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Introduction

(Ural presentation at the Norking Seminar on Enerpgyv Modelling
Mav 28-29, 1974, International Institute for Applicd Systems Analysis)

There s an obvious correlation boetween the number o) cnergy models and the Tmpact
ot cnerypy problems.  The activitics ol energy modelists have been uusuccessful in
the prevention ol the present so-called "energy crisis.”  For a clear formulation
ol the problem, we covisage cnergy modelling to be the of[{cient coutributing

factor.

Our aim in presenting this first collection of summarics of cuerpy models is both
simple and ambitious: we hope that everyoue who studies the energy problem and
wishes to resort to models can sce at a glance whether a tool exlsts anywnerce in
tae literature which could be appliced to his special set of problems, thus
climinating the scarch for further information and avoiding duplication of effort.
This would also permit the establishment of contacts and collaboration between
specialists concerned with energy problems independently of and beyond political

considerations.

On the occasion of this meeting we have prepaved a tirst collection of models
(Lhouuh incomplete) in order to benetit from your “on the spot' expertise, which

will be invaluable for the Tortheomiong publication.
The models for this first review have been selected along the following lines:

1) Only models less than 5 years old have been taken inte account.
some arc still In the stage of development, and results are given
only for some aspects of the model; in our opinion they arc
sulficiently interesting and promisiug to be included in this
review.

2y Models dealing with the management ol energy producing and
distributing organizations generally have not been included;
these will be conmsidered n a later version of the review.

The majority of the models In this compilation have not been reviewed by their
authors; this was due to the time factor. VWe are aware that this may cause
nisunderstand ings and ask the authors for their forbearance. At a later date
we plan to Incorporate only models that have been summarized by the authors
themselves.

We plan to publish a survey of models annually, which will include both new models
and updated versions ol those described carlier. We hope that this first review
will generate enough interest amoung model bullders to encourage them to help us in
this task.

As we oare mainly concerned with energy problems, the standard sunmary we have used
focuses more on the field ol applications of models than on the methodological
aspects,  Furthermore, our intention is to deformalize somewhat the definition
ol the term "model.” Tt is used for anv kind of tool (methodological or otherwise)
necessary for problem—solving, aad onlv the feasibility and usefulness of the model

are ot ointerest.

Originallv we intended to distinguish between complex cconometric models, simple
ones whicih use correlations, and the new kind of model that only takes Into account
subjective expert opluntons.  This approach has been discarded since we feel that

the results obtalned arce more Important than the methods by which this is done.

This is why the term "modoe!” includes, for cxample, a study which constitutes only
Jnoextension of the inpot~outpul matrix that estimates the amount of cenerpy

contained in various manolactured products (studv of Herendeen, U'.S.A.).  in order

Lo avold valoe judaments that misht be biased or are not fully supperted by facts,

woe have not used a classification based only i the methodological aspect of a model.
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The models described in this review are classified according to the following 6
categories:

E}assification of Models

Areas of Application National International

one kind B
Energy System of fuel
(energy 1is
the wain

sceveral
problem)

kinds of C D
fuel

Linkage between cnergy
and general economy

v

This classification is based on our impressions of the model users’' most important

requirements,

We have attempted to cover various countries, and in so doing have benefited from
personal contacts with a substantial number of speccialists in various fields.
These contacts have been established partly through ITASA; we are particularly
indebted to the U.,N. Economic Commission for Kurope (Geneva) for giving us the
opportunity of making other valuable contacts.

A complete list of the Institutions and individuals we have contacted 1is attached
to this report (Annex II), and we would greatly appreciate any additional contacts
for our mutual bencfit.

Lot us now look at the standard form we have developed for the model sunmaries.
Lt may appear arblcrary; however, in the search for criteria for the evaluation
of a model, this breakdown may become clearer.

What is a "good" model (noting that this is a subjective notion)?

1) A wmodel that permits us to reach certain fixed goals
or objectives;

2) A model that, in terms of efficiency, is betrer suited
for the goals than any other model available.

In our standard form, we therefore describe the Subject and Goal of the models
immediately after the authors' names, their affiliations, and the (sometimes
shortened) model titles., (Bibliographical details are given in Aunex I. Wherc
they are incomplete, we shall try to rectify this in future editions.) This is
followed by Systems Described, in which we give a general idea of the approaches
used aud the complex interactions within the system.

After this gencral outline of the authors' goals and the system studied, we try,

in the sections Modelling Techniques and Input Data, to make a clear distinction
between what 1s endogenous and what is exogenous. Modelling Techniques describes
all logical aspects of the model-—i.c. the main concepts which explain the internal
structure of the mathematical representation--without treating the mathematics
itself.




For each model sclected we have tried to give an idea of the volume of the input
data and to distinguish what is cxogenous, although this notion is not always clear
in the original papers. Tor reasons of space we have not specified quantitatively
the value of data; however, we are aware that this Ls often as important as the
model itsell. [ believe that it would be very useful if In each country model
builders and encrgy experts came to some agreement on certain data bases, It

would not be difficult to identify the useful avallable data; for example, in

many U.S. models scveral authors make use ol the same data bases.

In vutpuc Data we merely indicate the kind of results given by the model. The
quaﬁ?ff:fivo_;nlucs supplicd by each model are often too large to be incorporated
in such a summary., Finally, Obscrvation is devoted mainly to possible future
development of the models.

Despive ivs lncowpleoteness, this review Indicaces the differences bLetween the
natlve countrics awd intellectual origins of the models. WNaturally, the fivst
counrries to build wodels that explicitly include the encergy system are those
with more or less planmed economies, where the question of euergy Ls concentrated
within a small nuwmber of ministries. Countries with free warkev economies which,
as a group, initially lagged behind in energy wodelling have wade up for it iu
recent years. In the United States in particular, an iuportant development of
different kinds of models has taken place. The acceleration of this development
can be explained by the American system, in which studies of crucial problews

are olten delepgaved to universities or other groups. Therefore, it appears that
the ever-increasing number of wodels i1s, In part, a result of the cowpetition

for [inancial support from governmental agencies and foundations. More preciscly,
the models published are approximately equal in proportion to the enterpriscs
Inmediately concerned, or governmental institutions, universities, and indepcudent
think tanks.

Uncl!l now Wesvern Puropean universities have played a less dowinant role, as liuks
betrween universicies and decision-makers are weaker in Western Europe. The lack of

sood dara banks is another reason for this difference. Most of these models have
been supplicd by governmental agencles or the companies concerned.

These observations in part explain two facts:

1) There ace more models From the U.S.A. and the U.S.S.R.
than ifrom Western Lurope,

2) Most of the wmodels frowm Western liurope are in Lthie uature
ol managemeut models for public utilities, and are uot
directly concerned with the energy system as a whole.

Nevertheless we can observe a very interestcing trend toward a new kind of model.
Uncil recentcly many wodels considered iuvestment problems linked to oue form of
ciiecgy (mainly elecrricity),  Such models seem to be well known in the U.S.A. &s
well as 1o the U.3.8.R.; wost ol them use a very efficlient developuwent of liuear
programming. In addition, notice should be taken of certain new models that
include optimal control theory, for example, those developed by the Llectricité
de France or in the U.S.S5.R.

Ac the present time authors seewm to be interested in wider areas and more exteusive
systems. They either study all the energy problems of one country, or they
inwvestigate the trade problem of one kind of fuel on an international scale. Iu
the first category two kinds of approach are pursued:

1)  All kinds of lucl are studied in cncergy-scctor-wide models,
including the supply and demand levels c.g. Dr. Hoffman's
model, In wnich he studies the optimization ol the U.S.A.
cnergy network at ditferent times, including the problem



of new technologies; and the large-scale systems
being developed in the U.S.S.R.).

ii) The other approach consists of a linkage between different
submodels, each of which is concerned with one type of fuel
(consider, for example, the approach by Dr. Hutber, U.K.).

In the second category, new models on world trade, the study of the world petroleum
market 1s a main concern. In this area two models appcar very promising: namely,
those developed by Prof. Deam, U.K., and Prof. Houthakker, U.S.A., each
investigating the consequences of different energy policies.

L.et us note that the study of new technologies in itself has become the subject of
models. I cite the work pursued at ITASA by Profs. Hafele and Manne on the
possibilities of the interactions of fast breeder reactors, and of an economy
based only on nuclear fuel. Within this category the model by Prof. Just, U.S.A.,
is also interesting in its approach to the financial impact of forthcoming
techniques of gasification and liquefaction of coal.

We have observed that a weakness seems to exist in the link between economic
concepts and the energy system, which becomes particularly apparent in the
treatment of demand, pollution, or more general environmental problems, and the
impact of R&D.

Most demand studies are based upon forecasting techniques such as trend extra-
polation or regression analysis, correlating demand with variables such as G.N.P.
per capita. In view of the value of certain parameters, such as elasticity with
respect to income or price, not being generally accepted, some authors seem to be
reluctant to incorporate this concept into their models. More emphasis on this
subject would be worthwhile,

The problem of pollution is practically always dealt with in somewhat superficial
terms, From a physical point of view these effects are usually treated in the form
of a simple multiplication of the amount of energy produced by specific pollution
factors, The result of this operation gives the aggregate volume of emissions
without constdering the local itmpact of pollution on the welfare of man. This
procedure leads Lo a study ol only the cconomic aspects of pollutiony very rarcly
does 1t extend to e.g. Peedback [rom negative effects of pollution on human
weltfare,

With respect to attempts tomodel the effect of the R&D effort on the solution of
energy problems, to date there are not enough tools available. Some models take
new technologies into account, but they usually incorporate a random date of
availability after having made some assessments of the potential of these new
technologies. No model among those considered really investigates the impact of
R&D on society, or what need there 1s to continue to spend money in order to
obtain a better knowledge of, for example, fission, solar, geothermal, and fusion
cnergy.

Finally if we take into account the objective functions used in optimization models,
it scems that authors are generally content with traditional concepts and seldom
look for innovation. In fact, the objective function most frequently employed is
incevitably the minimization of the discounted costs required for a given level of
demand. Tt is evident that the minimization of total costs is not always the only
objective of utilities or governments.

In long-term forecasting it is quite clear that a more refined objective must be
considered. We could ask ourselves whether the models actually developed could be
useful in this respect. I should like to leave this question open for discussion.
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It would not be feasible for us to try to give answers to this short list of
complex questions. This is why some of them have been summarized and presented to
you in the form of possible suggestions for the afternoon discussions.

The four main subjects, in brief, are as follows:

- The first concern is the general problem of energy modelling: projection,
optimization or games models.

~ The second is the formulation of demand relations.
- The third is the modelling of the R&D Impact.

- The fourth is the integrating of energy models into an economy-wide model
and the linking of several models.

The great number and variety of models now being developed will increase our
knowledge of the economic mechanisms of the energy sector. At the same time new
developments in other fields or systems will present new kinds of sophisticated
tools of use in our research. Note must be made, however, that in addition to
these innovations it is desirable to establish more coordination among models and
a common broad line of research along which they could be developed.

That is why it is so important today that energy specialists and modelists have
come together to work out and perhaps define an overall strategy. It is hoped
that this review of energy models may help to add and clarify information and
in this way promote a fruitful exchange of ideas.



Classification of Models

Areas of Application National International
one kind A B
of fuel 32% 4*
(pp. 11-42) (pp. 43-46)

Energy System
(energy is the

main problem)

C D
several
kinds 16% 1%
f fuel
© (pp. 47-62) (p. 63)
Linkage between E F
energy and general 12% 4%
econo
i (pp. 64-75) (pp. 76-79)

*
Number of models in this class




List of Models

Country No. Title Class Page
Austria AU 1 Austria II, J. RICHTER & W. TEUFELSBAUER 64
" AU 2 | Consequences of a possible energy crisis in 47
Austria, G. TINTNER
Canada CA 1| Model for energy supply vs. pollution, C 48
J.G. DEBANNE
" CA 2| Estimating and forecasting model of natural A 11
gas demand, P. HALPERN & L. WAVERMAN
" CA 3| Demand for gasoline and automobiles, A 12
D. DEWEES & L. WAVERMAN
" CA 4 | Econometric model for energy, INSTITUTE FOR C*E 49
POLICY ANALYSIS (L. WAVERMAN)
" CA 5| Residential and commercial demand for energy, C 50
R. HYNDMAN
" CA 6 | Linear programming transportation models, C 51
L. WAVERMAN
C.S.S.R. CS 1 | Electric power system expansion, A 13
R. FREIBERGER et al.
" CS 2 | Prediction of SOy and flyash emission, A 14
P. KOPAC & E. HAZUKA, F. LIDICKY et al.
" CS 3 | Electric power system development, I. LENCZ 15
" CS 4 Development of an electric network, A 16
E. KREJCOVA, S. PACAK, S. KRIZ & V. ZAPLETAL
" CS 5 Structural model of fuel and energy economy, C 52
B. CABICAR et al.
Denmark DE 1 Alternative organizations of society in terms C 53
of energy use, S. BJPRNHOLM
Finland FI 1 | Production planning and the new technology, A 17
E. RAUTOMA, M. SOURANDER et al.
France FR 1 | FINER, energy financing model, D. BLAIN E 65
" FR 2 PANACH, simulation model of the nuclear fuel A 18
cycle, J.P. CHARPENTIER, G. NAUDET &
R. PAILLOT
" FR 3 | MEXICO, electrical network transport, A 19

J.C. DODU

Model can be associated with either class.



Country No. Title Class Page
France FR 4 MIC-MAC, hierarchical organization of the A*E 20
elements of a system, J.C. DUPERRIN & M. GODET
" FR 5 Choice of production investments at E.D.F., A 21
A. BRETON, D. LEVI & D. SAUMON
F.R.G FG 1 Development of power plants in Nordrhein- A 22
Westfalen, R. BIESELT
" FG 2 ENIS information _system for the energy sector, C 54
ZENIRUM BERLIN FUR ZUKUNFTSFORSCHUNG,
J. BURSTENBINDER, W. DREGER, H. ILLING,
F. OPALLA and P. ROSOLSKI.
" FG 3 Econometric models for the energy sector of C 55
the F.R.G., M. LIEBRUCKS
" FG 4 RESTRAPRO, reactor strategy program, A 23
W. MEIER & A. VOSS
" FG 5 Long-range expansion of a power system, A 24
G. MEURIN
" FG 6 Electricity utility model, H. TROSCHER A 25
" FG 7 Analysis of the system man—-energy—environment, F*D 76
A, VOSS
Hungary HU 1 Investment policy in the energy economy, C 56
P y
F. RABAR
Ireland IR 1 Price increase of imported fuels, E.W. HENRY E 66
& S. SCOTT
Japan JA 1l Growth of nuclear power, INSTITUTE OF ENERGY A 26
ECONOMICS (M. SAKISAKA)
" JA 2 Simulation of future oil flow, INSTITUTE OF B 43
ENERGY ECONOMICS (M. SAKISAKA)
" JA 3 Optimizing energy allocation to industrial E 68
sectors, INSTITUTE OF ENERGY ECONOMICS
(M. SAKISAKA)
" JA 4 Long-term energy demand in Japan, INSTITUTE OF E 69
ENERGY ECONOMICS (M. SAKISAKA)
" JA S Energy utilization in the future, K. OSHIMA 67
Poland PO 1 Nuclear power system optimization, A 27
M. BERNATOWICZ
" PO 2 System of two-component nuclear power, A 28
J. PODPORA
" PO 3 Power plant system with variable load factors, A 29
W. FRANKOWSKI
" PO 4 Power plant system development, W. FRANKOWSKI A 30




Country No. Title Class Page
Rumania RO 1 | Multi-energetic supply model, M. PETCU, C 57
PAP, KOVACS & LICIU
Sweden SW 1 | Multi-period cost minimization model for A 31
Sweden, G. BERGENDAHL
" SW 2 | Energy supply and demand forecast, A 32
E.S., BEN SALEM & M. HOJEBERG
" SW 3 SVEN - Swedish Economy 1970-1977, E 70
B.0. KARLSSON
Turkey TU 1 Investment in the electricity supply A 33
industry, O. TARKAN
U.K. UK 1 | World energy modelling: concepts and methods,! B A
ENERGY RESEARCH UNIT (R.J. DEAM, M.A. LAUGHTON,
J.G. HALE, J.R. ISAACS, J. LEATHER, F.M.
O'CARROLL, P.C. WARD)
ot K 2 Development of Western European oil prices, B 45
ENERGY RESEARCH UNIT (R.J. DEAM, M.A. LAUGHTON,
J.G. HALE, J.R. ISAACS, J. LEATHER, F.M.
O'CARROLL, P.C. WARD)
" UK 3 U.K. national energy model, MODEL GROUP OF C 58
THE DEPARTMENT OF ENERGY (F.W. HUTBER)
" UK 4 | Simulation of a nuclear generating system, A 34
C.E. ILIFFE
" UK 5 | Electricity supply model, F.P. JENKIN A 35
" UK 6 | Tradeoff between energy and GNP, L.G. E*F 71
BROOKES
U.S.A. us 1 Tradeoff between energy and GNP, F.G. ADAMS E*F 71
& P. MIOVIC
" us 2 Dynamic energy system modelling - interfuel C 59
competition, M.L. BAUGHMAN
" US 3 | SRI energy modelling capability, C 60
E.G. CAZALET
" US 4 | Substitution and usage in energy demand, C 61
E.W. ERICKSON, R.M. SPANN, R. CILIANO et al.
" US 5 | Use of I/0 matrix, R.A. HERENDEEN E 72
" US 6 | Planning framework for energy system planning, C 62
K. HOFFMAN
" US 7 | Energy demand as a function of price, A¥*E 36
H. HOUTHAKKER & M. KENNEDY
" US 8 | World petroleum model, H. HOUTHAKKER & B 46
M. KENNEDY
" Us 9 Energy analysis using I/0 matrix, J.E. JUST E 73
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Country No. Title Class Page
U.S.A US 10 | Policies for dealing with the natural gas A 37
shortage, P.W. MacAVOY & R.S. PYNDICK

" US 11 | Waiting for the breeder, A.S, MANNE A 38
" US 12 | California's electrical energy demand, A*E 39
W.E. MOOZ
" US 13 | Allocation of energy resources, W. NORDHAUS D 63
" US 14 | Dynamic model of energy and economic growth, E 74
R.J. RAHN
" UsS 15 Relationship between macroeconomic activity E 75
and energy consumption, P.K. VERLEGER
U.S.S.R UR 1| Energy consumption forecasting, A 40
I.N, BESSONOVA, N,S. KULENOW, Z.H. HASENOV &
S.C. CHOKIN
" UR 2 | Power industry models, A.I. MEKIBEL & A 41
T.M. POLYANSKAYA
Various X 1| International linkage of national economic F 77
sources models, INTERNATIONAL STUDY GROUP ON THE LINK
SYSTEM (L.R. KLEIN)
" X 2 Nuclear power market in developing countries, | A*F 42
TEAM OF INTERNATIONAL ATOMIC ENERGY AGENCY
STAFF MEMBERS
" X3 Energy models of the multilevel world model F 78
project, M. MESAROVIC & E. PESTEL
" X 4 Integrated energy models for the CEE, F 79

R. de BAW & F. VAN SCHEEPEN




MODELS CLASS A
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CANADA

The Model Paul Halpern and Leonard Waverman, University of Toronto.
Estimating and Forecasting Model of Natural Gas Demand.
Subject Showing divergence between good estimating models (i.e. one which
and Goal approximates behaviour) and good forecasting models,
System Natural gas.
Described
Time Cross section time series.
Area Space Canada.
Modelling Econometrics.
Techniques
Input Data Demand vector, price of natural gas and substitutes, income.

Output Data

- Elasticities of demand.
- Projections of demand, given forecasted prices and income.

Observations

Techniques will be applied to all fuels.

Summary supplied by the authors of the model.
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CANADA

The Model Don Dewees and Leonard Waverman, University of Toronto.
Demand for Gasoline and Automobiles.
Subject The end product will be a simultaneous forecasting model which
and Goal projects the demand for new cars, their characteristics and the
derived demand for gasoline.
System Interrelationships between the price of gasoline and the number
Described and type of autos purchased.
Time Time serics.
Area
Space | Canada, can be applied anywhere. Agj
Modelling Non-linear simultaneous equation econometrics.
Techniques

Input Data

Vectors of: gasoline sales, price of gasoline, income, automo-
bile registrations (number and characteristics, supply of sub-
stitutes to private auto), and prices, trip time, variable and
fixed costs of auto use.

Output Data

Outputs will be forecasts of auto sales and type and gasoline use.

Observations

Present working model is an examination of gasoline use as a
function of prices, income and characteristics.

Summary supplied by the authors of the model.



I'he

Mode |

C.S.S.R.

o (L73,5,%) . "
R, Freiberper ot al., 1968-1973 v , tnerpy Rescareh Institute, Prague,

Ilectrice Power System Expansion,

|
Subject
and Coal

Sclection of an optimum structure of clectric power and energy sources (medium-

and long=term); prognostic functions of electric encrgy consumption are part of

the madel,  CGoal of the computations 1s to c¢nsure the coverage of prospective annual
consumpt ion of ¢lectric energy and power on the day of annual load maximum at minimum
power prodm‘ti(m cost.

Svstoem
Deseribed

A developing power system: the nrospective load (on the day of annual maximum) is
divided into regime bands of the model, allowing sufficiently accurate representation
of some non-lincar relations (e.g. between fuel consumption and the load of individual
power plant types) by linecarization in parts. For each regime band load is fixed
according to the annual maximum load of the system and the annual energy of each
regime band (given by the annual lead duration curve).

Another band 1s added (annual hourly maximum), representing power requirements for
covering the difference hetween hourly and short-term (5 or 15 minutes) load maximum
The model seleets, from a list of resources containing existing and possible additive
power stations, the coverage of power and cnergy requirements (including reserve,
requirements) with due regard to the given set of restraints,

Time

Arca

The model is dynamized (generally formulated for any number of time steps). S

used In practice for a prospect of 20 years (in 4 time periods).

It

Space

The model
been used

is multi-nodal (theoretically for any number of regions). So far it has

as one-node or three-node model.

Modelling
Techniques

Mixed integer programming - simplex algorithm and the branch and bound algorithm for
new sources with a small number of high rated units and groups of hydraulic power
plants linked hydrelically). Objective conditions are minimization of the sum

of costs discounted to the initial year, through the last years of all dynamically
linked periods through all regime bands, all regions and all kinds of sources.

Input Data
Physical

Ecological

Economi ¢

- Prospective requirements of power and energy for individual regions and time periods
- in probabilistic form - with a given index are determined with respect to the
macroeconomic optimum based on the regression relations between national income
and electric requirements.

- Sources of electric power and energy - for existing and considered power plants.

~ Standard basic technical indices (e.g. electrical output, annual number and duration
of shutdowns for overhauls and repairs, average frequency of failure shutdowns, fuel
consumption characteristics of individual kinds of sources, kinds of primary energy
sources).

- Fuels for electric energy production - probable available quantities of fuel for
electric power production for certain future years, the fuels are divided according
to their origin; data on calorific value, sulphur content, etc.

- Transmission grids, energy and power losses by transmission.

Limitations of installed output in individual regions due to the condensing power
plants' emissions and limited cooling water supplies.

- Sources of electric output and energy - economic data are included in the standard |
questionnaires (specific capital costs, repair costs, fault removal costs, wages).

- Fuels for electric power production - extraction and treatment costs for individual
kinds of fuels, transportation costs from mines to power plants.

- Transmission grids - specific capital costs analogous to the variable cost
components due to transmission equipment operation (in first approximation).

Qutput Data
Phvsical

Ecenomic

- Coverage of regime requirements, including load on the day of annual maximum, and
annual energy.

- Annual supply of electric energy (also between regions).

- Installed capacities of individual kinds of sources,

- Utilization of the installed capacities of individual kinds of sources.

= Shutdown and reduced output of individual sources and total reserve power of the
system.

- Annual consumption of fuels divided according to kinds of power plants and fuels.

— Value of investments in electric power and fuel bases.

- Capital costs of newly installed facilities corresponding to various fuel bases,
always for the given period.

- Annual costs of electric energy production.

Ohservations

- From the primary input data a service program computes input data for the model
(matrix coefficients, vector of the right sides of the constraints, vector of
coefficients of the objective function).

- When optimization computations are completed a service program computes output
data as required in a standard table form.

- The model contains l4 basic tvpes of constraints.

- The formulation of variants is performed by:

1- the change of the right side of the constraints (mainly limitations in possible
development of new types of sources and in quantities of individual kinds of fuels):
2- the change of the objective function coefficients - for changes in specific
capital costs of various types of equipment and of yrel costs.

Summary supplied

by the author of the model.
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C.S.S.R.

Ehc Model

(6)

P. Kopac and E. Hazuka , F. Lidicky et al., 197A(7), Energy Research Institute,

Prague.

Prediction of SO

) and Flyash Emission.

Subject Quantification of SO, and flyash emissions from the viewpoint of: energy procesgrj
and Coal kind of fuel, territorial region, year. Operative evaluation of the consequences
of studied variants of the long-term development of the energy economy for air
cleanliness.
Systcem 802 emission calculation: the system is formed by 12 aggregated energy processes
Desceribed . . . . . . . )
eseribe realized 1in 10 territorial regions. There are in total 24 kinds of fuels due to
different sulphur content. Flyash emissions calculation: the system is formed by
8 energy processes realized in 10 territorial regions. There are in total 14 kinds
of fuels due to different ash content.
Time | Static calculation model for individual years. The model has been used for the
years 197C, 1975, 1980, 1985, 1990.
Arca
Space | Ten territorial regions in the C.S5.S.R. and their combinations.
Modelling Basic equations for SO, and flyash emission calculations according to the above
Techniques four viewpolints are so%ved by means of the matrix calculus. The calculation is

performed by computer.

Input Data '«

For the SO2

- extraction and treatment of fuels

- refining of fuels

~- energy conversion

- final consumption of fuels and energy

emission calculations the energy processes are distributed as follows:

(1 process)

(3 processes)
(4 processes)
(4 processes)

For the flyash emission calculation only the processes of energy conversion and
final consumption are included (8 processes)
These processes must be characterized by the following data:
- annual production or input or consumption of an individual kind of fuel
(10° t/year)
- emission factor for each process—fuel combination.

For the SO, emission calculation the individual kinds of fuel are distributed as
follows: '

- solid fuels (16 kinds)

- liquid fuels ( 6 kinds)

- gaseous fuels ( 2 kinds)

For the flyash emission calculation 14 kinds of solid fuels are considered.
The kinds of fuel must be characterized by the sulphur or flyash content.

Qutput Data

Ecological

502 or flyash emission values for the following combinations of viewpoints:

-~ process (groups of processes) x territorial region and year

- fuel (groups of fuels) X territorial region and year

- summary of the above emission values for larger territorial regions, e.g.
Czechoslovak Socialist Republic.

For a given year, 663 resulting values of SO2 emissions and 429 resulting values

of flyash emissions are available.

Observations

In connection with this calculation model an optimization model, to be tested in
1974-75, 1s being prepared; its goal is the minimization of the negative
consequences of 802 and flyash emissions.

Sommary supplied by the authors of the model.
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Sub ject

and Goal

-

C.5.5.R.

I ! .
I, lencz, 1969 , tnergy Rescarceh Institute, Prague.

Electric Power System Deve lopment.

Fhe subject of o model solution is electric power system development in a long~ or
The aim is to end the cconomically optimum generat-
ing basis and transmission network.

med tumi-term time perspective.

Siyrsitl o
Deseribed

A Ltechnical and an cconomic system split up into the subsystem of clectricity pencra-
tion, transmission and consumption. Interactions with the subsystems of the cnviron-
ment mainly those of fuel supply and water sources, are considered, as is the inter-

action with intcerconnected electric power systems.

T5-20 years.

llconomic
.

Arva
Space | Dlectric power system divided, if required, into a number of regions.
ModelTing A model system using lincar programming for arriving at solutions near the optimum,
Ferhmiques as well as a set of simulation models tor detailed technical and economical testing
of a limiced number of variancs (cf, Observatious,
Tnpul Data T -
Physical - Subsystem of eleetricity consumption: data on the parameters of the stochastic

process of clectricity consumption development (component of trends, cyclic
components, random component).

= Subsystem of c¢lectricity generation: existing generating sources and those
planned for the perspective period, data characterizing their electric parameters,
their unavailability rate, demands for planned repairs and consumption character-—
istics of generating units.

- Subsystem of transmission: configuration and electric parameters of the initial
network, alternative connection schemes and electric parameters of the planned
transmission devices.

- Subsystem of consumption:
1 kWh of electricity.

- Investment costs and a constant component of operating costs connected with the
building and operation of power plants, schemes for financing during building,
specific fuel costs, etc.

- Subsystem of transmission: investment costs and a constant component of operating
costs connected with the building and operation of transmission deviees, schemes
for financing during building,

= Subsystem of environment: limits of primary energy sourcves, cxport and import
of clectricity.

costs (losses) originating from the non-delivery of

Uuqﬁﬁ Data
Physical

Economic

Information characterizing the optimum structure of the generating basis of the
system (participation of individual types of power in the total installed
capacity) and the development of this structure with time.

- The development trend of power supply reliability in the perspective period or
the development of reserve power necessary for actaining a certain chosen index
of system reliability. .

- The optimum standard daily load curves during the optimization period; optimum
distribution of annual energy generation among the individual types of power
plantsg consumption of fuels.

~- The development of transmission networks corresponding to the chosen structure

of the generating basis and to alternative dislocations of sources.

- Flow of investment costs of the development of the generating basis and trans-
mission networks (divided among the individual types of equipment).

= I'low of a counstant component of the operating costs of the gencrating basis and
of transmission networks.

= Flow of luel costs.

bservations

The optimization of electric power system development is solved by means of a set

of interacting models in which the initial prognostic information undergoes a

progressive transformation. The procedurc may be split up into the following stages:

- A linearized optimization model of the electric power system as a whole,
participation of the individual types of sources near the optimum being determined
trom the point of view of the total cost development and operation of the system
in the perspective period;

- A simulation model of the generating basis development generates tactical altern-—
atives which develop the results of the linearized model in time. The reliability
of the electric nower svstem is tested and the terms of nuttine new generating
units into operation are fixed;

- For the generating basis given by the preceding model, operation of the electric
power system is simulated and the role of individual types of power plants in
the system 1s considerced. Fue) costs, the consumption of individual fuels and
the probable magnitude of the undelivered energy are cvaluated and a nodal balance
of the clectricity i= determincd;

- Based on these nodal balances, thore is the development of transmission networks
required for transport of electrivity from the point of generation to the center
of consumption; -

= The development tactics investigated are given a complex economic cvaluation based
on the dvnamic criteria of ecvonomic cffectivencess.

Summary suppl

ted by the author of the madel.
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C.S5.S.R.

The Model

11,12)
E. Krejcova and S. Pacak, 1969(10); at, );
S. Pacak, 1974(13);

E. Krejcova et al., 1971

(14) |

V. Zapletal and E. Krejcova, 1973 CIGRE.

Development of an Electric Network.

Subject
and Goal

The program can solve elementary and special questions of topological con-

figuration of the electric power system for a given time: ’

- Connection of new power plants; when necessary also the choice of suit-
able sites from the point of view of network configuration.

- Choice of links between electric power systems at different voltages;
when necessary also the choice of sites for new transformer substations.

- Choice of an economically optimum configuration vs. the minimum necessary
extent so that the system may fulfill its transmission or distribution
function.

System
Described

The transmission ot
development.

subtransmission electric system to be proposed for future

Time

Area

Period
of the

under study:
solution are

an arbitrarily chosen period in the future; the parameters
related to e.g. 1 year.

Space

Number
number

of nodes in the system < 150, number of branches in the system < 300,
of voltage levels < 5.

Modelling
Techniques

The program selects, from the elements predicted for solving the partial prob-
lems of the system, a combination which leads to the minimum or next-to-minimum
value of the economic function. The economic function contains the fixed annual
costs (charges, service and maintenance costs) and the annual cost of power and
energy losses. The inverse principle used consists in the successive elimin-
ation of lines or groups of lines. The order of elimination is so arranged that
it leads to a maximum reduction in the economic function in each optimization
step. During successive simplification of the system, additional constraints
are tested i.e. overload of elements, unacceptable isolation of nodes, dis-
connection of the system, etc. The power flow calculation is made by a method
corresponding to the direct current laws (the Gauss—Seidel iterative method).

Input Data
Physical

Ecological

Economi

The balances at the nodes, topological data of the network, resistances, reac-
tances and the maximum permitted loading of lines and transformers; also data
concerning the elements and groups of mutually dependent elements, minimum
orders of the nodes.

Minimum and maximum number of parallel branches between the 2 nodes.

Costs of IMW lost, fixed costs of branches and surcharges on substation equipment
during the period under study.

Output Data
Physical

Economic

A detailed configuration of the electric power system, distribution of the flow
of active power in lines, power losses.

Value of the economic function, fixed costs and costs of losses during the period
under study.

Observations

-~ The method chosen is heuristic.

- It is possible to introduce reliabilty requirements by modifying the input
conditions. Nevertheless, the quantitative evaluation of reliability should
be carried out separately.

- The results furnished by the MDF (MAX) program have a static character, but
they can also serve as a basis for dynamic planning by repeating the optimiz-
ation cycle from the final stage to the beginning of the period in question.

Summary supplied by the authors of the model.




-17-

FINLAND
(15) ..

The Model E., Rautoma, M. Sourander et al., 1974 , Co. Neste Oy, Helsinki.
Production Planning and the New Technology.

Subject Planning of optimal production strategy of oil and petrochemical products in Finland

and Goal in the long and short term. Includes consumption, manufacturing, import and export,
as well as a description of new process units of which the most economic are selected
and capacities optimized to meet future demand. The model also gives an optimal
product quality and raw material specification pattern.

System Mainly three types of models are used for different planning purposes:

Described ~ long range planning model
- time staged short range model
- short range planning model.

These models deal with the problems of optimal production in Neste Oy from different
points of view. Various production and construction alternatives are evaluated and"
the optimal ones selected by the models to meet the demand.

Area The models are steady-state models for a pre-selected time interval, except that for
time staged short range planning: this is dynamic and contains 6-12 time stages for
optimal scheduling of production plans.

Time intervals:
- long range planning model 1-10 years
- short range planning model 1 month.
These models contain a complete description of oil and petrochemical activities in
Finland, reflecting also some non-domestic activities.
Modelling The models are optimization models using linear programming via matrix generation.
Techniques The objective function mainly used is the net profit before fixed costs. The

following constraints must be satisfied:

~ Demand for all oil and petrochemical products must be satisfied either by
domestic production or by imports

- Product quality specifications must be complied with

- Export restrictions must be followed

— Supply restrictions of raw materials must be observed

- Regional consumption must be satisfied by transport

- Storage requirements are given.

Each production unit has a given capacity, a variety of different yield patterns,

fuel and utilities consumption and other process characteristics. The requirements

of process unit capacities must also be satisfied. These models contain a detailed

description of 2 refineries, 1 refinery extension, 1 hypothetical refinery, 1 olefin

and petrochemical production corplex, 1 power station, and 10 marketing and storing

regions, as well as total import, export and consumption descriptions.

Input Data
Production

Consumption
and
Marketing

Economic

-~ Yields and capacity of every production unit.

Utilities (fuel, steam, electricity, water, chemicals, catalysts, etc.);

consumption of every production unit.

All possible feedstocks of each production unit.

~ Properties of each component,

- Specifications of each product.

- Storage capacities and starting storage inventory of each product and
all raw materials.

= Allowed use of blending chemicals.

-~ Consumption estimates for all oil and petrochemical products.
- Import and export restrictions on products and raw materials.
- Marketing information of each marketing area.’

- Selling prices of all oil and petrochemical products in each marketing area.

- Purchasing prices of all raw material and imported products.

- Freights.

- Unit operating costs for every production unit, from consumed amount and price of
each utility.

- Prices of product additives.

Output Data
Economic

Production

Marketing

- Profit before fixed costs at optimum.
- Various marginal changes of profit.

- Optimal production strategy including rate of productien for each product, blending
recipes, feed rates of each production unit, run characteristics and severities of
each unit.

- Optimal investment strategy including type, capacity and probable
characteristics of new production unit.

- Optimal quality strategy within product specifications.

- Utility requirements includine potential self-production of utilities.

- Optimal
and raw
- Optimal

import and export strategy, including type and quantity of each product
material.

strategy for transporting to the consumers.

bservations

Thesc models have proved to be of preat assistance in decision-making in both the Tong
andlsbort term at the highest company level., Their use in various fields of company
activity is steadily growing.

Summary supplied by the authors of the model.
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FRANCE

The Model J.P. Charpentier G. Naudet, R. Paillot, 1973(16),
Commissariat a l'Energie Atomique, Paris.

PANACH, Simulation Model of the Nuclear Fuel Cycle.

Subject The goal of the model is to estimate the annual and cumulative

and Goal amounts of different types of nuclear fuels needed by a set of
various nuclear reactors. This set is the result of some
assumptions of possible scenarios describing the development of
electro-nuclear plants.

System The model describes in great detail the network of the nuclear fuel

Described cycle. Each step is considered: mining — milling - enrichment -
manufacture - reprocessing and management of fuels inside nuclear
reactors.
This model could be used for both management and investment
simulations.

Time From 1973 to the year 2000.

frea Space France as a whole,

Modelling The flow of each nuclear fuel is followed through the overall

Techniques nuclear network month by month.

Input Data

Only the physical aspect of the simulation has been implemented;

investigation of the investments forecast and management cost are

not yet ready.

The number of input data is quite large, comprising detailed

information (month by month) on:

- the total electricity demand forecast that will be satisfied by
nuclear plants

~ the scenarios describing what kind of nuclear reactor will be
available (development of the breeder can be limited by the
availability of plutonium, for example)

- the volume of each kind of fuel used by each type of reactor

- the exact timing between two successive operations in the fuel
cycle,

Output Data

The main outputs are:

~ description of the nuclear investment programs that were included
under certain conditions, e.g. the possible program of fast
breeder reactors if their development were contingent on the
availability of plutonium

- evolution of the requirements of each kind of fuel at each step
of the fuel cycle; the requirements can be supplied either month
by month (or year by year) or in a cumulative form.

Observations

This model is still under development and incorporates the economic
point of view (cost of investments and management).

Summary written by one of the authors of the model,
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FRANCE

The Model

(17)

J.C. Dodu, 1970 , Electricité de France, Paris.

MEXICO, Electrical Network Transport.

Subject Estimate of distribution safety (through a criterion of failure) in
and Goal a large network.
System Electrical network transport: emphasis on safety problems.
Described
Time Static model for a particular point in time.
Arec
ca Space France as a whole - 100 nodes - network.
Modelling The Mexico model uses sequential random drawing, adding thousands
Techniques of situations where the electrical lines and the power plants are
randomly available. The model minimizes the overall failure in
each situation using a linear programming method. It also
calculates shadow prices. Two minutes are necessary to investigate
2000 situations.
Input Data
Physical Each arc of the network is characterized by a proability of failure
and a limit of capacity.
Each plant is linked to a node and interferes with safety through
its rate of failure.
The consumption is given for each node.
Economic Cost of failure.

Output Data

Physical The load-sheddings implemented to respect the constraints of the
network and to minimize global failure provide the average failure.
The 10 most troublesome cases are listed with relevant details in
order to analyzc them,

Lconomic The shadow prices permit evaluation of the influence of the
following factors upon global safety:
- the limit of capacity of each line
- the location of the thermal plants
- the demand belonging to each node.

Observations | The Mexico model gives a global view of the weakness of the network:

it takes 1nto consideration the safety criterion which is essential
for the planning of the network.

Summary supplied (in French) by the author of the model.
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FRANCE

The Model

J.C. Duperrin and M. Godet, 1974(18)

Atomique, Paris.

, Commissariat a 1'Energie

MIC-MAC, Hierarchical Organization of the Elements of a System.

Subject
and Goal

The general goal is to investigate the relative impact of different
parameters - social, technical, economic or ecological - on the
growth of nuclear energy.

System
Described

In the preliminary qualitative approach, the relevant system of
nuclear energy is described by a list of events or variables and by
a set of qualitative relationships between these variables.

The quantitative approach deals with the probabilities of the
events,

Time
Area

In this model one must choose a reference (2000 in the application).

Space

France as a whole,.

Modelling
Techniques

The qualitative approach consists of reducing the complexity of the
studied system by selecting the most important factors. The set of
variables and the binary relationships form a network. The
criterion of importance considered for the hierarchization is the
number of feedback loops intersecting a given factor. The
quantitative approach is based on a cross impacts matrix. A linear
program gives a set of probabilities for the '"states of nature"

(if the a priori probabilities of events provided by the experts
are not inconsistent).

Input Data

Qualitative stage: a list of N variables and the matrix of the
binary relationships between these variables.
Quantitative stage: the N probabilities of the "isolated events"
considered on a given time horizonj; the
N(N = 1) conditional probabilitics of isolated
cvents combined two by two.

Output bData

Qualitative stage: the hierarchy of factors (events) is given by
the Mic-Mac program.

Quantitative stage: a posteriori probabilities derived from the
experts' estimates; probabilities of states
of nature allowing the building of scenarios.

Observations

There are practical limits to the number of events to enter in the
cross impacts model, because for N events the experts have to
answer about 2 N2 - N questions.

Summary reviewed by the authors of the model.




_21_.

FRANCE
) (20) . e
The Model A. Breton, 1972(19); D. Levi and D. Saumon, 1973 , Electricite
de France, Paris.
Choice of Production Investments at E.D.F.
Subject This model of long-term investments aims to determine the
and Goal quantities of the different types of equipment (nuclear, thermal,
classical, power pumping plants) to be put into operation every
year.
System System of electricity production without a transport network.
Described
Time Dynamic model (area: year 2000).
Are <
rea Space France as a whole; punctual model without network.
Modelling Optimization model using optimal control. The evaluation function
Techniques is a function of cost consisting of three terms (investments,

management, breakdown). Constraints for satisfaction of the dema?d
and physical limitation (enforced or limited development of certain
equipment).

The algorithm operates in two steps: the control variables are
established (quantities of equipment) and the optimal management.at
a fixed power of the entire electricity plant is then found. This
problem is treated as a linear program, the solution of which is
found by iteration on the marginal cost of the energy accumulated
by the pumping plants. A new control is then deduced,‘which
improves the expected value of the investment and working costs.

Input data
Physical

Economic

The supply of the thermal and nuclear production of the entire
electricity plant is considerced on an average: each type of
equipment is distinguished by an unavailability coefficient, the
dispersion of which is neglected.
The hydraulic production is shown in an aggregate manner (another
model is used in order to allow the aggregation of the lake lockage
work plants with the stream, taking into account the influence
between plants). The production is random and the samples are
provided from past hydrological data.
The demand is indicated by "monotones' of weekly costs (calculated
by a vectorial forecasting model from the levels of consumption by
use and the appropriate characteristics for each one). The number
of hourly positions varies (10 to 15). The level of annual
consumption is contingent: 15 consumption drafts.

the failure.
‘ The investment and fuel cost.

‘ The cost of failure is an increasing function of the severity of

Output Data

Physical - Optimal equipment program. ) ]
— Expected value of the economic life of this equilpment.
=~ Probability of failure,.
Economi c ~ Marginal costs of production of different hourly positions.
- Value in use of the equipment.
Observations | The model is used to generate the system of valorization which

permits the estimate of profitability of individual projecFS (cf.
"Use of global models for the choice of the program operation at
E.D.F.;" Albert and P. Larivaille, Conference IFORS, Athens, 1968).

Summary provided (in French) by the author of the model.
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The Model

(21)

R. Bieselt, 1972 , Technische Hochschule, Aachen.

Development of Power Plants in Nordrhein-Westfalen.

Subject
and Goal

It is the aim of the model to establish the optimal strategy for
extension and operation of an electric power generating system over
a medium-range planning period, minimizing net discounted costs
over that period.

System
Described

The power facilities are enlarged step by step, i.e. by adding
individual power units. This procedure allows for the optimization
of use on the basis of typical daily load diagrams. The intention
is to arrive at a load distribution on the individual units which
results in minimum fuel consumption costs. The model considers
reserve capacity, maintenance and failure of power plants.
Independent variables of the model are:

- operational characteristics for each unit for different loads

- discrete capacities for each type of unit.

Time

Area

Because of the discrete addition of power units only a medium-range
planning period of 5 to 15 years can be used.

Space

Can be generally applied; the only limitation to the number of the
power plants under consideration is the computer time increase.

Modelling
Techniques

The discrete independent variables (optimization values) are
determined by means of either the modified branch and bound method
or a modified dynamic programming routine.

Input Data

- The specific variable costs of the units installed at the
beginning of the planning period as a function of the output of
the unit.

~ The specific variable costs and installation costs for all units
Lo be added.

- Annual cxpected maintenance, repair and personnel costs of units
to be added.

- Characteristic daily load curves of working days, Saturdays,
Sundays, in the form of discrete values for output/hr for each
period of the year.

- Budget data: interest rate, tax rate, depreciation period,
insurance rate.

- Calorific values and prices of fuels.

Qutput Data

~ Energy distribution and load distribution for the individual
power units in each period and in each year of the planning
period.

- Distribution of installed energy capacity and energy generation
by type of power plant.

- Utilization of the capacity installed.

- Minimum cost sequence of the installation of new power units and
the resulting overall costs.

Observations

The model has been used for investigations into the medium-term
extension of the power system of Nordrhein-Westfalen (FRG). 1In
addition to a full optimization run to sequence all new units, the
user may prespecify some or all of the installation sequence. The
stepwise capacity increase in principle allows consideration of
questions of location and transmission system expansion. At
present, studies are under way to incorporate these aspects.

Summary not reviewed by the author of the model.
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F.R.G.
" . (22) e
The Model W. Meier and A. Voss, 1972 , Kernforschungsanlage Julich.
RESTRAPRO, Reactor Strategy Program.
Subject The model is meant to aid decision-makers in planning a long-term
and Goal extension of electricity supply. It determines the optimum
capacity distribution of different types of power plants in a power
system, taking into account changes of load and other restrictions.
System The objective function for the optimumextension of the power system

Described

is the minimization of the total system costs., It is assumed that
for the period considered the total annual output of the electric
supply grid is known. The load demands are described by a preset
annual duration curve which for the purpose of linearizing the
optimization problem is subdivided into constant load areas.
Optimization takes into account side effects such as the condition
that a power plant is removed from the reactor system only after
the end of its life span, or that the amount of fissile material
supplied by breeders is finite. The model consists of a first
part, mainly the cost program for establishing electricity
production costs dependent on load and time, and a second part, the
optimization program.

Time The time horizon is not fixed. The model is better suited for
long~term investigations.
Area :
Space Applicable to any larger power system.
Modelling For optimization a linear programming statement is formulated and
Techniques solved by the simplex method. Both a short-term (stepwise in time)
and an integral optimization over the entire period of investigation
investigation are possible,
Input Data - Specific cost data of individual types of power plant; in the

case of nuclear reactors also fuel charge and discharge vectors.
- General budgetary data (interest and tax rates, depreciation
period, etc.).
— Annual duration curve.
- Forecast bottleneck capacity.

Output Data

—~ Actualized costs of the reference system for each step 1in
time of the investigation period:

- Electricity costs

- Installed capacity and expansion rate of each type of power plant

- Energy production of each type of power plant of the overall
system

- Uranium and thorium consumption

- Amounts of fissile material produced

-~ Demand for separative work,

Observations

The expansion of power plants is typewise and not blockwise. The
interactions between reactor expansion and grid extension are not
considered, nor is the impact on the environment.

Summary not reviewed by the authors of the model.
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F.R.G.

The Model

G. Meurin, 1972(23), Technische Hochschule, Aachen.

Long-Range Expansion of a Power System.

Subject
and Goal

This model is meant to support decisilon-makers in the optimum
planning of a long-range expansion and operation of a power system
in a closed economic region. For a planning period of several
decades, the cash value of integral electricity production costs
as a function of the distribution of capacity expansion and energy
production of several power plant types was established.

System
Described

The model describes the electricity supply of a closed economic
region, not taking into account the supply grid. The cost-optimum
supply of electricity is determined on the basis of the existing
power plant system, a forecast of future electricity demand, and a
forecast of changes in load distribution. The four power plant
types discussed are:

— Traditional thermal reactors

— Nuclear power reactors

- Hydro-electric power plants (natural inflow)

— Pumped-storage plants.

For consideration of load distribution, diagrams of annual
electricity production are used which are based on typical daily
production curves. The problems of reactor shut—-down, reserve
capacity and power plant output are also discussed.

Time

Area

The model is applicable to any desired period of investigation of
several decades, whose upper range in principle 1s limited only by
the storage capacity of the computer.

Space

In principle the model is applicable to any closed economic region.

Modelling
Techniques

To solve the minimization problem, the mode! uses a method of non-
| incar optimization in which the minimization problem that is not
fully convex is solved by means of iteration.

Input Data

~ Data on the structure of the power plant at the beginning of the
planning period.

- Forecast of the development of annual electricity consumption.

- Preset annual production diagrams.

-~ Economic and technological characteristics of individual plant
types.

-~ General economic data such as interest rate, tax, depreciation
period.

Output Data

- Time distribution of capacity and of the energy production of |
individual power plant types.

- Overall costs within the planning period.

- Annual and cumulative demand for natural uranium and other fuels.

- Demand for separative work and for reprocessing,.

- Amounts of fissile material produced.

Obscrvations

Power system expansion calculations for the F.R.G. have been made
by using this model; the planning period altogether was 30 years,
each stage covering five years. The expansion of the electricity
transmission and distribution grid and environmental aspects were
not considered.

Summary not reviewed by the authors of the model.
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The Model

H. Troscher, 1973(24)

Essen.

, Rheinisch-Westfalische Elektrizitatswerke AG,

Electricity Utility Model.

Subject
and Goal

The aim was to develop a model system for the expansion planning of
an electrical supply facility, of use for the integrated planning of
electricity generation, transmission system expansion and financing.

System
Described

The expansion planning of an electrical supply facility is

described by five sub-models for:

- Forecasts of demand and earnings

- Planning of generation expansion

- Planning of power station scheduling

- Planning of transmission system expansion

- Profit and loss accounting, balance sheet preparation and
financial planning.

With the model system it is possible to simulate the effect of

interdependence and to use an iterative solution process

(simultaneous determination is not possible) to find quasi-optimum

solutions for generating expansion, transmission system expansion

and financing.

Time
Area

A planning horizon which extends to the next 20 years.

Space

The model was developed for the area of an electrical supply
facility (Rheinisch-Westfalische Elektrizitatswerke AG, Essen).

Modelling
Techniques

The market model calculates the medium— and long-term forecast of
energy demand, load demand, load characteristics and receipts from
energy sales by using regression and correlation analysis methods.
A dynamic programming method 1s used to determine the expansion
sequence for the generation units, taking into account the load and
operating characteristics and reliability criteria for energy
production. Trial and error methods of sub-optimization and
simulation are used for system expansion planning. A deterministic
simulation method 1s used in the finance model to simulate the
rules describing the financial behavior of the electric utility.

Input Data

The main input data are:

- Past data of energy demand, load demand and load characteristics
and their indicators, such as GNP, prices of competing energy
sources, temperature patterns, etc.

~ Technical and cost data of the different power plants and the
grid expansion

- Economic data, such as taxes, depreciation, repayment of loans
and credits, interest due on loan capital, fixed assets, etc.

Output Data

The main output data are:

- Demand and earnings forecasts

- Expansion strategies for the power plant and transmission system

- Financial requirements

-~ Security of supply

- On-time determination of revenue and expenditure and inflow and
outflow of financial resources.

Dbservations

The model does not take into account environmental problems. It
does not permit simultaneous determination of integrated plans for
generation expansion, transmission expansion and financing.

Summary not reviewed by the author of the model.
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JAPAN

The Model

Institute of Energy Economics, Tokyo, 1973(25).

Growth of Nuclear Power.

Subject
and Goal

This model aims at estimating future nuclear power capacity in
the national power system and optimizing nuclear reactor strate-
gies. From the results, the characteristics of the nuclear fuel
cycle and the investment demanded for each fuel cycle component
can be calculated.

System
Described

The system is divided into three sub-systems:

- calculation of load duration curve

- optimization of annual incremental capacity and replacement
between 6 types of plant (3 thermal and 3 nuclear power reactor)

- calculation of the nuclear fuel cycle.

Time
Area

30 years.

Space

Japan as a whole.

Modelling
Techniques

The load duration curve is presented as a complex exponential and
trigonometrical function. The optimum composition of the power
source is determined by the relative competitiveness among 3
types of thermal plant and 3 types of nuclear reactor, minimizing
the total generating cost of the volume of power generated at
each source. In the case of the power reactor, the distribution
of thermal and fast reactors is affected by Pu-balance in each
year.

Input Data

Annual incremental and replacement capacity in each year; capital
and fuel cost of each power source; design parameters of each
reactor type.

Qutput Data

Composition of the power source and its accumulated capacity in
each year; generating cost of each power source and system power
cost; amount of fuel at each step of its cycle, and the corre-
sponding investment.

Observations

The main parameters necessary to examine reactor strategies are
integrated in this model. The model can be used to estimate cost
competition among the various types of power source.

Summary supplied by the author of the model.
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POLAND

The Model

Marck Beruatowicz, 1974(26), Institute of Nuclear Research,
Swierk near Otwock.

Nuclear Power System Optiwmization.

Subject
and Goal

Systewl
Described

To tind the optimal composition of a wmulticomponent nuclear power
system at the initlal period of its development., The load factor
of particular power plant types is assumed to be constant in this
period; by this assumption the wodel is linear.

The total ug&BE?‘LH&”SiEE“Sf‘ﬁJEfeaF_ﬁdﬁer plants to be constructed
i1 the period considered are given (total nuwber of plants = v,
number of types of plants considered = m), Fach of r plauts wust
becowe a planv of an m-allowed type ("plant nuwber balance'). No
exchange of plutonium between the system and the rest of the world
is allowed. Thus the construction of plutoniuw-fuelled reactor
plants is limited by the plutonium balaunce constraints. The
possibility of plutonium fuelling of thermal reactor plants
previously started with uranium as fuel is allowed. A thermal
rcactor plant can be switched to plutonium fuelling only if the
special pseudotype constraints and the plutomium balance constraints
are satisfied.

T Lme

The consvant load factor condition can be met duriug the first
20~25 years in some countries,

Area =
Space

\Modelling
Techniques

Optimization wodel based on the branch—and-bound tecﬂaique with
linear programmning for deteirmination of the bounds for each braunch
and for selection of the separation variable. The objective
function corresponds to the total electricity generation cost.,
Three kiuds of constraints have to be satisfied: plant number
balance, pluronium balance, and psceudotype constraints.

1npuc Data
Physical

Economlice

~ Plutoniuw production and consumption rates for each nuclear power
plant type cousidered.

- Initial plutonium inventory of reactor power plant started with
plutonium as fuel.

— Load factors for each of plant types.

~ Number of nuclear power plants to be constructed in each ycar of
the period considered.

Yngfy—zaﬁital costs and variable costs for each plant t&ﬁe
consldered,

Oucput Data
Physical

Economic

Obscervations

Type of plant to be coustructed in the period considered, in order
to design an opltimal system.

Total clectricity generation costs (optimal value).

This model can be used only 1f the required plant number for cach
year can be specified and if the load factor constancy assumption
is observed.

Sumwary supplied by the author of the model.
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POLAND

The Model

(27)

3

Jan Podpora, 1974
near Otwock.

Institute of Nuclear Rescarch, Swicrk

System of ‘Two-Cowponcent Nuclear Power .

Subject

Analysis of a nuclear power system from the point of view of fucl

Techniques

and Goal balance and fuel management.
System A two—component system consistling of fast converter rcactors (I'CR)
Described and fast breeder reactors (FBR), or alternatively of thermal
reactors fuelled with uranium and FBR.

Time Area of interest: initial period of development of the systcu.
Area o

Space -=
Modelling On the basis of the plutonium balunce the division of capacity

between the reactors fuelled with uranium and plutonium is found.
The routine allows one to input data on the loading and unloading
of the fuel from the reactors in the form of discrete bauches
discributed in time, and thus permits investigation of the
influence of various refuelling schemes and time delays in the
fuel cycle on the fuel balance of the system,

Tﬁbut Data
Physical

- Nuclear power demand in sequential years of the period
considered.,

- Distribution in time of the fuel loading and unloading batches

Lile ol the veacvor; these values for the FCR and LR

can be computed using another routine celaborated by the author.

during the

Output Data
Physical

- Capacity installed in rcactors fuelled with uranium and
plutoniuw,

~ Uranium demand 1n sequential years of the period considercd.

- Reprocessing plant capacity required.

Observations

The model can be used for accurate analysis of the dynawmics of a

two-component nuclear power system containing fast reactors, both
plutonium and uranium fuelled. It allows one to assess the
indaccuracy of simpler models comnonly in use.

Summary supplied by the author of the model,
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POLAND

' . 28
The Model Waclaw Frankowski, L970( )

Swicerk near Otwock,

, Institute of Nuclear Research,

Power Plant System with Variable Load Factors,

[Subject To [ind the optimal structure of a developing electricity

and Goal cencrating system composed ol various types of thermal and fast
reactor nuclear power plants and some conveational power plants.
The load Factor of cach type 1n an optimal system changes iu tiwe
and depends on 1ts share In the total capacity at a given moment
and 1ts position in the load demand curve,

Svstem Given the total capaclty of an clectricity generating system i
Desceribed subscquent years up Lo some horizon, the system is to be optlmal

from the point of view of the total energy production cost. It is
autacchic In that wo exchange of plutonium between the system atnd
the rest of the world occurs, llence, the share of the fase reactor
plants is Llmited by the plutonium balaace vonstraluts.  The Luture
development ol the system is strongly 1ol lucaced by its higstorvy,
i.o. the pavcern ol its development belore the nstallacion of the
first nuelear power plant,  The optimlzation covers the period
between installation of the [irst nuclear power plant and the time
hocizon, The load lactor of all power plant types allowed 13 not
presec but is an Lupliclt variavle of tue optimization process for
the whole period investigated (see section above). Thus a funciion
representing the load demand curve 1s included in the model. Its
introduction makes the problem a nonlinear one.

Time 25 years or more depending on the numerical possiblilitics. ‘

Arca T —= -
opaee W - \
|

ModelLing Nonlluvcar optimlization model solved using the LAP (lincar

|

|

iTechniques approzimation programning) techonitque, The total energ yroduction
! I3 & ; ¢

|

i

\

cost during the periud investigated 18 to be minimized.,

Optimization 1s done under constraints of total capacity, plutonium

balance, and the past of the systemn.

fnpuc bata
Physical

‘
\
\

—!
& = Plutonium production and consumptlion rates of a sct of nuclear
| power plant types (both thermal and Last reactor).

— mitial plutoninm inventory of fast reactor power plants.

— The funclion represcenting the load demand curve of the systom,

~ The scg ol "the past of the systoen' data.

= The set of values denotiug the amuual capacity growth of the

system as a wholco,

Feonomic Yoarly capital costs and variable costs for all of power plant
types allowed.

i i—m ( Data
Mhysical The values ol the capaclity newly installed 1n cach Uype of power
plant caci year [vem first Inscallation of a nuclear power plaunt to
time hovizon, Tor the oprimat case. lThese values are assumed Lo be

chie contilavously variable independent variables of the problcua.

Foonontie Total crucvey produciion costd.

\
1
- SR R P e
= Tne problen becomes very dirliculie for effective numerical !

solution with tncreasing length ol the period investigated and !

UbscervacLons

Lhe amonnt of power plant types allowed,

OO, 1000, cte, MW) 1s not Ltaken Into account,

i
l
1
‘ = The discrcete characcor of capacity Installation (units of say
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POLAND

The Model

(29)

Waclaw Frankowski, 1969
Swierk ncar Otwock,

, Institute of Nuclear Research,

Power Plant Systcm Development .

Subject
and Goal

Find the optimal structure of a developing system of nuclcar power
plants cowposed of various types of thermal and fast reactor plauts.
The load factor of a given type 1s assumed to be independent of its
power share in the total power of the system, This condition 1is
fulfilled when the capacity of the system does not excced 25-30%

of the total capacity of the electricity genervating system (the
initial stage of development of 1ts nuclear cowponent).,

System
Desceribed

Given the total capacity of a nuclear s&gglm in subseyquent years up
to some horizon, the system is to be optimal from the point of view
of the total cuergy production cost., 1t 1s autarchic in that no
exchange of plutonium between the system and the resc of the world
occurs. The share of the fast reactor plaants 13 thus liwited by

the plutouiuwn balance constraints. Plutonium fuelling of therwal
reactor plants previously started as uraniua fuellced oues (5
allowed. The capacity switched to plutonium fuelling is limited

by the pscudotype share coustraints. Fast rcactor plants always
remaln plutonium fuelled,

'Time

Area

The conscant load factor condition can be met during the first
20-25 years in sowme countries

Space

Modelling
Techniques

Optimization model using lincar programming. lhe criterion of

total cucergy production cost is [ormulated in two variants: the
total cost to the time horizon, and the total cost to the end of
life of power plants bullt up to the end of the interval "zero-

time horizon," Optimization is done under constraints of total

capacity, plutonium balance and pseudotype share.

Input Data
Physical

LEconomlce

- Plutonium production and consumption rates of a sct of nuclear
power plant types (both thermal and fast reactor).

- Initial plutonium inventory of a set of fast rcactor power plant
types.

- The set of load factors lor particular power plant types.

- The set of values denoting the annual capacity growth of the
system as a whole.

Yearly cdgita] costs and variable costs for all of power plaﬂt
types 1n question.

ki;fput Data
Phvsical

Lconomic

The values of the capacity newly installed in cach type of power
plant in subsequent years of the interval "zero-time horizon "
for the optimal case. These values are assumed to be coninuously
variable,

Total cnergy production costs in both variants (sce Modelling
Techniqgues).

Ubservations

The discrete character of capacity installation (units of say 560,
{00 ete. MW) 1s not taken into account; this has been shown to have
little influence on the results In many cases of interest,

Summary supplied by the author of the model.
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SWEDEN

The Model

0)

) - -
. ) 3 . .
Coram Bergendahl, 1974° , Unilversity of Gothenburg.

Multi-Period Cost Minlwmization Model for Sweden.

Subject
ad Goal

e ala of the model 18 the determination of the Swedish cleclricity power
svstew such as to mect demand by a produccion at lowest cost.  ‘tne wodel gives
only @ very simplified projection of the clectvicity power systew so thav It
Is tupoussible to describe a detailed energy policy.

System
beseribed

Time
Arceda

The iuvestments in Lhe puﬁbr system are SLBEJGTZU‘BB_TC_Tgﬂ;T.]ﬁ;“]i?grxi;i
will thercefore be 1977 it 1s assumed thac all lLuvestueats are latioduced caci
fifth year only. The average dewand is assuwed constaat in the 5 year periods.
The investment schedule for hydro-power plaunts is givean. The other plant

Lypues arve:

- Nuclear power plants ~ Peak-load fossil plants

- Base-load fossil plants ~ Gas turbines.

The demand flexibility Is givea by a pilcecewise linear approximation of the
value of coasumer advaatages, defining the benefits as a funcvica of demaud.
The load duration curve 1s reduced to fised dewmand in 5 time scegeweiuls.

5 of iutcrest are 1977, 1982, 1987, cic.

e y>:

Space

The electricity power system of Sweden.

Mode Tl ing,
lechniques

Using Jincar programming the wodel finds the solution winiwizing the tocal
discounted costs over the 3 periods for a given demaud. Six Linds of
constraints constitute the set of feasible solutions for investment, capacity
aud electricity supply.  The costs to be minimized arve:
- The cost of producing 1 unit of energy (kWh) (per plant type, time scguent
and time period)
~ The cost of operating (and maintaining) 1 unit of power (kW) (per plant
type during | time period)

- ‘the cost of investment in 1 unit of power (kW) for 1 plaut type to bLe
avallavle at the begiuning of the time period.

The constralnts that must be satisfied arve:

= Dewand per time segment Tess than the production at all power plants per
Lime segment

- Production per time segment less than the total amount of available capacity
(product of maximam number of hours of operatioun and capacity by Uine
sepent)

~= Product of reserve capacity facter (policy parameter) and the production in
all power plants per tlme segement less than total amounc of available
capacity

- Restrictions which guarantce an even production rate for nuclear and basc-
load fossil-fueled plants only

- Total ammual amount of cncergy produced at hydro-plants less than the upper
bound of hydroproduction

~ Produciion in kWh during the sunmer incerval greater than the winimum
productivn caused by nen-variable water power.

]jﬂ)uL Data

— Power production as scheduled for 1977,

- Given investuwent schedule for hvdro-plants.

- Estimated dewmand per time scgewent or the consumers
changing consumption {row the projected demand.

- Availability of production per time segemeut and plant type.

' values (per kWh) of

- clintmun hydro-production for summer=time scgments and for the different time
perlods.
= Cost of production, operation and Investment in dififerent types of plaut.

k)iuilr'[:;L‘ _I)M.'IL a

- Nawmweplate uupdcitiug*ifﬁﬁﬁ@ for differeat plants and Cine pc?TSJQ)
(investaent 1s simply the difference boetween capacities in cach ycar).

- Energy production (in TWh) for each time scgment of a year and ecach time
peritad Lfor the 5 plant tvpes.

- Capacity utilization in percentage of available capacity during cach time
segment

- Wholesale prices set to marginal costs of producing 1 additional uait of
cnerpy (given as Sw. Crs./kWh) .

Observations

[ IS —

Summary not

The model takes o account of size and location problems of cach plant.  The
demand flexibility 1s determined onlv by the price, not by factors such as

convenience, reliability, sarety, covireonmental effects,

reviewed by the author ol the model.
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SWEDEN

The Model

E.S. Ben Salem and M. Hojeberg, 1973(31),

Energy Forecasting, Stockholm.

Government Committee for

Energy Supply and Demand Forccast.

Subject

To investigate the sensitivity of the Swedish energy system to

and CGoal changes in parameters, e.g. price of oil, technology for energy
conversion.
System The model allows substitution between different kinds of primary

Described

energy in the production of secondary energy; between energy and
other input factors in house heating; and between more or less
energy—consuming final commodities. In addition, the model
estimates the amount of several pollutants produced by the energy
sector.

Time A static model solved for a number of years with a 5 year interval
between each year. The model is not solved for years later than
2000,
Areca = S
¢ Space Sweden.

Modelling
Techniques

The model has a general equilibrium framework. The supply of
secondary energy and the demand for energy for house-heating are
determined by means of a linear activity model while industrial
demand for energy is determined in a model similar to Leif
Johansen's "Multi-Sectoral Growth Model." First the supply and
demand parts of the system are patially solved; later a general
solution to the whole model is investigated.

fﬁput Data
Physical

Ecological

Economic

The description of power stations, refineries and house-heating
systems is based upon engineering data; somewhat revised official
input—-output data are utilized for the rest of the model.

Emigsions of different kinds of pollutants from power stations
and refineries are specified as linear functions of the activity
level in the processes in question.

"In the partial solutions, the inputs, except primary encrgy, arc
valued in 1971 prices. In the general solution all prices (except
of energy resources) are endogenous. To close the system, different
assumed price paths for primary energy are used.

Gutput Data
Physical

Leological

Economic

The model determines Sweden’s future use of energy resources subject
to the prices of energy resources, the energy policy and
techmological change in the energy supply sector,

A vector of emissions to the environment 1s associated with each
solution. Alternatively the solutions can be constrained by
differont environmental standards,

The model determines a path of equilibrium energy prices.

Obsc¢rvations

1t is plammed to complete the model in summer 1975,

Summary supplied by the author of the model.
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TURKEY
. . =~ {(32) . - .
lhe Model Dennis Anderson, 1972 , International Bank for Reconstruction
1 and Development.,
| Models tor Determining Least—Cost [nvestments in Electricity Supply.
Subject Optimal investment and operation schedule for long—term planning
nd Goal ol Turkish clectricity supply system,
i Time Covers 25-35 years. Applied Lo the Turkish system between
1975 and 2010.
Al o -
Space Turkey as a whole,

|
'
!

\

Model Ting

Feehniques

Lincar programming.

The ohjective function 1s the present worth
of capital and operation costs of different plant types. Seven
different coustraints deal with energy capacity and demand
relations. Results arce obtained in lumped quantities In chosen
periods on the time horizon.

Tapnt bata
Physical

Leonomie

Type of available resources from which plants may be developed,
maximum capacity of resources, load
and period demands, availability of
duration curves of periods, allowed

factors of plants, time horizon
plants, linearized load
hydro/thermal ratio of the
system.

The number ol resource types and of pertods, and the degree of
sophistication of the load duration curve, arc limited only by
the size ol the computer available,

Capital
data

cost per unit power, operational costs per unit energy, and

relevant to the cconomics ol scale.

L"f} Lput I)IL.’l
Phywstcal

Leonoml e

Amount required Irom cach type of
for cach selected period of time.

resource and operation schedule

Total minimized cost and marginal quantitics for some variables.

}(H)skwfv:ltituls

Social and
political decisions may be represented to some extent by using
upper or lower bounds on variables, It can easily be extended
to include seasonal variations, network constraints and
replacement, depending on computer size.

The model cannot be used for short—term planning.

Sommary suppllied by the author of the model.
) Pl y
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The Model

C.E. 1liffe, 1973(33>, U.K.A.E.A., Risley, Warrington, Lancs.

Simulation of a Nuclcar Generating System.

Subject
and Goal

The model has been developed mainly for assessing the economic
benefit of introducing alternative types of nuclear station into
the UK power program as an aid in formulating development policy.
It is possible to regard the variation in the load factor
throughout the life of each station. This analysis can also take
into account any rise in the price of uranium ore and fossil fuel,
and the fall in capital costs through replication and in
fabrication costs of nuclear fuel as plant throughputs increase.
The model was coded for the computer in FORTRAN; the current
version is called DISCOUNT-G.

System
Described

The model is applied to a typical representation of the UK
generating system including both fast and thermal nuclear stations.
The nuclear power plants are subdivided into various types and
classes.

Time

&\rea

Instants of time are mea-ured from 1 to 200 and correlated with a
calendar year as a base date; each corresponds to the start of a
calendar year, or, in the case of half-year intervals, to the
middle of a year.

Space

The electricity generating system of the United Kingdom.

Modelling
Techniques

Unlike a linear programming model the DISCOUNT code requires a

prediction of the split between nuclear and fossil fueled plants

to be included. By applications of the model with variation in the

plant mix, guidance can be obtained as to its most favorable values

The cconomic criterion is the present worth of the expenditure on

the system. 7The only automatic adjustment of the mix is that

required to balance plutonium supply and demand. The station

generating vosts are subdivided into the components:

- Construction costs of the station and outlay on its intial fuel
charge

— Value of the fuel 1in the reactor at the time of shut-down, and
residual value at the station

—- Operating cost

- Replacement cost (loss in value of the fuel per unit of
electricity generated)

- Value of the fuel stocks held on the station site.

The demand duration curve is obtained by subdividing the year into

equal fractions or seasons.

Input Data

A lot of input data are necessary; the main ones are the following:

- Total generating capacity, measured in terms of stations and
given as a function of time

— The Commissioning limits (upper or minimum) to the number of FR
stations

~ The annual mean availability of stations (AGR and HTR, Magnox,
FR)

- The merit order of plant types

= The annual mean-duration more as a function of time

The plutonium production rate quoted as a function of the

station operating time.

Output Data

The main output data are the following:
- Total stations installed

= The number per type of station

- The costs

— The cash flow.

Observations

The DISCOUNT code has been in continuous use in the UK for the
economic assessment of possible development in nuclear power.
Imprgveme@ts will be made, particularly in the optimizations of
station miX.

Summary not reviewed by the author of the model.
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The Model

(34)

F.P. Jenkin, 1973 , Central Electricity Generating Board, London.

Electricity Supply Model

Subject
and Goal

This model was developed to evaluate long run generation plant mix
in an all-thermal system to give simple solutions suitable as a
basis for assessing future development. It can be used for
background planning over a certain time period to give the optimal
plant mix.

System
Described

The model describes the electricity supply system of the CEGB
(Central Electricity Generating Board) in Great Britain. The
planned available electricity generation is taken as equal to the
peak demand. For the calculation of operating costs the load
duration curve in each year of the background period is taken.

Time

The model determines plant increase curves of each plant type over
a chosen background time.

Area Space

The public electricity demand in England and Wales supplied by the
CEGB.

Modelling
Techniques

A continuous function model; the equations of the supply curves
which minimize the objective function are given by the calculus
variation. The objective function includes the capital and
operating costs. The introduction of random variables for capital
and operating costs allows the application of probability theory to
deal with the problem of uncertainty.

The annuity charges of effective capital cost (capital cost of
installed plant divided by availability at peak) and the increase
in plant determine the capital cost of the objective function.

The total operating cost function is determined by the load
duration curve and the operating cost per KW, For -the boundary
conditions of the problem, the optimality equations are either in
Du Bois Reymond's equation or, if differential with respect to the
time, in Euler's equation. The boundary conditions are: the
supply of each plant is fixed at t = O and the objective function
is 0 at t = T (T: end of background period).

Input Data

- Deterministic or probabilistic values of costs.,
- Load duration curve.
— Peak demand curve.

Output Data

The increasing capacity curve for each plant.

Observations

This model gives only a simple solution suitable for use as a basis
for assessing future development of the power generating system.

Summary not reviewed by the author of the model.
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U.S.A.

The Model

H. Houthakker and M. Kennedy, 1974(>>)

Cambridge, Mass.

, Harvard University,

Energy Demand as a Function of Price.

Subject
and Goal

Estimating the demand for certain energy sources as a function of
income, price and past quantities of demand. This model tries to
find an adequate analysis of the response of consumers to price.

System
Described

This dynamic flow—adjustment model could be applied to different
cross-sections of states over different time intervals and for
different kinds of fuels. Up to now, the model has been applied
to the U.S. and OECD countries for electricity and different kinds
of distillate fuel oil.

Time

For middle- and short-term forecasting (7 - 10 years).

Area Space

For only one kind of fuel in one country.

Modelling
Technqiues

Multiple linear regression, At each time the logarithm of the
quantities of demand appears as a linear function of the logarithms
of income, price and quantities of consumption in the preceding
period.

This result comes from two assumptions:

- In the long run, the desired level of the demand for one year is
a log-linear function of income and price.

- The actual relative growth of the demand is a linear function of
two factors: the relative growth of the desired demand and the
relative growth of consumption in the preceding period.

Elimination of the desired demand from the two equations generates

the equation representing the real demand as a function of price,

income and past trend.

Input Data

For each country and each kind of fuel studied, past data trends

(on approximately ten years) are needed, namely:

- The volume of consumption

- The prices of the fuels studied (at a constant price, 1i.e.
deflated price)

- The income of the consumers (at a constant price).

Output Data

The main output data are:
- The short- and long-run price elasticity
-~ The short- and long~run income elasticity.

Observations

The coefficients of correlation from the different regressions are
very good.

This model has also been developed by the authors a sub-model

of the world oil market (cf. p.46).

Summary not reviewed by the authors of the model.
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The Model

P.W. MacAvoy and R.S. Pyndick, 1973(36)

Cambridge, Mass.

, Massachusetts Institute of Techunology,

Policies for Dealing with the Natural Gas Shortage.

Subject
and Goal

If the demand for gas grows as expected during the 1970's ard if ceiling prices
remain as low as over the past decade, the shortage in natural gas pioduction
could grow significantly. This paper examines the effects of existing and
alternative regulatory policies for gas reserves, production supply, production
demand, and prices over the remainder of this decade.

System
Described

The model treats simultaneously:

~ The field markets for reserves: -gas producers guaranteeing delivery of new
reserves to pipeline companies at the wellhead price

~ The wholesale markets for production: pipeline companies selling gas to
retail utilities and industrial consumers.

In surveying the interaction of these two sets of markets, their Lenavier has

been considered in the rather complex case when there is cousiderable eixcess

demand for production.

‘Time

1966 - 1980.

Area EPace

USA as a whole.

Modelling
Techniques

The model consists of a set of almost all simultancous linear econowetric
relationships among several policy-related variables. For the various field and
wholesale markets, endogenous and exogenous variables are considered.

Field reserve and production equations are estimated for the supply regzions,
Wholesale demand equations arc estimated for each of 5 parts of the country.

The model is then used to evaluate 3 policy alternatives.

A simulation of the model has been performed over the period 1965 - 1971,

Input Data

The model is estimated using pooled cross—section and time-teries data:

Wholesale market

- Income

- Population level

— Investment capital

- Value added in manufacturing

- Wholesale price of alternative fuels for residential, commercial ard
indusirial use

Field market

= Wellhead price of oil and gas

- Average price of fuel paid by electric power companies

~ Average drilling costs for oil and gas together

- Distance from the center of a producing region to the center of the
consumption region

- Volumetric capacity of pipelines

- Dummy variables for some regions.

Output Data

Field market

= Non-associated and (oil) associated discoveries of gas reserves

- Extensions and revisions of reserves

- Well drilling

Wholesale market

- Demand for production of gas and wholesale prices for 3 wholesale celivery
sectors: mainline Industrial sales; sales for resale, either for industrial ov
for residential and commercial use.

-~ Supply of production and new contract field price

- Simulated policy alternatives
1) Deregulation of wellhead prices of new reserves of natural gas
2) Serict "cost of service" regulation of new contract prices
3) laintenance of the regulatory status quo which allows ounly a certain

price increase on new contracts.

Observations

The authors deem the first and third alternatives preferable to strict "cost of
service" regulation.

Summary not reviewed by the authors of the model.
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(37)

The Model Alan 8, Manne, 1974 Harvard University, Cambridge, Mass.

Waiting for the Breeder.

Subject This model aims at selecting am optimal mix of electricity generatiug plaats,

and Goal focusing on the problem of uncertainty in the availability date of brecdoer nuclear
reacters.  Scquential probabilistic linear programming 1s uscd., 1This makes it
possible to optimize the mix of fossil, nuclear and peaking plants to be instalied
during the 1980's - assuming that breeder technology becomes available ac scwe
randomly determined later date. The model allows for the effects of exhiausting
our rescrves of uranium ore.

System The model describes the global electricity system as to demand and supply. 1he
Described demand 1s considered c¢ither Independently of tne price (using ecstimates of a
decelerating growth rate) or as a nonlinear function of the price. 1a the latter
case, there is a [ive-step pilecewise linear approximatica.

The relation betwecen demand and the necessary capacity is described by 2 load-
duration curve divided Into three blocks: base-load, intermcdiate and pcak-lcad,
Some assessments on the evolution of fuel prices are made. The fossil fuel price
forecast is based on an arithmetic annual growth rate. For uranium ore, the price
depends nonlinearly upon the cumulative production, again using a piecewise lincar
approximation.

Time From 1985 to 2025 in 5 year steps for 9 time periods.
Arca Space US electricity generating system as a whole.
Modelling This is an optimization model using sequential linear programming. The ovpjective
Techniques function is the minimization of the expected present value of costs, The breeder-—

available date iIs viewed as a random variable with a subjective probability. It lias
been assomed that the breeder will become available either in 1995 or 2000, or not at
all within the planning horizon period.

In this constrained optimization model, the minimand denotes expected discounted
costs. Note that this is the only point in the entire tableau where the probabilities
Ps enter explicitly.

In each constraint cquation and variable, there is an index denoting the state-of-
world: whether the fast breeder reactor will become a safe and competitive technology
in 1995, 2000 or wnever. For cach time period and state-of-world, there are equations
for:

- The demand requirement by blocks of the load curve

~ The capacity of utilization of cach kind of plant

- The auuual fuel requirement for each kind of plant

- The cumulative fuel requirements.

Input Data
Phiysical Supplies

~"The annual neceds of cach kind of plant (light water reactor, fast breeder, peak
storage and 3 types of fossil units).

~ The performance factors and modes of operation of each plant.

- The life=time of cach plant (30 years).

Economic Demands
- The retercnce price and quantity of electricity.
- The price elasticity factor ( = - .5).

Supplicd

= The discount factor (107 per vear).

~ The cost ol each fuel; the 1985 average [ossil fuel cost is taken as Sl.OO/erBTU,
increasing at the rate of $.01/100BTU. To allow for increases in uranium extractior
costs as a function of cumulative production, there are 5 ore extraction cost
categoriecs, Optimization automatically ensures that cach of the louer-cost
resources will be exhausted before the next higher-cost ore is utilized.

- The investment cost of ecach kind of plant (or the capital recovery f{actor).

- Operating and maintenance costs.

Qutput Data
Physical The annual vequirements of each kind of fuel (uranium ore or fossil fuel) according
to cach of the 3 availability dates ol the brecders.

Economic T=rhe optimal installation aud cquipment utilization sirategy for the sysiem iu cach
of the 3 cases:  breeder avatlable in 1985-2000-never.

=~ The expected value of the supply system, incorporating subjective probabilitics for
the avallability date of the breeder.

- The marginal value of clectrie enerygy in cach block of the load-duration curve,

Observations | For cach time pertod and state~of-werld, there 1s an optimal strategy for each of the
unknowns: capacity increments of each kind of plant, modes of operation, demand
levels and annual requirements for uranium ore. Altogether, there are 9 time periods
and 1100 variables.

Summary reviewed by the author of the model.
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The Model

(38)

W.E, Mooz, 1973 , Rand Corporation, Santa Monica, California

California's Electrical Energy Demand.

Sub ject
and Goal

The mo@el has been built foc ?he Resources Agency to help in
preparing a 25 year power siting plan. Tt consists of a forecast
of disaggregate electrical energy demand in California,
Fgrecast{ng methods used so far by California utilities, are also
discussed.

System
Described

The following consumption seclors describe the demand systems
residential, commercial, industrial, agriculcural, goverumental and
wiscellaneous. These sectors are subdivided into 5 geographical
arcas.

Time

The model gpives middle Lo long range projections; it covers (he
1955=-2000 period.

Arca Space

California, broken down into 5 areas,

Modelling
Techniques

Econometric models

T Each scctor of the demand is studied separately,

- The projections of the residential sector are based on the
estimates of saturation growth curves of 28 clectrical household
appliances and on the cvolution of their electrical
characteristics.

- The projections of the industrial sector are based on the concept
of energy intensiveness (kWh per $ of added value), which
combined with expected prices and size and structure of tlie
industrial sector determines clectrical demand.

- The commercial sector is assumed to be driven by projections of
the commercial share of Gross Sectoral Product (GSP), the
electrical enmergy intensiveness of the commercial sector and
energy prices.

Each submodel includes long run price elasticities operating

through lag coefficients.

input Data
Physical

Economic

- Population.
- Energy lntensiveness.
- Technological change.

- Long run price elasticitics.
- Gross Sectoral Product (GSP).

butput Data

Sector demands for electrical energy.

Observations

Some further rcscarch 1s planned to obtain a better representation
through disaggregation of the commercial and industrial sectors;
more accurate elasticities; a restructurization of the daca
systems of the utilities.

Summary not reviewed by the author of the model.
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U.S.S.R.

[he Model

I.N. Bessonova, N.S. Kulenow, Z.H. Hasenov, $.C. Chokin, 1973(39), G.M.

Krzhizhanovsky State Research Institute of Energetics, Moscow.

Energy Consumption Forecasting.

Subject
ad Goal

A method Is proposced for forccasting industrial energy demand as a preliminary stage
for using an optimization model of energy supply. Attention is drawn to the reli-
ability of the forecasts, and improvements which can be made in the comnonly used
regression methods.

7Sys(cm 'wa
Deseribed

The forccasting method uses cconomic indicators, in particular the rate of produc—
tion growth, essentially in the electricity sector. Another method 1s used for the
other forms of energy. It is assumed that the power consumption forecast acts also
as a control value in predicting industrial energy requirements as a whoie.

Time

Approximately 5-10 years.

Area :
Space

USSR (and an application in Kazakhstan).

MadeTTing
Techniques

“To calculate the prospective level of power consumption in indusf??ikt, the following

expression is used:

where XK is the index of electric power consumption per unit of production and IL is
the index of production growth.

The calceulation is made for successive S-ycar periods, the W_ of the previous period
being the initial level of power consumption W of each subsequent period.

Un the basis of a statistical aggregate of indices of production for 5-year periods
and corresponding mean indices of electric power consumption per unit of production
for 10 industrially developed countrles, a generalized empirical relation has been
established between K and I.

lnput Data

K(5): 1index of electric power consumption per unit of production for S-year periods.
H(5): index of total fuel consumption growth for a 5-year period.
I(5): 1index of production growth for a 5-yecar period.
(The influence of temperature differences on the consumption curve can, to a
great cextent, be climinated by the use of indices for S5-year periods).
Eio @ initial specific electric power consumption in industry 1.
Kit @ specific power consumption in an industry i, depending on the production
growth rate in this industry.
prospective sharc of an industry in total volume of production.

Sit

Output Data

The relation between K and I is a" +b/1(5) where a and b are parameters.

For fuel consumption, an example of the relation is: H(5) = a' + b/I1(5).

A more general model is also proposed which takes into account the actual power con~

sumption per unit of production and the branch structure of industrial production, as

well as their prospective changes. Thus, the general specific electric power consump-

tion Kt can be expressed as a sum of its components in particular industries:
n

We =W o+ 1 .'Zl Eio Sit * Kit
i=

Observations

Other methods have been used for Kazakhstan:

- paired correlation between electric power consumption and production growth, and
between electricity consumption per worker and labor productivity.

- multiple correlation with national income, GNP, basic funds, population, labor pro-
ductivity, industrial productlion per capita, etc. The correlation coefficient of
some factors was found to be sufficiently high (0.8). At the same time, a high
correlation between Input parameters precludes application of existing formal algor-—
itthms used Tor developing regression equations. Several methods have been used to
avoid this correlation, in particular the method of main components. Introduction
ol 2 or 3 main components brings about convergence of the model with the real pro-
cess (R = 0.99).

The growth rates of Industrial cousumption of particular fuels are not only connected

with rates of production growth, but depend on peculiarities of the power consumption

structure.

To adjust the independently obtained levels of clectric power and fucel demand, it is

expedient to calculate their prospective conversion ratio, 1.c¢. power—and-fuel coeffi-
cient (kWh/tce). This index is characterized by a contivcuous increase in the rate
(17 = 5% annual increment).

Summary not reviewed by the author of the model.
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[The Model
|

U.S.S.R.

ALT. Mekibel
Mavt

(40)

and .M. Polvanskaya, 1977 , Central Institate of Foonomics arnd

e g Kov e oo yig
JESSH TN HOs 00w,

7

Power Tidustry Models.

Subject
and Goal

System
Described

Two separiace mo

: oted {or tf LYol e al industry,
showing how ins plawnivg of the erergy sector should be carried oat. The related
factorz whi b link the various branches of rlie energy scotor and geographical
regioac, on the one hand, and the energy scectnr with the rest of :onoeny on the
othey, ore brisfly indicated.

3

These models ave used for the long term pianning of the evoluticn of the energy
Sector.

Time

as a hotizon 5, 20 or 3D years.

Are
| read Space

The USSR as a whole.

Modelling
Techniques

inputgbata

Both models are optimization models using linear programming.

Model for petroleum: the optimality criterion is the minimum integral cost of crude
o1l extracrion, fransportation, and distribution.

The seasounal varviation of demand is taken into account. We are thus induced to in-—
vestigate the size of stocks and reserve production capacity of refineries.

Model for ccal: «the objective function is the sum of total costs. The same wmodel,
with the possible introduction of a number of transformationes, has two goals:

- planning the production of each mine (increase in production capacity).

- planning of the coal industry as a whole.

The cecnnection hetween the two types of planning is provided by the marginal costs.

The iinks with thie other energy branches are assured through the bias of coal de-
mand, principally due to the substitutions which may take place in the form of
natrural gas or petrol.

Moégfdfor petroieum: the model considers essentially the refining and distribution
of petroleum products, with emphasis on the formalization of the refining process
of the muiti-product industry. Different equations describe:

- the production of petroleum products from crude oil.

- the consumption of crude o1l and raw material necessary for refining.

- the distribution of petroleum products to various districts.

The input dzta are:

- yield factor of the transformation of crude oil into gasoline, diesel oil, etc.

- yield factor of straight distillation fractions for various processes.

—~ consumpilon of raw material by refineries.

Model for coal: this model considers the entire coal industry from extraction of

coal to its transformation and distribution to consumers. Each mine is treated

individually. The interchangeability of coals is represented by relative power

efficiency coefficients.

For the plants as a whole, equations for the balance of production and transforma-

tion of coal and demand are given.

The input data ave:

-~ yield factors for various grades in processing of coal.

-~ the demand for coal for each consumer.

- the variables of the model indexed according to coal grades, mines, different
kinds of processing and consumers, areas, time.

Output Data

Model for petroleum:

- the gquantities refined in existing plants.

-~ the delivery of end products for consumption.

Model for coal: the coal production for each value of the above-mentioned indices

is recorded.

Obscrvations

A nuumber of procedures are used to determine the basic data for the two models.
Several itevations were carried out for studying the suitability of the optimal plan.
The results obtained and the actual conditions of the industry's evolution must be
crarefully compared. The tool used in this analysis is a system of dual estimates of
the optimal plan.

Summary not reviewed by the authors ot the model.
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[Subject
and Goal

|

'

I.ALELA.

Team of Internaticnal Atomic Rnergy Ag(nty

scaf f member
Nuclear Power Market in ‘wveloping Countries

i 4

- Potential yole of nuclvdt po
the installation of nucieac power plants.

veloping countries

small and medium powss reacrore

~ Identification ¢f tha soeciiic marect !
Yal regulremenis An

- fstimate of the finas
sclected programs.

Loof the countiries For pha

——— B o R D

System
Described

The report ma: WASPT (U A temat i o 5
Planning Package), designed o find the optimum power system oxpans,
establisbed conetraints for anv given country. To obrain the jnpac.
were huiit; in particular, a leag range forecasting mode?r of (he dewand for
electrical cuergy (by H. dokiY; a forecast of future fuossil fuel prices; a wocel of
nuclear fuel cyvele costs; a model of geperating plant capital cosis

iy e consisis of a ﬂr(grum cailed

Time

Period {rom 198Q to 1989.

Arca Space

Mewico, Paklstan,

Argent ina, Bangladesh, Chile, Egypt, Greece,
Philippines, Singapor Thaliand, Turkey. Yugeslavia,

Modelling
lTorhniques

Correlations, probabilistic simulation, dynamic programming, and near optimization
terhniques are used in different parts of the repcrt,

1) Forecast of electrical energy vemand.
A. Aoki fovnd @ good correlation between rhe growth rate of gross electricity
generation per capita aud that of per capita ONP at factor costs for all
couittries during 1961-1968. tHe derived a "universal polynomial curve" and a
bundle of neighboring curves converging to the universal curve for the upper
values of GNP per capita and gross electricity generation per capita. The
forecast for a given country 1s then directly obtained by following that curve
of the bundle that flits best to 1ts own past path,
(The growtn rates of the CNP and of the population are giveu by experts of the
respective countries.)

2) The Wien automatic system planning package (R.T. Jeukins).

This package consists of six modular programs:

~ A vrogram to describe the forecast peak loads and load duration curves

~ A program to describe the existing power system and all firmly scheduled
additions

~ A program to describe the alternative plant which could be used to expand
the power system

~ A program to generaies alternative expansion configurations

~ A program to determire whether a particular configuration has been simulared
and, if not, tc simulate cperation with that configuration. Using a
probabilistic simulacion model, energy generation by each plant and the
correspond ing operation cost are calculated. The reliability of the
gencrating S)stem and the probable amount of unsatisfied demand are estimated.

—~ Using the datz files created by the other modules together with economic
inputs and rellakllxty criteria, the last program chooses the lowast cost
expansion schedule for adding new units to the system over the period of
Iinterest. The objective function of this (dynamic programming) optimization
is the present~worth discounted value of: all operating costs plus all
capital investment coscs of the variable-system less a salvage value credit
at the horizon for the remaining economic Iife of its plants.

3) An independent model "ORCOST" gives all capital costs of generating plants
with the cost adjusted to the specific country's cost leveis.

Input Data

Program users mus: enter data describing the specific power system and economic

system of their country, 1l.e.

- Data describing load duration curves seasonally

- Data on fixed generaticn svstem: thermal plantd, hydro cavacity, pumped storage

- Data on manpower and length of working week, material equipment costs, interest rates.
. - N

Output Data

o
Obscrvations

The main output data are: the projected annuzl muclear plant Ny
the fimancing requirements bv country for all thermal plants to be commissioncd during
1980-1989; the tfinancing requirvements for nuclear fuel cycle Invesiments.

The linkapes with the covial and coenomic svatem are discoss in the roeport Rat not
directiy included In the models.  The introduction of nuclear technologies in

countries will have external citects that shonld be taken iato account

developing

Sunmary not v

cviewed by the anthors of the wodel,
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JAPAN

Described

. ' . 42
The Model Institute of Energy Economics, Tokyo, 1973( ).
Simulation of Future 01l Flow.
Subject Optimal structure of world oil flow and oil industry in the fu-
and Goal ture. Case studies combine four key factors of special importance
in drafting future oil policy: 1) production reduction by oil
producing countrics, 2) development of oil fields 1in new areas,
3) introduction of substitute fuels, and 4) conservation of oil
consumption.
System This model is concerned with the optimum distribution of oil re-

sources and substitute fuels, which is determined by such factors
as oil production, oil consumption, refinery operation and intro-
duction of substitute fuels.

Area

Time

Statric model for a specific point in time (in 1980 and 1985).
P P

Space

World - 18 countries.

Modelling
Technique

S

Optimization model using linear programming. The optimal solution
is constructed for cost minimum at profit maximum.
The model comprises:

Standard Case Case Study
equations 336 340
variables 2,869 2,956
non-zero elements 16,734 17,702
density 1.55 7% 1.58 7
computing time 7 minutes over 7 minutes

The volumes of 32 crude oils and 8 substitute fuels are deter-
mined by a supply step function. To reduce the oil consumption,
cost penaltics are imposced.

Input Data Crude oil: 32 kinds, production, FOB price, yield and sulfur
content
0il demand: demand by countries and by products (gasoline, naph-
tha, middle distillate, heavy fuel and other products)
Refinery: capacity ot topping, cracking and desulfurization,
refinery cost, operation factor and allowance for ex-
pansion
Freightage: tankers for crude oil and o1l products
Pipeline: for crude oil and oil products
Other: sulfur specification, LNG, direct burning of crude oil
and substitute fuels (tar sand, oil shale and liquefied
coal).
Qutput Data The model gives the flow of crude ovil and oil products among 18

countries, total cost (FOB price + freightage + customs duty +
refining cost) for each country, and shadow price for each crude
and each substitute fuel. For the case studies, the model gives
the level of crude production, the conservation level of oil con-
sumption and the introduction of substitute fuels.

Summary supplied by the author of the model.




_aa-

Uu.K.

The Model

Energy Research Unit, Queen Mary College, London, 1973(4}).

World Energy Modelling: Concepts and Methods.

Subject
and Goal

In this model the aim is to minimize the costs of resources used in satisfying a
given demand for energy products. The world energy system is regarded as a

social-political-economic system and is formulated in a set of linear equations.
The system can be considered either as being fully competitive or as a monopoly.

The model studies both the long-term and short-term aspects.

System
Described

The model considers the world as consisting of 25 discrete geographical areas;
52 kinds of crude oil are represented, and 2?2 refining centers (with available
and future capacity determined by the model) are considered. The transportation
system is reduced to 6 size categories of ships.

Time

Static model for certaln target years, Detalled results are calculated only for
the chosen year - 1977.

Area Space

The areas in the model have been chosen on the basis of the size of their energy
demand, the significance of their location and their indigenous energy sources;
e.g. Scandinavia, UK including Ireland, FRG including half of Switzerland and
Austria, Benelux countries, France including the other half of Switzerland.

Modelling
Techniques

The model is defined in linear programming terms. The optimal solution of the
world energy model for any one year will be that set of opportunities (activities
of industry) which will satisfy all the restrictions at minimum cost. The
objective of the model is to minimize the total expenditure incurred to meet a
given demand. The restrictions cover all aspects of the industry systems, e.g.
those of availability, mass balance, quality, politics., Environmental factors
are not considered.

Input Data

The complete matrix of the model contains 3550 rows and 13,500 columns. The
following oil and gas processes are included:

1. Crude distillation Unit (CDN) 7. Catalytic

2. Vacuum distillation 8. Residue desulfurization
3. Alkylation 9. Residue coking

4, Catalytic referming 10. Natural gas liquefication
5. Desulfurization 11. LNG regasification

6. Kerosene and gas-oil hydrocracking 12. SNG production,

The refined products considered are the following:

1. Liquid petroleum/gas 5. Gas—-oil P

2. Motor spirits 6. Residual fuel oil

3. Petrochemical feedstocks 7. Bitumen

4. Kerosene/ATK §. Coke.

Output Data

New refinery plant capacity, by arca, to be added in the chosen time,

- The world wide total of new plant capacity.

- The total of new oil tankers to be constructed to meet the demand pattern of the
chosen time.

- The capital to be invested between the current time and the chosen time horizon,

- The prices, $ per bl, of the products.

- The imports of crude oil and products into the variocus areas.

- The equilibrium prices in the fields for crude oil.

Observations

It seems that some exogenous parameters (such as future demand, cost, refinery,
technology) are difficult to forecast.

The model does not take the environmental aspect into account, It does not give
a dynamic view; only a comparative static view is possible.

The work of the Energy Research Unit of QMC 1is at an early stage and many more
studies are underway.

Summary not reviewed bv the author of the model.
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U.K.

The Model

. L (4d) ]
Energy Research Unit, Queen Mary College, London, 19773 .

Development of Westrern Furcpean 0il Prices .

Subject

The goal of this study is to verify some of the econcmic concepts

Described

and Goal of the world energy model built by the Deam group, and some
preliminary results of that L.P. model:
- That in the short run product prices reflect cost changes
- That 1in the long run product prices are determined by the price
of crude oil and the cost of refining,
System The verification is made wiih the folicwing data for the European

01l market:

a) A composite price series consisting of welghted prices of 3
petroleum products (gasoline, gas-oil and fuel nil) 1s correlated
with the cxponentially smuoihed costs, l.e. the sum o1 prices of
marginal crude o1i from the Persian Guli and 1ts transportation
cost to Western Eurcpe. The relaticnship between rhe $ price
of the individual product and the smoothed marginal cost of
crude 0il 1s then calculated.

b) The long—term product prices are given by a linear equation model,

taking inte account the cost of crude oil, total cost of the
various refining and cracking methods, and yiclds of the various
refined products and their residue per ton crude. The comparison
of these prices with the calculated price-cost ratios shows, the
authors say, that this model is satisfactory.

¢) To explain future trends of the price structure, development of
desulfurization of o0il and increased conversion to SNG has tc be
taken 1nto account and of the model described in b) must be
modified. Preliminary results obtained in the LP world energy
model for 1977 are brielly described.

Time 1966 - 1972,
Area Space Western European oil market.
Modelling a) Exponential smoothing of the cost series; linear regression
Techniques analysis.

b) Small model consisting of 4 linear equations.
c) Modification of b).

Input Data
Physical

Economic

Yields of various refining methods (atmospheric distillation, vacuum
distillation and catalytic cracking) per ton Kuwait crude,

- Daily prices of petroleum products, Western Europe.

— Consumption of these products in OECD areas.

- Prices of crude o1l in the Persian Gulf, determined mainly by
royalties, and taxes levied by the govermment of the producing
country.

- Costs of various refining methods (both capital and operating
costs) and of desulfurization.

Output Data

- Short run prices of oil products per ton, relative to smoothed
marginal cost of crude oil.
- Long term prices of o1l products.

Observations

The correlatien coefficient for the short term 1s not glven, nNor is
the comparison of long term prices with short term prices,

Summary not

reviewed by the autbovs o thie el e ),
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The Model H. Houthakker and M. Kenpedy, 1074 , Harvard imiversity, Cambridgs, Mass,
World Petroleum Model .
Subject The goal of this model 1s to describe the world ol market structure, to present
and Goal some illustration runs for forecasting and policy simalation, and to simulare the
effect of changes in cexogenous factars, such as tanker technology or the cost of
finding and producing oil in more remote areas, as weil as government policies on
trade, environmental restrictions and taxation.
System The model consists of & segments: crude oll praduction, transportation, refining,
Described and consumption of products. It is a regionat multi-market general equilibrium
model of the international oil industry.
Time So far, only the results {or 1980 have becno published,
Area - T T s — s
Space The world oil market, divided intce 6 regior L.SA, Canada, Latin America. Furope, |
Persian Gulf, Asia and Alrica. |
Modelling This model uses simulation techniques but with cquilibrium cquations obrained
Techniques through economic theory. The different cquations can be interpreted as first

order conditions of a quadratic programming problem describing a

market, The equilibrium position of the world oil market the

determined by 4 matrix equations and inequalities:

- One postulates that the supply of crude ¢il and the demand i
region depend lincarly on all prices the market

- Another translates the fact that the revenue for operating any
less than or equal to the cost of operating the activity

-~ Another gives the matcrial balance

-~ The last assumes that the optimum is obtainced for this competitive
specifies that if activity is used, the revenue cquals the cost ol operating
this activity, (The model also be stmulate the actual oil cconomy
for the very short term; in this casce the equations are slightly changed to
take-into account the fact that: the price elasticities of supply and demand
are different, there are additional constraiuts of capacity, capital is not
freely transferable among different uses.)

competitive
in long term s
or products in each
in wor Jd

activity mist be

market; it

can uscd to

Input Data

At present the model is running with 30 (6 x 5) commodities: 6 regions (sce
Area), 5 kinds of fuel: crude oil, gasoline, kervscne, distillate fuel,
residual fuel. (The model could be e¢xtended to larger versions.)
In each region, the exogenous variables arc:
In the demand sector: =~ underlying rate of income growth
- income elasticity of demand.
- price elasticity of demand
- level of excise taxes on refined products
In the supply sector: = price elasticity ol crude oil supply
- availability of crude oil f{rom new sourcces (Alaska)
- possible development of petroleum liquids based on
shale oil or coal at a user specifed cost
- government subsidy of o0il production through price
support ’
- overall level of refining cast in future years
- mix of products
- refinery siting
- different
With respect to trade: - export

with respect to environmental quality

subsidies or restrictions

of refining

yuotas 1mposcd by OPEC countries

- implications of Canada or Norway becoming producer
cartel members

costs
taxcs or

- changes in lcevel of refining cost and transportation
ratce

- implications of the development of deepwatur ports.

- effect of Import dutics or quotas by cousuming countries

Output Data

For each region and each commodity (crude oil or refined product), the modet
determines the level of consumption, production and price, refinery capital
structure and pattern of world trade flows.

Observations

The model is still developing. Only some results for the 1980 simulaticn have
been published, mainly giving the impact of two paramcters: the Persian Gulf
export tax (cither $3.50 or $7 per bl.), and the response of North American oil
supply to changes in price (both clasticities, .25 and .67, have been tested).
The results affect e.g. the level of the reserves of Persian Gulf and North
African supplics:  the income of these producipg conntries was never above

23 billion dollars (1973 $) a vyear.

Summary not

reviewed by the aarhor ot the model,
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AUSTRIA

. 46 . .
The Model G. Tintner, 1971( ), Technische Hochschule, Vienna.
Consequences of a Possible Energy Crisis in Austria,
Subject A linear programming study of the Austrian economy in case an energy
and Goal crisis arises, based on an input—output model. The objective func-
tion is maximum employment.
System Decrease in utilization of oil products in the case of a crisis,
Described assuming that indigenous oil production is kept constant.
Time Model of short-term behavior in the case of an energy crisis; 1970
values are used in the simulation.
Area -
Space | Austria
Modelling Optimization model with linear programming. Maximization of the
Techniques total wage income as the objective function; limitation of consump-

tion (gross production + imports) as activity vector; integration
of the foreign trade and household sectors in the 1/0 matrix.

Input Data

The input-output table for 1970 (aggregated from 31 to 17 sectors)
of the Bundeskammer der Gewerblichen Wirtschaft is taken as the
basis: estimated wage coefficient for 1970 provided by the Institute
for Econometrics. Three energy sectors: the petroleum industry, the|
mining industry including coal, and the electricity sector including
natural gas.

Output Data

The percent decrease in gross production and total wages for each
branch in the case of a supposed decrease in the utilization of oil
products of 2, 4,... 207%.

Observations

This model analyzes the optimal allocation under conditions of a
given political objective function. However, a sensitivity analysis
of the coefficients of the technology matrix has yet to be carried
out. It is proposed, in particular, to examine the effects of a
replacement of oil by coal as an energy source in several branches
of industry.

Summary provided (in German) by the author of the model.
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CANADA

The Model J.G. Debanné, 1973@7), University of Ottawa, Ontario.
Model for Energy Supply vs. Pollution.
Subject The model is intended as a tool for planning and policy analysis by
and Goal assessing the spatial, temporal, internal and external interactions
of the components of the energy sector.
System The model describes the North American energy supply-distribution-

Described

consumption activity. It takes into account physical, political,
technical and economic aspects. All forms of energy are considered,
with special emphasis on gas and oil.

Time

The model is static; it can be used to analyze short to middle term
decisions.

Area Space

North America broken down into political regions.

Modelling
Techniques

- Network flow model.
- Network optimization, using the "out—of-kilter" method for minimal
cost flow problems of D.R. Fulkerson.

The nodes of the network represent: o0il, natural gas, coal and hydro
production centers; nuclear energy generation centers; demand centers.
The arcs of the network are pipelines and other transportation modes
which distribute the flows of energy from the production to the de-
mand centers. They are characterized by an upper and a lower bound

to flow, a unit cost and a loss coefficient.

According to the nodes connected by the arcs, the interpretation of
the characteristic parameters changes: e.g. the unit cost can be a
(ield price or a pollution control cost, the lower limit can be a
"guaranteed production" or a non-substitutable demand, etc.

The objective function to minimize is the total cost of satisfying

the minimum throughput levels, subject to maximum capacity constraints.

Input Data

- Minimum demands for each energy commodity and total energy demand
at each demand center.
—~ Transmission, storage and pollution control costs for each commodity.
- Producing capacities at every source node and transmission capaci-—
tles 1in every transmission list.
- The price structure of energy at the previous time period.
- Energy conversion efficiencies.

Output Data

The optimal flows through the network and their shadow prices or
opportunity costs.

Observations

The optimization algorithm can always provide a feasible solution
because a '"slack' node has been introduced into the model.

This node has available an expensive slack source of energy which is
priced at the generation cost of pollution-free nuclear power, to be
used only as last resort. This permits ensuring the computational
feasibility without distorting the optimal allocation of the other
energy resources.

Summary not reviewed by the author of the model.
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CANADA

The Model Institute for Policy Analysis, University of Toronto, 1973(48).
Econometric Model for Energy.

Subject The object is a complete econometric model of supply, demand and

and Goal transformation (transportation, refining, etc.) tied to a macro-
model of the Canadian economy.

System The model will be used to trace out alternative scenarios given

Deseribed

policy prescriptions, including feedbacks from energy to the
macro-system.

[Time

Time series, cross section, Canada, tied to similar work being

Ar . .
ed Space undertaken at Data Resources Inc. in Cambridge, Massachusetts,
U.S.A.
Modelling Econometrics and linear programming.
Techniques

Input Data

(Too varied to list.)

Output Data

Impacts on energy use and the macro—environment of alternative
assumptions of policies and exogenous variables.

Observations

A three-year project, whose first step is a detailed demand
analysis.

Summary supplied by the author of the model.
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CANADA

The Model Rick Hyndman, 1973(49), University of Toronto.
Residential and Commercial Demand for Energy.

Subject Simultaneous equation model in the A.P. Earten style aimed at elimi-

and Goal nating aggregation errors present in ordinary least-squares estimates
of fuel use.

System Substitution of different fuels in fulfilling household and commer-

Described cial demand.

Time Time series, dynamic stock adjustment.

Area Space Canada.

Modelling Non-linear simultaneous equation econometrics.

Techniques

Input Data

Vectors of demands, prices, stock of energy using appliances, income.

butput Data

Elasticities of demand for energy use when the required constraints
from demand theory have been imposed.

Observations

This approach should be used for other sectors also.

Summary supplied by the author of the model.
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Described

CANADA
(50) . .
The Model Leonard Waverman, 1973 , University of Toronto .
Linear Programming Transportation Models .
Subject Linear programming models of energy commodities designed to
and Goal minimize final costs to consumers.
System Operational now are l.p. models for natural gas and coal. The

objective 1s to determine least cost paths and the effects on costs
of constraints imposed by governments.

Time One given year, static model, 1972 data.
Area Space North Americaj; could be applied to any region.
Modelling Linear programming.
Techniques

Input Data

— Any fuel could be used, e.g. gasified coal,

-~ Needs vectors of demand, production costs, transport costs,
capacities, transformation costs.

- No ecological inputs.

Output Data

- Optimal networks.
- Costs of interfering with these networks.

Pbservations

Attempting to incorporate demand and supply functions.

Summary supplied by the author of the model.
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C.S.S.R.
. 1 .

The Model Bohuslav Cabicar et al., 1973(5 ), Energy Research Institute, Prague.
Structural Model of Fuel and Energy Economy.

Subject Optimal technological structure of the fuel and energy economy of Czechoslovakiaj it

and Goal implies the optimal volumes (mining, production and import) of significant types of
fuel and energy forms.

System The model studies the fuel and energy economy as one system, and the sub-systems of

Described electric power, centralized heat supply, gas industry, coke manufacture and petroleum
refining.

Time Static model for the optimization in a time area of about 15 years (5-year time

sections up to 1990).

Area Space | Czechoslovakia as a whole.

Modelling Structural model by means of which optimization considerations are made indirectly on

Techniques the basis of balance and economic evaluations of an explicitly given discrete set of
variants., The formulation of variants arises from the possible substitution of energy
forms and technological processes, to have a better knowledge of the impact of
different production processes, and of consumption. The criterion for the choice of
the optimal variant is the minimum annual cost in the fuel and energy economy.

Input Data

Physical - Matrix of technical coefficients expressing the internal technological connections
within the fuel and power economy.
- Demand vector of final useful consumption.
- Vector of limiting factors (available resources).
The model does not deal with ecological factors.
Economic Vector of the specific non-energetic costs of energy forms.

The individual matrices and vectors consist of the following forms:

l. Black coal [or coking process 12, Heavy fuel oils
2. Black coal for energetic purposcs 13. Gases from refineries

(sized) 14, Petrochemical products
3. Black coal (unsized) 15. Natural gas
4, Lignite coal (sized) + briquettes l6. Gas from cracking of natural gas
5. Lignite coal (unsized) 17. Gas from cracking of petrol
6. Coke metallureical 18. Gas from gasification of lignite coal
7. Coke (other) under pressure
8. Crude oil 19. Coke-oven gas
9. Petrol 20, Coke-oven gas used as town gas
10. Diesel and fuel oils 21. Town gas
11. Light fuel oils 22. Generator gas

23. Blast furunace gas

24. Heat from heating plants (coal)
25, Heat from heating plants (liquid and gascous fuels)
26, Heat from heating and power plants (coal)
27, Heat from heating and power plants (liquid and gaseous fuels)
28, Heat in systems

’
29, Electricity from steam power plants (coal)

30, Electricity from steam power plants (liquid and gaseous)

31. Electricity from nuclear power plants (aquous homogeneous reactor)
32, Electricity from nuclear power plants (fast reactor)

33, Electricity without capacity demands

34, Electricity from hydro-electric power plants

35, Electricity from pumped storage power plants

36, Electricity from electric power plants with gas turbines

37. Electricity in the power system

38. Electricity in the power system (without capacity demands)

Cutput Data
Physical

Economic

Vector of the optimal volumes of individual types of fuel and energy forms classifed
by substitutive technologies.

Vector of the total specific cost of individual types of fuel and energy forms
classified by substitutive technologies.
Volume of the annual costs of optimal wvariant.

Observations

The model can also be used for the direct optimization of the energy econmomy, using
linear programming.

Summary supplied by the author of the model,
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DENMARK

The Model

(52)

Sven Bjdrnholm, 1973 , University of Copenhagen.

Alternative Organizations of Society in Terms of Energy Use.

Subject
and Goal

Two scenarios — "Growth as Usual," with a 4-6% annual increase in
total energy imports over the next 30 years, and "Reduced Growth "
with a 2-37 increase — arc to be constructed. How much will the
balance of payments, investments, traffic, housing patterns and
general life style differ between the two alternatives? What are
the main elements of an energy policy required to implement one

or the other scenario?

System
Described

The Danish energy system: electrical power, house heating, -
industry, transportation, agriculture.

Time 1973 - 1988 - 2003,
Area Space | Denmark.,
Modelling Input—-output tables of the Danish economy are used to forecast
Techniques energy consumption from projected total demand. Estimates based

on concrete studies of known and possible future techniques in
the energy field are used to revise the technical coefficients of
the input-output matrices.

Input Data

— The energy mix in supply and consumption 1950-1970.

— The 1966 input-output tables of the total economy.

- The two alternative growth rates (see above).

- The projected input prices of energy raw materials.

- Capital requirements for the implementation and running costs of
known or new techniques in the field of more efficient energy
conversion and use, and in the [ield of alternative energy
resources.

Output Data

The two scenarios mentioned under Subject and Goal.

Observations

- The project will not make use of computer based systems analysis
techniques. It may be viewed as a forerunner of a more
quantitative study being prepared at the Technical University of
Denmark (N. Meyer, E. Mosekilde).

- The project started April 1, 1974 and will be completed in two
years. 1t is sponsored by the International Federation of
Institutes of Advanced Study, IFIAS.

Summary supplied by the author of the model.
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The Model

(33)

Zentrum Berlin fur Zukunftsforschung, Berlin, 1972

ENIS Information System for the Energy Sector.

Subject
and Goal

This project, sponsored by the Bundesministerium fur Forschung und Tech-
nologie, basically is an attempt to deal with special problems of energy
policy by means of a complex EDP-aided information system, which should
provide all the necessary information on past and future developments of
the energy economy in the FRG. The information to be obtained should not
only refer to the field of energy production and consumption but also in-
clude effects on the environment due to changes in energy use.

System
Described

The information system consists of a data bank, a simulation model and

application models. The data bank supplies all data necessary for the

operation of the simulation model, in which the energy economy of the FRG

is described by means of three programs.

The "base" program establishes an energy balance using demand forecast,

a given demand structure and a given import/export situation. An energy

balance sheet giving the amounts of each type of energy produced is ob-

tained by considering:

- net efficiencies of transformation of primary fuels to secondary energy
supplies,

- transportation losses,

- user efficiencies.

In the "environment" program the energy balance previously established

is used to disaggregate environmental burdens according to types of

emissions and sectors which produce them. By means of the "cost" program,

the economic consequences of the introduction of environmentally protec-

tive technologies in the field of energy production are determined.

Time

The period of investigation is variable. An upper time limit may result
from limitations of the forecasting method used (trend extrapolation).

Area Space

The model applies to the Federal Republic of Germany.

Modelling
Techniques

- Data bank organization: the descriptors used are logically linked to
each other.

- Transformation matrices are used to establish the energy balance and
determine environmental burdens.

- Methods of regression analysis and trend extrapolation.

Input Data

The data required are stored in the data bank as follows:

- Historical consumption and production of primary and secondary energy,
conversion and user efficiencies

- Emission data of various conversion areas

- Costs of primary energy, transportation, conversion and environmental
protection measures.

’

-
Output Data

In principle all information that is stored in the data bank can be
retrieved. The simulation model is expected to supply all relevant data
on the future development of the energy economy.

Observations

I

The models should be completed by late 1974 but complete data will not be
available until later. The model will possibly be regionalized.

Summary not reviewed by the author of the model.



_55_

The Model

M. Liebrucks, 1973(54)

Berlin

, Deutsches Institut fur Wirtschaftforschung,

Econometric Models for the Energy Sector of the F.R.G.

Subject
and Goal

Projection model for the energy demand of the F.R.G. The results
should assist in decision-making in the energy field. The model
relates to the energy economy only and does not refer to any
secondary effects such as e.g. the reduction in the number of jobs
in the case of decreasing production of hard coal.

System
Described

To determine the energy demand, the model operates in three steps.
First the final energy demand is calculated by economic sectors and
by forms of energy as a function of the specific demand and
explanatory variables, e.g. the net production values in the
different industrial sectors. The inter—-industry relationships are
taken into account with the help of input~output tables., The
second step draws on the results of the first for secondary forms
of energy and establishes the necessary input of primary energy.

In the last step, the end use (Step 1) and the demand of the trans-
formation sector (Step 2) are aggregated to arrive at the demand
for primary energy. The model takes into account 40 individual
forms of energy, 29 groups of consumers in the end use sectors and
14 techniques in the transformation sector. It does not contain
any method for the forecast of imports of secondary forms of energy.

Time
Area

The model deals with short and middle range projection of energy.

Space

The model was developed for the Federal Republic of Germany.

Modelling
Techniques

The model is an econometric one. It uses different types of
regression functions and the normal projection methods to solve the
forecast problem. The inter—industry relationships are described
by an input—-output table. Several statistical tests are
incorporated.

Test criteria are the correlation cocfficient, the coefficient of
determination, testing of multilinearity and autocorrelation of

the residues.

Input Data

For a basic period of 10 years the maximum input might amount to

31,000 data points. The main input data are:

- Basic data of the energy economy from the energy balance sheet

- Basic data of the explanatory variables in the end use sector
(industry, household and small consumers, tgansportation) and in
the transformation sector. ‘

|Output Data

The data output depends on the type of information required. The
most important are projections of:

~ Final energy demand by sectors and by forms of energy

- Specific energy consumption

- Energy demand in the transformation sector

- Primary energy consumption.

Obscrvations

The input of the model 1is very detailed. The model does not operate
in an integrated manner. The results of Step 1 (calculating final
energy demand) must be checked as to their probability, because in a
number of cases function statements which are justified from the
econometric point of view supplied results which cannot be justified
in practice, especially in the casc of long—term projections,

Summary not reviewed by the author of the model.
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HUNGARY

he Model

(55)

F. Rabar, 1970 , Laboratory for Information Processing, Budapest.

Investment Policy in the Energy Lconomy.

Described

Subject The aim of the rescarch 1s to determine an optimal investment policy for the energy

and Goal economy as a whole. Howcver, this would be overly ambitious; a more modest and more
practical aim is to develop a simulation model to investigate the consistency and
consequences of a proposed investment policy.

System The system described is that of e¢nergy demand and supply, taking the technical and

cconomic aspects of supply into consideration. The demand takes the prices and the
possibilitics of substitution between the various forms of energy into account, The
structurc of the encrgy system and the cnergy economy (distinction made by the author)
is studied in detail.

Time

The general method is used for the long term but a number of procedures are also
applicable to the short term.

Area Spacc

Not specified.

Modelling
Techniques

The system to be modelled consists of 3 characteristic structures: production, con-
version, and consumption. These are interdependent and may change with time. To
describe this system 3 simulation models have been formalized to investigate the
problems in increasing order of complexity:

1) A static, aggregated description of technical relationships. Fixed demand, no
choice In input-output structures.
All producing and converting capacities are summarized but the distribution in space
is not described, thus excluding possible representation of a transportation system.
The shortage or excess of production capacity for the different types of energy are
computed.,

2) A dynamic model of disaggregated technical relationships, exogenous (and perhaps
stochastic) dynamic demand, limited substitution of input factors and transportation
systems.  Demand consists not of single figures for every energy form for the entire

the forecast, bat of extrapolated trends of these, reflecting also

seasonal Eluctnations.  The production scheme corresponding to different hypothesis
on surplns and shortape arce introdoced for each energy form at each step of the

period ofl

catculation.  The technolopy of transport is included,

3) Eeonomic, dynamic, decentralized; choice of input and output; changing demand;
interaction between demand and supply structures, short run adjustments in prices
and quantitics; limited capacity of transportation system, New parameters: regions,
substitution pattern and cfficicency. The state of the system is described in a more
sophisticated way, including exports, imports, income, total cost, unit costs,
benefit=cost ratio, price and demand for every energy form (the model contains
changing prices with an automatic adjustment to the supply and demand situation of
the market).

With the output of 2), we can simulate the conscquences of any investment or group of
investments in cvery part of the system by changing the input parameters affected by
the investment from time t, the planned start-up time of new projects.

Input Data

The following matrixes are given:
TECHN:  Lhe quantity of energy 1 necessary to produce one unit of energy j.
STRUCT:  the proportion of i to the other input 'n producing one unit of j.

PRODU:  the produced quantity ol j during the given unit of time, when using i as
input material. !

TRANSYST: the distance expended in time units between 1 as the place of production
of the i=th material and the production place of the j-th form of energy.

DEMAND:  the projected demand of § for o future period t.  In model 3, the demand is
endogzenons.

The other matrises are concerned with:  the inventorv of material and product, cost of
production, transportation vost, impert price, export price, useful energy demand,
Interest rate, coto,

Jutput Data

= Surplusces and shortages Tor cvery energy form.

= Actual inventory of material and of praduct.

Orders gvnurutvd during one time unit at production place i for product j.
- Import requirement and oxport probability,

= Actual cost of one produced unit and Inceme from the quantity sold.

= Benefit-cost ratio caloulated from the costs incurred and inceme generated.

Ohservations

- For ecach model the different steps of the simulation are described.

- The connections between the macro- and micro-ceconomic models are clearly stated.

= The advantages and disadvantages o the models are studied,

- The general problem of choice among the difterent indicators representing the
efficicency of investment policy 15 examined.

- The significance of technical changes, depreciation and absolute investment is
described.,

Summary not reviewed by the author ol the model,
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RUMANTA

The Model

. . L, (56 ; o
M. Fetcu, Pap, Kovecs and Liciu, 1971( ), Institut de Revherches d'Energétique
Industrielle et de Projets d'Outillages Enerpétiques, Bucharest.

Multi-Energetic Supply Model.

[Subject
and Goal

The goal of the model is the planning of the energy sector so as to obtain the
most economical form of production which assures that the consvmption require-
ments are covered, and takes inte account avaiiable resources and existing in-
vescments or plants to be construcced.

System
Described

The model describes the energy supply'system. The unknowws are of 2 kinds: the
new capacliles to be installed at each stage of the optimization period, and the
energy flow in the last year of each stage. To facilitate decision-making,
several variations are studied, showing the impact of a number of important fac~
torg and the repercussions of the developmeni of this or that use of energy
(technolegical variants).

ime

A number of decades (nc exact specification).

Area Space

Rumania, mainly.

Modelling
Techniques

The optimization model uses linear programming. From a number of simplifying

hypotheses the costs realized for investment and operation in each period are

first calculated. Then a set of constraints is considered:

- Linking the production and intermediate and final consumption of the various
forms of energy, and the capacity of the plants, at each stage

- Analyzing the technological variants: a given use may be sarisfied by several
technologies, each consuming a certain quantity of energy. The model is con-
ceived so as to select the most economical technology

- Taking into account the limited fuel reserves: by means of the constraints,
the estimated reserves, the reserves already obtained and the reserves in the
process of being won (unknowns of the model) are ascertained

- Integrating the runnine of the electric power stations of 3 types: hydro,
thermal and nuclear, each the object of specific constraints.

Input Data

There is a large amount of entry data since the energy supply is defined in all
its details. Apart from the aforementioned variables, some of the parameters
are:

~ Investment and operating costs of the plants

- Coefficients of transport and distribution losses

- Coefficients of transformation of one form of energy into another

-~ Coefficients of the ratio of the plants to "joint production"

- Coefficients of the ratio of the plants to the complementary forms of energy
- Coefficients of specific consumption for each use of energy

- Specific coefficients appropriate to the power stations.

Output Data

Most of the variables of the model have already been defined: the investments
to be made, the energy production and the intermediate consumption of the var-
ious plants. For each use, the final demand is broken down into specific and
substitutable consumption, the latter being important for determining the most
appropriate technology for each use.

Observations

While the mathematical formalizarion of the model is, on the whole, classical,
there 1s one polint which may be considered original: the explicite notion of
the use of energy. It is through this means that the phenomenon of substitution
of different forms of energy 1s best interpreted.

Summary not reviewed by the authors of the model.
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The Model Model Group of the Department of Energy, London, ]972(57).
U.K. National Encrgy Model.
Subject The long term aim of this model is to balance supply and demand for each kind of fuel in |
and Goal each market over time. The main goal 1s to evaluate the investments necded by the cnergy
fields which represent approximately (in 1974) 87 of the total UK investments.
System The wodel is an energy model for the UK as a wholc and for each energy sector. 1t breaks |
Described down the energy probelm intce a number of sub-models. For the vime being (Apri} 1974) it
is not completely finished, and only a snapshot of the situation can be given. o far 4
sub-models have been developed:
- a demand sub-model
- a gas supply sub-model
- an electricity supply sub-model
~ a coal supply sub-model.
An o1l supply sub-model and the linkage between the sub-models are being developed.
Time The liorizen is the year 2010. o
Area Space | UK as a whoic. T o T
Modelling All mﬁ;ﬁ?AZub—modelg_;rc optimization models Using lincar prowramming. The demand model
Techniques is a multiple linear regression.
Description Demand Sub-Model
of the For each kind of fuel and each economic sector, the demand is represented by a multiple
Sub~Model linear regression between the logarithm of energy consumption and the loparithm of four
parameters:
- an activity indicator for the studied sector
- the price of the fuel
- the temperature
~ che time,
The different sectors are: domestic, industrial, commercial, public administration and
transport.,
“Cas Supply Sub-Model o
The gas supply sub-model is an allocation moudel using linear programming. The model con-
siders the activities of distribution, transmission and storage of natural gas, mainly of
the North Sea, entering the country through only a few terminals. :
The objective function is the minimization of the supply cost. For each activity, all
costs (e.g. for distribution per therm, building a plant or pipeline, running it, etc.)
are multiplied by a weight representing the number of years and Jdays associated with that
variable, and the discount factor. The different constraints and relationships are:
- the gas demand relationship; in particular, there is an upper limit tn the amount of
gas which can be sold to any market at a given price
- the gas balance relationships: the output must exceed the uses and the imported gas
must either be distributed or transferred to storage
- the upper limits to contracts for import
- the plant capacity constraints
~ the storage: gas withdrawn from storage must have heen stored there,
Clectricity Investment Sub-Modcl B
The electricity sub-model is divided into 2 versions: one devoted to investment decisions,
the other to the detailed operation of the system in a single ycear. The two models inter-
act. The model does not yet run with all the expected detalls.
In the present formulation (others are in development) the objective function used is the
total (capital cost, operating cost and fuel) discounted system cost over the period
studied. Ne geographical breakdown of the cnergy supply is made; it is a “point' model.
The main physical constraints are:
- the tuture load and pattern of the demand (the model uscs linear interpolation)
~ the physical characteristic of each plant used: coal, oil, gas or nuclear fuel
(including the plutonium balance when the FRB is introduced).
“Coal Supply Sub-Model
The aim of the coal model is to predict the average and marginal pithead cost, the
productivity and the manpower needed at any output level in any future year up to 2010.
This model deals with the minimization of production cost. The main cost function used is
the production function per ton which is taken as a linear function of the volume
production.
0il Suppiyv Sub=Madel B
This mode! 1s unfinished.
Ohservations So far the 4 sub-moduels are running separately. The main ¢ffort of the team which has |

developed them is the linkage between them.  Three main approaches are studied:

- modular: each model s run separately and the output of one 1s used as input for another

- monolithic: development of a single LP model using a single objective function

- mini-model: all problems and models arce simplified with the goal of more quickly
reaching a compatible solution.

Summary not reviewed hyv the authors of the model.
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Techniques

U.S5.A.

" . (58) .

T'he Model Martin L. Baughman, 1972 , Massachusetts Institute of Technology,
Cambridge, Mass.

Dynamic Energy System Modelling ~ Interfuel Competition.

Subject - Dynamic model of interfuel competition.

and Goal - Study of behavior of supply, demand and prices for the different
forms of energy.

Application to 3 case studies to demonstrate the possible uses of
the model to assess the effects of new technologies or policy
issues.

System The energy system described consists of:

Described - A demand sub-system: residential and commercial sector,
industrial heating sector, transportation sector, electricity
sector

- A supply sub-system for the following fuels: coal, natural gas,
petroleum, nuclear electricity
- A resources sub-model that indicates which resources to develop.
Imports, demand by sectors, expleration are exogenous.
Time 1947 - 1993,
Area Space USA as a whole.
Modelling Simulation of the dynamic behavior of the system.

Principal assumptions of the model:

Total demand inelastic

Short run supply cost functionals

Perfect competition framework: primary fuels priced at marginal
development costs; electricity priced at average cost

Demand is broken down into a "base demand" and a '"'market
sensitive demand"

Base demand of each sector is a fraction of the total sector
demand

Demand sensitive to market prices is distributed among the
different sectors; the distribution factors which determine it
are a function of the energy prices.

Input Data
Physical
and
Economic

Time series of additions to reserves and cost of developing these
reserves.

Marginal development cost curves.

Time series of total demand by consumption sectors.

Parameters of the base demand.

Distribution factors of the sensitive demand and their price
elasticities.

Time series of imports.

Capacity utilization factor of electricity generating plants.

Qutput Data

Market shares and levels of consumption for the different fuels,
Prices.

Observations

1947-1969 time series were used only to partially validate the
structure of the model,.

Poor justification of some coefficients used.

The model could be disaggregated regionally and by fuel products
and quality.

Exploration could be internalized, as could other feedback
structures.

Summary not revicwed by the author of the model,
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U.S.A.

The Model

Edward G. Cazalet, 1974(59)

California.

, Stanford Research Institute, Menlo Park,

SRI Energy Modelling Capability.

Subject
and Goal

SRI has developed methods of constructing models for complex markets
characterized by interproduct competition and regional differences
arising from product transportation costs. This work permits rapid
construction of comprehensive energy models to support analysis of
strategic energy-related corporate decisions and various aspects of
government energy policy.

System
Described

A national energy model in support of a decision analysis of
synthetic fuels strategy, developed for a U.S. oil company. The
purpose was to compute market clearing prices and flows by balancing
supply and demand in an economic framework,

Time

1973-2025 using 17 time periods of varying length.

Area Space

National with 8 demand regions and 30 supply regions (imports are
considered); expansion to global scope possible.

Modelling
Techniques

Successive approximations algorithm applying decomposition concepts
over a network, Permits using nonlinear functions to model economic
and physical relationships.

Input Data
Physical

Economic

Ecological

The model covers all major energy forms, conversion processes and

transportation modes and explicitly models supply elasticity,

interfuel competition and end use demands.

The model needs knowledge of:

- the levels of demand for energy for each end use sector, such as
residential space heat in the New England market

- the network of transportation links, production processes,
conversion processes, distribution links and end use conversion
processes that together represent the entire cnergy system

- the thermal efficiency of each element of the system.

The model needs knowledge of the specific capital and operating costs
of each element of the network, rates of technological improvement
over time, and financial and tax information. Supply elasticity is
described in terms of curves specifying the marginal cost of

resource production as a function of cumulative consumption of the
resource, Information on the price elasticity of important

secondary industries, such as mining equipment and process con-
struction, 1s required.

Provision is made, but has not yet been used, for pricing emissions
and incorporating these prices in the economics of the processes.
i

butput Data
Physical

Economic

Ecological

The flows over time that balance supply with demand under free
market conditions and some forms of regulated, centralized and
imperfect free market conditions.

The market clearing prices (over time for all major energy forms)
that characterize the supply/demand balance.

Can provide the volumes and social prices of emissions (not yet used).

Observations

Data requirements are not large but considerable processing of
available data and subjective information is required. This has been
done for the U.S. model. Price elasticity of end use demand is now
handled outside the model, although the basic approach can include
it., Competition among fuels to satisfy end use demands is included.
Some skill in using the model is required because of its iterative
nature.

Summary supplied by the authors of the model.
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U.S.A
. ) A (60) .
he Model E.W. Erickson, R.i4. Spann, R. Ciliano et al., 1973 , North Carolina State
University, Raleigh, N.C.
Substitution and Usage in Energy Demand .
Subject Accurate forecasts of future fuel demands for national energy policy. Total market
and Goal forecasts based on aggregate homogeneous BTU's are not critically relevant to the
formulation of a national energy policy; forecasts should estimate the effects of
various policies on each fuel in addition to integrating the interrelationship
between fuels within the total energy concept.
System The model describes the residential and commercial heating system: the demand for
Described energy within each sector-fuel combination and the home heating decisions.
Time Forecast model for certain target years.
Area Space Certain regions of a national energy system.
Modelling The model uses regression analysis. The formal statement is as follows:
Techniques S;p =at bzt = the percentage of new constructive units using fuel i in

time t, and

= the vector of variables affecting s;

—t t
Uit =a' +b' Z = average usage per consuming unit of the units using fuel
- i in time t, and
Zt = the vector of variables affecting U,t
= i
S = S. + 8. = 1. = the market share of fuel 1 in time t
tt it-1 it it €
1it = the loss rate of market share for fuel in time t
The demand for fuel i1 in time t then is D, =S, xN_ x U. , where
1tr 1t t 1t
N = the total number of houscholds in time t.

The home heating decisions arc determined by the following variables:

SOR = the ratio of oil burnecrs installed in new dwelling units to total new
construction

SGR = natural gas heating customers added via new construction divided by total new
construction

PO = the average real price of fuel oil in $ per barrel to the residential market
sector

PG = the average price of natural gas in $ per ft’ to the residential market sector

U = an increase of urbanization

Y = real income per capita

S 1 = the 7 of new construction that is 1- or 2-family dwelling units

S 2 = the 7 of new construction that is 4~family dwelling units or less

T 1 = winter temperature

AC = the number of private 1-family homes sold with air conditioning

Dj = a set of dummy variables with the index for the several regions of a mation

PE = the average price of residential electricity.

The basic estimating equations are with these variables:

log (SRG) = ao + al (PG/PO) + a2 (PG/PE) + a3AC + aAU + aSY
+ aﬁDl + a7D2 + 38D3 + agDA + alOSZ
log (SOR) = b0 + b1 (PO/PC) + b2 (PO/PE) + b3AC + bAU + bSY

2
+ ble + b701 + bBDA + b903 + blODA + bllsz .

Observations

The preliminary results of an example for the residential heating sector are given:
for the incremental market share of natural gas the correlation coefficient (R) 1is
0.569, and for the incremental market share of oil R% is 0.587. For the results of an
application of the model to the average usage rates of electricity R? is 0.853.

Summary not reviewed by the anthors of the model.
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U.S.A.

The Model Kenneth Hoffman, 1972(61), Brookhaven National Laboratory, Upton, L.I., N.Y.
Planning Framework for Emergy System Planning.
Sub ject Optimal technical structure of the US energy system. The model reflects a wide
and Goal range of energy technologies and interfuel substitutability. 1t traces paths from
primary consumption to final demand for each type of fuel.
System This model is concerned with the substitution of different fuels at the level of
Described disaggregated demand and supply. In addition, it estimates the volume of each type
of pollutant produced by the ¢nergy system.
Time Static model for a particular point in time (has been applied to the years 1985 and
2000) . .
Area
Space| USA as_a whole.
Modelling Optimization model using linear programming. The model provides a feasible path
Techniques between n=13 exogenous supply categories and m=15 exogenous demand categories. The

objective function is the minimized solutioun of the present cost of the possible
paths. Three constraints must be satisfied: the level of each kind of demand, the
possibility of each kind of supply system, and the levels of the different pollu-
tions. An expanded model is under development with 27 supply categories and 22
demand categories.

Input Data
Physical

Ecological

Economic

n=13 supply categories are considered as follows:

- 8 kinds of central stations that produce electricity as an intermediate energy
form: hydropower, geothermal, coal-steam electric, LWR electric, LMFBR electric,
gas turbine electric, pumped storage electric and solar coergy.

- 4 general purpose fuels that are directly delivered to consumers: oil products,
natural gas, synthetic fuel (hydrogen) and coal gas and coal.

- 1 decentralized electric supply system known as: total energy (up to 5 MW output)
(diesel generators or gas turbine or fuel cells.)

For each supply category, the model needs the knowledge of:

- the supply constraint given in units of 1015 Btu.

- the amount of energy that can be delivered by a particular supply category, lim-
ited either by the energy conversion capacity or by the quantity of available
energy resources.

m=15 demand categories are considered as follows:

The demand is divided into 2 sub-categories:

~ cxogenous demand, i.c. different categories of cnergy demand: space heat, air
conditioning, electricity at 3 different load factors, water desalination, pumped
storage, production of synthetic fuels, water heating, miscellaneous thermal heat-
ing, air transport, ground transport (public and private), iron production, cement
production, and petrochemy and synthetic materials.

- endogenous demand: for the electricity mentioned above the model takes into
account the load duration curve of the system. For certain demand categories,
the different plants can be mixed in order to optimize the global load factor
curve. The load structures on a seasonal and weekly basis are taken into account.

The model incorporates air pollutagts and other wastes generated by energy conver-—
sion activities that are proportional to the amount of energy delivered: CO3, CO,
S0, NO, particulates, hydrocarbon, radioactive wastes and thermal wastes. Other
pollutants and land use will be incorporated in the expanded model,

The coefficients of cost in the objective function reflect the necessary cost of

the facilities used in the energy supply system as well as fuel and other operating
costs. The necessary cost of capital for the electric supply ‘category is a function
of the plant load factor which is also a function of each specific demand category.

Output Data

Physical The model gives for a specified level of each demand the optimal utilization of the
different available supply systems.
Economic The model gives the total cost of the energy system but the resulting optimal path
is greatly dependent on the different input costs,
Ecological The model gives the volume of the different polluting emissions.
Pbservations - This model is static; it can be used only for one year. For that year it is neces-

sary to know the demand and the supply categories. The level of the different kinds
of demands can be obtained by using an input-output model.

- The price electicity of demand is not taken into account in the current model but
is being added to the expanded model.

- Dynamization of the model is being studied.

Sumnary reviewed by the author of the model.
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‘The Model

(62)

W. Nordhaus, 1973 , Yale University, New Haven, Conn. W

Allocation of Energy Resources.

Subject
and Coal

The author discusses the efficiency of market forces to determine the
prices of energy resources, using the framework of the theory of general
equilibrium. He then proposes a model to determine the efficient alloca-
tion of energy resources over time.

System
Described

The energy system of the free market world on a very aggregated level.
The resource variables are petroleum, oil shale, coal, nuclear fuel,
natural gas. The demand is broken down into electricity, process heat,
residential heat, substitutable transport, non-substitutable transport.
In the supply mining model many different technologies are involved:
refining, coal gasification and liquefaction, breeder reactors, electric
automobile, hydrogen fueled automobile, etc.

The author introduces the concept of backstop technology——a set of pro-
cesses which 1) can meet the demand requirements and 11) have virtually
an infinite resource base. This permits him to avoid the fixing of a
horizon.

IATea

Time

1970 to infinite, broken down into 9 time periods: 1970, 1980, 1990,
2000, 2010, 2020, 2045, 2070, 2120 to infinite.

Space

Free market world broken down into 5 regions: USA, Japan, Western Europe,
Persian Gulf and North Africa, and the rest of the world.

Modelling
Techniques

Linear programming and sensitivity analysis. Given demands, resource
availabilities and technologies, the model calculates the optimal path
that minimizes the costs of meeting the demand. ™ The demand side assumes
that there is no responsiveness of final demand to price, and that fuels
are perfectly substitutable for meeting demand requirements.

Input Data
Physical

Economic

Resource availability for recoverable energy resources.
The different sector demands for each region and each period.

Costs of extraction, transportation and processing for each fuel in each
region. Rate of interest. The paper describes in detail how these data
are constructed.

Output Data

~ The optimal path, i.e. for each period, each region and each sector de-
mand, the set of fuels and processing technologies.

~ The shadow prices of scarce resources, which can be interpreted as rent
or royalty. The fuel prices are the sum of shadow prices and of costs
of extraction.

Observations

The linearity of the objective function, the inelasticity of the demand
and the lack of linkage with the rest of the economy, the assumption of
free trade and the high level of aggregation are oversimplifications.
Nevertheless the model permits the author to develop interesting comments
on the present evolution of our energy system. He also gives conclusions
about the implications for energy policy, e.g. evaluation of the costs of
an autarky policy for the U.S.

Summary not reviewed by the author of the model.
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AUSTRIA
. (63)

The Model J. Richter and W. Teufelsbauer, 1973 , Bundeskammer der

gewerblichen Wirtschaft, Vienna.

Austria II.
Subject AUSTRIA II is an iteratively solved, demand-oriented input-output
and Goal model (medium term, constant prices, 31 sectors, 11 components of

final demand, distinction between competitive and non-competitive

imports).

Technological change and development of foreign trade partners

are exogenous.

With respect to energy, ''crude oll extraction and refinery" and
"electricity, gas and water" are treated as separate sectors;
"coal mining" will be a separate sector in the next stage of the
model.

AUSTRIA II's main purpose is to serve as a tool for management in-
formation by simulating alternatives of foreign trade developments
and technological change, and by investigating the effects of
bottlenecks of raw material imports.

System The model describes the levels of 31 categories of production and
Described various kinds of non-competitive imports required to meet a given
bill of final demand with the help of an input—output model

(changes in the technological structure are introduced exogenously).
The components of final demand (3l categories of private consump-
tion, etc.) are determined by variables such as foreign demand,
disposable income, GNP, the parameters of the consumption functions,
investment functions etc. are estimated by means of time series
analysis. Imports of goods where there is no domestic production
(cotton, rubber) or one with [ixed capacity limits (crude oil, coal)
are determined by the levels of output of those industries to which
these imports are inputs.

Area Time So far annual forecasts have been made up to 1980.
Space| Austria.
Modelling Iteratively solved input-output model.

Techniques

Input Data Austrian input-output table for 1970 (31 x 31), which was estimated
by updating the official 1964 table (54 x 54). This work was done
in cooperation with the Osterreichisches Institut fiir Wirtschafts-
forschung.

Time series for final demand components and categories in real
terms, some time series on technical coefficients:

- Investment plans of enterprises;

- Investment plans of the public sector;

- Engineering information on technological change.

'6Etput Data For a given scenario (foreign demand, technological change, etc.)
the model provides for each year up to 1980 an input-output table
(31 x 31) in constant prices.

Summary supplied by the author of the model.
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FRANCE

. 64 T : . . .
The Model D. Blain, 1972( ), Ministére de 1'Economie et des Finances, Paris.
FINER, Energy Financing Model.
Subject The model shows the middle to long term economic and financial conse-~
and Goal quences of various energy policies on pricing, taxes, investments,
requirements, regulations.
System The model describes the set of energy production and consumption pro-
Described cesses in the sectors of industry, transportation, siderurgy and
household and commercial. It takes into account interfuel competi-—
tion and optimizes the tools of production for a given consumption.
Time 1970 to 1985 or 1990.
Area
Space | France as a whole.
Modelling Simulation model using econometric equations and embedding results of
Techniques partial optimization for different kinds of energy (e.g. electricity).

Input Data

Macroeconomic| — main variables describing French economic growth
- growth rate of GNP, household consumption
- general indexes of prices and salaries
- number of new lodgings
— rate of interest

Sectoral — national production of coal and distilled fuel oils
- price of imported energy (crude oil, gas, coal, uranium)
- energy prices at consumer level
- different taxes on energy
- description of the national and intcrmational financial market
- financial constraints for the different utilities
- offictal regulation of energy use.

Output Data | For each year:

Physical ~ annual consumption for each kind of fuel for each demand sector
— energy imports
Economic - operating costs and financial requirements for the big national
utilities (electricity, gas, coal) and for the oil sector.

The model also gives the impact of the energy producing sector on
the rest of the economy:
— financial balance
— employment
~ incremental investment
- financial market
— budget expenditures.

Observations | The FINER model allows the assessment of all the possible energy poli-

cies. The equations are derived from econometric studies implemented
during 1950 - 1970. In particular this study is concerned with con-
sumer behavior and utility management. Some structural modifications
can be introduced by using slack variables.

Summary supplied (in French) by the author of the model.
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IRELAND
(65) . .

The Model E. W. Henry and S. Scott, 1973 , Economic & Social Research

Institute, Dublin.

Price Increase of Imported Fuels.
Subject To calculate the effect on sectoral prices of a rise in the price
and Goal of imported fuels, especially oil, given certain assumptions.
System The model covers 33 sectors of the economy in an input-output
Described framework.
Area Time Static mcdel; calculates the effects of fuel price rises in 1973/74.

o
Space | Ireland.

Modelling Input-output price model.
Techniques

Input Data

The 33-sector 1968 input-output table for Ireland was disaggregated
to give more detail: an oil refining sector was constructed, trans-
port was disaggregated into 5 types, and imports were broken down

to give details of different fuel imports.

Output Data

For any level of price rise of imported fuel, sectoral prices are
given as well as the new costs of final demands, e.g. the new cost
of living, etc.

Observations

This model can account only for the rises in price resulting from
rises in costs and cannot take into consideration ''demand-pull’
type price rises.

Summary supplied by the author of the model.




JAPAN

The Model

(66)

Keichi Oshima, 1974 , Industrial Research Institute, Tokyo.

Energy Utilization in the Future.

Subject
and Goal

A simulation model for assessing the macrodynamics of the energy sys-
tem in Japan, in particular the impacts of the increase in crude oil
price, and of more stringent regulations on envirommental! pollution,
on the national energy system,

System
Described

The system is divided into three sub-systems; the sub-system for esti-
mating economic growth in the future; the sub-system for estimating
energy cost based upon energy demand in accordance with economic growth
and upon energy supply available; the sub-system for estimating the re-
trictions on pollution caused by energy consumption.

Area

Time

From 1975 to 2000.

Space

Japan as a whole.

Modelling
Technique

S

Simulation model using systems dynamics. The size of the model is as
follows: 9 main variables, 16 growth rate variables and 24 auxiliary
variables. TInvolved in the model are the following 5 feedback loops
of flow.

1) positive feedback loop of economic growth: economic growth -
capital stock - productive capacity - economic growth -

2) mnegative feedback loop of energy cost (energy demand by industry):
productive capacity - energy demand by industry - total energy de-
mand - balance between demand and supply - energy cost - productive
capacity - ...

3) negative feedback loop of energy cost (domestic energy demand):
economic growth - mational income - energy demand (domestir) -
total energy demand - balance between demand and supply - energy
cost — productive capacity - economic growth - ...

4) mnegative feedback loop of preventive measures against pollution
(technical aspect): released pollutants - regulation and/or in-
habitants' reaction against pollution - preventive measures -
released pollutants - ...

5) negative feedback loop of preventive measures against pollution
(economic aspect): energy consumption - released pollutants
(loop 4) - preventive measures — capital stock (loops 1, 2 and 3)
- total energy demand - energy consumption -

Input Dat

a

The relationship between variables is given in the form of tables; e.g.
the rate of economic growth is represented by the linear combination
of the rates of capital stock increase and of working population in-
crease. The coefficients are obtained by regression analysis from the
statistical data in Japan for the past 10 years.

Almost all these data are built into the model, but there are some un-
known parameters which must be fixed according to the purpose of each
calculation: price of crude o0il, quantity of imported oil, level of
energy reserve, technical efficiency of preventive measures against
pollution and ameliorability of preventive measures resulting from in-
habitants' reaction against pollution -

Output Data

Every variable can be displayed as an output and therefore it should
be selected in accordance with the purpose of each calculation.

Observati

ons

This model is a macromodel since it has only two sectors of energy de-
mand, i.e. industry and household. This makes it impossible to assess
the allocation of energy to individual industrial sectors. An extended
model 1s due to be constructed. _,AJ

Summary not reviewed by the author of the model.
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JAPAN

The Model Institute of Energy Economics, Tokyo, 1973(67).
Optimizing Energy Allocation to Industrial Sectors.

Subject When the level of total energy demand is given, the optimal alloca-
and Goal tion of energy is calculated by this model for the target function
minimizing SO, pollutant and energy supply costs.

System The system consists of an I/0 table of 22 sectors, e.g. oil refinery
escribed industry structure, demand sectors of oil products and final demand

sector. The optimal allocation and selection of energy (especially
0il products and their alternatives) is calculated by LP methods.
-;?ea Time Single year.
Space Japan as a whole.
Modelling A simulation model for input-output analysis connected with the
Techniques linear programming method. The size of the model is: 168 LP rows,

513 non-slack variables, 1,690 LP eclements, density 1.9€¢7%,

- Objective function: minimization of crude o0il cost (imported
material cost + refining-cost + desulfurizing cost)

- General industrial sector: 22 subsectors forming a normal input-
output table, production activity based on the given final demand
level

- 0il refining sector: described as an oil refinery which produces
all oil products from motor gasoline to heavy fuel oil. The
refinery has 4 kinds of producing equipment and 5 types of desul-
furization plant

- Demand for o0il products: 1light and medium distillates are con-
sumed directly in each industrial sector, but fuel oils (mainly
heavy fuel o0il) are selected in accordance with their sulfur con-
tent; i.e. each sector can freely select better quality fuel to
satisfy environmental standards

~ Final demand: the aggregate of expenditure and non-housing con-
sumption, private consumption, government expenditure, domestic
fixed capital formation, excluding inventory and exporting.

Input Data

- Level of final demand in the estimated year.

- Costs and availability of imported crude oil.

- Costs and availability of imported LNG and oil products.

- Fixed and operating costs, and capacity of desulfurization equip-
ment.

- Environmental standard in the estimated year: amount of sulfur
pollutant.

- Input coefficients of each general industrial sector in the I/0
table.

- Other coefficients.

Output Data

Level of consumption of o0il products selected in individual sectors;
desulfurization capacity; quantity and quality of imported oil and
01l products, and shadow prices.

Observations

This model is connected with the model for assessing long-term
energy demand. Its extension and modification are under way.

Summary supplied

by the author of the model.
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JAPAN

The Model

Institute of Energy Economics, Tokyo, 1973(68).

Long-Term Energy Demand in Japan.

Subject
and Goal

This model is concerned with estimatiug the level of gross energy
demand and its distribution among economic sectors. The level is
determined by such factors as the growth rate of economic activity,
the industrial structure and evaluation of industrial processes,
and energy supply conditions.

System

Described

The system is divided into 3 subsystems: the economic sector, the
energy demand and supply sector, and the environment sector. The
subsystems are linked via the system dynamics method.

Area

Time

From 1970 to 2000.

Space

Japan as a whole.

Modelling
Techniques

System dynamics model including I/0 analysis. The size of the model

is as follows:

7 variables for levels, 10 variables for rates and 64 auxiliary

variables. The following 3 feedback loops are involved in the model:

- negative feedback loop of economic growth due to the constraint on
energy supply — rate of private investment - GNP - energy demand -
energy shortage gap - rate of privatce investment.

~ positive feedback loop of economic growth caused by the investment
for desulfurization. GNP - energy consumption — SOp pollutant -
investment for desulfurization - total investment for pollution -
GNP.

- negative feedback loop of S0y pollutant due to the desulfurization
process. Released pollutant - standard of air pollution regula-
tion - environmental gap - investment for desulfurization - capac-—
ity of desulfurization facilities - energy consumption - released
pollutant.

The industry is divided into four sectors, agriculture, heavy indus-

try, light industry and service industry. Energy demands in four

industrial sectors and household sectors are calculated using I/0

techniques. The evolution of the industrial process is systematic-

ally expressed.

knergy

Input Data
Economic

Environment

Main exogenous variables: reference rate of private investment
growth; ratio of public investment/private investment; 1/0 coeffi-
cients.

Unit of energy consumption, availability of import oil, alternative
source of energy.

Average S content in import oil. Environmental standard.

Energy

Output Data

Economic

Environment

Typical output data: real GNP and economic structure; total energy
consumption; oil consumption; investment for desulfurization facili-
ties; SOy pollutant.

Growth rate of economy, final demands and products of 4 industrial

Lgéectors, composition rate of 4 industrial sectors.

Energy demands for household and different industrial subsectors;
stock pile.

S0y pollutant, investment for desulfurization.

Observations

This model is useful for simulating the relationship between energy
supply and the macroeconomic structure, but cannot assess the effect
of an energy price increase on the national economy. An I/O-LP
model with this aim is under development by the Institute.

Summary supplied

by the author of the model.
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SWEDEN

E;; Model

(69) -

B. 0. Karlsson, 1973 , Ministry of Finance, Stockholm.

SVEN — Swedish Economy 1970-1977.

Subject
and Goal

To indicate the total effect upon production, employment, foreign |
trade, etc., generated by different kinds of disturbances in the
supply of energy goods. To calculate the minimum level of energy
input required to reach certain goals of cconomic policy, such as
employment.

System
Described

The model (SVEN) is a variation of the econometric model used in
the revision of the 1970 medium~term survey. It shows how distur-
bances in the supply of energy goods influence the economy as a
whole and the various branches of industry and trade, and whether
gains could be made by redistribution of energy products, e.g. 1n
the level of employment. Since, however, the model is adapted
from a macroeconomic model constructed for other purposes, 1ts
power of analysis is rather limited. 1In particular all variables
(except employment) are expressed at 1968 market values.

Time
Area

Static model for a particular point in time.

Space

Sweden. 447

Modelling
Techniques

Input Data

Output Data

The basic model from which this model is derived describes the
development in 24 production sectors, distinguishing between pub-
lic authoritiec and other parts of the economy; consumption and
production in the public sector are determined exogenously. Also
gross investments, changes in stocks, development of productivity
and total labour supply are exogenous variables. Using this in-
formation the model computes for the different scctors the devel-
opment of production and employment, imports, cxports and private
consumption, subject to the general conditions of macroeconomic
balance (including a balance of payments restriction) and full
employment.

The core of the model is a set of Lnput—output matrices which de-
scribes delivery flows between the sectors of the economy. The
coefficients of those matrices are projected into the future, in
principle by using the historical trends but subject to certain
restrictions and including possible exogenous information. Other
important components are a set of import functions to explain how
the development of imports is influenced by different categories
of demand, and a group of consumption functions to describe demand
from the household sector. The scope for private consumption as
a whole is determined residually in the basic model.

The energy model (SVEN), developed from the basic model, is an
optimization model with either the employment level or the energy
supply as objective function. Possible substitutions and energy
savings are led into the model on the basis of exogenous informa-
tion. As a rule certain constraints are lmpressed on the levels
of consumption.

Observations

The model is designed to describe some structural features of
economic development and is thus not intended for short—term fore-
casting. It is simultaneously determined.

In a version SVEN 2 the energy model has been extended into 32
sectors. The disaggregation implies that 7 specific energy sec-
tors (heating oils, petrol hydroelectrie power, thermal power, gas
manufacture and distribution, steam and hot water supply and water
works and supply) and 3 sectors dependent on oil products (asphalt
and lubricant, plastics industry and other chemical industry) have
been accounted for separately.

Summary supplied

by the author of the model.
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U.K. = U.S.A.

The Model

(70), University of Pennsylvania, Philadelphia,
(71,72,73)

F. G. Adams and P. Miovic, 1968

Pa.; L. G. Brookes, 1971-1972
Didcot, Berks.

, U.K. Atomic Energy Authority, Harwell,

Tradeoff Between Energy and GNP.

Subject
and Goal

The forecasting of energy demand using a model of the relationship between useful
energy consumption and GNP.

System
Described

The model simulates an adopted theoretical relationship between useful energy con-
sumption per capita and GNP per capita.

Inputs of GNP per capita produce outputs in the form of estimates of useful energy
consumption per capita.

Modelling
Techniques

Three hypotheses were adopted:

- that a high level of GNP per capita implies a high level of energy consumption
per unit of output and vice versa

-~ that the useful energy coefficient (GNP elasticity of useful energy consumption)
falls from infinity.to 1 as a country passes through the various stages of
economic development

- that contemporary cross—section studies of different countries in different
stages of economic development, because they exclude time-dependent effects,
produce results that reflect the fundamental relationship between useful energy
and GNP, and not, for example, the effects of substitution of one fuel for
another or the differing economic efficiencies of the different fuels.

The following relationship between useful energy per capita (E) and GNP per

capita (G) is postulated (Brookes):

E = AGEf (G) where A is a constant and f(G) is a saturating function tending
to 1 as G tends to infinity.

Parameters of this function are computed by fitting cross-section data on energy
per capita and GNP per capita for 22 countries ranging in economic development
from Pakistan to the U.S.A. 16 cross-sections for the years 1950 to 1965 were
taken to estublish the stability of the postulated relationship.

The method was further tested by comparing model predictions with through-time
data for U.K. and U.S.A. (1946-1970) using usefulness coefficients derived by
Adams and Miovic to convert primary energy statistics into useful energy.

Input Data

For the derivation of the model:

- cross section data of the different fuels used by a group of countries of
different economie development

- similar cross-sections of deflated GNP

- population data, to determine per capita energy consumption and per capita
GNP in constant dollars.

For national and regional forecasts:

- time series of fuel consumption, population and deflated GNP

- usefulness coclficients to convert fuel consumption into consumption of useful
energy.

Qutput Data

For the derivation of the model:

- a mathematical function linking GNP per capita with useful energy consumption
per capilta.

For forecasting:

- estimates of useful energy consumption given estimates of GNP and population.

Observations

This model has beeu used for both national and world forecasts of energy con-
sumption up to the ycar 2030.

Summary supplied

by one of the authors of the model.
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U.S.A
(74) . . .
The Model Robert A. Herendeen, 1973 , Oak Ridge National Laboratory, Oak Ridge, Tenn.
Use of I/0 Matrix,
Subject This model quantifies in physical units the total (direct and indirect) energy
and Goal demand resulting from the production and marketing of various goods and services.
The model is used to obtain a detailed breakdown of the energy used to make a
consumer product. Three examples of application are given:
- Calculation of the total energy used for the production of the private auto-
mobile in 1963
- A calculation of the efficiency of the energy sector in providing energy to
final demand
- A calculation of the energy cost of a kitchen electric mixer.
System The economic system is described by the input-output framework of the Bureau of
Described Economic Analysis (B.E.A.) of the US Dept. of Commerce. This framework consists
of a 362-sector technological coefficients matrix. Five of these are energy
sectors: coal, crude oil and gas extraction, refined oil, electricity, and gas
sales.
Time This static model is based on 1963 data. An attempt is made to make it usable
for 1960 and 1970.
Area
Space U.S.A. as a whole.
Modelling Transformation_of an_Input-Output (I/0) model
Techniques A transformation is used to convert the 1963 I/0 results (from B.E.A.), which are
in terms of dollar sales, into energy terms. The author uscs statistics of
energy sales to consumption sectors to calculate rclevant cnergy price indexes.
This permits him to build total encrgy coefficicents, c.g. which give the total
output of the different cmergy scctors required Tor the ceonomy to deliver a
dollar's worth of a given product j to final demand. The basic cquation of the
model is:
-1 ~
E=[R (-4 +s]YorE=cY
where
Ei = total energy output of energy- producing sector 1ij;
A = technological coefficients matrix;
Y = final demand vector;
1 . . . .
.= —— A,. here p.. 1s the price of ener i sold to sector j;
Ri] Pij 1]’we PlJ P 8y J
|
%j = ET’ if i = j = energy sector
0 otherwise.
Using the total dollar coefficients (I - A)_1 the author calculates the dollar
demand of each sector resulting from a dollar's final demand of sector j, and
uses the direct coefficient (A) and price (p) to determine the energy used by
each sector to meet that requirement for its output. Summing gives the total
energy requirement.
Input Data (367 by 367) sector I1/0 model; (5 by 362) price indexes matrix.

Output Data

- (5 by 362) total energy coefficients matrix.

- Also provided are breakdowns of total energy requircments by sectors for pro-
duction of appliances made from purchased material: household refrigerators
and freezers, motor vehicles and parts.

- Other case studies calculate the energy impact of the automobile in 1963 and
the total primary energy required to deliver 1 BTU of energy of various types
to final demand (for each energy producing sector).

Observations

- Because the B.E.A. 1/0 table is based on the industrial establishments and not

on the products, corrections are necessary.

- To assure that there are no losses between primary and secondary energy sec—

tors, a reallocation method to final demand has been used.

In further work, the author will study the problem of capital goods not for the
moment listed as sales to final demand (this leads to underestimating the total
energy coefficients). It would be interesting also to convert final demand
measured in purchaser's prices.

Summary not reviewed by the author of the model.
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U.S.A.
75) . .
The Model James E. Just, 1973 , Massachusetts Institute of Technology, Cambridge, Mass.
Energy Analysis Using I/0 Matrix.
Subject - Forecasting of impacts of new energy technology, e.g. high and low BTU coal gasifi-
and Goal cation, gas turbine topping cycle.
- Development of a general tool for technology assessment.
System Mainly the economic system enlarged by some environmental and resource aspects which
Described are linked to the usual economic variables.
Time 1980 - 1985.
Area
Space U.S.A. as a whole.
Modelling Standard I/0 model. Generalized two-period "dynamic" 1/0 model. The U.S. economy is
Techniques represented by an I/0 structure (104 sectors). Each new energy technology is charac-
terized by a vector of technical coefficients, a vector of capital coefficients, a
vector of accessory coefficients (i.e. all non-economic impacts which can be assumed
as proportional to final outputs).
The I/0 model is used to compute:
- the economic impact of capital expenditures for new technologies
- the impact from actual operation of new plants using these technologies
- the price changes caused by a rise in cost of energy.
The two—period I/0 model, through an iterative process, affords a series of 1985 pro-
jections that illustrate various economic impacts of energy use growth and techno-
logical change.
5 scenarios are built:
- low, medium and high encrgy use growth rate
- high energy usc growth rate with coal gasification
- high energy use growth rate with coal gasification and gas turbine topping cycle.
Input Data
Physical 104 x 5 energy use coefficients; 104 x 5 steel use coefficients.
Economical 104 x 6 final demand vectors for 1963, 1970, 1980
(104 by 104) technological coefficients matrix for 1963, 1970, 1980
(104 by 104) capital coefficients matrix for 1963, 1970, 1980
104 employment coefficients.
In the 1985 projection GNP = 1.34 x 109 $ at 1958 constant dollars.
Growth rate of non-investment energy-related final demand over the 1980-1985 period.
Ecological 104 x 5 air pollution coefficients.
Output Data
Physical Energy use by fuel type: coal, crude petroleum, refined petroleum, natural gas,
electricity.
Economical Total output by sectors (104); employment; 1985 projection of final demand.
Ecological - Air pollution emissions: $0,, CO, NO,, particulates, hydrocarbons
- Gross water usage
- Cooling water usage.
Observations The model is quasi-static and linear. The consumer representation is weak (elastici-

ties). The disaggregation of the energy industries is insufficient; progress could
be obtained by:

- more bench-mark projections or dynamization

- more accurate regionalization of industrial energy usage.

Summary not reviewed by the author of the model.
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The Model

(76)

R. J. Rahn, 1973 , Dartmouth College, Hanover, N. H. ]

Dynamic Model of Energy and Economic Growth.

Subject
and Goal

The purpose of the model is to describe the long-term interaction of determinants
of energy supply and demand in the US economy., The main questions were: what is
the most likely pattern of the total energy consumption during the tramsition
from fossil fuels to ultimate energy sources, and what is the role of dowestic
coal reserves as a transition fuel source? The model 1s not a forecasting tool;
its aim is to project possible behavioral modes of total energy consumption over
the next 30-50 years, and to test several policies for their effects upon the
transition process.

System
Described

The model is based on the following 5 assumptions:

- Domestic resources of coal, oil and natural gas which cover major energy
requirements

- Ultimate energy sources essentially independent of depletable fuel resources
are developed and used after the price of fossil fuels rises

- The indicated energy consumption;, the amount of energy the economy would con-
sume at current prices is a function of population and income as measured by
industrial output per capita

- Economic growth is described by a modified Harrod-Domar capital-growth model

- Restrictions on energy production capacity due to fossil fuel depletion or
delays in developing ultimate sources may reduce the economic output.

The basic structure of the model is given by 4 feedback loops describing the

interrelationship between the main variables of the model: energy requirements,

fossil fuel resources, production capacity of fossil fuel energy industries,

production capacity of ultimate energy sources, average energy price, production

capacity per unit of capita, industrial output and population. The model ex-—

plicitly takes into account only 2 energy sources, the ultimate energy sources

and the domestic fossil fuel resources, which are an aggregation of the domestic

oil, natural gas and coal resources.

Area

Time

The time horizon extends from 1950 to 2050 since the time necessary for a com-
plete change of capital and technology in energy industries takes of the order
30-50 years.

Space

U.S. as a whole.

Modelling
Techniques

Feedback loops are the basic structural elements. The system dynamic approach
is used to describe the interrelationships between the elements of the model.

Input Data

The initial values of the levels of e.g. population, fossil fuel resources, in-
dustrial capital, ultimate source energy capital, fossil fuel energy capital,
and the relationships between certain variables of the model which are described
by table functions, e.g. indicated energy consumption per capita from the energy
price.

utput Dat

a

The output describes the dynamic behavior of the system variables corresponding
to the different policies to be tested.

rbservations

The model

- excludes explicit consideration of the issues surrounding energy imports

- aggregates the domestic fossil fuels into one resource, so that substitution
between petroleum, natural gas and coal can not be studied

- ignores the dynamics of intersectoral and inter-fuel demand and supply

- does not take environmental problems into account

- is very sensitive to changes in the basic growth parameters, availability of
fossil fuel resources, cost of ultimate source developments, delays in reading
the economic signals of increasing resource scarcity and in acquiring ultimate
energy source capacity.

Summary not reviewed by the author of the model.
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U.S.A
7 77) .
I'he Model P. K. Verleger, 1973 , Data Resources, Inc., Lexington, Mass.
Relationship Between Macroeconomic Activity and Energy Consumption.
Subject This model 1s part of a more general one as follows:
and Goal - An aggregate supply—demand econometric model of the U.S. economy which
incorporates the flows of labor, capital, energy, etc. This model 1is
still in the development stage and discussed here.
~ A model referred to as an energy balance model, which provides a frame-
work for the analysis of energy supply, demand, and prices, given a
projection of economic activity.
System The energy balance model is divided into 3 sectors:
Described - a set of bridge equations used to relate demands by the economy for
energy to physical demands
- a set of energy production functions that translate these demands into
fuel requirements
- a set of physical supply functions for fuels.
Only the first 2 parts are discussed; the 3rd is still being developed.
Area Time Historical simulation from 1948-1971; projection to 1980.
Space U.S. as a whole.
Modelling The energy demand supply equations are econometric equations. For the

Techniques

demand, the author uses relations developed by Houthakker and Taylor:
per capita consumption is explained in terms of relative prices and per
capita personal consumption expenditure (with lagged variables). The
supply equations so far only involve the electric utility sector. The
equations are fitted by multilinear regression analysis.

Input Data

Demand:

- per capita consumption expenditures

- relative price of energy (measured as the ratio of the deflator for
energy consumption to the deflator for total consumption)

-~ implicit deflator for consumption of electricity and natural gas.

Supply:

- household, industrial and transportation electrical consumption
- transmission loss

- nuclear investments

- fuel price and price of the minimum cost fuel (natural gas)

- dummy variables.

Output Data

Energy consumption in the household commercial sector:

- consumption of energy per capita

- consumption of electricity, natural gas and petroleum products
- consumption of coal (explained by extrapolation)

- short and long run income elasticity, price elasticity.

Electricity supply calculated from the demand and transmission loss

minus imports by trend extrapolation:

- output from nuclear generation sources and hydro-production

- production by fossil fuel generation

- shares of the different types of fossil fuel, obtained by considering
the share of fuel f's generation relative to the generating capacity
share of fuel f(Qf/Q)/(Kf/K) = F(prices of f, price of the minimum
cost fuel). -

Observations

These models of supply and demand are incomplete and preliminary; numer-
ous improvements are planned. A large part of this paper is devoted to
presenting the author's ideas on to the construction of a general energy
model intended to link the energy sector with the economy as a whole.
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F.R.G.

The Model

(78)

A. Voss, 1973 , Kernforschungsanlage Julich,

Analysis of the System Man-Energy-Environment.

Subject
and Goal

The model is an approach to an overall analysis of the system
man—-energy—environment and considers economic, ecological and
technological aspects. It has been developed to show possibili-
ties of a long term development of the world's energy system,
particularly with respect to embedding, and aims at a quantative
description of alternative energy supply strategies by evaluating
the positive and negative effects of satisfying energy demand and
providing its supply systems. The description of substitution
mechanisms between primary energy sources 1s emphasized.

System
Described

The interactions between the energy system and the environment
are described in 5 sectors: population sector, energy sector,
non-renewable resource sector, industrial production sector,
pollution sector. _

The development within the interactions between sectors deter-
mines the development of the overall system and thus that of
energy demand. Besides the effects of energy consumption and ex#
ploration of new energy resources, the energy sector of the modeH
describes substitution among primary energy sources.

For the representation of substitution dynamics a differential
equation statement 1is used, whereas time-variable causal factors
of substitution (energy costs, availability, characteristics of
use) are described by a utility function.

Time
Area

The time horizon is from 1900 to 2100.

Space

It is a world model; no regional disaggregation.

Modelling
Techniques

The model uses simulation techniques. The dynamic interactions
and the feedback loops are described by the system dynamics
approach (developed by J.W. Forrester).

Input Data

As the model is a closed cybernetic simulation model, the ini-

tial values of the state variables and certain functional rela-

tionships must be described. Some of the most important func-

tions are:

- birth and death rates vs. material standard of living

- primary energy production costs vs. cumulative primary energy
consumption

— energy consumption per capita vs. material standard of living

- reduction of environmental burdens vs. cost requirement.

Output Data

The development in time of variables such as population, energy
consumption, energy reserves, shares of individual energy
carriers in the energy supply, industrial production environmen-—
tal burdens, raw material consumption.

Observations

The model is a strategy rather than a forecast model. It shows
a high degree of aggregation and uses global averages. Studies
on the disaggregation is space and the differentiation of the
environment sector are under way.

Summary supplied by the author of the model.
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The Model International Study Group on the LINK System (L.R. Klein,
University of Pennsylvania, Philadelphia, Pa.), 1973(79).
International Linkage of National Economic Models.
Subject The LINK system was developed for forecasting and policy analysis
and Goal in world trade. It has been used to estimate some international
multipliers to study effects of alternative national policies,
and to simulate various exchange rate configurations.
System The LINK system consists of separate models for 13 countries
Described (developed and developing), regional models for 4 developing
areas, and some equations in reduced form for 12 developed coun-
tries.
Time LINK calculations can be made at various time during the year.
If there are meaningful exogenous inputs for the separate models
it is possible to obtain reasonable model solutions over multi-—
year horizons.
Area
Space Whole world trade system,
Modelling The LINK algorithm works as follows:
Techniques

Step 1: Each national model makes a best estimate of local in-
puts and submits that for a control solution to LINK
Control.

Step 2: All national models with the inputs needed for solution
are loaded in the LINK computer file.

Step 3: Import and export prices of products for each national
model are converted to merchandise only, FOB valuation,
into current U.S. $.

Step 4: Exports are computed from a trade share matrix multi-
plied into the computed vector and adjusted for price
effects as in the equation below:

X73%$=A.M73%
where: X 73 $ is exports in 1973 US Dollars
M 73 $ is imports in 1973 US Dollars
A is the trade share matrix.

Step 5: Import prices of each country are re-evaluated from
column weighted sums of changes in computed export
prices of the other countries.

Step 6: National models are successively resolved with new inpu]
values for export and import prices determined in steps
4 and 5.

Step 7: Steps 3-6 are repeated with new solution values and re-
iterated until the total volume of world imports in
current $ no longer change on successive iterations.

Input Data

Exchange rates, FOB/CIF ratios, portion of goods and services,
depending on unit used in national models; import and export
quantities and prices of the various national models.

Output Data

Inflation rates, growth rates, export bills, import bills for
each country in the LINK system.

Observations

The LINK system can be very useful for world energy modelling.

Summary not reviewed by the author of the model.
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Described

. 80 . . . .
The Model M. Mesarovic, 1974( ), Case Western Reserve University, Cleveland, Ohio, U.S.A., 47
E. Pestel, Technische Universitat Hannover, F.R.G.
Energy Models of the Multilevel World Model Project.
Subject Only the energy sub-model of the multilevel world model is summarized here. 1t s divid-
and Goal ed into 3 sub-models: energy resource model, the demand model, the energy supply model.
These sub-models are to be connected with the sub-models studying the population, economy
and environmental systems. The main goal of this model is not to forecast but to aid
in decision-making and serve as a tool for building scenarios.
System The world is divided into 10 regions. T

The first model cstimates the regional and »} Lal primary energy resources and simulates
the energy resource exploitation in order tuv look at the impact of extraction rates and
recovery factor on reserves.

The sccond model estimates regional primary energy demand, using 2 approaches. One is
specific by region, for each of which 7 types of relationship are analyzed. The second
is a "generic approach", wherein the authors try to find general laws. They use the same
basic relationships but the respective coefficients were considered as functions of
changes in the level of economic development.

The third model presents a detailed simulation for energy supply. It traces the energy
flow from primary input through conversion to secondary energy and finally to distribu-
tion to the user. Tt also computes energy and investment costs and wasted energies. At
this time this sub-model gives results oniy for the U.S., Western Europe and the Middle
East.

Area

Time

Horizon 2025 (past data uscc are taken in the time period 1950-1965).

Space

World divided into 10 regions: North America, Western Europe, Japan, rest of developed
Eastern Europe, Latin America, Middle East, Main Africa, South East Asia, China.

Model ling

Techniques

The 3 madels are not directly connected at present. Linkage has so far been off~line:
the time sceries output of one model (e.g. energy demand) has been used as input for
another (c.g. cnergy supply model).

Resource Model, divided into 2 studies:

- a statistical effort to compile the level of the different reserves of raw material.
The authors adopted the terminology of McKelvey ["Mineral Resource Estimates and Public
Policy" = American Scicntist = Jan. - Feb. 1972], who distinguishes the levels of re-

serves according to the degree of certainty and the feasibility of recovery
- a simulation of the exploitation of raw materials, considering the factors influencing
the supply: production rate and impact of new technologies of exploitation.

Demand Model: 7 plausible relationships are made and tested against available past data;
4 are lincar functions betwcen energy and gross regional product (GRP), 3 use the elas-
ticity between energy and GRP. The linear or the elasticity coefficients are either

tunctions of time or coastanrs.

Note that only the total encrgy consumption is studied in this sub-model, and the prices
are not directly taken into account. All coefficients are calculated through regression
techniques.  Two approaches are investigated: one specific for each region, and another
which takes the stage of cconomic development as a parameter, so that the relationship
between energy consumption and GRP can be used for any region.

Supply Model: also a simalation model for detailed planning of a regional energy system
from primary cnergy inputs to sceondary distribution to the final user. The structure
consists of a nctwork of clementary allocation, and conversion processes. 13 primary and

7 secoundary encrgy forms are considered; 27 conversion processes are incorporated.

[nput Data

Resource Model:  statistics on raw materials classificed by degree of rertainty and feasi-
bility ot cconemic recovery: extraction rates and recovery factor.

Demand Model:  past time series of the volumes of global energy consumption and gross
regional products.

Supply Model: - phvsical parameters uccessary to describe the flows of energy in each
branch of the network representing the energy system from supplier to user: e.g. net
primary input, conversion cfficiencies, distribution fractions by form of energy to the
users, uscr scotov efficiencices.

- investment and management costs in relation to cach installation, and all primary energy
prices.

The model also needs knowledge and the description of the scenarios that the decision-
maker wants to simulate.  Some proposals are made in the model to help the decision-maker
to describe the different kinds of scenario. The running of a simulation requires a care—
ful pragmatic preparation of "scenarios' prescribing cach of the parameters over the time
period in question (1970 to 2025).

Output Data The program provides 17 pages of output. The main outputs are: net primary input energies))
number of plants of each iuput kind, sccondary energy by user sector, slobal annual expen-
ditures of the system, capital investment per vear.

Observations The model is still developing; only some test runs have been made.  No real linkage between

the different sub-models works.,

Summary not reviewed by the authors ol the model.
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Commission des Communautés Européenes

The Model

(81)

b

R. de Baw and F. Van Scheepen, 1973 Commission des

Communautés Européenes, Bruxelles.

Integrated Energy Models for the CEE.

Subject
and Goal

The model tries to answer the followlng questions:

- What effect would an increase in the primary energy price have
on the economy and the consumption of energy?

- Which sectors would be most affected by the increase?

- What would be the effect of a temporary interruption in the
eunergy supply?

~ What measures would have to be taken to limit domestic produc-
tion? The authors are not looking for a solution geared to
these questions, but analyze the mechanisms and behavior of
the system and its bottle-necks.

System
Described

The model consists of 2 modules (linked by an exchange of infor-
mation): energy sector and mass of economy. The first module
treats the supply and transformation of primary energy; the
second consists essentially of an I/0 matrix which in its dis-
ageregated form has 90 branches.

Area

Time

Short term; could be used, at a later date, for long term.

Space

E.E.C. (9 nations).

Modelling
Technique

S

The supply model is a simulation model which permits evaluation
of different solutions. 3 forms of primary energy are consider-
ed: coal, oil, and gas. Hydraulic energy and nuclear energy
are assumed to be exogenous in the short term. The constraints
are the following: available production; means of transporta-
tion (especially transportation within E.E.C.); installation of
transformation (refinery); production of electricity.

In the economy model, the relations between I/0 matrix and the

energy sector are made via two sub-models:

- sub-model of external trade, indicating modifications of the
E.E.C. position in the world environment

- sub—model of household consumption, giving the quantity of the
consumed products as a function of income and prices.

Input Dat

a

- Quantity of the maximum available energy, instead of produc=
tion.

- Capacity of a ship of a given class.

- Number of ships in each class.

— Capacity of different kinds of transportation.

- Transformation of primary energy output into secondary energy.

- F.0.B. price of energy and the cost of transportation.

— Added value of each sector.

— Income and price of products.

Output Da

ta

- Production and its Ilmportation of primary energy.
- Transformed quantities.

- Exportation of different forms of energy.

— Reserves of money.

- Quantity of household products consumed.

Observati

ons

The two models are not yet completed. It is expected that the

supply model will function first, independently of the economy
model. Some improvements are planned.
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