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Research Question

 How well integrated are European electricity markets?
 Assessment of current state of well-functioning of market 

interaction

 Propagation of EU internal energy market

 Why market integration?
 Supply security – enhanced balancing of supply
 Reduces need for reserve capacity
 Better integration of intermittent renewables
 Increases welfare (and consumer surplus) through allocative 

efficiency
 Induces competition 
 Limits market power (strategic withholding of capacity)
 Mitigation of uncertainty (better investment signals?)
 Reduction of spot prices (on average, but winners & losers)
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How to Integrate Markets?

 Investment in interconnector capacity
 Reduction of (intra-market) transmission bottlenecks
 Market coupling: efficient auctioning of capacity
 Explicit auctions: 
 Power and interconnector capacity are auctioned separately
 Consequences: coordination failures and strategic withholding of 

interconnection capacity
 Implicit auctions: 
 Power and interconnector capacity are auctioned simultaneously

(and synchronization of market rules, e.g. closing hours)
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Price Convergence

 Market integration is a prerequisite for price convergence
 Market coupling
 Uncongested interconnection capacity
 Unconstrained electricity trade: Law of One Price holds (!)
 Caution: “spurious” convergence (!):
 Markets’ merit orders determine magnitude of price differences 
 If supply & demand similar, prices converge (but not because of 

trade)
 Price convergence from market integration
 On average lower prices, but…
… Prices in high-price market decrease 
… Prices in low-price market increase
 Creates winners and losers!
 Thus, practical implementation of market integration cumbersome
 E.g. discussion on market splitting between DE and AT
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Share of Electricity Traded at 
Power Exchanges

 Share of electricity traded via power exchanges increases
 Rising significance of power exchanges over time
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Low degree of integration (?)

 Changing supply structures (more RES) lead to drop in spot prices
 Some markets seem better integrated (DE, FR, DKe) than others (IT)



 Market coupling has led to reduction in congested hours
 Over time, congestion increased (due to RES production 

in DE)

DE-FR: 

 Without market coupling, congestion throughout
 In absence of market coupling: capacity misallocation 

interconnectors congested in both directions

DE-HU: 

Direction of Congestion
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Methodology (1)

 1st stage: Cointegration analysis:

஺ܲ,௧ ൌ ߙ ൅ ߚ ஻ܲ,௧ ൅ ܼ௧:

 systematic difference (transport costs, institutional differences)…ߙ
long-run equilibrium relation between PA…ߚ and PB

1. Full convergence (full market integration):
 ଵߙ ൌ 0, ଵߚ ൌ 1, if export < capacity and market coupling = 1

2. Partial convergence:
 ଶߙ ൐ 0, 0 ൏ ଶߚ ൏ 1, if export = capacity and/or market coupling = 0
 deviation in relative efficiency

3. Autarky:
 ଷߙ ൐ 0, ଷߚ ൏ ଶ, if export = 0 (implies market coupling = 0)ߚ
 deviation in relative efficiency becomes larger
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Methodology (2)

 2nd stage: Error Correction Model
1. ஺ܲ,௧ ൌ ߙ ൅ ߚ ஻ܲ,௧ ൅ ࢚ࢆ
 ෡ࢆ … Error correction term: deviations from long-run relation 

(i.e. prediction errors)

2. ∆ ஺ܲ,௧ൌ ߛ ൅ Δߜ ஺ܲ,௧ିଶସ ൅ ૛૝ି࢚෡ࢆࣁ ൅ ܺ′ߠ ൅ ௧ߝ
Model valid for daily prices or hourly prices during interconnection 
congestion

∆ represents difference (e.g. ∆ ஺ܲ,௧ൌ ஺ܲ,௧ െ ஺ܲ,௧ିଶସሻ,
ܺ = structural variables:
 Number of congested hours
 Market coupling dummy
 Solar & wind forecasts
 Fuel prices (coal, gas, oil)
 Seasonality (day of week, months, years, holidays)
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Data & Add-Ons to Existing 
Literature

 Hourly data, 2010/Q1─2015/Q2
 25 electricity markets: SK, CZ, EST, LT, LV, FIN, NO1, NO2, NO3, NO4, 

NO5, ES, PT, SE1, SE2, SE3, SE4, DKW, DKE, IT, HU, SL, CH, FR, DE

 We discuss lag structure (1h, 24h – demand and supply stickiness)
 Relevant market: hour of the day (not whole day)
 Inclusion of congestion & market coupling
 Direction of congestion (without MC, interconnectors may be 

congested in both directions)
 No congestion & market coupling: prices converge instantaneously
  Error correction model misleading
  Focus on congestion spells (i.e. consecutive congested hours)
 How efficiently do markets work during congested hours?
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 Over time, price correlations between markets increase
 Adjacent market pairs exhibit already high correlations
 Indirect market pairs’ correlations catch up (= better international 

integration?)



1. DE-FR exhibit higher efficiency (are better integrated) than DE-IT
2. DE price lower during times of congestion
3. Market coupling in DE leads to higher prices during peaks & lower 

prices during off-peaks

Results 2nd Stage: Daily Peak vs. Off-Peak: DE/AT and selected neighbors

Peak period Off-Peak period

Notes: Dependent variable: ݐ,ܧܦܲ∆ . Regressions include seasonal fixed effects (dow,
months, years, holidays), constant.

1.
2.
3.



2nd stage results conditional on congestion spells: 
Error correction term between DE and FR at given hours
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Discussion & Conclusions (1)

 Market integration necessitates 
 Reduction of transmission bottlenecks, interconnection capacity, 

market coupling
 Fully integrated electricity markets:
 One single spot price
 Represents normative benchmark for policy analysis
 Optimization of social welfare, but also welfare redistribution (!)
 Practical implementation tough
 Market integration reduces need for reserve capacity…
 … as long as supply technologies are not too similar across markets
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Discussion & Conclusions (2)

 Electricity markets become better integrated over time
 But seem far from being perfectly integrated
 Some markets tend to be more efficient (DE & FR, DE & CH) 

than others
 Market coupling and interconnection congestion may bring 

about  price increases and declines during peak or off-peak 
periods

 On the notion of market integration:
 One price desirable given differences in transmission costs? 
 price discrimination

 Nodal pricing better?
 Off-set between costly capacity investment and positive 

welfare effects
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