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wind is a powerful source of energy... 
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... but occasionally not 
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Integration of RES motivates the re-evaluation of storage 

• High-pace transition of generation landscape 

–  20%   RES by 2020     (RES-directive 2001/77/EC) 

–  35%   RES by 2020 and 80% by 2050  (EEG-2012, § 2 Abs. 2) 

 

• Integration of intermittent renewables being a challenge 

– Wind and PV with very low capacity credit 

– Availability of controllable thermal capacity not evident 

 

• Electricity storage as natural complement – really? 

– Extension of storage capacities vowed by politicians 

– Surge of pumped-hydro storage projects in Germany 

– However, only one option next to thermal "backup" plants 

 

 

 

Efficient storage capacity to be determined 

http://upload.wikimedia.org/wikipedia/commons/b/ba/Flag_of_Germany.svg
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Model builds on peak-load-pricing literature 

• Goal: Analytical derivation of efficient storage capacity 

– Large-scale storage 

– Turbine/pumping power 

– Social optimum 

 

• Theoretical literature 

– Two-period peak-load-pricing models: Jackson (1973), Gravelle (1976) 

– Optimizing individual plant's profit, e.g. Horsley and Wrobel (2002) 

– Efficient storage operation: Crampes and Moreaux (2010) 

 

• Contribution 

– Efficient storage capacity in view of RES and controllable plants 

– Departure from two-period setup 
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Load is met by two thermal technologies, RES and 

storage 
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Welfare optimum obtained by minimization of total costs 
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Step 0: No storage, no RES 
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Step 1: Storage as peak-load plant (               ), no RES yet 
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Step 1: Storage as peak-load plant (               ), no RES yet 
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B. Maximum generation time 

• Round-trip efficiency 

 

 

A. Storage part of portfolio 

• Round-trip efficiency 

 

 

• Investment cost  

disadvantage 

 

 

 

Step 2: Constraints for mid-merit storage (                ) 
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Step 2: Solution for mid-merit storage (            ) 
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Final step: Introducing renewables 
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High shares of RES generation cause steep residual LDC 
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Five controllable generation technologies considered 
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Investment costs of German pumped-hydro projects 
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Result: Growing storage capacity with RES share 

 – as long as CO2 prices are not too high 
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Summary and conclusion 

• Peak-load-pricing based on load duration curve provides unifying 

framework for storage efficiency evaluation in the presence of RES 

and controllable plants 

– Critical cost level for storage being part of the portfolio 

– Influence of central cost parameters on storage capacity 

– Role of RES: excess generation vs. shape of residual load duration curve 

• Case study for Germany shows high dependency on CO2 costs 

– Efficient storage capacity 50% with higher RES generation, despite lower 

peak load 

– However, inefficient with CO2 costs of from € 25, except with RES share 

above 40% 

– Surge of German pumped-hydro projects coming too early? 

• Trade-off between larger turbines and larger reservoirs still has to be 

evaluated 

– Load duration curve as basis has no information on cyclicality 

– Optimal reservoir capacity to be evaluated in a next step 
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Thank you for your attention! 
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Condition for mid-merit storage being part of the 

portfolio 
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German pumped-hydro storage capacity 
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German pumped-hydro storage capacity and new 

projects 
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German pumped-hydro storage projects until 2019  
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Parameters of German pumped-hydro storage projects 
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Estimate of time spread arbitrage potential in German 

market 
Logic Results 2002–2010 

Price duration curves EPEX Spot, 01/08/2010 
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