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Overview
The long-run capacity adequacy in energy-only markets is claimed to be threatened because of the missing money problem, i.e. the market’s inability to price-in the scarcity of generation resources in peak-load situations. At the same time, the rapid expansion of intermittent renewable capacity has created a situation where the scarcity situations occur also in normal load conditions, and within the balancing timeframes. Overcoming the new scarcity-challenges in the timeframes closest to the delivery period have become the key to assuring long-run capacity adequacy.
The intermittent nature of autonomous renewable generation means that the market volatility is not isolated to the day-ahead wholesale market level, but an increasing share of system ramping needs emerge only after the gate closure of the day-ahead market, or even within the last hour before delivery. This implies that an important part of the capacity scarcity is revealed in (and valued through) the balancing markets. 
It can be shown that in the balancing power auctions only the capacity price bids should be used as the scoring rule, whereas the settlement rule should be based on energy price bids only. The auctions for the system balancing reserves in Germany follow indeed the two principles. There are, however, several market design features in German power markets that may leave room for economic efficiency improvements. For example:
· The ex-ante auctions of secondary balancing power are held weekly (until 06/2011 monthly);
· TSOs hold balance responsibility for renewable generation and trade in intra-day markets; and
· Imbalance settlement price is average-cost based (not based on marginal price).

Ideally, the intraday market serves as a platform for balance responsible parties to adjust for imbalances after the day-ahead market. The liquidity in the market is however doomed to remain limited as long as the balance responsible parties are not exposed to the full system imbalance costs. Attempts to artificially increase liquidity may make matters worse: The TSOs’ dual role in Germany as the system operator and as the balance responsible party for intermittent renewable portfolios leaves them with mixed incentives potentially distorting the markets. 
We use German power market data to empirically investigate the interaction between the wholesale markets, the balancing power reserves and the balance responsible behavior. The importance of the above-mentioned peculiarities in German market design are tested in particular.

Methods
The price processes in the intra-day market are estimated with the developed SARIMAX-model. It is studied whether the prices of the ex-ante auctioned balancing power reserves (and the TSOs’ private information of the costs) effectively constitute a price cap in the intra-day market, and thereby affecting also the day-ahead market. The econometric model is also employed to investigate to what extent early unit commitment and price volatility contribute to the implicit price premia in reserves auctions. 
[bookmark: _GoBack]By extending the analysis to cover the evolvement of the wind and solar output forecasts reveal further details of intra-day and balancing market efficiency. 

Results
The econometric analysis of the prices of activated minute reserves and secondary reserves, in combination with the day-ahead and intra-day market data, reveal details of how flexibility in German power markets is valued. We expect to find some evidence that the current organization of the balancing power markets and allocation of balance responsibility dampens the price in intra-day and possibly in day-ahead markets. Existence of such undue pricing of flexibility, essentially aggravating the missing money issue in the wholesale markets, jeopardizes economic efficiency and would imply room for welfare gains through adjusting the power market rules.
Findings will be concluded with implications to the market design options in general and in the German context in particular. 

Conclusions
The dynamic short-run and long-run effects of the missing money problem to peak generation and system reliability are well documented in the academic literature. The necessary conditions for incentive-compatible rules for reserves auctions are likewise widely accepted. The practical importance – especially in the light of the increasing market fluctuation, of the balancing market design parameters, is yet to be fully demonstrated.  
Our paper contributes to the discussion by empirically testing
· The importance of the TSOs’ private information of the balancing costs in shaping the prices in the intra-day market;
· The joint effect of early unit commitment and increased price volatility on the price premia; and
· The link between the gradually shrinking forecast errors and the evolvement of the marginal value of balancing. 
The developed econometric models together with the discussed results bring further evidence of the economic implications of the German balancing power market design features. 

