTRICITY 
CLARIFIED WATER 

TOTAL VARIABLE CGSTS 242.02 

7.70S/MLB ( 0.6100) ( 4.70) 
3,6OC/KWH 6.6300 0.24 

41.00C/MGAL O.lSOO 0.06 
------“” 
( 4.40) 
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METHANOL FROM COAL-DERIVED 
METHANOL SYNGAS(H2/CO=2.26) 

(HGDGL E #37 ) 

10000.00 TONNE/D 

tSCGSTS SHOWN IN CURRENT $ 

INVESTMENTS (HMS) 
BATTERY LIMITS(PL I) 
TOTAL FIXED CAPITAL(TFC) 

COST INDEXtCURRENT $1 355.0 400*0 534.2 766.9 

SYNGAS(2.26)/C (S/MSCF ) 2.71 3.04 4.03 5.79 

PRODUCTION COST9 S/TONNE 

RAW MATERIALS 
IMPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABORt 20.0/SHIFT) 
MAINTENANCE LABOR(1.6% BLI) 
CONTROL LAB LABOR(20.0% OP LABOR) 

TOTAL DIRECT I..ABOR 

MAINTENANCE MATERIALS(2.4% BLI) 
GPERATING SUPPLIES(lO.O% GP LABGR) 

PLANT QUERHEAD(3OrOX TOTAL LABOR) 
TAXES AND INSURANCE{ 2.0% TFC) 
DEPRECTATIGN~IOIOX TFC) 

SUBTOTAL : PLANT GATE COST 226.00 2153.76 336.62 483.78 

G&Al SALES? RESEARCH( 3.0% PU) 

ROI BEFORE TAXES(25.0% TFC) 

PRODJJCT VALUE (PU) I S/TGNNE 

95 

1980 19Pl 
-B-w B-m- 

140.2 158.0 211.0 302.9 
195.2 220.0 293.8 421,8 

219,60 246.42 326.66 469.42 
(3.99) (4.40) (5.74) (8.15) 

-B-s ---- ---- ---- 

225.61 242.02 320.92 461.27 

0.82 0.93 1.26 1.78 
0168 0.77 1.03 1.48 
0.16 0.19 0.25 0.36 
--s- --me m--B ---- 

1.66 1.89 2.54 3.62 

1.02 1.15 1.54 2.21 
0.08 0.09 0.13 0.18 
---m -B-B ---- ---- 

1.10 1.24 1.67 2.39 

0.50 0157 0.76 1.09 
1.19 1.34 1.79 2.57 
5.94 4.70 8.94 12.84 
---m -s-w ---- ---- 

7.63 8.61 11.49 16.50 

7.45 8.37 11.10 15.96 

14.86 
““--- 

245.31 

16.74 22.36 
---- ---- 

278r87 370.08 

19GJ 
---- 

1990 
-w-- 

32.10 
-mm- 

531.84 



CARBON DIOXIDE FROM FLUE GAS SCRUBBING 

870.00 HHLB/YR 

VARIABLE COST SUMHARY FOR 1981 

CONSUflPTION 
UNIT COST PER LB C/LB 
--------- ----------- --s---w 

RAU tlATERI&LS 
MISC. CHEN. t CAT. 0.05 

- - - -. - sm.. 
0.05 

IllPORTED UTILITIES 

LP STEAM 5,20S/l4LB 0.0024 
ELECTRICITY 3. bOC/KWH 0.0910 
COOLING UATER 5.40C/HGAL 0*0157 

TOTAL VARIABLE CGSTS 1.69 

1.23 
0.33 
0.08 

-s--m-- 
1.64 
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INUESTHENTS (Ml%) 
BATTERY LIfiITS(BL1) 
TOTAL FIXED CAPITAL t TFC 1 

COST INDEXtCURRENT $1 355.0 400.0 534.2 766.9 

PRODUCTION COST, C/LB 

RAW MktTERIALS 
II'IPORTED UTILITIES 

VARIABLE COSTS 

OPERATING LABOR{ 2,0/SHIFT) 
MAINTENANCE LISBGR(l.JX BLI) 
CONTROL LAB LABOR(20.0X OP LABOR) 

TOTAL DIRECT LABOR 

MINTENANCE HATERIALS(l.SX BLI) 
OPERATING SUPPLIES(lO.OX OP LABOR) 

-.. 

l 
CARBON DIOXIDE FROH FLUE GAS SCRUBBING 

(370100 HtlLB/YR 

rltCOSTS SHOWN IN CURRENT % 

PLANT OUERHEAD(GO.O% TOTAL LABOR) 
TAXES AND INSURANCEt 2.0% TFC) 
DEPRECIATION(lO~O% TFC) 

SUBTOTAL: PLANT GATE COST 

GSA? SALES9 RESEARCHt 3.0% PU) 

RGX BEFORE TAXES(i?J.O% TFC) 

PROBUCT VALUE (PU) I C/LB 
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(HOIIULE #28) 

1980 1981 1985 1990 
---- m-w- ---- ---- 

26.7 30.1 40.2 57.7 
38.7 43.7 58.3 83.7 

0.04 0.05 
1.50 1.64 
-B-s ---m 
1.54 1.69 

0.03 
0.05 
0.01 
---- 
0.09 

0105 
0.00 
e--m 
0.05 

0.07 0.10 
2.29 3.38 
-w-s ---- 
2.36 3.48 

0.04 
0105 
0.01 
w-m- 
0.10 

0.05 0.07 
0.07 0.10 
0.01 0.01 
---m ---- 

0.13 0.18 

0.05 
OIOO 
---- 
OIOJ 

0.07 0.10 
0.01 0.01 
---e ---- 
0.08 0.11 

0.07 0.08 0.10 0.14 
0.09 OIlO 0.13 0.19 
0.44 0150 0.67 0.96 
s-w- ---- --we ---- 
0.60 0.68 0.90 le29 

2.28 2.52 3.47 5.06 

0.10 0.12 0.16 0.23 

1.11 1.26 1.68 2e41 
-me- ---- ---e ---- 
3.49 3.90 5.31 7.70 



3 SOURCES AND USES OF SYNGASES 

In this section we examine the matching of the stoichiometry and 

scale of producing syngases to the stoichiometry and scale of using 

them. 

a - 

0 

l 

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, 

syngasee are already used on a huge scale. For example, SRI's Chemical 

Economics Handbook estimates the hydrogen consumption in 1980 for the 

United States alone as follows: 

109 scf 109 Nm3 

Ammonia production 1,281 

Refinery operations 587 

Small users 273 

Methanol production 168 

Total 2,309 

Much of this derives from the steam reforming of 

34.3 

15.7 

7.3 

4.5 

61.8 

natural gas. Assuming 

for illustration that the raw reformer product contains hydrogen and 

carbon monoxide in a ratio of about 5 to 1, the above is equivalent to 

an annual production of over 40 billion lb of syngas. This compares 

with an ethylene production in the United States in 1980 of around 28 

billion lb. 

The impetus for the present work, however, was not associated with 

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

new generation of processes for bulk chemicals via "syngas" or "Cl" 

routes which are expected to increase in importance in the coming 
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years. Examples of this trend are the highly successfully commercial- 

ieation by Monsanto of a syngas route to acetic acid (see, e.g., PEP 

Review 78-3-4), the imminent commercialization of the Rastman/Ralcon 

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 

the product value. Another driving force is the aim to ensure avail- 

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 3.1. The main steps in the production of 

syugases of various H2:CO ratios and related products are illustrated 

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 sixes, something like 3,OOO:l. As discussed 

in Section 4, the maximum siee of a single train methanol unit is cur- 

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- 

ity. Hydrogen, on the other hand is 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 0.1 

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

SYNGAS SOURCES 

. 

Typical H2:C0 
Volume Ratio in 

Process Feedstock I&actor Product 

Steam reforming Natural gas 5 

Natural gas + imported CO2 l-5 

Natural gas with CO2 recycle 3 

Naphtha with CO2 recycle 2 

Partial oxidation Natural gas 1.75 

Naphtha 1.25 

Vacuum residue 1 

Gasification 

Shell 

Lurgi/BGC 

Koppers-Totsek 

Texaco 

Winkler 

Lurgi 

Coal 

0.5 

0.5 

0.6 

0.75 

0.75 

2.2 
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Figure 3.1 

PRODUCTION OF SYNGASES AND RELATED PRODUCTS 

I I i 1 

0 call 
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L-- r-l co2 Rwlovol 
I 

Synthdt I 

7 1 
I I 

I 

l Typhl HZ/CO Ratio. 
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In comparison, partial oxidation/gasification facilities are typically 

designed to produce 5 to 100 million scfd of syngas per reactor. 

A given process and feedstock combination yields a syngas product 

with a more or less fixed ratio of H;! 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 reaction, 

CO + Hz0 1CO2 + H2 (3.1) 

which usually proceeds to virtual equilibrium. Hence addition of car- 

bon dioxide to the feedstock for reforming or gasification will result 

in a product with a reduced molar ratio of Hg 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- 

anol synthesis) about l/3 of the CO produced by reforming of methane, 

VIZ, 

cq + H20- CO + 3H2 (3.2) 

shifts to Cog. As a result the syngae produced has an H2:CO ratio of 

about 5:l. Extraction and recycling of the CO2 produced (or import of 

the equivalent amount of CO2) can yield a product with an H2:CO ratio 

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

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

as low as l:l, relatively large amounts of CO2 need to be imported and 

recycled, and the cost penalty for this becomes increasingly severe. 

This holds even when the CO2 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 0x0 synthesis, addition of CO2 

to the reformer feed to lower the H2:CO ratio in a steam reforming 

facility was traditionally used (19520), and we understand is still 

practiced today. 

Reforming of naphtha (empirical formula typically H/C - 2.1) gives 

syngases somewhat leaner in hydrogen than those obtained from natural 

gas reforming. Thus, complete recycle of the CO2 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 

reformer tubes. 

In partial oxidation processes the greater part of the oxygen con- 

tent of the product is supplied directly as oxygen rather than deriving 

from steam as in reforming. H2:CO ratios of syngases produced by par- 

tial oxidation are thus characteristically much lower than those pro- 

duced by steam reforming. Partial oxidation is a noncatalytic process 

carried out at high temperatures in refractory lined reactors. It is a 

very flexible process and facilities can be designed to process in the 

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

partial oxidation unit currently under construction for a joint venture 

by Tenneco and USS Chemicals, for example, is reportedly to be fed with 

a mixture of natural gas and 0x0 synthesis by-products, with provisions 

for future conversion to residual oil feed (472204). The H2:CO ratio 

of the partial oxidation reactor product is characteristically slightly 

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

liquid hydrocarbon feedstocks. ' 

For the gasification (partial oxidation) of coals and lignitea, 

characteristic H2:CO ratios of the gasifier effluent are typically well 

below unity. For dry-feed slagging gaeifiers the ratio is typically 

about 0.5. For gaaifiers fed with a coal/water slurry, such as those 

in the Texaco process, the H2:CO ratio of the gasifier products is 

somewhat higher. The relatively high ratios (52) associated with "dry 

bottom" (nonslagging) Lurgi gaeifiers 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 H2:CO ratio in a syngae 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 H2 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 H2 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 H2: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 H2. [The shift reaction of course does not alter 

the total mols of (CO + H2) in the product, only their ratio. Hence it 

is convenient in comparisons to deal with capacities and costs of syn- 

gases on the basis of the contained volume of (CO + H2). Sometimes 

comparisons are done in terms of H2 equivalents, which amounts to the 

same thing.] 

Generally, increasing the H2:CO ratio by shifting and incremental 

acid gas removal can be done relatively cheaply. In comparison, altera- 

tion of the ratio by CO2 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 H2 or an H2 

rich stream). 

Partial oxidation and coal gasification processes yield raw syn- 

gases rich in CO. They are thus inherently well suited to provide 

syngas feedstocks for methanol. The coming generation of new processes 

for bulk chemicals which, as we shall see below, typically use H2 and 

CO in a ratio of 2 or less. 

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

rich in H2. It is thus very well suited for H2 or ammonia production, 
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but less well matched 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- 

thesis reactors is typically on the H2 rich side, and a large H2 rich 

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 H2 rich coproduct stream 

which is credited at fuel value. It is likely that a somewhat differ- 

ent overall process configuration would have been developed against a 

background of much higher feedstock costs. In recent times, for ex- 

ample, separation of H2 from the purge stream has become a more common 

practice. The inherent advantages of matching the feed makeup composi- 

tion to reaction stoichiometry generally increase as feedstock costs 

..increase. 

Below we examine the overall stoichiometric requirements of a 

selection of syngas based processes. 

Syngas Uses in General 

Table 3.2 lists 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 is evident from the overview given further below, more often 

than not, it is the indirect routes that show the best selectivities 

aud 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 the economics of methanol production are centrally featured in 
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Table 3.2 

SYNGAS USES 

TredltioMl ueee 

Awonia 

Uydrogm 

Methmo1- via natural *as 

via resid/coel 

Oxo alcohols 

Phosgene 

Fiecher-Ttopsch liquid&) 

Nontraditional wee 

Acetic acid 

Acetic anhydride 

Vinyl acetate 

Ethyleoe glycol - direct 

oxalate 

Ethaool - direct 

hoxologation 

Ethylene - direct (F-T) 

nethaool cracking 

homologation 

He:co(a) uired 
Ratio Actoal Ratio(b) 

Capacity Syngas Be 
(MM lb/yr) (MM q cfd) e) (f) Associated With: 1 

Techoolo8y 

“2 

82 

2/l 

2/1 

2/l 

co 

112 + 4 986(c) 107 

H2 173 100 

4/l-5/1 + CO2 1,449(d) m(h) -- 

2.311 + CO2 1,449(d) 160 

2/l or (l/l + H2) 150 9 mm 

- 150 2 -- 

2/l 3.800 1,000 

l/l 

l/l 

1.25/l 

1.5/l 

2/l 

2/l 
2/l 

1/1(x) 

2/l 

2/l 

Methanol + co 

ILethano1 + co 

llethanol + 0.5/l 

1.5/l 

A2 + co 

3.511 + co2 

BkMlanol + 2/l 

0.83/l 

&thenol 

Metball + 2/l 

600 

500 

500 

400 

400 

600(i) 

1.677 

l,OOO(rl) 

l,ooo(k) 

1,000(l) 

49 

61 

87 

66 

66 

345 

320 

795 

530 

320 

Xmsanto 

Keotmen/Helcoo 

Union Carbide 

Ube/Union Carbide 

IFP 

Ruhrchexie 

Mobil 

(a)St?ichioxetric ratio of hydrogen to CO required by net reaction sequeoce at a theoretical yield of 100%. 

Ohi, a actual feedBtocbe ueed, e.g., (methanol+ 0.5/l) meane that the syntheeie utiliree the syegas in the 
foa of xethanol and q yngas dth a hydrogen/CO ratio of 0.5/l. 

(c)1,500 ahort tom/day with a stream factor of 0.9. 

(d)2,000 xetric tom/day. 

(c)Basis contained (CO + 82); lM representa a million, acfd ia standard (6oOF. 14.7 pala) cubic feet per day. 

(fkethanol converted to a 2:L *yoga‘ equivaleot of 80,000 acf/xetric ton. 

(6)Approximete values for Sasol 2. 

(WAbout l/4 of the feed gae ie recovered ae a hydrogen rich fuel atream. 

(i)About 1.75 lb of other elcohols are coproduced per lb of ethyleoe. 

(hbout 1.4 lb of coproductr are udc per lb of ethylene. 

(k)About 1 lb of coproduct ie ude Per lb of ethylene. 

(l)~ese than 0.2 lb of hydrocarbon coproducta are produced per lb of ethylene. 

(m)lat reaction eequence includee eo internal shift. 
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Figure 3.2 

NONTRADITIONAL SYNGAS ROUTES TO BULK CHEMICALS 
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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 

of independent large scale hydrogen production primarily to enable 

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 

complexes producing medium Btu gas (MBG), power, and methanol as well 

as supplying feedstocks to satellite chemical production facilities. 

For example, an MBG complex proposed by the Tennessee Valley Authority 

(TVA) in the United States (483167) is rated for about 3 x 109 Btu per 

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

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/ 

combined-cycle (GCC) power plant, 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, 

and'allocation of costs between various 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 

comment in more detail on the stoichiometry and scale of the processes 

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 stoichlometry of its production are highlighted below. 

State-of-the-art methanol processes as exemplified by the technolo- 

gies developed by Lurgi and ICI, use copper based catalysts to produce 
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methanol from syngas at 50 to 100 atm. The primary reaction, which is 

exothermic, is: 

co + 2B -aI OH 2- 3 (3.3) 

In commercial operation, however, maintaining a minimum of some 3% CO2 

in the feed is essential for good catalyst performance and life 

(472045). The CO2 appears to maintain the catalyst in an intermediate 

oxidieed active state (487019). In addition the CO2 reacts with hydro- 

gen over the copper based catalysts to give methanol plus water: 

co2 + 3&z 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 

mole of CO produced shifts to CO2 in the reformer; this CO2 is not 

removed from the methanol synthesis feed. In fact, If extra CO2 is 

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 H2:(2CO + 3CO2) ratio of 1, translates 

to an H2:CO ratio of about 3.5, or greater if extra CO2 is imported. 

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

gas reforming without CO2 addition. 

As noted above, because of the predominance of natural gas as a 

feedstock, methanol process designs are optimized in conjunction with 

steam reforming, i.e., to operate economically with the nonstoichio- 

metric feed coming directly from reforming. (This is sometimes called 

the "low carbon concept.") Addition of CO2, when available at low 

cost, improves the economics by saving about 5% of the total gas re- 

quirement. The advantage of CO2 addition increases of course as the 

feedstock cost increases. 
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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 CO2 removed to give a close match to stoi- 

chiometry (H2:CO ratio 22). It Is advantageous to leave some CO2 In 

the syngas (see above) and to run slightly on the hydrogen rich side. 

The state-of-the-art maximum single line methanol capacity is 

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 Ravy-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 Wm3/day) of syngas (basis contained CC and H2). Roughly l/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. 

Hydrogen 

In the production of hydrogen via syngas, essentially all the CO 

in the mixture is shifted to CO2 and hydrogen. The hydrogen thus 

derives in part from the basic feedstock and in part from steam. In 

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 CO2, and H2S if present, are traditionally scrubbed out by approprl- 

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., <l million scfd) the CO2 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- 

place the low temperature shift, CO2 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 shown in the tabulation earlier, the current major use of hydro- 

gen is for ammonia production. A world scale plant typically produces 

1,500 short tons/day of ammonia and requires slightly above 100 million 

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

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

plants are usually 50 to 100 million scfd. The size of facilities 

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 

per se. However, hydrogen is a major coproduct in the schemes examined 

here for the production of CO and the adjustment of the H2:CO ratio of 

syngas by skimming and separation. The value assigned to the hydrogen 

coproduct is 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 SYRCOST 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 

gas remains the most economic process to the year 2000 for direct 

hydrogen production. 

Ammonia 

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

exothermic ammonia synthesis reaction represented by the deceptively 

simple equation: 

3H2 + N2++'2NH3 (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 

recent years. 

The reactor feedstock contains hydrogen and nitrogen in the stoi- 

chiometric 3:l ratio and is itself also known as a syngas. Production 

of smmonia 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 

"slip" 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. 

Following reforming, the product is subjected to high and low temper- 

ature shift, scrubbed free of CO2 and methanated to remove traces of 

carbon oxides. It is then compressed and sent to the ammonia eynthesis 

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

gen, nitrogen in a pure state is available from the air separation unit 

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 CO2, followed by a liquid nitrogen wash to 

remove CO, CH4, and most of the argon. More nitrogen gas is then added 

to arrive at the correct hydrogen/nitrogen ratio before the gas is corn-- 

pressed for ammonia synthesis. The removal of inert gases by the nitro- 

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

stream is reduced to a minimum. A coal based plant is operated in this 

fashion by ASCI 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 

more than 100 million scfd (see PEP Report 44A, on Ammonia). 

The present study emphaslees the economics of producing syngases 

with low H2:CO ratios. Production of ammonia, which lies at the other 

end,of the scale of H2:CO ratios, was therefore excluded from more 

detailed examination, despite ammonia's status as the major user of 

syngas. 

0x0 Alcohols and Derivatives 

0x0 alcohols are produced by first reacting (hydroformylating) an 

olefin with a syngas (H2 + CO) to form an aldehyde. Simultaneously in 

the same reactor, or during subsequent processing, the aldehyde or a 

derivative of it, is hydrogenated to form an 0x0 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 solvent, and 2-EH is used in the manufacture of phthalate 

plasticieers for PVC. The stoichiometry of the main reactions is 

represented by: 
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(1) Hydroformylation-- 

0 - 

0 

CH3CH - CH2 + CO + H2-MH3CH2CH2CHO (3-h) 

n-butyraldehyde 

+ 

CH3 

'CHCHO 

CH3' 

isobutyraldehyde 

(2a) Hydrogenation-- 

CH3CH2CH2CHO + H2- CH3CH2CH2CH20H 

n-butanol 

(3.7) 

(2b) Aldol condensation and hydrogenation-- 

2CH3CH2CH2CHO- CH3CH2CH2CH = y-CHO + H20 (3-g) 

CH2CH3 

2-ethylhexenal 

(20ethylhexenal) + 2H2- CH3CH2CH2CH2-~H-CH208 

CH2CH3 

2-ethylhexanol 

(3.9) 

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

catalytic systems are used industrially to carry out the reactions: 

Catalyst 

Conventional 
cobalt 

Modified cobalt/ 
phosphine 

Rhodium 

Licenser - 

Ruhrchemie 

Shell 

Union Carbide 
et al. 

Syngas 
Type Required 

Two step, high 1:l gas + 
pressure (5000 psi) hydrogen 

One step, medium 2:l gas 
pressure (1500 psi) 

Two step, low 1:l gas + 
pressure (300 psi) hydrogen 
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In the one step process (modified cobalt/phosphlne catalyst) both 

hydroformylation 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 H2:CO ratio of 2:l. Side reactions such 

as hydrogenation of olefin to paraffin and aldehyde to alcohol consume 

extra hydrogen; therefore, In practice, a somewhat higher H2:CO ratio 

is used. A PEP evaluation for such a process (PEP Report 21B, p. 51) 

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 

shown would require a syngas with an H2:CO ratio of 1:l for the first 

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

reactions, in practice an H2:CO ratio somewhat above 1:l is used. In a 

PEP evaluation of the rhodium catalyst technology (Report 2lB, p. 79) 

the design was based on a feed with an H2:CO ratio of 1.09:1. 

There are also several process developments for the production of 

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 Beport 11B). 

Typically the stoichiometric requirement is for a 1:l ratio syngas, or 

for carbon monoxide and methanol. 

In terms of 0x0 chemicals, facilities producing, for example, 150 

million lb/yr of butanol would be considered world scale. A one stage 

process requires 9.4 million scfd of syngas with an H2:CO ratio of 2:l. 

A two stage process requires 5.6 million scfd of a 1:l syngas and 2.6 

million scfd of hydrogen. 

Thus, in the present context, world scale facilities for 0x0 chem- 

icals are very small users of syngas. Production of syngas in dedi- 

cated facilities matching 0x0 synthesis size would therefore be 

relatively expensive. However, the syngas feedstock represents, for 

example, only about 20% of the product value of, the n-butanol pro- 

duced. Hence minimizing the syngas cost may not always be a prime 

consideration in 0x0 manufacture. 
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The present study concerns the economics of producing syngases 

with the H2:CO ratios typical of 0x0 synthesis. However, the study 

context is that of the new generation of processes for bulk chemicals 

which require syngas production on a lrmch larger scale. Some discus- 

sion on scaling down to the "0x0 scale" is included in Section 4. In 

general, though, any extrapolation of the study data to much lower 

scales is likely to be highly inaccurate. 

Phosgene and Miscellaneous Carbonylations 

Phosgene is made by passing dry carbon monoxide and chlorine over 

hot activated charcoal: 

co + Cl2 -coc12 (3.10) 

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 lb/yr of Phosgene and requires 45 million lb/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 Keppe & Koch hydrocar- 

boxylations which react carbon monoxide and water with olefins to 

produce various carboxyllc acids used in plasticizers and synthetic 

lubricants (see also PEP Report 123, Section 4). 

Fischer-Tropsch Synthesis 

The Fischer-Tropsch synthesis using a traditional iron based cata- 

lyst is used by Sasol in South Africa to produce motor fuels with chem- 

icals as by-products. The well publicieed 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/l syngas produced by 36 Lurgi coal gasifi- 

ers (472093). An almost identical Sasol Three Is nearing completion- 
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The Sasol developments represent a special case, in which security 

of supply rather than economic competitiveness has been the dominant 

influence. Nevertheless they demonstrate 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 air as the oxygen source, 

and produce a low Btu gas (LBG) with a fuel value of about 150 Btu/scf. 

Standard units might be sieed 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 

circumstances (472207). 

Nontraditional Uses 

A large amount of research in recent years has been devoted to 

developing improved routes from syngas to chemicals and fuels. The 

prime driving force has been the steep rise In the price of oil. 

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 spectra of products directly from syngas. The F-T mech- 

anism has generally been interpreted in terms of polymerization of a CL 

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 

effort has been devoted both to modification of F-T catalysts and to 

the development of alternative catalysts. An alternative means to 
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Improve selectivity has been to use methanol as an intermediate. The 

downstream 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 is 

not comprehensive, but covers the major developments that would use 

syngas on a large scale and appear to have good potential for commer- 

cialization. 

It is apparent that in general the stoichiometric requirements are 

for syngases with a H2:CO ratio of 2:l or less. Regarding stoichiom- 

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

cesses have an inherent advantage. However, the extent to which some 

processes might also be able to use CO2 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 

sixes at which full advantage can be taken of the economies of scale of 

syngas generation. The latter would favor production complexes which 

integrate a number of different units using syngas feedstocks. 

Acetic Acid and Formic Acid 

Since Monsanto introduced the low pressure carbonylation process 

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 is now based on this process and most new capacity is 

expected to follow suit. 

The overall reaction is an exothermic one represented by: 

CH3OH + 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), or 
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methyl formate. With similar catalysts and somewhat higher pressures, 

acetic acid can also be homologated to give higher carboxylic acids 

such as propionic, butyrlc, and valeric (472209), e.g.; 

CH3COOH + CO + 2H2 -CH3CH2COOH + H20 (3.12) 

propionic acid 

The purity requirements of the feedstocks for acetic acid manufac- 

ture are not overly stringent, e.g., typical feed compositions might 

be: 

Methanol Feed wtX 

Methanol 99.9 

Water 0.1 

Total 100.0 

CO Feed VolX 

co 98.0 

W2 1.0 

H2 0.6 

CO2 <5 Ppm 

w 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- HOOCH3 (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 commercial operation are somewhat higher than for acetic acid manu- 

facture. In a second step the methyl formate is catalytically hydro- 

lyzed to yield formic acid and methanol: 

HCOOCH3 + H20- 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 is, 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 lb/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 lb/yr, and 

would therefore consume about 450 metric tons/day of methanol and 315 

million lb/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:l. Effective utilization 

of the syngas is 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 H2: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 optl- 

mum 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 

STNCOST 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 
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Ace tic Anhydride 

New syngas routes to acetic anhydride have received much publicity 

in recent years, in part because of the decision by Tennessee Eastman 

to commercialiee a new technology using coal based syngas as feedstock 

(472211). This new route is 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 gasification of coal is, in a sense, 

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 

Texaco gasification 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 mol of acetic acid to form acetic anhydride. If the acetic 

acid is made from 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 

that the new route compares favorably with the established ketene 

route. 

Both Eastman and Halcon/SD have been active in developing varia- 

tions of the new process based on carbonylatlon 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 carbonylatlon is complex and 

there are several variations of the basic technology. The stoichiom- 

etry of the overall sequence starting from syngas can be represented 

by: 

(a) Methanol synthesis-- 

2C0 + 4H2-2CH30H 

(b) Acetic acid synthesis- 

CH30H + CO- CH3COOH 

(c) Esterification to methyl acetate- 

CH3COOH + CH30H- CH3COOCH3 + H20 

(3.3) 

(3.11) 

(3.14) 

123 



(d) Methyl acetate carbonylation-- 

CH3COOCH3 + CO -(CH3CO)20 (3.15) 

(e) Net reaction to acetic anhydride- 

4C0 + 4H2 -(CH3CO)2O + H20 (3.16) 

The net stoichiometry thus requires carbon monoxide and hydrogen 

in a 1:l 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): 

(CH3CO)2O + 2CH3OH- 2CH3COOCH3 + H20 (3.17) 

The net stoichiometry remains unchanged. 

A world scale plant would manufacture about 500 million lb/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 

lb/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 is a site specific consideration. 
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Vinyl Acetate 

A route to vinyl acetate based on the carbonylation of methyl ace.. 

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 

phase reaction of ethylene and acetic acid. 

The overall stoichiometry of the carbonylation route when starting 

from syngas may be represented by: 

(a) Methanol synthesis-- 

2C0 + 4H2- 2CH30H (3-3) 

(b) Esterification-- 

2CH3COOH + 2CH3OH -2CH3COOCH3 + 2H20 

methyl acetate 

(3.17) 

(c) Hydrocarbonylation-- 

2CH3COOCH3 + PC0 + H2- (CH3C00)2CHCH3 + CH3COOH (3.18) 

ethylidene acetic 
diacetate acid 

(d) Cracking-- 

(CH3C00)2CHCH3- CH3COOH + CH3COOCH:CH2 

vinyl 
acetate 

(3.19) 

(e) Net reaction-- 

4C0 + 5H 2-CH3COOCH:CH2 + 2H20 (3.20) 
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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., iodide 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 H2: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: 

(CH3COO)2CHCH3- (CH3CO)2O + CH3CHO (3.21) 

Figure 3.4 

TYPICAL PRODUCT DISTRIBUTIONS IN 

REACTION OF METHYL ACETATE WITH SYNGAS 

-0 20 40 60 80 loo 

PERCENT H2 IN SYNGAS 

0 0.25 0.67 1.5 4 

HZ/CO RATIO 

Source: 472208. 
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The net stoichiometric requirement of the sequence of reactions a 

through d is for a syngas with a 1.25:1 ratio of hydrogen to carbon 

monoxide, being used as methanol and a O.S:l H2: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- 

tlon route on the information available to date (see PEP Report 146) 

indicates that, in comparison with the conventional route, the competi- 

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 lb/yr of 

vinyl acetate, together with substantial acetaldehyde coproduct. The 

feedstock requirements were 703 metric tons/day of methanol and some 31 

million scfd of syngas with an H2:CO ratio of 0.58:1. 

Ethylene Glycol 

Ethylene glycol is currently produced from ethylene by the tradi- 

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 commerciallxation in the medium term. 

Direct Route 

The stolchiometry of the direct route Is enchantingly simple: 

CH2OH 
2C0 + 3H2-1 (3.22) 

CH2OH 

Union Carbide has been prominent in developing such a route, and during 

the 1970s 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 conditions 
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a selectivity of 70% 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 

H2:CO ratio of 1:5. A typical world scale facility produces some 400 

million lb/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 + 2H2 + CO -WH~W2 (3.23) 

This route represents the commercial technology once practiced by 

Uu 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 made 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 variations 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 + 2CH3ONO- 
Y00CH3 + 2No 
COOCH3 

methyl dimethyl nitric 
nitrite oxalate oxide 

(b) Nitrite synthesis-- 

2N0 + 2CH30H + l/2 02 -2CH30NO + H20 

(c) Hydrogenation-- 

COOCH3 CH20H 
I + 4H2 - 1 + 2CH30H 
COOCH3 CH20H 

(d) Net reaction-- 

CH20H 
2C0 + 4H2 + 1/2 02 - I + H20 

CH2OH 

(3.24) 

(3.25) 

(3.26) 

(3.27) 

The stoichiometry therefore requires syngas with an H2:CO ratio of 2:1, 

separated into the components. 

A 400 million lb/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 formste and dimethyl carbonate. 
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Ethanol 

Research on both direct and indirect synthesis of ethanol from 

syngas is being actively pursued by a number of companies. Potential 

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

Direct Routes 

The direct synthesis is an exothemic reaction which takes 

place over a number of catalysts: 

AH2 + 2CO-,H3CH2OH + 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 

found to be unattractive. The main problems relate to poor selectivity 

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 (<lo00 psi) and is in many 

ways similar to conventional methanol synthesis. The intent of the IFP 

work appears to be to produce a methanol/butanol gasoline extender. 

This is achieved by using the IFP process to produce C4+ alcohols at 

low conversions and passing unreacted syngas to a conventional methanol 

synthesis. However, the process can be adjusted to produce ethanol as 

a primary product. As in methanol synthesis, the CO2 also reacts di- 

rectly and via reverse shift to give: 

6H2 + 2C02 -CH3CH2OH + 3H20 (3.29) 

Our evaluation was for the substantial scale of 600 million lb/yr. By 

analogy to methanol synthesis, the design was based on a nonstoichio- 

metric, hydrogen rich feed with an H2:CO:C02 ratio of 7:2:1. The 
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estimated requirement of syngas was about 345 million scfd (basis con- 

tained CO + H2). About 1.75 lb of other alcohols are coproduced per lb 

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 Wines in the 1950s and is generally 

referred to as "homologation." 

The overall stoichiometry is as follows: 

l Methanol synthesie-- 

CO + 2H2-CH30H 

0 Homologation-- 

(3.3) 

CH30H + 2H2 + CO----t CH3CH2OH + H20 (3.30) 

Thus, a 2:l ratio syngas is required in each of the steps. The cata- 

lysts used in homologation are typically halogen promoted 0x0 cata- 

lysts, and pressures of about 4000 psi are required. The potential of 

this technology was evaluated in PEP Review 80-l-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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Ethylene 

Perhaps the most intriguing question is whether ethylene might be 

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 sixes considered in the present 

report. 

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: 

4R2 + 2c0 -C2H4 + 2H20 (3.31) ' 

However, the iron based catalysts used for this F-T reaction are also 

good shift catalysts, so that typically some one-third of the Co shifts 

to cop: 

CO + H20 -CO2 + H2 (3.1) 

The net stoichiometry is therefore: 

3H2 + 3c0 eC2H4 + H20 + CO2 (3.32) 

It requires syngas with an H2:CO ratio of 1:l rather than the 2:l 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 yield 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 H2:CO 

ratio of 0.83. A billion lb/yr ethylene plant was estimated to require 

795 million scfd of syngas. Some l-4 lb of C3+ coproducts are produced 

in the process for each lb of ethylene. 

Indirect Route--Methanol Homologation 

The steps required to produce ethanol were noted above. The 

dehydration of ethanol is not a new 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: 

C2H50H- C2H4 + H20 (3.33) 

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

Diethyl ether is formed as an intermediate. 

For a 1 billion lb/yr ethylene plant some 320 million scfd of 

syngas with a 2:l H2: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 Cracking 

Ethylene is produced from methanol as follows: 

, 
2CH3OH- CH30CH3 + H20 -C2H4 + 2H20 

dimethyl 
ether 

(3.34) 

The reaction takes place over the new class of molecular-shape- 

selective eeolite catalysts at low pressures (about 15 psig) and moder- 

ate temperatures (about 700°F). In 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 Oil 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 on 

the pore siee of the zeolite. Gasoline (aromatics) production requires 

larger pores than does olefins production. 

A 1 billion lb/yr ethylene plant would require about 4.8 

lb/lb or some 6,600 metric tons/day of methanol. The equivalent 2:l 

syngas requirement would be about 530 million scfd. About 1 lb of co- 

products is produced per lb of ethylene. 

Though questions remain about the optimal design, emgo, 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 MTG process is under construction in New Zeala,nd, and a 

fluid bed MTG plant is being constructed on a pilot scale. Several 

major companies are developing the smaller pore zeolites preferred for 

ethylene production. It is thus likely that technology 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- 

ful, and the Eastman/Ralcon technology for acetic anhydride is about to 

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 

price equivalent to that 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 

in time syngas (or methanol) made from coal or low cost natural gas 

will become a competitive feedstock for manufacture of many of the chenr 

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 ethylene production 

from coal via methanol cracking (dehydration) with the costs of ethyl- 

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

for coal based chemicals, i.e., a 2.5Xlyr real escalation in crude oil 

prices from third quarter of 1980 onward, compared with zero real 

escalation in capital costs, with coal escalating at 1Xlyr in real 

terms. Also somewhat optimistic values were assigned to the production 

costs of methanol and syngas from coal. On this basis crossover points 

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 

large fraction of the product value deriving from capital investment 
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for coal based.routes. Secondly, the contribution of coproduct values 

to the economics of ethylene manufacture. (The coproducte 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 

value calculations in the present study, assumes no real escalation on 

crude oil prices until 1985, and a subsequent build-up to 2.5%/yr in 

1990 and onward (see Appendix A). Construction costs are assumed to 

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

costs are estimated to be likely for coal based syngaees and methanol 

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- 

tion of oil prices and capital costs would push the crossover point out 

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, pm 

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 glut 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 

is 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 half or more, 

will be to replace retired facilities (this could be some 15 billion 

Wyr) . It might be more attractive to revamp and modernize such facil- 

ities for using traditional feedstocks. Secondly, there is typically a 

lag in switching to new technology, even if such technology has been 

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 

structural changes in the industry itself. 

Complicating the picture is the coming shift in bulk petrochem- 

icals manufacture to areas of low cost feedstocks, namely those pos- 

sessing associated natural gas for which the alternative use is 

flaring. Methanol based on low cost gas could equally well be used a0 

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 

- 

l 

SRI's SYNCOST program as submitted to PEP clients contains default 

data for the years 1980 to 2001. The values, shown in Tables A.1 and 

A.2 relate to the U.S. Gulf Coast. 

For 1980 and 1981 the values are estimates of representative 

prices, and generally correspond 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 bs noted that the natural gas prices are 

taken as equivalent to medium sulfur fuel oils rather than as the 

average price actually paid by industrial usersa 

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 

in 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 illustration of this is given further below. For convenience 

"dummy" values are also provided for 1990 onward. These are extrapola- 

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. 

Escalation of oil prices in real terms (i.e, over and above general 

inflation) is then assumed to restart in 1986 and increase to 2.5% per 

year from 1990 onward. (See Table A.1.) The rationale for such a 

scenario is discussed further below. 

For current dollar prices we assumed that the general level of 

inflation (as measured by the Gross Domestic Product Deflator) will 
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Table A.1 

SYNCOST DEFAULT VALUES - INDEPENDENT INPUTS 

(Current Dollars, U.S. Gulf Coast) 

1960 1981 -- 

OOP deflator (1958 - 100) 266.4 289.0 
GDP inflation 2 p. 8.5 
nu1tip1i*r to 1960 $ 1.000 0.922 

Arabian Lieht f.o.b. (S/S)(C) ZS.5 32.0 

1983 1%4 w- 

330.9 354.0 
7.0 1.0 
0.805 0.752 

36.2 38.7 
- - 

41.2 44.1 

19B5 1986 1987 1989 --- i.EL- 1982(~) 
309.2 
1.0 
O.Sll 

376.0 405.3 433.7 464.1 496.6 
7.0 7.0 7.0 1.0 7.0 
0.703 0.657 0.614 0.574 0.536 

a~ca1.tioa-x pa real .- 
U.S. avl. crude ($/B) 

48.3 3.5 
28.1 36.2 

33.8 
(1.16) 
38.6 

41.4 45.0 40.9 53.4 58.2 
-- 1.5 1.5 2.0 2.0 
47.2 51.8 56.2 61.2 66.1 

PEP cult Index (1958 - 100) 355 400 430 462.3 496.9 534.2 514.3 617.3 663.6 713.4 
uas*a Wbr) 15.4 17.5 10.9 20.4 21.9 23.6 25.3 27.1 29.1 31.2 

Fuel oil (s/HI Btu) 
UP .t.m ($/I4 lb) 

NP 8t.m ($/‘I lb) 
LP etaa (b/M lb) 
Electricity (c/kuh) 
Ckrifiad nter (c/N 9al) 

Ceolill9 uatmr (C/II 6al) 
Pmceu ntac (C/II 6al) 

440 476 
7.0 
5.9 ::: 
4.7 5.2 

622 
a.3 

::i 

ii' 
6.2 
77 

105 760 
8.9 

:-: 
::i 614 
5.0 5.5 
50 54 
6.7 7.3 
03 69 

609 674 
1.150 1.235 

810 957 1.040 1.129 

3.4 3.6 
36 41 

4.9 5.4 
60 60 

400 417 
O&5 1.000 

10.2 10.9 11.7 li.6 li.5 
f:f ::: ::: 8.5 10.6 9.1 11.4 

5.9 
58 

Ilntural w (c/ml Btu) 
Hi~c~l1~naow chnicalm 

(-)@I 

551 
1.072 

7.9 8.6 9.4 10.2 11.1 
96 103 111 120 129 

737 827 913 1,013 1,121 
1.324 1.435 1.547 1.671 1.905 

Active carbon (c/lb) 143 175 108 201 216 
6ah dimpoml ($/ton4 4.6 5.0 5.35 5.7 6.1 
coal .t lime ($/tonu) 26.8 32.3 34.6 37.0 39.6 
Coal transprt ($/team) 13.8 15.0 16.0 17.2 18.4 
Pam1 I.. (elm Btu) 440 476 622 705 760 
Ui~hr alcohols (c/lb) 4.4 4.8 6.2 7.0 7.6 
Ma;h.wl e.talys; (c/lb) 340 400 430 460 495 
Reforminn catalmt Cc/lb) 170 2M1 215 230 250 
Sulfur (f/lb) - - 3.64 4.54 4.87 5.22 5.61 
Vaew realdue (c/lb) 5.15 5.65 8.W 9.26 9.8 

232 251 271 292 316 
6.6 7.0 7.5 8.0 8.6 
42.3 45.5 49.0 52.9 57.2 
19.7 21.0 22.5 24.1 25.8 
810 885 957 1.040 1.129 
6.1 9.9 9.6 104 11.3 
530 575 620 670 720 
265 290 310 335 360 
6.01 6.51 7.02 1.59 8.19 
10.5 11.5 12.5 13.5 14.6 

ma(b) 1991 

COP deflator (19511 - 100) 
OOP inflation x pa 
Nu1tip1icr to 1960 $ 

1992 1993 1994 me- 1995 1996 1997 1998 -- 1999 2wO 

531.3 568.5 608.3 650.9 696.4 745.2 791.4 853.2 
7.0 7.0 7.0 7.0 7.0 1.0 7.0 7.0 
0.501 0.469 0.438 0.409 0.3113 0.357 0.334 0.312 

912.9 

ii::92 

976.8 1.045.2 1.183 
7.0 7.0 7.0 
0.273 0.255 0.238 

Arabian Liaht f.o.b. (S/B)(') 69.9 
Bacal~tionz pa real 2.5 
U.S. ~8. crude (S/B) 73.1 

70.0 

iii50 

76.8 84.3 92.4 

ii: iv* 
2.5 
104.9 

101.4 
2.5 
114.8 

111.2 

:;:.7 

121.9 133.7 146.6 160.8 176.4 
2.5 2.5 2.5 2.5 2.5 
137.6 150.7 165.0 180.6 197.7 

PBP comt Index (1958 - 100) 766.9 024.4 1186.2 952.7 1.024 1.101 1.184 1,272 1,368 1.470 1.511 1,699 
b&es (S/hr) 33.4 35.8 38.4 41.1 44.0 47.1 50.4 54.0 57.1) 61.8 66.1 70.0 

F-1 011 (c/Ml Btu) 1.232 1,346 1.471 1.606 1,757 1,921 2.100 2.297 2,511 2,750 3,010 3,295 
RP .tem (b/n lb) 14.6 15.6 16.9 19.1 19.4 20.9 22.5 24.2 26.0 27.9 30.0 32.3 
HP .team ($/II lb) 12.3 13.2 14.2 15.2 16.4 17.6 lB.9 20.4 21.9 23.5 25.3 27.2 
LP l tem (S/M lb) 9.8 10.5 11.3 12.1 13.1 14.0 15.1 16.2 17.4 18.7 20.1 21.7 
ol*ctrlcity (C/kwb) 9.7 10.6 11.5 12.6 13.7 14.9 16.3 17.7 19.3 21.1 23.0 25.2 
clarifid mtar (C/H Bw 83 a9 96 103 111 119 12s 136 146 159 171 166 
Caali~ water (C/H pl) 12.1 13.0 14.1 15.3 16.5 17.9 19.4 21.0 22.7 24.6 26.7 28.9 
PIOwSS ULCC (C/t! Sd) 138 149 160 172 185 199 214 230 247 266 286 307 

Iatural mm (e/Hll Btu) 
nimcellmeouLl Chamic~l~ 

(-j(d) 

1.243 1.3511 1.585 1,622 1.773 1.938 2,119 2,316 2,533 2.773 3.036 3,324 
1.953 2.112 2.286 2.474 2.677 2.890 3.136 3.394 3.675 3.979 4.309 4.666 

Active carbon (c/lb) 

Amb dimpoul ($/tom*) 
Coal .t mine ($/Cmuu) 
Coal trumport Wtonnc) 

M&no1 c.taly‘i-(c/ib) 
mformiql cmtaly~t (c/lb) 
Sulfur (e/lb) 
Vacuu ramidtm (c/lb) 

342 370 400 433 466 507 549 594 643 6% 754 816 
9.2 9.a 10.5 11.3 12.0 12.9 13.8 14.8 15.8 16.9 18.1 19.3 
61.8 66.8 72.2 78.0 84.3 91.1 90.4 106.4 115.0 124.3 134.3 145.1 
21.6 29.5 31.6 33.11 36.1 36.7 41.4 44.3 47.4 50.1 54.2 56.0 
1,232 1,346 1,471 1.608 1,757 1,921 2.100 2,297 2.511 2.750 3.010 3,295 
12.3 13.5 14.7 16.1 17.6 19.2 21.0 23.0 25.1 27.5 30.1 33.0 
700 845 915 9% 1.070 1.160 1.255 1,3bO 1.470 1,590 1,725 1.%5 
390 420 460 495 535 580 630 6% 135 ID0 860 930 
8.67 9.59 10.38 11.23 12.15 13.16 14.24 15.41 16.68 18.06 19.56 21.18 
15.8 17.2 19.0 20.6 22.5 24.6 26.9 29.4 32.2 35.2 38.5 42.1 



- 

l 

8ynco.t 
Rmw 
mkt. 

A!!eL 

3 

11 
9 

10 
23 
25 
24 
21 
22 

syne0.t 
B.* 
mt. 
Code 

3 

11 
9 

10 
23 
25 
24 
21 
22 

sync0.t 
Raw 
mt. 
Cod. 

3 

11 
9 

10 

23 

:: 
21 
22 

u.u !l.t.ria1 

Carbon dioxide (c/lb)(.) 
CO2 .X flu. 0.. (c/lb)(.) 
0ydro0cn(b) (c/m.cf) 
0ydm0.n (05.4X)(c) (chef) 
Hydm0.n (93% (d) (chef) 
Syn8.a 2.26/C 0) i (chef) 
So** 4.9/C(f) (dmmcf) 
SYDS.. 3.0/C(S) (C/m.Cf) 
Sy4.. 2.0/c(h) (c/m.cf) 
syns.. 2.0/a(i) (ChCf) 

Table A.2 

SYNCOST DEFAULT VALUES - DERIVED INPUTS* 

(Current Dollars, U.S. Gulf Coast) 

R.w ll.t.ri.l 

C.rb.n dioxide (c/lb)(.) 
CO2 ex flu. w. (c/lb)(*) 
nydrc.g.a(b) (duct) 
llydro*ml (S5.42) (c/ucf) 
0ydro0.n (93X) (c/m.ef) 
Syq.. 2.26/C (chef) 
synsa. 4.9/c (c/met) 
By-. 3.0/C (elrcf) 
Sync. 2.0/c (cluef) 
Byn~a. 2.0/P (clmmef) 

0.w n.tcri.1 

C.rboa dioxid. (c/lb)(.) 
Cq .X flu. s.. (c/lb)(.) 
H~drosdb) (chef) 
Hydr~m (1)5.4X) (duef) 

uydtqpn (93%) (cluei) 

Sm.. 2.26/C (clmmef) 
syry.. 4.9/c (cluef) 
Synga. 3.0/c (c/ret) 
Syngmm 2.0/G (c/mmcf) 
Syng.. 2.0/n (ClUCf) 

19SO 1901 1902(j) 1903 1904 -- --- 

0.0 0.0 0.0 0.0 0.0 
3.4 3.0 4.1 4.5 4.7 
241 250 321 352 307 
143 154 202 220 246 
271 W 326 350 376 
271 3O4 326 350 376 
195 2% 266 294 324 
231 246 309 340 373 
253 270 337 370 407 
256 204 349 309 416 

1990 1991 1992 1993 1994 -- --- 

0.0 0.0 0.0 0.0 0.0 
7.5 0.0 0.7 9.3 10.1 
6% 745 011 883 962 
399 436 477 521 569 
579 623 670 720 774 
579 623 670 720 774 
509 643 702 766 037 
664 123 700 859 936 
721 705 054 931 1.014 
650 712 773 040 910 

-1001 2OOO 

0.0 0.0 
15.7 16.9 

1,612 1,759 
975 1,060 

1,199 1.209 

1.199 1,209 
1.423 1,556 
1,573 1.710 
1.702 1,050 
1.490 1.610 

Roar.9 
llodule 

20 
21 

FU.1 
equiv. 
Splg*. 
equiv. 

13 
14 

12 
9 

10 

1905 1906 1907 1900 1909 ---- - 

0.0 
5.2 
421 

262 
403 
403 
354 
407 
443 
447 

0.0 
5.5 
460 
207 
433 
433 
396 
452 
492 
405 

0.0 

tii 
310 
465 
465 
436 
497 
540 
525 

0.0 
6.5 
565 
337 

E 
403 
547 
595 
565 

1995 

0.0 
10.0 

1.047 
622 
033 
033 
913 

1,020 
1.104 

900 

1996 1997 1990 --- 

0.0 0.0 0.0 
11.7 12.6 13.5 

1.141 1.243 1.355 
600 744 814 
096 %3 1,036 
0% 963 1,036 
990 1.009 1.190 

1.112 1.211 1.321 
1.2M 1.312 1.430 
1.072 1,164 1.264 

*All v.1u.a .hom .r. without G6A. 

(.)Z.m v.lue I. ..ed for dcfmlt. l%e V.lU. of co2 from flu. a...‘ I. .hw. for 111u.tr.t10. only. 

(%..i. 100 m .cfd production by .te.m rrformin0 of rmtur.1 g... 

(a!.lw t.k.n *. cquiv.1e.t to fuel r.luc on . stu b..i. (HWV). 

(dh.1u.d . . .yllll.. (2.26/C) fecdmtock. 

(*)O.f.ulr c.p.city 005.3 B6l .cfd. By.0.. 2.26/C refer. to .,.B.. with .n H2:CO r.tio of 2.26:1 frm ~0.1, .tc. 

(f)D.f.ult c.p.city 264.9 FM .cfd. 

(0)D.f.ult c.p.city 200.0 IPI .efd. 

(hhf.ulr capscity 200.0 un .cfd. 

(i)Oef.ult e.prciLy 200.0 IM l cfd. 

(jh.luc. for 1902 onward .re trcndli.. projection.. 

0.0 

ii: 

366 
530 
530 
533 
6O2 
654 
610 

1999 

0.0 
14.5 

1.470 
091 

1,114 
1,114 
1.301 
1.442 
1.560 
1.372 
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average 7Xlyr from 1982 onward. (The percentage increases shown in 

Table A.1 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 7.5Xlyr from 1982 onward, i.e., a real increase of 

about O.S%/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 5X/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 oil related costs 

Labor related costs 

Capital related costs 

Miscellaneous 

Total 

33 

18 

46 

3 

100 

The natural gas price trend from 1982 onward is assumed to be 

determined by Interfuel competition with 0.3% sulfur residual oil in a 

market without price controls. It is thus assumed to increase from 

about 90% 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 

oil 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% 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 (3% S) residual fuel oil. 

The trend in the price of coal (f.o.b. mine) is assumed to follow 

the trend of 011 prices directionally but at a much attenuated rate of 

real escalation; zero percent to 1985 and increasing to 1Xlyr 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 trendllne 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 

PEP Cost Index 

Wages ($/hr)* 

Electricity (cjkwh) 

Cooling water (c/l,000 gal) 

Process water (c/l,000 gal) 

Natural gas (c/million Btu) 

Miscellaneous chemicals (-) 

Active carbon (C/lb) 

Ash disposal ($/tonne) 

Coal at mine ($/tonne) 

Coal transport ($/tonne) 

Fuel gas (c/million Btu) 

Methanol catalyst (c/lb) 

Reforming catalyst (c/lb) 

Sulfur (c/lb) 

Vacuum residue (c/lb) 

Trendline Estimated Actual 
Projections, Values, 
Scenario A Scenario B 

430 425 

18.90 19.10 

4.5 4.5 

6.2 6.09 

77.0 73.5 

551 320 

1.07 0.95 

188 206 

5.35 5.3 

34.6 30.0 

16.0 20.0 

622 320 

430 440 

215 200 

4.87 6.29 

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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0 - 

0 

The effects on estimated product values are shown in Tables A.4, 

A.5, and A.6 

The substantial differences in the product values calculated for 

methanol and hydrogen in scenarios A and B are due primarily to the 

large difference between the projected trendline and actual prices of 

uatural gas. Interestingly the estimated carbon monoxide values are 

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

difference is more than counterweighed by the difference in the hydro- 

gen credit. 

Reflections on Oil Prices 

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 

recession and higher rates of inflation. After demand for crude 

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 revolution in Iran, followed by the Iraq-Iran war, 

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 arise from this recessionary period In 1981, eco- 

nomic activity, particularly in the United States and Japan, again 

faded in the second half of 1981. 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 6 Engineering 

Review, April 82); the other believes that ample supplies are likely 

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 124) 

Capacity: 2,490 Tomes/Day 

Investments (million $) 

Battery limits 

TOTAL FIXED CAPITAL 

PEP Cost Index (current $) 

Natural gas ($/million Btu) 

Variable costs ($/tonne) 

Raw materials 

By-product credit 

Imported utilities 

PRODUCT VALUE ($/tonne) 

1982 
Scenario A Scenario B 

166.9 

228.8 

430 

5.51 

171.64 100.37 

(1.02) (1.02) 

13.80 9.47 

308 229 

164.9 

226.1 

425 

3.20 
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Table A.5 

HYDROGEN (97%) FROM NATURAL GAS 
(Module #21) 

Capacity: 100 Million scfd 

1982 
Scenario A Scenario B 

Investments (million $) 

Battery limits 

TOTAL FIXED CAPITAL 

PEP Cost Index (current $) 

Natural gas ($/million Btu) 

Variable costs (c/1,000 scf) 

Raw materials 

Imported utilities 

PRODUCT VALUE (e/1,000 scf) 

46.2 45.7 

61.8 61.1 

430 425 

5.51 3.20 

155.72 91.21 

85.31 52.02 

321 223 
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Table A.6 

CARBON MONOXIDE FROM RESID-DERIVED SYNGAS (H2:CO = 2.0) 
BY CRYOGENIC SEPARATION 

(Module 120) 

Capacity: 149 Million lb/yr 

Investments (million $) 

Battery limits 

TOTAL FIXED CAPITAL 

PEP Cost Index (current $) 

Syngas (2.0)/R* ($/l,OOO scf) 

Variable costs (c/lb) 

Raw materials 

By-product credit 

Imported utilities 

PRODUCT VALUE (c/lb) 

1982 
Scenario A Scenario B 

5.6 5.5 

6.5 6.4 

430 425 

3.49 2.96 

14.66 12.45 

(8.94) (6.15) 

0.74 0.74 

9.34 9.79 

*Syngas (2.0)/R refers to syngas with an H2:CO ratio of 
2:l made from vacuum residue. 

148 



Economists of the first school point to the following factors to 

support their contention that the surplus of supply over demand is 

temporary: 

l 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. 

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

l World consumption of crude during periods of normal economic 
activity average more than 20 billion barrels of oil per year, 
which is more than the level of discoveries of new reserves. 

These economists expect that In the next 20 years the world will suffer 

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 available 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 oil production particularly from non-OPEC less-developed 
countries will continue to increase and is likely to more than 
replace any oil production lost by the developed countries, and 
OPEC's share of oil production is likely to decline slowly but 
steadily in the future. 

New coal technologies make it convenient to replace heavy fuel 
oil in existing oil-fired boilers. 

Advances in refinery technology enable the world to produce 
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 consumption 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 

inflationary adjustments. 

SRI recognizes that the world has finally been forced into pat- 

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 

War II. But we also recognize that oil is a finite resource, with one 

country, Saudi Arabia, 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 

back on supplies in order .,to achieve oil prices that equate with the 

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 

price of crude must increase in the long term if OPEC can moderate 

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: 

l 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. 

l The major oil producing countries, led by Saudi Arabia, will, 
in general arrange their levels of production so 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 improving world-economic activity. Following the 
glut, the long term real price of crude will increase moder- 
ately. 
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l 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. 

l 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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APPENDIX B 

SYNCOST COMPUTER PROGRAM 

B.1 INTRODUCTION 

- 

a 

In ilenerol evaluations of the various svnthesis Aas routes 

to bulk chemicals it is useful to be able to estimate and 

project the cost of srnAases, carbon monoxide, and/or methanol. 

Ye have assembled the econorics developed earlier in this 

report into a computer prorlram to estimate swn4as costs for a 

ron4e of Idears* The Protramr SYNCOSTt calculates Production 

costs (including return on investment) for smtiases (HZ/CO 

ratio 0.75 to 3.0)~ carbon monoxide,, hrdrodcnr ‘raw’ swtaasr 

and methanol. The feedstocks available are those investigated 

in this report: coalr natural 4as~ and vacuum residue. We 

have divided the process data developed br PEP into process 

modules that can be linked bu the Pro4rata in various 

user-supplied seeuences to Produce Production cost tables for a 

rantie of wtvar’ir The modules available are listed in Table E.1 

and are shown schenaticallv in Fimre B.1, We have included a 
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TABLE B.1 

AVAILABLE MODULES AND CAPACITIES 

RODULE 
------ 

i 

2 

3 

4 

6 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

24 

27 

28 

SYWOnS~H2/C6=0.75) FROM COIL 

SYNBAS(H2/CO=lrO) FROM COAL 

sYW6AS(H2/CO=l.O) FROM NATURAL 6ns 
WITH CO2 IHPORT 

SYM11S~H2/CO=lrO~ FROK SYN6AS(H2/CO=3,0) 
EY SKIMINB 

SYN6RS~HZ/CO=l.O~ FROM SYR6nS(HZ/C0=2.0) 
BY SKItMINO 

SYNSAS(H2/CO4rO~ FROM UACUUl REIIIDUE 

sYR6ns~H2/co=lr5) FROH conL 

SYWBAS~H2/CO=2.0) FROn COhL 

sYn6ns(H2/c0=2r0) FROM NnTuRnL 6ns 
WITH CO2 JtiPORT 

6YN6nS(H2/CO=Z.O) FROM uncuum RESIDUE 

SYNBIS(H2/C0=2rO) FROtl SYNOnS(H2/C0=3,0) 
BY SKIRRIN6 

SYR6hS(H2/C0=3rO) FROM NITURAL On8 
YITN CO2 RECYCLE 

RETHAWOL SYNOnS(H2/CO=2.26) FROM COAL 

CRUDE SYWOAS(H2/C0=4,92) 
FROR NATURAL 6nS 

CO FRON GAS-DERIVED SYN6M(H2/CD=3.0) 
BY COSORB SEPIRATZON 

CO FROR GnS-DERIVED SYN6nS(H2/C0=3.0) 
BY CRYOGENIC SEPnRnTIOR 

CO FROM BAS-DERIVED CRUDE SYN6nS 
(H2/C0=4.9) BY COSORB SEPnRnTION 

CO FROM GAS-DERIVED CRUDE SYNOAS 
(HZ/C0=4.9) BY CRYOBENIC SEPMATION 

CO FROR COAL-DERIVED HETHAHOL SYN6AS 
(HZ/CO=2.26) 6Y COSORB SEPARATION 

CO FROM RESID-DERIVED SYNOnS(HZ/CO=Z.O) 
BY CRYOBENIC SEPARATION 

HYDROBEN(97X) FROM NnTURnL 6nS 

HYDROGEW(~~X) FRON conL 

HYDROGEN(96X) FROH UnCUUH RESIDUE 

METHANOL FROM NnTURnI. GAS 

6ETHI)WOL FRON GAS-DERIVED 
CRUDE SYH6nS(H2/CO=4r91 

RETHANOL FROM COIL 

IIETHANM. FROM COAL-DERIVED 
METHANOL SYN6nS(N2/CO=?m?6) 

CnRBON DIOXIDE FRO6 FLUE 6&S SCRUBBIN 
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DEFAULT 
------- 

BO2,O 

603.2 

97.6 

129.2 

200.0 

2OOIO 

604.3 

6OS.O 

200.0 

200.0 

1Sl.S 

200.0 

605.3 

264.9 

149,3 

149.3 

149.3 

149,3 

149.3 

14913 

100.0 

200.0 

lOOI 

2490.7 

2490.7 

10000.0 

10000.0 

870.0 

RINLMUH MXIHUli 
----e-e ------- 

50 - 1600 HHSCFD 

50 - 1600 MSCFD 

1s - 600 MSCFD 

40 - 600 RHSCFD 

40 - 760 MSCFD 

so - 600 MSCFD 

so - lb00 tUlSCFD 

so - 1600 MSCFD 

40 - 600 WSCFD 

so - 600 MSCFD 

40 - 660 MSCFD 

40 - 600 MSCFD 

so - lb00 HRSCFD 

90 - 330 IUISCFD 

70 - 600 HNLB/YR 

70 - 600 HHLB/YR 

70 - 600 llILB/Y R 

70 - 600 HtlLB/YR 

70 - 600 MLB/YR 

70 - 600 flHlB/YR 

6 - 560 HRSCFD 

50 - lJ60 IiNSCFD 

50 - 1150 MSCFD 

140 - 5000 TONNE/D 

960 - 5000 TONNE/D 

600 - 20000 TONNE/D 

600 - 20000 TONNE/D 

400 - 1750 NMB/YR 



Figure B.1 

SYNCOST MODULES 

(siJ-i*< 
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o- ‘%? 
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0 
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Figure B.1 (Concludd) 

SYNCOST MODULES 

E&M 
;*, 
50-1600 million scfd 

0-I COO’ 

1 CrudeSynfpS 
(2.26) 
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I 
70600 million Ib/yr 

6040,000 TPD 

600-20,000 TPD 

50400 million scfd 

co J 
70400 million Ib/yr 
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156 



modl~le for carbon dioxide Production from flue Sas for use with 

the srntius aodules when imported carbon dioxide is reauired. 

The Program calculates the product value (plant gate cost 

+ GSA t return on investment) for any desired set of process 

modules, The Program contains default values for various 

material and utilitv costs and operating cost factors, but 

considerable flexibilitg in modifvinil these factors is 

available, Duriml execution of the Pro$ramr provision is made 

for nodifwina capital investnentr cost indexr material and 

utilities cork9 return on investment9 taxes and insurance, 

deprecistionr msintenancer general and adrinistrativer and 

overhead factors. The default Process and price data say be 

permsnentlu modified to the user’s specifications br chsnain$ 

the tuo data files attached to the Program* 

The SYNCOST Prorlrem runs interactivelr. The user inputs 

the desired Process seeuence and any price or factor 

modifications et the keyboard in response to computer 

‘PromPts~m The pro?lram output can be obtained interactively or 

it can be saved and printed on a batch device, 

The SYNCOST ProBran is written in Fortran 77 and was 

developed on a VAX 11/7S2 computer+ Storatie rewired is 134K 

butes for the source ProgramI 
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B.2 PROGRAM LOGIC 

SRI's SYNCOST program accesses process and Price data 

stored in two data files and interactive19 prompts the user for 

information about the Process sequences tn he run0 The Program 

runs multiple Process seeuencesr Each Process seauence can 

consist of one Product module and from zero to four 

‘interrediate’ modules, The ‘intermediate’ modules need not be 

related to the Product roduler but the intermediate Processtes) 

to a Particular product can be included to calculate an 

erprorriote raw material Price to be used in the Product. module 

calculationsr e.rr,r module 129’Srnzias (3.0) from natural gas” 

uould be included in the process senuence as an intermediate to 

module 1X- ‘SwnrJas (2.0) from SrnAas (3.01,’ The s~naas (3+0) 

Product value calculated br the proaram would be t~sed as a raw 

material cost in the srn~as (2+0) calculation, If cost 

eotimotes for several unrelated modules are needed, the modules 

can be sroupcd in a PPOC~~IS secIuence asi l intermediatesm to 

rinirire user keuboard entriesI 

The product module selection is entered first9 followed bu 

the intermediate module selections. Cal.culstions for the 

intermediate modules are run in the order enteredr followed br 

the product module calculations+ 
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For each process seauence the user must select the years 

of interest and individual process capacities, and IROY modifr 

any of the default prices or cost factors. For subseeuent 

Process seauences the user hes the option of (1) using the 

entered wears/cost factor data from the Previous seeuencer (3) 

reenterind new rears/cost factor drtar or (3) using the stored 

default cost factor values, 

Sore flexiblitr for workin with various Entilish and 

metric units is included in the ProSramr Areas where a choice 

of units is available are indicated in the ProSram PromPt.sr 

The output fron each process seeuence consists of Product 

value summary tables for the years selected9 for each process 

module. Severs1 printout options are available (see Sectiorr 

B.5). The pro?lrar is designed primarilr for hard COPY outPut. 

If a CRT device is used for output, some of the tables may be 

lost. 

The user is Prompted interactivelr for input to the 

Prol)ram* When input errors are detected bu the program? error 

messages (beginning with ‘##lirn) are printed and the user is 

directed to correct the error br reentering the faults line. 

During execution the Program creates and uses two direct 

access process and Price date files. These files are deleted 

upon normal termination, 
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8.3 INPUT DATA 

Input data are supplied br (1) data files contalinins the 

basic process data? default Pricesr and cost factors9 and (21 

process seeuences and data modifications supplied interactively 

bu the user via Program ProwtiM+ 

The data files contain estimated uadest inflatjsn factorst 

utilities costs9 and rau material casts for the Years 

1980-2001. A list of the default values is shown in Table P.2, 

Nest of these values LIY be modified intersctivelrl 

Interective Input 

For 

reoui red 

a. 

b. 

CD 

dr 

(t’ 

f, 

each process seeuence the Principal 5nPut data 

are as follows: 

An integer code correspondinsi to each process module 
in the seeuence* 

CaPacitv of each process (oPtional)+ 

Years for which calculations are rewired. 

Tune of Printout. 

Cost units in which the product value tables are 
presented, 

Choice of printout in current % or constant %* 
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Table B-2 

Default Utilities and Raw Materials Costs 

0 1 
---- ---- 

I-ACTIVE CARBON 
80-89 14R,OO 175.00 
90-99 342.00 370.00 
00-01 754.00 816.00 

n,-$g,ors~o,s~L 

90:99 9:2o 
5.00 
9.10 

00-01 18rlO 19.30 
3-CARBON DIOXIDE 

g$g tpg yf 

00:01 0:oo 0:oo 
S-COAL AT MINE 

80-89 13.80 15,oo 
90-99 27.60 29.50 
00-01 54.20 58.00 

'it% GM 
90199 123 la% 
00-01 30.10 33:oo 

B-HTSHER nbcoms 

$838 13% 1% 
00-01 30.10 32.95 

9-HYDROSEN(85.4X) 
80-89 143.00 154.00 
90-99 399.00 434.00 
00-01 975r001068.00 

lo-HYOROQEN(93X) 
SO-89 271.00 304.00 
90-99 579.00 623.00 
00-011199.001289.00 

II-HYDROGEN 
80-BP 241.00 258.00 
90-99 b04.00 745.00 
00-011612.001759.00 

15-HETHANOL CATMYST 
80-89 340.00 400.00 
90-99 7#0*00 045.00 
00-01172s*001865.00 

17-NATURAL SAS 

2 3 4 5 6 7 8 9 ---- wM-- ---- ---- ---- ---- ---- ---- 

1~8,00"&:,00 216,OO 232.00 251.00 271.00 292.00 316.00 
400roo 433.00 46R.00 507,oo 549.00 594,oo 643.00 696.00 

0.00 0.00 
0.00 

g.gs p8 
0.90 * I E#! I 

, S/TONNE 
",k# %:88 39 84:30 60 42.30 91.10 45.50 9R.40 106:40 49 00 l&O0 5 .90 124.30 57.20 

ib.00”::‘;: 
31.60 33:~~ 

1R 40 
3bI10 

19 70 
naI70 

21 00 
41140 

22 W 
44Iio 

24 10 
47140 

T 80 
5b)I70 

'6.22 YB% 
14.71 M:Ok l;::f I!::! 2kt: 

9.57 10.40 11.29 
22.97 25.11 27.50 

'6.20 
C/LB 

7.00 7160 A.10 8.90 9.60 10.40 11.30 
14.70 MrlO 17.60 to.20 21.00 23.00 25.10 27.50 

2~2,00c;%c!I0 246 00 262 00 2R7 00 310 00 3’17 00 346 00 
477.00 521:oo 569:oo mho 68o:oo j44100 sir:00 S91Ioo 

3;6*00%tC~0 376 00 403 00 413 00 465 00 500 00 538 00 
6io.00 7ioIoo j74Zoo R3a:oo ~bb:00 963~601b36300~114300 

3il.00C:!%0 387 00 421 00 4bR 00 ‘cl3 00 765 00 621 00 
811.00 kR3:oo 962:001047:001141:001i4i;0o1~5ii;o01478;00 

4~0.00c/4%O0 495.00 530.00 575.00 620.00 670.00 720.00 
915.00 990.0o1070.001160.001255.001360.001470.00~59o~00 

11.078 1 15 
2:47 

1.24 1 .a7 1.43 1.55 1.67 1.80 
2.29 2.bR 2.90 3.14 a.39 3.67 3.98 

'5.51 T~tr 9.13 10.13 11.21 
14.R4 16:22 lk;i lkf< 2:::; 23.16 25.3:3 27.73 

2i5.00c&i 00 250 00 265 00 290 00 310 00 3'1-1 00 360 00 
460.00 4'05:oo 535:oo S&O0 MO:00 iFtO: 7%:00 8OO:OO 

'4.87 
C/LB 

5.72 5.61 6.01 6.51 7.02 7.59 R.19 
10.3R 11.23 12.15 13.16 14.24 X5.41 16.68 lR.06 

3i7.00%::0 407000 443.00 492 00 540 00 595 00 654 00 
RS4,00 931r001014.001104.001241:001:312:06143b:0015i0;00 

3 ~9.00c:!~cF00 416 00 447 00 485 00 525 00 565 00 610 00 
73.00 040:oO 9lO:OO 98S:001o72:0011A4:00126i:oala72:00 

3~6.00%%0 I76 00 403 00 413 00 465 00 '500 00 5-W 00 
670.00 72o:oo j74Zoo sah:oo ~biI09 9h~:ooib36~0otii4:00 

3~9.00C~1F~o 
788.00 i59:oo 

377 00 407 00 452 00 497 00 '47 00 602 00 
93k:ooro?o:oo~~i2:ool2~l:~ol~~~:Q~l44~:oo 

256.00%:%0 324.00 W4 00 196 00 4% 00 483 00 '37 00 
702.00 766.00 S37.00 Pistoo b98:oot9k9:ooti9b:ooj~oi:00 

'R.00 
C/LB 

9.20 9.80 10.50 11.50 12.50 13.50 14.60 
18rRO 20.66 22.50 24.60 26.90 29.49 32.29 35.20 
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Table B-2 <Concluded> 

Da?ault Utilitie Da?ault Utilitie S an d Rau Fiat- Pial s Cosiits 

0 0 1 1 2 2 
---- 

COST INj)EX~--- 
---- ---- 
---- ---- 

GO-89 355.0 400.0 430.0 
90-99 766.9 824.4 086.2 
00-01 1581.0 1699.0 

INFLATIRN FnCTOR: 
GO-G9 1.000 0.922 O,G61 
90-99 0.501 0.469 0.43G 
00-01 0.255 0.283 

una~, WHR: 
80-R9 is.40 17.50 10.90 
90-99 33.40 35.RO 38.40 
00-01 bbrl0 70.00 

MA;& t!S F:‘Eko 

90-99 12:43 

i/$BTU 

13:SG 1% 

FU!t-8iL 3o * 36 
io-89 

,3biilrJTu 
4.40 4.76 6.22 

90-99 12.32 13.46 14.71 
00-01 30rlO 32.95 

HPG:T59An 
t WNLB 

90199 11% 15% 1% 
00- 1 30:00 

“‘0I~0~” I! 5.90 

32:30 

-. _. ’ YY 
90-99 90-99 12.30 l?;jd 13:20 1::!8 13.20 l&i0 
00-01 00-01 25.30 25.30 27.20 27.20 

LPG8TS8N LPG8TS8n 4.70 ’ 
90-99 

4.70 
90-99 9.80 

’ 3’9kB . 5.60 3’9kB . 5.60 
9.80 lOt50 lOt50 11.30 11.30 

ELf$~d~*:; v’kfi8” ELf$~d~*:; v’kfi8” 

90199 90199 iPi70 1x 1x i:70 1x 1x 

CL~g?,otES2=~PeR,2~i~~RL CL~g?,otES2=~PeR,2~i~~RL 
GO-89 00-89 36.00 36.00 41;OO 41;oo 46.00 46.00 
90-99 83.00 94-39 83.00 R9.00 96.00 
00-01. 

R9.00 96.00 
104.oo 00-01. 171.00 171.00 104.00 

CO~b;Il+~ CO~b;Il+~ Y4;Eio 

90199 

Y4;Eio 

90199 12:10 12:10 

, ygnL , ygnL 

13:oo 1% 13:oo 1% 
00-01 00-01 26170 26170 20.90 20.90 

PROCESS WATER I C/ISnL PROCESS WATER I C/ISnL 
00-09 00-09 60.00 60.00 60.00 77.00 60.00 77.00 
93-99 93-99 13G.00 13G.00 149.00 1~0.00 149.00 1~0.00 
oo-01 oo-01 206.00 206.00 307.00 307.00 

20.40 21.90 X4,60 X.30 
41.10 44.00 47.10 50.40 

6.09 6.74 7.37 0.27 9.13 10.13 11.21 
16.22 17.73 19.38 21.19 23.1b 25.33 27.73 

7.05 7.60 8.10 8.85 9.57 10.40 11.29 
lb.08 17.57 19.21 21.00 22.97 25.11 27.50 

8.90 9.50 10020 10.90 Il.70 12.60 13.50 
lA*lO 19.40 20.90 22.50 24.20 26.00 27.90 

7,!io R.00 8.60 9.20 9,90 10.60 11.40 
15.20 lb.40 17.60 10.90 20.40 21.90 23~50 

6.00 6.40 6.90 7.40 7.90 8.50 9.10 
X2.10 13,lO 14.00 15.10 16.20 17.40 18.70 

5.00 5.50 5.90 6.60 7.30 8.00 9,GO 
12*60 13.70 14.90 16.30 17.70 19.30 21.10 

so.00 54.00 SR.00 62.00 67.00 72.00 77.00 
103.00 111.00 119.00 128rOO 13G.00 14SrOO 159.00 

6.70 7.30 7.90 0.60 9.40 10.20 11.10 
Is*30 lb*50 17.90 19.40 21.00 22.70 24.60 

83.00 09.00 96.00 103.00 111.00 120.00 129.00 
172.00 185.00 199.00 214.00 230.00 247.00 266.00 

4 5 6 ---- ---- ---- 

496.9 534.2 574.3 
1024r0 1101.0 1104rO 

7 
---- 

a 9 
--me ---- 

617.3 663.6 713.4 
1272.0 136G.O 1470.0 

0.752 0.703 0.657 0.614 0.574 0.536 
0.383 0.357 0,334 0.312 0.292 0,273 

29.10 31820 
57.80 41.00 
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s* Hardroaen by-product value (if’ processes Produce 

hrdroien), 

In addition to the principal input data, the Program 

prompts for several optional modifications to the materiel and 

utilities costs and operatind cost factors. 

Descriptions of the prn!dran prompts during execution 

follow* All input is in free formatr ire. sucessive entries 

on a line can be separated b% a blank or comma and ended with a 

slash (1). 

ar, ‘TYPE 0 TO STOP NOU OR ENTER FEEDSTOCK (I=COAL, 
2rNAflJRAL GAS p 3=VACUlJtl RESI DlJE 17 ’ 

Type 0 (zero) to terminate the prclsrautv or trpe the 

intefer representiwl the desired feedstock, 

Q2. ‘LIST AVAIL@BLE MODULES (Y OR N)?’ 

Twe Y(m) to llat a list of modules (and capocitr 

ranties) available for the feedstock entered above, 

Twe N(o) for no list, 

Q3. ‘DO YOU UISH TO USE YOlJR YFAR, UAGE, UTILITY COST9 
BASIS QP COST FACTQRS AND RAW MATERIAL PRICE DATA 
ENTERED FOR THE PREVIOUS PROCESS SEQUENCE (Y OR N)?@ 

To run another Process semuence usins the data from 

the previous seauencer tape Y(es)+ Type N(o) to reset 

the uauer costr and factar dsta to default values and 

prorpt for anu,nodificetions. If the Y option is 

seIecfe,dr Q4r 51 and 13-21 are suppressed. 
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a4. ‘NUMBER OF YEARS FOR WHICH ESTIMATES ARE TO RE 
CALCULATED (HAX=lO)?” 

Enter the number of years for which calculations are 

desired. The maximum number of years is 10~ but if 

output is via a screen or terminal device with 80 

character, width? 5 years is the maximum for readable 

output r 

85, ‘WHICH YEARS?’ 

Enter the sears for which Production cost estimates 

are rewiredr e+l.r 198irl982r1983~1984~1985~ The 

years need not be contiduousr 

NOTE: The Prodram has default data for 1980-2001. If 

years are selected outside this rantier the aPProPriate 

data rust be entered for cost index (C?lrla)r wade 

(Ql4b)r utilities costs (Gtl4d-k)r and raw material 

costs (Ql7)* 

Q6, ‘PRODUCT HOWLEt 

Enter the inteser code far the product module desired 

(see Table 8.1). The product module is entered first 

even thouah it is the last module for which 

calculations are done in any process seauence. 

NOTE: The product value for this module includes 

GLAtSlR cost, The GSA cost cm be suPPressed br 

enterinS a negative integer code for the Product 

module* 
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I l 

l 

Q7* ‘RUN BASE CASE? WITH DEFAULT VALUES FOR ALL MODULES IN 
PROCESS SEQUENCE (Y OR Nl?’ 

Type Y(es) to run the process seauence with the 

default capacitiesr output unitsr raterial and utility 

costst and cost factors supplied bu the program (see 

Tables B.1 and B.2)* True N(o) to override capacitv 

and any of the various cost and factor default data, 

Uhen tha ‘default’ option is selected the plant 

capacities of the various related modules are 

automaticallr matched br the program, If the Y option 

is selected, Q8 and 12-21 are suPPressedr 

Q8, ‘ENTER CAPACITY* FQLLQUED 8Y UNIT ~DEFAULT=xxnx> 
(I=HHSCFDI 2=HhBTU/HR, 33ilHLR/YR, 4=TONNE/DAYlmv 

eta* 5000. r4 for a 5000 tonne/day Plant. 

The entered capacity is used for each of the specified 

Years+ Type a / (slash) ta use the default capacitr 

listed. 

NOTE: If there are several modules in a process 

seouencet the user must match the capacities of the 

related modules+ 
. 

Q9, ‘LIST INTERMEDIATE MODULES (Y OR N)?’ 

Tape Y(es) for a list of intermediate modules renuired 

for the chosen Product module+ The list will include 

the modules uhich calculate costs for raw materials 

used bw the Product module, Type N(o) for no list, 
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QlO. ‘INTERMEDIATE MODULE?’ 

Enter the integer code for the intermediate module 

desired9 or.entar / (slash) if no intermediate 

module(s) is desired, 

If the product module has related ‘intermediate’ 

modules (listed in Q9)r the module(s) may be included 

here as ‘intermediates,’ The Product value calculated 

br the program for each ‘internediate’ is entered into 

the Price file and is used as a raw naterial Price in 

the Product module calculation, If the related 

intermediate module is not included in the process 

seauencer either the default raw material price or one 

entered br the user is used in the product nodule 

calculation. 

Any unrelated modules may be crowed and entered here 

and run as part of a process seauence for convenience, 

This riniaizes keyboard entries. For exam~lc, to set 

cost estimates for four different unrelated modulesr 

it is more efficient to run then all. in one Process 

seouence as a PPOdUCt module and three 1interaediates’ 

rather than runnins four separate process seeuences of 

one Product nodule each. 

NOTES: GSAVSVR cost is not included in the 

intermediate aodule costs, To include GLA costr enter 

a nelative integer code for the interrediate nodule. 
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a - 

a 

011, ‘ENTER CAPACITY FOLLOWED BY UNIT (1=MMSCFD 
2=MMBTU/HR 3=MMLB/YR, 4=TONNE/DAY)’ 

Enter the capacity for the selected intermediate 

roduler 0; type / (slash) for the default capacity, 

The capacities of related modules are automatically 

matched onlw if the user selects the default capacity 

for all modules, Otherwise, the user must match the 

capacities of any related aodules, 

NOTE: QlO and Qll are repeated four times so that UP 

to four intermediate modules ma)lc be run with the 

Product module to create a process seouence, 

Ql2. l TYPE OF PRINTOUT DESIRED (O=FUI..L I ~=APBREUIATEDI 
‘L=SHORT)?’ 

01 two paies of printout for each process module 

includinPJ (1) a variable cost detail for the first 

Year selected and (2) a full table of product 

va1uc vs+ year for each process modlnler 

NOTEt If a CRT terminal device is used for 

outputr the first Paw! of Printout ma9 be lost. 

l= a full table of product value us+ year for each 

process module+ 

2= a short table of Product value VS. year for each 

Process morJ~~Xe* Investmentr raw raterialr 

by-Productr and utility costs9 and Product value 

are included. 
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Ql3, ‘LIST DEFAULT UNIT COST VALUES? (Y OR N)’ 

Twe Y(m) for a list of ~11 default values for 

1980-2001 for cost index9 inflation factor9 hourly 

waset and utilities costs, Tape N(o) for no list. 

Default values are shown in Table D.2, 

814. ‘DO YOU YISH TO ENTER UNIT COST DATA FOR THE SELECTED 
YEhRS?(Y OR N)’ 

TWC Y(es) to override any of the default data for 

cost index? hourlw wage or utilities costs for the 

Years of interest, 

at ‘COST INDEXES?@ 

Enter the cost indexes for the Scears selected in 

QS. An entry of blank or zero for am Year causes 

the default values to be used, Enter / (slash) to 

use all default values. For exaapler if 

1981~198?~1?83~1984~198!5 was entered for Q5 and 

the default cost indexes are 

400~430r462+3r496,9rS34.2 then 

350*,1450./ will result in 

-. 

1981 1982 1983 1984 1985 

350 430 450 496.9 534.2 

br ‘LABOR COST (11s %IHR)?’ 

Enter the haurlu uase for each of the selected 

years t A blank entry for any year causes the 

default valve to be used. Enter / (slash) to use 
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all default valuesr 

- 

l 

C* ‘INFLATION FACTOR?’ 

Enter the inflation factor for the selected Years* 

The inflation factor is used in convertinll current 

$ to constant $, 

dr ‘Utilities xx COST9 PRECEDED BY COST UNJTS,,,’ 

2ld-k. Enter the utility costs for the selected 

Years? Preceded bsr the awroPriote cost unit code. 

A blank entry for any year causes the default 

value to be used, Enter / (slosh) to use all 

default valuesr 

For exawle~ 6~4.20~4.30~4.501 

uill enter %4,20 /HiiBTU for 19811 %4.30/HHBTU for 

1982~ %4,50/fltMTU for 1983~ and default values for 

the remainins Years, 

NOTE: The natural Ws cost must be entered as a 

raw material cost (ileterirl Code 0171 in Q16 

belou, 

015. ‘LIST RAW HATERIAL CODES AND PRICES (Y OR N)?. 

Enter Y(M) for a complete listing of all default raw 

reterial prices for J980-2001, The units shoun are 

the units used br the Proarm* (The default codes and 

prices are shown in Table R.2). 
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Q16. 

Q17. 

4218, 

‘DO YOU UISH TO ENTER RAW HATERIAL COSTS (Y OR N)?’ 

Enter Y(es) to override any al the default raw 

materiel costs, 

‘THE FOLLOYINS UNITS MAY BE USED: 
O=%r I=C/LBI 3=C/tlSCF, 6=%/?4ilBTU~ ~=%/TONNEP 8=$/ilNN3 
ENTER HATERIAL CODE, UNITI PRICES FOR THE SELECTED 
YEARS t 
CODEI UNITl PRICES'irm 

Enter the raw material coder Price unit coder end the 

prices for each of the selected years+ EI blank entry 

for anu year causes the default value to be used. 

Twe / (slash) to terminate the entry for any raw 

material or to terminate the rau material price 

entries* 

For exawleg 26rlr~9~0~9,5/ 

will enter 9.0 and 9.5 c/lb costs in 1982 and 1983 

respectively for vacuum residuer and default values 

for the rerainimi Ye8rst 

arodule xx PRODUCES HYDROGEN COPRODUCT- PLEASE ENTER 
THE VALUES FOR THE SELECTED YEARS FOR HYDROGEN IN 
WHSCF OF CONTAINED HYDROGEN. (DEFAULT VALUES ARE 
USED OTHERWISE)’ 

Enter the hydrogen value in the units reeuested. A 

blank entry for am sear causes the default value to 

be used* Type / (slosh) to terminate the entry. The 

prices entered here are used for the by-product 

credit + 
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Q19. ‘LIST NEWLY ENTERED PRJCES (Y OR N)?’ 

Tvre Y(es) to list the raw rrterfel Prices dust 

entered. 

QZO. ‘DO YOU UISH TO ENTER RASIC OPERATING COST FACTORS (Y 
OR N)“? 

Two Y(es) to override any of the default values for 

control laboratorrr oreratinti supplies~ taxes and 

insurrncet depreciation, GMvSIRV before-tax return on 

investmentr end location factors, 

20 B-de Enter a valuer or / (slash) to use the 

default value. 

The investments for all rodules in a Process seouence 

ere multiplied br the location factor (default value = 

1.01, It can be used to modify the default investment 

data to a non-U.S. locationp or to temporarily adjust 

the investments bu the entered factor, 

(321, ‘COST UNTTS FtIR module xx?’ (I=C/MSCFI ~=%/HHBTUI 
3=C/LBv ~=$/TONNEIS=$/HNH~~ &=$/TON-CAL, 7=C/KGr 
8=C/GAL)t’ 

Enter the inteder code correspondins to the cost units 

desired for the production cmt Summary table 

Printout. 

NOTE: Not all listed units are available for each 

lroduler The Protram indicates when the selected units 

cannot be used and prompts for another choice. 

171 



Q22. ‘PRINT COSTS IN CURRENT % (DEFAULTIENTER 1) OR IN 
CONSTANT % (FNTER YEAR)?’ 

BY default the Production cost t8bles are Printed out 

in current %, Enter a / (slash) for current I 

printout * If a year is entered here (in the range 

1980-2001) the Production costs are Printed in 

constant $ for the Year entered. (The varieble cost 

trble is printed out for the Hear in which the 

constrnt % option is chosen*) 

Q23, ‘OVERRIDE HAINTENANCE LAPQRI HATERIAL AND OVERHEAD 
FACTORS FDR module xn (Y OR N)?’ 

Twe Y(es) to override the maintenance and overhead 

default factors for the listed module, 

230-c. Enter the rwropriste factor or type / Cslesh) 

to use the default varlue, 

NOTE: The maintenance 18horv meterialr and operatins 

supplies factors are specific to each process Lodule, 

Any entries here are for the listed module only, 
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Data Files 

The basic process data and default Price data are stored 

in two files which are read bn the SYNCOST Prosram via logical 

units 3 (process data) and 4 (price data), The program stores 

the data in direct access files and retrieves the data via 

losSica1 units 1 (process data) and 2 (Price data), 

The date are stored in list-directed or ‘free format’ form 

(sucessive entries on a line are separated br cornas) and can 

be modified before execution of the Program br a user familiar 

with file editins, 

Process Data File 

The process dlrta file (Section R.6) contains capacityl 

material and utilities consuwtionsr and investment data for 

the Process modulesr The follouind is a I ist of the process 

data file formatt bu line: 

line number 

1 

2 

3 

4 a 

b 

cl 

dl 

module number 

module title9 40 characters/line maximum 

. 

cost index 

twe of investment calculation (see note 1) 

battery limits inve!stmsnt at base capacitw 

capacitu exponent for scale-down 
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el 

fl 

Sl 

or 

d2 

e2 

42 

42 

5 al 

bl 

cl 

dl 

el 

or 

b2 

c2 

d2 

e2 

6 a 

7 a 

b 

C 

capacity exponent for scale-up 

A coefficjents used in 3rd order fit 

B af battery limits investment to 

1 

C c0pacitu (c)t BLI=A+Pc+Cc2 tDc3 

D 

total fixed capital at base cw8citr 

capecitr exponent for scale-down 

c0pscitar exponent for scsle-up 

A 

I 

coefficents used in 3rd order fit 

B of total fixed c%pit%l to capecitv (c) 

C TFC=AtBctCc* tDc3 

D 

unit of czw8ci tu (1 =MSCFDI 2=flMBTl~/HRr 
~=HHL~~/YRI 4=TONNE/DAY) 

base capacity 

stream factor (fraction of time on-stream) 

eeuivalent nr?thenol. capacity factor 
for natural I[bs processes onlv (see 
note 2) 

raw material code (See Table B.2) 

raw l oterisl unit consumption 

consumption units (O=%t l=I.Pt J-HSCF, 5=HGAL 
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d 

8 

9 a 

b 

C 

d 

0 

10 a 

e 

t 

% 

h 

i 

J 

11 

12 

13 a 

b 

c 

b=ilHBfU~ ~=TONNEI 9=HLB) 

chemical name (optional) 

Repeat line 7 for each raw material or 

by-product (maxink of 7 entries) 

9991 

number of operators at bwe capacitr 

inteleJer code for method used to scale number 
of operators ta desired cspacitw (see note 3) 

maintenance laborI XBLI 

raintenance materials, XEI.1 

plant ovarherdr X total labor 

upper cswacitr cut.off for utilities 
conruwtions (see note 4) 

natural ass fuel unit consuwtionr mmEtu 

fuel oil unit consumptionr mlaBtu 

hirh Press+ stem unjt consurptionr 1,000 lb 

medium Pressr steam unit consumption~ 1~000 lb 

low Press+ steam unit consuhptjonr 1,000 lb 

electricitr unit cansuwtionr kwh 

clarified water unit consumption, 1,000 sal 

coolinti water unit consunption~ 1~000 gel 

process water unit consurptiont 1~000 Sal 

same a9 line 10 (9ee note 4) 

same as line 10 (see note 4) 

Product code (far srvind the calculated 
product value in price filer see note J) 

product name (enclosed in apostrophes) 

HllBTU/HSCF of product 
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d SCF/LB of product 

e LB/GAL of product 

f BTU/LB of Product 

minimum Plant capacity slloued (sane units 
as base capacitv (line 6hI) 

h raxirum Plant cspacit?r allowed 

i default cwecitr (to be used far default 

calculation cwtion) 

NOTES: 

(1) The investment (I) L~H be scaled to different 
capacities in three WON (c = capacity, cb = base 
capacity~ Ib - base investment): 

Tvre l-(used for coal-based Processes) 

for c 4 cb 
I = A+Bc+Cc2+Bc3 

for c > cb 
I = Ib x (c/cb)St0,95 

Twe 2- (used for natural s!as-based processes) 

for c 4 cb 
I = Ib x (A+BEtCE2tTtE3) 

where E is the eauivalent methanol capacity 
(see note 2) 

for c > cb 
I = Ib x (c/cb)XS0.9 

Type 3-(used for vmuum residue-based cases) 

for c 4 cb 
I = Ib x (c/cb)ttscale-dawn exponent 

for c > cb 
I = Ib x (c/cb)tSscale-up exponent 

(2) Eouivalent methanol capecitw factorr E = 
2500/eeuivslent amount of Product Produced from a 2500 
HTPB methanol reformer, For examPIer 302+8 MMWFD 
Svnsras 1.0 can be Produced in a 2500 flTPB methanol 
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reformerI 90 En2500/302,8=8*26+ 

(3) The number of operators can be scaled to different 
capacities as follows (c = cawacityv cb = base 
caPacitu)g 

Code O-for natural gas and vacuum residue modules: 
for c 4 cb 

#OP = # OP at base capacity 
for c > cb 

COP = #oP(base) x (c/cb)SXO195 

Codes l-4 
The number of operators is expressed as a functjon 
of capecitr (I) OP = AtBctCc2tDc3: caPecitY c is 
expressed in 1,000 tonnesldar). 1 is used for 
methanol from coalr 2 for srn$eses from coal.r 3 
for methanol from coal syndasit and 4 for hydrogen 
from coal. 

44) In the natural Aas modulesr for some Plantsr the 
utilities unit consumption6 are 8 function of plant 
size. The cepacitr entered here is the maximum 
capacitu at which the utilities consurptions on this 
line BPP~~. There are provisions for UP to 3 
utilities consumption ranses on lines 10~ 11~ end 12~ 
listed in order of decreasiml caPasitr+ If the 
utilities unit consurption is independent of caPacitYI 
the copacitu entered on line 10 should be s Jartie 
numberr eISI 1,Ebr and Tines 11 and 12 lines should 
contain a / (slash). 

(!I) If the Product number code is entered here, the 
calculated Product value for this module is 
tenporarilv entered into the Price file and can be 
used in other modules for the duration of the terminel 
session. 

UP to 12 additional modules can be added to the process 

data file br follouind this format* The raw materiels used 

rust follow the existina codes in the Price file or additional 

rau raterisl codes rust be edded to the Price file br the user* 

The price unit and consumption units must match, 
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Price Bata File 

The price data file (Section B.6) csntajns data for all 

the raw raterials and br-products used in the Process modules+ 

UP to 50 raw materiels and br-products may be used+ In 

addition to the raw material PP~C~SP the file contains: cost 

index9 inflation factors, hourlr waties~ and utilities costs 

estimated for 1980-2001. Data is in list-directed or ‘free 

format’ form with sucessive entries on e line separated br 

commas l The format of this file is as follows, 

line nurber 

1 

5 

6 

7 

8 

9 

10 

11 

12 

13 

number of years for which data is included 
(maximum = 22) 

Years for which data is included 

‘PCI’r cost index values for each wear 

‘INFL F&C’, inflation factor for each year 
(used $n constant l/current % conversion) 

‘WAGE’r hourlw uade ($/hr) far each year 

‘WbS’r natural $16 costs (%/mrBtu) 

‘FUEL’, fuel oil costs (%/lrrRtu) 

‘HP STEAW’r costr (*/loo0 lb) 

‘tip STEAH’r costs (%/lo00 lb) 

‘LP STEAH’r costs (%/lo00 lb) 

‘ELECT’r electricitr costs (c/kwh) 

‘CLARIFIED H2Q’r co9t.s (c/1000 rlal) 

‘COOLING H2O’r costs (c/1000 aal) 
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14 

lS-end 

‘PROCESS H20’r costs (c/l000 se11 

a material code number (see Table E.2) 

b material name (enclosed in apostrophes) 

C price unit code (O=%V l=C/LBp ~=C/HSCFI 
6=$/HW6flJ1 7=%/TONNE1 8=%/WNil3) 

d prices for each Year 

179 



8.4 PRODUCT VALUE CALCULATION 

SRI’s SYNCOST pro?lram calculates product value br the same 

technicrues that arc? used for PEP reports, The Product value is 

defined as net Plant sate cost (includinti depreciation) PIUS 

generrllr rdninistretiver salcst and research costs plus a 

25Wsrr Pretax return on total fixed rsPitaL The Production 

costs 4enereltu do not include any allouance for shipping? i.e. 

they represent bulk costst f.o+b. Plant l The various elements 

of the product valise calculation are discussed belou. 

Plent C8PecitY 

The plant capecitu fitiure refers to the annual Production 

rate that can be achieved in a Plant that operates continuously 

about 90% of the tire. The cspacitr is expressed on a 

contained b8si9. For svn%as a0dUleSr the capacity refers to CO 

t HZ content, 

Investments 

The batters limits investment is an estimate of the 

installed major process eouiprent costs including allowances 

for enLineerin4t field expensesr overhead9 and cmtractor’s 

costs, The total fixed capital includes the total investment 

in battery liritsr utilities and tankaser waste disposal, and 

denerel 9ervice f6cilitic6, Workinti capital and start-up costs 

are not included in the investment fisures, The total fixed 

capital filures also exclude the cast of landr site 
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- 

l 

developrent, and royalties or licenses, ‘Ovcrnj dht’ 

construction is assuned, Xnvcstrcnt date for each process has 

been estimated at a base cwecitr and cost index. The 

investrents are updated to the years of interest br means of 

the PEP Gout Index (1958 = 100) and investments are scaled to 

other capacities either bv usin derived cepscitr exponents or 

from investment vs, capscitv correlati.ons, 

Raw Materials 

Raw aeterial prices aenerallr do not include dcliverr or 

shipping costs (except as noted). All prices and consumptions 

are expressed on a contained basis, 

Operators 

The number of operators shown is an estimate for a well 

instrumented Plant, For natural MS and V~CUUL residue modules 

we assured that the number of operators is independent of 

capacity UP to the base capacity and is scaled in Proportion to 

the capacity thereafter, For coal rodulesr the number of 

operators is expressed as a function of capacity, The hourlr 

wage is expressed as %/hour actually worked, including fringe 

benefits and shift overlap, 
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Utilities 

The utilities costs reflect both operating and capital 

costs (uhere l wrapriate) + IJtilitiar consuwtions are 

expressed on a contained basis+ 

Haintenonce 

Haintenence costs are rJenerallu estiaated at 1,5-3Wuear 

of the battery limits investment for raintenance labor and 

l,S-3X/uear for maintenance suPPlie5~ 

Control Laboratory 

Control laboratorsr labor and operating supplies are 

estimated at 20% and 10% (default values) respectively of 

operating labor costs, 

Plant Overhead 

Plant overhead is estimated as 80% (default value) of 

total labor for natural 118% and vacuum residue-based processes 

and 30% (default value) of total labor for coal-based 

Processes. 

Taxes and Insurance 

Taxes and insurance (excluding income tax) are estirated 

at 2Wuear (default value) of total fixed capital, 
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Oeneralw Administrative, Sales, and Research 

The deneralr adrinistrativer sales and research (G~AvSIRI 

costs are lurped tosether and taken as 3% (default value) of 

the Product salesC, Product sales are based on the computed 

Product value plus the value of the br-productsr if XIH~ The 

OIAVSVR costs are awlled only to the final product in anv 

l Process seouence (unless specified otherwise bu the usar). 

Depreciation 

Depreciation is estimated as lO%/rear (default value) of 

total fixed capitalr 

Return on Investment 

a The before-tax return on investment is taken as 25%/rear 

(default value) of the total fixed capital, 

Interest on WorkinS Capital 

Interest on workinl capital is not included in the Product 

value. 
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RUN SYNCOST 

WELCOME TO THE SYMCOST PROBRA"'FOR ESTI"ATINS COSTS 
OF SYNTHESIS GASESI CARBON "OWOXIDE~ HYDROGEN hND "ETHANOL, 
ALL CONSUHPTIONS AND COSTS ARE EXPRESSED ON A COMTnIMED BASIS, 
ADDITIONAL 1NFOR"ATION ABOUT THE PROCESSES MnY BE FOUND 
IN SRI IMTERNnTIOMnL PROCESS ECOMOHIC PROGRAM REPORT 148. 

Olt TYPE 0 TO STOP MOU OR 
ENTER .FEEDSTOCK: l=conLI 2=MnTuRnL Onsr 3wnc. RESIDUE?’ 
1 
02. LIST nunILn9LE NODULES (Y OR MI? 
Y 
FEEDSTOCK COAL 
noDuLEs nvnIuBLE: 

l-SYN6AS("2/CO=0.7S) FROM COAL 
( so*- 1600~"llSCFD ) 

2-syM6ns(~2/co=i~o) FROM conL 
SO,- 16001liMSCFD 1 

7-h3nsui2m=i.5~ FROH conL 
( SO.- 16001HtlSCFD ) 

8-SYWGAS(“2/C0+2.0) FROM COnL 
1600rHHSCFD 1 

i3-hi&i syMSns(H2/co=2.26) FRO” cnnL 
1 SO.- 1600a”MSCFD ) 

1940 FROM COAL-DERIVED METHANOL SYMGAS (“?/CO=2.26) BY COSORB 
( 70*- 600~MMLE/YR 1 

22-“YDR06EN(97%) FROM COAL 
1560.HMSCFD ) 

26-:ETH:& FRON COAL 
( 600.-20000~TONNE/D I 

27-HETHINOL FROM COAL-DERIVED RETHANOL SYNGnS(“2/CO=2t26) 
1 600,-20000~TONNE/D 1 

Q4. NUMBER OF YEARS FOR UHIC” ESTIHATES ARE TO BE CnLCULnTED(finX=lO)? 
3 
QSI WHICH YEnRS? 
1982rl983r1984 
ebr PRODUCT MODULET 
27 
Q7. RUN BASE CASE, WITH DEFAULT VALUES FOR ALL 

MODULES IN THE PROCESS SEQUENCE (Y OR N)? 
Y 
QIO. IMTERHEDIATE MODULE? 

::O. INTERMEDIATE HODULE? 
/ 
Ql2r .TYPE OF PRINTOUT DESIRED9 (O-FULL, l=nBBREVInTED 2=S”ORT)? 
0 
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HETHAHOL SYNGAG(H2/C0=2,26) FROM COAL (MODULE G13) ilETHANOL 0111840(112/C0=2.26~ FROM COAL (llODU1.E #13) 

005.30 HHGCFD 005.30 RHGCFD 

VARIABLE COOT GUMARY FOR 1902 

RAY MATERIILO 
COAL AT HINE 
COAL TRANSPORT 
ASH DISPOSAL 
HISC. CHEH. 1 CAT, 

CONSURPTION 
UNIT COOT PER HSCF C/HGCF 
---.I----- ----------- _______ 

34.60WTONNE 0.0106 64.49 
16.00S/TGNNE 0.0106 29.82 
5.35WTONNE OtOOl9 1.00 

0.66 
------m 

95.97 

BY PRODUCTS 
SULFUR 

IHPORTED UTILITIES 

4*07C/LB ( 1.2570) ( 6.12) 
----s-w 

( 6.12) 

HP STEAM 0.30WHLB 0.0076 6.31 
ELECTRICITY 4rSOC/KYH ( 0~0025) ( 0.37) 
CLARIFIED NATER 46*00CIHGAL 0.0151 0.70 

------- 

6r64 

TOTAL VARIABLE COOTS 96.49 

Out.~=+ut from San~lcr Rur~ 1 

'Full' and -4hbbreuisted= 
Prilltout or=-*ions 

8tCOGTS GHOGN IN CURRENT G 

INUEGTHENTO tllH$l 
BATTERY LINITG(BL1) 
TOTAL FIXED CAPITALtTFC) 

COST INDEXtCURRENT $1 

COhL AT NINE (8/TGNNE) 

PRODUCTION COGTr WHGCF 

RAY HATERIRLG 
BY-PROBUCT CREDIT 
IHPORTED UTILITIES 

VARIABLE COOTS 

OPERATING LABOR( 42,0/8HIFT) 
MAINTENANCE LABGR(l.6X BLI) 
CONTROL LAB LABOR(ZO.OX OP LAROR) 

TOTAL DIRECT LABOR 

MINTENANCE HATERIALS(2.4X BLI) 
OPERATING SUPPLIEG~1O.OXOP LABGR) 

PLANT OUERHEAD(30rOX TOTAL lABOR) 
TAXES AND INSURANCEt 2.0% TFC) 
DEPRECIATION(lO.O% TFC) 

SUBTOTAL: PLANT GbTE COOT 

ROI BEFORE TAXES(PS.O% TFC) 

PRODUCT URLUE(PU)r WRSCF 

1902 1903 
---- --em 

1197.9 1287.9 
1463.7 1573*7 

430.0 462.3 

34.60 37.00 

95.97 102100 
(6rl2) (6.56) 

6.64 7.11 
..--- ---- 

96049 103.35 

2.63 2.04 
7.25 7.79 
0.53 0.57 
--me -s-w 

10.41 il.20 

10.87 11.68 
0.26 0.28 
-m-e ---- 

11.13 11.96 

3.12 3.36 
llr07 11.90 
55.33 59.49 

---- -Be- 

69.52 74.75 

187.55 201.26 

130.32 140.72 
mm-- ---s 

325.87 349.98 

1904 
-we- 

1384.3 
1691.5 

496.9 

39.60 

llOlO0 
(7.05) 

7.59 
---- 

110.54 

3.05 
0.37 
0161 
-e-e 

12.03 

12.56 
0.31 
-w-- 

12ea7 

3.61 
12.79 
63.94 

---- 

GO,34 

215.78 

159.05 
m--m 

375.63 



METHANOL FROM COAL-DERIVED 
NETHANOL SYNGAS(HZ/CO=2.26) 

10000.00 TONNF/U 

(MODULE I?71 

VARIABLE COST SUHHRRY FOR 1982 

CONSUKPTION 
UNIT COST PER TONNE 
--------- ----------- 

RAY HATERIALS 
SYNGAS(2r26)/C 3.26C/RSCF GO.5000 
NETHAWOL CATALYST 4*3OS/LB 0.4000 
MISC. CHEK. I CAT. 

IHPORTED UTILITIES 

HP STEAK Ge3OWHLB ( 0.6100) 
ELECTRICITY 4 .SOC/KYH 6.6300 
CLARIFIED YllTER 46,OOWRGAL 0.1500 

TOTAL VARIAELE COSTS 259.47 

$/TONNE 
-me---- 

262.33 
1.72 
0.11 

------- 
264.16 

( 5.06) 
0.30 
0.07 

------- 

( 4.69) 

METHANOL FROM COAL-DERIVED 
KETtMNOL SYN6M(H2/CO=2.26) 

10000100 TONNE/D 

88COSTS SHOWN IN CURRENT G 

(MODULE #27) 

1982 1983 1984 
---- ---- ---- 

INVESTMENTS tRHS1 
EhTTERY LIKITS(BLI) 169.9 182.6 196.3 
TOTAL FIXED CAPITALtTFC) 236.5 254.3 273.3 

COST INDEXfCURRENT 0 430.0 462.3 496.9 

SYN@AS(2r26)/C 1 WMCF 1 3r26 3.50 3.76 

PRODUCTION COSTt G/TONNE 

R&Y KATERIMS 264.16 213.68 304.48 
IMPORTED UTILITIES (4.69) (5.02) (5.36) 

---- ---- s--- 

WRIRELE COSTS 259.47 278.66 299.12 

OPERATING LABOR{ ZO.O/SHIFT) 1.01 1.09 1*17 
KAINTENAKCE LABOR(lr6X BLI) 0.83 0.89 0.96 
CONTROL LAB LABOR(PO.OX OP LABOR) 0*20 0.22 0.23 

---- -mm- ---- 

TOTRL DIRECT LABOR 2.04 2.20 2.36 

KMNTENANCE lMTERIALS(2.4X BLI) 1.24 1.33 1.43 
OPERATING SUPPLIES(lO.O%OP LIIEGR) 0.10 0.11 0.12 

---- --mm ---- 

1.34 1.44 1.55 

PLANT OUERHEAD(30.0% TOTAL LABOR) 0.61 0.66 0.71 
TAXES AND INSURANCE( 2.0% TFC) 1.44 1.55 1.66 
DEPRECIATION~lO.O% TFC) 7.20 7.74 8.32 

-a-- ---s ---- 

9.25 9.95 LO,69 

SUBTOTAL : PLANT GATE COST 272.10 292.25 313.72 

G&A, SALES9 RESEARCHt 3.0% PU) 

ROI BEFORE TAXES(25.OX TFC) 

PRODUCT UALUE(PU)r S/TONNE 

8.97 9.64 10.35 

18.00 19.35 20.80 
---- ---e ---- 

299.07 321.24 344.87 



‘Short’ Printout ot=tiorb 

itETHANOL SYR6AStH2/CO=2+26) FROtl COAL (HODULE tl3) 

805,30 MSCFD 

StCOSTS SHOW IN CURRENT % 

l?G2 1983 1984 
w-w- --w- -m-m 

INUESTMWTS tHN%) 
BATTERY LIMTS(BL1) 
TOTAL FIXED CAPITAI.(TFC) 

1197.9 1287.9 1384.3 
1463.7 1573.7 1691.5 

COST IWDEX(CURREWT $) 430.0 462.3 496.9 

COAL AT MNE ($/TONNE) 

RAU MbTERIALS 
BY-PRODUCT CREDIT 
IHPORTED UTILITIES 

PRODUCT UAlUE(PU)r CMSCF 

34.60 37.00 39.60 

95.97 102*80 110.00 
(6.12) (6.56) (7.05) 
6.64 7.11 7.59 

325.87 349.9% 375.63 

llETHAlOL FROH COAL-DERIVED 
HETHAWOL SYNGAS(H2/C0=2,26) 

10000100 TOWWE/D 

ttCOST8 SHOW IN CURRENT S 

IWUESTWEWTS tl4H%, 
BATTERY LINITStBLI) 
TOTAL FIXED CAPITALtTFC) 

169.9 182.6 196.3 
236,5 254.3 273.3 

COST INDEXtCURREWT $1 430.0 462.3 496.9 

SYWOAS(2*26)/C O/HSCF ) 

RAY HATERIALS 
IHPORTED UTILITIES 

PRODUCT UISLUEtPU), %/TONNE 

3.26 3ISO 3.76 

264.16 283.68 304.48 
(4.69) (5.02) (5.36) 

299.07 321,24 344.87 

188 

(NODULE 127) 

1982 1983 
-B-B w-m- 

1984 
-B-s 

0 

l 

0 

0 



-- JANMY 101 1983 
CO A PROGMH FOR ESTIHATINS SYNTWIS SA!h CRRMN IKiHOXI#l 
CB WBWSEHMD-COSTS. FEEDS~AUAILABLEARE 
CB CW~MTlRNMSlyBlBESIWALOIL~ TtlEPRll6BMRlMS 
CB 
CO 

IW CDkMRiTIOW WITH TWO DATA FILES- CHEHICAL AND UTILITY 
PRICES (UNIT 4) MD PROCESS DATL (UNIT 3). 

1 ~f~tlYIll6 I TO 10 YEARS OF PRODUCTION COSTS CM 
. 

I!8 
fj m#R-‘L~PUT IS INTERMTIK (IN RESPONSE TO 

, 
cm --_ 
UBEEFIHITIDHS 

+1PTED MR1MLEs 

BATTERY LIHITS INVESTMNT CALCULATION FACTOR 
BATTERY LIMITS INUESTHERT CALCULATION FACTOR 
BATTERY LIMTS INVESTRENT CALCMATIDN FRC 

r 
OR 

BATTERY LINITS INKSTRENT ChLCULATIOW FAC OR 
BATTERY LIMTS INVESTRENT CfiM) IN PROCESS FILE 
BME CIYIICITY OF DATA IN PROCESS FILE 
DEFM.T CAPACITY USED IN WCULATIONS 
MZIHM CAPACITY ALLOUED FUR PROCESS CALCULATIONS 
HIWIlfUH WWXTY lYUlllED FOR PROCESS ChLCULATIGNS 
MPMITY REWSTED BY USER 
COMRSIDN FllCTGRf MlETU/iKCF 
CONUERSION FRCTW SCF/LB 
CWERSIDN FMTDRr LB/GAL 
CihERSIDN FAiTOB, BTU/LB 
BY W’ACITY 
EOUIW.EHT HETMNDL CAPACITY FACTOR 
CMUHPTIMI CONUERSION FACTOR 
COST CDNKRSIDN FACTOR 
LOCATIUN FACTOR FOR IRVESTHENTS 
IHTESER CDBE FllR COST UNITS USED FOR PRINTWT 
USOR-REWESTED PRDWCT ROME CAPACITY UNITS 
INTESER CDDE FGR CAPACITY UNITS SELECTED BY USER 
INTESER CODE FOR WYITY UHITS IN PRUCESS FILE 
YEAR FOR WICH COHSTAHT WAR ChLWTIONS DONE 
ERROR FM WINS HATERM. PRICE CSNVERSIDNS 
RRRARM’S~I~~~DINS TO YEAR CHOSEN FOR 

INTE6ER CODE FOR WITS DF CAPACITY 
TYPE ff PRINTOUT 
CUDE FSR HRTERIRL PRICE URITSI E6. l=ULB 
ARRAY Illb# FOR UTILITIES 
CODE FOR UTILITIES PRICES, EG. 6=MUlETU 
hRMY INKZ FOR YEM 
ARRAY SlJBWfIPT FOR YE&R USED FDR Wt1AM.E COST PRINTOUT 
IM UNIT l- DIRECT ACCESS FILE FOR PRICE DRTA 
I/D UNIT 2- DIRECT RCCESB FILE FOR PROCESS ITA 
IM UNIT 3- IHPUT PROCESS DATA 
I/O WIT 4- INPUT PRICE DATA 

I/o WIT 5- INTERKTIUE IMPUT 
I/O UNIT 6- IwrwllcTIUE OUTPUT 
IM WT 7- COST TABLES OUTPUT 
idEmRWERATIlUiLfbBllR SCALIWGC~ILCULATIOR 
PNoDucYwEuLEnuHBER 
lW&EJIfi flUI&HtDUC” MHE 

m 
FM IHBICATINS FIRST DR SUBSEQUENT PROCESS SESUENCE 
TYPE ff FEEBSTUCK: l=COb 2=Wv 3=RESID 

RECGRD MMR IN PRICE FILE 
MIUJD OF SCALINS INUESTlwNT TO 

REQUESTED CAPACITY 
NUBER OF Iwy WIITERIALS AND BY-PRODlHiTS IN PROCESS 
MMsER5PRO#SSHOMESINPRtXESSSEDUENCE 
RM MERIM RECDRD NUHBEI? ( IN PRICE FILE) 
RMBER OF RRG IWERIlK PRICES ENTERED BY USER 

li!lmkm 
di ~fRDDl#E&~N PRICE FIl 

NUHEER OF YEMS FM NHICN Rf CALCIRAT DNS ARE TO BE DDNE 
NURBER OF YEARS FOR WCH BATh IS STORED IN PRICE FILE 
ON-SYREnM EFFICIENCY 
PBOHICT MME WRCITY REWEGTED BY USER 
COST MBEZ DF INKSTlEWT DRTA IN PROCESS FILE 

.E) 

WN. LABv Z OF OPERATING LABGR 

IN, Z TFC 
!ES; RESEMCtl~ ZOF PROWCT UALUE 

i, SALE5 RESEARCN 
RESEMCH, Z # PRODUCT VALUE 

:SI Z OPERATINS LABOR 
Z TOTAL LMDR 

ON IHUESTHENT~ Z TFC 
; #fNi ON INUESTHEHTr Z TFC 

!RD MUWiCEv Z TFC 
TRZES AND INSMWCE~ X TFC 

IITS # HMR RAM HATERIAL IN PROCESS 
. FLM USED TO SKIP ‘JARIUUS INPUT MHEN DEFAULT _----_- 

OPTION CMSEN 
TOT# FIXED CAPITAL 
TOT#FIXED UPIT& 
TOTN FIXED CAPITAL 
TOT& FIXED CAPITAL 
~~IXEDEDITiX 

PRUESS TITLE 
MBER 5 DPERRTORS AT BASE CAPACITY 
NWER # GPEMTGRS SC&ED TO REGUESTED CAMCITY 
Lll66tU&LAG-&ut: IF REMJESTED YEARS ARE OUTSIDE 

YES DN HD MSUER TO IWIJT PROMPTS 



vAR1ABLEs 
MTTERY LIHITS INUESTHEHT IN NTH YEAR MHW)) 
BY-PKOIUCT VALUE IN NTH YEAR 
USER-REUSTED WKITY FOR tlTH PROCESS IN SEGUENCE 
UPPER WACITY CUTOFF FGR UTILITIES CGNSUffPlION 
WACITY u)IIlS, EG, ‘MSfXD’ 

M{ Mf#ppyJ#!yPTER~f’L K 

DEPRECMTIDN IN NTH YEhR 
CUMNl # TO CONSTMT $ CDNVERSIDN FACTOR FOR NTH YEAR 

!!R~T~P~~CT~R TN im yEAA 
DEFnlkT MRbY OF INFLATION FACTORS 
GElENMr RDfiIN,~ SALE% RESEARCH COSTS IN NTH YEAR 
WDE FDR CRfMXTY UNITS FOR HTH PROCESS 
COBE FM fMTERIAL PRICE UNITS 
CODE FOR M.LOYABLE UT!’ TTTCc ‘wTC ,LI I .L” “I.. I” 

CDE FDR UTILITIES UN1 ~TSl.$ED IN PROCESS FILE 
NTHYEARNEOESTEDBYUS _- 
DEFAULT YEMS IN DATA FIrt 
IIITEGER CDIE FOR KTH MM MTERIAL IN PROCESS 
MNE DF KTfl RAY MATERIAL IN PROCESS 
CDDE FOR NYDROGEN BY-PROWCT PRODUCED IN HODWE M 
HTH HDDIU IN PROCESS SEWNCE 
GRITS OF COWRPTIMI DF KlH RAW MATERIAL IN PROCESS 
NEW RAY ffATERIAL PRICES SUPPLIED BY USER 
COGT INDEK IN NTH YEAR 
DEFMILT MRhY OF COST INDEXES 
MT DWfEAD IN NTH vrs #Lam. 

fMbl MTERIly PRICE SUf lPLIED BY USER FOR NTH YEAR 
WWTY RMSE GF RTH HODULE 
PRICE OF RAM HATERM. K IN NTH YEAl t 
DEFAULT llWWY OF RI MTERIAL PRICI ES 
PRICE OF IMJM RAY MTERIAL IN PRU :ESS FOR NTH YEAR 
PROCESS TITLE FOR PROCESS fl 
PRICE UNITS, EG. ‘CAB 
PRQWCT VALUE IN NTH YEAR 
RAM fMERIRL COSTS Iff NTH YEAR 
REM Ow IMSTHENT IN NTH YEAR 
CfMRGLLBBLRBOftCOSTINNTHYEM 
TDTM FIXEB CAPITAL IN NTfl YEAR CffM) 
TMES MD IN!MA#E IW NTH YEAR 
MImmm# LABOR IN HTH YEAR 
MfYEfWE MTERIAL IN NTH YEAR 
WERATING LABOR IN NTH YEhR 
SPEWTINS SUPPLIES IN NTH YEAR 
TOTAL LMDR IN NTH YEAR 
FROWCTION COST UNITS~ E6, ‘C/!iSCF’ 
UTILITIES COSTS IN NTH YEAR 
UTILITIES CGNSUNPTIGN DF UTILITY K ttT REOUES 
UTILITIES fiONSWTIflR OF UTILITY K FOR CAFki 
MLOWLE UTILITIES WITS 
UTILITIEfi COST FOR UTILITY K IN NTH YEAR 
WkkT UTILITIES COSTS 

iTED 
JTY 

UTWK~ CGBT UNITS FIlN UTILITY K 
WE(N) HWkYWEWfR)INWMYEMf 

BEFAULT HOUILY WE 

-. .- 
iElW),FINFM22) 
b(22)rIBOL~#K(lD~ 

2fLSJ 

IVPCHIIR/IYIIYE,TIflElrTInEZrPRODrUIIOUTr~ITrCOSTUN~CllPUW 

!%lWE,‘MT. 611s FUEL’r ‘FXL OIL’! ‘HP STEW’r 
rm.:!‘:f! W’I ‘E&tWJtJCITY’, ‘CLARIFIED MATER’9 

I- v .,*11w I w..- v I# I - # 

~~,ljllWT/‘HSCF’r’MlBTU’r’LB’r’TDNNE’r’HNH3’r’TDN-CIY’r’KG’~ 

UTILITY Mm 



c&a 

I! 

50 
cu 

Ii8 cu 

P a8 
\o 
N 

00 

I#!!& MS PRUCESS Ml4 FILES FOR DIRECT XCESS 
opTw(Ll dCCESS=‘DIRECT’ dECL=29~STiVlJS=‘MU’ 1 
OPM(L2,~~‘DIRECT’rR~=lOB,STATUS-’W’) 

SET IF PROCESS DATA FILE AND MWTERML PRICE FILE 
I.bb 

izirc is DATA FILE 

:L6dDo) 
116rSo1) 
&:rEND=1000~ NF 

a END 
&I;0 TO 1000 

IF(YORW,ERa’Y’) CALL PLIST(IC) 
Rw Ill DESIRED KUWLES AND CAPACITIES 

MDDNw=o 
#g!O 

CIECK FfJi USING PREUI#IsLY 
IF(~rED,O) THEN 

~ITE(Lh877) 
RuD(LSr622) YGRN 

MO IF 
IF(Y#m,M.'Y',OU~NEURUN 

Da IY=ltlO 
wE(IYbdOOO1 
PcI(IY)=-rOOOO1 
IYERR(IYl4 
~RF~~yoool 

I 

ENTERED YEA~~~~ASEI 

.EQ,l) THEW 

UTIL(IYrIU)=-rMGO1 

DO K=l,sO 
PRICE(IY~K)=-tOOOG1 

IWL=O 
FLOC=l. 

c8 Ru)IflYEnRs 
llRITE(L6r81’)) 
REMLSd) NYEM 

cu 

MYEHlIKOMYEM~lO) 
wTE(L6do9l 
RUBt!htl (IYEMR(IY1rIY=l,NYEiMt) 

END IF 
UIECK TO SEE IF YMKi ARE ENTERED 

IF~m3~~e*ol MEN 

00 TO # 
EHt IF ~~~ 

IFWlWP,6TAO) TKN 
~IYp&o2’ 

~bCASES~ USING DEFAULTS? 
, 

AITII .ITY DATA 
109 

f E 

145 

:: 

MUtNP)lTITLElrTITLE2~ 
1) C#D=CAPB 
-_._ -. -.- -_. .-- . 

I=11OdND=lll)PcAP~ ICAPP 

hlo91 
'.EQ,O) ICAPP=l 

6’804) 
1822) YmN 
'GD.'Y'KhLL FPLISTMWP) 

MD IF 
EtJJWmnnaIATE KUMR.ES/C#hCITIES 

-mITE(L6rm) 
REM(LS~trEKD=lSO) MtDNM, 
IFMDDMK).ERtO~ 60 TO 150 
IFMEADW THEN 

RE#~L2rREC=MBSMUDKmWlo 1) )TITLEl 
IF(CHB.LT.OtOOl) CAf’D-WB 
yRITE1L6~BDI)WDdhPUNpuw(IP~ 
~(lSrStERR=1466rEND=147) CAPMI 
60 To 147 
C&L EWn#(L145) 
IFU#PDMH),EQtO) ICAPUNM)=l 

END IF 

,I 

‘I 

IPdAPDdAPB 

CU L#%iDNT MWULE As LAST MDUE INCHMN 
CW WEGATIVE MODULE #I# SUPPRESSES GtA CALCULATION 

150 mMfmD,=-KoDw 
ICAPMMKlDMXPP 



cimMw)=Pw 
CW SELECT PRINTOUT OPTlOWS 

MRITE(LhGS2) 
pD&” IPFLAS 

W~~X=.FALSE+ 
CU yI;y fAft& OUTSItE DEFAULT YEARS 

IF~~~~(IY~.LT~IYEARD~I~~OR,IYEIYI(IY).GTIIYEARD(~E~)) TNEN 
mpl&u;df& IYEAR 

=a l 

UDIF 

D ld!%T OF MIT COSTS FOR GIVEN YEAR: 
IFMMFL) W TO 201 

CU PRINT OUT DEFmT MIT COSTS IF DESIRED 
200 IF(REIuIy)M 

~ITE~L6?86O) 
m(LsrK!zl Yam 
IF(YtRN,EO,‘Y’) THI( 

YRITE(Lbr661)(1~1=0~9) 
YRITE(Lbr862) VCID(IY)rIY*1,22) 
YRITE(LhW2) ~FINFD(IY)rIY=lZ?) 
iITi$863’ ~MED(1Yl~1Y=lr22) 

WfITEiL6rR64~ UTNM(IU)dTUN(IU) r(UTILD(IY,IU),IY=lr22) 

=t 
w 

201 

EJFF 
lmE~Lbr812~ 
REw(Ls?822) YORK 

EW IF 
IF(YSRUdk’Y’.GR~YEMFldDrREADAL~ NM 

MRITE(L6dlS) 
C88MTRCWTI18El(FGR6IUENYEllRS 

202 REIY(LS~8rEHP2USrERR=2O3M63l (PCI(IY)~IYMlYEM) 
wTo205 

203 ckLERRmwo21 
205 CALL DEFAULT#CIDtPCI) 

CU MER IlFLATIGN FACmR 
207 MRITE UhB17) 
210 R#D~L~&END=215~ERR=213) (FIW(IY)rIY=lrNYEAR) 

__ ._ -_- 
2l3 CALL ERRm (8210) 
215 CAL IEFA~R.T(FIWFDPFINF) 
217 MRIlE(L4r815) 

CW ENTER WE5 FOR GIVEN YEMS 
220 ~~L~~rEND=230dRM21) (ME(IY)rIY=lrWYEM) 

221 c&L ERRwt22O) 
230 W.L ffIYILTMGEDM6E) 

US EWER UTILITIES CDSTS FOR GIVEN YEARS 
yRIiE(L6~878) 
DoIu=Iu=I9 w 

23s --- URITi(L6r816) UTNMEMI) 
yRITEtL6,870) UTFoRII(IUF( IIJ)) 

.51trEND=24OdRR=237) IlMr(UTIL(IY,IU)tIY=ldYEhR, 
a,m,o) 60 TO 240 

h.1) CUL COWIIERT~IUOI,IUMIT~IU~rUTIL~1,IU~rIERR~ 
~rriRRJE*Ol TIEN 

~x~‘kbw77’ 
op ‘g I . . 

a8mw :MI1’1 VlyllES IF NECEWMY 

lLNL 
&L DalWILT(UTILD(lrIU),~IL(lrIU)) 

U8 !?iEFMT VwlES F& PCI, UASESv UTILITIES CDSTS 

ai 
##/~g#$&) 

~b~fAT~FIHFD:FINF) 

CALL ~~~uT(UTILD(~~IU),UTIL(~,IU)) 

ElfF 
iPRIcE 

430 IF(~4RaYEU 
a@ pwxI.L!SI.Q 1 

IFLITIEM 
RW MF.RIAL CUES IF DESIRED 

wlIlE(L6rw51 
mD(LSr822) row 
IF(YDMtEQ,‘Y’) THEN 

~ITE;E~869”‘#0~9’ 

~~Ll&?E$=IdtR436~ ltHrlllVIE,IlM’RICED 

IiLh66) IIWAIYIPUIIT(I~~),(PRICED(J)~J=~,~~) 

ENB IF 
a ENYER RW MTERIK CDSTS 

~ITE(L6r849) 
REM~LSd22)YGRn 
woahm, ‘1’ I nu 

IRITEtL6,851) 
;I~;LpG’ 

=I 

iRITEILbt876) 
DO IY=lrNYEAR 

PR(IY)=-AGO1 

440 #.&LW~END=444tER=441~ ~rIUI,(PR(IY)rIY=lrNYEAR) 
IFWl.EOtO) 60 TO 444 
wTD442 

111 ML1 Ewmw4o) 

REhD(LlrREC=M) NN,NME~IPUM#RICED 
cit2 CIWERT PRICES IF IEcESSARY 



a8 

a8 

444 

a8 
450 

ctf’ 442 

IERR=0 
IF(IUI~IEJPUHXALL #rmERT(IUNrIPUNd’RvIERR) 
IFMRR+NE,O) THEN 

#ITl$L&59) WWIT(IIR))~),~MIPU(IT(IPUH+~) 

EW IF 
SET md&T PRICES WERE )(L%EsGuw 

CALL DEFMLTVRICEDd’R~ 
NPR1cE=KFlucEt1 
wEypRwRI#MlK 
W K=lMEAR 

PRICE(KAJRWRR(K) 
SEI MT, 6M FUEL COST = NAT. 6AS FEEDSTUCK PRICE 

~lKM.ED.17) UTIL(Krl)=PR(K) 

&IF*MT (UTILD(~~~MJTIL(~~~)) 
~&YMU&iR CREDIT VALUE IF NECE!iSMY 

BDIHlbH(#s~lKlw(M))~ 
IF(MMtO) TKER 

RERD(L~~REC=WH)WWIIIA~~IPUII,PRICED 
~ITpl~ PRNMEumMoDK(Ml))rNntlE 

d Sr (i n-*0001 

~~(L~~:,END=5OOdRR=46l) (PR(IY),IY=lvNYEAR) 

w4601 
#9wREMEcEsMRY 

rPUNIT(IPUNt1) 

SETDEFZE 
C&L BEF6ULTVRICED~PR) 
mwE=wR1cE+1 
~MVWXbRK 
80 IY=ltNYEAR 

PmE(IY,NNwR(IYl 

lilfboo 
EW IF 

CW l’RI#% NElR.Y ENTERED PRICES 
SW IFwR1cE&O) THEN 

IIRITE(L6t814) 
REwkw221 YORN 
IF(roRII.EP.‘Y’l TliN 

M$E;L~6&; ~IYEAR(IY)rIY=lrNYEAR) 

l&bRCI, 
READ(Ll,REC=KK) NNrNME,IUN 
MRITE(L6rm) ~~PUNIT(IUNtl)~(PRICE(K~NW)rK=l~WYEAR) 

DZF 

CU Kdff!iFMSIC WERATIW COST FACTORS 
YRITE(Lm4D) 
REhD(l5rS22~ YDRN 

II Pa 
IUm3) PUSD 
!l&t~END=W2) PUS 

7) PTID 
‘D==3) PTI 

CW SEY BEFdULT VMtB FM? MSIC OPERATIM COST FACTURS HERE NECESSARY 
----- ;g’$f w 

,LT:O: 1 PTItPTID 
,LTeOc 1 PiWDPB 

IFWCL 
IFMB 

P.LT.0,) PW=P&D 
,LT,Oc 1 PRI=PRID 
C.LT,O,OOl) FLOC=l,O 
fE WERhTIWB COSTS FUR 

A RlrmOB 
I 6El PROIXSS MT1 

) PMD 

#gpGAp 

&%!i #i IMIESTHENT (leO=DEFMLT) 
IU4dJ56) 
:15t8dND=SW) FLOI: 

IBA=O 
IFMEADMJTHM 

CW SELECT CUST UNITS 
URITE(L6d53~ PROD 
REhR(L5rt)Il 
IF(rWOT.YEMFL) TNEN 

CW ENEI( FOR CWRENT 1 OR CURSTART $ PRIHTGUT 
CR&IF YEMS GUTSIDE DEFAULT RANDE- CURRENT $ PRINTWT 

YRITE(L6,Wt)I~EARD(l)rIYE~D(NYEIIRD) 
REM~15r8mD=sO9) IDOL 
IF;;IGLGL’-^’ - 

YRIl 

EN&P ! 
UD IF 

509 END IF 
WfIlE(L6,872; 

cts ~REE’&e& 

IF(wwI,ED.‘Y’) THEK 
yRITEu.6tW3) PhLP 

ONLY 

LILTII~D(~)~ORIIDOL,GT,I~UIR~(WYEARD)) THEN 
qp) IWL 

)PRoD 

!?f MINT LABdHL MD WEREAD FACTORS 

510 



512 ~ITEu1u75) PWP 
Swa.sr$tERD=s14~ PPW 

Sl4 END IF 

CU SEY !!&T eApAcITY IF m, USER-SUW’LIED CAPACITY 
52# IF~wwIm*O*) THEN 

i!izz 
ICS=IWW 
w m (559ts691579r5w IW 

a8 w DESIRED ratw~r m ST-D 

iHS4W(tll 
Ics=IcMuM~ 

UNITS 

rs64r5661568~ IcmNul) 

hCFl124. 
TD569 

T!EH1 
pcaP(nMcF18cf2/MRE8S.760) 

2~514r576~57W ICAPUNM) 

1 -.. 
576 t2 

%r’ 

F 
I@ CllpUMDSE/l~2427 

Ip cYRat8l.E6 
WTQS90 

._ _ . . 
tOa) WC=CM'W8453~59/CF2 

So4 

__ .- --_ 

c88clffl(~~IYYwTsIIiE~ 
IF~cApc,G1,cIw#x.oR.cwcILT.~I~~ TIM 
MRITEUh857) CIIP(l)tCAWW(ICS)rCAPIUNrCAP~rCAPUW(ICUWP) 
IRIR(LhW6) C#D~cAww(ICUNP) 

P 
a.5~8~ CtaPMI 1ICAPlMM) 

(CAPM).LT.O.) 60 TO 600 
6DTO520 

EKD IF 

a8&, CDHUERSIORFMTollsF~COsT PRINTOUTS 
C8# ~~~6MmR~T~WLYORYHU(MGATIK~~CODE 
596 IF~LT.0' TIEN 

ELSE 

ENi?Y 
cnl CSTPERMUNFII~~F~,F~) 
IF(Fl.EP.On) TMN 
RITE(Lbr854) COSTUN(Il)~ PWD 
WTE(Lbr853) PROD 

il?w' I1 
EW IF 

CU !!EL#TIUttffES CMSLWTIOH EASED ON CMACITY 

IF~#PC~9AW( I) 1 THEM 

UTCOhJMCONP(J~I) 

WTOS95 
EW IF 



-- 

a8 

a8 

a8 

a8 

WCIUTE 

CiliCd# 

lx& 

RW MTERIk MD BY-PRODUCT COSTS 
~~IY&pBSmNM) 1) 

u#IR(IY) 
UTILITY COSTS 
UTILTY(IYIIYP) 
;gT RELATED CO!iTS MD W COSTS 

CW FffIW~ BPEMTINB COST TABLE 
CALL PC0STMSMMNM))) 

a8 
9 I 

PRORUCT VALUE FOR FUTURE USE 
(RRODtNE.0) TtEH 
w IY=l,NYEM 

CW CWKRT PRIeE Tfl UNITS USED IN PROCESS NODULES 
PRI#(IYrWROD)~(IY)/(Fl#2) 

EllF!P 
yllITE~Lm5B) PRwEMwulM(M))) 

6wENIBo 

a8 
SW 

~/HRR~~&,=T~/DAYl: ’ 1 

$E IjfDUlE? ‘1 

: Y&S FOR WICH ESTIMES ME TO EE’r 

w-c -.......I--. r. m . . 

IJ TO-ENTER UNIT COST DATA FUR TH ‘I 

TS’V 
(‘9 

#EE?(Y OR N) ‘1 

EitED BY COST lRiIT% 1 
[V,QMC+ INFLATIBN FACTtWr/) 

W YW WISH TO ERTER BASIC BPEMTINS COST FACTORS? “9 

842 F4RlMTt’ @Oh e#cm# LAR LAMRi ZOP IABOR (DEFRIJLT=‘~FS~ZI’)? 
843 FRMT(’ 920). RPERnTING SUPPLIESv %&’ WOR lDEFALkT=‘rF%2r’)l 
045 rmaUTC’ WC, ThXES Al@ IilWWCE, XTFC (BEFAULT=‘rFS,2r’)? ‘1 
B4 FWMTC’ 920). ~IATIOW, XTFC (DEFIIUT=‘,F52r’)? ‘) 
847 FlMnT(’ OZOE, GM&R, X PROMHiT WLIIE (DEFAULT=‘rF5,2r’)? ‘) 
B48 FORMTt’ B2DF. ROIMFDRE-TAXh ZTFC U!EFMJLT=‘rFSt2,‘)? ‘1 
049 FWMT( 916. W YU UISH m EMTUt W IIATERIk COSTS?(Y OR WI ’ 
4W MR#T(’ Q171 ERTER MMERIAL CODE9 UlITr PRICES FOR TN SELECTEI 

1’ YEAlM’//t’ (TYPE / TO ERU)‘r/) 
851 F4WhTt’ THE FMLOMINS UNITS IMY BE USED: ‘f/r 

1’ 041 l=C/LB~ 3=C/HSCFr 6=4/lcnsTur ~=wTOIMI B=$IIpIIIJ’) 
852 

..--.-. _ -_ .-.- -. - . ..---- . 
UT DESIRED, ((MULLI l=ABBREUIATED’r 

-. u....“. . 

ir$lC4~IDN FACTOR FDR IWESTRERT DATA’, 

~:SFlECTEB CAQllCITY ‘rF10.2dBr’ IS WTSIBE THE’ 
‘-‘,F10,2rn8r/r 

: -l.rO TO SKIP THIS PROCESS, 

I. _.--_ ..-._.__.--._ . . . . . -_...--. .-... 

1dBEX:‘dP’ W-S9’rloF7*lr/r’ 90-99’rloF7,1, 
2F7.1) 
b wR:‘dr’ BO#‘,lOF7r2r/, 90-59’rloF7*2~ 

- rZF7s2) 
W-89’,1#7rZdr’ 90-W’vlOF7.2, 

l/’ IIBMUS IN THE PBOCESS SEpuo 
872 FORMT(’ 4231 -IDE MIHTEMNI 

l’FM’r/r’ FUR ‘PAP (Y OR NE ‘I 
073 m#I1yI(’ R23h MINTENANCE LABIMp %BLI (DEFIIIKT=‘,F~~ZI’)? ‘) 
874 -TV UZ3B. MI#TElMX MTL ZBLI ~UEFAULT=‘rFW,‘)? ‘) 
075 FUUMT(’ R23C. PLMT WERHE& 
876 HT(’ #I#, DNITs PBICESY 

!; X TMAL LABOR tDEFAULT=‘rF5.2r’)? 

w7 FawT(‘R3r wYwuIsHmI 
1’ MSIC Op IZST FllCTORS MR’ 

US) YOUB YEARI UASEv UTILITY ~TP’P 
RAW MERIAL PRICE DATA I 

2’ u-mm m m pREu10u~ pRo#ss ~~amc~? (Y m WI ‘1 

‘I I, I 

‘I 



878 FtWMT(‘MiRM 6115FUEL CDBTMY BEEKTEREDLATER-" 
1’ AR IWI IMTERIk #17’r/lXI 

879 FDRMTU6XnlOI91 
880 FOR)IIIT~lX'~4rAll'~'lO~~~2rZX)~ 
Wl FDRiMT(' B22. PRINT CDSTS IN CMfREHT S (DEFAULTI TYPE/) OR’ 

1; IN mm S (ERTER YEM?‘~/r 
(YEW WST BE YIMIN RARDE ‘rI4,‘-‘rI4v’)‘) 

802 ~~~~;,~RtUiTI~ FhCTDR:‘,/,’ Bo-B9"1OF7.3'/?' 90-99 

863 FDlKiTV ##&i%'ai CALCUATE CWTANT S FUR "14) 
W4 FaRMl(' WTE: TIE Sl.EClED YEI "14" IS OUTSIDE THE ‘I 

:k PB 
akf mbw mu iwiT ENTER CUBS nutExI Lam 5 
I IJTILITIES #BI RMI tUiTERIAl MlsTS BELOW) 

woo cum1 mvus=~m~~ I 
cl.DmL2'ST4TUwBETE'~ 

k!F 

K 

I 

“9 

-VT 

WMDUTIIE CDMRT(NINtMHJT,A~IERR) 
CMRET CplvERsIDR FhCTDR TO CCRMRT IRFUT PRICE UNITS(NIN) TO 
C88 M/LB, 2%/Kb 3=C/MiFp 4=C/Kh S=C/H6tU, 63ARMlh 
CW 7=WTIWr 8WHNH3r 9=S/kEr lO=WTON-Cd 
f8& MPM PRICE DRITSMIUT) 

7lw!x I 
wuin~n~usIwGAppRopR~n~~~nc~m 

IMI FIIcT(lQo) 
BIifNBION nuo) 
w#ymMARsINTE6R~IyuR(1O) 
MT4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

14.~r~~t1rr~037~~.1~3~6~480,~26~~1~1~~3,~4~~0.r 
210~'SIO~'r2642'1.'2S0~'2~~2'~~'1~'380,'.0039685'.04536'.1'480,' 
31~'0.'~4536'~,'2~6788'~1'~37854'280,'1.'2~0.r,1t,22046'4:0,' 
42t~'O~'lr'bt0.'25lt98'3tO.'l,/ 
mgfil$#ilE INlEER CmMSKWBIllG To IWUTAIUTPUT UNITS 

---. _ 
IF~aIH&*Ol TEN 

RETuRm 
END IF 

lFzlF*M’ TNEm 
EW IF 

#LFLwEmm 
IFl~;EB,O, THEW 

ENB IF 
K=RWTt108~N1~1) 
FACTOU=fACT(K) 
IFWTfhEQ,Od TiEN 

79 
P I=lMEM 
A(IMACTM8MI) 

Elm 

5=KRII3r &TON-CAL'7=KB'B=W 

60 m mot2oodOoAoo) Ml 
100 W To ~110'120'130'140'150'160'170'180)N2 

TOCFOlllfRTFWWllSCF 
RkN 

120 El$.Od Fl=lJCFl 
. 

co*Wl 

140 EtpacJ2 
, 

1% k;;26 
. 

l# fi$;NE.O., Fl=.O@3968/@1 
1 

170 ?!!!mmMsa 4m IRII 
lW k; 

CF ch 
210 FM. _ 

220 FM, 
pO%Ol 

230 Fl;l¶cF28o.001 

24B W&O020468CF4 

RmiN 



a0 

210 

270 

2110 

c 

320 

350 

340 

350 

430 

440 

450 

460 

470 

4Bo 

a8 

Fl=lc 
BEtlm 
FM204.6 
F Ail 
ft 
IF(CF2dE.O.) 

!ziii' 
IFNFl8cF2dE 

Eki' 
F1=2*20456 

Iv!!! 

F1*P7*326 ui&B 
FkOrw * 
i?i%cFa,oo22o45! 
R~*scF3occ4 
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3WU~3~,UTCM(9)dTCOW’(9t3)rCAPB 
SCM NWBER OF OPERATWS TO #SIRED CMACITY 
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~~~)t20,UIW1(S)S7,COSTU11(8)t71PVWIT(I7 
ITLElt4O,TITLE2840r PlM7,F’RDWl6,PUNRit7 

:I 
i#rRIARLE CDSTSUlMRYTfiUE 

MT) TNEN 
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PRIm=PRI#(IYP,lumtO) 
PRIlZR=PRICE(IY,lMT~l)) 
PlHUNIT~IPRMJ)tl~ 
IF(~(l:l),EO.‘C’,AWD,PRICE(l,~TWO)~6T.W ,991 TEN 
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m ULINE$20,CUSTUnl8)87,MM~8~$2O,PUNIT(11)$7,~(8)87 

lrTIRElUO,TITLE2L40,CAPU11~4~EB,PW(1S7tPl6~ CC(lOH9 
DImBIlM CBulO) 
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IRITE(L7rlS) PPOP,(W(IY)tDFIIC(IY)rIY=lrWYEIYL) 
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CDMWPWWNWNE,TITLElrTITLE2rPRDD 
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~,ZPAU~~~)~#U~(~),#~~CF~~CF~~CF~~CIWIINI~X,FLOC~EOMETH, 
3CIW(3)rUTCOW(9),MCWIP(9,3),CAPD 

READ II PRDCESS DATA 

wF!ys =, 
iti 

100 

c&B 
300 

- -.- 
--MttIbo 

cUNS(I)=O, 
iulN(I,=’ ’ 
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