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Overview
Generation expansion planning in electrical power systems was traditionally based on centralized least-cost planning. However, this approach does not reflect how investment decisions are made in today’s electricity markets. In most markets several generating companies (GenCos) are competing with each other, both in short-run operations and long-run investments. Investment decisions are based on expectations about future prices and profits. Risk and uncertainty also play a more important role, since GenCos now are directly exposed to the volatility in future electricity and fuel prices. In theory, a well-functioning market should provide price incentives for optimal investments in new generation capacity. However, a number of factors, such as limited demand response, price caps, market power, high barriers for new entrants, and long expansion lead times, may prevent this from happening. 

Modelling of generation investments in restructured electricity markets is still a fairly new area of research. It is a challenge to model the strategic business interactions between competing GenCos, and at the same time include sufficient detail in the technical representation of the power system. In this presentation, we describe how we model generation expansion in the agent-based Electricity Market Complex Adaptive System (EMCAS) model. We give an overview of the multi-agent expansion algorithm and show examples of results from applying the model to the South Korean and Iberian electricity markets.
Methods
Agent-based modelling and simulation (ABMS) is a field that is gaining increasing interest for the analysis of restructured electricity markets. In ABMS, market participants are represented as agents with their own sets of objectives, decision-making rules, and behavioural patterns. Agents are modelled as independent entities that make decisions and take actions using the limited and uncertain information available to them, similar to how organizations and individuals operate in the real world. An important advantage of using ABMS for simulating strategic interactions in electricity markets is that this approach makes it possible to include a number of details concerning market design and the operation of the power system. This is important because electricity markets tend to have a highly complex set of rules and regulations, which affect the strategies of the market participants.

In the EMCAS expansion model GenCos are represented as independent and decentralized decision-making agents interacting with each other in a complex, multidimensional environment. Uncertainties in future load growth, hydropower availability, and competitors’ expected future investment decisions are represented in a scenario tree. A probabilistic convolution algorithm is used to simulate system dispatch and market prices under current and potential future generation system configurations, taking into account hydropower availability and thermal generators’ forced and scheduled outages. Each GenCo assigns probabilities to the branches in the scenario tree, and uses decision analysis to find the best expansion decision in each simulated year. The model produces a system expansion plan both by technology and GenCo, and also calculates prices, company profits, consumer costs, and reliability indices for the system. It can be used as an “electronic laboratory” to probe the possible operational and economic impacts on the power system under various market designs.
Results
The multi-agent expansion model has already been applied to several different systems, from hypothetical test cases to real-world electricity markets with detailed input data. In a study of the electricity market in South Korea we found that the energy price cap, which limits the electricity price during periods of scarcity, has an important impact on GenCos’ willingness to invest in new generation capacity. A low price cap reduces investment incentives and is likely to give higher electricity prices in the long run, due to less generation capacity. We also found that new entrants play a very important role, since they are more willing to invest in new generation than incumbents with an existing portfolio of power plants. In a study of the Iberian electricity market (Portugal and Spain) we showed that technology choice is very sensitive to the cost of CO2 emission allowances. We also found that a GenCo’s risk preferences are important for its expansion strategy. Finally, most of the simulated scenarios in the Iberian market showed a cyclical pattern with distinct boom-bust investment cycles.
Conclusions

Investments in power generation are driven by complex interactions between multiple market participants. ABMS is a bottom-up dynamic simulation approach, which is well suited for analyzing price and investment dynamics in electricity markets. The application of innovative modelling tools, such as ABMS, system dynamics and game theory, can offer important insights and contribute to increase our understanding of the long-term consequences of electricity market restructuring.
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