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IntegratedEnergy System Modelling and PolicY Analysis

A ｄ･ｳ｣ｲｩｾｴｩｯｮ of an IIASA ResearchProgram

I. Introduction

This working paper describesan IIASA researchprogram

which was initiated early in 1975. The researchproject not

only cuts across a number of disciplines and groups at IIASA,

but is also conductedin close cooperationwith external

researchinstitutes in IIASA member countries. This first

working paper lays out a proposedinitial researchstructure

and interinstitutional framework as a basis for the work of the

coming months. It is the result of a syrrchesisof my initial

conceptionof this researchand a distillation of the input

and suggestionsfrom several individuals at IIASA. Although

the researchis already well underway within the general

framework describedhere, the program struc"cure is meant to

be flexible and dYnamic. As the collaborating institutions

play an increasingrole in the coming mOllths1 it is anticipated

that program changesvlill evolve, particularly becauseof

the innovative nature of both the researchcontent and the

interinstitutional format.
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A •. Backgroundof the Research

Energy Planning and Policy Analysis ,

Energy has achieveda new and prominent status in our

societal planning processes-- it is becoming an explicit

rather than implicit variable. For example, in the United

States, this phenomenonhas occurredat almost all levels of

decision making, ranging from the home-owner, developinghis

preferencefor a specific air conditioner type or model, to

national and internationaldiscussionsover mechanismsto

combat inflation through reductionsof petroleumdemands.

Plannersin the public and private sectorsof agriculture,

architecture,urban and transportationsystemsare beginning

to treat energy much more explicitly. Becauseof the complex

manner in which energy is intertwined with virtually all of

the characteristicsof an industrializedsociety, this recog-

nition of the importanceof energy is having a strong influence

in virtually all technological, economic and environmental

decisionmaking bodies.

In contrast to North illnerica, energy planning in many

Europeancountrieshas for many years played a much more ex-

plicit role in the public sector. In part this is due to the

fact that energy has long been considereda scarceresource

in many of these countries.

Energy Embeddingat the RGgl0nal Level
i

In several industrializedcountries, this greatly-inten-

sified concernwith energy planning has ｾ ｮ ･ ｲ ｧ ･ ､ at all levels
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ｯ ｾ goverrunent. The grass roots public concern about energy

and its effect on day-to-dayexistencehas stimulatedmuch

greateraction on the part of local, state, and regional

governments. It is clear that national energy policy formation

must take subnationaland local characteristicsinto account.

One major reasonfor this phenomenonoriginateswith the

diverseways in which each region within a nation or a part

of the world dependsupon energy. For example, a primarily-

consuming region, which neither extractsnor processesprimary

fuel, in general aaploys a distinct set of objectives and values

in formulating energy policies; theseare in most casesquite

different from those in an energy-producingregion. In a

similar manner, the considerationsdiffer between industry- and

tourism-orientedregions, betweenagricultural and urban

regions, etc. The maze of interdependenciesbetweenenergy

and the total human enterprisein each region binds its energy

policy objectivesquite tightly to the natural and Inan-made

characteristicsof that region. The recognition of this bond

has made apparentthe great need for an improved understanding

of energy systemsand their embedding in society at the regional

level.

The major world or global models provide very little

regional or even national energy policy guidance. Even the

Pestel-£.1esarovicworld model (1) although treating energy

as an explicit variable in a world divided into ten regions,

provides only limited assistanceto regional energy decision

makers.
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Alternative Energy Futures

Many national·and global energy studiesnow underway are

exploring the consequencesof a ｳｰ･ｾｴｲｵｭ of supply scenarios,

e.g. the nuclear fission, fusion, ｾ ｮ ､ solar options. In

addition various studiesare underway to provide information

on future energy demands. However, conspicuouslymissing from

the current array of energy researchis a major class of

scenarioswhicn integratesdsuand and supply scenariosand their

embedding in a specific regional enviromnent.

It has been convincingly demonstratedmany times (e.g. 2,3)

that over almost any conceivabletline period the limitation

on man's use of energy will not be due to the illuount of energy

stored in the earth or the sea or in space. That is, the

potential energiesfrom breederreactors, fusion, and the sun

are enormous. Rather, the limit will most probably originate

from man's inability to convert this energy into a useful form

at acceptablecosts, or from his unwillingness to accept some

of the consequenceswhich may accompanythe ｣ ｾ ｮ ｶ ･ ｲ ｳ ｩ ｯ ｮ of these

sourcesof energy into useful work. These consequencesmay

be in the form of a broad spectrumof ･ ｮ ｶ ｩ ｲ ｯ ｬ ｾ ･ ｮ ｴ ｡ ｬ effects

(with the term environment used here in a very general sense) or

in the form of unacceptablerisks - many of which will be

poorly understood,vaguely perceived, or even hypothetical.

Some of theseconsequencesmay be primarily global in nature,

but a majority of them, although having certain universal

characteristics,derive a specific lueaning only when related

to a given region or human environment.
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A secondor perhapseven more controversialaspectof

man's future energy ｳ ｹ ｳ ｴ ｾ ｮ ｳ is their relationship to economic

growth and well being. Are there global or regional limits to

our energy ｳ ｹ ｳ ｴ ｾ ｮ ｳ ＿ If there are limits, how can these systems

be designedso as to maximize human welfare? What would be

the economic consequencesof such limits for the less energy-

intensive countriesor regionsi for the less-developedregions

and countries? Will theseregions need to consideralternative

energy systems, e.g. solar or low-energy technologies? These

questionsof energy resourcemanagementcannot be answeredfrom

a purely global perspective.

B. Integra:cedEnergy SystemModelling and Policy Analysis -

An ApPlied ResearchTheme

In simplest terms, the researchproject describedhere is

the developmentand the comparisonof a set of casestudies of

regional energy systems. Within this contex'c, "regional"

is rather ill-defined, and really means an energy system of

limited size such that one can examine its characteristicsin

a reasonablydetailed way so as to provide a degreeof dis-

aggregationsufficient to allow significant policy analysis.

In the caseof the Wisconsin regional study, a prototype

energy system for this researchproject, the region was the

Stateof Wisconsin (4). In the caseof a smaller nation,

the region may be the entire country.

The primary purposesof the study are a:i: least three-fold:

(1) 'fo identifV ･ ｸ ｩ ｳ ｴ ｩ ｬ ｬ ｾ ｲ patternsof regional energy use

and supply at appropriatelevels of disaggregation.
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(2) 'rO CGi.TI?o,:.ce a1"i:ernativemethodologiesfor regional

energy ｦ ｯ ｾ ･ ｣ ｡ ｳ ｴ ｩ ｮ ｧ Ｌ planning, and policy development.

(3) To use the a.oove methodologies-to examine alterna'te

ｾ ｯ ｬ ｩ ｾ ｹ strateaiesfor each of the regions, to

8J{i)101:e their imi)lications from various perspectives

USLlg setsof ｩ ｮ ､ ｩ ｾ ｡ ｴ ｯ ｲ ｳ related to environmental

:LlL1.l)(J.C'C3, energy U3e ･ ｦ ｦ ｩ ｣ ｩ ･ ｩ Ｑ ｾ Ｎ ｉ Ｌ etc., and to evaluate

the adequacyof the alternativemethodologiesas

policy -tools.

Out of ｴ ｨ ･ Ｌ Ｎ ｾ ･ above ｴ ｨ ｾ ｣ ･ ･ items should evolve improved

methodololjie:J for Ｈ ｾ ｬ ｬ ･ ｲ ｧ ｹ systeil1S researchand policy analysis.

The c:ompa:cad.veme-tl10d, intersectingthe different disciplines

and nations uhic.:h VJould be involved in this project, should

serve as a powerful ｾ ｯ ｯ ｬ to the mutual benefit to the partiei-

pating llatiOi.l3 as \'lell a.3 1:0 other countries facing similar

energy problems. l't could also serve as a ｰｲｯＢ｣ｯｴＮｹｾ･ for similar

studie3 Oil othor ｾ ｣ ｳ ｯ ｵ ﾣ ｣ ･ Ｓ such as materials,water, air, i.e.

as a vehicle for devel0011entof an approachfor lioproved

II. The Resea:cchP:coqram

Case studieshave proven to be a pm-lGr£ul tool for the

iocu3ing oi Ｚ ｣ ･ Ｚ Ｓ ･ ､ ｲ ｾ ｨ a.-t XIl\SA " pa:cticularly bE;causeof the,

-applied ｭ ｾ Ｇ ｩ Ｚ Ｎ Ｚ ｨ ｯ ､ ｯ ｬ Ｈ Ｉ ｧ ｹ ｾ Ｑ ｩ ｬ ､ dle.conceptualdevelopmen'i:.swhich have

been emerging irom such studies. The unusual l1ai:ure of ｴ Ｎ ｨ ｾ

IIASA institutional structure, researchaonosphere,and staff
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compositionmake it imperative to very carefully select these

applied problems. Severalobvious criteria presentthemselves

as a basis for the selection. Among the more prominent are:.

(1) The case studiesmust lie within a set of applied

problems from a generaluniversal class.

(2) Each should be reasonablydefined with a good data

base.

(3) There should be an identifiable user for the output of

the study, ideally policy as well as scientific clients.

(4) ｾ ｡ ｣ ｨ stucy should have enough innovative possibilities

to extend certain fundamentalmethodologicaland

conceptualissues.

(5) The study should provide an opportunity for a strong

interrelationand rich interaction among several

disciplines and groups at IIASA.

(6) The study must be of a scope and size that it can

yield meaningful results_in a reasonabletime period.

Within the current IIASA personnelframework, this is

of the order of one year.

(7) The study would ideally build upon the work of already

existing projects external to IIASA.

Each of the above critera has been consideredduring the

design phaseof the project describedin this paper. It is

believed that the project as describedbelow goes a long way

towards satisfying most if riot all of thesecriteria.



-8-

B. General ResearchFormat

A small team of IIASA scientists,cutting acrossseveral

existing ResearchGroups, has been responsiblefor the initial

structureof the researchproject. This core group is develop-

ing a working relationshipwith energy researchprojects in

several IIASA member countries. The three researchgroups which

are collaborating in the first phaseof the IIASA Research

Program are:

(1) The Energy Systemsand Policy ResearchGroup of the

Institute for EnvironmentalStudies, University of

Wisconsin - Madison, U.S.A.

(2) Institut fur Energetik, Leipzig, German Democratic

Republic.

(3) Institut Economiqueet Juridiquede l'Energie at the

University of Grenoble, Grenoble,France.

Discussionsfor later participation are also underway with two

additional researchinstitutes in other IIASA member countries.

Each of the collaborating institutions was chosenbecause

it has an active researchprogram which studies energy systems

from a broad resourcemanagementperspective. Equally important

in the choice of the collaborating institutions is the greatly

different planning and policy framework in the respective

countries.

The overall interaction between IIASA and the collaborating

institutions is shown in ｆ ｩ ｾ ｵ ｲ ･ 1. The core IIASA staff will

work closely with each collaborating institute, and membersof

each of thesewill spend some time at IIASA. As indicated in
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A

EXisting Project
j_n Collaborating
Institution (Univer-
sity of Wisconsin)

｜ ｾ

ｍ ｏ ､ ･ ｬ ｓ ｾ ｾ
Data; ｾ
Personnel "\'" ｾｾ ... ｾ",. ,.

ｾ Ｎ -'""

//
//

//
/ fL

D

Projects Under
j Development in I

Member Countries, '

B

Existing Project
in Collaborating
Institution (Institut
fur Energetik, Leipzig)

C

Existing Project in Collab-
orating Institution (Institut
Economique'et Juridique
de l'Energie, Grenoble)

Figure 1 Interinstitutional Relationshipswithin the

IntegratedEnergy System Project
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Figure 1, there will be an interinstitutional flow of models,

data, and personnel,with the latter being exchangedeither on

a very short-termbasis or in some casesfor a longer period

of time. For example, personnelfrom one of the collaborating

projects may spend some weeks at IIASA. As shown in the dotted

square, planning for a followup phase is already underway, with

existing energy projects in other member countries preparing

for participation.

Emphasiswill be given to comparisonas a method for

illumination 6f the salient characteristicsand differences

among the regional energy modelling and policy analysismeth-

odologies. The comparisonswill be achieved through a research

program ｷ ｨ ｾ ｣ ｨ includes the researchstagesshown schematically

in Figure 2. These are discussedbelow in more detail.

(1) Communication

One of the keys to this researchprogram is the estab-

lishment of communicationbetweenalreadyexisting research

projects. It is important that the researchnot be diluted

through the inclusion of too many researchinstitutes -- although

the number could be expandedas the researchcontinues if it

appearsdesireable. Effective communicationhas ｡ ｾ ｲ ･ ｡ ､ ｹ been

establishedbetweenthe initial three collaborationresearch

groups. These three integratedenergy researchprojects will

form key componentsin the study.

As the researchstructureevolves and we gain some ex-

periencewith handling comparativequestionsof data, models,

policy evaluationsetc., periodic reports will be issued to



communicationiDefinition
with existing of the
projects comparisons

(6 )

Multinational
Workshop

(1) (2 )

""
Followup
Phase

(with other
cOl::lntries)

" "-

"

New Data
.Systems

(3) H (4)
I ,Conformable Comparisonof

energy data models and
basis planning framework

'1l
/

/

------I

I

(5 )

I IDevelopment of new models,
methodologies,and concepts
for energy systemmanagement

I
ｬｾ
.f-'

I I
I

_-:--------------.------1

Figure 2 Stagesof the IntegratedEnergy SystemResearchProgram
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provide a basis for the developmentof a Followup Phaseto

the project with anQther set of countriesor regions having

greatly different energy systemcharacteristics.

(2) Definition of the Energy System Comparisons

This work will define those areas in the energy systems

which will be modelled, compared, etc. This is an important

stageof the researchsince it will structuremuch of the

activity in the coming months. Included in the definitions are

the general questions:

Which models will be analyzedand to what degree? Demand?

Supply? Environment?

How much effort will be devoted to building new models

or modifying existing models?

What data will be required for meaningful analysisof

the models and for a comparativepolicy analysis?

What policy questionsare appropriatefor evaluationof

the models?

Some of the above questionshave already been answeredwhereas

otherswill be discussedat small working sessionsin April

and May of 1975 with participationby the IIASA core group and

each of the collaborating institutions.

Section III of this report describesa proposedstructure

of theseresearchcomponents, including areasof focus, data

requirements,suggestedapplication and developmentmodels,

etc. This proposedstructurewill be discussedat the April
I

and May working sessions.
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(3) ConformableEnergy Data Basis

In order to understandand evaluatethe utility of

the various methodologiesfor forecastingplanning and policy

analysis, it will be necessaryto work with consistentsets of

data. The developmentof consistentsetswill require effort

very early in the researchprogram. Examples of these sets

would be time seriesof energy demand in each of the sectors,

energy prices as function of time, etc. This is discussed

further in Section III.

(4) Comparisonof Models

After the areasof comparisonare defined, e.g. supply,

demand, environmentalimpacts, the tools used by each of the

participatingprojectswill be comparedaccording to metho-

dology, areasof application, constraintsfor usage, domains

of applicability, etc. IIASA would playa major role in this

comparison,area.

(5) Developmentof New Models, Methodology and Concepts

This phaseof the researchrepresentsone of the

rewards - the possibility of the synthesisof the methodologies,

of new conceptsarising from the mutual exposureof the scientists

to alternativeconcepts,of imaginative new researchdirections.

At the presentearly stagesof the researchit is too early

to predict what the payoff might be in this area. However,

already it is clear that exchangesof models or model components

are occurring.

(6) Multinational Workshop

The project will culminatewith a five-day workshop at
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IIASA tentatively scheduledfor November 3-7, 1975. Cross-

comparisonswill be carried out with various combinationsof

models and policies applied to each of the regions. Participa-

tion in the workshop will include energy experts from each of

the regions, IIASA scientists,and policy-makers from each of

the regions. The workshop is describedin Section IV below.

As indicated in Figure 2, there are certain feedback

loops within the overall structureof the researchprogram.

New data systemsand improved models will hopefully be the

result of certain phasesof the researchprogram. In addition

as shown in the diagram it would be possible for the project

to have followup phaseswith other countries or regions be-

coming successivelyinvolved, using the collaborationof the

first three countries as a prototype approach. During some

of the earlier discussionson this researchproject, consider-

ation was given to including a developing country in the follow-

up phase. An additional suggestionwas that the methodologybe

extended·to other resourcesin addition to energy. These two

considerationsare under active discussionwithin the IIASA

core group.

III.A ProposedDisaggregationof Regional Energy Systems

To provide an initial working structurefor the design

of the researchprogram, including (1) the evaluationand choice

of models to be included in the research, (2) assessmentof

data availability, and (3) ｾ ｨ ･ formulation of appropriate

policy questions, the componentsof an integratedenergy system

have been laid out according to the structureoutlined in Table I.
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As a tentative basis for the more detailed structure

of the researchーｲ ｯ ｾ ｲ ｡ ｭ Ｌ each of the macrocomponentsin Table

I is laid out in more detail in the following subsections.

These structuresare proposedas a vehicle for implementing

comparisonsof the case studies,data sets, models, etc. They

should be viewed only as a starting point for discussion.

A. Energy Demand

Each of the initial three regions would appear to have

significantly different patternsof energy ､ ｾ ｭ ｡ ｮ ､ Ｎ Further-

more the demand forecastingand planning proceduresin each

of the three differ greatly. For this reason, a practical

initial step is to provide a descriptiveframework for the

componentsof demand. A secondstep would then be the spec-

ification of the quantitativetools used to describeor fore-

cast thesedemands in the future within a specific planning

processat some level of disaggregation(which may differ

from the level used for descriptivepurposes)•. A third step

is\ ｾ ｨ ･ examinationof appropriatepolicy questionsassociated
ｾ

with ･ ｨ ｾ ｹ demand. Each of these three stepsor components

of the demand question is describedbelow:

(1) Descriptive Structure

A generaldescriptivestructure is shown in Figure 3

where the demand processesare categorizedaccording to

economic sector, physical process,and fuel type. The dif-

ferencesand similarities in demand patternsacross the regions

should be of great value in developing the conceptof national
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*ｯｾ regional "energy indicators" , i.e. coefficients or

parameterswhich could be useful indices in evaluating the

stateof a broad spectrwaof energy systems.

In the descriptive frmnework of Figure 3, the questionof

dimensionality in tilae and spaceis a key one. An initial step

(designatedhere as the zero level of complexity) would be to

specify annual demandsfor each of the three regions.

Figure 3 Descriptive Structureof End-Use Energy Demand

PilYSiCA,L
PROCESS

(:':CONOMIC-----

*Within the more general context of enviroluuental ｭ ｡ ｮ ｡ ｧ ｾ ｮ ･ ｮ ｴ ｹ
theseare analogousto the "Ecological Reynold's Numbers"
referred to by Holling (5).
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A "first level" complexity would include more disag-

gregation in space in time, e.g. seasonaldemandsand demands

according to urban and rural locations. These would be useful. .

in evaluatingapproachesto land use planning. A second level

of complexity might associatethesedemandseven more explicitly

with given societal activities. The appropriatechoice and

definition of these levels of complexity should evolve during

the early stagesof the researchprogram.

(2) Comparisonand Evaluation of the Energy Demand Models

One of the important outputs of this researchwill be

a better understandingof the applicability of various demand

modelling approachesunder a wide range of conditions and of

the need and opportunitiesfor new techniques. As an initial

basis for this discussion, the classificationand descriptive

framework suggestedby Charpentier (6,7) at IIASA has proven

very useful. Representativeof the types of characteristics

in his classificationsare:

i) Type of Model

Econometric (Correlation)

Optimization

Simulation

Scenarios

Input-Output (Static and dynamic)

ii) Other Characteristics

Linkage to the economy
I

Linkage to supply

Disaggregationin time and space

Input Data Requirements(disaggregation,etc.)

Ontout
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The linkage of thesemodels to national and regional

energy systemswill ,be of great interest.

(3) Some RepresentativePolicy Questions

Within the framework of the modelling and planning tech-

niques used in the regions1 severalpolicy questionswill be

posed with the objective of evaluating the applicability of

the array of policy analysis tools that emerge from the research.

A few representativepolicy questionsare:

- What effect would the phased introduction of specific

techniques (e.g. greaterreliance on mass transportation,

(or the auto), modified building or urban designs,

modified agricultural technologiesetc) have on energy

demands?

- What would be the consequencesof a gradual and long term

transition to a high1 low or zero energy growth society

(as describedin the recent Ford Foundation'sEnergy

Policy Projec-t Report)?

B. ｅ ｮ ｾ ｅ Ｒ ｌ Ｒ Ｍ ｮ ｾ ｾ ｾ ﾣ ｾ Ｑ ｅ Ｌ Ａ Ｍ Ｌ ｾ ｕ ｬ Ｚ Ａ Ｍ ｾ Ｑ ｅ Ｒ ..ｾ］ＮＬｾｾｓＡＮＹＡＺ

Becauseof the special importanceof food production,

processingand distribution in the world today, and because

of t.he important role vlhich energy plays in the food system,

special emphasisis being given to food-energy relationships

wi thin the IntegratedEnergy System ResearchProgrcull.

(1) Major ｏ ｢ ｾ ･ ｣ ｴ ｩ ｶ ･ ｳ

The major objectivesof the agricultural energy UBe

comparisoncan be divided into two components:
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(a) Descriptive - To examine the differencesand similar-

ities of energy use in the agricultural sector for

the study regions. This would be done by looking at

patternsof energy use in ｴ ｨ ｾ crop production and the

livestock production subsectors,and the interrelated-

ness of energy use betweenthese two subsectors. If

data permit, the food processingsubsector energy

use should be included here in agriculture. The rel-

ative division of energy use in each of the agricultural

subsectorswould also be described.

(b) Policy - To examine specific food-energypolicy

questions,e.g. what potential is there in theseregions

for energy conservationin the agricultural sector

without causing a loss in crop yields and without

greatly expanding crop acreage. Environmentalcon-

siderationswould playa role here, since some strat-

egies of energy conservationmight be more conserving

ｾ ｦ the long range ecological, productive potential of

the land than others.

(2) General Overview

Figure 4 shows a sample block diagram of the types of

componentsand pathways that could form the core of the agri-

cultural sector'senergy use comparisonand analysis. In the

diagram, direct energy use and indirect energy use are noted.

Direct energy is, for example, the per hectaregallons of gasoline.

Indirect energy is, for example, the energy required to produce

fertilizer.
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There are four major areasof data of interest:

(a) Productionand land use (e.g. hectaresof land in

each major crop and production for each major crop).

(b) Energy use per unit of production Ｈ ･ Ｎ ｾ gallons of gas-

oline/hectare/year,hours of labor input/hectare/year).

(c) Flow of agricultural material (e.g. agricultural pro-

duction used locally, exported, imported, used for

feed, or going to food processing).

(d) Food processingenergy per unit of production (e.g.

kcal/unit output or kcal/unit of value added).

It is felt that (b) above will be one of the most interest-

ing and important data sets for an extremely meaningful study,

yet it will be one of the most difficult data sets to develop.

c. Energy Supply

In the energy supply area, a researchstructure is suggested

similar to that describedabove for demand, i ..e. descriptive,.model

comparison, and policy analysis. Each of these three is described

briefly below. The suggesteddescriptivestructure, based

upon previous work at IIASA, is presented.

(1) Descriptive Structure

In general, energy supply shouldbe specified by type,

origin, and special characteristics,e.g. energy content,

important impurities such as sulfur content, etc. A reasonable

time seriesof thesedata, as well as cost information over

that time period, would be useful. For the purposesof some

specific policy questionssuch as feasibility of district heat-

ing, energy recovery from waste products etc., some locational

information might be useful.
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(2) Comparisonand Evaluation of the Energy Supply Models

As in the Demand Section above, there are several

categoriesaccording to which the supply models can be described

and compared. A more tightly structuredcomparisonshould

evolve in the courseof the study. Some initial stepsare

already underway in connectionwith two well-known supply

models, the model developedby Finon et al at Grenoble (8,9)

and a model developedand applied at IIASA (10). Both of

thesemodels are basedupon optimization proceduresinvolving

linear programming techniques. It is proposedthat these

models can be exmained for their applicability to the regional

energy supply questionsof interest here. The supply models

in use at the Institut fur Energetik in Leipzig (11) are also

based upon optimization procedures:as further information

about the Leipzig models become available, they will also be

analyzedfor generalapplicability in the regions.

To provide a basis for further discussionin the supply

area, the basis of the IIASA supply model and the require-

ments for its application to the one or more regions is

describedhere.

The IIASA Supply Model If it is assumedthat the energy

system is comprisedof m energy suuply categories (coal,

oil, nuclear etc.) and 11 demand categories (transportation,

household,etc.), then the question arises how to allocate

the supplies in an optimal way to the demands. Here the tenn

'optimal' has to be defined still. It is clear that not

every supply category can meet every demand (e.g. electricity
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cannot be used for air traffic) and in addition, there exist

competitionsfor the supply as well as for the demand side.

This means that boundary conditions have to be taken into

account. Furthermore, if one ｣ ｯ ｮ ｳ ｩ ､ ｾ ｲ ｳ a planning horizon

over severalyears, and optimizes the allocation for each

year separately,then changesin tne allocation may occur

which cannot be tolerated from some economicalor other point

of view. Problems of that kind may call for an iterative

procedure.

The IIASA model has been developedby Hafele, Manne and

Shikorr (HMS) for the study of the optimal supply of energy

for a model society over a planning horizon of 75 years, going

through a transition from fossil to nuclear fuels and using

total discountedcosts as an objective function. In a contin-

uation of that work, Suzuki and Avenhaus (12) used Hoffman's

demand estimatesfor the U.S. through the year 2000 (13) and

analyzedif and under what circumstancesthe energy supplied by

the HMS model could meet the energy demand of the different

demand categories. In contrast to Hoffman's work and according

to the HMS model, different points of time were considered. An

illustration for the supply and demand categoriesused in

referenceis given in Figure 5. In addition Konno 'and Srinivasan

( 14) , and Suzuki and Schrattenenholzer(15) have carried

out numerical calculationsin order to study the sensitivity

of some of the more important parametersof the models. It
I

is not appropriateto report here on the details of these

results, but insteadan outline is given to show what is nec-

essaryfor similar studieswhich could be used for comparative ...
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pu.rposes.

The following information and data are necessaryto study

supply problems along lines similar to those carried out at

IIASA as describedabove:

i) Demand and supply categorieshave to be specified,

dependingon the degreeof aggregationnecessaryand

possible for the whole study, as well as projections

for the totals of the supply and demand of the different I

categoriesover the whole planning horizon.

ii) The planning horizon as well as the time steps for the

optimization procedure (e.g. 1975-2025,with 5 year

time steps).

iii) The optimization criterion.

iv) The allocation coefficients from each supply to each

demand category (e.g. unit cost if the optimization

criterion were costs).

v) All the boundary conditions to be taken into account,.

both qualitatively and quantitatively, also projected

over the whole planning horizon.

D. The Solar Supply Option

Solar energy is eme:J::"ging as a strong contenderfor playing

a major role in future energy supply systems. For this reason,

and becauseIIASA has an active researchprogram investigating

the severalaspectsof the solar supply option(16),it will be

consideredexplicitly in thi,s researchprogrclJl1.

.In prinicple solar energy can be convertedvia a large

menu of technologiesto heat, electricity, shaft horsepower
...
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and synthetic fuels. None of these has achieved the status

of a fully commercializedtechnology with the exception, on

a relatively small scale, of domestic water heating. Domestic

solar water heating provides about ｯ ｾ ･ fourth the people in .

Isreal with hot water. Smaller but still substantialnumbers

of people in Latin America, Australia, New Zealand and Hawaii

also use such devices. Solar spaceheating and cooling systems

are now marketed in the United Statesand will soon also be

marketed in Japan. Under some considerations(available front

end capital, for example), such systemsare cost effective on

a life-cycle cost basis when comparedwith oil heating or

all-electric resistiveheating.

(1) Objectives

-

- To develop and evaluateresearchmethodologiesfor

the assessmentof the potential of solar conversion I

systems in specific regions and human settlements.

- To test these assessmentproceduresin the regions
i

collaborating in the IntegratedEnergy System Project'.

(2) Methodology and Models

IIASA has made a major commitment to evaluating the

solar energy option as a long term major energy source for

mankind (16), with particular emphasisupon its application

to Europeancountries. An array of methodologiesare being

developedto implement the following evaluationtasks:

- Technical and economic characteristicsof various

solar conversionsystems

Land costs and availability; solar conversionsystem

site identification
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- inputs of large scale deployment of solar conversion

systems

Thesemethodologiesdevelopedat IIASA will be applied to the

regions under study in the integratedenergy systems.project.

In addition, solar energy expertisefrom some of the col-

laborating institutions will be utilized. In particular the

Solar Energy HesearchGroup at the University of Wisconsin (l7)

will provide expertisein the area of solar heating and cooling

in buildings.

The general approachwhich is proposedfor the Integrated

Energy SystaTIs Project is as follows:

(l) Data specificationand collection for each region.

(2) Evaluation of siting potential in each of the regions,

basedupon technical, economic, and regional information.

(3) Developmentof scenariosfor high, medium, and low

technological implementationof solar energy systems

of a long term planning horizon Ｈ ｾ Ｕ Ｐ years) with

particular attention to the overall energy supply

systemmix.

(3) Preliminary Data Requirements

It. i3 believed that a zero order assessmentcan be made

using the above approachwithin the time and resourcecon-

straints of this projec·i:. This would involve only a prelilninary

look at. the availability of land, sunlight and water, as well

as at the current and projectedpatternsof energy use.

This would require the folloWing types of information:
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Land Use Patternsand Physical Geography

Types of land, e.g. agriculture, forests, pasture,

settlements,etc.

Availability and economicsof land

Climatic variables, e.g. precipation (type and amount),

sunlight (direct and diffuse plus cloud

cover indices), wind patterns (frequency

and speed)

Soil Types and Slopes

General Information about the In£rastructureof the Regions,

most of which would be in connectionwith the energy demand

models (Section III.A of this working paper).

(4) RepresentativePolicy Evaluations

Is solar energy at all feasible for each region?

Is anyone particular solar technologymore attractive

and should it be investigatedin more detail? Is further

researchwarranted?

E. Environmental Impact

(1) Major Objectives

The major objectives of the environmentalimpact

comparisoncan be divided into three components.

(a) Descriptive - To examine differencesand similar-

ities of the envirorunental impacts connectedwith

energy use in each of the regions, looking for both"

intuitive and cpunterintuitivepatternsof dif-

ferencesand similarities, given the different

patternsof energy use in the regions compared.
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This will be of interest to policy concerned

ｷ ｩ ｾ ｨ enviromnental impact forecasting and

planning.

(b) Model Comparison- To coppareand develop some

IIgrossll measuresof environmentalimpact that

are meaningful in the assessmentof policy and

planning. For what measuresis the ｾ ｩ ｭ ｰ ｡ ｣ ｴ Ｏ ｾ policy

more easily differentiable, ｴ ｨ ･ ｲ ･ ｦ ｯ ｲ ･ ｾ providing

a better impact indicator for planning.

(c) Policy - To examine specific policy questions,e.g.

what effect would certain environmentalstandards

have on energy use, and to examine how .environmental

impact is viewed and assessedat the policy level

in the different regions.

(2) A Structm.:-e for Ilfipaci:: Analysis

Figure 6 gives a proposedstructureof the different

pathways to be consideredfor an environmental impact analysis,

with a key word or phrasefor each step.

(a) Input Data - It would be most ､ ･ ｳ ｾ ｲ ･ ｡ ｢ ｬ ･ to have

data available to be able to evaluateeach.pathway

1-8 shown in Figure 6. General areasof data needs

are:

(1) Geographicaldata (e.g. city populationdensity)

(2) Meteorologicaldata (e.g. wind statistics,

atmosphericstability statistics)
I

(3) Pollutant anissiondata (e.g. emissionsfrom

tall stacks, emissionsfrom spaceheating)

.....;
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Figure 6 Pathways for Environmental Impact Analysis*
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These pathways encompassthree geographicscales:

(a) local impacts

(b) regional impacts

(c) impacts outside of the region due to use of
energy in the region

The main emphasisis on the society and not the individual person

This structureis essentiallyidentical to that used in the

Wisconsin Regional Energy Model (18).
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(4) Results of monitoring data (e.g. S02 measure-

ments)

(5) Economic and fuel use data (e.g. different

fuels used for spaceheating, value added)

(b) Output

Depending on the data available, the output could

be one of several levels of ｣ ｾ ｮ ｰ ｬ ･ ｸ ｩ ｴ ｹ Ｎ For example,

the within region output could be:

(1) Zeroth level - total emissionsfrom each sector

(2) first level - zeroth level with simple dispersion

(3) second level - Zeroth and first levels with

measurementsand more complex dispersionconsid-

erations.

Additional output would be further impact attributes

such as:

(1) potential health impact

(2) potential economic impact

(3) severity of impact VSo importance

(4) short term vs. long term impacts

(5) societalvs. individual impacts

(6) geographicdistribution of impacts

(3) Typical Policy Questions

Policy questionshave several levels of complexity.

For example:

(a) first level - What consequences\"lOuld environ....

mental standardshave for energy use?

(1) with zeroth level output above?

(2) \'lfi th first or second level output above?
, I
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(b) second level - For a given set of dispersion

and cost information, what would be an economically

optimaL standard?

IV. Tentative Preparationand Structureof Major Workshop

As describedin Section II, the final stageof the First

Phaseof this project would be a major comparativeworkshop.

This workshop is scheduledfor November 3-7, 1975. In the

workshop, which will be precededby severalmonths of model

and data preparation,etc., cross-comparisonswill be carried

out with various combinationsof models and policies applied

to each of the regions.Table .11 below gives the generalpicture

of the nature of the workshop.

It is believed that the examinationof these scenarios

for three or more regions, each differing greatly in their

energy systemscharacteristics,can lead to a much better

understandingof the systemsthemselvesand the methodologies

with which we study the systems. If only partial successis

achieved in the objectives, then the results of this research

will be extremely valuable in moving on to other resourcesystems,

including not only those of industrializednations but also

pointing toward systemsanalysisof energy and other resource

systemsin the developing countries. It is this later point

that is implied in part C of Item 6 below, "global feasibility

maps", that is, the extensionof these systemsanalysismetho-

dologies to other regions of the world.
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Table II. ProposedStructureof Multinational Workshop

1. Basic Method of Cross ｃ ｯ ｭ ｾ ｲ ｩ ｳ ｯ ｮ

Regional Group
ABC

I
ｾ
o

.r-! II
tn
<IJ
ｾ III

2. Energy System ComponentsConsidered

Regional Group

(a) Ext. \vorld

1. Fixed
2. Driven by World

Model, etc.
3. •

(b) Energy Demands

1. Aggregated
2. By sector and

processes(e.g.
agriculture,heating)

3. By fuel
4. Feedbackfrom supply

(c) Supply

1. Primary fuel
2. Secondary (e.g.

electricity)
3. .

(d) Envirorunental Impact

1. External to region
2. Internal
3. Land use

(e) Socio-economic

1. Population
2. Jobs/Energyindices
3. Energy costs
4.

A B C

'.
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3. StandardizedDatil Base

I

(Developed and distributed well before workshop)

Region
II

a. Energy Demands

b. Supply

c. Socio-economicvariables

III

4. PossibleBasis for Comparisonsof Models and Policy Analysis

Methodology

(a) Similarity or differencesin short and long range projections

(b) Effects of disaggregationlevels

(c) Effects of special components,e.g. feedbacks (price,
environment?) between supply and demand

(d) Breadth and depth of policy alternativesaccommodated

5. Types of Recommendationsto be Produced

(a) Data adequacyand needs

(b) Disaggregationand feedback

(c) Critically sensitiveareas

(d) Breadth of options analyzable

(e) Implications of alternatepolicy objectives

(f) Researchpriorities

6. Output of Workshop

(a) Proceedingsof workshop including data bases,models,
evaluations,policy tests, comparisons,recommendations,
etc.

(b) Recommendationsfor further research,possible followup
workshop extensionto other countries.

(c) Global feasibility maps for applicationsof this approach
to other regions, including developingcountries.

...
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V. ProposedSchedulefor the ｾ ｾ ｳ ･ ｡ ｲ ｣ ｨ Project

One of the criteria listed in Section 1 was that a project

be implementedon a ｾｩｭ･ scale consistentwith IIASA's "stability

and resilience" characteristics. Presentedbelow is a prelim-

inary schedulefor this project.

Jan - Feb. 15, 1975

Feb. 17-20

Feb. 20 - March 10

Late March

Early April

Mid-April

May 1

May 19-23

July 1

November 3-7, 1975

November, December, 1975

Project definition and preplanning
at IIASA

Planning Sessionwith University
of Grenoble

Exploratory planning sessionwith
Institut fur Energetik, Leipzig

Report from Grenoble on Adequacy of
data for Rhone-Alp Region

Exploratory sessionswith other
potential ｰ ｡ ｲ ｴ ｩ ｣ ｩ ｰ ｡ ｴ ｩ ｮ ｾ regions

SInall one-day \wrking sessionin
Vienna with representativesfrom
each participating country

Definition of areasof model compar-
ison, data ｲ ･ ｱ ｵ ｩ ｲ ｾ ｮ ･ ｮ ｴ ｳ Ｌ hypothetical
policy questions.

Working Paper describingproject,
ｳ ｴ ｲ ｵ ｾ ｴ ｵ ｲ ･ Ｌ objectives, etc.

Researchmeeting.at IIASA during
IIASA Workshop on Energy Demand

Preparationof a major paper for
first day of 1975 IIASA conference

Major workshop with the 3 countries
participating, including policy
makers.

Publicationof workshop proceeding.s;
Evaluation of First Phaseof project ;
ｔｾ｡ｮｳｩｴｩｯｮ to Followup Phase
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