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Motivation 
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 Private investors operate in a merchant world with different 
sources of uncertainty. These uncertainties have been increasing 
over time and are very hard to value. 



Summary 

Questions: 
1. Do results from a risk neutral case differ much from a risk averse 

case? 
2. Do capacity markets change this finding? 
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In this presentation: A simple two stage model and the 
corresponding equilibrium model with fixed price insensitive 
demand 
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Model Typology 

Optimization Equilibrium 



Introduction to the basic model (1/6) 
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Introduction to the basic model (2/6) 
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Introduction to the basic model (3/6) 
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Introduction to the basic model (4/6) 
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Introduction to the basic model (5/6) 

11 CEEME - DATE 



Introduction to the basic model (6/6) 
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We can easily add market imperfections like free allocation of allowances (not 
possible in the optimization) 
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Is there a problem?  
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Discussion: the incentive to invest  
 
Does  one need intervention or support to incentivize investment in a 
competitive market 
 
 
No in functioning markets 
Yes in case of market failure 
 
 
Are there market failures in electricity systems?   



Investment in Energy-Only Markets is jeopardized for mainly 2 reasons: 
• Inefficient price caps: Price spikes, which are needed to recover investment costs in EOM, are 

socially not accepted. Price caps in the energy market are too low. 
 
 
 
 
 
 
 
 
 

• Increasing risk: Risk itself is not a market failure but the lack of trading possibilities of risk is 
 

 

 

 

 

 

  

 
  

Possible market failures 
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Uncertainty concerning the climate policies and the RES deployment may magnify the risk such 
that markets alone are unlikely to deliver appropriate investment responses. 

 

Regulations that restrict efficient price formation (e.g. price cap)  undermine the market signal for 
investment IEA – “Securing Power during the Transition” - 2012 
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Investment incentives 
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Capacity market formulation 
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Risk factors 

19 CEEME - DATE 

 We pick only three risk factors for the discussion: commodity and 
carbon regulation  



Risk factors (1/2) 
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Risk factors (2/2) 
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The basic model as stochastic equilibrium model 
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The investment decision in expectation 
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How to price risk ? 
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We assume that risks are not traded and need to be 
priced by the investor  we adjust the probabilities 
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The CVAR weights scenarios and hence changes the 
distribution 
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Original “real” probability 

Risk adjusted probability 



A new probability can easily be used in the 
equilibrium formulation  
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How do we relate the CVAR to the risk adjusted 
probabilities? 

28 CEEME - DATE 



We can derive the risk adjusted probabilites from an 
additional complementarity constraint 
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 The fully incomplete market (Ehrenmann and Smeers, 2011) 
• Assemble the KKT conditions for the risk-averse producer 

 The complete market (Ralph and Smeers, 2013) 
• Assuming a complete set of financial product (e.g. Arrow-Debreu securities) 
•  On can solve the equilibrium by minimizing the total risk of the system  

 
 
 

 
 

• Where  
• Similar to risk averse planning (minimizing total cost, except that the cost is corrected by 

the (exogeneous) term                    .   
• The problem gives a welfare interpretation : the total risk of the system 

 
 

Two important benchmarks 
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Can we complete the market? 

 Most restructured electricity markets are incomplete 
• There exists no financial product to hedge the risk factors associated with investment decisions. 
•  For the relevant horizon, liquidity is simply not there  

 
 This lack of hedging possibility disincentivess investment  

• Current uncertainties are just too wide(demand, CO2 regulation, fuel prices)  
 

 The literature advocates trading products as a remedy 
• Futures contract  [Ausubel and Cramton (2010)], Reliability options [Oren (2005)], Reliability options 

linked to physical quantities [Oren (2005)  - .Chao and Wilson (2004) – Vasquez et al. (2003)] 
• Not yet supported by a model to quantify the effects. 

 
First attempt 
 Stochastic-endogenous Generation Capacity Expansion Equilibrium: 

Incompleteness and Remedies , G. de Maere d’Aertrycke, A. Ehrenmann et Y. Smeers, 
Informs 2013 
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Data set  
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Risk aversion matters: technology mix is 
substantially different. A low price cap shows high 
levels of scarcity 
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Example: Project finance uses different cost of 
capital for different technologies 
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Summary 

38 CEEME - DATE 



References 

The most part of the talk is based on 
 Energy Only, Capacity Market and Security of Supply : A stochastic 

Equilibrium Analysis », A. E. et Y. Smeers ; Operations Research Volume 59 
Issue 6, November-December 2011 

 
An extension to industrial size models was presented in 
 Good-Deal Investment Valuation in Stochastic Generation Capacity 

Expansion Problems , G. de Maere d’Aertrycke, A. E. et Y. Smeers, Informs 
2011 
 

An extension for a set of contracts for risk hedging was presented in 
 Stochastic-endogenous Generation Capacity Expansion Equilibrium: 

Incompleteness and Remedies , G. de Maere d’Aertrycke, A. E., et Y. Smeers, 
Informs 2013 
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