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Optimization and Simulation in Planning of Systems of Drinking Water Supply:

A Dutch ¥xpericnce

Summary -

For the 4supply of drinking water to the provice of South Holland in the
Netherlands, heavy use 1s being made of infiltration of surface water into the
dunes. This entails that large parts of the dunes have been closed to the
general public. Moreover eutrophication oflthe dunes caused by the polluted
Sufface'water affects the unique duﬁe ecology. Hence there is huch protest
against the use of the dunes and alternative supply systems for drinking_wafer

have to be considered.

The choice 1s difficult. because many possible sources and production tech-

niques are available, some very bromising, but still under development. Also
there are many criteria availabie such as costs, quality, reliability, ecolo-
gical value, recreation, energy, public health, production of waste materials
and institutional aspects. One has to reckon also with existing installations,
long delivery times, uncertain demand, complicated managerial systems at
vérious levels - nationai, provincial and local governments as well as indi-
vidual companies. Many different kinds of decisions are involved concerning
demand,‘maximally allowed extractions of groundwater, size of basins, pipe-
lines, purification piants, contracts between interested parties, etc. Given
the fundamental natﬁre of the cholices to be-made'and the time constants in-
vblved in change of drinking water supply systems and demand a time horizon of

30 years 1s appropriate.

About two years ago (spring 1979) the analysis of the various policies was
entrusted to a combined team of the Delft Hydraulics Laboratory (DHL) and the

National Institute for Water Supply (RID). Two approaches were adopted, simu-

lation and optimization. Simulation was new to-the clients. In the mean time-

we are approaching the end of a, as it looks now, succesful policy analysis.

In the simulation model the development of the drinking water supply system of
South Holland is simulated for the next thirty years given a policy strategy;
a certain demand of drinking and subpotable water and some scenario assump-
tiong like discount rate, water quality standards, increase of energy prices.

An alternative policy strategy generates an alternative development over time
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of the supply system.

This development includes changing capacities and productions of reservoirs,
pipelines, treatment plants, etc. The consequences of these developments are

computed in terms of the effects on the objectives.

In fig. 3 ‘an overview is given of the last version.of the model. Besides the
pfoduction and the capacity module also the quality module 1s of central
importance, This module describes the change of water quality in different
purification steps and the adjustment of the purification system when final
quality does not meet the standards. Such an adjustment means investment

(cost) and leads to higher energy consumption etc.

In the beginning of the study it has been stated that in principle there are

s0 many strategies that it would be impossible to find all attractive solu-
tions using only a simulation model,  In order to guide the search for good
élternatives and to get an impression of what an optimal solution for each
objéctive or combination of objectives looked like an optimization model has

been constructed.

The optimization model is a linear single time step multi objective model. It
was exﬁected that most of the objectives would have more or less linecar rela-
tionships with the decision variables of the model. These variables conceirn
production of potable and subpotable water projects and ‘transport of water by
'pipelines.. The following objectives are considered: costs, water quality,

reliability, public health, damage to nature and energy consumption.

Both models are used in an interactive way. On the one hand results of simula-
tion runs concerning waterqﬁality, energy, costs and public health are used to
estimate coefficients of objective functions for the optimization model. On
the other hand the simulation model is used to detail and to develop dynamic

patterns of "optimal" solutions.

Some of the experiences with the uée of both models until now are:

- The fear of not being able to find all attractive solutions with only a
simulation model proved to be rather pessimistic. After a first analysis it
turned out that only about 20 essentially different policy strategles could

be identified. The optimization model added some solutions but mostly they




were inattractive for all the objeceives not in the ohjective function.

"The optimization model 1is not suited to. find all non-inferior solutions
because of the large variety of combinations of objectives. '
Comparing results of simulated "optimal"™ solutions with the original solu-
tions from the LP model, 1t proved that costs and reliability calculations
in the latter were rather inaccurate caused by assumptions about linearity
and time independance. v ) .

The alignment with actual policy is much better in the simulation model than
in the optimization model. ,

The optimizatién model is useful for quick Insight and broad screening of
alternitives. . | » ,

The simulation model first has been written in DYNAMO (III). DYNAMO was
. abandoned because of technicl difficulties. Experiences with a second so-
phiéticated language (ACSL) were disappolnting because most team members
were not sufficiently familiar with ACSL so that comminication was hampéred.
‘Finally structured programming in FORTRAN was used to the content of all.:
Presentation of results from simulation proves to be difficult. Representa-
tives of interests prefer optimization results to simulation. They only
worry ébout a limited number of objectives.

Systems analysis as a whole has guided the study. It has indicated which
substudies are nceded and with what level of detail and accuracy. In a
complicated study like this,lthis is an important role for systems analysis.
The models and the input needed are a focussing point and form the real

integrating part of the study.
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1 Introduction

In this paper we report on our experiences‘wiﬂ1 a case study where simul-
taneously both system dynamics and optimization were applied. In the intro-
duction'the problem definition is described.

In the ‘second cﬂapter we give some more background information, The third
chapter deals with the pros and cons of the followed approaches, as well as
the expectations held by the two research teams. In the fourth chapter we
present a short description‘of the construdted models. The fifth chapter is

about the practice of the project. We end with some conclusions,

Problem definition

For the supply of drinking water to the province of South Holland in the
Netherlands, heavy use is being made of infiltration of surface water into the
dunes. This entalls that large parts of the dunes are closed to the general
public, Moreover eutrophication of the dunes caused by the polluted surface
water affects the unique dune ecology.

Hence there 1s much protest against increasing infiltration. From different
sides alternative drinking water supply systems have been suggested.

The choice is difficult because many potential sources and production tech-
niques are available, some'very promising ones still being developed. Also
there are many criteria such as costs, quality, reliability, damage to nature,
recreation, energy, public health, production of waste materials and institu—-
tional aspects. In addition one has to reckon with existing installations,
long delivery times, uncertain demand, complicated managerial systems at
various levels - natilonal, provincial and local governments as well as indi-
vidual companies. Many different kinds of declsions are involved concerning
maximum allowed extraction of groundwater, size of reservolrs, pipelines,
purification plants, contracts between interested parties, etc. Moreover given
the . fundamental natﬁre of the choices to be made and the time constants in-
volved in change 6f drinking water supply systems and demand a time period of

30 years into the future has to be considered.

About two years ago - spring 1979 -~ an integral analysis of the various ex-
isting policy options was setup by the National TInstitute for Water Suapply
(RID). A steering group consisting of representatives of several goveramental

agencies, both at the national and the provineial level, was installed. Tt had



to approve the various study.proposals and monitor the progfess of the anal-
ysis. The aim of the analysis was to generate an overview of the different
possible future developments of the water supply system of South Holland "and

to compare these Iin terms of the various objectives.

When the study started some knowledge about separate relationships between,
e.g., sources, plpelines, quality and prices existed. However in general this
knowledge was incomplete. Hence many substudies would have to be commissioned
concerning detailed topics, such as, effécfs of different supply systems bn
nature, on recreation and on hydroiogy. "The existing and newly generated
“knowledge would have to be integrated into a to be developed, general frame-
work., This fr;mework should fulfill the double role of firstly enabling the
desired overview and comparison; secondly, while it was being built and test-~
ed, 1t would point to sensitive gaps in knowledge. In this second sense this
framework would serve an Important managerial role during the analysis. The
generation of the framework was entrusted to a combined team of the RID and
 the Delft Hydraulics Laboratory (DHL). RID had a background in optimization,

DHL was 1interested in simulation. Both approaches, optimization and simula-

tion, were considered appropriate for the problematique at hand, and were

adopted for the analysis.

g e e s




2 Background information

In this chapter ﬁe give some background information about the following com-
plicating important factors:

- organizational complexity of the study

- political complexity

- many detalls at a very disaggregated level

uncertainty.
Organizational complexity of the study

 The orgénizational setup of the study was as follows. The project leaders of
~the RID and the DHL together with the project leaders of the substudies formed
a study coordination team. Only the chairman of this study team reported to
the steering group consisting of representatives of the concerned governmental
agencies at- the ﬁational and provincial 1level. The principal task of the
" steering group was to grént permission or not for parts of the system study
and substudies. Further this .group had to decide about proposals for decision
criteria, drinking water standards, etc., The group was not allowed to take any
political decision. It had a bridging function between planners and consul-
‘tants on the one hand and .policy makers on the other hand. These last two

groups did not communicate directly with each other,

As already mentioned, the system models functioned also as instruments to
manage the progress of the whole analysis and to direct the substudies so that
uncertainties in the final results were minimized given time and money -con—
straints. This applied especially to the substudies on damage to nature and on
recreational effects. It took much effort to keep specialisté in these fields
within the bounds of the systems analysis. Despite this not all specialisms

have been fully integrated at this moment.

Politiéal complexity

In South Holland three different policy levels can be recognilzed:

1. At the level of national and provincial agencies one has authority over the
maxlmum quantities of water which are permitted to be extracted from riv-—

ers, from ground water reservoirs and from the dunes. At this level also

one decides about standards for quality, health, reliability, etc.




2. Given the constralints set at this first level local drinking water com-
panies can decide about mutual deliveries thus shaping the provincial

networks of pipelines for various categories of water,

3. Dependent on the decisions taken at the first and second policy levels the

various drinking water companies make their individual technical plans.
This analysls was directed to policy makers at the first level.

Some members of the steering group were concerned with such particular drink-
ing water variables as costs and quality of driunking water, effects on public
health, reliability of the supply system and enetgy consumption, Other members
from different national agencles were mostly céﬁtérnéd with the environmenf
and conservatlon of nature. Others, still, dealt with recreation. Provincial
representatives were in charge of the total physical planning. Thus the mem-

bers of the steering group had many conflicting objectives and interests.

Many details at a very disaggegrated level

. Both demand and supply are distributed over the province (see fig. 1). We
-consldered 1! points of demand for drinking water, first 25, later on 34
drinking water plants, 9 plants for subpotable water including reservoirs,
and separate networks of pipelines.for drinking water and for subpotable

water.

. Water quality from sources to the polnts of demand has been defined in terms
of mean and standardvdeviation of concentrations of 12 quality parameters.

For purposes of public health 11 more parameters have been'considered;

. More then 10 different purification steps have been distinguished. These
could be combined in numerous ways into a: purification plant. Depending on
the composition of the purification plant quality and cost of drinking water

and damage to nature, ctc. have been calculated.

« Decision criterfa such as costs, quality, reliability, public health and
institutional aspect had to be known for a period of 30 years not only at

the provincial but also at a local level,
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Fige. 1. Drinking water transport system.




Uncertainty

There was considerable uncertainty concerning the following important develop-

mentss

—

future demand of drinking water
enefgy prices

new purification possibilities
cost of drinking water etc.

quality of the various sources.

Additional uncertainty was caused

discount rate, etc.

and its distribution over the province

and their effects in terms of quality and

by input data and such economic variables as



3 Modelling approaches

The amount of detail and the number of different decision criteria and alter-
natives made a modelling approach obvious. Because of thé dynamic character of
the problem with many non—-linear relations, maﬁy_objectives and many decision
makers at different levels simulation was attractive. Hence initially the
combined RID-DWL team focussed on simulation. ’

A simulation model is an analytical model, i.e., exogenously defined policies
are inputs and objectives such as costs and quality of drinking water are

outputs.

The RID feared that there were in principle so many potential alternative

policies that it would not be possible to survey the outcsme of all of them

and to be sure that all attractive alternatives could be found.

Therefore to guide the search for attractive alternatives and to get an im-

pression of what optimal solutions for the various objectives or combination

of objectives look 1like an optimization model has been constructed. This

optimization model is a policy model, i.e., given objectlves 1t selects an

optimal policy out of all possible policies.

. However there were various difficulties with the optimization approach as

well, . A

~ There were so many objectives and these objectives could be combined in so
many alternative ways that also the optimization approach could necver cover
all the attractive solutions.

~ The many objectives required multi-objective programming. However the dis-
tance between planngrs and policy makers was too large to make estimates of
reasonable weights for objectives feasible. Hence normal multi-objective
programming was impossible. Moreover the process of assignment of weights to
ijectives would not correspond to the actual real desiclons to be made,

— In stead of one decision maker as is normal in optimization theré were many
decision makers at different levels,

~ The dynamics of the problem would have to(Be handled by means of dynamic
programming.

— There were essential non linearities in the system.

In order to deal with all these complications a very sophisticated optimiza-
tion. approach would have hoen necessary., This would have led to a very compli-

cated model with probably not very accurate results., Notwithstanding these
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difficulties it has been decided that a relatively simple linearvoptimization

model would be built for a broad screening of alternatives.
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4 Structure of the models

Simulation model

Before the study started DHL constructed a simple simulation model with 2
points of demand, 3 plants, production and costs in balance sheets. The pur—
pose was to acquaint water resources planners with simulation and to get a

first insight in the problem,

In the first year of the study (1979) the combined DHL-RID team built a second
model . consisting of 4 modules: demand, production and capacity, quality and

costs [see fig. 21.

DEMAND
MODULE

!

PRODUCTION
AND
CAPACITY
MODULE

Wy

QUALITY COSsT
MODULE —p MODULE

Figure 2 Basic structure of second simulation model

" The central piece of the simulation model was the so called productlon and
capacity module. An important element of this module was the adjustment mecha-—

nisn of capacity to demand (see flgure 3).
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b,predicted

demand
.demand

R
predicted necessary

capacity

D —— ad justment of

capacity

—eaty. capacity

Figure 3 Capacity adjustment. (The arrows indicate causal influences)

The demand was assumed to be independent of costs. It always had to be met.
Hence demand could develop according to its own rules.

Along with the demand module a forecasting mechanism was 1nc1uded. This intro-
duced deviations of forecasted demand from realized demand. As a consequence
sometimes capacity and demand did not fit precisely.

Using this construction it was possible to simulate the historical develop-
ments of capacity and demand very accurately., This eunabled us to study appro-
priate planning mechanisms, which were deemed important given the historical

uncertainty of demand. .

An other dimportant part of the production and capacity module, missing in
figure 3, is the allocation of demand to supply points. It occurs six times:
for actual demand and. both for short and long term forecasted demand for both
subpotable water and drinking water. (A distinction between short and long
term forecasts had to be introduced because of the different planning horizouns
for purification plants and pipelines.) ‘

The allocation mechanism operates on the basls of preferences of demand points
_ for suppliers and the other way around. A precise sequence of prefered de-
liveries from supply points to polints of demand is setup. According to this
sequence demand 1s allocated to the corresponding supply points as far as is
still needed and possible. This allocation mechanism end the preferences on
which it is based turned out to be clearly understandable and can easily be
interpreted in recallty. Important 1s also that the preferences underlying the
allocation are mostly determined by the drinklng water companies who largely

agree on thelr values. In the model a policy 1s determined by setting prefer
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ences for the deliveries and maximum capacities for the supply polnts. The

latter quantities are in the hands of our clients.

Corresponding tho these policles the simulation model generates solutions: i.e.
time dependent water supply systems. There effects in terms of the decision
criteria such as costs and quality were all derived starting from the produc-—
tion and capacity module. ,
In the first year of the study about 100 plants and pipelines were considered.
Numerous array manipulations had to be executed. First we tried to use Dynamo-
111 with some FORTRAN-subroutines. Unfortunately Dynamo~I1II did not perform to
fts specifications and we lost 4 month and also much of our impetus. Finally
we decided to use an other sophisticated language, ACSL (Advanced Continues
Simulation Language).However, in the beginning of the second year of the sﬁudy
the experiences with this language were disappointing too because most team
members were unfamiliar with it and the communication stagnated. Turthermore
the differences between forecasted demand and realized demand caused endless
confusion to those team members who were more familiar with the optimization
bapproach. Therefore we built a third simulation model using structured pro-
gramming in FORTRAN in which demand and forecasted demand were taken from the
same demand scenario which was supposed to be perfectly known. Five new mod-
ules for effect calculations of prqduction and capacity developments were
added.- An even higher number of plants and pipelines have been considered. In
figure 4 an overview of the last version of the model is presented without

, *
further comment” .

The optimization model is a linear single time step multi objective model, The
objectives are assumed to be lincarly dependent on the decision variuﬁies of
the model. These variables are productions and transports of drinking water
and subpotable water. |

The following objectives were considered: costs, water quality, reliability,

public health, damage to nature and energy consumption.

T Bresser, AJLM. and Pluym, W.K. "Multi-objective planning of the water
supply for the province of South Holland', Leidschendam, RID, 1981,
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DEMAND
MODULE OF : ELIABILITY -
INSTITUTIONAL  fgd o FREL nY
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PRODUCTION OF | : coST
MATERIAL |¢
) |
PUBLIC HEALTH " QUALITY ENERGY
MODULE — MODULE R MODULE

Figure 4 Overview of third simulation model

Optimization model

To give some more insight into accuracy and levels of detail we next compare

the cost approaches in both models,
Costs in simulation

Fixed costs sometimes are as much as 80% of the total costs so it is important
to calculate them accurately., In the simulation model fixed costs are depen-
dent on the capacity expansion of each element (economics of scale). For the
calcﬁlations of present values of solutlons also the year of investment has to
be known. So the total development of investments over time 1is computed,
Calculation of f[ixed costs per m3 of water is done with the so called anuity
method (average unlt costs, Hall® e.a., 1970). Energy costs are dependent on

the production and the availlable pipes. Other variable costs only depend on

ki

Hall, W.A. and Dracup, J.A. "Water Resources Systems Engineering'" Chapter 6,
Vater Resources Investment Timing, New York, McGraw-Hill, 1970. :



production. TFixed costs per m3, enefgy costs and other variable costs are
summed up to total costs per m3 (time dependdnt).
In order to calculate the total present valuc all costs are discounted to the

same year (1980),.
Costs in optimization

Each element of -the system has ecoefficients for fixed, energy and variable
costs. These coefficients are independent on the necessary capacity expansion.
In other words economics of scale do not play any role in this approach. Also
the time pattern of the investments is not compﬁted so that it is impossible

to calculate a meaningful present value.
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5 Modelling practice

In thils chapter we shall discuss how the models have been used during the
study. Both were applied separately from each other and in interaction. Two

_different interaction patterns werc possible,

~ The simulation model generates input for the optimizatlon model (simulation

> optimization).

- By means of simulation solutions of the optimization model are detailed

(optimization » simulation).
Simulation » Optimization (figure 5)

The detailed output of the simulation model could be used to calculate coeffi~
clents for the objective functions used in the optimization model such as:

~ drinking water quality indexes

public health indexes

3

- costs per m” water

- energy consumption per m3

TIME DEPEN -
DEND PRODUC -
TION CAPA -

INITIAL INPUTS / ciry

B s e % -
SIMULATION

MAX. CAPACITIES MODEL

PRIORITIES TIME DEPEN - INPUTS

R DEND EFFECTS OPT. MODEL OPTIMIZATION
DETAILED AND »| COEFFICIENTS b *MODEL
AGGREGATED CONTRAINTS .

Tigure 5 Relations simulation » optimization

This approach was not without difficulties. Given inprecise data, the simula-
tion would yield a range of outputs which in turn would be used as input for
an also sensitive optimization. model,

In additlon, it turned out that costs were rather sensitive to the chésen

policy (simulation). As input for the optimization model we took mean cost



values from a grecat number of simulatlion runs.
Optimization + Simulation (fig. 6)

A solution of the optimization wmodel could be translated into maximum capaci-
ties and a priority sequence so that simulation runs could bhe made correspond-
ing with the optimization run. In this way the capacity expansion and a de-
tailed description of effects and their developments over time could be gene-
rated,

Next results computed>w1th the simulation model could be compared with those

of the optimization model.

. MAXIMUM -

SINGLE TIME

OPTIMAL ' .| CAPACITIES .| simuLaTiON
INITIAL INPUTS PRODUCTION »| PRIORITY M MODEL
CONSTRAINTS OPTIMIZATION
COEFFICIENTS MODEL -
OBJECTIVE

SINGLE TIME
FUNCTIONS \ EFFECTS

HIGH AGGRE-

GATION

Figure 6 Relations optimization » simulation

In our modelling practice we used this second kind of interaction only a few
times because of lack of time. A comparison of the optimal solution with the
simulated optimal solutions showed that costs calculations of .the optimization
model were rather inaCCurate because of the assumptions about lincarity and
time independency (see table 1).

Further comparisons of results on costs of bhoth models showed that uslng the
simulation model better solutions could be found than the cost optimal solu-

tion detected by the optimization approach. An important remark is that the
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best cost criterium f{rom the cost benefits point of view is iIn our case the
discounted cost made during- the planning period. A static »quel like our
optimization model can never produce such a time dependent cost criterium.
This 1s a second reason to be wvery careful with cost resulis of the optimi-

zation model.

Reliability calculations -of the optimization model were less accurate than

simulation calculations. So for this objective no conclusion could be drawn

from optimization.

cost optimal reliability quality
solution optimal, optimal
Dimension solution solution
opt. sim, opt. sim. opt, sim.
cost price [DFL/m3]  1.33 1.06 1.85 1.36 1.81 1.58
[year 2010]
reliability _ : -
[pot delivered [0/00] 0.94 1.82 0.47 1.92 1.09 1.89
quantity, year '
2010]

Table 1 Optimal solutions from optimization model (opt.) and simulated

versions of these optimal solutions

Both models were used very intensively to guide the various sub-studies. One
of the first results' of the simulation model was that given the priority
sequeﬁce of drinking water companies and cities some parts of the province
South Holland and some projects would never interact with the future water
supply in the rest of the province. An analysis with the optimization model
using different combinations of objectives affirmed this first result. So a
lot of field work for recreation and damage to nature could be reduced. Fur-
ther we used both models to define upperbounds f0r the capacities of projects.

This again meant an Important reduction of fieldwork.

“Finally we found attractive solutlons using only the simulation model. We
alrcady mentioncd that the only policy instruments available to our clients
are maximum capaclties. Yrioritics of drinking water companies are given to

them, So, in principle, only one priority sequence had to be taken into ac-
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count in our search for attractive solutions. Only slide variations in this
sequence caused by rather indifferent priorities had to be investigated.
Varylng the maximum capacity of projects systematically and using the prior-
ities' of drinking water companies it turned out that only 20 essentially
~different solutions could be found. An important drawback of this approach is
that all kinds ofvundesired present practices of drinking water companles are
extrapolated into the future. Disregarding some of tﬁese doubtful priorities
another 5 solutions could be distinguished. Especially the simulation model
‘helped to find out that many alternative policies of our policy makers re-

sulted in the same solution.
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6 Conclusions
Design of the study

. Early in the study much time has been spent on the definition of the policy
problems, the screening of existing knowledge, and the identification of
gaps in this knowledge leading to substudies. Much attention has been paid

“to the setup of the system study and the substudies so as to minimize the
uncertainties in the final results given time and money constraints. This

time proved to be well. spent.

. During the study the system analysis has guided tHe research process., 1t has
“been used to define the substudies as to the required level of detail,
allowable level of uncertainty and the kind of results needed. It has indi-
cated what kind of new substﬁdies should be executed and when substudies
should be stopped. In a complicated study like this systems analysis has to

play such a central role.

. One of the hardest problems has been the need to keep specialists in the
fields of recreation and nature within the bounds of the systems analysis.
This has taken much effort. Despite this not all specialisms have been fully
integrated yet.

Simulation and optimization models

Instead of starting an analysis, like the one described here, by means of a
complicated and detailed simulation model in order to screen alternatives and
then determine precise optimal solutions using an optimization model we recom-
"mand in similar studies the opposite approach:.first use an optimization model
for a rough but systematic screening of inattractive options (supply points,
"purification methods, pipelines, etc.) and for a first delineation of sub-
studies. After this rough screéning a simulation model must be used to gener-
ate attractive solutions in great detail and accuracy, and with an explicit
representation of developments over time and for further guidance of sub-
studles.

In such an approach it 1s essentlal that the optimization model 1is simple so

that 1t takes little time to collect data and to build the model.



- 22 -

The point is that in the political process it is necesary to apply formal
methods to exclude relatively large numbers of sometimes obviously, inattrac—
tive options. Inclusions of such options 1n the study requires much extra

effort especially in data collecting.

" In our case we built both models at the same time. The screcening task of the-
optimization model in the first phase of the study could not be executed
because the model was not ready. Some substudies had been carried out before
the analysis with the models showed that these substudlies were not necessary.
Another coﬁsequence was that the optimization model seemed to be superfluous
because the screening had been done iInformally using only the simulation
model. : .

« The interactive use of both models was interesting because:

- the interaction lead to objective functions (quality, public health) or to
more accurate objective functions (costs, energy) for the optimization
model.

- development over time of optimal solutions could be simulated very easily.
Sometimes if necessary; optimal solutions had to bé adapted to effects of

developments over time.

. A serious problem was the inaccuracy of the static and linear optimization
model. Comparing optimization results with simulation results concerning
reliability for example it turned out that optimization calculations were

too inaccurate for further conclusions.

. For the detailed calculations with the simulation model numerous data are
needed. It is important to get these data In a early -stage of the model
building process 1In order to add realism to the solutions and build up

confidence.

. The simulation model used structured programming in FORTRAN. All team mem-
bers were familiar with FORTRAN so that communicatlon about model details
was véry easy. No great structural alterations were needed after the initial
stages of model building so that the inflexibility of FORTRAN was not too
bothersome, Experienées with the simulation languapges DYNAMO IXI and ACSL in

earller stages of the study were disappolnting.
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Results and presentations

. There are so many alternatives and criteria that it is very difficult to

draw formally hard conclusions without using multi criteria analysis.

. The individual members of the steering group for the study prefered the
presentation of the optimization results over that of the simulation re-
sults. The reason being that the individual members of the group were inter-
ested in.only one or a few objectives and the optimization results were
presented in two dimensiénal trade—offs., It dis 1likely, however, that the
presented optimization results have sometimes been misinterpreted by members

of the committeec. ' N

. Presentation of results in objective space is not sufficient. Also concrete
elements of the solutions, such as projects, have to be specified in the
presentation of the results because not all criteria used in the final

political decision process are explicitly stated in the study.

. The big advantages of the simulation model were its level of detail, flexi-
bility, adaption to the political reality, and insight in the effects over
time. The simulation results, however, were much harder to.interpret. Since

all objectives were still present and also time was important.





