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Abstract

There seem to be several advantages in using System Dynamics modelling to understand the
behaviour of newly privatized industries. System Dynamics models can develop insights on the
possible evolution of the industry from public to private ownership and from protected to competitive
markets. The implications for business strategy and for the regulatory framework can be examined
under various scenarios.

As part of the privatization of the UK electricity industry a spot market to clear the electricity market
has been created. The main reason for the spot market is to set the half hourly price at which
electricity is traded. A further aspect is that it allows the regulator to set incentives to increase or
decrease the generating capacity according to what he believes is necessary in the long run. We have
modelled capacity investment in this newly created industry on the basis of testing its theoretical
design.

Our model focuses on how the long term development of capacity utilization is likely to evolve, how
-much influence the regulator will have under the current regulatory framework, and how this
framework should be modified to give the regulator more influence on the market to prevent cycles
of over and under capacity.
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Introduction

A system dynamics model was developed to help understand the implications of the gover
intended policy on the UK electricity industry, as initiated in 1990 when that old integratec
utility (the CEGB) was broken up. We were interested specifically in the behaviour wh
proposed structure and regulatory framework would create in the industry. This new struct
without precedent elsewhere. A simulation model was therefore selected as the most effecti
to develop some useful insights. Furthermore, we decided early on that we were interested in tl
term development of the industry capacity, which made it much easier to focus our model.

The resulting model is different from many recent system dynamics models which usually n
simulate mental models of a management team in a company or industry (Morecroft et a
Larsen et al. 1991, Morecroft et al. 1991). The model presented here is intended to test a p:
framework, i.e. the regulation of the UK electricity industry, assuming that the players beh:
relatively rational way. We are well aware that this assumed rational behaviour might not
behaviour the companies in the industry choose to follow. However, if the regulatory framewv
the industry does not produce a desirable behaviour for relative well behaved players, one migl
that even more problems will emerge when the players do not follow what, for the aggregated
are well intended strategies.

The model does, however, have one feature in common with recent system dynamics models,
size. Whereas most previous models in the electricity sector have been large (Garaghty and
1985, Ford et al. 1987) this model is relatively small (around 170 equations altogether but k
100 "active" equations with a large part of the structure replicated for the three different but
companies). Whilst this prevents us from making detailed studies of the industry, such as tt
of technology, distinction between base and peak load etc., the relatively simple model still s
purpose as a tool for understanding the overall industry behaviour.

Modelling Privatisation

Privatization has been the subject of much economic analysis in recent years. There are nu
papers discussing the advantages and disadvantages of privatisation and how it should be can
Here we shall consider three kinds of privatisation:

(i) Privatisation and reorganisation of whole countries e.g., eastern Europe and the CIS.
dynamics models should be of use in this process, modelling the whole economic system or :
it. There is a long tradition of system dynamics for dealing with macro-economic polic
(Khalid, 1986, Forrester, 1977) and there are potential valuable insights from using system d
in this area. '

(ii) Privatisation of existing publicly owned enterprises e.g. banks and large conglomerates
Italy; Elf in France). This is now happening over the most of western Europe, as well as in a
of third world countries. This kind of privatisation comes under the heading of "normal"
dynamics, i.e. the kind of problem most system dynamics models have been dealing with: ti
market and the firm has to find the best strategy to compete in this market. The privatisation
generally be accompanied by a major change in the market structure.

(iii) Privatisation of public utilities. These have been public owned monopolies before priva
and after the privatisation are still heavily regulated, limiting the degree of free market partic
However, these privatisations may go beyond a simple change of ownership and involve the
of more competitive markets as well. Examples of this can be found in the UK wi
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telecommunications, gas, water and electricity industries have been privatised; other countries are now
in the process of following suit.

Here we will focus only on the third kind: the privatisation of public utilities. There is however, no
doubt that a system dynamics approach might be useful in all three cases.

Looking at the privatisation of the public utilities we believe that system dynamics might have a
significant contribution to make in helping to "design" the process of privatisation and especially the
regulatory frameworks in which these privatised companies operates.

The main focus of economic models of market behaviour is on the price, capacity and
advantages/disadvantages of a given number of companies in equilibrium. However it is reasonable
to question whether the system will ever reach this theoretical equilibrium. This therefore leaves a void
in trying to understand how a new market that has been designed for theoretical equilibrium behaviour,
will operate in the short-term. System dynamics models, on the other hand, will be oriented towards
understanding the transition from public to private ownership and the consequences of the regulatory
framework in this transition. A typical system dynamic model will be able to show when this process
starts to go wrong, showing the build up of pressure in the system which may eventually force a
political change in the regulatory framework or the question way the new industry has been designed
(eg the crisis in the coal and electricity industries in the UK in 1992/93). In this way a system
dynamics analysis might help prevent some of these mistakes in the construction of the regulatory
framework. Such an analysis might also help companies to understand how their behaviour influences
the political system, and in this way prevent newly privatised companies from provoking unintended
changes in the regulatory framework.

The model described below has been used to understand how the regulatory framework might be
inadequate or ill designed even in an almost perfect world - i.e. a world where the players behave
rationally. Recent years experience in the UK electricity industry shows that it is very unlikely that
the companies will behave in this rational way. These indications of non-rational behaviour plus the
"design problems" have already led to several threats from both the regulatory body and politicians
to change the way the industry has been broken up or to make major changes in the regulatory
framework (minor changes having already been made).

Background

During 1990/91, electricity generation in England and Wales was fundamentally re-structured from a
single public utility, the Central Electricity Generation Board (CEGB) and split into to two privatized
companies, National Power (NP) and PowerGen (PG), together with a public owned company Nuclear
Electric which has kept all of the nuclear plant. The 12 regional distribution and supply companies
were also privatized (now called RECs - Regional Electric Companies) and able to compete
independently to buy power from all the generators. Furthermore, the National Grid Company (NGC)
has taken over the transmission business, the responsibility for ensuring secure dispatching of
generation and the operation of a daily 'power pool'.

The daily power-pool, operated by NGC, is the market place for buying and selling electricity.
Although various contracts and options are set-up between generators and suppliers, these are just
hedges against pool price fluctuations. In the long term the pool price is intended to give the incentive
to investment in new capacity. This is meant to be achieved by the so-called 'capacity element’ in the
price that generators receive from the pool.

Every day generators submit offer prices for power available from each generating unit in their

company for the following day. The NGC using their 24-hour-ahead demand forecast together with
these offer prices, and a large-scale optimization model, produces a schedule for generating power in
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