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the model integrates low enthalpy geothermal and solar energy for the heating of
buildings and the recovery of the heat from power plants.

Optimization permits choices to be made among

• Energy forms in the different competing domains
• Processes having different capital requirements
• Types of energy to be imported and types of energy which should be locally

produced
• Various degrees of pollution production and the consumption process·

It is thus possible for the years 1975-2020 to obtain calculations of (taking into
account the values of the different parameters):

• The balance of primary energy
• The national or disaggregated balance of final energy consumption
• The supply of equipment for production and consumption
• The activity of the various plants
• The increase of investments necessary for the adaptation of the energy capa-

city
• The needs for currency necessary for import of fuels
• The total expenses from year to year (whether realized or not)
• The emission of pollutants considered in the model

This type of model, which by no means replaces the decision makers, would
permit an analysis of the rigidity of the energy structure, the competition between
energy types in the various domains where competition exists, and possibly their
margin of operation. This is the ideal tool for obtaining some idea of the future of
an energy type or new technology (for instance, solar energy, geothermal energy,
hydrogen, or recovery of heat from power plants) 15-25 years from now.t In the

• The limitation of emissions is developed at the national level in France. Such a procedure may
seem unreasonable especially if only a single impact is considered. However, at the national level,
one can fix thresholds of emissions or of waste materials which may'not be exceeded, and which
would be defIned in such a way that the harmful effects observed by individuals would be at an
acceptable level in the most polluted geographical sectors. See on this subject, D. Finon,
"Evaluation of the Costs of an Environment Protection Policy on the French Energy System"
in Energy and Environment (Paris: Organization for Economic Cooperation and Develop­
ment (OECD), 1974, pp. 239-273).
t Others have a much more normative concept of this type of tool and would like to use it to
calculate the optimal distribution of the various energies and to deduce optimal prices and tariffs
(with the help of dual variables) which allow the guiding of the consumers' choice in the best
way for the society. We prefer to give a more exploratory function to this type of tool.

The model in its new version is actually used in a very pragmatic manner in the energy sector
of nine countries of the European Economic Community (EEC), with the help of a network
general enough to be applied to each. The goal is to calculate at the same time the annual needs
for investments and currency until 1985 and to trace various energy futures up to 2000-2020,
taking into account the values of the parameters. One foresees the further study of the com­
patibility of the local optimum with the national optimum of the nine sectors that are integrated.
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future the model will be reviewed to study specifically these new energies and tech­
niques; it will also be improved at the level of the consumers by a disaggregation
that is more driven by the type of use and other factors. *

This type of model can be (and will be even more so in an improved version) a
good instrument for analyzing the three fundamental elements of the energy policy:

• the energy economy
• the development of national resources
• the choice of the sources of import

with the aid of various criteria: the lowest cost for the community (taking into
account the financing problems), the least economic dependency on other countries,
the reliability of supplies, and finally, the limit of ecological consequences.t

In summary, no specific models exist in the Rhone-Alpes region, but there are
models covering all the French activities in one branch or one sector. This is mainly
due to the institutional and economic centralization of France.

Among the existing models, the most numerous are decision models covering
one branch and, for a particular branch, those using well-specified methods. They
utilize, in general, optimization techniques. At the national sector level, the only
formalized model that exists is without a real tie with the centers of public or
private decision making.

ILB. APPRAISAL OF THE FRENCH MODELS BY THE GDR

Peter Hedrich and Dietmar Ufer - Institut fur Energetik

France is a country that is setting the pace on the international level in the field of
mathematical/economic model application for the optimization of long-range plan­
ning of large-scale energy systems. The activities performed by Electricite de France
in this field provide good examples.

It can be said that the trend of activities by the "base," i.e. in the individual
branches of the energy industry, has followed EDF's lead, and resulted in advances
on problems of the development of the structure of systems and energy suppliers,
economy and financing, and to some extent of environmental control. Significant
arrangements with the consumers have also been established. A model or model
system covering the overall energy industry of the country was not developed for
planning purposes by France because of the existing social conditions, and the
diverging interests of the individual enterprises and monopolistic groups on both
the national and international level. Even the individual branches, such as those of

* In connection with the research developed at the Institut Economique et Juridique de
I'Energie by B. Chateau and B. Lapillonne on a prospective basis (by systems analysis of the
energy demand in the year 2000), this demand was studied from an analytical point of view in
the consumer's sector, taking into account present and future technologies.
t The reduction of the foreign dependency, by the development of national resources and the
energy economy has strong limits resulting from the criterion of cost minimization.
:I: The great variety of models for the operational control are not dealt with here.

I
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electric power generation, do not apply nationwide models due to the fact that
there was no undertaking of a completely monopolistic character. *

The awareness of these circumstances apparently gave rise to the objective of
developing a model system of the energy industries all over the country, a system
that permits long-range forecasting of strategic character in

• Application of energy supplies and their selection
• Scientific and technological development and required research and develop-

ment assignments
• Environmental protection and ecology
• Safeguarding of the energy supply
• Potentials and limits of energy imports

With perfect knowledge of the interdependence of production, conversion, and
consumption, the energy application processes could be applied with discrimination
in the industrial and nonindustrial activities, and in households. Thus, a key step
was taken. If the results obtained from these models are to serve for immediate
decision making, it is absolutely necessary to take the obvious measures in the field
of economic planning and to see to the situation regarding ownership, both of
which have been neglected. The model in its existing form is appropriate to study
the effects on the modified strategic elements and the environment, in the sense of
business gaming. We are in strong agreement with the fundamental French attitude
that statements of importance about regions can be made only incidentally to
general consideration about the energy industry.

II.B.1. Model Characteristics

The model serves for planning the structural variables of the energy system in the
entire country; it does not carry out technological calculations. It also forecasts the
determining quantities of demand and, within the framework of energy technology
and national economy, the most convenient technological processes for the energy
forms that can be interchanged. Thus, the limits of the system are fixed in response
to the actual requirements. The model system is capable of making suggestions for
strategic statements about the exploitation of national energy resources, about the
most convenient structure and operation mode of the energy conversion equipment,
and about the import of energy supplies. The modeled groups of statements are
assessed under the present conditions for the activities within the next 5 to lO years.
They appear to satisfy the principal needs with the exception of the analysis of

* The development in the GDR took place in the reverse direction. In the first half of the 1960s
the theoretical bases were being worked out. The starting base was the overall model of the
energy industry with its sectors of coal, gas, electric power, oil, and public district heating, as
well as imports and exports. In 1967 the National Planning Board adopted this model for appli­
cation in long-range national planning; the model was also adopted by the Ministry for Coal and
Energy. There was a step-by-step development of:

• Submodels in the relevant branches and sectors of energy consumption and supply
• An adequate coupling algorithm
• Regional models for the decisions appropriate to the Bezirks.

These models were adopted into the planning practice. The setting up of regional models will be
finished in the near future.
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environmental impacts and the possible gaining in importance of the regions. Signifi­
cant extensions of the model could be achieved, however, if the problems about
uncertainty of the input information could be solved. *

The main arrangement of the overall model, sub models of subsystems including
the energy application activities, and regional models, matches in its fundamental
setup-the overall conception tried out during the previous 5 years in the GDR. The
substance of the economic criterion, namely, minimum cost for the overall system.
is the only adequate criterion in the economic realm; however, its consequences
were not elucidated in detail.

The time span through the year 2020 has within it a period that can be accurately
modeled. From our point of view and practice, however, we must call into question
the application of a conclusive and deterministic model for such a long time span.
For such computations, the farthest horizon should be the year 1995, or 2000 at
most. This in particular applies to the reliability of the economic input. and the
case of multivariant computations. Complex optimization could be omitted for the
period from 2000 to 2020. The complexity calculations, however, must still be con­
sidered significant for the period 2000-2020. This point is discussed further in
section III.B. with respect to the Wisconsin model.

The main characteristics of the French models include real temporal complexity
of periods of several years, bringing of the initial condition up to date, grouping of
variables according to capacity and employment to capacity, and prevention of
multiple assessment. Dealing with the plants available at the start of the period
under review, and utilization of mean values for the transport expenditure and
environment factors are relatively effective and suitable, from our experience.
Certain doubts, at least theoretical ones, arise with regard to the cost trends over
the periods of several years. Concentration of investment cost on one item is not
advisable in our opinion. The exponential simulation of operating cost can be
traced back to the experience gained with monosystems in which such cost can be
fully applied. The direct complexity in the matrix block, however, requires linear
increase as far as the proportionality between the forms of energy is concerned.
Nonproportional economic trends should be represented by their direct causes.

The model could be improved by taking depreciation into consideration. The
provision for the comparison of the plants existing at the end of the period under
review appeared to be lacking. The constraints applied and the political-economic
formulations of questions regarding the resource restrictions and utilization of
national resources, appear to match the GDR experiences. The data structures ­
both inputs and outputs - satisfy the requirements, but some problems arise
when making provision for and interpreting the output data. From the standpoint
of economic calculation and importance to the energy system, it requires utilization
of all accessible national and possibly international scientific capabilities. The model
apparently utilizes standard programs for the analysis of results, Le. sensitivity
analyses. Of special interest would have been a description of the programs for
efficient command of such models in the preparatory and analYsis phases.

We wish to emphasize once again our opinion that any overestimating of the
models should be avoided. They must be considered only an aid in making decisions.

In spite of the differences in detail, when approaching the problem in accordance
with the method applied, the French model has many similarities to the overall
energy models used for years in the GDR. Accordingly, the two tools used offer the
potential of a real exchange of experience fostered by IIASA. However, we would

* Significant work was and is being done in this field in the Soviet Union.
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like to underline once again the doubts mentioned above with regard to the barriers
and limits of such a procedure with respect to the socio-economic facts. The overall
method of solution and its use within the limits of the Common Market, in our
opinion, only give way to mere academic reflections if they are not used in national
economic decision making.

The bibliograghy quoted in the French publications used in drafting this
analysis,18,19,2 show that the research groups at the University of Grenoble were
not fully aware of the level reached in socialist countries. The sources, including
those concerning the GDR, are outdated and in no way report fully the level
reached. In particular, the publications by the Soviet Union and the GDR, including
work by other socialist countries that have applied similar methods, would certainly
have been a rich source of knowledge and suggestions.

II.C. APPRAISAL OF THE FRENCH MODELS BY WISCONSIN

Wesley K. Foell - Energy Research Center, University of Wisconsin­
Madison; and James Pappas - University of Wisconsin - Madison

Although there is considerable centralization in energy planning in France, the
private sector plays a significant role and, hence, the energy modeling activities
there are somewhat more directly akin to those in Wisconsin than in the GDR. From
the French activities it seems that there are several areas in which Wisconsin can
benefit from transference of methodologies. The broadest of these is the program­
ming model developed at the Institut Economique et Juridique de I'Energie in
Grenoble (IEJE). This procedure holds promise for analyzing not only alternative
state energy policies but perhaps more importantly the impact of various proposed
national energy policies on the state. Its integrative structure would allow its use for
evaluating the energyJenvironment impact of alternative development futures for
Wisconsin and the optimization of the total energy system, subject to constraints
on availability of particular primary energy fuels. Thus, it could be a potentially
important tool for analyzing the future structure of Wisconsin's energy industries.
In this area, such an approach could provide important inputs to both private sector
decision makers and state policy planners.

One of the severe limitations in applying the above model to regional problems in
Wisconsin is linked to the manner in which environmental constraints are imposed
in the model. As the model now stands, environmental constraints are expressed in
the form of total emissions of S02 or other pollutants. In practice in Wisconsin, the
constraints on energy system development that arise through environmental con­
siderations take the form of a multiplicity of impact factors, far more complex than
can be expressed through emissions alone. To use an optimization model of the
above type to include environmental considerations in a significant way would
require modification of the constraints and perhaps the statement of the objective
function. However, after pointing out this difficulty, it does not seem at all
unreasonable to consider the possibility of moving in the direction of these exten­
sions of the French energy model, that is, building into it the description and con­
sideration of more detailed regional environmental constraints and costs. The
creation of such a tool would have considerable benefit for Wisconsin energy
modelers.
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Given the history of a long and extensive effort in modeling of the French electric
energy system, it is perhaps not surprising that this area provides some of the
greatest potential for model transference. Although the French use of trend pro­
jection methods of long-run electricity demand estimation suffer serious short­
comings in times of major structural changes in energy supply/consumption
patterns, the work on short-run demand analysis is exceedingly important for load
management purposes. Given not only increasing total demand but also an even
more rapid growth in peak demand due to summer cooling req uirements, improving
the load characteristics of demand is one of the major problems facing the Wisconsin
electric utility system. This can be accomplished only by means of analysis of that
load composition. The French have progressed far in this analysis, not only in
modeling the load characteristics of electricity demand, but also in costing the
supply of electricity over the load structure. This costing makes possible further
French contribution in the area of electricity pricing. Here the French have proved
to be leaders in experimenting with various price st"rategies aimed at improving the
system efficiency through load adjustment.

Although the French investment model for the electricity industry is sound and
would be useful as an alternative to the corporate planning models currently
employed in Wisconsin, its lack of specific environmental analysis means that
substantial modification would be necessary. Nonetheless, its potential for system­
wide analysis is substantial, and it might prove a useful methodology for use by the
Wisconsin Public Service Commission to evaluate the cost impacts of alternative
link requirements between the various electric utility companies serving areas of
Wisconsin. As in the GDR, experiences with the greater integration of the French
electric system provide a potential for improving on the efficiency of future
capacity expansion in the Wisconsin electric utility industry.

Finally there are the oil and gas models of France. Both models hold limited
promise for transference to Wisconsin due to the very limited nature of activities
of these industries in Wisconsin. There are no oil or gas reserves in the state and
only one refinery. Further, distribution of natural gas is not expanding due to
projected supply shortfalls in the future. Hence, only the models of transport and
distribution of petroleum products appear to have direct applicability for Wisconsin
modeling activities.

III. WISCONSIN

lILA. DESCRIPTION OF THE MODEL

James Pappas - University of Wisconsin - Madison

Energy system modeling in Wisconsin is comprised of a variety of efforts in both
the public and private sectors, aimed at an analysis of problems associated with
energy supply, demand, and environmental impact. The fragmentation of these
efforts is extreme, with many parallel modeling activities being carried on simul­
taneously.

The nature of both Wisconsin's energy system and the modeling activities associ­
ated with that system developed largely from the so~ial, economic, environmental,
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and political structure of the state?!' 22 Wisconsin is richly endowed with both
natural and human resources. It does not, however, have any significant energy
resources. Historically, agriculture, resource extraction and processing, and tourism
or recreational activities have played major roles in the state's economy. An inten­
sive, broad-based industrial sector has developed in the southeastern portion of the
state and it is here that the vast majority of the state's populace now reside.

Wisconsin's energy system evolved in response to the energy requirements
generated by this pattern of economic growth and development. This evolution
occurred largely through the interaction of suppliers and consumers in a private
market setting with virtually no integrated planning and relatively limited direct
government intervention. This historical pattern of a limited government role in
Wisconsin's energy system development stems from many factors. The virtual lack
of energy resources in the state, however, is undoubtedly a major factor, particularly
when coupled with a national policy aimed at making energy readily available in the
private sector markets at relatively low prices. In short, the energy sector has
historically been neither a major component of Wisconsin's gross state product nor
a major constraint on the state's economic development. It has not, therefore, been
an area of major concern to the state government.

Because of the primary reliance on private sector development of the Wisconsin
energy system, and the relatively limited government concern related to this sector,
the resultant disaggregation in energy analysis and planning makes it impossible to
describe a unique, well-integrated energy 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 resources in the private sector,
but also by numerous state agencies. There has been a recent realization of the
importance of energy to the state's economic well being on the part of the state's
political leaders. Because of this disaggregation, the various modeling approaches
being used in both the private and public sectors will be outlined, as well as the
institutional mechanisms through which linkages occur.

While energy modeling in Wisconsin encompasses the entire range of activities
associated with analyzing the state's energy system - from long-range forecasting
and planning to operational 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 generalization is the work of
the Energy Systems and Policy Research Group (ESPRG) at the University of
Wisconsin. This multidisciplinary research activity has resulted in the development
of a computerized dynamic simulation model of Wisconsin's energy system. The
WISconsin Regional Energy Model (WISE) combines an engineering and economic
approach to model the state's energy system within a multidimensional framework
that describes energy demand, conversion, transport, and uses explicitly accounting
for technological, economic, and environmental interactions. It consists of a collec­
tion of sub models that combine in simple mathematical terms data and information
about energy flows in Wisconsin to describe or simulate the energy system and its
relationship to other characteristics of the state, e.g. demographic, economic, and
environmental. A simulation structure was chosen for several reasons. First, simu­
lation is a convenient method of integrating the variety of analytical techniques
likely to be employed in a multidisciplinary effort of this type. Second, a simulation
structure provides a great deal of flexibility in both the modeling process and appli­
cation of the model to systems analysis. For example, it enables one to modify
selected components of the system without the necessity of reworking the entire
model, and to focus attention on specific areas of the energy system as well as on
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the system as a whole. Finally, the simulation structure lends itself to the scenario
generating approach that is extremely useful in the analysis of major policy issues
and alternatives. That is, simulation facilitates the application of the model to ques­
tions of the "what if" type.

Rather than dwell on the specific structure of the WISE model (which is examined
in detail in other ESPRG publications*), and also in Chapter 3 of this volume, we
shall limit our discussion to an overview of its capabilities and use. The WISE model
is designed primarily for intermediate to long-range planning analysis. The typical
horizon employed is the year 2000. Among other applications, WISE has been used
to: (l) forecast energy demands by energy source and user classification, (2) esti­
mate the additions required to the electricity generating, transmission, and distri­
bution facilities in the state and evaluate the financing requirements, total system
costs, and environmental impacts of alternative generating systems (Le. nuclear
versus fossil fueled) designed to meet the additional requirements, (3) examine
environmental impacts associated with alternative future energy use patterns, and
(4) analyze the role that conservation can play in determining the state's energy
future. From these applications, it should be apparent that the WISE model is
capable of both forecasting energy /environment futures for the state and analyzing
the impacts of alternative policy decisions relating to both public and private sector
activities in the energy area.

It is important to note that the development and actual employment of the
WISE model rests almost exclusively with the ESPRG at the University of Wisconsin,
a research team not formally or institutionally linked to Wisconsin's energy system
planning and operational decision making. Lacking a direct tie to the decision­
making bodies in the state, the use of the WISE model for input into energy policy
analysis has rested on its ability to p!"ovide timely and easily comprehended
responses to important energy policy issues as they arise. This response capability
has been designed into the WISE model through the use of the simulation structure
and an interactive control language which provides users with convenient access to
both the models and data systems, and allows for intervention in simulated energy
futures in order to test both the consequences of policy changes and the sensitivity
of these futures to various assumptions employed in the analysis. It is further
enhanced by the formal and informal working relationships that have been estab­
lished by the ESPRG with several administrative and regulatory departments of the
state of Wisconsin. The result is that while the ESPRG cannot be considered to be
among the energy system policymaking bodies in Wisconsin, it does play an import­
ant role as a provider of technical expertise in policy analysis and, as will become
clear from the material which follows, it has had a significant effect on the develop­
ment of an analytical approach to policy analysis within several of the Wisconsin
state agencies which have major decision-making responsibility in the energy /
environment areas.

The description of other energy modeling activities in the state will be on the
basis of model types and use. Because of the virtual inseparability of energy use and
economic activity, virtually all modeling activities incorporate a general econo mic
forecast for the state. These forecasts are prepared in both the public and private

* A detailed survey of the structure and use of the WISE model and a comprehensive list of
publications describing it are contained in W.K. Foell, J.W. Mitchell, and J.L. Pappas, The
WISconsin Regional Energy Model: A Systems Approach to Regional Energy Analysis, Institute
for Environmental Studies Report No. 56 (Madison: University of Wisconsin - Madison, Sept.
1975).
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sectors using a variety of methodologies, ranging from simple trend projections to
complex econometric and input/output models. Within the state agencies, indepen­
dent forecasts are prepared by the Department of Industry and Labor and Human
Relations, the Department of Revenue, and by faculty at the University of
Wisconsin. Although these forecasts are prepared for a variety of different uses and
are not often reconciled, there is a high correlation between the various projections.
This undoubtedly stems in large part from the fact that Wisconsin's economy is
inextricably tied to the entire U.S. economy and all state forecasts are inherently
based on the same projections of national economic activity levels.

Population size and characteristics provide another basic input into all energy
modeling activities. In Wisconsin, this factor is modeled in detail by the Office of
the State Demographer. This model considers age, sex, and county, and includes
considerations of migration, fertility, and mortality. Detailed population projec­
tions are provided to the twenty-first 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
sector and on a firm by firm basis. Thus, for example, individual electric utilities
could be expected to project demand by major user categories within their respec­
tive service areas. Typically these projections entailed extrapolation of historical
trends adjusted for any major structural change in user composition which the
utility was aware of (e.g. the planned expansion of a major industrial customer or
the location of a major new industrial facility in the firm's service area). Such pro­
jections were used as input for investment planning and seldom extended beyond a
five-to-seven-year period. Ten-year projections were in the very long run and went
well beyond the relevant planning period. These simple demand models served quite
well over an extended period due to the regularity which characterized the develop­
ment and growth of not only electricity but also the entire energy system in
Wisconsin until the beginning of this decade.

As a result of the disruptions which have characterized the entire energy system
since 1970, the electric utilities are no longer able to rely on historical trends for
planning purposes. This has been accentuated by a necessary lengthening of the
planning horizon for individual firms, brought about in part by the longer con­
struction period associated with the use of nuclear technology and in part by the
more active role in the planning process taken by government agencies and represen­
tatives of special interest groups in the public (e.g. environmentalists and conser­
vationists). This change in demand forecasting requirements was both sudden and
substantial, catching many electric utilities generally unprepared to respond
adequately in the development of needed forecasting methodologies. It led to a
contract between the major electric utilities in Wisconsin and the Stanford Research
Institute, a large private consulting firm, for an in-depth analysis and forecast of
energy demands in Wisconsin through the year 2000.23

The nature of demand modeling in the other energy industries closely parallels
that in the electric utility sector. Gas utilities and suppliers of coal, fuel oil, and
gasoline have all tended to use historical data on customer use, population and
income growth, and market penetration to develop projections of future demand.
For many cases, the state of Wisconsin is not the relevant market area and, hence,
no "Wisconsin" projection is forthcoming. This is particularly true for the coal and
petroleum sectors where the primary suppliers tend to operate in a national or
international market and for whom the Wisconsin market is an extremely small
part, so small, in fact, that it is often treated as some fixed percentage of the
national market - usually around two percent. In the case of those natural gas
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transmission and distribution companies whose primary market area is Wisconsin,
their lack of direct ties to the production of natural gas, coupled with a situation
where the demand for their product far exceeds any foreseeable supply, limits the
benefits from detailed demand analysis and forecasting. Such modeling has there­
fore had limited development.

Recently the state has moved into the arena of energy demand forecasting on
several fronts. These activities began when the Public Service Commission (PSC)
aggregated the forecasts of individual electric utilities to develop a clearer picture
of the projected generation, transmission, and distribution system in the state. They
have relied to thi~oint on the projections provided by the utilities and by ESPRG
at the university, .28 while working on the development of an "in house" capa­
bility for demand estimation.

The other state agency currently involved in energy demand analysis and projec­
tion is the Office of Emergency Energy Assistance (OEEA). This newly formed
agency is charged with responsibility for assisting in the allocation of energy
resources when the market mechanism fails because of a major imbalance between
supply and demand (i.e. when price is not allowed to play its role) and to assist in
the development of an energy policy for the state. The OEEA is involved primarily
with short-term energy issues and thus has not developed the capability for inter­
mediate to long-range energy forecasting but relies instead on the ESPRG work and
other externally generated projections in those instances where required. It has,
however, developed an extensive set of computerized energy consumption data
bases and retrieval software for analyzing that data. These data include a monthly
allocation of all petroleum projects coming into the state, which shows for every
distributor of petroleum products where he obtains his supplies and to whom the
products are sold. These data are used to keep track of the origin of Wisconsin's
petroleum supplies and to analyze the short-run impacts of a disruption in that
supply. Similar data are collected for both coal and natural gas flows in Wisconsin.
An additional data file listing the primary fuel requirements, alternative fuel
capabilities including storage and switching time, and daily use rates has been
prepared for all low-priority natural gas customers in the state. These data are being
used by the OEEA to analyze the impacts of a natural gas curtailment and the
alternative allocation schemes that have been proposed for the remaining gas.

Investment planning activities in Wisconsin closely parallel those in the demand
area. The vast majority of such efforts are carried on by the individual firms
operating in the state. A variety of corporate planning models are utilized in these
efforts. These models typically project the time pattern of finance requirements
based on forecasts of future system capacity needs and estimates of the tech­
nologically available means of satisfying those needs. These corporate planning
models are usually detailed engineering/economic models of either a simulation or
mathematical programming nature. Where a linear programming approach is used,
constrained cost minimization over the planning horizon is the typical objective.
Although the electricity generating capacity submodel (GENCAP) in WISE is some­
what less detailed than most corporate planning models, it is representative of the
simulation structure employed.

Probably the only energy firms where corporate planning models explicitly
model in detail a Wisconsin component are the electric and natural gas utilities
serving the state. Electric utilities, for example, use extensive models to convert
projected consumer demand into. capacity requirements using load curve analysis.
These forecasts of capacity requirements are in turn used to analyze the economic
impacts of alternative generation and distribution systems and from this, detailed
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projections of capital investment and financing requirements are obtained. These
models have typically employed a five- to seven-year planning horizon in the past
but recent events have lengthened it to ten to twelve years.

Although the major coal and petroleum suppliers all utilize such corporate plan­
ning models, in most cases the Wisconsin component is small relative to their total
activities - involving perhaps no investment where sales are channeled through
independent distributors - and, hence, is either combined with surrounding states
for a regional analysis or not disaggregated at all from the national model. In those
situations where a Wisconsin component is analyzed it invariably relates to distri­
bution facilities which typically are relatively low-cost components with short
planning horizons and, hence, are not major components in the model.

The only state agency that carries on any investment planning analysis in the
energy system is the PSC and its effort is limited primarily to the electricity industry.
The PSC approach is essentially equivalent to a corporate planning model in which
system costing is the primary objective. The model structure is similar to GENCAP
but with more detail concerning load flows by user class. It is used to evaluate the
investment plans of individual electric utilities and for analysis of alternative rate
structures. This effort has been done on a company by company basis and only
recently has work begun on a systemwide effort patterned after the work of ESPRG.

A final area where energy-related modeling is taking place in Wisconsin relates to
environmental impact. Here the effort is more completely integrated into state
planning activities due to the need to ensure compliance with both state and
national environmental standards. In this effort the Department of Natural
Resources (DNR) has responsibility for both developing standards to ensure com­
pliance with the codes and for monitoring emissions in the state. In this effort, they
are working closely with several other state agencies as well as developing their own
models for some specific analysis. They are for example working closely with the
PSC in the development of impact statements for future electric utility generating
plants and transmission systems. Here the methodology is similar to that employed
in the ESPRG Environmental Impact Model but with greater emphasis on its specific
relationships. Similar work is being carried on by the utility firms in the state as
part of the licensing for new plants.

DNR is also working on broader models of air and water quality. One of these
efforts involves monitoring by DNR of primary fuel use by each of the major
energy-using facilities in the state. Emission data are then constructed from the fuel
use survey and a physical diffusion model develops ambient concentration levels for
various pollutants. These data then provide the basis for establishing pollution
abatement requirements for the facilities.

The above methodology is also being employed for long-range environmental
quality analysis and planning for southeastern Wisconsin, the most heavily indus­
tiralized and populated section of the state.25 Here an economic planning model
provides specific industrial and transportation energy use projections through the
year 2000. These fuel-use figures are converted to emissions factors which are then
combined with projections of area sources of pollution (e.g. residential housing and
commercial areas) to develop estimates of air quality. A scenario-generating cap­
ability allows the impact of alternative development plans and pollution abatement
standards to be analyzed.

To summarize, energy/environmental planning in Wisconsin is highly fragmented
and, hence, there is relatively little centralized effort in this area. Even in the case
of the energy utilities (i.e., electric and natural gas distributors) where the state has
long played a major role in regulating activities, the individual firms are the primary
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decision makers and as such have historically done virtually all of the planning.
Recently the PSC and DNR have taken a more active role in these planning activities
due primarily to (I) mandates laid down in both Federal and state environmental
protection legislation,26,27 (2) concerns about the risks inherent in nuclear gener­
ation of electricity, and (3) major structural changes in the energy supply Idemand
relationship which indicate a long-term supply shortfall unless significant modifi­
cations in energy use patterns are forthcoming. Other state agencies (particularly
OEEA and the Department of Planning) are also moving rapidly to develop the data
systems and modeling techniques necessary to introduce energy relationships into
state policy analysis more explicitly. The efforts are being assisted by the work of
ESPRG and other research groups at the University of Wisconsin.

III.B. APPRAISAL OF THE WISCONSIN MODEL BY THE GDR

Peter Hedrich and Dietmar Ufer - Institut fiir Energetik

In the state of Wisconsin there has been a great number of initiatives taken to assess
future trends in the energy industry and their consequences for other spheres of
economic and social activities. The majority of these initiatives concern investigations
by private enterprises engaged, for example, in supplying electricity, which need the
resulting data and other evidence to pursue a policy that results in maximum profits.
A policy stressing maximum profits leads to one-sided development directed only
towards fields that are of interest to the enterprise concerned. Other aspects, e.g.
supplies to the state or even the United States as a whole, and energy suppliers
other than those involved in the specific business transactions, scarcely attract due
attention in these circumstances. Since, in addition, public institutions are interested
in energy demand developments, energy supplies, and the relevant problems of
environmental protection, there may be uncoordinated parallel work.

The initiative taken by the Energy System and Policy Research Group (ESPRG)
of the University of Wisconsin, which is making efforts to systematize all the
Wisconsin activities in this field, therefore marks great progress. A comprehensive
system of models is intended to serve investigations into the energy supply industry
and environmental protection, not from the point of view taken by just one enter­
prise or any other isolated group of interested parties, but within the scope of the
entire state. It must be regarded as a good development that the research group
plans to cooperate with the public authorities and present calculations that are of
practical significance. The confinements of these efforts become apparent, however,
if it is or would be necessary to apply the knowledge gained against the resistance
put up by certain groups representing vested interests (such as energy supply enter­
prises, landlords, and the automobile industry). The power of public authorities to
influence private enterprises can safely be regarded as quite limited. Much valuable
knowledge that might be of use to people can therefore not be put into effect.

The model is therefore not suited for immediate preparations of decisions to be
taken by the energy supply industry or at government level but is rather intended
to serve studies dealing with the consequences for the energy supply industry and
the environment of various economic, technological, demographic, and other
developments and strategies. This situation is apparent from the fact that the results
of investigations using the model are not expressed in quantities that are clearly
specified in terms of place and time, but mainly represent variants, trends and state­
ments of the "if-then" type.
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It is also necessary to state that the work done by the University of Wisconsin is
concerned only with overcoming the uncoordinated state of energy supply planning
in one state. There has not been any attempt made so far to work out a system deal­
ing with the planning of energy supplies and environment protection covering the
whole of the United States on the basis of the same principles. It is also not apparent
that a territorial energy supply strategy is to or can be established for the United
States with the aid of the Wisconsin model.

The contrast with energy supply planning in the GDR results from the different
arrangements of production in the GDR and the United States. As a part of socialist
economy, the GDR energy supply industry is under central management. Planning
proceeds in the interests of society as a whole, with the planning process being
organized in the way of a pyramid, reaching from the industrial plants with their
staff up to the Ministry of Coal and Energy Supplies and top-level government
(reflecting the principle of democratic centralism). All industries, and indeed the
entire social progress, are subject to planning in socialist society, without con­
sideration whether one branch or another mayor may not temporally attract
special attention for reasons of overall trade policy or current events (remember the
so-called oil crisis!). The results of scientific work done to develop the energy supply
industry are taken into account when the GDR National Economic Plan is being
drawn up. That plan, which is actually worked out with the cooperation of the
working people in the factories and fields is in the end given legal status. Its specifi­
cations are put into effect at all public authority and industrial management levels.

The Wisconsin model serves to forecast developments over a period of up to 30
years. In calculating the inputs, it primarily uses trend computing. It may be possible
to extend the period covered by a forecast by one or two decades. In any case, it
has to be considered, however, that in reality the developing processes usually do
not proceed in a continuous mode but may include discontinuities at one time or
other. The model takes this condition into consideration by defining and comput­
ing qualitatively different model approaches (scenarios).

In the GDR, pure trend computing is used in a limited way only (in minor sub­
sectors for tally calculations) in the course of planning activities covering two or
three decades. The methods applied in the Wisconsin model are of interest to us,
however, for forecasts reaching beyond the year 2000.

The Wisconsin model is a variant (descriptive) model. It is not intended for or
capable of optimization. In view of the widely varying conditions of ownership
characterizing the energy supply industry in Wisconsin, this limitation is realistic
and theoretically correct. Any optimizing criterion agreeing with the interest of the
entire population of the state would not be recognized by the private enterprises,
which are driven by their urge for maximum profits.

The model system worked out by the University of Wisconsin does not comprise
energy supply and environmental protection but, rather, the entire economy includ­
ing substantial spheres of social developments. This arrangement is necessary
because additional data concerning, for example, developments in industry, agri­
culture, and other branches outside the actual energy supply industry, are not made
available by other institutions. In the end, therefore, the Wisconsin model covers all
economic activities in the state in terms of developments to be expected, in order
to be able to provide statements concerning the energy supply industry and environ­
mental protection. If other branches of the economy, for example agriculture or
transportation, were to start such investigations, this situation might lead to
ineffective repetition of work.

In contrast to Wisconsin conditions, energy supply planning in the GDR is part of
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national economic planning as a whole. The inputs needed for energy supply plan­
ning from other industries (concerning, for example, the production of cement or
rolIed steel) are calculated by these industries in the course of their own planning.
The feedback from energy supply planning to the other industries operates within
the entire national economic planning process.

For determining the ultimate energy demands, the Wisconsin model uses almost
exclusively (above all for industrial activities) economic quantities to characterize
volume and growth of production. This procedure is handicapped because certain
structural alterations, which may be significant for the energy supply industry, are
not recognized and therefore not considered. A disaggregation of the industry into
20 branches cannot make up for this deficiency.

The method of useful energy supply planning by consideration of energy­
intensive products and their specific energy consumption indices, which in the GDR
has been practiced for a long time, permits changes in national economic structure
to be taken into account in energy supply planning. Planning with genuine natural
physical indices is, in addition, well suited to cover any interdependencies in
industry and other fields. Interdependence schemes based on economic quantities
only, as prepared in Wisconsin, can in contrast be expected to provide much less
accurate evidence.

Available information on the Wisconsin model does not show how the inter­
action between the substitutable energy supplies in the various branches of the
energy supply industry is taken into account and planned. Planned energy supply
substitution according to a defined or still-to-be defined strategy is not at all fore­
seen for the industrial consumption of energy. As a result, there is an impression
that every individual energy supplier is dealt with in a more or less isolated manner
within the model system, with the electricity supply industry clearly enjoying a
prominent position. The latter situation is probably due to the power stations being
the only major energy conversion plants in Wisconsin.

From the point of view of the GDR, it appears as a drawback that the Wisconsin
model does not provide for the computing of comprehensive energy supply balances,
balances dealing with individual energy supply according to available resources and
the uses that are made of these supplies, and comprehensive primary energy balances.

The structure of the Wisconsin model and the way in which the submodels are
coordinated are very efficient. Similarly to the central model system applied to the
GDR energy supply industry, the arrangements allow calculations with the sub­
models as well as calculations involving the coordinated model as a whole. Output
of results, in some cases with graphs, is quite suitable for nonexpert staff.

The Wisconsin model comprises submodels investigating the consequences on the
environment of activities by the energy supply industry. These investigations are
very valuable since they may be the starting point for activities to limit, or avoid
damage to the environment by all branches of the energy supply industry. Coordi­
nation, in terms of a model, of activities by the energy supply industry and environ­
mental control, which has not been practiced yet in the GDR, offers great possibi­
lities to investigate the interaction between the two.

The Wisconsin model has been worked out in social conditions that differ from
those in the GDR, and the objective is therefore different, too. The procedures and
methods applied are, however, of interest for the GDR. Their application seems to
be suitable for cases that do not permit application of optimizing models that are in
use in the GDR. Even with such distant planning horizons, however, a more or less
comprehensive energy supplier balance, with consideration of the interdependencies
of the suppliers, should be worked out. The procedures applied for environmental
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control planning and its coordination with energy supply planning are also of
interest to the GDR for planning periods covering 10 to 20 years and appear to be
applicable in their present form. *

1ll.C. APPRAISAL OF THE WISCONSIN MODEL BY RHONE-ALPES

Dominique Finon - Institut Economique et ]uridique de l'Energie (IEJE)

This analysis will only take into consideration the WISE model of the University of
Wisconsin because few specific details are available about other models. t The WISE
model has been developed in a very pragmatic way, with the intention to provide
clarification to decision makers and even to provide the public with a better under­
standing of the consequences of different energy choices in terms of environmental
impacts. The model permits a very disaggregated presentation of energy production
and consumption activities, because its developers have a detailed understanding of
various consumption and production processes; the method permits one to calcu­
late quite precisely the different undesirable effects resulting from each type of
activity. This type of model is not meant to be a tool for planning, but rather a tool
for forecasting energy consumption, the evolution of production, and environmental
consequences - taking into account many possible starting points. Optimization
methods simulate one energy policy, e.g. to seek the least social cost under the con­
straints of limiting dependence on oil or reducing harmful effects. The method
utilized in the WISE models, however, permits one to test many different policies. It
is, for example, possible to measure the impact of an energy conservation policy
that imposes insulation standards for housing or that improves the load factor in
cars; these parameters are exogenous to the WISE model since the standard of
optimal insulation may have been an outcome of an optimization model.

The WISE model appears to be a neutral model representing the energy system of
Wisconsin, defined in terms of the totality of the activities associated with the pro­
duction and consumption of energy. It would be applicable to all energy systems in
the world, considered from this point of view, except that it has been conceived for
a system which is strongly dependent on the outside world for its supply of primary
fuels. The application of this model, in this sense, should pose more problems for
the GDR than for the Rhone-Alpes region (or for France) to the degree that the
essential energy needs in the GDR are satisfied by locally-mined coal.

The logic of the approach under discussion necessitates a very elaborate dis­
aggregation of various subsystems in order to arrive at the fundamental deter­
minants of demand. For example, at the level of space heating in the residential and
service sectors, it requires information about the climate, insulation, outside surface
area of housing, type of housing, the number of housing units, and so on. Thus, one
of the difficulties in applying this type of model lies in obtaining the tremendous
amount of data needed for the assignment of values to the parameters, as well as in

* The review of the Wisconsin energy model was based on: W.K. Foell, The Wisconsin Energy
Model: A Tool for Regional Energy Policy Analysis, Institute for Environmental Studies Report
No. 35 (Madison, University of Wisconsin - Madison, Nov. 1974); and 1.L. Pappas, "Draft Out­
line for the Description of the Energy System Modeling Activities in Wisconsin," (unpublished).
t As described in Chapter 6, it appears that these models are almost identical to the branch
models utilized in France by Electricite de France (EDF) as well as by the oil companies.
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defining the values of the coefficient in relationships between two variables. For
instance, in the industrial subsystem it is necessary to know the coefficient of
energy intensity corresponding to energy consumption per unit of value added.

It is difficult to avoid certain inconsistencies when using such disaggregated
methods. Thus, to return to the industrial subsystem, it is necessary to extrapolate
from the available data in order to obtain the coefficients of energy intensity for
future consumption of energy; this presupposes that the techniques will remain
fixed over long periods of time. Moreover, it is necessary to know the economic
activities of different branches during the next 20 or 30 years and this requires a
certain level of estimation. This is perhaps easier in the case of end-use energy in the
domestic, service, and transportation sectors. The data must be evaluated rather
arbitrarily, and much is dependent on the subjectivity of the modeler and his
experience in the field of modeling.

Moreover, since it is not possible to formalize everything with the same finesse,
certain areas are less well formalized than others; this produces distortions in the
accuracy of the results and increases the error in the findings obtained by aggre­
gation of the partial results. Thus the representation of freight transport in the state
of Wisconsin would appear very crude, in view of the precision of the representation
of the urban and intraurban passenger transport. In the same manner, in the indus­
trial and domestic sector, the possibility of replacing fuels by electricity through
the substitution of heating methods or industrial processes has been neglected.* It
is sometimes more interesting to remain at a certain level of aggregation of economic
phenomena when this permits one to obtain information more easily or when this
permits one to profit from errors' canceling each other in the different components
of an aggregate.t

In any case, the simulation technique under discussion here is very useful, in
view of the flexibility it has in permitting one to construct a global model, domain
by domain, to modify or improve a given point in the representation, and to
develop more precisely the formalization of certain other points. Moreover, it is
ideal for coupling with the scenario method, which permits a consistent definition
of parameters.

In conclusion, one may perhaps criticize a certain unevenness in the exactness of
representation of the various parts of the model, the necessity to control a large
number of parameters, and to investigate an enormous mass of data. The model
remains an extremely pragmatic tool directly useful in aiding the decision makers to
measure the consequences of their present and future choices; moreover, its careful
design permits much flexibility.

The model, however, is better conceived to study the environmental impacts and
the regulations concerning pollution rather than to study the development of the
overall energy system. It is nonspecific and can be easily applied to all energy
systems which present the same conditions of fuel dependency as the state of
Wisconsin. However, this nonspecificity is connected with a concept of systems as a
group of activities without a purpose and without capacity for self-reprod uction (in
which the total would be the sum of the parts). It is perhaps here that one sees the
methodological limits of this approach in providing long-term forecasts; a system

* It is possible that from the point of view of environmental impacts, certain simplifications of
representation may be justified. But they cannot be justified if, at the same time, one seeks a
precise forecast of the consumption of energy.
t For example, the evolution of the consumption of electricity in households is a logistic curve
corresponding to the penetration of the various secondary domestic appliances.
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has its own dynamics and its own logic which must be brought to light in order to
model it and to try to represent its modes of evolving. The WISE model assumes a
system without its own internal dynamics, for it presents a multitude of exogenous
parameters whose level is more or less arbitrarily determined. Here, more is at stake
than a theoretical and abstract observation, for this important external factor could
be a cause for questioning the significance of the model's results.
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TJniversity of Wisconsin - Madison

I. INTRODUCTION

Chapters 4, 5, and 6 have provided alternative pictures of energy and environmental
futures in the German Democratic Republic, Rhone-Alpes, and Wisconsin. The
scenario-writing process through which these futures were studied is purely descrip­
tive in nature, that is, it only provides a description of some of the characteristics
of the system as it moves through a series of states. However, the process does not
tell us what path to take from one state to another, given a particular objective or
goal which we wish to achieve in the system. It does not provide a formal approach
to the evaluation of alternatives. What path should be followed if, for example, con­
ventional costs for energy facilities are to be minimized? If environmental impact is
to be minimized? If subregional economic equity is to be preserved? We denote
procedures for choosing such paths, i.e. alternatives, as prescriptive techniques.
Some of the system models described in Appendix D could be classified as prescrip­
tive in nature. For example the ENERGIE model originating in Grenoble could be
used to choose energy supply strategies which would lead to minimum discounted
energy system costs (including capital and operating costs).

No formal objectives or objective functions have been defined for the scenarios
- other than the statement of an overall policy rationale or framework within
which the evolution of the system could be described. Furthermore, the scenario
descriptions in Chapters 4, 5, and 6 provide little guidance for embedding the
energy /environment information into a decision process.

This chapter describes one of the approaches used by the IIASA research group
in the evaluation of energy/environment alternatives. It uses the framework of
multiattribute decision analysis. As will be seen from the following sections, the
approach was chosen in part because of the belief that it also contributed greatly to
the communication process, another essential ingredient of energy/environment
management. The approach is not presented here as a solution to the evaluation
problem. The lack of an appropriate formal approach for incorporating uncertainty
into policy evaluation and for dealing explicitly with the unknown remains a
critical issue for resource system analysts and managers.

444
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II. THE DIFFICULTIES OF ENERGY /ENVIRONMENT
MANAGEMENT

In the context of this book, the energy /environment system of a region includes its
socioeconomic, technological, and ecological characteristics. The difficulties of
managing this system can in part be explained by the following characteristics.

The Interdependencies of Economic, Technological, and Ecological Characteris­
tics of a Region. These interdependencies are not only extremely difficult to quan­
tify, but they imply that conflicting objectives need to be considered within the
management process. A well-known example is the current controversy about
whether high rates of economic growth are compatible with a high-quality environ­
ment. Another example on a regional level is whether specific environmental
protection measures are compatible with local economic growth and maintenance
of jobs.

Difficulties in Identifying Costs and Benefits and in Associating Them with
Specific Societal Groups. Accounting in a quantitative way for impacts on air
quality, aesthetics, and resource supply is very difficult, especially over time. In
addition, the costs and the benefits are not always bestowed upon individuals or
groups in an equitable manner.

Uncertainties - Changes Over Time. There are uncertainties about the benefits
and costs of any particular management policy. Even if there exists a good under­
standing of the system interdependencies today, they may change drastically over
time in a manner that we do not understand or may not even expect. Some of the
environmental effects have very long-term delays making them difficult to estimate
with present information.

Difficulties in Communicating This Complex Material. Even if the above infor­
mation is precisely known, it is difficult to communicate to individuals and institu­
tions that must make decisions on the management problem or implement strategies.
The problem of communicating quantitative and technical information to people
who are not specialists is even more difficult. As the complexity of our techno­
logically oriented society increases, this problem is increasing in importance.

Multiple Decision Makers Within Overlapping Institutional Frameworks, e.g.
Multiple Levels of Government. Because the energy/environment system cuts across
so many parts of society, institutional structures that have evolved are complex.
This results in a multiplicity, and sometimes unidentified array, of policymakers
who are deeply involved in the management problem.

There has been considerable interest in formal methodologies to cope with the
above problems and to combine environmental imRacts into a single figure of merit
for evaluation of alternative courses of action. 1. 2, .4 Others have suggested utility
assessments for risk analysisS and for evaluation of alternative power plant
sites.6 • 7. 8 This chapter suggests and illustrates multiattribute decision analysis as an
appropriate approach for formally addressing some of the above complexities in
managing energy/environment systems. The approach is introduced in the next
section; the remainder of the chapter is devoted primarily to illustrating the
approach for examining alternative electricity supply strategies in the state of
Wisconsin.

III. MULTIATTRIBUTE DECISION ANALYSIS

As described in Chapters 4-7, a simulation model has been used to examine the
environmental consequences of the alternative energy scenarios for the German

!
I

j

I



446

EVALUATION OF
ALTERNATIVES

IMPROVED UNDER­
STANDING OF ENERGY/
ENVIRONMENT SYSTEM

PREFERENCE
MODEL

IL _

--,
I
I
I
I
I

__ J

r----------..,
ALTERNATIVE I

I ASSUMPTIONS
I AND POLICIES I
I I r-----
I ENERGY/ I I
I ENVIRONMENT1-+-------+-1~

I
IMPACT
MODEL I ALTERED

I I STATE OF

I I ENERGY/
INITIAL I ENVIRONMENT

I CONDITION I SYSTEM
I OF ENERGY/

ENVIRONMENT I
I SYSTEM IL J

FIGURE E.l. Relationship between the impact model and the preference model.

Democratic Republic, Rhone-Alpes, and Wisconsin. The environmental impact
models* used for that purpose are meant to be as objective as possible, Le., an
attempt was made to minimize subjective or value~udgmentcontent. However, in a
strict sense this was not possible since no model can be more than a reflection of
the model-builder's view of a simplified image of reality. It is hoped that the model
provides the best description that he can produce.

Because of the earlier-mentioned complexity of energy /environment systems, it
is extremely difficult to utilize this model directly for evaluating specific policies.
With this in mind, we suggest that it may be useful to introduce a preference model
into the process. The use of a preference model, coupled with the impact model,
can provide a convenient framework to help a decision maker evaluate alternatives
in terms of the degree to which each of a set of objectives is met.

The relationship between the energy/environment "Impact Model" and the
"Preference Model" is illustrated in Figure E.1. The outputs of the Impact Model
are impact levels of the attributes, Le., the degree to which an attribute alters the
state of the system. For instance, the policy of introducing nuclear power facilities
may result in a certain level of radioactive waste, of power generated, of water used,
of land occupied, and of death. The impact model might give point estimates of
such levels or present the information in a probabilistic fashion. Then the decision
maker is supposed to consider the possible states and select a policy from the
alternatives.

To effectively process all the information in one's mind is a very difficult task.
From the characteristics of the problem outlined in the last section, three of the
major complexities leading to this difficulty are:

• The uncertainties about the impact of any alternative, especially considering
the time frame involved

* The models are summarized in Chapter 3 of this volume. More detailed descriptions can be
found in the references listed there.
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• The multiple objective nature of the problem and the necessity to make value
tradeoffs between various levels of attributes

• The differences between the preference structures of the individual members
of the decision-making unit and the lack of systematic procedures for articulating
and resolving these differences

Two general approaches for addressing these issues are an informal qualitative
one and a formal quantitative one. * In the former approach, one processes the pros
and cons of each alternative in his own mind and discusses his thinking with other
concerned members of the decision-making body. Eventually a decision will result
from agreement or compromise. The formal approach attempts to quantify each
decision-maker's preference structure and couple this with the implications of the
impact model. The individual preference models allow one to explore the areas of
agreement and disagreement between decision makers. The process itself is
important in addressing the third complexity mentioned above. The formal
approach will be the focus of the following pages.

The result of quantifying one's preferences is a model of these preferences called
a utility function. When multiple objectives are involved, a measure of effectiveness,
or attribute, is needed to indicate the degree to which each objective is met. Hence
we have the terminology, multiattribute utility function. This multiattribute utility
function is nothing more than an objective function (to be maximized) with one
special property: in cases involving uncertainty, the expected utility calculated for
an alternative is an appropriate measure of the desirablity of that alternative.
Thus, if one accepts a set of reasonable axioms postulated by von Neumann and
Morgenstern,lO one should choose the alternative leading to the highest expected
utility.

For discussion purposes, it is convenient to divide decision analysis into four
steps: structuring the problem, identifying the impacts, quantifying the preferences,
and evaluating the alternatives. The next four sections of this chapter respectively
cover these steps.

IV. THE PROBLEM: THE CHOICE OF ALTERNATIVE
ELECTRICITY SUPPLY STRATEGIES

Each of the three regions provides a wealth of examples of the complexity of this
management problem. One problem that arises in all three regions and which is
becoming increasingly important and visible for a broad spectrum of decision
makers and the public is the evaluation of alternative electricity supply strategies.

In Wisconsin, much of the discussion of this question has focused on the relative
advantages and disadvantages of nuclear and coal electricity-supply systems; the
environmental impacts of the two systems have been the major topics. More
recently, the question of the desirability of continued growth of electricity supply
has been brought into the discussion. In the eyes of a significant fraction of the
Wisconsin community, the societal choice of levels of energy use is a major com­
ponent of environmental management. It is one of the most complex aspects of the
problem. 11

In Rhone-Alpes, the question is of a similar nature although the specific

• Whether a group chooses the formal or informal process is itself a decision. Some of the
advantages and disadvantages of each of these approaches are suggested by Keeney and Raiffa."
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TABLE E.1 Six Alternative Policies for Wisconsin Electrical Generation from
1970 to 2000

Policy I

Policy 2

Policy 3

Policy 4

Policy 5

Policy 6

• Electrical generation increases at average annual growth rate of 4.7%.
• Almost all new plants fueled with coal.
• SO, emissions controlled by using stack gas removal systems and low-sulfur
coal.
• 99% particulate control.

• Electrical generation ~ same as Policy 1.
• Almost all new plants are fueled with coal.
• No SO, stack gas removal systems and same amount of low-sulfur coal as
Policy 1.
• 89% particulate control.

• Electrical generation - same as Policy 1.
• Almost all new plants use nuclear fuel.
• Emission controls for SO, and particulates - same as Policy 1.

• Electrical generation - same as Policy 1.
• After 1975, all coal is low-sulfur from distant mines in western states.
• 50% of new plants after 1982 use coal and 50% use nuclear fuel.
• After 1975, all coal and uranium is obtained from surface mines.
• Emission controls for SO, and particulates - same as Policy 1.

• Electrical generation increases at an average annual growth rate of 2.8%.
• Almost all new plants are fueled with coal.
• Emission controls for SO, and particulates - same as Policy 1.

• Electrical generation - same as Policy 5.
• Almost all new plants use nuclear fuel.
• Emission controls for SO, and particulates - same as Policy 1.

alternative strategies differ slightly in form from those in Wisconsin. Furthermore,
the choices are generally made at the national level. The current strategy favored
by the government is the increasing penetration of electricity use in the energy
market, with a major fraction of the electricity supplied by nuclear power. The
current plan of Electricite de France is to have in the Rhone-Alpes area an installed
capacity of approximately 6,000 MWe by 1980, and possible continued expansion
thereafter. However, an energy study by the Institut Economique et Juridique de
l'Energie in Grenoble provided a vivid picture of an alternative plan that involved
significant energy conservation and increased emphasis on nonelectrical forms of
energy.12 Although the discussion and analysis of environmental impacts of alterna­
tive systems were initially not as intensive as those in Wisconsin, they are now
receiving increased attention in both public and government circles.

In the GDR, the electricity generation technology has been almost exclusively
based upon lignite fuel. Although the economic and environmental tradeoffs have
been considered in the selection of energy strategies, the available options seem to
have been relatively narrow in scope. However, when viewed farther into the future,
for example, over the next SO years, there appears to be a range of alternatives
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available. As in the other two regions, altering the nature and magnitude of energy
demand would seem possible by influencing the economic infrastructure. Similarly,
over time it appears feasible for the GDR to choose from a spectrum of supply tech­
nologies, including electricity (via nuclear energy) or a range of nonelectrical
strategies, for example, district heating.

It is therefore possible to discuss a similar subset of electricity supply strategies
within each of the three regions. Because more extensive environmental analysis
had been performed for Wisconsin, it has been chosen as a case to illustrate the
application of decision analysis to evaluate alternatives. However as will be discussed
at the end of this chapter, the approach appears to be appropriate for application in
the other regions as well.

IV.A. THE ALTERNATIVES FOR ELECTRICITY SUPPLY IN WISCONSIN

The policies which we will examine for electricity supply in Wisconsin will be
defined by two decision variables:

• The fuels used to supply the electricity
• The degree of conservation of electricity, i.e. the limiting of demand

More specifically, the six policies evaluated are briefly described in Table E.l.
The average annual growth rates of approximately five and three percent were
selected from several alternative electricity generation scenarios presented in a
previous publication. J1 The other characteristics of the policies in Table E.l have
been arbitrarily selected simply as illustrations. These policies by no means com­
pletely span the alternatives facing Wisconsin. For example, one issue not addressed
in these six policies is the impact of alternative power plant cooling systems.

IV.B. THE OBJECTIVES AND ATTRIBUTES

In our analysis, we will focus on aspects such as the environment, human health and
safety, and nuclear safeguards, rather than economic considerations. The latter have
received considerably more attention historically, and we feel the features of
decision analysis are better illustrated with the former.

After considerable discussion with individuals in policymaking roles in Wisconsin,
a set of objectives for examining alternatives was outlined. 13 The process of specify­
ing objectives requires some value judgments - deciding which objectives are
important enough to include. For each of these, an attribute is specified to indicate
the degree to which that objective is met. This resulted in the 11 attributes in Table
E2. The units and ranges of possible impacts for the 6 alternatives evaluated are
included in the table. These attributes are an aggregation of the numerous impact
categories provided by the impact model described in the next section. Since the
selection of attributes also depends on preferences and value judgment, another set
of attributes may be more appropriate for a particular individual. For example,
some people may feel that since occupational risks are presumably taken volun­
tarily, occupational fatalities should be considered separately from public fatalities.
The first attribute in Table E.2 is the sum of all quantified health and accident
fatalities, both occupational and public. In the overall process, there should be an
iterative interaction between the utility assessment and the specification of the
aggregated attributes.

j

i

1



TABLE E.2 Attributes for Initial Application of Multiattribute Decision Analysis to the Wisconsin Electrical Energy System

~
VI
o

x, == total quantified fatalities
X 2 == permanent land use
X 3 == temporary land use
X 4 == water evaporated
Xs == S02 pollution
X. == particulate pollution
X7 == thermal energy needed
X 8 == radioactive waste
X. == nuclear safeguards

X '0 == health effects of chronic air pollution exposure
X 11 == electricity generated

Measure

deaths
acres
acres
1012 gal
10' tons
10' tons
10'2 kWh(t)
metric tons
tons of plutonium produced
tons of lead
10'2 kWh (e)

Worst value

700
2,000

200,000
1.5

80
10
6

200
50

2,000
0.5

Best value

100
I

10,000
0.5
5
0.2
3
I
I
I
3
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V. THE ELECTRICITY IMPACT MODEL

The generalized framework of the composite environmental impact model in Figure
E.I is elaborated upon in Figure E.2. The assumptions that specify a policy, namely
a specified regional electricity demand and supply mix over a period of time, are
provided as input to the Electricity Impact Model (ElM), 13,14 which was summarized
in section IV.D.3. of Chapter 3. As described there, the primary input to the ElM is
a set of assumptions about (I) quantity and sources of electrical generation as a
function of time,'" and (2) important parameters (e.g., technological relationships,
accident rates), possibly time-{)ependent, that affect impacts. The primary output
is an array of "quantified" environmental impacts associated with the power
generating facilities as well as the supporting fuel industries. These systemwide
impacts, which are aggregated into the II attributes XI, X 2, ... , Xli, occur as a
direct result of the electricity generation; a significant portion of the impacts may
be imposed outside the region where the electricity is generated. For example,
uranium is mined in the western part of the United States to fuel nuclear reactors
located in Wisconsin.

It is difficult to display in a general fashion the ways in which electricity use
results in impacts, but Figure E.3 shows the pathways for a large number of effects.
Pathway I includes impacts such as air pollution from coal-fired plants, radioactive
releases from the nuclear reactor, chemical releases from the power plant, and waste
heat. The direct effects of electrical generation shown as Pathwaj' 2 are effects u~

the power plant such as land and water use. Pathway 3 accounts for occupational
health risk, such as uranium miners' exposure to radiation. Pollution from nuclear
fuel reprocessing plants is represented by Pathway 4. Occupational accident risk at
the power plant itself is shown as Pathway 5. Pathway 6 represents the usual
economic costs and the unquantified impacts associated with electrical generation.
To compare future alternatives, the decision maker must combine these quantified
impacts with the unquantified impacts, conventional costs, and other factors that
affect his decision process.

The calculation of quantified impacts from a particular energy system in a
particular year is based upon impact factors that relate impacts to a unit of electri­
city generation for a reference plant in the specified year. The impact factor can be
varied as a function of time to simulate changes in technology or regulation. There
are numerous impact factors associated with each energy system in the ElM; an
example is cases of black lung disability from underground bituminous coal mining
per kWh of generation from coal plants.

Since all impacts cannot be quantified, the output of the ElM cannot be con­
sidered a complete set of impact information. Environmental impacts can be
divided into quantified impacts (those included in the ElM) and unquantified
impacts, i.e., all other environmental concerns not included in the ElM. Some
impacts are unquantified because: (I) they have just been recognized as potentially
important and therefore have not been investigated; (2) they are not even recognized
as impacts; or (3) quantification is based almost entirely on value judgment. How­
ever, merely specifying and defining the impacts to be calculated requires some
value judgments. Two examples of recognized unquantified impacts that are not
included in the ElM are: the potential long-term global climatic effects of continued
CO2 release from fossil fuel combustion15 and the potential long-term risks

'" This information can be provided by other models, such as other submodels of the WISconsin
Regional Energy Model.
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associated with radioactive waste. 16
•
17 Such potential impacts are difficult to quan­

tify in conventional terms, but concerns over such recognized unquantified impacts
can be included in multiattribute decision analysis by defining an appropriate proxy
attribute. For instance, the amount of CO2 released could be a proxy variable for
its long-term climatic effects.

Since there is uncertainty associated with each impact factor in the ElM, the
levels of impacts determined by the model could be expressed in terms of a prob­
ability distribution. With the present ElM, most of the impacts estimated do not
have explicit probability distributions associated with them because, in general, the
available data do not warrant the increased effort required to incorporate probability
distributions in the model.

VI. THE PREFERENCE MODEL

Once all of the impacts of each alternative are specified as clearly as possible, it is
still a very difficult task to identify the best policy. This is primarily due to the com­
plexities of the problem outlined in section II. In this section, we introduce multi­
attribute utility as an approach for addressing these complexities in a systematic
and rational manner. First, we will briefly review multiattribute utility theory, next
suggest a procedure to render it operational, and finally discuss its implementation
in conjunction with our electricity supply strategy problem.

Let us introduce some terminology in the context of our problem. We will
define Xi to be a specific level of attribute Xi. For example, since Xl is measured in
number of deaths, then Xl = 230 means a consequence of 230 deaths. The problem
is to find a utility function u (x) = u (x I, ... , Xu) over the II attributes X I, ... ,

Xu.
If we have assessed u, we can say X is preferred to x' if u (x) is greater than u (x').

More importantly, if any of the quantified impacts were expressed in terms of prob­
ability distributions, the decision analysis framework presented in this section
would still be useful. In such a case, the probability distributions and utility func­
tions would be integrated to provide expected utility. If the total impact of an
alternative was quantified by probability density function p(x) over consequences
x == (Xl, ... , Xu), then the expected utility E(u) for that alternative is given by

E(u) = I u(x)p(x)dx

integrated over all possible consequences. The ability to handle preferences under
uncertainty is one of the strengths of utility theory. This quantification of prob­
abilities and utilities greatly facilitates the use of sensitivity analyses.

VI.A. MULTIATTRIBUTE UTILITY THEORY

The main results of multiattribute utility theory concern representation theorems
stating conditions under which a utility function can be expressed in a specific
simple functional form. If such a form is appropriate for an analysis, it is then
generally much easier to proceed with the assessments necessary to specify the
utility function.

The basic notions used in deriving representation theorems are the concepts
of preferential independence and utility independence. Let us state these concepts
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in terms of our problem and then state the representation theorem used in structur­
ing preferences in the next section.

• Preferential Independence: The pair {X}, X 2} is preferentially independent of
{X3, ... ,Xll} if one's preference order for x I, X2 combinations in (x I, ... , X 11)'
given x3, ... , xlI are held fixed, does not depend on the levels at which they are
fixed.

This assumption is equivalent to saying the value tradeoffs between fatalities and
permanent land use levels do not depend on radioactive waste, energy generated,
and so on. It implies for instance, that the indifference curves over X I and X 2 levels
do not depend on X 3, ... ,X11.

• Utility Independence: Attribute X I is utility independent of {X2, ... , X 11}
if one's preference order for lotteries* on XI, with x2,' .. , XlI held fixed, does
not depend on the levels at which it is fixed.

This assumption is equivalent to saying that decisions concerning alternatives which
have different impacts on fatalities only (and which have the same impacts in terms
of S02 pollution, radioactive waste, energy generated, and so on) can be made by
considering these impacts on fatalities only and that these decisions will be the
same regardless of the fixed levels of S02 pollution, radioactive waste, energy
generated, and so on.

Using such independence notions, a multiattribute utility function can be split
into parts. The following is an illustration of one such decomposition.

• Theorem: Given {XI,'" ,Xll}' if {XI, XJ, i= 2, ... , II, is preferentially
independent of the other attributes and if XI is utility independent of {X2 , .•. ,

X ll}' then either

or

II

L kjuj(xj), if L k j
j=1

(I)

II

l+ku(xI" .. ,xll) = f1 [1+kk juj(xj»),ifLk j *1
j=1

(2)

where U and Uj, i = 1, ... , II, are utility functions scaled from 0 to 1, the k j are
scaling constants with 0 < k j < I, and k > - 1 is the nonzero solution to I + k =
11n (I + kk j ) if (2) holds.
j=1

Equation (I) is the additive utility function and (2) is the multiplicative utility
function. More details about these, including suggestions for assessment, are found
in Keeney and Raiffa. 18 The important point is that provided the appropriate
assumptions hold, the II attribute utility function can be assessed by assessing
11 one-attribute utility functions, Uj, plus II scaling constants, kj. Such a decom­
position makes assessment of U a much simPler task.

* A lottery is defined by indicating all possible consequences which may occur and their associ­
ated probabilities. Lotteries on X, are lotteries involving uncertainties about the level of X, only.
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VI.B. ASSESSING A UTILITY FUNCTION

The actual assessment process requires personal interaction with the decision
maker, since his utility function is (and should be) a formalization of his subjective
preferences. The utility function allows us to combine, in a logically consistent
manner, the contribution of fatalities, S02 pollution, radioactive waste, electrical
energy generated, and so on, into one index of desirability (namely, utility) for
each possible state (Xl,"" Xu). To capture the decision-maker's preferences
requires that he explicitly address two types of issues:

1. The relative desirability of different degrees of achievement of a particular
objective.

2. The relative desirability of some specified achievement of one objective versus
another specified degree of achievement of a second objective

Addressing the first issue allows us to determine the ui'S in Eqs. (1) and (2), whereas
information about the second issue is needed to specify the k/s. Let us illustrate the
types of questions used to obtain a utility function.

A question illustrating the first issue might be presented to the decision maker as
follows:

"Suppose you must choose between two alternatives. It seems to you that their
impacts in terms of all the attributes except energy generated are about the same.
Alternative A, which is the status quo option, has very little uncertainty and will
result in 1.5 X 1012 kWh(e) over the next 30 years. On the other hand, alternative
B is innovative and has a large degree of uncertainty. Best estimates and exper­
iments indicate that with alternative B, there is about a 50-50 chance of 1.1 or
2.1 X 1012 kWh (e) in the same period. If you have complete responsibility for the
decision, which alternative would you choose?"

It is easy to see that B leads to an average of 1.6 X 1012 kWh (e), but because of the
risks involved, the sure 1.5 may be preferred. A question addressing the second
issue is as follows:

"Two competing policies C and D will result in identical consequences in terms
of all attributes except fatalities and electricity generated. Policy C will give you
2.0 X 1012 kWh(e) but result in 500 fatalities over the next 30 years. Policy D leads
to only 1.4 X 1012 kWh (e) but the associated deaths are 250. If the responsibility is
yours, which of the two policies would you select?"

Collectively, responses to questions like those above directly address the uncer­
tainty and multiple objective complexities raised earlier in this paper. One would
naturally expect that if different individuals of a decision making unit went through
such a line of questioning, they would respond differently. This would result in dif­
ferent utility functions. By examining these utility functions, it may be possible to
get a clear indication of the substance and degree of disagreement. This is a first
step toward resolving the differences.
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VI.C. ASSESSMENTS

Utility assessments were completed for all 11 attributes for 2 individuals familiar
with Wisconsin energy planning. * In section VIII, we also will briefly describe some
related results involving the assessment of the preferences of some policy makers.
Here we only briefly review some of the details of the assessment. A thorough
review of one assessment is found in Keeney.19

The assessment procedure was divided into five steps:

1. Familiarizing the "decision maker" with the concepts of utility theory
2. Verifying preferential independence and utility independence assumptions
3. Assessing single-attribute utility functions
4. Assessing the scaling constants
5. Checking for consistency

The familiarization process is basically an explanation for the person whose
preferences are being assessed by the person doing the assessing. The purpose is to
agree on terminology and motivate the interest in the problem.

The preferential independence conditions were verified by examining indifference
curves in 2 dimensions (i.e., with 2 attributes allowed to vary) with all other attri­
bute levels fixed. The basic question was whether these indifference curves depended
on the fixed levels of the other attributes. For all pairs we checked - 10 pairs for
each individual - there were no dependencies; this indicates each pair of attributes
was preferentially independent of the other nine.

Similarly, by assessing a utility function for 1 attribute conditioned on the other
10 being held at fixed levels, one can examine the dependency on those fixed levels.
Again we found no dependencies; therefore, each attribute was utility independent
of the others. This implied the utility function, in each of the two cases, would
necessarily be of the form of Eq. (l) or Eq. (2).

To be consistent with either Eq. (l) or Eq. (2), the utility function Uj over attri­
bute Xi is set equal to 0 at the least desirable level of X j in the range. The shape of
the function is determined by asking questions of type 1 discussed in the previous
section. The results for Individuals A and B are given in Figure EA for 6 of the
attributes. The shapes of the curves indicate that for tons of plutonium and elec­
tricity generation, Individual B preferred the midpoint of the range to a lottery that
resulted in a 50-percent chance of the least desirable level and a 50-percent chance
of the most desirable level. Individual A had different preferences for plutonium
levels; he preferred the "best-worst" lottery over a certain 25.5 tons of plutonium.

Individual A felt that the most preferred level of electrical generation was
apprOXimately 1.5 x 1012 kWh (e) and that the least desirable level in the range was
0.5 X 1012 kWh(e). Therefore, his utility function for that attribute reaches 1.0 at
1.5 x 1012 kWh(e) and is less than 1.0 at the highest value of electricity generation.
Several of the utility functions, including those in Figure E.4 for fatalities, were
linear; in that case the individual was indifferent between the midpoint and a 50-50
lottery involVing the extreme levels of the attribute.

Questioning on the utility function shape for the plutonium attribute revealed
why the 2 individuals had such different preferences for that attribute. Individual

• These individuals frequently were consulted by persons having responsibilities for evaluating
and selecting energy policy in Wisconsin; they had no direct decision responsibilities. Thus, the
assessments here are meant to be illustrative; the results were not to be directly used in prescrib­
ing policy.



INDIVIDUAL A
AND

INDIVIDUAL BoL- ~_:

700 XI 100

(FATALITIES) (TONS PLUTONIUM)

u,

/
/

/
/

/
/

L
/--B

/

X,

(ACRES)

0 .....

2000

(TONS LEAD)

A
h

B __ /;

:I.:
.I::

u,
~

A --A

b
0
200 x, 10

(10' ACRES)

0 ..... .....

0.5 x" 3.0
(10" kWh ELECTRICITY)

FIGURE E.4 Selected single-attribute utility functions for two individuals.

458



459

TABLE E.3 Utility Function Scaling Constants

x, == total quantified fatalities
X, == permanent land use
X 3 == temporary land use
X. == water evaporated
X. == SO, pollution
X. == particulate pollution
X 7 == thermal energy needed
X. == radioactive waste
X. == nuclear safeguards

X '0 == health effects of chronic air pollution exposure
X 11 == electricity generated

Sum

Individual A

0.354
.004
.033
.083
.008
.008
.017
.132
.177
.118
.066

1.0

Individual B

0.267
.018
.021
.016
.060
.008
.011
.057
.152
.339
.051

1.0

A felt that once plutonium production is greater than a certain minimal level, the
opportunity for undesirable events, such as theft, diversion, and terrorist attacks,
will certainly exist because of increased problems of accountability, storage, and
transportation. Furthermore, he felt that if plutonium production were very large,
the likelihood of these undesirable events would only slightly increase. Therefore,
Individual A had the "risk-prone" utility function shape for plutonium; he was wil­
ling to accept a 50-percent chance of the highest level (50 tons in this case) of
plutonium production in order to obtain a 50-percent chance for the lowest level
(I ton), rather than taking a certain 25.5 (the average of 50 and I) tons of produc­
tion. On the other hand, Individual B felt that, over the indicated range, each
additional ton of plutonium is more likely to result in these undesirable effects.
Stated another way, he felt that the problems associated with accountability,
storage, and transportation for 50 tons of plutonium were more than twice as dif­
ficult than for 25 tons of plutonium. Therefore his utility declines at an increasing
rate for each additional ton of plutonium produced.

The scaling constants for the utility functions are shown in Table E.3. For both
individuals, the sum of the kj's is one, indicating the additive utility function (I) is
appropriate. The values of the k j depend strongly on the ranges of the attributes
shown in Table E.2. If the range of one of the attributes were changed, all k j would
change. Comparison of the kj's for an individual indicates the relative importance of
each attribute for the specified ranges.

Both utility functions were subjected to internal consistency checks. When
inconsistencies were identified, their respective implications were discussed with the
appropriate individual, and he was asked to reconcile these by changing some of his
assessments leading to the inconsistency. To help choose which assessments to
change, we presented data indicating different manners in which the assessments
could be altered to achieve consistency. Each of the preference assessments utilized
here - which should be considered preliminary assessments - required approxi­
mately 1 day of assessment time. Such an effort often leads to important insights
and an improved understanding of the problem. It also identifies gaps in knowledge
(e.g. the health impact of lead emissions) relevant to preference assessments. To
investigate these gaps may require significant efforts by researchers (e.g., the medical
profession). With such information available, it would be possible to responsibly



TABLEEA Attribute Levels and Expected Utilities for Six Electrical Energy Policies in Wisconsin from 1970 to 2000

Reference casea Policy 1 Policy 2 Policy 3 Policy 4 Policy 5 Policy 6

X, =: fatalities (deaths) 100 380 380 240 680 280 210
X, =: permanent land use (acres) 1 420 420 1,100 770 380 730
X 3 =: temporary land use (acres) 10,000 140,000 137,000 85,000 43,000 99,000 71,000
X. =: water evaporated (lOu gal) 0.5 0.72 0.71 0.84 0.79 0.55 0.61
X. =: SO, pollution (l0· tons) 5.0 12 23 8.0 8.6 9.5 7.4
X. =: particulate pollution

~ (l0· tons) 0.2 0.69 6.2 0.40 0.56 0.51 0.370\
0 X, =: energy needed (10" kWh(t» 3.0 4.9 4.9 5.2 5.3 3.8 3.9

X. =: radioactive waste (metric tons
fission products) 1.0 61 61 160 110 54 105

X. =: nuclear safeguards (tons
fissile plutonium) 1.0 11 11 30 21 10 19

X 10 =: chronic health effects (tons
lead emitted) 1.0 124 1,110 71 100 92 66

X II =: electricity generated
(l0" kWh (e) nuclear) 0.36 0.36 0.99 0.68 0.33 0.64
(l0" kWh (e) coal) 1.37 1.37 0.74 1.05 0.99 0.68
(l0" kWh(e) coal + nuclear) 3.0 1.73 1.73 1.73 1.73 1.32 1.32

Expected Utilities
Individual A 0.938 0.620 0.569 0.589 0.383 0.711 0.680
Individual B 1.0 0.789 0.624 0.785 0.631 0.846 0.849

a Attributes set at extreme values.
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assess the utility function of a key "energy decision maker" with 1 to 3 days of his
time.

VII. APPLICATION OF UTILITY FUNCTIONS TO EXAMINE
POLICIES

The scaling factors in Table E.3 and the ui (xi) completely specify the multiattribute
utility function, U(Xl, ... ,xu). These two preliminary utility functions were used
to evaluate expected utilities associated with the several energy policies (see Table
E.l) concerning electrical generation in Wisconsin over the period 1970 through
2000. The impacts of each policy, characterized by levels of the attributes,* and
the expected utilities for both individuals are listed in Table EA. The reference case
in the first column is listed simply for orientation. This case uses the "most desirable
levels," that is, the lowest impacts and highest electrical generation, and results in
an expected utility of 1.0 for Individual B. Since Individual A preferred a lower
level of electricity generation to the maximum 3.0 (Figure EA), his expected utility
was not 1.0 for the reference case.

The implications of the remaining 6 policies in Table EA are output from the
ElM. The attribute levels shown are the cumulative effects of electrical generation
from 1970 through 2000; no time-discounting or measurement of preferences that
depend on the timing of the impacts have been used in this illustrative application.
The basic differences between the policies have been highlighted in Table E.l. The
first four policies have identical electrical generation with different supply mixes
and pollution control, while the last two policies have lower electrical generation
with different supply mixes.

If it is assumed that the individuals expressed their true preferences and that
they behave in a logically consistent manner, the expected utilities can be used to
indicate their overall preferences. Under these conditions, Table EA shows that
both individuals should prefer the low electricity policies over the first four policies.
This is primarily because increasing electrical generation, without changing the
supply mix, results in higher levels of impacts. The decrease in utility associated
with higher levels of impacts must be more than offset by increased utility associ­
ated with the increased level of electrical generation if cases with higher electrical
generation are to have higher expected utilities. For these particular policies,
Individual A has approximately the same utility for the lower level of electrical
generation as for the higher level (Figure EA) and therefore has no increase in
utility to balance the decrease associated with increased levels of impacts. Individual
B does have some increase in utility associated with the increased level of electrical
generation but for these policies the increase was not sufficient to compensate for
the decrease in utility associated with increased levels of impacts.

No strong preferences are evident for policy lover policy 3 or for policy 5 over
policy 6. Thus, if the purpose of the assessment were to indicate whether a mostly
coal or mostly nuclear energy future is preferred by the decision maker, further
analysis would be necessary. If these techniques were applied to a real policy study,

* Of course, the impacts of energy policies are not known with the certainty indicated in the
table. With more effort, the present deterministic ElM could be used as a basis for a probabilistic
simulation model to characterize policies by probability distributions over levels of the attri­
butes. One would combine these probability distributions with the utility functions to calculate
expected utilities for evaluating the policies.
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TABLE E.5 Ranges of the Four Attributes Used in Utility Assessments

XI == Total quantified fatalities
X 2 == 502 pollution
X. == Radioactive waste
X 4 == Electricity generated

Units

Deaths
106 tons
Metric tons
1012 kWh(e)

Range

100-700
5-80
0-200

0.5-3.0

the attribute list would be expanded to include other impacts and to include con­
ventional costs.

The utilities in Table EA can also be directly used if uncertainty is incorporated
into the models. For example, if Individual A had a choice between an alternative
I: Impacts of policy 3 for sure, and an alternative 2: A 50-percent chance of the
impacts of policy 4 and a 50-percent chance of the impacts of policy 5, he should
prefer alternative 1, since his expected utility for this is 0.589 and for alternative 2
it is only 0.5 (0.383 + 0.711) = 0.547. This expected utility feature is one of the
main reasons for using multiattribute utility for analyzing problems where uncer­
tainties are important. In this example, the uncertainties could be associated with
the levels of impacts or the ability to carry out the policies.

VIII. INITIAL UTILITY ASSESSMENTS OF POLICYMAKERS IN
THE THREE REGIONS

The detailed utility assessments discussed in section VI of this chapter quantified
the preferences of energy jenvironment specialists from Wisconsin, but not actual
policymakers. Those assessments are in themselves important - both the process
and the results - but they do not indicate whether policymakers would be willing
to investigate the usefulness of multiattribute utility to help them examine some
very complex questions. To examine this question, preliminary utility assessments
were completed for 5 individuals from the GDR, Rhone-Alpes, and Wisconsin. The
group included a mixture of policymakers and energy jenvironment specialists. The
resulting utility functions were used to evaluate a subset of the alternative electri­
city supply policies discussed in the previous section (Table E.l).

To further simplify the task (because of time limitations) only 4 of the 11 attri­
butes in Table 2 were used. The 4 attributes and their ranges are given in Table E.5.
Collectively these 4 attributes covered a variety of value-tradeoff issues embodied
in the energy planning and evaluation processes. The non-Wisconsin individuals
were made aware of current trends in Wisconsin electricity use so that they could
understand the ranges of that attribute. The preliminary assessments presented here
required 2 to 3 hours from each of the individuals whose utility function was
measured.

The scaling constants for the resulting utility functions are shown in Table E.6.
Three of the individuals' overall utility functions turned out to be multiplicative
and the other two additive. Total quantified fatalities had either the largest or
second largest k j in all 5 cases. Electricity generation ranked first in importance for
the only individual who did not have k 1 larger than the other k j •

These 5 preliminary utility functions were used to evaluate expected utilities
associated with several policies for electrical generation in Wisconsin over the
period 1970 through 2000. The levels of the 4 attributes and the expected utilities



TABLE E.6 Utility Function Scaling Constants for Five Individuals

Fatalities (k ,) SO, (k,) Radioactive Waste (k 3 ) Electricity Generated (k.) Multiplicative Scaling Constant (k) (Eq. 2)

A 0.30 0.05 0.015 0.030 13.8
B 0.60 0.016 0.14 0.10 0.8
C 0.33 0.275 0.0 0.55 - 0.4
D 0.65 0.02 0.24 0.09 a

E 0.61 0.14 0.14 0.11 a

~ a These individuals had additive utility functions (Eq. 1).
0\
W



TABLE E.7 Expected Utilities for Five Individuals for Four Policies

Policy 3: Low-Sulfur
Reference Case: Policy I: Mostly Coal from
Attributes at Coal, Good Distant Mines Policy 4: Mostly Coal
Extreme Pollution Policy 2: Mostly and Some with Less
Levels Control Nuclear Energy Nuclear Energy Electricity

Total quantified
fatalities 100 380 240 680 280

.j:>-
0\ S02 pollution.j:>-

(10· tons) 5.0 12 8.0 8.6 9.5

Radioactive waste
(metric tons) 0.0 61 160 110 54

Electricity generated
(10 12 kWh(e» 3.0 1.7 1.7 1.7 1.3

E,p"to' "tiIit, fmI~ 1.00 0.53 0.66 0.14 0.65
1.00 0.56 0.63 0.14 0.65

individual C 1.00 0.76 0.83 0.64 0.41
D 0.92 0.62 0.66 0.24 0.73
E 1.00 0.65 0.72 0.31 0.74
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for each of the individuals are listed in Table E.7. The reference case - attributes at
extreme levels - is listed simply for orientation; it uses the "most desirable levels,"
that is, the lowest impacts and highest electrical generation, and results in an
expected utility of 1.0.

The implications of the remaining 4 policies in Table E.7 are output from the
ElM. Policy I has most of the generation at coal-fired plants with relatively good
pollution control. Nuclear power contributed only about 20 percent of the
cumulative generation from 1970 through 2000. Policy 2 has the same electricity
generation as policy I, and nearly 60 percent is from nuclear sources. Policy 3 has
about 40 percent of the generation from nuclear sources and the remainder from
coal-fired plants that use low-sulfur coal obtained from surface mines that are more
than 2,000 kilometers from the power plants. Policy 4 has about 2S percent less
electrical generation, and coal-fired plants produce about 7S percent of the total
generation.

Table E.7 shows that all S individuals should prefer one or more of the other
policies to policy 3. This is primarily the result of the large number of fatalities
expected for policy 3 and the relatively high scaling factor each of the individuals
place on fatalities (Table E.6).

Individual C indicated a strong preference to achieve a certain level of electrical
generation, and therefore he had higher expected utilities from policies 1,2, and 3
than from policy 4, which had a lower level of electricity generation. Individuals
A, B, and E would view policy 2 (higher generation mainly from nuclear sources)
and policy 4 (lower generation and less nuclear power penetration) almost the same.

It is clear that if this technique were applied to a detailed policy over a longer
time of study, considerably more analysis would be necessary and the attribute list
would be expanded to include other impacts and conventional costs. However, this
experience with individuals from the 3 regions indicated that at least some policy­
makers were willing to think hard about their preferences and quantify them in a
manner that could aid the analysis of policy choices that they faced.

IX. BENEFITS OF THE ASSESSMENT PROCESS

In the previous two sections it was shown how a utility function can assist one in
evaluating policy. The process of assessing the utility function has many benefits in
itself. The process can be a substantial aid in identifying important issues and
sensitizing individuals to them, generating and evaluating alternatives, isolating and
resolving conflicts of judgment and preference between members of the decision­
making team, communication between several decision makers, and, in this particu­
lar application, identifying improvements needed in the impact model.

IX.A. COMMUNICATION

The assessment of preferences forces individuals to be more precise in deciding why
they feel certain levels of attributes are important. Clearly policymakers must face
such issues regularly. However, because of the complexities that cloud their choices,
the value trade-offs involved are sometimes a bit hazy. The assessment formalization
helps to make the trade-offs more explicit. With a better understanding of one's
own values, it should be much easier to communicate them to others. The communi­
cation then serves as a catalyst to identify parts of the problem which were pre­
viously overlooked. As an example, the initial reaction to a trade-off involving
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human fatalities and other impacts is often discomfort, as one must effectively
place a value on human life (or a reduction in someone's lifetime). The viewpoint
eventually reached is that such tradeoffs are practical questions that must be
addressed for rational decisions.

IX.B. IDENTIFYING IMPORTANT ISSUES

When one assesses preferences, it is often the case that the respondent says some­
thing like "I can't answer that definitely, because it depends on ...." This some­
times indicates important structural relationships not in the model. For instance, a
decision maker may say that trade-offs between fatalities and energy generated
depends on who is dying, how, and when. If this is important in making the
decision, then obviously the decision maker should have the information when the
decision is made. In trying to informally analyze the entire problem, such issues are
sometimes overlooked.

As mentioned earlier, some people feel that occupational risks are partially com­
pensated by salary premiums and therefore occupational health and safety should
be considered separately from health and safety of the general public, who expose
themselves to the risks involuntarily. In addition, some people feel that an illness
that disables or gradually leads to death is worse than a fatality caused by an
accident. The timing of the impacts must also be addressed. Radiation health
impacts may not appear for many years after the exposure due to the electrical
generation, while uranium mining fatalities occur some years before the generation
occurs. The generation itself may be taking place over a period of years. Thus, in
the limit, one can imagine separate impact categories for occupational health
impact in time period I, occupational accident impact in time period I, public
health impact in time period I, and so forth. The process of aggregating or disaggre­
gating these impact categories is part of the preference assessment.

IX.C. ISOLATING AND RESOLVING CONFLICT

Roughly speaking, the scaling factors in Eqs. (I) and (2) in section VI.A. designated
by k j indicate the importance of the respective attributes of the possible concerns.
If these are different for different individuals, it may be possible to go behind the
answers and get at the reasons for the differences. For example, one might find
that an individual who originally assessed a rather large ks (associated with 802
pollution) relative to k 1 (associated with fatalities) had knowledge about very large
detrimental impacts of 802 of which other individuals were not aware. Upon reflec­
tion, some individuals may then change their preferences to reduce the conflict.

The assessment process, a period of reflection, and discussions with other people
resulted in some changes in scaling factors and single-attribute utility functions for
at least one of the individuals involved in this study.19 The statements concerning
one's preferences that are required during assessment are sometimes difficult to
provide, especially when one must associate for the first time some unquantified
effects with a proxy variable. After such an experience, individuals may be more
likely to discuss their judgments about particular attributes which they have
weighted differently from other individuals.

IX.D. IMPROVEMENTS IN IMPACT MODELS

All of the above three advantages of the formalism of preference models have
desirable effects for the development of the impact model. It helps to focus on
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what impacts should be modeled, on structural relationships and interdependencies
to indicate how to model these impacts, and on data necessary for a responsible
modeling effort. The modelers are made aware of additional areas of concern and
what proxy variables are appropriate for impacts that are difficult to quantify in
conventional terms.

IX.E. GENERATING ALTERNATIVES

Because of different preferences, we may find that a particular "best" overall
alternative is rated very good for most of the members of the decision group, but
rather low for a few. From detailed examination, it might be clear that the difference
is caused by attribute X 3, for example. Then by focusing thought on alternatives
which might improve attribute X 3, the group may find an alternative much better
for those who disliked the original alternative and only slightly worse for those
who liked it. Conceivably, one might even find a new alterhative better for everyone.
Because of the complexity in the problem, it is sometimes possible to generate such
"dominant" alternatives.

X. POTENTIAL IMPLEMENTATION OF THE METHODOLOGY

This chapter has described a methodology for using decision analysis in conjunc­
tion with environmental impact analysis of energy systems. In addition to the
methodology presented, an example was presented for the evaluation of several
energy/environment policies in the state of Wisconsin. It was shown how a utility
function can assist one in evaluating alternative policies, and that, in addition, the
process of assessing the utility function also has many benefits in itself. This section
suggests some possible mechanisms and benefits of applications of this methodology
in the three regions studied in the I1ASA research program.

Because each of the three regions has a very different set of energy /environment
models as well as greatly differing institutional structures for decision- and policy­
making, the use of decision analysis would differ in each case. It might be more
applicable to policy issues in a given region than in others. However, in view of the
many person-years of scientific effort that have been devoted to constructing
energy /environment models in each of the countries, it does not seem at all
unreasonable to consider devoting a modest amount of time to the construction of
preference models for use with impact models. A relatively small amount of effort
may have a significant effect. Some alternative approaches to the application of the
methodology are outlined below for each of the three regions.

X.A. WISCONSIN

Energy /environment decision and policymakers in Wisconsin operate within a
relatively decentralized structure, that is, the decision making is diffuse (see
Appendix B, section III). As a consequence, the information and technical expertise
is also distributed broadly throughout a number of agencies and offices. The
methodology described in this chapter could be used to conduct formal assessments
of decision- and policymakers at various levels of government to provide them with
a better understanding of the trade-offs between the many complex issues. Clearly,
in this case the method would not be used to provide a recipe for overall formal
decision making but rather as a tool to improve communication, clarify some of the
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more complex issues, help generate alternatives, and to help individual decision­
making units in the system.

A second use of the methodology would be the assessment of the scientific and
technical staff of Wisconsin energy and environment commissions to aid them in
structuring their research priorities. One of the major objectives of this application
is the identification of gaps in knowledge and in methodology. In Wisconsin, the
approach might be of value to the Public Service Commission, the Department of
Natural Resources, the Department of Transportation, the State Planning Office,
and perhaps others.

A less conventional and as yet untested use of this methodology would be as a
means of interaction with public interest groups for the purpose of clarifying their
understanding of and positions on energy/environment issues. For example, in
Wisconsin the Environmental Defense Fund, the Sierra Club, and the League of
Women Voters might be appropriate clients for this method. It would help not only
to clarify the issues and perhaps raise the level of the discussions, but it might also
help these public interest groups to arrive at their positions on a specific issue.
Clearly, this use is not without its problems; it is understandable that a user of such
an approach must be convinced that it will provide him with additional information
with which to make his decisions and with which he can better achieve his objectives.

X.B. RHONE-ALPES

Each of the applications for Wisconsin is also of potential use in the Rhone-Alpes,
but because the region is far less self-governing than Wisconsin the applications of
the methodology would be different. Use of the methodology as an aid in laying
out research priorities might be appropriate for helping French national agencies to
understand the regional aspects of their policies and to establish their research
priorities related to regional questions. Electricite de France is planning a major
expansion of nuclear power for the Rhone-Alpes region. The use of an impact
model in conjunction with a preference model could help to clarify the issues as
perceived by local groups in that region. From another perspective, we found
interest on the part of local agencies in using this approach as a discussion tool.
During the IIASA workshop, Management of Energy/Environment Systems, in
November 1975, various local French participants expressed interest in further
experimentation with the method.

X.C. THE GERMAN DEMOCRATIC REPUBLIC

Each of the above approaches could also be applied in one way or another in the
GDR. However, because there is much greater use of formal government planning
in the GDR, less emphasis would probably be given to its use in interaction with
local and public groups. It seems admirably suited for use in efforts to obtain
appropriate objective functions for formal optimization models in the energy and
environment sectors. One major problem associated with the use of formal optimiz­
ation procedures is defining suitable objective functions and constraints. Clearly,
these objective functions and constraints should take into account a multitude of
costs, benefits, system attributes, and the like; decision analysis could help con­
siderably to determine the ways in which these should be combined within a formal
optimization procedure. Research is currently underway at IIASA and the University
of Wisconsin to develop a formalism for incorporating decision analysis into
formal optimization procedures for energy/environment system planning.
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XI. FINAL COMMENTS

The above suggestions are only indicative of possible uses of decision analysis as a
tool for embedding impact models into an institutional framework for policy design
and analysis. Such an approach would require in each of the three regions the
development of some knowledge of decision analysis and utility theory. Admittedly,
the use of the technique is as much an art as a science. However, the same could be
said about building an impact model from an infinite array of possible environ­
mental impacts.

In ending this discussion, we must add the obvious caveat. Even though a prefer­
ence model combined with an impact model can be used to evaluate alternatives,
the answers and implications for action are all conditional on the model's being a
complete representation of the real world. This is clearly never the case. The
composite model can serve as an aid to decision makers but it cannot and should
not replace them or their judgment in making decisions.
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Base Case, 83

in Bezirk-X scenarios, 114t, lISt,
116t

in Bezirk-X sensitivity study,
107-109,108

from coal, 49, 61, 62t, 64
energy sources for, 18, 49-50
environmental impacts of, in

Rhone-Alpes Base Case, 142
human health impact of, in

Wisconsin Base Case,
187-188,187t

from hydropower, 49
land use for, in Wisconsin Base Case,

188,188
multiattribute decision analysis and,

449-462
from natural gas, 49
from nuclear energy, 49-50
from petroleum, 49
from pressurized water reactors, 61,

63t, 65
regional comparison of, 255, 259,

259t, 260,332,447-448
in Rhone-Alpes Base Case, 128-130
in Rhone-Alpes scenarios, 146,148
in Rhone-Alpes sensitivity study,

156
from solar energy, 50, 61-62, 63t
in Wisconsin Base Case, 185, 185t,

190-191
in Wisconsin scenarios, 174-175,

198-199,198
Electricite de France, and modeling

of electricity sector, 421-424
Electricity. See also End-use energy

consumption
export of, 19
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import of, 19
in Wisconsin, 175

sources of. See Electrical
generation; Energy sources

Electricity consumption. See also
End-use energy
consumption; Energy
consumption

modeling of, in France, 421
regional comparison of, 18t, 249,

251, 252, 254, 259t
in Rhone-Alpes Base Case,

130-131,134,138
in Wisconsin, 165
in Wisconsin high energy scenarios,

191-194
Electricity demand. See Electricity

consumption
Electricity Impact Model, in multi­

attribute decision analysis,
451-454, 453

Electricity investments, in French
energy modeling, 422

Electricity pricing, in U.S., 403
in Wisconsin, 165

Electricity sector, modeling of, in
France, 421-424

Wisconsin appraisal of, 431
Electricity supply. See also Electrical

generation
modeling of, 47

Electricity use, See Electricity
consumption

Emissions. See Pollutant emissions
Emission standards. See also

Environmental protection;
Pollution control

for motor vehicles, in France, 356,
364, 364t

in GDR, 358-359, 364
in U.S., 357, 364-365

for stationary sources, in France,
355-356, 363

in GDR, 358, 363-364
in U.S., 357, 363, 362t

Employment, in GDR, 282-287, 288t
regional comparison of, 16t, 227,

226
in Rhone-Alpes, 119, 120, 129t

End-use energy consumption. See also
Electricity consumption;
Energy consumption

in Bezirk-X Base Case, 84-87, 84

in Bezirk-X scenarios, 100-102,
100, 113t, 114t, 115t

model of, 40-45, 47
for industrial sector, 45, 46
for residential sector, 43
for service sector, 43-44
for transportation sector, 41-42

regional comparison of, 17t,
229-24~229,230,230t,

332, 333t, 333
in Rhone-Alpes Base Case, 136­

138,136,137,16lt
in Rhone-Alpes residential sector,

Base Case, 137-138
in Rhone-Alpes scenarios, 148-150,

149,151,162t
in Rhone-Alpes transportation

sector, all scenarios, 151
in Wisconsin, 164
in Wisconsin Base Case, 182-183,

183,184,191
for Wisconsin personal transport­

ation, all scenarios, 200-202,
201

in Wisconsin scenarios, 196-197,
197t, 216-21 7t, 219t

ENERGIE model, for France, 417
Energy conservation, in France, 117

in Wisconsin, 166
Energy consumption, in Bezirk-X Base

Case, 84-89,84,85
in Bezirk-X scenarios, 111
of buildings, in French residential

sector, 383t
in Wisconsin, 388t

and economic growth, 158
of French industrial sector, 130t
in GDR planning, 342-344

408-411,419
Wisconsin appraisal of, 419
in IIASA Regional EnergyI

Environment Study, 2
in model of French energy sector, 425
parameters of, in Wisconsin

scenarios, 172
regional comparison of, 17-18, 164
in Rhone-Alpes, 161 t
in Wisconsin, 164-165
in Wisconsin Base Case, 176-181
of Wisconsin industrial sector, Base

Case, 179-180, 180t, 18It
in Wisconsin modeling 434-435

GDR appraisal of, 439



of Wisconsin residential sector, Base
Case, 177-178, 178t

of Wisconsin service sector, Base
Case, 178-179, 179t

in Wisconsin scenarios, 200
in Wisconsin transportation sector,

Base Case, 176-178
world distribution of, 327-328,

327,328
Energy demand. See Energy consump­

tion
Energy use. See Energy consumption
Energy/environment futures. See

Scenarios
Energy/environment management,

complexities of, 445
multiattribute decision analysis for,

445-447
Energy export, 19

in Bezirk-X Base Case, 83-84,
88-89, 98-99

Energy flow, regional comparison of,
254-261,327-335

Energy intensiveness, in Bezirk-X
scenarios, 111-112

of freight transportation, regional
comparison of, 233-234,
234

industrial. See Industrial energy
intensiveness

Energy Plan (GDR), 341-344
Energy planning, in France, 420-427

in GDR, 341-345,406-415
and multiattribute decision analysis,

467-468
in Wisconsin, 352, 431-437

Energy pricing, in France, 396-398
in GDR, 394-396
in U.S., 399-404
in Wisconsin, 165, 349-350

Energy research, in Wisconsin,
350-352

Energy sector, corporations in, in
Rhone-Alpes, 346-347

models of, in Wisconsin, 431-437
structure of,,in GDR, 337-340, 338

Energy sources, in Base Cases,
regional comparison of,
249-251,248

in Bezirk-X scenarios, 113-115t
for electricity, in Wisconsin, 325­

326
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in Wisconsin Base Case, 185
in Wisconsin scenarios, 217t,

218t,219t
for end-use energy, regional com­

parison of, 245-249,246
in Wisconsin, 324

environmental impacts of, for
electrical generation in
Wisconsin scenarios, 211- 213,
210t

export of, 19
and housing type, in Wisconsin,

207,208
import of, 19
for high-energy scenarios, regional

comparison of, 251-254, 250
for industrial end-use energy,

regional comparison of, 245,
245t

in industrial sector, in Wisconsin
Base Case, 180

for low-energy scenarios, regional
comparison of, 254,252

for primary energy, in Wisconsin
10w-energy scenario, 195, 197

regional comparison of 244-261,
245t

for residential space heating,
regional comparison of,
235-236, 236t

in Rhone-Alpes, 304-314
for service sector space heating,

regional comparison of, 238t
substitution model for, in GDR, 342
for Wisconsin low-energy scenario,

194, 194t
Energy supply, in Bezirk-X Base Case,

83,87-89,89t
in Bezirk-X scenarios, 112
electrical, 47
end-use energy in, 47
in GDR, 338-340
import and export of, 47
in IIASA Regional Energy/

Environmental Study, 2
model of, 45-50

in France, 425-427
in GDR, 408-411

nonelectrical, 47
primary energy in, 47
regional comparison of, 244-261
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in Rhone-Alpes, 120-122
in Rhone-Alpes scenarios, 146, 148
in scenario writing, 23-24
in Wisconsin Base Case, 181
in Wisconsin modeling, GDR

appraisal of, 438-439
in Wisconsin scenarios, 174-175, 215

Energy Systems and Policy Research
Group (ESPRG), 5,432-433

Environmental impacts. See also
Human health impacts

of air pollution, 54-58
in Bezirk-X Base Case, 89-96
in Bezirk-X scenarios, 102-107,

112-113
categories of, 52-53
of electrical generation, in

Wisconsin scenarios,
211-213, 21 Ot

of energy export, in Bezirk-X, 105
of fast breeder reactor, in

Rhone-Alpes sensitivity study,
157

and human health, 52, 58
of hybrid reactor, 158, 157t
ofland use, in Bezirk-X, 102-103,

102
modeling of, 50-61

in France, 423
in multiattribute decision

analysis, 451-454,452,453
in Wisconsin, 436-437

from nuclear energy, in
Rhone-Alpes Base Case,
138-143, 139t, 140, 142t,
143t

quantified and unquantified, 51
regional comparison of, 261-270
in Rhone-Alpes scenarios, 150-155,

155t, 159-161
of thermal discharges, in

Rhone-Alpes Base Case, 141,
139t, 140

of transmission lines, in
Rhone-Alpes Base Case, 142

and value judgment, 52
of waste heat disposal, 53-54
in Wisconsin Base Case, 182,

186-191
in Wisconsin scenarios, 175,

202-206,202,203,204t,
205,206

Environmental Impact Submode1,
58-61,59

Environmental protection. See also
Emission standards;
Pollution control

in France, 365
in GDR 71-72,344,365
in IlASA Regional Energy/

Environmental Study, 2
in scenario writing, 24
in U.S., 365-366
in Wisconsin, 164, 165, 349,

352-353
in Wisconsin scenarios, 215 - 216

Environmental Protection Agency,
57-58

Evaporation. See Waste heat
disposal

Factor analysis, of economic
growth, 335,334

Fast breeder reactor, in Rhone-Alpes
sensitivity study, 156

Federal Power Commission, and
energy pricing in U. S.,
402-403

Feyzin refinery (Rhone-Alpes), 296
Floor area, service sector, regional

comparison of, 237-238
Forecasting. See Energy planning
France. See also Rhone-Alpes

climate of, 373-380, 374-375t
electrical generation in, 314, 314t
energy flows in, 331
energy pricing in, 396-398
heating season of, 373-383, 376
model of electricity sector in,

Wisconsin appraisal of, 431
models of energy sector in,

420-427
GDR appraisal of, 427-430
Wisconsin appraisal of, 430-431

models of oil sector in, 420
transportation in, 120, 123

Freight transportation energy
consumption See also
Transportation energy
consumption

in Bezirk-X Base Case, 85-86
regional comparison of, 233-234,

234, 234t
in Rhone-Alpes scenarios, 145, 151



in Wisconsin Base Case, 176-177,
177t

Freight transportation model, 41
Fuels. See also Energy sources

chemical analysis of, in Bezirk-X,
83t

Gas de France, and modeling of gas
sector, 420-421

Gas sector, modeling of, in France,
420-421

GDR. See also Bezirk-X
agriculture in, 287, 288t
area of, 12t
climate of, 277
decision making in, 337-345
district heating in, 70
economic growth of, 282, 287t
economic structure of, 282-291
electrical generation in, 49-50
electricity consumption in, 69
employment in, 16t
energy flows in, 330
energy pricing in, 394-396
energy system of, 292, 292t, 294t
freight transportation in, 282, 285t

286t
geography of, 275-277
gross national product of, 282, 287t
industrial sector in, 16t, 288-289,

289t, 290
location of, 12
map of, 276, 278
models of energy sector in,

406-415
Rhone-Alpes appraisal of,

415-418
Wisconsin appraisal of, 418-419

motor vehicle ownership in,
16t,28lt

natural resources of, 275-277
net material product (NMP) of,

282, 287t
passenger transportation in, 282,

283t, 284t
population characteristics of,

11-14, 12t, 14t, 277-280,
277t, 279, 280t

railway network of, 280-282
regional planning in, 69-70
and Rhone-Alpes, modeling

sirnilarities 0 f, 41 7
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road network of, 282
scenario characteristics for, 78t
service sector structure in,

289-291,29lt
solar energy in, 70
transportation system of, 280-282
urban population of, 15t

German Democratic Republic. See
GDR

Geothermal energy, modeling of, 47,
48

in Rhone-Alpes, 120-121, 121
Governmental regulation, of oil prices

in U.S., 399-402
Governmental structure, and energy

management in GDR,
337-345,339,359

and environmental legislation, in
France, 360

in U.S., 360
in Wisconsin, 360-361

regional comparison of, 222-223
Gross national product (G~P). See

Economic growth
Gross regional product (GRP). See

Economic growth

High-energy scenario, 7, 27
for Bezirk-X, 77-79, 98, 99t
for Rhone-Alpes, 125
for Wisconsin, 169, 170t, 191-194,

192t
High-temperature gas-cooled reactor

(HTGR),49-50
Hot water heating. See Water heating
Housing. See also Insulation standards

in Bezirk-X Base Case, 80
classes of, in France, 384t
and energy source, in Wisconsin

sensitivity study, 207,208
regional comparison of, by

scenario, 235-235t
in Rhone-Alpes, 126-127, 126t,

127t
in Rhone-Alpes Base Case, 127
in Wisconsin Base Case, 177-178
in Wisconsin scenarios, 201

Human health impacts, of coal
mining, in Wisconsin
scenarios, 175

of electrical generation, in Bezirk-X
scenarios, 104-105
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of energy export, in Bezirk-X
scenarios, 105-106

of pollutant emissions, 58
in Bezirk-X scenarios, 104-107,

104,106
of primary energy consumption, in

Wisconsin scenarios, 204,205
regional comparison of, 266-267,

266,267
in Rhone-Alpes scenarios, 153,

154,160-161
of sulfur dioxide emissions, in

Bezirk-X Base Case, 93-96
in Wisconsin sensitivity study,

208-211,209t
of uranium mining, in Rhone-Alpes

Base Case, 143, 143t
in Wisconsin Base Case, 186-188,

186,187t
in Wisconsin scenarios 202-204

202 ' ,

Human settlements. See Urbanization
Hybrid reactor, in Rhone-Alpes

sensitivity study, 156
HYdroelectricity, modeling of, 47, 49

Impact model, and Preference model
in multiattribute decision '
analysis, 446-447, 446

Import, of electricity, in Wisconsin,
175

Import quotas, for U.S. oil, 400
Industrial energy consumption, in

Bezirk-X Base Case, 85, 86
in Bezirk-X scenarios 100
in France, 130t '
regional comparison of 239-244

241-244 ' ,
in Rhone-Alpes Base Case 128

136-137 "
in Wisconsin Base Case 179-180

180t, 18H' ,
Industrial energy intensiveness, in

Bezirk-X Base Case 82
97-98 "

in GDR, 70
regional comparison of 240-245

241-243 ' ,
in Rhone-Alpes Base Case

128-130,13H '
in Rhone-Alpes scenarios, 144, 144t,

150,150

in Wisconsin Base Case, 179-180,
18H

in Wisconsin scenarios, 164, 199,
199,215

Industrial growth, in Bezirk-X Base
Case, 79, 79, 97

in Rhone-Alpes, 117
in Rhone-Alpes scenarios, 119
in Wisconsin scenarios, 173

Industrial heat, from nuclear district
heat, in Rhone-Alpes
sensitivity study, 156

Industrial price reform (GDR), 395
Industrial sector, in Bezirk-X, 81-83, 82

electricity penetration into, in
Rhone-Alpes scenarios, 144

end-use energy consumption model
for, 45, 46

in GDR, 288-289, 289t, 290
and pollutant emissions, 54-55
regional comparison of, 16t,

225-227,226
in Rhone-Alpes, 120
in Wisconsin Base Case, 179-180

Industrial value-added, in Wisconsin
Base Case, 179, 18H

Industry, legal form of, in GDR, 289t
gross production of, in GDR, 289t,

290
Institut Eo;onomique et Juridique de

l'Energie (IEIE), 5
ENERGIE model of, 417
model of French energy sector by,

424-427
Institut fur Energetik, 5, 75-77, 76n

416,417
Insulation standards. See also Housing

in Bezirk-X·sensitivity study, 109
in GDR, 370-373
in France, 383, 381-382t, 385t
regional comparison of, 390-393,

391-392t
in Wisconsin, 165,387-390

International Institute for Applied
Systems Analysis (IlASA), 2

IIASA Regional Energy{Environment
Study, 1-9

objectives of, 1-4
international network of, 3
international relations in, 4
research components of, 5-8,9
research institutions involved in, 5



Investments, in Wisconsin energy
planning, 435-436

Labor force, See Employment
Land reclamation, in GDR, 71
Land use. See also Environmental

impacts
in Bezirk-X, 102-103, 105
and energy sources for electrical

generation, in Wisconsin
sensitivity study, 211-212

and pollution control, in Wisconsin
sensitivity study, 209-210,
209t

regional comparison of, 263,262
for reactor sites, in Rhone-Alpes

Base Case, 142, 143t
in Rhone-Alpes scenarios,

154-155,160
for transmission lines, 205n
in Wisconsin Base Case, 188, 188t
in Wisconsin scenarios, 205,206

Lignite consumption, in Bezirk-X, 89t,
101

Lignite supply, in Bezirk-X Base Case,
83

Liquid-metal fast-breeder reactor
(LMFBR),50

Low-energy scenario, 7, 27
for Bezirk-X, 77-79, 98, 99t
for Rhone-Alpes, 125
for Wisconsin, 169-170, 170t,

193t, 194, 194t

Market penetration, 45
of solar heat, 44-45

Mass transit. See Transportation
Metal processing. See Industry
Mining. See Land use
Ministry for Coal and Energy (GDR),

337-340,339
Model, central mathematical/

economic in GDR, 408-410,
409

coordination, in GDR, 412
electricity impact, in multiattribute

decision analysis, 452,
453-454

preference, in multiattribute
decision analysis, 454-461

Modeling, 35-61, 405-406
coupling algorithm in, in GDR,

481

410-414
of economic activity, 40
of end-use energy demand, 40-45
of energy sector in GDR, 406-415

Rhone-Alpes appraisal of,
415-418

Wisconsin appraisal of,
418-419

of energy sector in France,
420-427

GDR, appraisal of, 427-430
Wisconsin appraisal of, 430-431

of energy sector in Wisconsin,
431-437

GDR appraisal of, 437-440
Rhone-Alpes appraisal of,

440-442
of energy supply, 45-50
of environmental impacts, 50-61,

50
optimal variant in, in GDR,

413-414
of pollutant emissions, 54
of population characteristics, 38-40
of transportation, 41-42, 41
of urbanization, 39
of waste heat disposal, 53-54

Models, application of, in GDR,
414-415

components of, in GDR, 407
flow of information between,

37-38
mathematical/economic, in GDR,

406-410,409
for scenario writing, 37,37
simulation, 35
socioeconomic, 38-40

Morbidity. See Human health impacts
Mortality. See Human health impacts
Motor vehicles, 41. See also

Transportation
efficiency of, in Wisconsin Base

Case, 176
emission standards for, in GDR,

358
in France, 356, 364
in U.S., 357, 364-365

Motor vehicle ownership, in GDR,
281t

regional comparison of, 16t, 231
in Wisconsin, 166
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Multiattribute decision analysis,
application of, in three
regions, 467-468

in energylenvironment
management, 445-447

Multiattribute utility theory, 454-455

Natural gas. See also Energy sources
responsibility for, in GDR, 340

Natural gas consumption, of
industrial sector, in
Wisconsin Base Case, 180

regional comparison of, 48, 49, 247,
249,251

in Rhone-Alpes, 308
in Wisconsin Base Case, 181, 190

Natural gas pricing, in U.S., 402-403
Nixon, Richard M., and U.S. oil

pricing, 400-402
Nonelectrical energy consumption, 47

human health impact of, in
Wisconsin Base Case, 187-188,
187t

land use for, in Wisconsin Base Case,
188,188

Nonelectrical energy supply, 47-48
Nuclear energy, environmental impacts

of, in Rhone-Alpes Base Case,
138-143, 139t, 140, 142t,
143t

in France, 117
in Rhone-Alpes, 121-122, 122
in Wisconsin Base Case, 181, 185

Nuclear fission, 49
Nuclear reactors, boiling water, 49

cooling of. See Waste heat disposal
high-temperature gas-cooled, 49-50
land use of, in Rhone-Alpes Base

Case, 142, 143t
liquid-metal fast-breeder, 50
pressurized water, 49

Nuclear reactor sites, in Rhone-Alpes
Base Case, 139-141

Occupational accidents. See Human
health impacts

Occupational health. See Human
health impacts

Office of Emergency Energy Assistance
(Wisconsin), 350, 435

Oil, See also Energy sources
dependence on, in France, 158-159

sulfur content of, in France
355-356

Oil cartel, in U.S., 399-400
Oil consumption. See also Petroleum

consumption
industrial, in Rhone-Alpes

sensitivity study, 156
regional comparison of, 247-249,

251
Oil embargo, and U.S., 400-401

Wisconsin reaction to, 164, 166,
350

Oil pricing, in U.S., 399-402
Oil sector, modeling of, in France,

420
Once-through cooling, 53

of nuclear reactors, in Rhone-Alpes
Base Case, 141

Optimal control theory, in French
energy modeling, 422

Optimization model, of French
energy sector, 424-427

Organisation for Economic Co­
operation and Development
(OEeD), 3, 10

Organization of the Petroleum Export­
ing Countries, 400-401

Particulate concentrr.tions, in French
cities, 367

in GDR cities, 368
in Wisconsin cities, 369

Particulate emissions. See also
Pollutant emissions

in Wisconsin scenarios, 203
Passenger transportation energy

consumption. See also
Transportation energy
consumption

in Bezirk-X Base Case, 85-87,86
regional comparison of, 231-233,

232
in Rhone-Alpes, 146
in Rhone-Alpes scenarios, 151
in Wisconsin, 166
in Wisconsin Base Case, 176, 177t

Passenger transportation model,
41-42

Personal transportation, and urban
form, in Wisconsin
scenarios, 214,213

in Wisconsin scenarios, 200-202,201



Person-days lost. See Human health
impacts

Petroleum consumption, 48, 49. See
also Nonelectrical energy
consumption;
Oil consumption;
Primary energy consumption

industrial, in Rhone-Alpes Base
Case, 128-130

in Wisconsin Base Case, 181, 190
Petroleum processing, responsibility

for, in GDR, 340
Planning. See Energy planning;

Modeling
Pollutant dispersion model, 55-58,

56
Pollutant emissions. See also

Particulate concentrations;
Sulfur dioxide emissions

in Bezirk-X scenarios, 103-105,
103,103t

of carbon dioxide, regional com­
parison of, 267-269,268,
269

defined,355n
dispersion model of, 55-58
and district heat, in Bezirk-X

sensitivity study, 109-111,
110

in GDR, 71-72
and human health, 58

in Bezirk-X, 104-107,104,
106

model of, 54-55
monitoring of, regional comparison

of,366-368
from residential sector, in Bezirk-X

sensitivity study, 110
in Wisconsin Base Case, 182, 182t
in Wisconsin scenarios, 203-204,

203,204t
Pollutant emission submodel, 54, 55
Pollution control. See also Air quality

management; Emission
standards; Environmental
protection

in Bezirk-X Base Case, 90t, 91
in Bezirk-X scenarios, 106-107,

107
with flue gas desulfurization, in

GDR,71
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and human health impact in
Wisconsin, 208-211, 209t

and land use, in Wisconsin,
209-210,209t

and stack heights, 71-72, 91
for stationary sources, in France,

355-356,363
in GDR, 358, 363-364
in U.S., 357, 364-365

for motor vehicles, in France, 356,
364,364t

in GDR, 358, 363-364
in U.S., 357, 363, 362t

in Wisconsin Base Case, 182, 182t
in Wisconsin scenarios, 175

Population characteristics, of GDR,
11-14, 12t, 14t, 227-280,
277t, 279, 280t

regional comparison of, 223, 224t..
of Rhone-Alpes, 11-14, 12t, 14t,

119, 1261,296-299, 297t, 298t
of Wisconsin, 11-14, 12t, 14t,

167, 168t, 169, 170t, 171
Population growth, regional

comparison of, 13
spatial development patterns of, 39

Pow~r plants, and pollutant emissions,
55

siting of, in Wisconsin scenarios,
175

Preference model, in multiattribute
decision analysis, 454-461

Pressurized water reactor (PWR), 49
in Bezirk-X Base Case, 83

Pricing. See Energy pricing
Primary energy consumption. See also

Energy supply and under each
type of primary energy

and human health impact, in
Wisconsin scenarios, 204,205

and land use, in Wisconsin
scenarios, 205,206

modeling of, 47
regional comparison of, 17t, 19,

332
in Rhone-Alpes scenarios, 147t, 148
in Wisconsin Base Case, 183, 184t
in Wisconsin scenarios, 194-196,

195, 1961,197,216-218t
Primary energy supply. See Energy

sources



484

Primary energy flow, regional
comparison of, for all
scenarios, 254-259,254,256,
257,258

Primary metals. See Industry
Production optimization model, in

GDR energy planning,
342-344

Public accidents. See Human health
impacts

Public health. See Human health
impacts

Public Service Commission (Wisconsin),
349-350,435

Public transportation. See
Transportation

Radiation, in Wisconsin scenarios, 212
Radioactive waste. See also

Environmental impacts
regional comparison of, all scenarios,

269-270,269
Radioactive waste shipments, in

Rhone-Alpes Base Case,
142-143

Radioactive waste storage, in
Rhone-Alpes Base Case,
142,143t

Residential emissions, modeling of,
54-55

Residential energy consumption, in
Bezirk-X Base Case, 84,87,
88,97

model of, 43,42
regional comparison of, 235-237,

237
in Rhone-Alpes scenarios, 144-145,

148-149, 149t
and solar energy, in Bezirk-X

sensitivity study, 109
in Wisconsin sensitivity study,

206-207, 207t
in Wisconsin Base Case,

177-178,178t
Residential space heating, in Bezirk-X

Base Case, 80,81
from nuclear district heat, in

Rhone-Alpes sensitivity
study, 156

in Rhone-Alpes scenarios, 144-145,
145t

from solar energy, in Bezirk-X
sensitivity study, 109

in Wisconsin, 166
Residential water heating, from

nuclear district heat, in
Rhone-Alpes sensitivity
study, 156

in France, 134, 134t, 135
in Rhone-Alpes scenarios,

144-145,145t
Rhone-Alpes. See also France

climate of, 296
corporations of energy sector in,

346-347
data, 125-126
decision making in, 345-348,346
economic activity of, 119
economic structure of, 303-304,

306t
electrical generation in, 49-50,

314,314t
electricity consumption in, 307,

31lt,312t
employment in, 16t, 119, 129t,

305,309t
energy supply of, 120-122
energy sYstem of, 304-314
family size in, 299t
gas consumption in, 308
and GDR, modeling similarities of,

417
geography of, 293-295,295
geothermal energy in, 120-1 21,

121
housing in, 126-127, 126t, 127t
industrial locations in, 299
industrial and service enterprises in,

308t
industrial sector in, 16t, 120
map of, 12
motor vehicle ownership in, 16t,

301-303
natural resources of, 295
nuclear energy in, 121-122, 122
petroleum consumption in,

308-309,3Ilt
population characteristics of,

11-14, 12t, 14t, 119, 126t,
296-299, 297t, 298t

railway network of, 300
road network of, 301



scenario characteristics for, 30-31 t
transportation system of, 300-303,

300,301,302t
urban population of, 1St, 298t
value-added in, 304, 309t

Rhone River, thermal discharges into,
in Rhone-Alpes Base Case,
141

Rockefeller, John D., and U.S. oil
pricing, 399

Roosevelt, Franklin D., and U.S. oil
pricing, 399

SI. See Base Case
S2. See High-energy scenario
S3. See Low-energy scenario
Scaling constants, for utility functions

in multiattribute decision
analysis, 459, 459t, 463t

Scenarios, for Bezirk-X, 28-29t, 78t
energy/environment system for, 36
energy supply in, 23-24
environmental protection in, 24
models and methodology for,

34-61
objectives of, 21
policy issues of, 22-24
as research tool, 6-7
for Rhone-Alpes, 30-31 t, 124t,

125
structure of, 25-34,26
transportation in, 23
urbanization in, 22-23
for Wisconsin, 32-33t, 168-171,

170t
Scenario SI. See Base Case
Scenario S2. See High-energy scenario
Scenario S3, See Low-energy case
Secondary appliance energy

consumption, in Bezirk-X
Base Case, 82

in Rhone-Alpes Base Case, 134t,
135t

in Wisconsin Base Case, 177, 178t
Sensitivity studies, for Bezirk-X

scenarios, 107-III
for Rhone-Alpes scenarios, 156-158
for Wisconsin scenarios, 171,

206-214
Service sector, energy sources for, in

France, 131, 133t
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defined, 173n
model of end-use energy demand

in, 43-44
and pollutant emissions, 54-55

Service sector energy consumption,
regional comparison of,
237-239,239

in Rhone-Alpes Base Case, 131 -133
in Wisconsin Base Case, 178-179,

179t
Service sector electricity consumption,

in France, 133
Service sector growth, in Wisconsin

scenarios, 173
Service sector space heating, in

Bezirk-X Base Case, 80,81
from nuclear district heat, in

Rhone-Alpes sensitivity
study, 156

in Rhone-Alpes scenarios, 144,
144t

Service sector water heating, in Rhone­
Alpes scenarios, 144, 144t

Simulation, in Wisconsin energy
modeling, 432-433

Rhone-Alpes appraisal of,
441

Simulation models, 35
Siting, of nuclear reactors, in

Rhone-Alpes, 121-122, 122
of power plants, in Wisconsin

scenarios, 175
Socioeconomic models, 38-40
Solar energy consumption, 50

in GDR, 70
regional comparison of, 254, 260,

260t
in residential sector, in Bezirk-X

sensitivity study, 109
in Wisconsin, 166
in Wisconsin sensitivity study,

206-207,207t
in Rhone-Alpes scenarios, 146
for space and water heating, 44-45,

48
in Wisconsin residential sector,

206-207
in Wisconsin scenarios, 194, 194t

South European Pipeline, 296
Space heating, in commercial buildings,

in Wisconsin, 389t
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and housing type, in Wisconsin,
207,208

residential, in Bezirk-X Base Case,
80,81

in France, 133t, 135-136
regional comparison of, all

scenarios, 235
in Wisconsin, 166, 191

service sector, in Bezirk-X Base
Case, 80,81

regional comparison of, all
scenarios, 238-239, 238t

in Rhone-Alpes Base Case, 131
in Rhone-Alpes scenarios, 144

from solar energy, 48
Stack heights. See also Emission stan­

dards; Pollution control
in Wisconsin Base Case, 189

Stadtgas, 48, 83t
State Planning Office (Wisconsin),

351,352
Strip mining, of lignite, in Bezirk-X

Base Case, 83
Substitution optimization model

(GDR),342
Sulfur content, of oil, in France,

355-356
Sulfur dioxide emissions. See also

Environmental impacts;
Pollutant emissions

in Bezirk-X Base Case, 90-93, 90,
91,92,93

in GDR, 71
and human health, in Bezirk-X Base

Case, 93-96,94, 95t
regional comparison of, 263-265,

264,265, 264t
in Rhone-Alpes scenarios, 152, 154,

160
in Wisconsin Base Case, 182, 182t,

188-189,189,190
in Wisconsin scenarios, 203,203,

212
Synthetic fuels, 48. See also Energy

sources
in Wisconsin Base Case, 181, 184,

190
in Wisconsin scenarios, 174, 175

Technological assumptions, for Rhone­
Alpes Base Case, 128-136

for Rhone-Alpes scenarios,
144-146, 144t, 145t

for residential sector, in Rhone­
Alpes Base Case, 134-136

for service sector, in Rhone-Alpes
Base Case, 131-133

Thermal discharges. See Waste heat
disposal

Transportation, in Bezirk-X Base Case,
83t

in Bezirk-X scenarios, 112
in France, 120
in GDR, 280-282
and pollutant emissions, 55
responsibility for, in Wisconsin,

348-349
in Rhone-Alpes, 300-303
in scenario writing, 23
in Wisconsin, 166
in Wisconsin scenarios, 174

Transportation energy consumption,
in Bezirk-X Base Case, 85-87,
86,96-97

in Bezirk-X scenarios, 101
regional comparison of, 231-234,

231
in Rhone-Alpes Base Case, 128,130
in Rhone-Alpes scenarios, 145-146
in Wisconsin Base Case, 176-177
in Wisconsin scenarios, 194, 215

Transportation model, 41

Unemployment, in France, 117
United States, energy pricing in,

399-404
University of Wisconsin, 350-351
Uranium consumption, in Wisconsin

scenarios, 21 2- 213
Uranium mining, in Rhone-Alpes Base

Case, 142, 143, 143t
Uranium pricing, in U.S., 403
Urbanization, in GDR, 1St, 280t

in IIASA Regional Energy/
Environment Study, 2

modeling of, 39
and personal transportation energy

use, in Wisconsin scenarios,
213,214

in Rhone-Alpes, 1St
in Rhone-Alpes Base Case, 127
in Rhone-Alpes scenarios, 123
in scenario writing, 22-23
in Wisconsin, 1St, I 70t, 171
in Wisconsin scenarios, 192, 194,

215
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Utilities, electric and gas, in Wisconsin
investment planning,
435-436

regulation of, in Wisconsin,
349-350

Utility functions, assessment of, in
multiattribute decision
analysis, 456-462,458, 460t
462t

for policymakers in three regions,
462-465

Utility theory, in multiattribute
decision analysis 454-455

Value-added, defined, 172n
and employment, regional com­

parison of, all scenarios,
227-228,228

in industrial sector, in Wisconsin
Base Case, 179, 18lt

in Wisconsin, 320
in Wisconsin scenarios, 173,174

VVB (GDR), 338-340,339,340

Waste heat disposal. See also
Environmental impacts

and artificial evaporation, 65 -66
and blow-down water, 66-67
and climate, 53-54,65-66
and district heating in Wisconsin,

165
and drinking water in Wisconsin,

165
with cooling towers, 53
for electricity power plants, 62-67
modeling of, 53-54
for nuclear reactors, in Rhone­

Alpes Base Case, 141, 142t
with once-through cooling, 53
regional comparison of, 262-263,

262
in Rhone-Alpes Base Case, 139
in Rhone-Alpes scenarios, 159-160
and river water temperature, 53, 65
in Wisconsin scenarios, 212

Water heating, residential, in France,
134,134t

service sector, in France, 131
in Rhone-Alpes scenarios, 144

from solar energy, 48
in Wisconsin, 165
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Wind rose, 57
Wisconsin, agricultural activity in, 320,

32lt
area of, 12t
building codes in, 386-390
climate of, 316-317
decision making in, 348-353
economic characteristics of,

319-321
compared with U.S., 167, 168t

electrical generation in, 49-50,
61-63

employment in, 16t
end-use energy consumption in,

322,324,325
energy consumption in, 321-325,

322, 323t
energy flows in, 332
energy supply in, 325-326,325,

326
geography of, 315
heating season of, 386
industrial activity in, 16t, 320, 320t
industrial energy consumption in,

321
mapof,13,315,316
models of energy sector in,

431-437
GDR appraisal of, 437-440
Rhone-Alpes appraisal of,

440-442
motor vehicle ownership in, 16t
natural resources of, 315-316
population characteristics of, 11-14,

12t, 14t, 167, 168t, 169, 170t,
171,317-318,317t

primary energy in, 325, 325, 326
residential energy consumption in,

322-324
scenario characteristics for, 32-33t
service sector in, 319, 319t
service sector energy consumption in,

322
transportation system of, 318t
transportation energy consumption in,

324
urban population of, 1St, 170t

Wisconsin Environmental Policy Act,
352-353

Wisconsin Regional Energy Model, 35,
432-435




