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Overview
[bookmark: _GoBack]Due to concerns on generation adequacy, many European countries have installed or are planning to install a capacity remuneration mechanism (CRM). 
On the topic of CRMs, and their comparison to energy-only (EO) market designs, there have been many discussions. Stoft [1] showed that an energy-only market in which peak-load pricing is applied (i.e., the market price is set to the value of lost load (VoLL) during periods in which the demand and supply curve do not intersect) in theory leads to efficient market outcomes in both the long and the short run.  In consequence, in earlier discussions on CRMs, the focus tended to lie on the distortive effect of setting too low price caps and the resulting  missing-money problem. Later, other market failures aside from price restrictions were argued to call for capacity markets, including among others imperfect information, regulatory uncertainty and risk-averse investment behaviour [2].  

The element of uncertainty and risk has become an increasingly important element in the discussions surrounding CRMs. De Vries and Heijnen [3] pointed out that if generators (and consumers) are risk-averse, the private interests in an energy-only market diverge from the public interest. That is, from the perspective of a risk-averse generation company, it is better invest a bit less capacity than to rely on the highly uncertain revenues coming from price spikes during scarcity situations. In contrast, from a public perspective, it is less costly to have a little bit of excess capacity than to have to pay the high social costs of load curtailment.  Few papers have quantitatively analyzed the performance of energy-only market designs and their alternative with a CRM while accounting for risk-averse behavior of investors. However,  there have recently been some exceptions [4]–[6]. The main conclusions from these papers were that (i) uncertainty and risk-aversion are important elements for the discussion regarding CRMs, and (ii) in the presence of uncertainty and risk-averse behaviour, market designs with CRMs provide more stable investment signals resulting in less need for load curtailment and higher welfare. 

However, the work of  Ehrenmann and Smeers [4] and Höschle et al. [5] was more focused on the formulation of the equilibrium problem and the solution algorithm, and the case studies presented are rather illustrative. The study performed in Petitet et al. [6] is more elaborate. Nevertheless, the impact of certain key CRM design parameters has not been investigated. These include:
· the slope of the capacity demand curve;
· the targeted level of capacity in the CRM. The current studies assume that the target can be set perfectly. This targeted level of capacity is typically taken either to achieve optimal welfare or to comply with politically imposed reliability targets. In reality, setting this target perfectly is not a trivial exercise, in part because of the fact that the target needs to be set a number of years upfront to allow newly built capacity to participate in the CRM. In addition, the instances responsible for setting the target level of capacity (typically the transmission system operators) might also be risk-averse, leading to a targeted level of capacity that might be too high. 

In addition, all these studies have made certain assumptions that could significantly impact the presented results (mainly introducing biases in favor of CRMs). These assumptions include:
· an inelastic demand for electricity (no demand-side response, even after recurring periods of very high electricity prices);
· not accounting for possible emergency measures (aside from load curtailment) in periods of capacity scarcity (e.g., demothballing of generation capacity);
· no hedging opportunities exist (outside of the hedging opportunities offered by a CRM) are considered. In reality, hedging opportunities allow to hedge a part of the risks faced by generation companies. 

The aim of this paper is to gain insights into the importance of certain CRM design criteria and the robustness of the results presented in earlier studies with respect to some of the commonly made assumptions when comparing the efficiency of an energy-only market design to a market design with a CRM. As such, this work complements the current literature on a highly relevant and heavily debated topic.

Methods
This paper employs a game theoretic equilibrium model to determine the long-run equilibrium between different generation companies competing in the markets. The model formulation is inspired by the models presented by Ehrenmann and Smeers [4], and Höschle et al. [5]. A key feature of the model is that agents are assumed risk-averse. This risk-averse behaviour is introduced via the objective function the agents try to maximize. Specifically, the agents aim to maximize a combination of the expected profits and the conditional value-at-risk (CVaR).  To solve the equilibrium problem, an algorithm based on the alternating direction of multipliers method (ADMM) is used, as described in [5].

The model is used to assess the performance of an energy-only market design and a market design with a CRM for varying levels of uncertainty and risk aversion. The performance of different market designs is evaluated in terms of the achieved reliability as well as in terms of social welfare. The equilibrium model is leveraged to perform a parameter study of some of the design criteria of the CRM, as well as on some of the boundary conditions that are assumed when evaluating the performance of a given market design. 

Results
The preliminary results have focused mainly on the base case in which electricity demand is assumed to be inflexible, possible emergency measures (outside of load curtailment) are not considered, the required level of capacity can be determined perfectly and no hedging opportunities are considered outside of the capacity market. 
The results show that it is important to account for risk-averse behavior. Specifically, a first main result is that energy-only markets do not provide the required investment signals to risk-averse investors to ensure the desired level of system reliability, even if scarcity pricing is applied (i.e., the price cap is set to the VoLL). A second important finding is that capacity markets lead to an increase in welfare (with respect to an energy-only market with scarcity pricing) from the moment that agents become only mildly risk-averse. These findings are in line with the earlier conclusions of Ehrenmann and Smeers [4], Petitet et al. [6] and Höschle et al. [5].
Conclusions
The preliminary results are in line with the findings in the literature. The parameter analysis, which is the core contribution of this work, is yet to be started. Expected conclusions are that, due to some of the assumptions made in the recent literature, the efficiency of energy-only markets is underestimated, whereas the efficiency of market designs with CRMs tends to be overestimated. 
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