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Used in the Energy Field

J.-P. Charpentier

Introduction

At the outset, let me comment on the term "models" and on
model use. In my view the meaning of the word "model" must be
very broad and not confined to econometric approaches. Each
tool which could contribute to a better understanding of complex
phenomena could receive this designation. But we must not for-
get that a model as a computer can give no absolute answer; the
output must always be related to the input. Models are tools
which help the human brain but cannot take its place.

The so-called "energy crisis" has caused increasing concern
in the energy industry and in governments. The procedures of
environmental protection have further comolicated the energy
supply and price picture.

The question of how serious an energy problem we are facing
and of alternative strategies can be studied by means of exten-
sive models. The adequacy of the available models and the
possibilities of the different kinds of models under development ar
are being exhaustively reviewed in most countries. The use of
models for decision making in industry is quite well developed,
while their use by governments, at national or international
levels, is in the beginning stages.

By way of introduction to models in energy, I shall first
briefly review the main techniques used in energy modelling to
illustrate the extent of the term "model" which ranges from
classical methods such as linear programming to the building
of normative scenarios. A review of the most important models
developed and being developed then follows; and finally, I
shall pose some questions linked to a specific problem: the

energy demand. |




I. Main Mathematical Techniques Used in Energy Modelling

1.1. Correlationl

In the correlation approach one assumes that the objective,
for example the energy consumption per capita, is related to
a given form such as linear, exponential, and so on, and to a
given variable such as income, price, etc. A typical form could

be represented by

where
Qt = consumption of a certain kind of energy at time t,
k = constant,
Yt = explanatory variable (e.g. GNP, income...),
Tt = average temperature at time t,
Py = price of the considered energy,
Py = price of the concurrent energy,
a - coefficients estimated by regression on past trend
b data,
c) =
d - elasticity coefficient as, for example,
€ elasticity of energy consumption
§ log Qt to the explanatory variable Yt
b = E_TBE—YZ ! (if Y, increases by 1% then Q

will increase by b%).

The purpose of the method then is to find the best coeffi-
cients: a,b,...,e, which link the given relation to past data.

The method used is the "least square method."

lSee [9] and [16].



Different variables generally used in regression

analysis
Sector Residential and Industrial
Commercial
Population Number of employees
Income per capita Value added
Prices of the Prices of the
@ different fuels different fuels
a Weight of each Weight of specific
-E kind of fuel in the sector in the global
g global consumption industry sector
Quantity of energy Quantity of energy
consumed during the consumed in the past
past period period

I want to emphasize a very important point: the least
square method does not permit one to find the most relevant
parameters and relationships. It only gives the adjusted
coefficient. 1In order to reach the best relation fitted to

the past data it is very important to test different functions.

l.1.a. Remarks on the Difference between Short- and
2

Long-Term Elasticity

For simplification, let us suppose that the desired
demand of a given form of energy depends on the income and

the price:

_ a b
af = Kyy * pg o (1)

2see [9].




where

g* = desired quantity,
y = 1income,
P = price.

The actual level of demand of one year, however, is not
necessarily equal to the desired level. 1In particular, actual
demand adjusts toward desired demands according to a linear

equation between past consumption and desired demand:

*
Me _y e, (1 - 2) 33;
e 9e-1 q¢
— 94 . . past desired
A demand linear combination of (demand demand )
or
A 1-X
g = ey * (ap) ,
or
1
q T
q, = At L=2 . (2)
9t-1
If we put (2) in (1), we obtain (3):
= - (3)
log = A+ ) log qp_q + af(l A) log Y
+ b(l - A) log Py
where

A=1(1-1X) logk .




Finally, the elasticity coefficients are:

Elasticity coefficients

Short run Long run
a(l - ) a
b(l1 - A) b

1.2. Linear Programming

Most of the models use this well-known technique which
consists of optimizing a linear cost function under linear

constraints, for example, x_ B

constraints

min

c.X. ,
. 1
i

1 1

I e~13

subject to j constraints:

n
) a;.x: < b. ,
i=1 3¢ ]

where, for example,

the quantity of energy under the form i,

the cost of production of energy 1i.

Q
il

The j constraints are related to:

- demand to satisfy,
- environmental norms,

- fuel balances,

and so on.

This method could be used for static or dynamic investi-
gations; in this last case, the variables xi(t) and xi(t + 1)
are considered as two different variables during the program-

ming work.




The technique of resolution introduces a dual variable
Aj for each constraint j which (as a Lagrangian multiplicator)3

could be interpreted as the marginal cost related to this

~

constraint.

1.3. Dynamic Programming and Its Derivative

Each time a decision system could be described at each

step n by
u
l n
X —> n —>X
n-1 n
Iz,
where

decision variable,

i

state variable,

result variable,

and where the objective function is the sum of the result

variable at each step:

opt ) r.o
n

and where

b
U

X(u ,x__q)
then the dynamic programming can be used.

For example, see [2] for an investment choice in an
electricity utility. This problem could be represented in

the following ways:

max f (x)
g(x) =0

as finding x and A which solve max [f(x) + Xg(x)].

3

Recall Lagrange: solving { is the same thing
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choice of
the
best path

different costs

v
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The goal of such a study is to research the optimal
investment at each time: uz > 0 (i is the index characterizing
each kind of investment: hydraulic, nuclear, different thermic).
x} designates the state variable which corresponds to the
global power of the network existing in a plant of type i, the
year t.

The total actualized cost to minimize is

T n

IEuE + Gt(xz,uz) ,
t=1 i=1
investment management
cost cost

with the state egquation

(The state of the network at time t equals the state at time
(t = 1) plus the new investment at time t.)

l1.3.a. Brief Look at the Elementary Mathematical

Principle: Dynamic Programming

u
u t+1 u
T
Xeo1 ot Xy ' X, +1 v N
= tl e ® 88 00 0 0 0 —’EI_.’ T
v ¥ 1 ¥
r r, + r
T
t t t=1,2,...,T
P — »
fr (X
< >
f

£ (Xeop)




where

u, = decision variable (u_eD: domain of possible

t t
investments),
x, = state variable x, = X[xt_l,ut],
r, = economic result of the decision r_ = R[xt_l,ut].

The function to optimize is
I
t=1 “t

In fact, the dynamic programming consists of step by step

optimization of the function

f

t Xeop) = ?ft [ty + £ x0 ]|

t

where ft is optimum from T to t. The first steps begin with:

£ (X ) = Opt r

uT T

The last steps give the result:
£(x)) =] ry .

1.3.b. Principle of the "Maximum"
1.3.b.1. Under the Discrete Form

In the maximum principle, the goal is to optimize a

linear function of the last state vector:

1) Opt Cx (xT as x. could be vectors of s component)




with
2) - State equation x = xt[ut,xt_1] ,
- uteD domain of variation of the decision variable.
To optimize 1) under 2) is the same as to optimize
T
3) Opt L = ch - Z At[xt - Xt(ut,xt_l)] '
(ut,xt) t=1

where At are the Lagrange multiplicators:

a) optimum related to utggz as u, belongs only to one

term, it is enough to optimize:

ﬁt = A X
at each step, in function of u,;
b) optimum related to X, as there are no constraints on
Xy it is possible to derive L at each step.

For the last step,

SL

For each other step (as Xy belongs only to Xt+l)’
H H
L _ _ t+1 t+1
W e T EmL M

Summary: optimizing cx,, is equivalent to determining a set

T
of At which verified:

XT = cA

, = Ben

t _Sq
(Xt are calculated step after step).

1.3.b.2. Under the Continued Form (or Maximum Principle

of Pontryagin)

The problem is exactly the same as above. To see roughly
how the method goes, let us suppose that the time is divided
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into very small intervals: §

IJII;!IIIIJII

_‘!; T ¥ T L L] L T v T L]
0 (n - 1)§ né T t

X 5 = x(n-lm + 8x”~

where x° is given as:

x" = hlx_1)se0ne] -

The state variable X s could then be written as before
in the discrete case:

Xns = X(n-1ys * 00 = X gluoex 0yl

Then the problem is close to the discrete case, and it is
easy though lengthy to show that the solution of the problem
is to find the vector A (t) where

opt i = Opt A(t) * h(x,u)
u(t)

a . __ sn |
g * ME) = - e e A ()

Economic Interpretation

A(t) could be interpreted as the maximum price for the
state variable that the owner of the system would accept
marginally to pay for getting it on an external market, if
this would exist.

1.4. Simulation

In this case it is impossible to give a general overview
of the mathematical technique. There is no function to opti-

mize. Each author mathematically describes the system he wants

to study, and he does so after sensitivity studies of the

different parameters.
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f
It is nevertheless interesting to note one kind of simula-

tion which consists in simulating a system at the supposed
optimum level and for doing so to use the equations of the
optimum condition. Let us briefly recall what these condi-
tions (called Kuhn and Tucker conditions) are. When the

system

Max Y (x)
a((x) >0

is optimum, then a vector u > 0 exists, with

day da _
(ﬁ)ﬁ*u&>§‘° '

ua(ﬁ) =0 ,
where

Y = the objective function, !
a({x) = the matrix of conditions,
u = vector of dual variables that could often be

interpreted as marginal costs.

For example, Prof. Hendrick Houthakker and Michael Kennedy
at Harvard [11] used this technique to simulate world uses of
petroleum where each of the equations used has an economic
interpretation:

- one postulates that the supply of crude oil and the

demand for products in each region depends linearly
on all prices in the world market;

- another translates the fact that the cost for operating

any activity must be less than or equal to the revenue

of operating this activity, and so on.

1.5. Other Different Techniques

l1.5.a. Input-Output Analysis

Robert Herendeen [8] has been one of the first to develop |

the relationship between energy consumption and the money
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value of the output of different sectors of the industry.
This technique is based on I/0 matrices that we can describe

in the following linear form:

n
x; = 1 AX: 4 Y. (4)
j=1 J 3]
where
Xi = the total output (dollars) of sector i
Yi = the output (dollars) of i sold to final demand
Aij = the constant coefficient representing what

the sector i sells to the sector j for producing

one unit of its output.

Equation (4) can be put in the matrix form

X

AX + Y ,
or
1

X = (I -A) "y .

Herendeen introduces the energy in the following way: Let

n
E. = ) E, +E ,
1 k=1 ik iy
where
Ei = total energy output (Kcal) of energy sector i,
Eik = enerqgy sales (Kcal) from sector i to k,
Eiy = enerqgy sales (Kcal) from sector i to final
users,
since

E E,.\ n

ik ik -1
B, =|=)x =] 3 [(I - 1) ] Y ,
1k (Xk) K (Xk) 2=1 ki
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) rZlEik[(I A)l] Y+(E1)Y .
Toxa1 p=1 X ke¥e AT, ) Y
Define
a) Ry = Ej/%e
b) S, = Eiy/yi ’ i = k = energy sector.
0 otherwise.
Then

E = [R(I - a1

+ S]Y =) Y

where z is the total energy matrix, Eij gives the total output
(Kcal) of energy sector i required for the economy to deliver

a dollar's worth of project j to final demand. For an

example from the glass sector,4 see Figure 1.

1.5.b. Scenarios5

Each model, in fact, represents a fixed scenario, and
therefore it is necessary to explain what we here call a
"scenario". This term indicates the description of different
states of the world through the aggregation of elementary
events.

In order to be clearer let us take an example: suppose
that in order to describe the energy situation related to
the forthcoming period 1975-1990 we consider the different
situations obtained by combination of the following three

simple events:

1) the first event will belong to the technical area
as ey: 75% of electricity is supplied by nuclear
plants;

2) the second event will belong to the environmental
area as e,: on the average, all the rivers of the

country will be at 30°C.

4Unpublished study made at IIASA with the French I/0
table for 1969.

5For more details see J.C. Duperrin and M. Godet, [5] and [6].




FOR $ 1 OF THE
SECTOR:
Glass

Figure 1.

TOTAL
ENERGY CONSUMED

22.21

kwh.th
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COAL

DIRECT USE IN SECTOR:
Glass

.07

844

INDIRECT USE |

SECTOR

Electricity .63
Building Industry .03
Steel Industry .02
Chemistry .06
Paper Industry .02

GAS

DIRECT USE IN SECTOR{
Glass

3.05

France 1969:

3.41

INDIRECT USE

SECTOR

Electricity .16
Building Industry .02
Chemistry .16
Paper Industry .01

DIRECT USE IN SECTOR:
Glass

3.03

INDIRECT USE

SECTOR
Gas .01
Fuel 0il .05

Building Industry .02
Non-steel Indus. .03

Chemistry .28
Paper Industry .06
Miscellaneous .01

FUEL OIL

DIRECT USE IN SECTOR:
Glass

15.46

14.76

Energy consumed (in kwht

h

to produce $ 1 of fimal product

(at the 1969 price).

INDIRECT USE

SECTOR

Gas .02
Electricity .22
Building Industry .09
Chemistry .19

Paper Industry .07
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3) the last event will belong to the sociological
area as ej: each year there are stong protest marches

against nuclear power plants.

A scenario on a state of the world could be supplied by

the combination of the three elementary events, e.g.

Nuclear power supplies 75% of the
o electricity, but technical progress
= {el,ez,e3} has been made in the cooling system
and there is no risk of strong opposition
to nuclear energy;

wn
|

or

Nuclear power does not supply 75% of the
_ _ electricity but nevertheless, for
S. = {el,ez,e3} other reasons, the temperature of the
] rivers is at 30°C and there is no
opposition to nuclear energy;
and so on. On the whole it is possible in this case to build
23 = 8 scenarios. If the number of elementary events was
fifty, it would be possible to build 2°° scenarios. As it is
impossible to study a great number of scenarios, it is best
to study only the most relevant ones. To do so, the idea is
to classify the different scenarios in a stochastic order.
It is roughly possible to do the following. Ask a panel of
experts to reach a consensus in regard to the following

probabilities:

p(i) = probability that the event e, will occur during
the considered time period 1975-1990,
p(i/j) = probability that ey will occur, given that ej
has occurred in this period,
p(i/f) = probability that e, will occur, given that ey

has not occurred during this time period.

These probabilities only concern either separate events

or pairs of events but, nevertheless, it would be very

suprising if the experts' opinions would satisfy the classical
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relationship

p(i) = p(i/3) * p(3) + p(i/F) -« p(I) (5)

p(i + j) = p(i/3) « p(3) = p(j/i) - p(i)

Furthermore, the information is not sufficient to calcu-

late the probability of each state of the world:

By = {el,ez,...,en}

{ellezle3} Ty

= {el,ez,e3} LD 1
k
= {e,,8,,e,} T3
1'72'73 Probability
of each
state of

T the world

By

= {el,ez,eB} T3

Let us call I, the unknown probability of the state of the
_ 11k
world E, (} I =1)".

e; can be written in the following form:

Then the probability of a simple event

2N
p*(i) = kZl 0. " M o (6)
where
Oik =0 , when e, does not belong to Ek,
Oik =1 , when e, belongs to Ek‘
In the same way .

§ ot(ijk) Tk |
p*(i/3) = p(3) ' (7) |
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where

t(ijk) =1 , when e, and ej belongs to Ek’

t(ijk) = 0 , when e; or ej does not belong to Ey -
And

k
., S(ijk) Tk
p*(i/§) = L S(i3k) )
1 - p(3)

where

S(ijk) =1 , when e, and Ej belongs to E,

S(ijk) = 0 , when e, or Ej does not belong to E,.

The p* stars are theoretical probabilities which satisfied
the relations (5). The probabilities of each state of the
world 11 will be found in minimizing the difference between
p(i) « p(i/j) factors resulting from the experts' opinions
and the theoretical probability p*(i) * p*(i/j) expressed in
terms of I, .

k
The objective function is:

[ - Vi
Min ] [p(i/3) + p(3) - ] t(i,3,k) - T,
i,j L k a
+ I Ip(i/3) » p(3 -] s(i, 3.k « 0 2
i,j L k i
with (9)
ymo=1
k k
nk > 0 .

The output of the program (9) gives the probability Hk
of each state of the world and an a posteriori probability
p* of the experts' opinions in using the relations (6), (7),

and (8). |
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It is then possible to classify the states of the world
and to study only the most relevant ones. This approach could

be summarized in the following way:

Experts' opinions give
incomplete and
inconsistent information

. . p(i)
a priori separate > N
information p(i/3)
Conversion of this
information by
the program
Complete and consistent
information
a posteriori aggregate > Hk
information p* (1)
p*(i/3)

IT. Overview on the Developed Models in the World

2.1. Overview and Classification of Energy Models

Last summer IIASA (International Institute for Applied
Systems Analysis) organized a meeting on this theme [16]
and also published the first issue [3] of an annual review
devoted to the energy models currently being developed all
over the world.
To bring together what was discussed during this meeting
with an analysis of this overview, two major points must
be made:
1) if we put away the very specific models developed by
private utilities, there are few models which permit
study of the global energy problems either at a
national or international level: and
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2) the institutions and the links between universities
and energy agencies have a fundamental role to play
for the quality and the realistic aspects of the
models.

Let us have a quick look at the review and the classifi-

cation adopted at IIASA.

2.1l.a. Standard Summary of the Model

Each studied model has been summarized in the standard
form in Figure 2. Item 1 contains the bibliographical infor-
mation: name of author, date, localization, etc. Item 2
describes the subject studied and the goals of the model.

Item 3 gives a general idea of the complex interactions
within the system described.

After this general description of the system studied and
the goals aimed at by the author, the following two items
"Modelling techniques" and "Input data" try to make a clear
distinction between what is endogenous and what is exogeneous.
The item "Modelling techniques" endeavors to give a descrip-
tion of all logical aspects of the model. The mathematical
aspects are not detailed; only the main concepts which explain
the internal structure of the mathematical representation

are drawn up.

The item "Output data" only indicates the kind of results
given by the model. The quantitative values supplied by each
model are often too large to be incorporated in such a summary.
Finally, the item "Observations" is mainly devoted to possible

future developments of the models.

2.2. Classification of the Models

The classification of the models adopted divides the
models into six classes (A,B,...,F). The first distribution
is made between models which study energy problems either at
a national or at an international level. Then a second

classification is made for distinguishing the models which
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U.S.A.

The Model

Kenneth Hoffman, 1972 Brookhaven National Laboratory, Upton, L.I., N.Y,

Planning Framework for Energy System Planning.

Subject
and Goal

Optimal technical structure of the US energy system. The model reflects a wide
range of energy technologies and interfuel substitutability. It traces paths from
primary consumption to final demand for each type of fuel.

System
Described

This model is concerned with the substitution of different [uels at the level of
disaggregated demand and supply. In addition, it estimates the volume of each type
of pollutant produced by the energy system.

Area

Time

Static model for a particular point in time (has been applied to the years 1985 and
2000) .

Space

USA as a whole.

Modelling
Techniques

Optimization model using linear programming. The model provides a feasible path
between n=13 exogenous supply categories and m=15 exogenous demand categories. The
objective function is the minimized solution 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 Dat

Ecologi

F.conomi

Physica

Economi

Ecologi

a

Physical

cal

C

Euaﬁﬁ Data

1

¢

val

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 energy.

- 4 general purpose fuels that are directly delivered to consumers: oil preducts,
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 Bru.

- 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:

- exogenous demand, i.e. different categories of energy 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 pollutants and other wastes generated by energy conver-
sion activities that are proportional to the amount of energy delivered: CO2, CO,
S02, NO, particulates, hydrocarbon, radioactive wastes and thermal wastes. Other
pollutants and land use will be incorporated in the expanded model.

—

S

( 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 lvad factor which is also a function of each specific demand vategory.

e — e — - e

The mode! wives for a specified level of each demand the optimal utilization of the
different available supply systems.

The model pives the total cost of the energy system but the resulting optimal path
is greatly dependent on the different input costs.

The mode! gives the volume of the different polluting emissions.

Observations

< This model is static; it can be used only for one year. For that year it is neces-

ot demands can be obtained by using an input-output model.

- The pricve 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.

sary to know the demand and the supply categories. The level of the different kinds

Summary reviewed by the author of the model.

Figure 2.
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only look at the energy problems and the models which link
the energy area with global economics. In the first group
another subdivision is used for separating models which take
into account one energy field from models which investigate

different energy sources.

Model Classification

Areas of Application National International
one kind A B
of fuel 6 6
Energy System (46%) (6%)
(energy is the
main problem) several c D
kinds of
fuel (23%) (1%)

Linkage between energy and

E F
general economy

(17%) (6%)

In the group A (one energy form at the level of a country)
we found a tremendous number of models (approximately one-half
of the seventy models analyzed in the review). It is practically
impossible to give a general overview of them because one finds
that in all the industrial firm models each author aims at a
specific goal. It would not be productive to review these

models, since each has its own special target.

In the group B (one energy form at the international
level) one finds--and it was easy to forécast because of the
present fuel-oil problem~-a large number of models studying
the market of this fuel.

The models developed by R.J. Deam [4] of Queen Mary College,
UK, and by H. Houthakker and M. Kennedy [11] of Harvard University,
USA, seem to be the most efficient. In both models, the world

6Percent of models in this class among the seventy analyzed
models.
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market of fuel oil is divided into a certain number of regions
where production, transport, and refining are taken info
account. The Deam model used linear programming in order to
minimize the total expenditure for a given level of the demand.
The Houthakker and Kennedy model simulated a market that the
authors supposed optimal and it is described by using equations
which can be interpreted as first order conditions of a quadra-
tic programming problem describing a competitive market. These
two models are still being developed but could nevertheless
be used now for studying different policies.

Group C (different forms of energy for a given country)
is as important in number (23% of the analyzed models) as it
is in theme. The group essentially studies the possibilities
of substitution between different forms of energy either at
the primary supply side or at the final use side. One of the
most relevant models in this category is that of Dr. K. Hoffman
(see Figure 2 and [9]) of the Brookhaven National Laboratory,
USA, using linear programming. For a given year it studies
the best linkage between thirteen given supply sectors and
fifteen given demand sectors. The criterion is the minimiza-
tion of the total expenditure. The constraints are essentially
related to the demand level to be satisfied, to the level of
supply and to the level of pollution (SOX, COX, NO, particu-
lates, radiocactive wastes, and thermal wastes). Dr. Hoffman
is actually working on a dynamization of his model.

Linked to this group is the work being carried on by
Prof. W. Hdafele and his team at IIASA for the study of the
transition from fossil to other fuels in a given economy.
The first publication from this work came out in June 1974
and is entitled "Strategies for a Transition from Fossil to
Nuclear Fuels" by W. Hifele and A.S. Manne [7]. The objective
is to minimize (by linear programming) the present value of
costs incurred annually during each period (three years)
over a seventy-five year horizon. It is interesting to note

that two kinds of models have been developed where either
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the final demands for energy are taken to be exogenous, or
these demands are endogenous since they depend upon the costs
of supply. In the model where the demands are responsive

to price, the objective function is the maximization of the
money value of consumers' utility less the costs of meeting
the final demand. (If g is the quantity of energy, then the
utility function of the consumer is u(q) = aqb + ¢, where
a,b,c, are estimated through a series of assumptions con-
cerning the demand curves.)

It is not useful to speak in detail of the models of
group D (different fuels at international level) and group F
(energy inside global and international models) because
very few models have been developed in these areas at this
time. Even if energy is a major problem, it is only one
problem within a complex system that humanity has to forecast
and to solve. For this reason, it is logical that the energy
problem is only part of the global and world studies. The
Club of Rome initiated such studies, and now five or six
such works are in progress around the world. Unfortunately,
even in the most elaborated way, the energy area is often
only quickly studied.

Nevertheless, three of these studies are interesting to
note. The first is the well-known "World Model" of
Mesarovic (USA) and Pestel (FRG) [;4], the second, the so-
called "Latin American Model" (Fundacién Bariloche, Argentina
[1]. The Mesarovic-Pestel model mainly tries to investigate
the results of various alternative policies, while, on the
other hand, the Bariloche model has an explicit, normative
goal, namely to narrow the gap between rich and poor countries.

The third study to be mentioned is that of Prof. L.R. Klein
(usa) [13]. Prof. Klein is currently developing a model
which links different national models using external trade
relations.

Now let us look at group E where energy is studied by
linkage to other national economic problems. Without any

doubt, this group of models is the most important even with
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most of the models still being developed. The energy area
has such a great impact on all other economic problems that
the linkage between energy and economics seems essential.
Right now, a number of models in this field are being worked
on from either the qualitative or the gquantitative point of
view. Even though the qualitative approaches seem very
fruitful for long-term investigations, I shall not mention
them now.

In the quantitative aspect of this problem, I should
especially like to mention the work done by
Prof. Dale Jorgenson, Harvard University, USA [12], who
dynamized the input-output matrix in using production functions
which include both technical progress and price effects.

This study is a good one to narrow the energy demand aspect
which, in most of the other models, is either exogenously
treated or endogenously integrated in using simple elasticity
coefficients that many authors are beginning to consider not
very efficient for forecasting problems.

The Jorgenson model is formulated for the analysis of
interrelationships between energy utilization and economic
activity. The most distinctive feature of the model is the
incorporation of demand and supply for energy into a single
analytical framework. A second important innovation is the
analysis of the relationship between energy demand and supply
and US economic growth.

The first component of the Jorgenson Energy Model is the
Long-Term Growth Model which provides projections of aggregate
US consumption, investment, government final demand, and the
prices of primary input: labor and capital. The model includes
production and household sectors of the US economy as endogenous
components, and the governmment and foreign sectors as exogenous.
The model determines demand and supply for consumption goods,
investment goods, capital services, and labor services by means
of simulated market processes. Both prices and quantities of

final output and factor input are endogenous to the model.
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The Long-Term Growth Model is made dynamic by links between
investment, capital stock, and productive capacity, and by
the reaction of the household sector to past as well as present
incomes and prices.

The second component of the Jorgenson Energy Model is
based upon an inter-industry structure incorporating trans-
actions not only between producers and final users, but also
between producer purchases of primary inputs and transactions
between different production sectors themselves. The basic
element of the model is a model of producer behavior, one for
each of the producing sectors, that determines the sector
input requirements and output price on the basis of other
prices, levels of technological efficiency, and production
coefficients. This sectoral information is then integrated,
and the sectoral interdependencies analyzed by means of the
input-output technique.

Briefly, input-output analysis sets up requirements
for input purchases per unit of output for each sector,
and then brings the transactions pattern into consistency
by requiring that production levels be such that a specified
mix of final output can be satisfied with the total supply
and demand of each sector's output being equal. The novel
feature of the energy model is that the input-output coeffi-
cients, which specify the input requirements per unit of
sectoral output, can vary in response to changes in relative
price and technological efficiencies. This variation allows
substitution between inputs, within the limits of production
technology, in response to changes in prices and availabili-
ties, and it also allows each sector's efficiency level to
be reflected in the amount of inputs required per unit of
output.

The actual solution of the model proceeds along the

following steps:

a) the Long-Term Growth Model provides prices of the
primary inputs and the total final demands for con-

sumption, investment and government spending;




b)

c)

d)

e)
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the energy model disaggregates the final demand
totals into final demand for each of the producing
sectors;

prices are estimated on the basis of primary input
prices, technology levels, production coefficients
and the models of producer behavior;

the models of producer behavior are also used to
calculate, using these prices, technology levels, and
production coefficients, the input-output coefficients
specifying the input patterns from the twelve supply-
ing sectors into each of the nine producing sectors;
the final demand requirements for each sector are
combined with the input-output coefficients to derive
the total required output from each sector as well

as the inter-industry sales, the purchases of

primary inputs and the sales to final users.

Inter-industry or producing sectors are:

1)
2)
3)
4)
5)
6)
7)
8)
9)

Primary input sectors are:

10)
11)
12)

Final demand sectors are:

13)
14)
15)
16)

agriculture, non-fuel mining, construction;
manufacturing, excluding petroleum products;
transportation;

communications, trade, services;

coal mining;

crude petroleum and natural gas;

petroleum refining and related industries;
electric utilities;

gas utilities.,

imports;
capital;

labor.

consumption;
investment;
government;

exports.
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Conclusion

As a conclusion I should like to briefly highlight

major, difficult problems related to the formulation of energy

demand and its linkage to the global economy.

A. The first problem deals with exogenous versus

endogenous representation of the demand of energy

modelling.

If the exogenous concept of demand is used a great deal, it
should nevertheless be looked at as some kind of first approx-
imation that you may find useful. Only if you concentrate on
something other than demand may exogenous notions of demand

be useful as for example in investment models of private

utilities.

B. The purpose of the second remark deals with the

structural relation between GNP and energy consumption.

Up to now a lot of global energy forecasts have been made in
using the "good" mathematical correlation between GNP and

energy consumption. Two remarks can be made:

1) you shift the problem of energy demand to the fore-
cast of GNP which is not easy to solve;

2) the structural relation between GNP and energy has
never been really proved, and furthermore, if you
disaggregate, for example, the industrial sector
into production subsectors such as glass, steel, and
so on, the correlation between energy consumption

and value added in each sector is never more evident.
Three questions now come to mind:

a) Is the "good" correlation between GNP and energy not
only a mathematical result due to two quantities
which had growth at a constant rate up to now? Are
we authorized to use the result in new forecasting
in societies where a lot of things change in the

economic relations?
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b) Could we consider that GNP is a good approximation
of income which is a major variable in the consump-
tion function? Many authors have already drawn
attention to this point; a famous example likens
the increase in GNP to being blocked in a traffic
jam with your car: the motor is running but the car
is not moving.

c¢) Could we continue to use trend projections where
these appear to be complete changes in different

economic relationships?

C. The third remark deals with the next variable that

one would introduce after income. The price of

energy or of its components.

There are general agreements on the fact that responses to
price are not instantaneous. But how to measure the fact
that the modifications of habit take some time is a problem.
As long as the consumer thinks that he still wants the same
amount of energy when it has become more expensive, he will
find that he can only have less of something else. When he
becomes aware of this, he will change his habits. But in
addition, there is his energy-using equipment: e.g. the big
car. It takes a few years before the big car is worn out,
that is to say, before he is ready to substitute a smaller
car for the bigger one. Therefore we must regard this demand
relationship as having a time-lag structure to it, but the
data in this field are very poor at this time.

I shall stop the list of the not well-known gquestions
related to the problem of energy demand here. In this field
such a great number of questions have to be studied, and a
full seminar could be devoted to it.

As a last consideration I shall briefly report on the
work being done at IIASA on this subject. The energy demand
research program tries to highlight the problem from two
approaches:

1) The first approach [16] consists of an econometric

model of the world energy system where the efficiency of the

market forces to determine the prices of energy resources are
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carefully studied along with the efficient allocation of energy
resources over time. For the time being, the world is broken
into five regions; the resource variables are: petroleum,
0il shale, coal, nuclear fuel, and natural gas. Demand is
broken into the following categories: electricity, process
heat, residential heat, substitutable and nonsubstitutable
transport. Many new technological processes are included,
for example: gasification and liquefaction of coal, breeder
reactors, hydrogen and electric automobile, and so on.

In order to avoid the fixing of a horizon on the model,
the concept of backstop technology is introduced, that is

a set of processes which:

a) are capable of meeting the demand requirement, and

b) have virtually an infinite resource.
The modelling technique used is linear programming.

2) The goal of the second approach consists of building

normative scenarios which link the level of energy consumption
with the global economic development of different "model

societies." For that purpose the work presently developing

is being pursued along two lines:

a) The first deals with the qualitative (and when
possible quantitative) research on the most relevant
parameters that have to be taken into account for
linking the energy area with the other parts of an
economy. Two methods are studied: one is a factor
analysis whose goal is to bring together a group
of countries versus their main economic variables;
the other is to develop a method [6] to try by means
of a cross-impact matrix7 to fix an order of effec-
tiveness on the different parameters. The research
on the main parameters will be used later to build
scenarios in the same way as briefly described

above,
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b) The second line of research is an engineering approach
very close to the problem of energy budget and energy
content in different goods: how much energy is
needed for producing a car, a house, or a meal of
3000 Kcal, etc? This basic information will be used

later on to feed the qualitative scenarios.

7With the help of experts one has first to define the
most possible exhaustive list of parameters having an impact
on energy demand. Let us say: a,b,c,...,k. Most of them
have mutual influence which could be represented by a matrix
as:

a|b | c | d-f-F1-k
I

a 0 1 0 : 1
T

b 1 0 | 1 AT
c o1 |
L
a 1 |
| |
] |
: |
K |

where:

0_means, for example, that (:) has no influence on
; and

1 means, for example, that <:) has an influence on <:)

k d

This matrix can be represented by a graph where the
relaFlons between two parameters are drawn by oriented lines.
The idea is then to classify the parameters either in counting
the number of lines that are going through there or the number
of loops in which they are incorporated. For example, if (a)
belongs to six loops when (d) belongs only to one; it is quite

obvious that the parameter (a) is more important than (d) and
SO on.
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