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The Regulatory Assistance Project ("RAP") 
  

               RAP is a global NGO providing technical and policy assistance to government 
officials and agency staff on energy and environmental issues. RAP Principals and 
senior staff  are all former regulators, government officials or senior policy advisors, 
and RAP’s work is funded exclusively by  foundations and government agencies. 
RAP has worked in more than 20 nations and 50 provinces and states. RAP's 
European offices are headquartered in Brussels, with a second office in Berlin.  

 

 Meg Gottstein is a Principal with RAP working on European Programmes out of  
RAP's Berlin office.  

 Prior to coming to RAP in 2008, Ms. Gottstein served  for over 20 years as a senior 
regulatory judge for the Commission overseeing California's  electric and gas 
industry.  She has also held positions with the California Energy Commission and 
the US Department of Energy, and provided consultancy services to the National 
Governor’s Association and other organisations. She has a BA in Economics and 
German from Tufts University, including two years of study at the University of 
Tübingen, Germany.  Meg received her Masters in Public Policy from Harvard 
University and is also an Honorary Fellow at the University of Exeter, UK.   

 Recent RAP assignments include work with: UK Department of Energy and Climate 
Change, European Climate Foundation (Policy Volume II, Roadmap 2050 and 
Power Perspectives 2030), Council of European Energy Regulators, Sustainable 
Development Task Force, and Chilean Ministry of Energy.  
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Topics for Today 

  Briefly, why are we talking about capacity markets in 
the context of power market reform? 

 Not So Briefly: Reliability and Capacity Markets  

– For what reliability challenges were capacity markets 
conceived in the first place (1990s)? 

– How do they value a resource’s contribution to system 
reliability, including energy efficiency? 

– Why does this approach need to change? 

– What’s RAP’s views for “Beyond Capacity Markets” (BCM) 
design  to address the New Supply Paradigm? 

 Role of Energy Efficiency in this “BCM” Thinking? 

 Key Messages for EU Internal Market Design 
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Why are we talking about capacity markets? 

From the UK (Electricity Market Reform) to 
Germany (Energiewende) to Texas (???) 

 

It’s a hot topic: 
 

“Das Stichwort…heißt Kapazitätsmarkte” 

                      Chancellor Angela Merkel, 23 May 2012 
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…because of system reliability concerns 



Electrons “in” Electrons “out” 

Continuous Balance  
of Supply and Demand 

Reliable Power Systems Require 

9/12/2012 
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Capacity Markets Were Conceived  
to do only One Thing: 

• Ensure enough investment in firm 
resources to meet expected peak load 

–This is often referred to as “resource 
adequacy” 

–Only considers quantity of MWs 
available (including from demand-side), 
irrespective of operational capabilities 

–A MW is a MW is a MW….. 
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Capacity Markets were conceived for a  
generation/supply mix dominated by  

conventional  dispatchable power plants…. 

nuclear 
lignite coal 
hard coal 
gas combined-cycle  
gas open-cycle 
oil  

or “merit order”   
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Total Demand 



Western Denmark system—winter demand patterns 

Source: Security of Supply from a UCTE Perspective, Paul-Frederik Bach, April 2004 
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 Peak 

  Mid- 

 Baseload 

Investment Focus: Ensure enough firm resources  
(MWs  of “capacity”) to cover highest total (peak) demand 



Simplified “Forward” Capacity Auction (e.g. 3 years ahead) 

R1 

R5 

R3 

R6 

R7 

R4 

R1
 R2 

R3 R4 

R5 

R1-R7 = Capacity offered by Supply-Side (New built,  Existing, Uprates)  and Demand-Side (Energy Efficiency, Demand Response, Distrib. Gen); 
Self-supply (R1) bids in a “zero” price;  New Resources set clearing price  

R6 R7 

Supply = Capacity 
Committed  “Forward” 

Demand = System Operator 
Forecast of Total Peak MWs 

Quantity = MW  

Bid Price = 
$ per  MW-day 

P*  

P* clearing price 
paid to all capacity  
(firm MWs committed)  
clearing the auction  

Cleared Capacity = 100,000 MW 

R2 
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Another Way to Visualize a  

“Traditional” Forward Capacity Market  
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“demand curve” in dark grey = maximum value of firm capacity to the system, typically estimated 
 by the cost of a new combustion turbine (“peaker”) alone or in combination with a combined cycle plant  



 Procured by system operator to maintain system balance in 
operational timescales (“System Quality”),including 

 Balancing services (+ and -) in real-time to address  
scheduling/forecasting errors after market close 

 Reserves to recover system balance after larger system  “faults” (e.g., 
generators going off-line unexpectedly)  

 Often delivered via frequent, short-term auctions by system 
operator: 

 “Primary, secondary and tertiary reserve” capacity to 
be bid “ahead” or close to real-time for positive/negative 
balancing (in seconds, minutes or hours)  

 imbalance penalties, grid connection codes also used to 
address system quality challenges 

With or Without Capacity Markets,  
System (or “Ancillary”) Services Also Required 
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….But the New Supply Paradigm in Europe  
Requires a Fresh Look at this “Balancing Act”: 

Same goals: 

- How can system operators maintain system 
reliability (balance supply and demand)  

- over both operational and investment timescales 

- at reasonable costs  

But very different supply mix, even under 
scenarios with high end-use efficiency: 

 unprecedented share of variable renewables      
(e.g., solar, wind) to meet CO2 reduction goals 

 conventional generation will no longer dominate  
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        Western Denmark system with ≈18% of energy from wind 

        Note: This is much lower than future renewables targets 

The  reliability challenge is rapidly shifting to one  
of following frequent changes in “net demand”  

Source: Security of Supply from a UCTE Perspective, Paul-Frederik Bach, April 2004 
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Modelled for the power system operated by the WestConnect group of utilities in Arizona, Colorado, Nevada, New Mexico and Wyoming.    

Source: Western Interconnection Wind and Solar Integration Study, December 2010, (NREL/TP-5500-50057) http://www.nrel.gov/docs;   

Net demand: more volatile than overall demand, lacking a repeatable    
pattern.  Demand and availability of variable renewables can 
be moving in opposite directions, any day, every day, several times a day 

A Challenging Week for WestConnect (US), assuming 35% Wind Penetration 
14 

http://www.nrel.gov/docs
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Source: Deutsche Umwelthilfe, Background Paper--Extension of operating time for atomic power stations: Federal government 

propels society into new fundamental conflict. (2011) 

     Net  Demand Projected for Germany, 24th calendar week in 2020 

Demand “flexing” in both directions will be  
needed in the future, not just peak “shaving”  

9/12/2012 

Note—high  
efficiency scenario 
reflected in  
total demand  
projections 



For This New Supply Paradigm 

• Incentives based only on the quantity of firm 
capacity available at peak are doomed to fail 

--for either supply- or demand-side resources 

 

• Reliability is now as much about “NET” 
DEMAND* and delivering the Flexible  

    Resource CAPABILITIES to meet it! 
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*Net (or Residual) Demand = Total Demand less energy  
available from variable renewables (e.g., solar and wind) 



What is RAP’s Thinking on  
“What Lies Beyond Capacity Markets”? 

- Two basic forms of market-based long-term 
investment incentives are appropriate to the 
new supply paradigm: 

 (1)  Apportioned forward capacity markets  
     or 

 (2)  Enhanced forward services markets 

- Based on net demand forecasts and analysis of the 
incremental value of critical services 

- Selection of approach depends on specific 
circumstances (see decision tree below) 
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“Traditional” forward capacity markets 
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“demand curve” in dark grey = maximum value of firm capacity to the system, typically estimated to reflect the cost of a 
combustion turbine (“peaker”) alone or in combination with a combined cycle gas plant  



Apportioned forward capacity markets 
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Probabilistic 
methodology with 
production model 

Apportioned 
forward capacity 

market* 

Enhanced  forward 
services markets 

Monitor trends in 
variable renewable 

production 

Option 

Plan for more 
complex 

methodology 

Apportioned 
forward capacity 

market* 

Simple capacity 
market + enhanced 

forward services 
markets 

Enhanced forward 
services markets 

Variable renewables 
market share? 

Low High 

Rate of growth? 
Low High 

Capacity 
mechanism? 

Capacity mechanism? 

Yes No 

Yes 

No 

*Traditional ancillary services can 
be addressed via long-term 
ancillary services auctions rather 
than via the capacity mechanism.   

Deterministic 
methodology with 
recent experience 

Market design 
alternatives 



What Role Does End-Use Efficiency Play in 
“Beyond Capacity Market” Thinking? 

     Key Role in  “Cutting the Problem Down to Size” 

 EE reduces the size and associated costs of supply 
system required to meet demand for electricity  

• Whether a conventional mix or the new resource 
paradigm (large shares of variable renewables) 

 The full “layer cake” analysis of EE system benefits 
carries on with no obvious  material impact, 
positive or negative, from the adoption of BCM-
type thinking (see graph) 
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Cost-effective investment in end-use efficiency shifts demand  
   “downwards” reducing the total size and cost of the supply system*  

 

A Challenging Week for WestConnect (US), assuming 35% Wind Penetration 

22 *Note—The amount of total demand reduction in each hour will depend upon the types of 

efficiency improvement and the baseline usage patterns associated with them.    



Energy Efficiency (EE) Provides Sizable System Benefits 
Under Both Traditional and “BCM” Reliability Thinking  

 

A kwh not produced 
because of end-use 
efficiency can save/avoid: 

 

• Production Energy 

• Production Capacity 

• Emissions  

• Transmission Capacity 

• Distribution Capacity 

• Line Losses 

• Reserve requirements 
 

 

 
* Note:  avoided costs/kwh saved  presented                         
in graph are Illustrative  only 
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Note: values in above chart are illustrative only 



Keep in mind… 

 Analysis of system benefits* has made the case among 
leading US states for strong EE policies and commensurately 
high levels of  public investment in efficiency 

 Capacity market revenues can only ever cover a very small 
fraction of the total investment required to tap the full cost-
effective potential of EE: 

• ~ up to 5% of total funding available to Efficiency Vermont to 
meet its EE obligation, and used to expand existing standard 
programs (e.g., commercial lighting) 

•  ”system charges” (regulated grid tariffs) are the key source of 
public funding for EE in the US, including where EE can bid in 
capacity markets 

 
*along with quantification of “non-energy” benefits in some states as well  
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Key Take-Aways from US Experience with  
EE bidding in Capacity Markets 
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 EE can successfully and reliably compete with 
generation to deliver the equivalent of firm 
capacity, resulting in lower costs for that capacity 

 Capacity markets have (further) demonstrated to 
US system operators and regulators that EE  
savings are measurable and dependable 

 EE should continue to be paid or attributed* the 
market value of firm capacity in a BCM design, 

• but EE measures that offer a certain degree of on-
demand control will be paid/attributed more value 
relative to those that are “passive” or inflexible 

* For example, in avoided cost calculations of system benefits 



Key Messages for the Internal Market Design: 
It Should… 

Recognize End-Use Efficiency as a “first things first” 
priority—for all the system benefits illustrated above. 

 An EU integrated market needs to be “sized” 
efficiently, not just designed to “trade” efficiently 

Recognize the Reliability Challenges associated with 
the New Supply Paradigm  

 Requires “Beyond Capacity Markets” Thinking! 

 Qualifying demand-side resources should 
participate in addressing these challenges on equal 
footing with other reliability resources 
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Papers available at www.raponline.org 
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More available at www.raponline.org 
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Power Markets,  Energy Efficiency System Benefits and Design Issues  
(powerpoint presentation):  
 
 http://www.raponline.org/event/rap-presents-at-energy-efficiency-workshop-in-brussels 
-power-markets-system-benefits-design 
  
Valuing the Contribution of Energy Efficiency to  
Avoided Marginal Line Losses and Reserve Requirement (paper):  
http://www.raponline.org/document/download/id/4537  
  
US Experience with Energy Efficiency as a Transmission  
and Distribution Resource (paper):   
http://www.raponline.org/document/download/id/4765;   
webinar powerpoint here: http://www.raponline.org/document/download/id/5123 
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About RAP 

The Regulatory Assistance Project (RAP) is a global, non-profit team  
 of experts that focuses on the long-term economic and environmental  

sustainability of the power and natural gas sectors. RAP has deep  
expertise in regulatory and market policies that: 

 
                                    ▪  Promote economic efficiency 
                                    ▪  Protect the environment 
                                    ▪  Ensure system reliability  
                                    ▪  Allocate system benefits fairly among all consumers 

 
                                         Learn more about RAP at www.raponline.org 

Meg Gottstein, Principal; mgottstein@raponline.org 


