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ABSTRACT. Simulation is one of the most frequently used techniques 
in energy modelling. After some general remarks on the nature of 
simulation models, a more detailed description of a large scale 
dynamic energy simulation model for the Federal Republic of Germany 
is given. The paper continues with a discussion of Some model re­
sults and concludes with Some brief remarks on the limitations of 
the simulation approach. 

1. INTRODUCTION 

The last two decades have seen the emergence of what has come to 
be known as the "systems approach". The systems approach is a 
methodology and a practical philosophy of how best to aid a deci­
sion maker with complex problems of choice under uncertainty. 
This approach. at first successful in military and managerial 
contexts, has now become widely used in many fields, and energy 
policy and planning are no exception. An important step in the 
systems approach is the development of models, using them as an 
appropriate framework for searching out objectives and alterna­
tives, and comparing them in the light of their consequences. Mod­
el building is one way to understand complex relationships within 
a system. A model is always a simplified reflection of reality 
and can be conceptually regarded as a substitute for the real sys­
tem. It is used to capture the functional essence of the complex 
problem under investigation. but not necessarily the detail of the 
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whole real system. A model permits experimentation among alter­
native policy strategies and can illuminate their consequences. 
To the extent that the model is an appropriate representation of 
the system and problem to be analysed. it can be 8 valuable aid 
to policy analysis and policy making. 

In view of these potential benefics~ it is not surprising Chat 
during recent years there has been growing interest in using models 
to help plan our way out of the energy problem facing mankind to­
day. The International Institute of Applied Systems Analysis has 
published a set of very useful review reports of energy models [1]. 

The 144 models analysed and classified 80 far range in scope from 
models for a single fuel to those of the whole energy supply sys­
tem. They include models related to the energy and economy inter­
actions, on a national as well as on an international scale. 

A variety of methodologies are used in the different models. Most 
employed are econometric methods, simulation. linear programming. 
and I/O techniques. 

Today, there is no common agreed definition of a simulation model. 
In the following. simulation models are referred to as a special 
class of mathematical models which express the dynamic relation­
ships among the variables and parameters of the system modelled. 
Running a simulation model results in the calculation of changes 
in the state of the system through time. 

Simulation models are dynamic models. Simulation models may be 
classified as predictive models; while they help to answer ques­
tions of the type, "What will happen. if ••• 1". whereas optimiza­
tion models belong to the class of normative models answering 
questions of the type. "What should be done. in order to achieve 
S\ desired goal?". Within the class of simulation models usually 
a distinction is made between "deterministic" and "probabi-
listic" models. In deterministic models it is assumed that the 
exact values of all variables can be computed. whereas in a pro­
babilistic model. at least some variables have an unpredictable 
randomness, and must be represented by a probability distribution. 

During the last few years a number of special purpose simulation 
languages have been developed . These languages are generally 
thought of as easier to learn and apply, by simplifying the pro­
gramodng of simulation models. However, special purpose simulation 
languages have somewhat limited flexibility and range of applica­
tion compared with general programming languages such as FORTRAN. 

After these more general and methodological remarks on simulation 
models. we will in the following describe in some detail a simula­
tion model of the energy system of the Federal Republic of Germany. 
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During the last years the Programme Group of Systems Analysis and 
Technological Development of the Nuclear Research Center in JUlich 
(FRG) has developed a dynamic energy simulation model called LESS1: 
[2-7] to be used as a flexible tool in analysing important issues 
for the development of the energy system of the FRG. The long 
term energy simulation system (LESS) is part of a large energy 
model system (JES: Julich Energy-model SY6tem) (Fig. 1) which con­
sists of a set of different energy and energy related models, a 
data base, and a method base for linear and nonlinear regression 
and correlation analyses [8,9J. 
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FIGURE I - JES-Julich energy-model system 

LESS consists of four modules 

a macroeconomic module, 
an energy demand module, 
an energy supply module, and 
an environmental module 

"'LESS - Long term Energy Simulation System 
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which are interconnected by input and output flows 8S outlined in 
Fig. 2. The structure of the four modules will now be described 
in more detail. 

2.1 The Macroeconomic Module 

The reasons for developing a macroeconomic module derive from the 
fact that the production and utilization of energy is very closely 
connected with the economic development of a nation. Consequently, 
future options of the energy demand and supply system cannot be 
analyzed and mode lled independently from the economic forces with­
in the system. They are always baaed either explicitly or impli­
citly upon certain economic assumptions, such as GDP, income. or 
capital allocation. Generally there are two ways of covering the 
econom~c impacts within an energy model: 

1. by selection of economic scenarios which provide straight­
forward input to the energy sector alone; 

2. by utilization of complete models in which the energy 
sector interacts with the economic sector. 
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LESS makes use of the second approach. A macroeconomic model has 
been developed which generates the growth in different economic 
sectors. The sectors have been selected with respect to the ener­
gy intensity. They are the four industries (iron and steel produc­
tion, chemical industries, stone, clay and construction materials, 
and other industries), the commercial sector and the energy branch. 
For each branch individually, the growth rate is calculated by 
me ans of the allocated production factors (labour and capital), 
the production outputs and the gross value added. The allocation 
of production factors is demand driven, i.e. determined enrlogene­
Qusly by intermediate and final demand, but is limited since it 
depends on a number of constraints such as labour force partici­
pation. capital allocation, and intermediate inputs. 

In each economic branch. the input of goods which is needed in the 
production process has to be calculated, as most of these goods 
have to be produced by the other economic branches. These neces­
sary input goods of a branch are dependent on the production out­
put and on the production structure. In the macroeconomic module, 
the production structure of a branch is given by technical coeffi­
cients, which are the input coefficients of an input-output matrix. 
As the production structures vary with time, the technical coeffi­
cient8 are also time dependent. With the exception of the coef­
ficients describing the energy input into the branches, these val­
ues are estimated e~ogeneously using input-output matrices and 
their projections which are available to us but calculated by 
other institutions. By summing up all input goods, the interme­
diate demand for the products of each economic branch is obtained. 

The components of final demand are determined in the follo~ing ~ay. 
The disposable income of private households is calculated as a 
function of the gross domestic product. which is the sum of the 
gross value added of all economic branches. Depending on the deve­
lopment of this disposable income, the consumption of private 
households is estimated. The collective consumption, that is, the 
consumption of general government and -nonprofit institutions, is 
given as a function of the gross domestic product. Depending on 
the development of the production factor capital, the demand for 
capital goods can be calculated by using a gross-investment matrix. 
The export of each branch is given as a fraction of its production 
output. This fraction is an exogeneous value. 

Summing up the consumption of private households, the collective 
consumption. the demand for capital goods and the export, the 
final demand for the products of each branch is received. The 
estimation of the primary production factors as mentioned above 
is dependent on the development of the total demand for goods of 
the single economic branches, which are calculated as the sum of 
the intermediate and the final demand. Thus, the economic growth 
loop is closed. 
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2.2 The Energy Demand Module 

The consumer has a direct requirement for: 

heat, 
light, 
entertainment, 
comfort. 
food, 
transportation, 

under the influence of 

econom~c I 

social, and 
political constraints. 

These requirements arc transformed to a demand for 

products, 
services I and 
energy. 

therefore it is necessary to distinguish between a direct and an 
indirect energy demand. From the viewpoint of the final consumer. 
for example, the energy for space heating marks the direct energy 
demand, while energy to build the radiators, the boilers etc., is 
considered as an indirect energy demand. 

In a long term view of the industrial sector, the indirect energy 
demand for building the radiators and boilers equals the direct 
energy demand for industry. 

Starting from the needs of the consumers, we can differentiate 
between: 

basic energy demand with respect to an applied 
technical system, 
final energy demand, 
secondary energy demand, 
primary energy demand. 

Within the energy demand module, the final energy demand in diffe­
rent sectors is determined by the demand of energy services, e.g. 
the hot water demand in the residential sector, the persons or 
goods transport volume in the transport sector, or the production 
of steel in the iron and steel industry. This is achieved via 
economic indicators such as the personal disposable income, and 
the gross value added of the different economic branches. The 
final energy is determined for the following sectors: 
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the industry (with four industrial sectors corresponding 
to those in the macroeconomic module), 

the transport sector, in which the four transportation 
media - road, rail, water, and a~r - are distinguished. 

the residential sector, in which the energy demand for 
the three purposes - space heating, water heating, and 
others - are considered. 

the petrochemical sector (with its socal1ed nonener­
getie energy consumption). 

Fig. 3 shows in some more detail the structure of the transport 
sector as represented in the model. A distinction is made between 
goods and passenger transport and the different transport modes. 
The specific energy consumption of the different transportation 
systems together with their share of the overall transport volume 
is used to determine the final energy demand by energy carrier of 
the transport sector. 

It should be mentioned that the module allows the computation of 
the energy savings by introducing energy conservation technologies 
like: 

, , 

tranSpI)I't 

FIGURE 3 - Structure of the transport sector 



114 

better insulation of buildings, 
heat pumps, and 
solar room heating systems. 

The output of the energy demand module, i.e. the final energy de­
mand by energy carriers, provides the input for the energy supply 
module. 

2.3 . The Energy Supply Module 

The energy supply module has two tasks: 

1. to calculate the primary energy used to meet the 
final energy demand, 

2. to feedback the employees, the net production and 
the investments within the energy sector to the 
macroeconomic module. 

For calculating the primary energy consumption, a demand orienta­
ted flow model of the mining and conversion processes has been 
built up. Fourteen energy carriers are balanced with the equation: 

IP + HI - EX - BU + sr = PC • FC + NC + DL + IT + or + cr 

From left to right the following items are taken into account: 

Indigenous production (IP) e.g. m1nlng or pit gas, imports (1M), 
exports (EX), bunkering (BU), and changes in stockpiling (ST), on 
the left hand side of the primary energy consumption (PC). final 
energy consumption (Fe), nonenergetic fue I consumption (NC). i. e. 
petrochemical consumption, distribution losses (DL), inputs (IT). 
and outputs (OT) of all conversion processes and consumption by 
the energy branch itself (CT), i.e. the self consumption, on the 
right hand side. 

Four mining processes (hard coal, lignite, crude oil, natural gas) 
and 21 conventional and new conversion processes are considered . 
The conventional ones are cokeries, gasworks, blast furnaces, con­
ventional steam power plants, light water reactors, and heat pro­
duction and refineries. 

The fOllowing new technologies are taken into account: high tem­
perature reactors. fast breeder reactors, and windpower stations 
for electricity generation; methanol production, gasification of 
lignite and hard coal in each case, using the conventional meth­
ods as well as the processes based on nuclear process heat from 
HTRs; autothermal coal liquefaction, hard coal combined cycle 
plants; and. finally, electrolytic and nuclear thermochemical 
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hydrogen production, primarily to meet the hydrogen demand of the 
iron and steel industry when shifting from conventional steel pro­
duction to direct reduction of iron. 

Each process is mainly characterized by its energy output broken 
down to the different energy carriers, the inputs, and the self 
consumption. For the primary energy carriers, the total demand, 
that means the final demand plus input into transformation pro­
cesses, plus consumption of the energy sector plus distribution 
losses plus bunkers, determines the mining up to an upper limit 
and the net imports as a remainder. For the secondary energy car­
riers, the total demand and the net imports determine the output 
of one single, or by market shares the output of two or more, alter­
native transformation processes, the outputs from other transfor­
mation processes being substracted. 

The reserve situation, the maximum of production capacity and a 
share of primary energy consumption which should be covered by 
indigenous production. determine the gross production. After 
substracting the self consumption. the available quantity of crude 
oil and natural gas are computed. Fig. 4 describes the production 
of crude oil and natural gas. 

Con strOln ts 

FIGURE 4 - Working out llhard tl decisions 
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As mentioned before. the second task of the energy supply module 
is the calculation of the number of employees, the gross value 
added, and the investments in order to close the loop economic 
growth - energy demand - energy supply - economic growth. The 
value of these three factors are coupled in general with the energy 
output of the different conversion technologies or with the indi­
genous production in the mining sector. 

2.4 The Environmental Hodule 

The environmental module is an emission model, calculating total 
emissions due to energy consumption aDd conversion by multiplying 
the energy inputs with the relevant specific coefficients of emis­
sion. The calculation of the annual energy consumption is made in 
the energy demand and energy supply module. The specific coeffi­
cients are exogeneous variables which for the past are derived 
from statistics, and for the future are either kept constant or 
changed - in most cases decreased according to different environ­
mental abatement technologies and policies. 

3. OPERATION OF THE HODEL 

The model system can be operated in two ways: 

1n an event-oriented way 
1n a decision-oriented way. 

Using the first method, a set of reasonable and plausible assump­
tions have to be def ined in order to observe consequences after a 
model run in the second, a desired goal has to be defined and 
one has to find the conditions to achieve that goal. The first 
way consists of a straight-forward computation, the second imp­
lies an interactive approach in which normally certain constraints 
have to be observed, often caused by large scale global linkages. 

Both ways allow the investigation of alternative energy scenar10S 
for the future so that the energy system in its complex structure 
becomes transparent with respect to simulated external events andl 
or interferences caused by defined energy policy targets. Even 
the next decision to be taken can be evaluated in its future con­
sequences and a minimum number of necessary actions and decisions 
which will fit into a flexible energy future can be outlined. What 
is practicable and what is controllable can be made apparent and 
an incentive is given to necessary structural changes and innova­
tions. Fig. 4 makes this procedure evident . Within a spectrum 
of lines of reasonable developments of the energy system under 
various conditions and assumptions - economical, technological, 
environmental - it is possible to define a set of decision steps 
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which have to be taken to keep open as many options as possible. 
especially with regard to the long term security of energy supply 
and economic welfare. This set of decisions can be seen as loca­
ted within the circular area of Fig. 4 and represents the minimum 
of decisions to be taken which viII fit into each decision chain 
symbolised by the branching paths defining alternative paths of 
development of the energy system. 

In contrast to traditional outcomes of energy economic planning 
which usually provide, as a decision aid for future planning, a 
so-called energy prognosis and which consists of relatively clear 
statements presenting a future pattern of development, this new 
way of producing decision aids for energy planning does not rely 
exclusively on one future development line, but takes into consi­
deration the possibility and probability of alternative develop­
ments. In this way, a fixed decision sequence which will preclude 
a secure energy supply for different courses of events can be avoi­
ded. The certainty that at least a minimum of decisions which 
have to be taken are reliable and IIhard ll will reduce some of the 
uncertainties which are always inherent in the planning of the 
future. 

4. SOME RESULTS 

The model system has recently been operated in the ways mentioned 
above making possible the elaboration of future. feasible energy 
paths for the Federal Republic of Germany. The conditions for 
realization of these paths revealed for the national energy policy 
some important facts which up to now had not been recognized. 
Policies for conservation of energy and the necessary development 
and market penetration of new technologies could be formulated. 
Besides the projections of future requirements of energy in the 
various sectors of the whole econony, it was possible to identify 
priorities for R&D, in particular, by making apparent IIhardl! deci­
sions - in the sense described above - which have to be taken. 
In the following, a summary outline of the main results [5J is 
given. 

The total economic growth in Germany is and will 
remain - at least in the short and medium term -
the main determinant of energy consumption. Since 
the current dominant political goals assume a de­
sire to solve problems of unemployment and other 
social and political problems by means of economic 
growth, a further increase in energy demand is to 
be expected. The present "glut" in the energy is 
an effect of the present economic situation and 
therefore should not lead to any wrong conclusions 
regarding long-term developments. 
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The future increase in energy demand depends not 
only on economic development but also on the pat­
terns of consumption in energy demand and supply. 

Fig. 5 shows the expected development in primary energy consump­
tion under the assumption of medium economic growth - defined as 
3-2-1 case, that means an average growth of 3% pel' year from 1975 
to 1985. 2% per year from 1985 to 2000 and 1% per year from 2000 
to 2010 - and extrapolation of the historical structures of energy 
demand and supply. 
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FIGURE 5 - Development of the primary energy consumption 
(Trends on continued scenario: 3-2-1 case) 

Under these assumptions, the results indicate an energy demand 
which in 2000 is about 60% and in 2010 about 75% more than that 
of today. 

The primary energy demand structure is impossible 
to realize, because of the bounds for the possible 
availability of individual energy carriers, as seen 
in Table 1. That is very much the case for mineral 
oil as Fig. 6 shows. The lower curve of mineral 
oil imports up to 2010 would correspond to the deve­
lopment of primary energy consumption under medium 
economic growth shown in Fig. 5. 
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TABLE 1 - Possible bounds to future energy availability 
in the Federal Republic of Germany (10 6 tee/a)'!: 
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FIGURE 6 - Development of the net mineral oil import 
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Higher economic growth rates, meaning one more per­
centage point pe r year (defined as 4-3-2 case), would 
make this situation even more serious as the upper 
curve in Fig. 6 shows. 

To minimize such a risk, immediate action must be 
taken. Otherwise the race against time could be 
lost to the disadvantage of the economy as a whole. 

The measures to be taken should be limited to single 
sectors. Thus neither energy conservation nor coal 
can solve the problem alone. A long term set of 
planned measures is therefore required which will 
combine to ensure a secure lIenergy future". 

TO keep open the option for a politically and energe­
tically secure rate of economic growth in the 10ng­
term, the following particular steps, e.g. "hard" 
decisions, must be taken: 

1. Energy saving must be supported and carried out 
with more urgency if an effective contribution 
is to be expected. This effort must extend to 
all sectors of the economy. These last state­
ments should become clear as the results of cal­
culations are presented shortly. which were based 
on the assumptions shown in Fig. 7. 

In the residential and commercial sector, all 
buildings should be fitted with better insulation 
by the year 2010, such that in 2010 50% of all 
buildings for human habitation would be equipped 
with improved means of heat insulations . Solar 
collectors and heat pumps would be implemented 
to the lower levels but only in suitable buildings, 
mainly detached and semi-detached houses. 

It was further assumed that in the industrial and 
transport sectors energy savings are made which 
are shown in Fig. 8. 

In Fig. 8 we see the assumed development of the 
conservation factor in industry (separately for 
fuel and electricity), and in the transport sector. 
The values are based on an estimate of realizable 
and mutually supporting measures. 

Based on such a list of desired measures which. 
although of considerable scope, are still realizable, 
the following results were attained in the various 
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branches of the economy and society (See Table 2). 
Considering only private households, 27. energy 
savings in end energy or 1.5% in primary energy 
could be achieved. This is due to the fact that 
in the historical trend case (Fig.S) energy conser­
vation measures due to present regulations are 
already taken into account. If we include commer­
cial users, which is the sector which provides 
services, 6.57. end energy or 6% primary energy 
savings would be possible. However, the figures 
20% and 16% for the case of a comprehensive energy 
saving strategy in private households, commercial 
users, industry. and transport, make it clear that 
all sectors of the economy and society must be 
involved in order to make a significant total con­
tribution to energy s aving . Nevertheless it is 
obvious that this contribution is not sufficient 
in the context of secure energy planning if we con­
sider that an underestimate in the long term eco­
nomic growth of just one percent (compared to me­
dium growth) would be enough for the effect of the 
energy savings achieved to be cancelled out. 

TABLE 2 - Possible energy savings with alternative 
conservation measures in the year 2000. 
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TABLE 3 - Development of the primary energy consumption 
in the 3-2-1 case (4-3-2 case) 
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In Table ) once again are the results for primary energy consump­
tion in those scenarios which in a sense are an extrapolation of 
historical trends and which differ in their economic growth rate 
by 1%. We see that for the year 2000 the primary energy consump­
tion turned out to be 583 and 698 mtce. 16% savings as compared 
with now would almost exactly correspond to this difference. 

Further steps, e.g. "hard" decisions. to maintain a 
politically and energetically secure long term rate of 
economic growth can be formulated as follows: 

11. The present production capacity for coal must be 
maintained at all costs because large qaantltles 
of coal must be available in the long term. 

111. A long term build-up of coal fired power stations 
should only be allowed if substitution of nuclear 
electricity is necessary. Otherwise coal should 
be used for conversion to other produc ts to be 
able to solve the problems in the oil and gas mar­
ket. So it seems necessary around the end of the 
1980's not to undertake a further construction 
of coal for other purposes thsn electricity pro­
duction. 

In a programme of coal gasification and liquefaction 
plant construction, care should be taken that the 
coal power stations still in operation are supplied 
with fuel for the remainder of their lifetimes from 
the available coal. This point is illustrated for 
the case of brown coal in Fig. 9. A halt to the 
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building of brown coal power stations from 1988 
would mean that the fuel use in the remaining 
power stations would have to falloff according 
to th e curves shown. An agreed programme of al10-
thermal (nuclear) or autothermal brown coal gasi­
fication plant construction takes account of this, 
as Fig. 9 shows. This me ans that the building 
of brown coal gasification plants is such that the 
difference between the available brown coal, rep­
resented by the curve for the trends continued 
scenario, and the coal used in power stations re­
maining after the halt in construction, can be taken 
for gasification. 
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Nuclear "-
coal \ 
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gasification \. 

\~ 
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~ \. 
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FleURE 9 - Brown coal input into power stations 

iv. Nuclear power must have a firm place in the energy 
supply of Germany, both for electricity production. 
and for supplying process heat. Without nuclear 
energy. economic growth could be reduced even in 
the medium term. In Fig. 10, we see the possible 
economic development based on the energy availability 
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in the case of 8 limited amount of 30 GW nuclear 
from the year 1992. A strong deceleration of 
economic growth could be the consequence. One 
might even expect negative growth rates in the 
long term, in spite of the fact that accelerated 
energy conservation measures and orocesses to 
substitute for nuclear electricity were simulated 
in the calculation. 

v. Finally: 
The steps referred to should be further supported 
by other measures which permanently displace min­
eral oil from the end energy sector. Stronger im­
plemention of electricity and district heat is one 
possibility, but also the products of coal conver­
sion such as gas, methanol and heat are suitable 
substitutes. 

By simulating this set of measures, a path of development for the 
energy economy could be worked out which may be seen as realiz­
able. Fig. 11 shows the corresponding primary energy consumption . 

S. SIMULATION MODELS: VALIDATION AND LIMITATIONS 

Finally, it seems necessary to make some remarks regarding the 
validation of simulation models, and the frontiers of model app­
lication. 

Regarding the structure of a model. the question immediately arl­
ses whether or not the model is a reliable representation of the 
real world system in its behaviour. This problem of model vali­
dation is an important task within model development. There is 
no doubt that a procedure to obtain a complete validation does 
not exist. But there are possibilities to analyse at least par­
tially the validity of a model by use of speciel tests based on 
plausibility considerations. Reasonable test procedures are as 
follows: 

The rational and logical inquiry into the model struc­
ture with respect to relevant influence factors and 
reasonable relations between variables. 

The reproduction of system behaviour in the past. A 
positive outcome of this test. however. does not prove 
the reliability of the model. Moreover. this test re­
quires a great amount of time and data. 
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Investigation of the model behaviour in exceptional 
or extre~e environments. Incorrect model relationships 
may lead in such cases to illogical ar.d unexplainable 
results. 
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Despite these limitations, at least a partial validation is a 
necessary and essential part of any model development task. 

Energy models offer energy decision makers a promising means to 
achieve a better understanding of the problems and choices before 
them. To develop the potential of this decision aid and to take 
advantage of it, it is extremely important to be aware of its 
limJtations, It is true that a mAthematical model: 

forces a precise statement of the problem and objec­
tives and requires an in-depth study of the system 
being described, 8S a rule resulting in a better under­
standing of the system, 



offers a framework within which experiments can be 
conducted and the consequences of alternative deci­
sions and actions can be analyzed, and 

is able to handle a mass of data. 
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But it should be kept in mind that a model is not reality; it is 
always only a simplification of the real system it represents. 
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DISCUSSION 

Voss was questioned on his assumption of fixed market shares for 
the different supply technologies in the simulation model. He 
replied that although the market shares were fixed for a given 
simulation, they were obtained from an optimization model and 
manually transferred to the simulation model, so that in effect 
an iteration process was occurring. 

Several participants raised points on the feedback between the 
energy supply model and the national economic model. If consu­
mers' energy bills were reduced through greater energy conserva­
tion they would have more money to spend on other goods, how was 
their increased spending power accounted for in the model? Voss 
replied that increased demand for better insulation etc. was taken 
care of in the model via the input-output matrix, which was exo­
geneous and static. There did not, however, appear to be a con­
sumption function which accounted for the secondary effects eluded 
to in the question. Voss was asked if they had computed the price 
elasticity implicit in the model. This had not been done. 

Another question centred on how increased investments and labour 
requirements in the energy supply sector affected the rest of the 
econOl1}'. Voss replied that if more labour were required in the 
energy sector, less would be available to other production acti­
vltles. In the case of investments, increased demand for invest­
ment goods from the energy sector would cause other sectors of 
the economy to produce more to meet this demand. The input-output 
matrix provided the check on consistency. There was, no capital 
constraint, but a capital feed-back in the model. Neither was 
there any feed-back to vage-rate s of rate of interest as a result 
of increasing sca rcity. 

Voss was asked about his criteria for model validation. These were 
not statistical, he replied, but were based on subjective judge­
ment of goodness of fit for the past 15 years of data. ~uch of 
the work that had been put into the model (about 80%) had gone 
into validation. There, the main problem was sudden changes and 
fluctuations in the past. 

In response to other questions, Voss explained that methanol was 
produced from coal; the environmental module was simply a pollu­
tion model; and that no depreciation of the capital stock was 
included. 


