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Executive summary
Motivation. The introduction of scarcity pricing has been considered by the Belgian Regulatory Commission on Electricity and Gas as a remedy to recent concerns regarding system adequacy which were raised due to the forced outage of a significant portion of nuclear capacity in the Belgian system.
A recent study by Papavasiliou and Smeers on the implementation of scarcity pricing in the Belgian electricity market demonstrated the potential of scarcity pricing to produce signals of long-run financial viability for CCGT units in the Belgian power system. Following this analysis, the Belgian regulator is considering the eventual implementation of scarcity pricing in the Belgian balancing market. The present paper responds to the requirement of the Belgian regulator to better understand the sensitivity of the scarcity pricing mechanism to various design choices and idiosyncratic features of European and Belgian market design. 
Performed Research. We develop a model that simulates the day-ahead and real-time operation of the Belgian market. This model is used for simulating how the introduction of scarcity pricing would affect the Belgian balancing market on the time interval from September 2015 until March 2016. In previous research, this model has been validated against historical data from the Belgian day-ahead market and physical dispatch, which has been made available to the authors from the Belgian regulator. The model uses a unit commitment formulation for simulating the sequential clearing of day-ahead reserve capacity auctions and a day-ahead energy exchange, followed by the real-time dispatch of the system. The model can be used for recording the excess capacity and ramp capability that is needed in order to compute scarcity pricing adders. These adders are then used for assessing the profitability of CCGT units in the Belgian market with and without the adders.
It is argued that scarcity pricing is compatible with EU legislation due to its ability to signal scarcity where and when needed. In order to validate the adaptive nature of the mechanism, we analyze the behavior of the adder when nuclear capacity was restored into service in the Belgian system in September 2015. We also investigate the sensitivity of the adder to the assumed value of lost load.
Strategic reserve is a temporary capacity mechanism that has been put in place in the Belgian market in order to patch adequacy concerns until a more permanent solution is found. However, it is unclear whether strategic reserve will persist, due to concerns regarding its compatibility with European competition laws and other European and Belgian policy, economic and political drivers. We therefore investigate the impact of removing strategic reserve on scarcity prices.
One of the major advantages of scarcity pricing over capacity mechanisms is that it requires lighter administrative intervention. Although the proper calibration of the mechanism requires parameter tuning, we believe that this is less crucial than in the case of capacity markets. We investigate one specific parameter which affects the level of the adder, namely the assumed correlation of imbalance increments within a dispatch interval.
The ultimate goal of scarcity pricing is to provide long-run signals for investing in flexible capacity. This depends crucially on the ability of the adder to back-propagate to earlier markets. This back-propagation may be undermined in European market design, due to the treatment of real-time operations as a balancing service, as opposed to the true spot market that drives all forward markets. We therefore discuss our results under the two boundary cases where scarcity adders either back-propagate to forward markets, or are exclusively limited to real-time trades.
Conclusions and Implications. We can summarize the conclusions of our paper as follows. (i) CCGT units appear to be able to cover their investment costs over the studied period, possibly due to the drop in natural gas prices and the reduced competition which results from the recent elimination of CCGT capacity in Belgium. (ii) The adders are negligible during the study period, when strategic reserve is kept in the capacity mix. Average adders amount to 0.3 €/MWh. (iii) The removal of strategic reserve from the capacity mix has an important impact on adders. Average adders amount to 4.4 €/MWh. (iv) The increase of VOLL from 3000 €/MWh to 8300 €/MWh has a lesser impact on adders than the removal of strategic reserve. Average adders amount to 0.7 €/MWh. (v) We find that there is a significant positive correlation among consecutive values of imbalances. We analyze two boundary approaches towards estimating the LOLP, which correspond to fully independent increments of imbalance and fully correlated increments of imbalance. These approaches result in considerably different values of scarcity adders. This is due to the fact that, for the same level of standard deviation in 15-minute uncertainty, the different approaches imply different levels of 7.5-minute uncertainty. The latter approach is in line with the high positive correlations observed in imbalance data.
[bookmark: _GoBack]These analyses permit a better understanding of the behavior of the scarcity pricing mechanism, which is a necessary step towards the eventual implementation of the mechanism in Belgium. Our work provides evidence that the behavior of the mechanism is in line with European competition law, and underscores the ability of the mechanism to affect materially the profitability of flexible resources, and overturn the grim outlook on investment in the Belgian market. The study further illuminates the crucial role of back-propagation in consolidating long-run investment signals. This is a particularly challenging question, because some of the preconditions under which scarcity pricing was conceived are not fulfilled under European market design. The impact of day-ahead and real-time market design choices on the ability of the adder to back-propagate is a crucial question which is left for future research.
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