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Overview

Using an agent-based electricity market model, we study the impact of risk aversion upon the effect of the European CO2 Emission Trade System (ETS) on power plant investment choices. Risk aversion is modeled according to the CVAR approach, in which the worst end of the range of expected outcomes of the investment decision is given a heavier weight. Risk aversion exacerbates potential investment cycles in decarbonization, contributing to the argument for price stabilizing measures in the ETS. The shift away from capital-intensive generation technologies that also is an effect of risk aversion can contribute to decarbonization, if it is a shift from coal to gas, or have the opposite effect, if it is a shift away from coal with carbon capture and storage or nuclear power to gas. 
Methods

EMLab-Generation is an agent-based model of two interconnected electricity markets. It is a long-term model, with a time step of one year, but within every year a load-duration curve with 20 steps is used to simulate the variability of electricity demand. The main agents are the generation companies, who own power plants, make supply offers to the market, make dispatch decisions and make investment decisions. The interconnector between the two markets is allocated through market coupling. There is a joint CO2 market that is modeled after the European Emission Trade system (ETS), which is implemented with one single trading period per year and includes the possibility for the agents to bank emission permits for the future. Because we simulate a long time horizon, we vary basic variables like the growth rate of demand and fuel prices Monte-Carlo style. 

The generation companies are limited in their capability to predict the future, and can thus be regarded as bounded in their rationality, following the definition of Simon (1986). This is the central assumption of the model and a distinguishing element to models which have perfect foresight. Especially for the simulation of policy effects this assumption is useful, since in reality limited information on the side of the market agents results in potentially ex-post erroneous expectations and (investment) decisions. This deviation of market agents’ behaviour from optimality that occurs in reality can impede the effectiveness and efficiency of policies to reach their targets. Capturing this dilemma in EMLab-Generation, enables it to research the robustness of policies against sub-optimal behaviour of market participants.


Power generation companies in the model make decisions regarding short-term bidding and the procurement of fuels and CO2 as well as about investment. Their expectations based on past market data and their understanding of the market structure. They are driven by profit. The generation companies interact with each other and with other agents in markets, and so affect their own state (e.g. cash position) and their direct surroundings (foremost among them the power plants, which are implemented as discrete objects with their own states). We apply EM-Lab to a hypothetical electricity sector that consists of two interconnected zones, based on Great Britain (GB) and CentralWestern Europe (CWE, consisting of Belgium, Germany, France, Luxembourg and The Netherlands). 
Risk aversion is represented in the simulation by considering negative experiences of power generators in the investment process. Following the example of Fagiani et al. (2013) and Fagiani et al. (2014), the risk adjusted objective function is the sum of the risk-neutral NPV and the (historical) Conditional value at risk (CVar), which is also called the mean excess shortfall. The CVar is defined as the expected value of the (-tail of a profit distribution, i.e. the average of all the NPV with a value that is lower than the (-quantile of the NPV. When there is an investment opportunity, the agents choose the technology with the highest risk adjusted value.

We run the model for the following scenarios: the original (‘pure’) ETS, the ETS with Backloading included, the same but also with a minimum and maximum price (price corridor) and, instead of a price corridor, with the Market Stability Reserve (MSR) that is planned by the EU. We model two versions of the MSR, namely the original proposal by the European Commission and the version of the European Parliament. We run all scenarios with and without risk aversion.

Results

The impact of risk aversion is limited, as can be seen in the figure. The main result is that in scenarios in which an investment cycle develops, risk aversion aggrevates this cycle. We capped CO2 prices in our model to 200 €/ton because we do not believe that society will tolerate such high prices for long. This means that scenarios in which the [image: image1.png]‘EUA Price [EURAon]
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maximum price is met are instable, in the sense that political intervention in the CO2 market is to be expected. This may undermine the credibility and effectiveness of the ETS. Investors in electricity generation probably are risk averse indeed, as a consequence of the many policy changes, fuel price volatility and technological risks that characterize European electricity markets. Therefore, a CO2 market design that reduces investment is therefore (even more) beneficial for achieving the CO2 targets. In earlier work, we showed that price controls are an effective instrument (Richstein et al. 2014).

In all scenarios, there is a relative shift towards gas power plants because they have lower capital costs. This confirms earlier results of Gross et al. (2010) and Roques et al. (2008), which describe gas power plants as self-hedged and an analysis of Neuhoff & De Vries (2004) who found that risk aversion leads to investment in less capital intensive power plants. However, the (expected) CO2 prices determine which technology the agents do not choose. If higher CO2 prices seem more probable than lower ones, this shift mainly comes from reduced investment in capital and carbon-intensive power plants such as traditional coal, thus aiding in the energy transition. If, on the other hand, investors expect the CO2 prices to be low, the shift to gas mainly comes from reduced investment in capital-intensive but low-carbon power plants, such as nuclear power. (In our model, renewable energy is paid for by a subsidy scheme that fixes the volume of investment in it.) Risk aversion of power producers thus increases the need for a policy that reduces the risk of low CO2 prices for investors. 

Conclusions

Risk averse behavior by power plant investors may exacerbate an investment cycle in CO2 abatement. The market results are not very different from a case without risk aversion. However, as the risk-neutral case already exhibits large investment cycles in a wide variety of scenarios, risk aversion may be an additional argument for making changes to the design of the ETS that reduce CO2 price risk for investors.
The fact that risk aversion leads investors to choose less capital-intensive technologies may contribute positively or negatively to the achievement of CO2 taxes, depending on the CO2 price. If the CO2 price is high, it may cause investors to move away from highly capital-intensive, low-carbon generation technologies to gas plant. If the CO2 price is low, the shift may be from coal to gas.
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