
Fossils as Key Resources of 
Hydrocarbons for the Chemical 
Industry - The Burning Problem 
of Industrial Development

Kopytowski, J.A., Wojtania, J. and 
Zebrowski, M.

 

IIASA Collaborative Paper
July 1981

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by International Institute for Applied Systems Analysis (IIASA)

https://core.ac.uk/display/33893254?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Kopytowski, J.A., Wojtania, J. and Zebrowski, M. (1981) Fossils as Key Resources of Hydrocarbons for the 

Chemical Industry - The Burning Problem of Industrial Development. IIASA Collaborative Paper. Copyright © 

July 1981 by the author(s). http://pure.iiasa.ac.at/1783/ All rights reserved. Permission to make digital or hard 

copies of all or part of this work for personal or classroom use is granted without fee provided that copies are 

not made or distributed for profit or commercial advantage. All copies must bear this notice and the full citation 

on the first page. For other purposes, to republish, to post on servers or to redistribute to lists, permission must be 

sought by contacting repository@iiasa.ac.at 

mailto:repository@iiasa.ac.at


NOT FOR QUOTATION
WITHOUT PERMISSION
OF THE AUTHORS

FOSSILS AS KEY RESOURCES OF HYDROCARBONS
FOR THE CHEMICAL INDUSTRY - The Burning
Problem of Industrial Development

J.A. Kopytowski
J. Wojtania
M. Zebrowski

July 1981
CP-81-20

First submitted in January 1981

Collaborative Papers report work which has not been
performed solely at the International Institute for
Applied SystemsAnalysis and which has receivedonly
limited review. Views or opinions expressedherein
do not necessarilyrepresentthose of the Institute,
its National Member Organizations,or other organi-
zations supporting the work.

INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS
A-2361 Laxenburg, Austria

j



THE AUTHORS

Dr. Jerzy Kopytowski (M.Sc., Ph.D.)
Industrial Chemistry ResearchInstitute
Warsaw, Poland

Dr. Maciej Zebrowski (M.Sc., Ph.D.)
Academy of Mining and Metallurgy
Krakow, Poland

Ing. Jerzy Wojtania (M.Sc.)
BIPRI Prosynchem
Gliwice, Poland

-ii-



PREFACE

The future role of fossils in the world economy is a contro-
versial problem which is being discussedamong economistsand
engineers. Unfortunately, a variety of the reports already pub-
lished describesolutions without detailed identification, and the
data quoted are hardly comparable. Systemsanalysis may contribute
substantiallyin such a case, and the researchundertakenwithin
the framework of the cooperativeagreementbetween IIASA and the
Academy of Mining and Metallurgy, Krakow, is an example of this.
The preliminary results presentedin this collaborativepaper
were discussedin January 1981 at a seminar held at IIASA.

JanuszKindler
Chairman
Resources& EnvironmentArea
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ABSTRACT

Intensive researchis being pursuedworld-wide to establish
a methodology for industrial development. Many types of changes
play an important role in the dynamics of the industrial structure
in both large and small economies. The global energy supply and
future substitutionof crude oil are among the most important and
widely investigatedconstraints. With the existing patternsof
production and developmentstrongly determinedby the specific
conditions in a given region, the developmentof various raw
materials for the chemical industry is of great importance. The
impact of changing productionmethods in feedstockhydrocarbons
on industrial developmentrequires further intensive research.
A non-uniform demand vector and a variety of possibleproduction
processes,with a constrainedsupply of resourcesin different
economic regions and countries, open a number of possibilities
for new and non-conventionalsolutions. Further, hydrocarbon
synthesisfor the chemical industry should be a high priority
researchgoal, not only becauseof the scaleof demand, but be-
causeof the propertiesof the substancesthemselves. Provided
the problem of production of hydrocarbonfeedstock for the chem-
ical industry can be solved successfully, the same methodology
could also be used for the analysisof synfuel production: It
would contribute to a better understandingof the dynamics of
the industrial structure.
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FOSSILS AS KEY RESOURCESOF HYDROCARBONS
FOR THE CHEMICAL INDUSTRY--The Burning
Problem of Industrial Development

J.A. Kopytowski, J. Wojtania, and M. Zebrowski

INTRODUCTION

Hydrocarbonsare extremely specific compounds. They exist
as such or can be synthesizedinto long chain formations as well
as into complicatedrings, react easily with other elementsof
the earth'score, and not only is the human being basedon this
structure, but his civilization dependson it. It is easy to
prove that the major and most important part of industry utilizes
hydrocarbonsor their derivatives. The problem then, of how to
balance their supply and demand becomes the main hindranceto the
processof developmentof an industrial structure. Hydrocarbons
are obtainedmainly from crude oil processing,therefore hydro-
carbons for the chemical industry and for other sectorshave the
same origin. This createscompeting demand between the chemical
industry and the energy sector which has to supply energy for
home heating, industrial boilers, automobiles,etc.

During the past few years, a large number of reports have
appeared,discussingfuture levels of oonsumptionof liquid fuels,
the availability of resources,the economic as well as the polit-
ical factors affecting their production and consumption. OPEC's
policies instigateda more careful investigationof the future
balancewhich led to the developmentof many researchprograms
on synthetic hydrocarbonsproduction, with more emphasison syn-
fuels. Large scale programs have been initiated for the substi-
tution of energy from liquid fuels by nuclear, solar, and biomass-
derived energy, coal and lignite. The main issue in energy-
oriented technologicaland systems investigationsis the produc-
tion of gaseousand liquid hydrocarbons--ina narrow sensecalled
synfuels--thecompositionsof which permit their use as substi-
tutes for natural gas and crude oil.
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It is difficult to predict the investmentswhich will be
made in this field because:

(1) The technologiesare far from being perfect, and every
investor expectinga technologicalbreakthroughwaits
for further researchresults so as to avoid severerisk.

(2) Capital expendituresare high and comparableto other
sourcesof energy (i.e., solar, nuclear, biomass);
therefore, any economic region or country cannot be
expectedto employ only one universal transformation
processfor fossil fuels.

To substitutethe presenttotal production of crude oil by
coal-derivedproducts would require 10,000-12,000million tons
per year of different types of coal, at the current level of
technology. This means that is would be necessaryat least
to quadruplethe capacityof coal mines. Processingin-
vestmentsare also very high. For the processingof 10 million
tons/yearof crude oil in a full treatmentrefinery, it is neces-
sary to spend about US$1,500 million. Engineeringstudies show
that for a correspondingresult with coal, conversionfacilities
capableof handling 40-50 million tons/yearare necessary,with
investmentsin the range of US$10,000-12,000million. The world-
wide figure of capital expendituresfor the total substitution
of crude oil by coal is in the range of US$2.0 x 1012 to
3.6 x 1012 so there is no questionabout such substitution.

One cannot thereforeexpect a rapid developmentof the syn-
thetic fuels industry. On the other hand, further delays would
pose a threat to all developedeconomiesbecausethe production
of chemicalsbasedon hydrocarbonswill enter into dangerous
competition with gasolineproduction where profit margins are
always very high. As stated in the recommendationsof the IUPAC
Conferenceheld in Toronto in 1978:

In monetary terms it has been estimatedthat the
output of the organic chemical industry (with the
crude oil origin feedstock) of the world amounts
to three hundred billion us dollars annually. In
addition, it is essentialto perhapsa third of
the world's gross product. Any major- change in
this industry will utterly change living patterns
as we know today. Nevertheless,people generally,
political leaders, and influential citizens seem
unawareof thesefacts and their significance for
the future quality of life on earth.

This expressesperfectly the global scale of the problem,
therefore no comment is necessary.



-3-

SUBSTITUTION OF THE HYDROCARBON FEEDSTOCK

Some effort is required to evaluatethe world-wide consump-
tion of hydrocarbonsby the chemical industry, but rough figures
are available. It has been shown that only about 3% of the total
production of natural gas and crude oil servesas feedstock for
the chemical industry. However, more than 50% of the refined
products cannot be used directly as raw material for this industry.
Therefore, for rough estimates,it is more reasonableto use the
figure of 7% consumedby the chemical industry, mostly obtained
from light crude oil fractions. When calculating this consumption,
the figure seems to be marginal in comparisonto total production.
However, it is of critical importanceto the chemical industry
and to the overall industrial structure.

Hydrocarbonsoriginating from crude oil and used as feed-
stock for the chemical industry are subject to transformations
by highly sophisticatedtechnologicalprocessesinto:

(1)

(2)

( 3)

Substancesof low molecular weight, such as monomers
(mostly double and triple bound hydrocarbons),aromatics,
alcohols of different chain lengths, etc.
Substancesof high molecular weiqht:
-- plastics such as polyethylene, polypropylene,

polyvinyl chloride, polystyrene, their copolymers,
and a wide range of special plastics. The total
production of plastics in the world is in the range
of 60 million tons/year.
rubbers such as SBR, polybutadene,polyisoprene,
etc. The total world-wide productionof rubbers
is in the range of 11.5 million tons/year.
fibers, such as polyamides, polyesters,polyacryl-
onitryl, etc. The total production of fibers in
the world is in the range of 10.5 million tons/year.

Producer goods and commodities.

It could happenone day, that all this production could be
stoppedby lack of raw materials, at acceptableprices. The
crisis in the synthetic fibers market has not been causedby the
lack of demand but by the losses incurred in the production pro-
cess. Substitutionof polyester fibers by cotton needs twice as
much energy, and also causessoil degeneration. The forth-
coming crisis in the synthetic plasticsand rubbers branches
is anothercase in point of the impact of unstablehydrocarbon
prices. Far-sightedindustrialistsare selling the appropriate
production facilities.

In solving these problems an industrial structurespecifically
applicable to the chemical industry will be defined. The aim is
to develop this industrial structureat a low investmentcost and,
in cooperationwith the fuel industry, to assurestable feedstock
prices.

It is impossible to find a solution applicableon a global
scale. It is necessaryto define the balancebetweenthe demand
and supply of hydrocarbonscountry by country or region by region,
as well as the raw materialsand processesavailable for their
transformations.

j
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The internal logic and content of the problem indicates its
systemscharacter:

(1) The methodology for determininq the demand
vector in the complex sector of consumptionis to be
developed--thisis a typical scenario type of problem.

(2) The methodology for identification of an appropriate
industrial structure in the complex technological sec-
tor is to be developed.

(3) The environmentalconstraints,the availability of
resources,final distribution of the products, etc.,
have to be investigated.

The main task is to develop a method which would allow for imple-
mentation of the best approachto substitutionof natural hydro-
carbons from crude oil by other materialswith a carbon content
(i.e., coal, lignite, oil shales, etc.). Many possibilitiesmust
be analyzed, taking into accountboth constructionand operation
costs. To make the method more universal and less susceptibleto
monetary fluctuations, it would be interesting to estimate "costs"
in terms of basic natural resources,i.e., Water, Energy, Land,
Materials, and Manpower (the ｗ ｅ ｾ Ｑ approach), as put forward by
Grenon (1976) and Haefele (1981). After the choice of the proper
solution has been made, the costs, if necessary,might be evaluated
also in monetary units, but under particular time and site condi-
tions. Two casesare shown in Fi0ure 1--the presentsituation
and the most morphogenicsolution possible in the future.

To attain such a goal, it is necessaryto investigatesome
potential options. Figure 2 shows Case A, in which the answer
to the "7% question" discussedabove has been approachedin a tradi-
tional way. This case is basedon the assumptionthat the priority
of demandscreatesa special systemof supply of hydrocarbons
further used as feedstock for the chemical industry. Sometimes,
the structureof such a system is seen as an actual pricing sys-
tem, e.g., for agricultural products in the Common Market. without
going into a detailed discussionof the potential applicability
of this system, it should be stressedthat for a number of devel-
oped countriescrude oil, in contrast to agricultural products,
is an imported commodity. Therefore, it could be stated that in
Case A, a temporary lack of resourcesand unstableprofits in the
production of plastics, rubbers, and fibers may appear•.

Case B in Figure 3 presentsthe most popular concept of a
possible solution to the problem. The case is basedon the sup-
position that a deficit in fuels will provide an incentive
for large investmentsin processingfossils to extract hydro-
carbons, and thus the division of the market sharewill be natural.
As a result, the production of feedstock for the chemical industry
will be totally dependenton equilibrium in the fuel sector
and will also lead to the situation where the structureof
hydrocarbons (from the point of view of the molecular properties),
would call for unnecessarytransformationsand additional loss
of energy.
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Case C in Figure 4 analyzesanotherapproachto the solution
of the problem. The case is basedon the assumptionthat a set
of specific technologicalprocessesexists, leading directly to
the robust structureof an industry producing feedstock for the
chemical industry. This industry will cooperatewith the fuel
sector by buying products obtainedby processingcrude oil as
well as other fossils, and would sell some by-productswhich could
be used for the fuel sector. As a result, the demandsof the
chemical industry would be assuredby specific, optimal, case-
to-caseinvestmentsand realizationwould be time-market dependent.
Independentand profitable production would result, with appropriate
linkage to the fuel sector.

Figure 5 is an example of a typical case showing that 117%11
can solve its own problems better than is foreseenin general
solutions.

In standardpractice, the synthesisof ammonia is basedon
the transformationof natural gas. The processconsistsof 5
(sometimes6) typical elementarytechnologicalunits. The inte-
grated parametersdescribing efficiency of the processare E1
(total energy consumptionin m.t.c.e.), and 11 (total investment
expenditures). The method proposedby the "generalists" for
ammonia synthesisfrom coal has two production processes:

(1) preparationof synthetic natural gas (technological
process, line 2 in Figure 5) in five technologicalunits;

(2) preparationof ammonia in the standardunit.

The integratedparametersdescribingefficiency will be the
sum of the two sets E1 11 + E2 12' and one can claim that coal-
derived ammonia is much more expensivethan that obtained from
natural gas.

When utilizing new raw materials, application of standard
methods of production design would not be optimal. ｾ ｾ appropriate
combinationof existing processeswould solve the problem better.
The extreme case is given in line 3, where, in a processwith 6
technologicalunits, one can produce ammonia. The energy E3, and
investment13' will be substantiallysmaller than in the previous
case--thisis expressedby the equationat the bottom of the
figure. Only through a detailed investigationof the different
possibilities can one choose the proper solution for ammonia pro-
duction in a given environment.

WHAT IS TO BE SOLVED AND OPTIMIZED?

The researchprogram concerningthe above should include the
analysisof different possibilities for providing chemical feed-
stock and synfuels as by-products from hard coals and lignites,
using various technologicalschemesand demand-supplycases:

to cover presentand future demands from crude oil
(extreme case)
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to provide an actual supply of hydrocarbonsfrom crude
oil and to cover the growing demand for hydrocarbons
from fossil-derivedproducts
mixed scenarios.

The problems of power generationshould be taken into considera-
tion only for a comparisonof the efficiency of energy consump-
tion and to establishpossible trade-offs betweendifferent in-
dustrial sectors. Coal mining should also be treatedas an ex-
ternal system, and the necessarydata included as exogenousfrom
the existing WELMM sets of information.

In order to limit the scope of the program, at the first
stage it should only cover the basic demand vector:

basic monomers
basic aromatics
methane
methanol and higher alcohols
naphtha
ammonia.

Becauseof the non-uniformity of the demand vector in different
countriesand economic regions, one ultimate solution obviously
does not exist. The availability of the given array of fossils
also varies from place to place. Therefore, selectionof the
method for transforming fossils into hydrocarbonsin different
countries and/or regions may require a different industrial
structure.

Let us discuss the situation shown in Figure 6. In a given
economic region, the specific consumptiondemandmay either exist
or be modeled for a given scenario. Taking into account that
it is necessaryto exclude wasteful consumptionand include some
recycling of ready-madeproducts, the commodities production
structure (II) could be defined. From simple material balance
and knowledge of necessarytransformations(technological lines)
or foreseen improvementsand possible innovations, the production
structureof polymers and additives (I) can be derived. This
means that it is not necessaryto foreseedrastic changes
in large, investment-intensiveareasof the industrial
structure. On the other hand, the fossil resourcesare known,
and appropriatetechnologicaland technical conditions for their
utilization have to be applied. The importanceof environmental
impacts is well-known and it does not have to be stressedat this
point.

Therefore, if the demand vector Y is known and vector X of
available resourcescan be defined, then the problem rests with
such a structuralizationof the set ti, as to obtain optimal
transformationT. Dow we have to try to disclosewhat the trans-
formations ti and their componentsare.

Hydrocarbonscan be obtained from any substanceoontaining
carbon. The higher the hydrogen content, the lower the cost of

J
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its transformationto a specific molecular structure. Unfortu-
nately, in the available fossils, the hydrogen content is not
higher than 4-5%, and natural hydrocarbonsused as feedstock
for the chemical industry contain between 10-12% of hydrogen.
To ensure transformations,several technologicalprocesseshave
been developed (see Figure 7). Then, to describeevery production
processti, it is necessaryto collect and store the inforMation
concerningthe function and structureof the process,and a set
of its respectiveparameters. This would be a rather complicated
task. Some of the technologicalprocessesare under development,
some are very old; therefore, it is necessaryto find a uniform
way of describingdifferent parametersof these processes.

The researchprogram foreseesthe collection of numerical
values which are necessaryto perform the calculationsof the
integratedparametersand carry out simulation and optimization
analysis. Some engineeringstudies for the particular processes
will be indispensable.

Another specific aspectof different production processes
used to extract hydrocarbonsfrom fossils is their complexity.
Every process is composedof several elementarytechnological
units: Ii' mi, ni' etc. We define an elementarytechnological
unit as that part of the industrial structurewhich transforms
the flow of the materialsand energy into specific products,
or mix of products. The following casescan be identified:

the product as a pure saleablesubstance;
the product as a mixture of saleablesubstances;
the product as a mixture of substanceswhich are
used at least twice in a given production/distri-
bution area.

Therefore, we aim at composing a specific transformationT, having
at our disposaldefinite processdata sets for every elementary
technologicalunit and utilizing specific propertiesof production
dendrites (or processroutes), from a given array of fossils.
The algorithm necessaryfor optimization of technologicalstruc-
tures composed in this way are currently being developed.

Parallel to the descriptionof different structuresby in-
tegratedparameters,it would be possible to carry out an analysis
of various alternativesto select the one minimizing the consumption
of basic natural resources(WELMM). Becauseseveral criteria
have to be taken into account, the multi-objective optimization
proceduresdevelopedat IIASA (Wierzbicki 1979) could be applied.

Generally, two methodsof investigationhave to be checked:

(1) Simulation of several (sometimes20-30) different pro-
duction processescomposedof different technological
units, and transformationof all possiblegradesof
fossils. In computing every case, all WELMM parameters
will have to be established. Comparisonand choice of
the most feasible solution will be found on an inter-
active basis.

j
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(2) Simulation of all possiblecompositionswill be
attempted, but the optimization module will choose
several close-to optimal solutions to be analyzed in
a multiobjective optimization module in order to choose
the optimal WEIJo!M solution.

The first approachwill require more work precedingcomputerized
analysis, but the systemwould be more flexible and could become
feasible under varied conditions.

An automatedsystemwould require prior developmentof a
large number of different technologicalmodels, and possibly,
some of them will be found uselessor irrelevant for the next
step of analysis. Therefore, rather typical cases, like the
production of naphtha should be investigatedwith this type of
methodology.

MODEL OF THE PROPOSED SYSTEM

The pragmatic model to investigateall aspectsof the ?rob-
lem presentedherein is in preparation. IIASA's experiencein
the application of the WEU1M approachas well as ICSE-A}1M's in
simulation and optimization of industrial structuresmake a qood
starting point for the program which has already been initiated.

Most effort should be concentratedon the definition,
description, and processingof the following sets of data and
modules of the system (Figure 8):

Sets of data:
Fossils inform&tion file (data sheetcompiled informa-
tion), including available raw materials, quantities,
forecastsand limitations of development,description
of qualitative parameters,integratedeconomic para-
meters (E,I).
Encyclopediaof production processes(data sheetcom-
piled information), including identification of elemen-
tary technologicalunits, descriptionof the process
and structural featuresand parameters,physical and
economic propertiesof the WEL?,m indicators.
Hydrocarbonsinformation file (data sheetcompiled in-
formation) including final destination, consumptionco-
efficients, constraintsfor application, qualitative
description, physical and economic parameters.

Operationalmodules:
:r.lacro-balancemodules, M1.
Function: To define the upper and lower limits of
use of fossils for different production programs.
of constraintsand definition of logistics.
Master file -module, 112.
Function: To define principles of the sequenceof
coupling of the elementarytechnologicalunits to
defined transformationT into a certain product.

the
Control

assure

j
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Micro-balancemodule, M3.
Function: To define propertiesof every production
process (consumption figures for materialsand energy,
other resourcesutilization).
Simulation and optimization module, M4.
Function: To define different production lines and
their arrangementinto a more complex network; static
and dynamic optimization of a multiobjective character.
Module of adaptationto regional constraints,MS.
Function: To control the abiLity of the environment to
absorb the proposedtechnological solution. Additional
input-output analysis.
Decision modules, M6.
Function: To define a feasible solution; further analysis
of exogenousconstraints.

The systemsanalysisapproachpresentedabove would not re-
place the classical economic analysis indispensablein making
decisions for implementationof a single .investmentproject, but
would only be a guideline of great importance, enabling rejection
of infeasible solutions. Due to this approach, it would be pos-
sible to make a selection from many different models on the basis
of uniform, sensible,and objective criteria. Thus, only the
models selectedby such means would be further analyzedusing
traditional methods of investmentdecision making. The set of
models from which one is to be selectedfor realizationwould be
enlarged, and the selection itself would be more objective and
rational.

It is also important that at present, information on indi-
vidual processlines and, even more, on various models describing
them, is scattered. To gather all the information takes more
time than is available in many cases,not only for carrying out
analysis, but also for taking a decision. The systemproposed
in the presentstudy would gather the information in a place such
as IIASA and make it easily accessible. Actually, to a certain
extent, the selectionwould still be basedon experience. At
this stage, also the model developer'sintuition would playa
very important creative role in addition to his knowledge.
Moreover, in comparisonwith the presentstateof the art,
the differencewould lie in the fact that more diverse models
could be analyzed in a shorter time.

The number of processlines included in the program,
taking into accountalternativesbound up with different produc-
tion rates, raw materialsas well as processtechnology, total
241. This is a preliminary estimation. As a result of a thorough
examinationof the individual processlines, it is quite probable
that the total number of processlines will be reduced. It should
also be emphasizedthat several units, or even sets or complexes,
contained in the individual processlines will be repeated.

Table 1 shows the basis for estimationof the number of
processlines to be analyzed.
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Table 1. Number of processlines included in the system.

Processline definition, type of production, raw materials, Number of alternatives;
process,production rate Production Feed- process Total

rate stock Technology

l. Gasoline, motor and fuel oils from crude oil: 2 types of
refinery, 3 production rates 3 1 2 6

2. Gasoline, motor and fuel oils from coal: 3 production rates,
2 coal types (brown and hard) . Types of process: gasifica-
tion + F-T synthesis,gasification-methanol-Mobil,LTC +
hydrotreatment,flush pyrolysis hydrogasification, 2 lique-
faction processes,2 complex processes(ADL, COGAS) 3 2 9 54

3. Ammonia from natural gas: 3 production rates, 2 processes
(reforming, partial oxidation) 3 1 2 6

4. Ammonia from heavy residue: 3 production rates 3 1 1 3

5. Ammonia from coal: 3 production rates, 2 gradesof coal,
4 gasificationprocesses 3 2 4 24

6. Olefins from crude oil: 2 production rates, 3 types of feed-
stocks (naphtha, heavy residue, LPG) 2 3 1 6

7. Olefins from coal: 2 production rates, 2 gradesof coal. Types
of process: gasification + F-T synthesis,gasification +
Mobil, LTC, flush pyrolysis, hydrogasificationand 2 complex
processes 2 2 7 28

8. BTX from crude oil: 3 production rates, 2 processes(steam
cracking, reforming) 3 1 2 6

Continued overleaf.
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Table 1. Number of processlines included in the system, continued.

Processline definition, type of production, raw materials, Number of alternatives:
process,production rate Production Feed- Process Total

rate stock Te<;:hnology

9. BTX from coal: J production rates, 2 gradesof coal. Types
of process: LTC, flush pyrolysis, hydrogasification,coal
liquefaction--2 processes,2 complex processesand gasi-
fication + Mobil 3 2 8 48

10. Methanol from crude oil: 3 production rates, 2 kinds of
feedstocks (natural gas and heavy residue). MeLhane
reforming and partial oxidation of heavy residue 3 2 1 6

11. Methanol from coal: 3 production rates, 2 gradesof coal,
4 gasificationprocesses 3 2 4 24

12. Methane from coal: 3 production rates, 2 gradesof coal,
4 gasificationprocessesand hydrogasification 3 2 5 30

TOTAL NUMBER OF DIFFERENT PROCESSLINES 241



-20-

CONCLUSIONS

It is very difficult at this stageof researchto attempt
to presentfinal conclusions. The problem is of great importance
to the world economy, and, from the point of view of the method-
ology, there are at least as many approachesas the number of
engineeringand scientific organizationsseeking the solution.

None of the existing or proposedmethodologieshas been
proved to be appropriatein general analysis. The program pro-
posedhere provides a chance, becauseit uses an example of a
rather limited industrial structurewhich may help not only to
solve a problem (the answer lies in the developmentof an indus-
trial structure for the production of hydrocarbons),but it can
also provide valuable resultswhich could find practical and
methodologicalapplications in a wider context, e.g., in synfuels
production as well as in other industrial developmentprogramR.
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