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Abstract

This dissertation is about how Monte Carlo simulation can be used to analyse
electricity markets. There are a wide range of applications for simulation; for
example, players in the electricity market can use simulation to decide whether
or not an investment can be expected to be profitable, and authorities can by
means of simulation find out which consequences a certain market design can
be expected to have on electricity prices, environmental impact, etc.

In the first part of the dissertation, the focus is which electricity market
models are suitable for Monte Carlo simulation. The starting point is a
definition of an ideal electricity market. Such an electricity market is partly
practical from a mathematical point of view (it is simple to formulate and
does not require too complex calculations) and partly it is a representation
of the best possible resource utilisation. The definition of the ideal electricity
market is followed by analysis how the reality differs from the ideal model,
what consequences the differences have on the rules of the electricity market
and the strategies of the players, as well as how non-ideal properties can be
included in a mathematical model. Particularly, questions about environmental
impact, forecast uncertainty and grid costs are studied.

The second part of the dissertation treats the Monte Carlo technique
itself. To reduce the number of samples necessary to obtain accurate results,
variance reduction techniques can be used. Here, six different variance
reduction techniques are studied and possible applications are pointed out. The
conclusions of these studies are turned into a method for efficient simulation
of basic electricity markets. The method is applied to some test systems and
the results show that the chosen variance reduction techniques can produce
equal or better results using 99% fewer samples compared to when the same
system is simulated without any variance reduction technique. More complex
electricity market models cannot directly be simulated using the same method.
However, in the dissertation it is shown that there are parallels and that the
results from simulation of basic electricity markets can form a foundation for
future simulation methods.
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