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This1paperis one of a seriesdescribing a multidisciplinary

IIASA researchprogram on IntegratedEnergy SystemModelling

and Policy Analysis. The initial phaseof this researchprogram

is focused on the energy systemsof three retions: the State of

Wisconsin in the U.S.A.; the German Democratic Republic; and the

Rhone-AlpesRegion in France. ｾ ｨ ･ primary purposesof the study

are at least three-fold:

(1) To identify existing patternsof regional energy use

and supply at appropriatelevels of disaggregation.

(2) To compare alternativemethodologiesfor regional

energy forecasting, planning, and policy development.

(3) -To use the ,above methodoloqiesto examine alternate

energy policy strategiesfor .each of the regions, to

explore their implications from various perspectives

using sets of indicators related to environmental

impacts, energy use efficiency, etc., and to evaluate

the adequacyof the alternativemethodologiesas

policy tools.

Out of these above three items should evolve improved

methodologiesfor energy systemsresearchand policy analysis.

The ｣ ｯ ｭ ｰ ｡ ｲ ｡ ｴ ｩ ｶ ｾ method, intersectingthe different disciplines

and nations which would be involved in this project, should

serve as a powerful tool to the mutual benefit of the parti-

cipating nations as well as to other countries facing similar

energy problems. It could also serve as a prototype for similar

studieson other resourcessuch as materials, water, air, i.e.

as a vehicle for developmentof an approachfor improved resource

management.

W.K. Foell
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. Starting from the socialist production conditions in the GDR
there arises the posbibility and necessityof entire social plan-
ning. That is due to all ｾ ｰ ｨ ･ ｲ ･ ｳ of national economy including
power industry.

Power industry.influencesall spheresof social life and com-
ｾＮ .

prises winning, .transformation, transportand application of all
energy carriers.
The Ministry for Coal and Energy is responsiblefor elaboration
and realization of national power policy. The base of this sphere
of ｡ ｣ ｾ ｩ ｶ ｩ ｴ ｹ are consideredto be the resolutionsof the Socialist
Unity Party of Germany. The Ministry for Coal and Energy works
according to the principles of economic policy of the country
acceptedby the ｃ ｯ ｾ ｭ ｣ ｩ ｬ of Ministers and is subordinatedto the
Council of Kinisters •

The state rlanning ｃ ｯ ｲ ｯ ｾ ｩ Ｘ ｳ ｩ ｯ ｮ is ｄ ｵ ｢ ｯ ｲ ｾ ｩ ｮ ｡ ｴ ･ ､ to the Council of
1:inisters as the ｾ ｯ ｳ ｴ important staff organ which elaboratesthe
strategyof developmentof national industry and therefore is con-
sidered to be an important partner in the processof planning
power industry.

The Association.of Nationally-OvmedFactories (VVB) of Brown
Coal, Hard Coal, Power Stationsand Power Supply as well as the
Complex of Gas Factory Pl;:mts "SchwarzePumpe" (Black Pump) are
subordinatedto the Ministry for Goal and Energy. The single
producing factories are subordi.natedto the Association of Na-
tionally-OwnedFactories.The Association of Nationally-O\med
Factoriesof Power Stationsfor instancecomprisesthe great
lignite power stations,nuclear power stations, gas turbine
power stations, pumped-storagepower stationsand the grid sy-
stem beginning with 220 kV. The Association of Nationally-Owned
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Factoriesof Power Supply is divided territorially. In each di-
strict there exists one factory of power supply. whereby mostly
two or three of such factories £:.re united to complexesof power
enterprises.To the factories of power supply belong heating
pla.nts, greaterheatingworks. gas works and stationsfor di-
stribution of electric energy, gas and district heat. They are
consideredto be the market organs of power industry for these
energy carriers.

Thus the Ministry for Coal and Energy is responsiblefor the
greatestpart of power delivery. As exclusionsare only to be
regardedthe primary working of mineral oil which falls to the
sphereof the Ninistry of Chemical Industry, the winning of na-

tural gas which is subordinatedto the ｾ ｾ ｮ ｩ ｳ ｴ ｲ ｹ of Geology, and
the industrial power plants in the different branchesof indu-
stry as well as the municipally-ownedheatingworks and other
plants of local significance.

Under considerationof the responsibility for the strategyof
developmentof power industry the Hinistry for Coal and Energy
has to fulfil a double function :

1. It is responsiblefor the delivery of energy carriers by its
subordinatedeconomic units, i.e. about 78 %of total prima-

ry energy.

2. It is responsiblefor realization of principles of rational
use of energy and thus for power policy in all spheresof na-

tional industry and social life, including all energy carriers.

The most important instrument for realization of power policy'
is regardedto be the plan, especially the energy plan. This
plan has been elaboratedｳ ｩ ｮ ｾ ･ more than 10 years by all essen-
tial ｰ ｯ ｷ ･ ｲ Ｍ ｣ ｯ ｾ ｳ ｵ ｭ ｩ ｮ ｧ factories and institutions for annual and

five-year planning.

As the aims of planning are subordinatedto the interestsof
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whole society the processof planning is centrally leaded by the
Government ｡ ｾ ､ is carried through by means of coordination on
all levels of leadershipup to the factories in which working
people playa decisive role in deterrr.ining the figures of ope-
rating plans.

The GDR is a member of the Council of Mutual Economic Aid. The
plano of the member-countries,especially the five-year plans, are
coordinatedwith each other, in order to gain a steady and quick
developmentof national industriesof all socialist countries.

The planning is carried through by means of coordinationover
different periods. Thereby we chiefly distinguish betweenannual
planping, five-year planning and long-term planning which compri-
ses some decadesespeciallyin power industry. In this connection
the forecast of scientific-technicaldevelopmentof single proces-
ses and proceduresin which is to be seena presuppositionfor a
qualified planning, is of great importance.

As starting point for the planning of power industry is regarded
the planning of demand for service energy. In this connectionthere
is necessarya detailed knowledge of developmentof national in-
dustry, above all of intendedproduction of energy-intensivepro-
ducts and of developmentof living standard.Noreover there are
required inforfi.ations about scientific-technicaldevelopmentof
processesin which energy is applied, in order to derive from it

w
the developmentof data characterizingthe specific pder consump-

tion.

By means of the so-calledsubstitutionoptimization model (SOM)

there is electedfrom different possibilities of designing pro-
cessesand of applying energy carriers such a possibility which
results in the lowest social expenditurewith referenceto the
production of a certain assortmentof products.

From the service energy determinedby means of econoffiic-mathemati-
cal models and global methods there are calculatedthe necessary
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total amount of aJ.l energy carriers and the demand for pri-
mary energy in a secondphase of planning.

In the long-term planning an optiffiization model is used which
considersthe jnterlacementof energy carriers between each
other (the ｬ ｯ ｮ ｾ Ｍ ｴ ･ ｲ ｲ ｮ planning comprisesabout two decades).
The application of this model, the so-calledproduction opti-
mization model (POw.) leads to the election of such a variant
combination of energy-winning and Ｍ ｴ ｲ ｡ ｮ ｳ ｦ ｯ ｾ ｬ ｡ ｴ ｩ ｯ ｮ plants, by
which the demand for service energJTcan be coveredwith,a mi-
nimum social ehpenditure.Certainly these calculationsare supp-
lementedby calculationson the ｢ ｡ ｳ ｾ ｯ ｦ global methods, above all
as far as it concernssuch periods exceedingthe year 20000

This ph8se of planning is connectedwith investigationson,
scientific-technicaldevelopmentof proceduresfor Winning,'
transport and trrolsformation of energyo The calculationsrequire
detailed knowlcdges about sourcesof energy available in the
｣ ｯ ｾ ｭ ｴ ｲ ｹ and about possibilities of import. Moreover certain eco-
ｮ ｯ ｾ ｩ ｣ sizes, as investments,wages, prices for imported energy
carriers, are of importancefor the calculations.

After this phase of planning of power industry there are follow-
ing investigationsabout incorporating these results in the de-
velopment of vnl01e power industry, i.e. in relation to the de-
mand for investmentsand manpower, the expenditureon import of
energy carriers and energy equipment and to the factors of en-
vironmental' load. From these investigationson the one hand arise
concrete tasks for scientific-tech-l'lical researches(development
of improved proceduresof winning, transformation, transport
and use of energy etc.) and on the other hand starting points
for new calculationsof service and primary energy.

This iterative processis repeatedup to that time, where is
reacheda sufficient degree of correspondenceof energeticde-
mands with the possibilities of national industry.

A special attention is pa.id to the r'elations betweenpower in-
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dustry and environmentalprotection. The measuresof environ-
mental protection are included in the developmentof national
economy systematicallyin that way that they exercisean effec-

. tive influence on safeguardof social reproductionprocess.
A correspondingexample consistsin a possibly extensiveuse
of waste products as secondarymaterial.

The ｾｩｮｩｳｴｲｹ of Environmental Protectionand Water Economy has
elaboratedmain ftirections for developmentof ･ ｮ ｶ ｩ ｲ ｯ ｮ ｾ ･ ｮ ｴ ｡ ｬ pro-
tection up to 1980. Starting from these directions there are
created'concreteconceptionsfor diEtricts of industrial conur-
bation on the base of socialist legislation for environmental
conservation.

In 1975 two thirds of the investments on environmentalprotec-
tion are conceDtratedupon districts of industrial conurbation
which simultaneously are consideredto be the most important
areasof power industry.
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For understandingthe contentsand mechanismof model system
and the ､ ｩ ｦ ｦ ･ ｲ ･ ｬ Ｎ ｾ ｴ ｩ ｡ ted use "of several sub-modelsthe knowledge
of a uniform basic structure of all optimization models is of
essentialimportance.

Uniform basic structure

The aim of optimization consists in a minimum of total social
expenditureunder considerationof essentialrestrictions.For
that aim servesthe factor of expenditurebeing obligatory for
the whole power industry. BeBides single and current expenditures
this factor contains the demandfor surplus for extendedrepro-
duction qf productive funds (investmentsand extensionof cir-
culating medium) ｡ ｾ ､ the social consumption.Both sizes are
applicable to social average.They are being derived from sizes
of national economy. Social concumptionmeans application of
net income in the unproductive sphere for

- science, as far as it is not directly inteeratedin the pro-
duction,

- public education,

- culture,
- public hygiene and sanitation,
- national defence,
- state adminiE.tration.

The demand for extendedreproductionof productive funds is
regardedby the factor of accumulationq.

q = 1,065 Ｎ ｾ ｣ ｯ ｮ ｾ ｴ in its temporary development

It is related to investments.

The factor of consumptionqk is related to wages. It is consi-
dered to be a temporarily dependentsize.

Year 1971-1975
1,7

Ｑ Ｙ Ｗ Ｖ ｾ Ｑ Ｙ Ｘ Ｐ

1 ,9
1981-1985

2,1 .
1986-1990

2,4
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In practical modeling the factor of expenditureis used in
form of cash-value.

-d n n
AW ］ｾ I. -j + L I. -j+1 + 2- U. -j+1

• q q q0
ｪｾ J j=1 J j=1 J

n n5-, Ｎｾ
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.- j=1 J=1 J
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factor of accumulation

factor of consumption
#

working life
buildinG time up to the be-
gin of yroduction
inc.ex for years

M

M

Mia

Mia

Mia
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Besidesminimization of expenditurethere are to be considered
the following principles :

1. Each expenditurewhich has alrea.dy been realized is not·cal-
culated once more, 1£. that it is not necessaryto take into

account related to ｦ ｾ ､ ｳ sizes as amortizations,gain etc. for
plants which already existedat the beginning of the period of
consideration.

2. The working life of plants is only restrictedby their physi-
cal working life. The calculation of optimization decideson

the economic working life by means of moral wear.

3. There is not allowed any economic double valuation, i.e. there
are only scheduledthose componentsof expenditurewhich are
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flowing to the syGtem from outside in form of investments,
expendituresof material for imported energy carriers and other
raw materials and auxiliary agents, wages and aid from outside.
What concernsenergy carriers being [,eneratedin power industry
they are not furtller calculatedin ｦ ｯ ｲ ｾ of expendituresof ener-
gy carriers.
4. In order to guaranteethe comparability of all elementsof

expenditurethere is taken into account the structure of ener-
gy carriers and installationswhich exist at the end of the pe-
riod of considerationin their infinite effectivenesso

5. The right ｩ ｮ ｴ ｺ ｲ ｣ ｯ ｮ ｾ ･ ｣ ｴ ｩ ｯ ｮ of several temporal points in a pe-
riod of consj.derationis extremely decisive in relation to the

results of ｣ ｡ ｬ ｣ ｵ ｬ ｾ ｴ ｩ ｯ ｮ Ｎ Thereby we start from a real optimization
of periods which permits the mutual influence of all installations
in a range exceedingthe single periods.of the systemo In this con-
nection there is applied the principle of permanentforward 'and
backward calculation •

By this procedureit becomesnecessaryto create such models that
their balancesof material interlacing also comprise the total
space of time. By that way the balancesof the single temporal
points are clearly emphasized.Simultaneouslyist becomespossible
to interlace the technical-tec'(mological,material-technical, .
resource-conditionedand economic restrictionswith each other.

6. Each plant or resourceis scheduledby its efficiency x orien-
tated towards time ( installed capacity or arranged maximum

delivery) and their temporally differentiatedrate of utilization
y. The relations between these two factors are expressedby the
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condition

7. Y-sizes are introducedonly for those temporal points and
plants for which there are to be expecteda rate of utiliza-

tion and operationvarying in dependenceon,time. Besides that
there are applied capacitive sizes Xl which are characterizedby
a ｣ｯｮｳｴｾｮｴ or previously determined ､ ｩ ｦ ｦ ｾ ｲ ･ ｮ ｴ rate of utilization.

8. The registration is not done annually, but only in each n-year.
In the last years for instance there were scheduledthe fol-

lowing years:

1976; 1978; 1980;1985; 1990,

whereby the referenceyear was consideredto be 1975.

9. This gradationmay lead to a distorted reflection of economic
influence coefficients. In order to restrict this appearance

there was modelled a linear developmentof demandand.elementsof
expenditurebetweenspacesof time over severalyears.

This relatively siffiple description of basic structure of models
clearly shows that we start from a consequentconsideration of
spacesof time. The insulatedconsiderationof only one point of
time leads to seriouserror estimations.

Model system

The strategicalmodel systemof power industry in the GDR is
a hierarchic one.

starting point of all considerationsare regardedto be models
which are located on the central level. They consist of the
central production optimization model and the substitutionopti-
mization model (ZPOM and SOM).

The central production optimization model representsa central
model of power industry in the narrower sense.It comprisesall
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plants of winning, transformationand import of energy carriers.
To them belong all plants of
coal industry
gas industry
electroencrgyindustry
primary working of mineral oil
public heat supply
important industrial power plants
and heating plants,
independentlyon their subordinationto a certain level of lea-
dership.

The load of ･ ｬ ･ ｣ ｴ ｲ ｾ ･ ｮ ｣ ｲ ｧ ｹ systemand gas systemis represented
approximatively in steps.
The size of demand is the demand for service energy of the whole
country or the demand for energy carriers ｯ ｵ ｴ ｾ ｩ ､ ･ of power in-
dustry.
This model is used permanentlyfor aims of planning and research.

The substitutionoptimization model is also concentratedon the
central level. It comprisesenergy-intensiveprocesseswhich are
to be decided on central level (i.e. production of iron and steel,
bUilding materials as cement, bricks, aluminium, copper, chlo-
rine, plastic and ･ ｬ ｾ ｳ ｴ ｩ ｣ materials, transport industry etc.)
and energeticmass processes,the principal direction of which
is to be determined.These both central models may be operated
in a single and iterative way or in a mathematicalcoupling.
Each branch of power industry itself which is representedin the
central model has its ovm model. By means of these models it is
possible to simulate the.severalplants and their seasonal｢ ･ ｾ Ｎ
haviour far more exactly. The aggregationis essentiallylower.

The disadvantageof these models consists in the impossibility
to take into considerationall influence sizes of power industry.
Therefore there can only be reachedusable results, if they are
used in the model systemor on the base of calculatedrestric-
tions applicable to whole power industry ( certain exclusions
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are only permitted in the case of, ,special researches).

The third decisive componentare cODcidered to be the ｯ ｰ ｴ ｩ ｾ ｩ ｺ ｡ ﾭ

tion models of territorial structure (TSM). These models opti-
mize power supply to be Qeterminedon terrritorial level. In
this ｣ ｯ ｾ ｾ ･ ｣ ｴ ｩ ｯ ｮ the most important points are regardedto be
supply of population, ｣ ｯ ｾ ｮ ｵ ｮ ｡ ｬ economy and locally led industry.

The ｾｯ､･ｬｳ are ｣ ｯ ｾ ｮ ･ ｣ ｴ ･ ､ with each other by a special coupling
algorithm.
The model system is operatedas follows :

1. On the base of calculationsof central models the sUb-models
get premisesabout highest and lowest limits of demand and
the possible supply of energy carriers. In the same way are
demonstratedthe specific expendituresof energy carriers
which were deliveredfrom other spheresof industry. Thus the
central model (ZPOM) is withdrawn from the further ｰ ｲ ｯ ｣ ･ ｾ ｳ of
calculations.

2. On this base the subdomainsand territories calculateany num-
ber of variants, but at least two.

3. The results of these investigationsand differentiatedva-
riants of the substitutionoptimization model are introduced
into the coupling algorithm in form of variantso The coupling
algorithm is also based on the principle of linear optimiza-
tion and minimization of expenditures.The input of several
variants is done complexly in a rigid material coupling with
the value of aim function. As each double counting must be
avoided the costs of energy carrierswhich were deliveredfrom
other spheresof industry are again eliminated in advance.
For each variant there exist three possibilities :

1 • It is used completely Value = 1

2. It is not used Value = 0

3. It is used partially Value ｾ 0 and

< 1
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It becomesevident that there may arise mixed variants. In the
case of Bixed variants the results are transmittedto sub-systems
for further precessing.It is to be proved under these conditions
whether such a mixture of variants is practically admissible. If
it is admissible the calculation is continued as follows:

1. The optimum variant or combination of variants gets the valua-
tion 'zero' for all energy carriers to be delivered. Simulta-
neously the sub-systemgets the additional expendituresof
sub-optimumreferencevectors of output derived from the coor-
dination model. Thus a counter-proposalmust contain such an
economy that all lossesarining in other ｳ ｵ ｢ ､ ｯ ｝ ｾ ｡ ｩ ｮ ｳ can be
comprehendedby it.

2. The counter-proposalsare taken over into the coordinationmo-
del. Therby the ｦ ｯ ｲ ｾ ･ ｲ variants are not eliminated. That is
why the size of model steadily increaseswitheach step of '.
iteration.

3. The calculation is interrupted, if there is reacheda certain
correspondence｢ ･ ｴ ｾ ･ ･ ｮ the step nand (n + 1).

A special compensatingblock v:hich can cover, take up and reverse
deficienciesand excessesof several systemsat each time leads
to a high flexibility, also ｾ ｾ ､ ･ ｲ the conditions of a relatively
rigid basic structureof gyeral variants in the coupling algo-

tithm.

The utilization of this Dlodel systemis basedon the principle
of democratic centralism. That means that ｳ ｵ ｢ Ｍ ｭ ｯ ､ ｾ ｳ on the one
hand are erectedby those who have the greatestknowledge of sub-
ject, and on the other hand that interestsare subordinatedto
the whole. In dependenceon the number of 'hierarchic ｬ ･ ｶ ｬ ｾ ｳ also
the reaction time increasesessentially.Therefore the model sy-
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stern is characterizedby such a structure that the system can be
applied in SODe combinations, i.e. it is not necessaryin every
case to use the vnlole systemat once.

CorrespondingpreJr..iGesfor sub-modelsby the central model and
coordinationmodel permit abundant'scientific investigations.
In the practical use of modelling results the recognition is of
greatestsignificance that these results,are consideredto be
the starting, but not the final points of complex energeticin-
vestigationscarried through by specialistsof aueral branches.

The results of calculationsmust fundamentallybe analyzedby
groups of experts and mUEt substantially be extendedwith re-
gard to contents.It must not be forgotten that the advantage
of models consists in elaborationof essentialconnections.That
is why the work o,f expertsmust lead to an extensionwith re-
gard to contentswhich on the other hand results in new model
calculations.

We want especially to emphasizethat the work with such econo-
mic-mathematicalmodels is consideredto be the more effective
the more they are integratedinto the processof leading and

and pla,nning.

In the GDR it would be possible to gather good experienceon the
base of ｾ ･ ｴ ｨ ｯ ､ ｳ of long-term energy planning which are described
in this cpntext. The correspondingprocedureswere regardedto
be a valuable aid for the elaborationof strategiesof energetic
development.Thegood results which were reachedin the fulfil-
ment of five-year plans and are basedon the describedmethods
also plead for the quality gaineedin long-term ｰ Ｑ ｡ ｮ ｮ ｩ ｮ ｧ ｾ

In future we shall steadily continue the course taken in the
field of planning of power industry in the GDR. We expect espe-
cial successfrom the further extensionof common planning with
the other socialist cOill1tries in the frame of the Council of
Mutual Economic Aid. That is consideredto be one of the most
important tasks of our future work.
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Part I

A model is always a simplified representationof reality

taken from a certain point of view which reflects the status and

the interestof the modeler (or of the one who is in charge of

it). This way one will find purely cognitive models, in other

words, models meant to improve a knowledge of reality (physical,
,

social cultural ••. ), and decisionmodels, the use of which

would help a person or an institution to make the best possible

decision. In the senseof a similar ､ ｾ ｣ ｩ ｳ ｩ ｯ ｮ field, this ｬ ｡ ｾ ｴ

one will vary along with_the status, the functions, the tem-

poral horizon, the spaceof reference••• of the determining

instance. In dealing with energymatters, for example, one

usually distinguishesbetween 1) the corporatemodels which

help in choosing a commercial strategyor a long term invest-

ment strategy in a given market (coal, oil, natural gas, elec-

ｾ ｲ ｩ ｣ ｩ ｴ ｹ .•. ) and 2) the public planning models put into practice

by a governmentalauthority in order to identify the incoheren-

cies which could be causedby incompatibilitiesbetweenthe

strategiesof the firms. Thus, from one economy to another,

(United States,German Democratic Republic, France), the deci-

sion structure (in other words; the group of relationswhich

tie together among each other the decision centersof which we

have just spoken) changes. Here, the State can limit itself
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to an a posteriori and indirect monitoring of the activity of

the firms, whereaselsewhere,it is actually the State who

determinesthe objectives to which the latter must adapt their

program. In this case, the territory of intervention of the

firms and of the State can correspondto the limits of the

studied region when in another one it can greatly exceed it.

From these few considerationswe maintain that no evalu-

ation of a model can be made, except an evaluationof their

intrinsic coherence,without referring to the objectives and

to the means of the authority by which or in the name of

which the model has beenmade. With referenceto a given

region (State of Wisconsin, GDR, Rhone-Alpes region), the

relevancyof a decision model increasesas a function of the

decision capability existing in the region.

How does the Rhone-Alpesregion fit into the framework of

the economy and of French institutions?

I THE INSTITUTIONAL STRUCTURE

Two aspectsof the French economic and political organi-

zation are of importance for an understandingof the energy

and ･ ｮ ｶ ｩ ｲ ｯ ｮ ｭ ･ ｮ ｴ ｾ ｬ decisions in the Rhone-Alpes region.

In the first place, for historical reasonsthe entire

French decision system is extremely centralized. This accounts

for the State apparatusin which senseall decisionsare cen--

tralized in the high level administration (the ministers)

geographicallyconcentratedin the capital, and also for the

important firms in which the power is also centralizedat the
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registeredoffice, which itself is located in the capital. These

two structures,of which we shall see the overlapping later on,

could be representedby bodies with greatly expandedheads and

with atrophied limbs, reducedto the executing orders coming from

the top(1) . For a long time, the framework of this executionof

orders was the department (Napoleonic creation) of small dimension

(about 90 in France) in order that it could not competewith the

central authority. Recently, a shift has been brought about,

namely the creation of the "Region" which regroupsseveraldepart-

ments (from 4 to 10), dependingon the specific case), but which

does not yet disposeof a true autonomy. In simplified terms, we,

shall thus encounterthe two following decision structures:

Public administration

Ministry of Industry

Enterprise

Registeredoffice of
each enterprise

DICA D. Mines

•
Departmental
level

DGE

Regional
management

Departmental
management

(l)If the least difficulty ariseson this occasion, the depart-
ment or the region refers to the centerwhich indicateshow it
will find it agreeableto overcome the obstacle. If this indica-
tion is not sufficient, the center sends a high official who
settlesthe problem on the spot.
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In the public structure, as well as the planning, the monitor·,.

ing and the ｾ ･ ｧ ｵ ｬ ｡ ｴ ｩ ｯ ｮ are only carried out at the national level;

in other words they are uniform for the group of regions. The

regional and departmentallevels collect information for the

sake of the center and inform the decisionsof the centerwhile

watching their application (2). In the areaof energy and

environment the center does not have any group model available.

It limits itself to arbitration betweenthe decisionstaken by

the firms which, as we will see further on, producesgood national

. models.•..

The secondcharacteristichas referred to the statusof the

corporations. The structureof the energy sector, in other words,

the relationswhich connect the firms between each other, in

this viewpoint, is very particular in this sensethat it differs

from the one of other sectorsof the economic industry. These

latter ones usually consistof a more or less important number

of firms of private national origin. The corporationsof this

type have practically disappearedfrom the energy sector into

the extent where only two types of firms occur(3):

(2)This structure is so very resourcefulthat it is capableof
approachingall the innovations to shapethem to their logic. A
recent study has pointed out, for example, that contrary to all
expectation,the generalizationof the information processingin
French enterpriseshas favored the centralization. cf. Catherine
BALLE - The comput@r, a break in the reforms of structureof en-
terprises,Le Monde, 18 September,1975.

(3)The emergenceof "nuclear" leads, however, towards modifying
this situation since we help to check a part of the sombusticle
cycle by Pechiney-Ugine-Kuhlmanwho representsone of the largest
private French firms.
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- branchesof multi-national firms which control about 50%

of the French petroleummarket;

- public enterprisesor mixed industry, either competing (CFP

and ELF-ERAP in the oil branch) or monopolistic (EDF, CDF,

GDF, CEA, SNAP, CNR ...).

The first ones show a changeableautonomy according to the

structureand the strategyof the firm upon which they depend.

At any rate, they never decide by themselvessince the stakes

are of some importance (large investment in the refining or

the transport, for example)•

For them the Region is at the most a sub-groupof consumers

with which it agreesto consider the characteristics(quantity,

density, rate of crossing) in a model representingthe conditions

of developmentof future sales. The results of the model can

influence the politics of the enterprisein the senseof the

placing of investments.

The secondones'show large power which is, however, far

from being completebecause,their public statusmakes them sub-

ordinate to the State authority. This subordinationvaries,

however, according to the extent into which the enterpriseshows

a monopoly or not (the guardianshipof the State is less constrai-

ning for the firms like CFP and ELF ERAP which competewith the

branchesof the multi-national oil enterprises)and can face or

not its investmentcharges (EDF which had becomemore than 50%

self-financing, had acquired a much larger autonomy than CDF or

GDF). No matter what their exact impact is in the final decision

-- in other words, especiallythe one which concernsnew invest-
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ments -- all these firms resort to models in order to diminish

the uncertaintywhich encouragesthe evolution of their market,

prices of their newly imported materials and ｴ ･ ｾ ｨ ｮ ｯ ｬ ｯ ｧ ｩ ･ ｳ to which

they resort. But thesemodels, as we shall see, are conceived

by and for the center. The regional specificationshave only

been taken into considerationin the form of exogeneousdata and

of restraints:

- probable evolution of the energy consumption

the availabilities in energy sources

- or, in sites and in water cooling for the large installations.

* * * *

Before passingby a short descriptionof models ｰ ｬ ｡ ｾ ｮ ･ ､

and used by the firms in the national plan, one could say a

few words of the ties between the two deuermmingstructures.

It really is the mechanismof the State which came first because

it is a pillar of the entire history of a ｮ｡ｾｩｯｮ dominatedby the

struggle of the center (the monarchy) against the provinces

(the feudal systems). The secondstructure, that of the firms,

has been traced back to the first for reasonseasy to understand.

Since the foreign oil firms have been installed in France, from

the beginning of the century, they have tried to influence a

legislation which has not always been favorable to them, and, in

order to do this, have installed their aerials as close as pos-

sible to the state power. Later on, since the great wave of

nationalizationof 1945, rationalizationwill be synonyme for



- 7 -

uniformization - standardization- centralization •.. as a

reaction against the crumbling away of the mechanismof produc-

tion (especiallyelectricity and gas), which is the result of a

slightly dynamic and slightly concentratedcapitalism. Between

all these heads, the osmosiswill be made ｣ ｯ ｾ ｳ ｩ ､ ･ ｲ ｡ ｢ ｬ ｹ easier

and will be speededup by another aspectof the French central-

ization, namely the uniform fabrication in the large schools of

engineersalso concentratedin the Paris region. Through the

well known and studied phenomenonof the "pantouflage" the

same personnelturns from the direction of administrationsto

the one of the public and sometimesprivate firms.

* * * * *

II - THE MODELS USED IN THE RHONE-ALPES REGION

As had been underlined, the group of economic and in

particular energy activities of the Rhone-Alpesregion does

not consistof an economic systemby ｾ ｴ ｳ ･ ｬ ｦ Ｌ since the insti-

tutional and economic structureof France is very centraliied.

Moreover, no proper energy models exist in the Rhone-Alpes region

and the "majority of the ones which do exist are ｣ ･ ｮ ｴ ｲ ｡ ｬ ｬ ｹ Ｌ ｾ ･ ｰ ｲ ･ Ｍ
<." ...

sentedby French industries. We will, therefore, here especially

deal with models, the spatial area of which is the nation rather

than the region.

1. - The determiningmodels

The majority of thesemodels are very specific and point out

rather the operationalresearchor the simple gestureof enterprises.
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1.1. - The oil branch models

The different oil corporationshave been elaboratedat the

brand level(4):

refining models which optimize the gesture and the running of

a refinery, taken into account its technical characteristics,

oil qualities, the supplies and the production program imposed

by the central office of the society, taking into account its

market in the viewpoint of the refinery. In order to do this,

the changeable･ ｾ ｰ ･ ｮ ｳ ･ ｳ (the buying of unrefined material,

utilities, various products) are reducedto objectivesof

given production, and while taking into account specifications

of products, to the assistanceof programming techniques;

- models of transport and distribution which reduce the trans-

port expenses,and of the availability of different oil pro-

ducts taking into account the siting of refineries, of depart-

mental storageplaces and of main areasof consumption. These

models are mostcftenregional and also use the programming

of the various algorithms.

Much more general and global models do exist which try to

optimize the strategyof oil companiesby planning their invest-

ments of exploration, of refining and of distribution and by

optimizing their strategyof market aquisitions (fuels, white

products .•. ). We must again remind you that half of the French

Qil market is controlled by branchesof multi-national firms of

which the politics of investmentsdependson the group strategy.

(4)see MAURIN - Linearly applied programming - Technip - 1967,
375 ｰ ｾ
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And, with this title, the strategicmodels do not exist at the

French level in ｴ ｨ ｅ ｾ ｳ ･ branches.

1.2. - The gas branch models

In addition to the models which optimize the management

of a gas pipe-line, taking into account the possibleextension

of different regional markets and availability of gas (national

resources,contractsof import), and in addition to models of

reservoir managementwith undergroundstorage in order to

regulate the areasof demand, few models have been developed

in France by Gaz de France concerninggas. One must also

specify that different methodologiestaking the place of infor-

mal models have been utilized either to analyze the competitive-

ness of gas, or to help in choosing the investments.

With the first methodology the outlets of gas have been

studied casesfor caseby consideringthe different areaswhere

it is usable and/or used(S); one determinesa price of equiva-

lence of gas from the price of the competing fuel, while taking

into account the profit of utilization and the costs of equipment

and of exploitation of the usable installations.

With the secondmethodology(6) , "Gaz de France" studies the

profit of investmentprojects; with the help of a test, it deter-

mines amongst the mass profitable operations (in other words

(S)Theseareasare just as specific and preciseas the tubular
boilers, different types of heating, baking of burnt earth
etc.

(6)Cf. Toromanoff - The choice of investmentsat the Gaz de France
- ｾ･ｶｵ･ Francaisede l'Enerqie, n0 260, February '74.
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those of which the profit rate is superior to the rate imposed

by public power), which attribute the best financially estimated

result. It is indeed necessaryto cut down on less profitable

projects for the benefits of investmentsadjustedto the public

means are limited.

1.3. - The electricity branch models

This branch has been a delicate object particularly from

the part of the modelers: the first models of linear program-

ming used in France were developedthis way in 1954 at the EDF

for the choice of electrical investments. And since this date,

the researchersof this enterpriseare at the point of progress

and utilize new techniquesof calculation (non-linear program-

ming, dynamic programming, theory of the optimal order •.• etc).
\

Let us first point out the existenceof very specific models

such as the optimization of the cycle of the nuclear fuel(7),

the optimization of the network of electricity transport, the

maXimizing of the security of this network(8) .• etc. But it

would be a good idea to dwell upon more generalmodels and in

particular on the models of demand forecastand the mOdels of

choosingelectricity investments.

The forecastingmodels of electricity demand used by

(7)cf. Simulation model of the nuclear fuel cycle - Charpentier-
Naudet-Paillot- Commissionof Atomic Energy, France, 1973,
and Model SEPTEN - Service of Nuclear studies - Direction of
the equipmentof the EDF - France, 1972.

(8)J.C. Dodu- Probablemodel the study of the alimentation
security of a transportnetwork - EDF, 1973
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EDF(9) are relatively simple and basedupon extrapolationof

the past starting from statistic relations of simple or multiple

regressiontype.· These relations (generally logarithmic) connect
J

at the global level (or at the level of highly aggregated

sectorssuch as the residentialand urban sector or the indus-

trial ｳ ･ ｣ ｴ ｯ ｲ ｦ ｬ ｾ ｾ ･ quantitiesof electrical energy with time:

log Ct = a + b • t

or with the economic operationrepresentedby an operational

economic index of the National crude material type (PNB) or

Industrial Added Value (VAl)

log Ct = a + b log PIBt •

The forecastersof the EDF have indeed estimatedthat

thesemodels obtain the best results qnd that all the efforts

to tie the electricity consumption in with other variables

(such as the relative price of the capital, of the work or of

the fuels with referenceto the electricity in the industry, or

the income and/or the amount of householdsin the ｲ ･ ｳ ｩ ､ ･ ｮ ｴ ｩ ｾ ｬ

and urban sector) prove to be unsatisfactory(II) • One must

also point out that this econometricapproachassumesthat

the consumptionof electricity was unflexible to the price, and

that the outlets of electricity developedin a relatively

autonomousmanner in the well specified areas. The new commer-

cial strategyof EDF and the roughly calculatedhigh price of
i,

(9)In English language- D. Finch, Forecastingthe consumption
of Energy and Electricity: the methods used in France - in
Proceedingsof the workshop in Madison, pp. 23-36.

(106r even still the high or low potential consumptions.

Ｈ ｬ ｬ ｾ ･ ･ Y. Pioger - ForecastingPower Consumptionand models
[or ｾ ｯ ｮ ｳ ｴ ｲ ｵ ｣ ｴ ｪ ｮ ｱ load curves - Proceedingsof the Madison
workshop, p. ·1C)-t)3.
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fuel products, however, cancel all partition betweenthe

markets of different energiesand producemore critical methods.

The econometricforecastsmust presentlybe confrontedwith the

commercial objectivesof the firm and are completedby a

prospectivecarried out in terms of scenarios. One could never

do without methods of extrapolation,but beyond a horizon of

more than five years, the obtainedforecastscan be used with

much caution.

In other respectsa forecastingmodel at intermediate

course of the curve of daily charge, is used to define the

output per hour according to the hour, the day, the week and

the manthfrom the extrapolationof different coefficients

characterizingseveralparameters(12) .

Let us now consider the models of electricity investment

choice. An important bibliography exists on this subject(13).

Thesemodels reduce in the long run (1975 - 2000) the up-to-

date electricity production cost over a long period of time to

given production objectives; theseobjectivesare determined

by the forecastsof the global electricity demandbrought into

effect with the help of econometricmodels which have just

(12)SeeY. POIGER - ForecastingPower Consumptionand Models
for constructingLoad Curves - in Proceedingsof the
Workshop of Madison, p. 49-83.

(13)see for example in English language: P. Masse and R. Gibrat:
Application of 1iniear programming to investmentsin the
Electric Power Industry- ManagementScienceno.3 (1957).
F. Bessiere:Methods of Choosing ProductionEquipment at
Electric de France,EuropeanEconomic Review, Winter 1969.
(See also F. Bessierein Proceedingsof the Workshop of
Madison (Oct. 1974).
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been mentionedand by a representationof this demandwith the

help of weekly load curves. The different types of equipment

of electricity production have been explicitly taken into account

and are characterizedby their capacity and the servicesthey are

supposedto render, in other words their functioning during the

different hours of the load curve, taken into account their

availability or hydraulicity for the hydro-electricequipments.

The risks of the hydraulicity and the hourly electricity con-

sumption are taken into accountwith the help of the established

probabilitiesstarting from past samplesand allow to take into

considerationpossible failures of the production ｳ ｹ ｳ ｴ ･ ｾ Ｎ

The actual'model(14)usesthe theory' of optimal control.

The objective function of reduction is a function of cost comp-

osed of three terms (investment, operating cost, cost of failure(lS».

The control variables are the equipmentquantities createdyear

by year, and the restraintsexpressan obligation of ｳ ｡ ｴ ｩ ｳ ｦ ｡ ｣ ｾ

tion of future demand as is the case with the forced (or limited)

developmentof certain types of equipment. The algorithm runs

twofold: first, the variables of control are determined"and then

the optimal managementof the given power equipment is defined.

The program allows to obtain the optimal equipmentplan at the

national level, the duration of economic life of equipments,the

probability of failure, the marginal costs of production of a

(14)
Called the new national model of investment. c.f. D. Levi,
D. Saumon, Description of the New National Model of Invest-
ment, Internal Memo of the EDF, May 1973.

(lS)The cost of power-failure is a non-linear function increas-
ing in relation to the duration and the amplitude of the
power failure.
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I
kWh (according to the hour, day dnd month) and the values of

use of ･ ｱ ｾ ｩ ｰ ｭ ･ ｮ ｴ ｳ (values in use). The marginal costs which

have also thus been determined, serve to establishthe electri-

city tariffs. In order to do this, one adds to them the mar-

ginal transportcosts and costs of distribution calculatedin

other respectsand a "toll" which permits the EDF to reach the

budget equilibrium and even to possessan appreciableself-

financing capacity(16) . The values of usagethus determined

serve for the comparisonof individual hydro-electricprojects

with a referenceequipment (classical thermic or nuclear), which

servesthe·purpose (17)of studying their profitability.

These models or investment choice are particularly complex

to the extent that the systemof French electricity production

is a hydraulic mixed system- classical thermic (or nuclear)(18) ,

which makes a rather detailed representationof the management

of the different hydraulic equipmentsnecessary(current, locks,

reservoirs,pumps) during different hours of the year, taking

into account the daily, weekly or seasonalreports which they

justify. In the actual model, a sub-model simulatesthe

managementof the electricity zone such that the diagram.of

(16)on this subject see: P.Stasi- The Rational Use of Electri-
cal Energy. The Contribution of Tariffing, Symposiumon the
Rationalizationof the Consumptionof Electrical Energy -
Varsovie, 1962.
Also see in English: C. Berthomieu- Theory and Practiceof
Electricity Pricing in France, Workshop of Madison 1974.

<l7)This decentralizedprocedureis called the "Blue Notell
• See

for example M. Boiteux and F. Bessiere:On the Use of Aggre-
gate and Marginal Methods in Choosing Investments,in J.R.
Nelson, Optimal InvestmentDecisions, 1962, PrencticeHall,
Inc.
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weekly loading (or monthly) of the classical thermic zone

would be as level as possible. On the other hand, if we define

precisely that, amongst the successivemodels of investment

choice which succeedone another, the only model "investments

85" ｣ ｾ ｮ ｳ ｴ ｲ ｵ ｣ ｴ ･ ､ in 1965(18) was disaggregatedin 5 regions: the

region of the Rhone-Alpes, establishedwith the Mediterranian

region the Cote d'Azur, ｴ ｨ ｾ South-Westregion of this model,

and it was connectedwith the other regions by variablesof

interregionalexchanges. The objective was not to determine

the transportbut to try to trace a primary schemeof optimal

localization of the production equipments,while considering

the siting of the hydraulic and consumers' resources.

It is necessaryto define that these models of investment

only integrate the private costs and, by no means social costs

as far as the degradationof the environment is concerned

draggedalong by the atmosphericof water pollution and by the

ground occuption. In other words not a single environmental

restrainthas explicitly been taken into account. From a

practical point of view, .for example, thesemodels have never

integratedexplicitly the choice of siting of the electricity

installationssince almost the totality amongst them have

not been regionalized (19). Thus, in Francewhere there are

few water cqursesavailable enough to supportwithout risk the

installation of numerous thermal trenches, the cooling problem

(18) and while using the non-linear programming

(19)The regional branching made effective in the model
"Investements85/1 was not fine enough to permit the taking
into considerationof this problem.
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of thermal central ｩ ｮ ｳ ｴ ｡ ｬ ｬ ｡ ｴ ｩ ｯ ｮ ｳ ｾ ｰ ｲ ･ ｶ ｡ ｩ ｬ ｳ over the transport

expendituresever since the choice of siting of these factories.

Consideringthe environmental impacts'. it does not exclude,

however,thepreoccupationsof the EDF and their calculations(20) •

The ecological problems have been evaluatedwith referenceto

a group of factors dealing with areasas varied as physics,

medicine, biology or psychology; certain consideredelements

are only qualitative or subjectiveand have been integrated

becauseof judgementsor explicit or implicit choices made by

warned citizens supposedto expressthe behavior and the aspira-

tions of the collectivity. The evaluationof the importance

relative to ecolog1calproblems put by different production

installationshas been calculatedaccording to the same unit by

means of "ecological points". Seven types of ecological prob-.

lems have been filed;(2l)furthermore, for a similar type of

ecological problem, the value brought up to date by impacts

driven by thesedifferent techniques,has been evaluated; and

finally, according to a comparisonbetween the different types

f ' t 'thth hI f '1' 't' f (22)o 1mpac s W1 e e p 0 an 1mp 1C1 pre erence function,

the group of values of impacts of different installationshas

been calculatedwith these "ecological factors". Later on, one

(20)Harmful effects of radio-nuclearor1g1n, noise and vibra-
tions of electricity or radio-electricorigin, other harmful
effects causingchangeof air, water, ground•• etc.

(2l)units of 600MW, for instance, classical thermal central
facilities.

(22)This function of preferenceexpressesthe level of preoccu-
pations attachedto each categoryof harmful effects and is
basedon subjectiveconsiderations(levels acceptablefor
change of natural environment, quality of atmosphere•.etc).
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'can evaluatethe ecological gain of eaCh action engagedor to

be engagedin order to reduce the harmful effects, and with the

same one can obtaiL an implicit evaluation in monetary terms of

this ecological point, an evaluationwhich will, however,

remain more or less inexact. There is no room to dwell further

and longer upon this approachof environmentalproblems which, you

will remember, is not directly related to the choice models of the

EDF investments.

At the sectorial level no global model of decisive type

exists destinedto inform of the choice of public power or of

organismsclose to those. In fact, it does not exist for the

regional energy system. Previously, a method of energy planning

existed, used in the framework of the IVo and of the VO Plan

Francais(23)which was a kind of informal model and which per-

mitted the determir-ationof energy supply of France at the lowest

cost while taking into account an objective of security provisions.

But this method hac been abandonedin 1970, since tne concept of

the VO Plan, as the public power did no longer have the command

over the energy system.

Let us, however, mention the existenceof a model of simu-

lation of the financing of the energy'sectorwhich permits the

forecastingof 1970 will 1985 (or 1990) of the consequencesat

medium and long-term modifications of energy politics (tariffs,

taxes, investments,regulation)(24) on the financing, employment

and annual needsof investmentand the budgetsof the sector

(23)1961 - 1965 and 1966 - 70.

(24)FINER1 s model constructedby D. Blain at the Ministry of
Economics and Finances,No. 1972.



- 18 -

enterprises.

2. - The Cognitive Models

To our knowledge, very few efforts have been made in France

to study the French energy systemwith the help of models in

order to improve the knowledge and to make an exploration of

its future effectiveness.

One can observe, for example, the use of a method of

scenariospermitting the reduction of the complexity of the

studied systemby selecting the most important factors and

one to trace different scenariosof the developmentof nuclear

energy up to the horizon of 2000(25).

At the Energy Institute of Grenoble, a model of optimiza-

tion of the energy sector(26) has been developedwithout a tie

to the public power(27) . Its goal is to test the reactionsof

the French energy systemwith modifications of its political

and economic environment:

- price of oil

- cost of nuclear facilities

- developmentof certain technologies

- policy of preserving the environment

- policy of securing the suppliesor of limiting the

oil dependency••.etc.

(25)It does, in other words, not serve directly to help the
sectorial decision makers.

(26)seethe subject of D. Finon - The Energy Model - optimiza-
tion of the French Sector of Energy by Global Approach;
dissertation,520 pages, Grenoble, March, 1975.
In English language: D. Finon, Optimization Models for the
French Energy Sector, Energy Policy, Vol 2m No.2, June 1974,
pp. 136 - 15l.

(27)It, therefore, does not serve directly to aid the sectorial
(\C'l'ision IndkC'rs.
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The model uses the linear programming in order to reduce

the group of actual costs of investmentand exploitation brought

into effect to satisfy the energy demand, while consideringthe

utilisation expenses,and .the one over the period of 1975 - 2020.

This energy companieshave been understoodas being centralized,

Francebeing consideredas one total.

The system, which is representedby a graph in which the

curves representthe economic operations (extraction, import,

treatment, transformation, transport, consumption) is pointed

out by the group of energy companieson the French ｴ ･ ｲ ｲ ｩ ｴ ｯ ｲ ｹ ｾ

"It combines the energy consumptionswith arbitrary possibilities

betweenthe different forms of final energy in the competing

areasof ther thermal usages. In its actual version, only the

emissionsof 502 have been taken into considerationamongst

the group of attackson the environment,but the method of

formation could easily be stretchedtowards other types of impacts.

ｾ ｨ ･ model choosesbetweenthe different processesof pro-

duction of different types of energy, which are representedby

the diagram, on the basis of the minimizing of the cost, under

the restrainstof demandsatisfactionand under different political

constraints (limitation of the oil dependancy,possible speed-

ing up of the nuclear program, limitation of the level of emissions

etc). The variablesof the model are, in other words, the

flows assumingthe archesof the graph during different years

(variablesof exploitation) and the instalmentcapacitiesto be

createdin the future (variablesof instalment). The different

parts of the model, in other words, have been built according to

a sub-systemof consumptionand to a sub-systemof production.
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a) The sub-systemof consumption: The demand is partly endogen-

ous to the model. In addition ot the proper consumptionof the

sector, the consumptionsto be satisfiedare disintegratedin

three groups of consumters (industry, transport, domestic fur-

naces), nine types of final energy (coke, coal, gas, electricity,

motor fuels for the transportsystems,naphtaline for chemistry,

domestic fuel, heavy sulphurizedfuel, heaYy weight fuel with

a sulphur content). One actually distinguishesamong two

types of usages: the specific usagesand the usageswhich can

be substitutes. These last ones are mainly constructedby the

area of thermal usages(28)in which there exists the competition

between the different forms of energy.

Supposec is a group of consumers:

1
x (<I>, c)

11
x (<I>, c)

r (<I> ,c)

D (<I>, c)

Uc

T (<I>, c)

x (<I>, c)

a form of final energy

the flows of this form are directed
towards specific usages

the flows directed towards the use
of thermics

the output of-utilization from
consumer'sc apparatus

the specific needsof energy used
by the consumer

the needsof thermal energy used by
the consumer

the starting capacity of the energy
utility apparatusof the consumer
up to the thermal expiration

the capacity createdbetween the
starting date and the considereddate.

(28)one considersdifferent areasin which the characteristicsof
the competition betweenenergiesare different (use of ｨ ･ ｡ ｾ

and oven heat in the industry, heating_of individual homes and
collective heating in the residential sector).
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Restraintsof satisfactionof the energy demand

- specific needs: ｸ ｬ Ｈ ｾ Ｌ ｣ Ｉ ｾ ｄ Ｈ ｾ Ｌ ｣ Ｉ for all ｾ

- replaceableneejs: ｅ ｲ Ｈ ｾ Ｌ ｣ Ｉ • ｸｬｬＨｾＬ｣Ｉ ｾ Uc
ｾ

Capacity restraints: ｸ ｬ ｬ Ｈ ｾ Ｌ ｣ Ｉ ( ｔＨｾＬ｣Ｉ + ｘＨｾＬ｣Ｉ

The ｯ ｢ ｪ ･ ｣ ｴ ｩ ｶ ｬ ｾ function of this sub-systemis a part of the

objective function of the complete system and contains the cost

of utility installation and the expensesof purchaseof energies(29) •

b) The subsystemof'production: The model is connectedwith the

different sub-systemsof production (coal, gas, electicity and

oil). The graph shows the interdependancesbetweenthe operations

and representsｴ ｨ Ｈ ｾ ways of manipulating the installations: con-

tribution of elec1xicfry installations to the various honorary

posts of the load curve, consideringthe different types of un-

refined oil and of different severitiesof distillation. In the

new version used·at this actual moment, it combines the low

enthalpy geothermics,the solar energy for heating of halls and

the recovery of the heat of central installations,etc.

The optimiza1:ion permits the realizationof various arbi-

trations:

arbitrationsbetweenenergy forms in the different competing

areas

(29)we should underline the fact that the model combines this way
possibilities of choice betweenenergiesat the level of
final consumptionparallel to the classicalarbitrationsof the
energy produc1:ion system. The representationof phenomenaof
replacementbetweenenergieshas nothing to do with the consumpti I

price flexibilities, the use of which appearscritical in every
long term models
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- arbitrationsbebleenthe processeswhich are more or less

capitalistic

- arbitrationsbebleenenergiesto be imported and energiesbefore

they are locally produced

- arbitrationsbetweenproduction processand more or less pollu-

ting consumptionproduction(30).

It is thus possible to obtain for the various years of the

1975 - 2020 period, taken into account the value of the different

parameters,

- the primary energy evaluation

- the global or disaggregatedend-energyevaluation

- the production zone and consumptionfacility

- the activity of the different facilities

- the rising of necessaryinvestmentsto the adaption of the park

- the needs for necessarydevices for import of fuels

-the year to year total expenses(brought up to date or not)

- the emissionsof pollutants consideredin the model

This type of model, which by no means can take the place of

the "deci.sion makers", would allow them however, to appreciate

the rigidity of the energy structure, the competing situations

betweenthe energy types in the various areaswhere there is

( 30)
The limitation of the emissionsdevelopsat the global level
of France. Such a procedurecan seem to be limited and even
be criticized, especiallyas a single impact is considered.
However.not everything should be rejectedat first sight:
at the national level on can thus fix thresholdsof emissions
or of waste materialsnot to be overlooked, which would be
defined in such a way that the harmful effects observedby
individuals would be acceptableat the level in the most
polluted geographicalsectors. (See the subject of D. Finon,
"Evaluation of the Costs of an Environment ProtectionPolicy
on the French Energy System in OECD", Energy and Environment,
Paris, 1974, pp. 239 - 273.
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competition,andpossibly their managing of operation(31) . This

is in our opinion the ideal tool to obtain some idea of the

future of an energy or new technology 15 - 25 years from now

(for instance, solar energy, ｧ ･ ｯ ｴ ｨ ･ ｲ ｾ ｩ ｣ ｳ Ｌ ｨ ｹ ､ ｲ ｯ ｧ ･ ｮ or recovering

of heat from central facilities) (32, 33). In the future the model

will be reviewed to study specifically these new energiesand

ｴ ･ ｣ ｨ ｮ ｩ ｱ ｵ ･ ｳ ｾ it will also be improved at the level of the represen-

tation of the arbitrationsof consumersby a disaggregationwhich is

more pushedby the type of usagesand of consideredagents.(34) .

(31) See the example, of utilization of the model on a variation
of the investmentcost of the central facilities.

(32)Othershave a much more normal idea of this type of tool
and would like to use it to calculate the optimal distribu-
tion between the various energiesand to reduce the prices
and optimal tariffs (with the help of dual variables) which
allow to guide the consumers'choice in the best sensefor
the collectivity. We prefer to tune a more prospective
function with this type of tools.

(33)The model in its ｨ ･ ｾ version is actually used in a very prag-
matic manner on the energy sector of nine countriesof the CEE
with the help of a graph general enough to be applied to each
amongst themselves. The goal is to calculateat the same time
the annual needsof investmentsand devices from 1985 on and to
trace various energy futures up to 2000-2080 taking'into account
the value of the parameters. One foreseesthe further study of
the compatability of the optimal locations with the global
optimum of nine sectorswhich are integratedtogether.

(34)And this, in connectionwith the researchdevelopedat the
IEJE by B. Chateauand B. Lapillonne on a prospectiveby
systemsanalysisof the enrgy demand at the year 2000,this
demand was seized from an analytical point of view by the
consumers'sector and taken into accountwith the presentand
future techniques.
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No matter what the situation is, let us underline that this type

of model can be (and will be able to be more in an improved

version) a good im,trument to appreciatethe three fundamental

elementsof the em'rgy policy:

- the energy economy

- the developmentof national resources

- the choice of the sourcesof input

for the sake of various criteria: the lowest cost for the (taking

into account the fj.nancing problems), the least economic depend-

ancy towards abroad, the security of supplies, and finally, the

I " I whl."ch should be· 11."ml."ted(35).eco ogl.ca consequEmces

* * * * * *

In short, no specij:ic models exist in the Rhone-AlpesRegion, but

models covering the group of French operationof one branch or

of one sector. This is mainly due to the institutional and

economic centralizationof France.

Among the existing models, the most numerousones are

decision models covering one branch and, in this particular

branch, well speciiiedoperations. They utilize in general the

optimization techniques. At the.global sectorial level, the

only formalized model which exists rather serves a prospective

goal without a real tie with the centersof public or private

decision.

(35)The reduction of the dependancytowards abroadby the
developmentof national resourcesand by energy economy has
strong limits resulting from the criterion of lessercost.



Part II

EXM·WLE OF USAGE OF THE ENERGY MODEL

Energy Institute
Grenoble, 1975
Translatedby A.C. Foell

Before the reformulation of the model in 1975, the program

contained1180 linE:s and 4585 columns and was solved on IBM

360-65 computer in 45 minutes.

The ENERGY model has been testedduring the entire year

of 1974 in order to study the reactionsof the French energy

systemto modificat.ions of its economic and political environ-

ment:

- price of imported energy
,

- cost of nuclear reactors

- policy of ｲ ｾ ､ ｵ ｣ ｴ ｩ ｯ ｮ of oil dependancy

- policy of limitation of emissionsof pollutants.

The confusionsof the energy context have increasedthe

difficulties of working out hypothesesconcerningthe evolution

of external parameters,in particular at the level of energy

consumption. A seriesof thirty tests have neverthelessbeen

effective and their resultshave provided a rich instruction.

The utilization has been put into practicebeginning with

a variation of parametersaround a base case. One of these

variants which we ｾ ｬ ｩ ｬ ｬ presenthere concernsthe cost of nuclear

installations. In the basic case, this investmentcost was

assumedat 1 220 F/kW (in F 1970, interestduring construction

and the first initial fuel loading were included).(1)

( 1)
·Which correspondswith a simple investmentcost of 900 F/kW
(agreed in France 1975, 1 280 F/kW) .
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In the variant conEidered, the same cost was fixed at the level

of 1 700 F/kW(2}. By using the forecastsof demandscorrespon-

ding to the evaluat.ionsof the ｐ ｾ ｡ ｮ ｮ ｩ ｮ ｧ Commissionbefore the

crisis(3} and a prjce of oil of 10%/bbl (given price), we

obtain in the basic: case and in the variant the following results:

Table: Primary comparedbalances (in Mtec, non-energyoil not
included)

1000kWh = 1980 1985 1990 2000
0.33 Tec

B N B N B N B N

Fuels 350.9 350.5' 382.2 405.2 433.6 449.1 472.0 478.3

Primary
Electricity 34.7 34.7 111.2 69.2 163.9 139.1 315.8 304.6

- _.-----I-
TOTAL 385.6 385.€, 493.4 i 474.2 597.5 588.1 787.8 782.9

-L- i

(B = basic case; N = variant)

From one test to another, one observesin 1985 and 1990 a decrease

in the production of primary electricity, benefiting imported

fuels and in particular, hydrocarbons. However, one seesno alter-

ation in the result:s for the year 1980'. Thus the relative simila-

rity of the resultB for the year 2000 would reveal that the leeway

for nuclear electricity was taken up between 1980 and 1990. The

substitutionsfor t.he primary demand are found again at the level

of the secondarydemand.

(2}Which correspondswith an investmentcost of 1 280 F/kW (1 750
F/kW, agreedin France 1975)

(3}source; ｓ ｫ ｾ ｴ ｣ ｨ of the French energy balancefor the year 2000,
Roneote, 5.p., October 1973.
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Table: Secondarycomparedbalances(in HTec)
,

1000 kWh = 1980 1985 1990 2000
0.33 Tec B N B N B N B N

Coal (except 9.2 9.2 8.4 8.4 3.2 18.4 1.5 7.7
for coke

Oil· 175.2 175.2 190.1 211.5 22.6 22.6 268.7 268.7
products

Gas - GPL 37.1 37.1 37.1 35.5 42.0 42.0 53.6 53.6

Electricity 72.3 72.3 142.3 102.4 182.1 158.5 309.0 299.4

TOTAL 293.8 293.8 377.9 357.8 453.3 444.9 632.8 629.4

This one shows that in these tests there has been a development

identical to the classicalcentral thermal facilities, which

confirms the comparisonof electricity investmentprograms.

Table: Program of electricity investments (MW)

1976 - 1980 1981 - 1985 1986 - 1990 Ｑ ｟ Ｙ Ｙ ｾ - 2000
MW I -

B N B N B N B N

Classical 2691 2691 - - - - 201.2 201.2
Thermal

Nuclear 251 251 36336 16614 - - - -
LWR

i Breeders - - - - 22649 33846 77321 81133

On this last table one also ascertainsthe net delay with the

nuclear program in the N test between1981 and 1985 (19772 MW),

a delay accum1atedprogressivelybeginning in 1986.
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The total production of electricity shows also a sensitive

decline from one test to another, explainedby the fact that

in 1985 only half of the nuclear capacity installed in the

basic case is presentin the test N.

Table: Comparisonof the total productionsof electricity (TWh)

1980 1985 1990 2000
B N B N B N B N

240 240 462 336 590 511 996 966

At the consumption levels this will be translatedby a modification

at the decline of consumptionsof the industrial sector in the

senseof electric energy consumedup to thermic expirations.
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Table: Comparisonof energy consUmptionsof the industrial sector

(in M.Tec)

MTec 1000 kWh 1980 1985 1990 2000
= 0.33 Tec

,

B N B N B N B N

C:oal - 5.7 5.7 6.2 6.2 2.1 17.4 1.4 7.7-- -- -- --
except coke

Oil products 41.0 41.0 39.2 58.8 5!L5 58.5 110.6 110.6

Gas 21.6 21.6 14.3 14.3 8.0 8.0 10.0 10.0-- -- --
Electricity 34.8 34.8 81.7 41.9 98.1 74.8 84.3 74.8-- -- -- --

TOTAL 103.1 103.1 141.4 121.2 166.7 158.7 206.3 203.2

(Note: The consumption levels of an energy from which correspond,
at the optimum, with the satisfactorylevels of single specific
needs are underlined).

The height of the cost of KW nuclear can in other respectsnot

have an influence at the level of electricity use in domestic

car heaters, for already in the fUndamental case, the electric

heating does not develop between 1976 and 2000.

The model thus allows us to analyse the impact of a modi-

fication such as the cost of nuclear KW. Such a. rise also has

an impact on the energy sector through a replacementof elec-

tricity by fuels in competing areaswhere electricity was

competitive, and not through a developmentof classical thermic

central facilities and while keeping installations run by

electricity in the fundamental case. This absenceof change in

the respectof the classical thermics can be interpretedas a

confirmation of the competingnuclear quality since, if the classical
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thermic production is situatedin the competitive nuclear

zone in the ｦ ｵ ｮ ､ ｡ ｭ ｬ ｾ ｮ ｴ ｡ ｬ case, the rising nuclear cost in the N

test would have had to favor its development.

This usage of the model comparedwith the results of tests

carried our from tle beginning of various hypothesesat the level

of parameters,sho'", evidenceof the sensiwi ties of the presented

system. Another kind of possibleusage consists in the compari-

son of test resultswith the forecastsof the authoritiesand

by drawing some in3tructions from it. It also seemedsuch

that with retaineddata, the electric heatingwould not be

available before the end of the century(4) ; the result would

not have been necessaryfor our representationsince various

calculationscarrizd out in France by certain bodies such as

ministries, Gaz de France, oil firms, IEJE, confirm this result.

As a matter of fact, like ｳ ｾ ｰ ｰ ｬ ･ ｭ ･ ｮ ｴ ｡ ｲ ｹ results of optim-

,ization, it is possible to deduce the expensesin capital and in

currenciesnecessaryfor the supplying of the yearly collectivity,

knowing that one is familiar with the equipment to be created

and their cost just as the energy quantities to be imported and

their prices.

The following tables have to do with a test carried out

according to consumptionforecastsestablishedin March 1974

by the General Planning Committee.

(4)For more detailed results, see, D. Finon, The Energy Model,
Thesis, 520 p. Grenoble, March, 1975.
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Table: Capacity 0:: equipment to be installed during the
different periods and annual joint investmentexpenses

. in 1980, 1985, 1990 and 2000 (Test B3)

0.067.5 781.51 89F/T 0.270Coking plants 13.0 95F/T
(M, T/year)

Ｑ Ｍ Ｍ ｟ Ｑ Ｚ Ｎ Ｚ Ｙ Ｚ Ｎ Ｎ Ｎ Ｚ Ｎ Ｗ ｾ Ｖ ｟ Ｍ Ｍ Ｍ Ｍ ］ ｬ Ｚ Ｎ Ｚ Ｎ Ｙ ｔ Ｘ Ｐ ］ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｚ Ｎ Ｎ Ｑ 1981 - 1985 1r-_-1--;-9_8-_6_-_l--r9_90_---1If-__1...,9_91_-_20_00__ｾ Ｌ
(1) (2) (3) 1 (1) (2) (3O, (1) (2) I (3) (1) (2) (3)

-------If----+---+---f--i--t----t---t---/----I---f----1---.j---
!

0.247)

Storing of
gas(l09 t h)

Thermic gas
(MW)

0.57 24C/Th 0.0031
I

i
t 2046 470

F/KW
0.10

Nuclear LWR
(MW)

15115 1082 3.27
F/KW

31100 961 6.01
F/KW

45F/T 0.21

25FIT 0.21

790 5.51 83226
F/KW

4.6 57F/T 0.05

0.13

0.15

0.00

0.24

0.051

5.84

0.66

270
FIT

50F/T

25F/T

22.5
FIT

48F/T

702
'F/KW

45F/T

0.9

5.6

27.3

22.2

98.1

146.245FIT 1. 35

..
4.6 ｾ ｝ ｏ 0.25

FIT

28.75 50F/T 0.28

15.2 23.7 0.07
FIT

41.2 25F/T 0.20

150.5

34881

270 0.15
FIT

50F/T 0.38

24.9 0.09
FIT

145> IT 0.76

25F/T 0.19

I

2.9

38.3

17.5

37.8

84.9

,

- I
0.16270

FIT
3

23.7

41.9Cracking
Plants

Desu1phur-
ization
Gas oil

DeGulphur-
ization
Fuel

Storage
Products
Oil

Steam
Cracking

Distilla-
tion

Breeders
(MW)

TOTAL
EXPENSES ; 4.10 7.85 7.71 7.2":"-- ....!...-_--'---'-------L-_---l --L .L.-_........J. --J..__l-_-J. L-_

Column 1: Capacitiescreatedduring the sub-period

Column'2: Unitary cost of last year's investmentof the sub-
period (consideringthe technical progress)

", Column 3: Investmentexpenditures(in 109 Francs, 1970) of
each precedingyear, the capacity createdduring the
sub-perioduniformly startedagain between the
different years of those.



Table: Quality of Inported Energy and AssociatedCapital Needs
(Test B3)

.. _.. -
ｾＮＮＮＭＭＢＮＧ . .. ｾＮ｟ＮＬ - - -_._.. , ·_··········_--·---·1'---:'.980 1985

---i----·T I

(3) I(1) (2) : (3) (4)! 0) I (2) (4)

109th ＾ Ｍ ｾ Ｏ ｴ ｾ ｾ ｾ Ｑ Ｐ Ｙ F_
109th

I
109FMTeC MTeC c/th

Coal Gas
Coal Gas 5.3 37.1 2.5 0.9 8.7 60.9 2.6 1.5

Coal & 29.0 203.3 3.2 6.6 38.3 268.0 3.4 9.1
coke

Coke 3.0 21.0 4.7 0.9 1.2 8.4 4.9 ｏ ｾ 4
,

10.2 71.4 3.8 2.7Natural 24.5 171.5 2.8 I 4.8
gas i 1655.0Petroleum 219.0 1533.0 2.9 44.4 236.5 2.9 74.9
products ----- ---_.-

TOTAL
I 57.7 61.8

CURRENCY I

-- --_.- .•._,. ---- .. _- . -_. _.- .. _._---_._....__.- ..... .

1390 2000
- ...--_. r---·---··t -----_.... - ---_.

(1) (2) (3)' (4) (1) (2) (3) (4)

MTeC 10Jth c/th 109th MTeC 109th c/th 109F-- .-
Coal Gas 1.4 9.8 2.6 0.2 1.4 9.8 2.6 0.2

Coal & 34.9 244.3 3.4 8.3 35.7 249.9 3.4 8.4
coke

Coke 8.9 62.3 4.9 3.0 12.7 88.9 4.9 4.4

Natural 5.6 39.2 3.2 1.2 16.5 115.5 3.2 3.6
gas

Petroleum 293.3 2046.1 2.9 59.3 339.0 2373.0 2.9 68.8
products

TOTAL
72.2CURRENCY 85.6

Column 1:

Column 2 :

Column 3:

Column 4:

Quantities imported in MTeC.

Quantity imported in 109th .

Cost of energy imported expressedin c/th.

RequiredCapital, expressedin 109 Francs
1970.



Draft Outline for the ｄ ･ ｳ ｾ ｲ ｩ ｰ ｴ ｩ ｯ ｮ of the Energy System Modeling

Activities in Wisconsin

JamesL. Pappas
Energy System and Policy ｒ ｾ ｳ ･ ｡ ｲ ｣ ｨ Group

University of Wisconsin

Energy systemmodeling activity in Wisconsin is comprisedof a

variety of efforts in both the public and private sectors,

aimed at an analysisof problems associeatedwith energy supply,

demand, and environmental impact. The fragmentationof these

efforts is extreme with many parallel modeling activities being

carried on simultaneously.

The causality for t.he nature of both Wisconsin energy systems

and the modeling activities associatedwith that system is found

largely in the social, economic, environmentaland political

structureof the state. Wisconsin is richly endowedwith both

natural and human energy reserves. It does not, however, have

any significant endogenousenergy reserves. Historically, agri-

culture, resourceextraction and processing,and tourism or

recreationalactivities have played major roles in the state's

economy. An intensive, broad basedindustrial sector has

developedin the southeasternportion of the state and it is

here that the vast majority of the state'spopulacenow reside•.

Wisconsin'senergy systemevolved in responseto the energy re-

quirementsgeneratedby this patternof economic growth and

development. This evolution occurred largely through the inter-

action of suppliers and consumersin a private market setting

with virtually no integratedplanning and relatively limited

direct government intervention. This historical patternof a

limited governmentrole in Wisconsin energy systemdevelopment

stems from many factors. The virtual lack of energy resources

in the state, however, is undoubtedlya major factor, partic-

ularly when coupled with a national policy aimed at making

nergy readily available in the private sectormarkets at rela-

tively low prices. In short, the enrgy sectorhas historically

been neither a major componentof Wisconsin gross stateproduct,
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nor a major constrainton the ｳ ｴ ｡ ｾ ･ Ｇ ｳ economic development. It

has not, therefore, been an area of major concern to the state

government.

Becauseof the primary reliance on private sector developmentof

the Wisconsin energy system, and the relatively limited govern-

ment concern related to this sector, the resultantdisaggrega-

tion in energy analysis and planning makes it impossible to

describea unique well integratedenergy modeling system for

the state. Instead, one finds a variety of parallel modeling

activities being carried on not only by the suppliers (and major

consumers) of various energy resourcesin private sector, but

also, becauseof the relatively recent realization of the impor-

tance of energy to the state'seconomic well being on the part

of the state'spolitical leaders, in numerousstate agencies.

Becauseof the disaggregation,we have chosen in this report to

outline the various modeling approachesbeing used in both the

private and the public sectorsand to describethe institutional

mechanismsthrough which linkages occur.

While energy modeling in Wisconsin encompassesthe entire range

of activities associatedwith analyzing the state'senergy

system-- from long range forecastingand planning to operation

management-- most individual efforts are rather narrow in scope.

That is, they focus on either a specific energy source, or on a

particular energy policy problem. An exception to this generali-

zation is the work of the Energy Systemsand Policy Research

Group (ESPRG) at the University of Wisconsin. This multidisci-

plinary researchactivity has resulted in the developmentof a

computerizeddynamic simulation model of Wisconsin'senergy

system. The Wisconsin Regional Energy Model (WISE) combines an

engineeringand economic approachto model the state'senergy

systemwithin a multi-dimensional framework that descrivesenergy

demand, conversion, transportand use -- explicitly accounting

ｦ ｾ ｲ technological, economic and environmentalinteractions. It

consistsof a collection of submodelswhich combine in. simple

mathematicalterms, data and information about energy flows in
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Wisconsin to describeor simulate,the energy system and its

relationshipto other characteristicsof the state, e.g. demo-

graphic, economic, and environmental. A simulation structure

was chosen for several reasons.

First, simulation is a convenientmethod of integrating the

variety of analytical techniqueslikely to be employed in a

multidisciplinary"effort of this type. Second, a simulation

structureprovides a great deal of flexibility in both the model-

ing processand apFlication of the model to system analysis. For

example, it enablesone to modiy selectedcomponentsof the

systemwithout the necessityto rework the entire model, and to

focus attention on specific areasof the energy system as well

as on the system as a whole. Finally, the simulation structure

lends itself to the scenariogeneratingapproachthat is extre-

mely useful in the analysis of major policy issuesand alter-

natives. That is, simulation facilitates the application of the

model to questionsof the "what if" type. The WISE model is

designedprimarily for intermediate to long-rangeplanning

analysis and has among other applicationsbeen used to:

1) forecastenergy demand by energy source and user clas-

sification,

2) estimate the additions required to the electricity

generating,transmission,and distribution facilities

in the state,

3) examine the environmental impacts associatedwith alter-

native future energy use patterns,and

4) analyze the role that conservationcan play in deter-

mining the state'senergy future.

Rather than dwell on the specific structureand use of the WISE

model (which is examined in detail in other ESPRG publications),

we turn now to a brief look at other energy modeling activities

in the state. We will structure this survey on the basis of model

types and use.

Becauseof the virtual inseparabilityof energy use and economic
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activity, virually all modeling activities incorporatea general

economic forecast for the state. iThese forecastsare prepared

in both the public and private sectorsusing a variety of method-

ologies - ranging from simple trend projections to complex

econometricand input/output models. Within the state agencies,

independentforecastsare preparedby the Departmentof Industry,

Labor, and Human Relations, the Departmentof Revenue,·and faculty

at the University of Wisconsin. Although these forecastsare

preparedfor a variety of different uses and are not often recon-

ciled, there is a high correlationbetweenthe various projections.

This undoubtedlystems in large part from the fact that Wisconsin

economy and all state foreca·stsare inherently basedon the same

projectionsof national economic activity levels.

Population size and characteristicsprovide anotherbasic input

into all energy moceling activities. In Wisconsin this factor is

modeled in detail by the Office of the stateDemographer. This

model is age, sex, and county specific and includes considerations

of migration, ferti.lity and mortality. Detailed population pro-

jections are provided out to the 21st century.

Energy demand forecasts in Wisconsin (other than those prepared

by the ESPRG) have typically been on a single energy source

basis. Until very recently, virtually all of this work was done

in the private-sectorand on a firm by firm basis. Thus, for

example,individualelectric utilities could be expectedto pro-

ject demandby major user categorieswithin their respective

service areas. Typically these projectionsentailed extrapolation

of historical trends adjustedfor any major structural change

in user compositionwhich the utility was aware of. These models

servedquite well over an extendedperiod due to the regularity

which characterizedthe developmentand growth of not only

electricity, but also the entire energy systemin Wisconsin

until the beginning of this decade. The nature of demandmodeling

in the other energy industriesclosely parallels that in the

electric utility sector. Gas utilities and suppliersof fuel oil

and gasoline all tend to trend historical data on customeruse,
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population and income growth, and market penetrationto develop

projectionsof future demand. In many casesthe state is not the

relevantmarket area, and hence, no "Wisconsin projection" is

forthcoming.

Recently the statehas moved into the arenaof energy demand

forecasting. These activities beganwith the public service

commission (PSC) beginning to aggregatethe forecastsof indi-

vidual electric utilities and suppliers to develop a clearer

picture of the projectedgeneration,transmissionand distribution

system in the state. They have relied to this point on the pro-

jections provided by the utilities and by the ESPRG at the Uni-

versity, and while they are developing the capability for "in

house" demand estimation, do not currently engagein an indepen-

dent effort.

The other state agency currently directly involved in energy demand

forecastingor projection is the Office of EmergencyEnergy

Assistance (OEEA). This newly formed agency is chargedwith the

responsibility for assistingwith the allocation of energy

resourceswhen the market becomesinoperativebecauseof a major

imbalancebetween supply and demand (i.e. when price is not

allowed to play its role as the allocative mechanism) and to

assist in the developmentof an energy policy for the state. The

OEEA has thus far been active primarily in short term energy is-

sues ｾ ｮ ､ thus has not developedthe capability for intermediate

to long-rangeenergy forecasting, relying insteadon the ESPRG

work and other externally generatedprojections in those-instances

where required.

Investmentmodeling activities in Wisconsin parallel closely

those in the demand area. The individual utilities typically have

detailedengineeringmodels which project the time pattern of

investmentrequireQentsbasedon projectionsof future system

equipmentneeds and estimatesof the technologicallyavailable

means of satisfying those needs. These models are typically

of either a simulation or mathematicalprogrammingnaturewith
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cost minimization the primary objective in the latter case. The

PSC also uses a simulation model to evaluatethe proposedinvest-

ment schemeseof the utilities. This work is done primarily on

a company by company basis and only recently has work begun on a

systemwideeffort patternedafter the work by the ESPRG. Invest-

ment planning in the oil, coal, gasoline and other non state

regulatedenergy sectors is done again on a firm by firm basis.

These corporateplanning activities employ a variety of modeling

techniques. In many casesthe Wisconsin component is small --

relating primarily to distribution efforts in terms of in state

expenditures-- and related to such items as growth in the Wis-

consin market and relative profitability of operating in this

state as opposedto others.

A final area where energy relatedmodeling is taking place in

Wisconsin relates to environmental impact. Here the effort is

more completely int.egratedinto stateplanning activities due to

the need to ensurecompliancewith both state and national

environmentalstandard. In this effort the Departmentof

Natural Resources(DNR) has responsibility for both developing

standardsto ensurecompliancewith the codes and for monitoring

emissionsin the state. In this effort, they are developing

their own models for some specific analyses. They are, for

example, working closely with the PSC in the developmentof impact

statementsfor future electric utility generatingplants. Here

the effort is similar to that used in the ESPRG environmental

impact model but with greateremphasison site specific relation-

ships. Similar work" is being carried on by the utility firms in

the state as a part of the licensing requirementfor new plants.

The DNR is also working on broadermodels of air and water qual-

ity. In ｾ ｨ ･ air quality effort they are extending the work of

another University of Wisconsin ResearchProject. This model

projects fuel use for industrial activity, transportationacti-

vity, and activities in the residentialand commercial sectors

which generateenvironmentalpollutants. From this, emission

levels are estimatedand alternativestandardsevaluated. To
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date, these DNR modeling activities have been aimed very speci-

fically at implementing environmentalpollution abatementstan-

dards and are, therefore, both more site specific and less

inclusive than the ESPRG environmentalmodeling.

This brief statementof the energy relatedmodeling activities

in Wisconsin is aimed at providing an overview of the systems

used for energy analysis. It touchesonly.briefly on even the

most significant efforts and can by no means be considereda

complete statementof either the individual modeling activities

or of the linkages between the agenciesand institutions in-

volved. Considerablymore detail will be provided in the forth-

coming paper.


