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Liberalization
• The liberalization has lead to different vertical structures.
• There are different forms of regulation for retailers.
Decarbonization
• Recently, increasing shares of variable renewable generation (wind and 

solar) are transforming the electricity sector.
Tariff design
• In electricity markets, retail prices are mostly based on time-invariant 

pricing, especially for household consumers.
• Smart metering infrastructure would make real-time or time-of-use pricing 

possible.

Generation Transmission Distribution Retailing Consumption
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Literature on time-invariant pricing focusses on the case of retail unbundling
• Borenstein, S. and Holland, S. (2005). On the efficiency of competitive electricity markets with 

time-invariant retail prices.The RAND Journal of Economics, 36(3):469–493.
• Allcott, H. (2012). The Smart Grid, Entry, and Imperfect Competition in Electricity Markets. 

Working Paper 18071, National Bureau of Economic Research.
• Pahle, M., Schill, W.-P., Gambardella, C., and Tietjen, O. (2015). When Low Market Values Are 

No Bad News: On the Coordination of Renewable Support and Real-Time Pricing. Discussion 
Papers of DIW Berlin 1507

Open questions
• What is the efficiency loss from time-invariant pricing under no retail unbundling?
• What is the impact of renewables?
• What are the distributional effects?

US EU
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Demand side
• Demand function ௧ܦ ௧݌ ൌ ݀௧ െ ௧݌ߝ
• All consumers are either on real-time pricing at ݌௧

or on time-invariant pricing at ̅݌

Supply side
• Linear marginal costs of conventional power generation 

for quantity ݍ

• Stochastic renewable generation of quantity ݎ௧ based on 

zero marginal costs

•  ᇱܥ ݍ ൌ ܽ଴ ൅ ܽଵሺݍ െ ௧ሻݎ

Focus: Perfect competition in the short-run



• Time-invariant pricing leads to deadweight losses
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Real-time Pricing Time-invariant Pricing

Example for only conventional production and two demand situations with
• high willingness to pay (peak݀௣)

• low willingness to pay (off-peak݀௢௣)
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Retail Unbundling no Retail Unbundling

• The difference in prices stems from different averaging based on
• quantities for RU
• the gradient of the demand function for nRU

• Efficiency loss is greater under RU
• Consumers may be better off under nRU and TIP due to lower prices

ோ௎݌ ൌ
∑ ௧ܦ௧ோ௎݌ ோ௎்݌
௧ୀଵ

∑ ௧ܦ ோ௎்݌
௧ୀଵ

௡ோ௎݌ ൌ
∑ ௧′ܦ௧௡ோ௎݌ ௡ோ௎்݌
௧ୀଵ

∑ ௧′ܦ ௡ோ௎்݌
௧ୀଵ
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In reality we observe a continuous joint probability function of
renewable generation ሺݎ௧ሻ and reference demand ሺ݀௧ሻ

݂ሺݎ௧, d୲ሻ~ሺߤ௥, ,௥ߪ ,ௗߤ ,ௗߪ ,௧ݎሺݎ݋ܿ ݀௧ሻሻ

̅݌ ൌ 	
1

1 െ ܽଵߝ
ܽ଴ ൅ ܽଵሺߤௗ െ ௥ߤ ሻ

The welfare maximizing time-invariant tariff is given by

The deadweight loss induced by a time-invariant tariff 
amounts at least to

∆ܹ ൌ ܶ
ܽଵଶߝ

2ܽଵߝ ൅ 2 ௗଶߪ ൅ ௥ଶߪ െ ,ሺ݀௧ݎ݋ௗܿߪ௥ߪ2 ௧ሻݎ

,௧ݎሺݎ݋ܿ ݀௧	ሻ



An Illustrative Case Study for Germany

Retail Unbundling and Tariff Design in Electricity Markets| 01.12.2016 | Andreas Knaut 9

Based on data for 2015 we can evaluate the effect of time invariant tariffs.

• Load data from ENTSO-E
• Renewable generation from EEX Transparency
• Day-ahead prices from the EPEX Spot
• Additional charges ܿ based on EUROSTAT for

• Network 68.6 EUR/MWh
• Taxes and levies 151.9 EUR/MWh

Price Wind Solar Renewables Load
[EUR/MWh] [GWh] [GWh] [GWh] [GWh]

Mean 31.6 9.005 3.985 12.990 57.679
Std 12.7 7.227 6.044 8.609 10.247
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The reference demand ሺ݀௧ሻ and the level of demand response to prices ሺߝሻ
are hard to access.

Calculate the willingness to pay based on the
observations for load:

Correlation: ܿݎ݋ ݀௧, 	௧ݎ ൌ 0.256

Time-invariant pricing leads to deadweight losses
of 91.7 Mio EUR compared to real-time pricing.

Example for ߝ ൌ 0.2 ீௐ௛మ

ா௎ோ

݀௧ ൌ ௧݀ܽ݋ܮ ൅ ߝ ∙ ሺ݌ௗ௔௬ି௔௛௘௔ௗ ൅ ܿሻ

Renewables Reference demand
[GWh] [GWh]

Mean 12.990 108.104

Std 8.609 10.247

̅݌ ൌ 	252
ܴܷܧ
݄ܹܯ

∆ܹ ൌ ܴܷܧ	݋݅ܯ	91.7

Average price elasticity of electricity demand is -0.088

̅݌ ൌ 	
1

1 െ ܽଵߝ
ܽ଴ ൅ ܽଵሺߤௗ െ ௥ߤ ሻ

∆ܹ ൌ ܶ
ܽଵଶߝ

2ܽଵߝ ൅ 2 ௗଶߪ ൅ ௥ଶߪ െ ,ሺ݀௧ݎ݋ௗܿߪ௥ߪ2 ௧ሻݎ
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Distributional effects and sensitivity analysis

• Consumer surplus is higher under TIP compared to RTP.

• Deadweight losses increase if
• consumers are more price responsive or
• renewable standard deviation increases.

ߝ ௥ߪ
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A time-of-use pricing scheme can reduce deadweight losses if

• the standard deviation of the reference demand ௗߪ in products is low,

• the standard deviation of the renewable generation ሺߪ௥ሻ in products is low,

• the correlation of reference demand and renewable generation withing one product

is high.

Time-of-use pricing

∆ܹ ൌ ܶ	
ܽଵଶߝ

2ܽଵߝ ൅ 2 ௗଶߪ ൅ ௥ଶߪ െ ,ሺ݀௧ݎ݋ௗܿߪ௥ߪ2 ௧ሻݎ
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• Time-invariant pricing (TIP) leads to deadweight losses.
• Retail unbundling increases deadweight losses under TIP.
• Consumers may be better off under TIP compared to real-time pricing (RTP).
• Deadweight losses depend on

• the gradient of the supply curve ሺܽଵሻ,
• the demand elasticity ሺߝሻ,
• the standard deviation of the reference demand ሺߪௗሻ,
• the standard deviation of renewable generation ሺߪ௥ሻ,
• the correlation of demand and renewable generation ܿݎ݋ሺݎ௧, ݀௧ሻ.

• The derived model can be used for optimized tariff design, e.g. time-of-use 
(TOU) pricing.

• TOU pricing is only able to reduce deadweight losses by ~60%.
• TOU or RTP become more important with an increasing standard deviation of 

renewable generation.
• A deeper understanding of the demand side in electricity markets is essential for 

future tariff designs.
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Example for two demand situations and two renewable production states
• no renewable production

• renewable production of ௧ݎ

No renewable generation With renewable generation

• Result for no retail unbundling (nRU)
• Renewable generation leads to

• a reduction of the welfare maximizing time-invariant tariff (̅݌)
• an increase of deadweight losses
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Retail Unbundling

no Retail Unbundling

ൌ 0


