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Topics Today 

• The Reliability Challenge For a Decarbonised 
Power Sector 

• Experience with Market-Wide Capacity 
Mechanisms (“Capacity Markets”)  

• Are Capacity Markets the Answer? 

• If Not, Where Do We Go From Here?  

– Experience Indicates that More Targeted Capacity 
Payment Mechanisms Are the Future 

 



 
Lessons Learned from Market-Wide Capacity 

Payments (“Capacity Markets”) in the US  

They are not well suited (in theory or practice) to the 
needs of a decarbonised power sector: 

 Not designed for the type of reliability resources needed to 
balance an increasing mix of renewables: 

• Flexible, quick-start generation and storage technologies 

• Economic to run for relatively few hours each year 

• Demand-side resources that can  shape—not just reduce--usage 

 Pay a lot of money to inflexible (especially existing) 
conventional power plants 

  Pay a lot of money to high CO2-emitting power plants  

 

But There Are Positive Lessons Learned… 



 
These Markets Demonstrate How Well 

Demand-Side Resources*: 
 

Successfully compete on price alone with 
generation  

 with or without carbon pricing 

Perform reliably when called upon 

Reduce overall system costs and emissions 

= Top Priority Investment for a Secure,  

Low Carbon and Affordable Power System 
 

*demand-side resources = demand response, energy efficiency and 
customer on-site generation 



The Reliability Challenge: 

Has Power Sector Decarbonisation  Turned 
Traditional Wisdom on its Head? 



Western Denmark system—winter demand patterns 

     Is  meeting  “peak” demand  still the primary reliability dimension?  

Source: Security of Supply from a UCTE Perspective, Paul-Frederik Bach, April 2004 
8/11/2011 



        Western Denmark system with ≈18% of energy from wind 

        Note: This is much lower than future renewables targets 

 With an increasing mix of intermittent renewables , “residual 
demand” and the  reliability  challenge fundamentally changes   

Source: Security of Supply from a UCTE Perspective, Paul-Frederik Bach, April 2004 
8/11/2011 



will now need to shape, not just shave, demand 

Source: ECF Roadmap 2050 Study 

And energy efficiency is needed to keep overall 

system costs affordable in the power system 



Market Reforms Need to Deliver the 

―Right‖ Resource Mix for the Future 
• Conventional plant will see dramatic operational changes 

as intermittent generation deploys: utilisation will decrease & 

additional flexibility will be required  

• Not just peaking plant needed, 

also mid-merit plant capable of 

flexible economic operation 

over extended periods.  

• Demand-response needed to 

flex usage in both directions 

around available renewables 

and serve to keep system 

reliability costs affordable 

• Future market mechanisms must  deliver the appropriate 

resource mix—including clean, cheap demand-side options!  
8/11/2011 
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11 Forward Capacity Markets   
Design and Experience (US) 

Introduction 
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Case Study: “Forward” Capacity Markets (FCMs) New 
England and PJM Power Markets 
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FCMs cover regions with installed 
generation capacity on the order of:  
 
 22% of the EU-27 member states 

combined 
 

 The combined installed generation 
capacity of Poland, Germany and 
Belgium  

 

 

 

 

 
 

 

LEGEND 

ISO New England territory 

PJM territory - covers all or most of the state 

PJM territory - covers part of the state 
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Market Context and Goals: 
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• Introduced into well-functioning, mandatory 

wholesale power pool with good liquidity and      
strong market power oversight 

• Goal: Provide strong price signal for new investment 
to meet system peak demand (not to balance 
increasing renewables) 

– In particular, capital contribution for marginal 
gas units (OCGTs or “peakers”) 

• Novel: Allow all demand-side resources to compete 

o demand response, energy efficiency &            
customer on-site generation   



Western Denmark system—winter demand patterns 

 Forward Capacity Markets designed to address traditional              
demand patterns and associated reliability challenge:  

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

Baseload 

Mid-merit 

Peaking 

Does Available Productive Capacity ―Stack Up‖ to Meet Predicted Peak Demand? 

8/11/2011 



Theory and Design Basis for Capacity Markets 

 Purpose: Enhance resource firmness/adequacy to meet system 
peak demand at least-cost 

 Strategy: Acquire an adequate “stack” of committed capacity 
that “adds up” to forecasted peak demand, including new build 

 Plants running 24/7 as valuable as dispatchable, flexible generation/demand resources 

 One-dimensional forecasting challenge:  What’s future system peak demand? 

 Responsibility and costs can be allocated to suppliers, such that sum of parts = whole 

 Predicated on: Conventional resource mix and dispatch order 

 Baseload (24/7) attributes of generators “matched” well  for most hours  

  Need to shave peak demand--not “flex” demand  (up and down)  

  Underlying Economic Theory: Provide the “missing money”  

 that scarcity pricing in energy-only markets would otherwise provide to all resources 
operating during system shortage (if those markets functioned as designed in theory)  
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―Forward” Capacity Markets (FCM) 
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• Run by the system operator (SO)  

– SO forecasts peak demand for a future “delivery year” 
(several years in advance) 

– Resources bid on a “forward” basis—commit to being 
available during peak demand periods (as forecasted) for the 
delivery year 

• Single clearing-price auction sets capacity payment 

– Existing and new resources submit bids and get paid the single 
clearing price in the market (similar to energy-only market) 

– Clearing Price = “availability” or “options payment” ($/MW-day) 
above their energy revenues in the wholesale market  

• Costs allocated to all suppliers based on customer peak 
demand 



The Market-Wide Capacity Auction (3 years “Forward”) 

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 
clearing auction 

Cleared Capacity = 100,000 MW 
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Stringent Performance Requirements and 
Market Monitoring  

• All bids scrutinized by independent 
market monitoring agency 

• Winning bidders: Whether or not called 
upon by the SO in the delivery year: 

– generators and demand-side resources are  
performance tested for committed capacity  

– Significant penalties if they fall short during 
tests or when actually called upon to perform 

 



Good News about Forward Capacity 
Markets 

  Addressed looming capacity shortages—no blackouts!  
•    (reason for FCMs in the first place)  

 Recognise demand-side resources as reliability 
resources to a degree never before in markets 

  impressive participation 
• 2012/2013  delivery year, 10,600 MW of demand side resources* 

cleared the regional auctions based on price alone 

 they can perform reliably 

 their participation reduces system costs 

 

*predominately demand-response  



The Market-Wide Capacity Auction (3 years “Forward”) 
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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 
clearing auction 

Cleared Capacity = 100,000 MW 
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The Market-Wide Capacity Auction (3 years “Forward”) 

R1 

R5 

R3 

R6 

R7 

R4 

R1
 R2 

R3 R4 

R5 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 
clearing auction 

Cleared Capacity= 100,000 MW 
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R2 

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  



Demand-side participation reduces  
cost of reliability 

22 

      

Calculation for New England for a single year:* 

– Demand-side resources reduced costs by 
~$290 million  

– Savings >15% of total cost 
Note: substantial savings in PJM capacity auctions, too. 
 

* FCA-1 Installed Capacity Requirement = 32,305 MW 

– 2,554 MW of demand resources cleared 

– Surplus of 2,047 MW at floor price of $4.50/kW-month 

– Without Demand-side, auction clears between $5.63 to $5.25  

 

•   



But There’s “Bad News” about FCMs:  

• Putting Theory into Practice difficult:  
– Capacity market prices volatile (“boom-bust”)  

– High transaction costs limiting participation 

• Little evidence of new investments 
– Keep a lot of old plants “going”, some upgrades 

• Do not address what’s actually needed for a  
decarbonised power sector  

Following the money = carbon & windfalls 



Source:  Market Monitoring Analytics (PJM)  
24 

Cumulative PJM Capacity Revenues  
($42 billion over 6 annual auctions) 

Demand Resources
2.43%

Energy Efficiency Resources
0.07%

Coal (Existing)
30.01%

Coal (Planned)
0.16%

Gas (Existing)
31.83%

Gas (Planned)
0.66%

Hydro (Existing)
4.91%

Hydro (Planned)
0.00%

Nuclear (Existing)
21.06%

Nuclear (Planned)
0.00% Oil (Existing)

8.14%

Oil (Planned)
0.00%

Other Renewables (Existing)
0.68%

Other Renewables (Planned)
0.05%

Coal--Existing 

Gas--Existing 

Hydro-Existing 

Nuclear-Existing 

Oil-Existing 

Energy Efficiency 

̴70% to existing fossil-

fueled plants;  

̴20% to ―legacy‖ nuclear;    

Where are the new gas, 

flexible peakers? 

Demand Response 

Renewables-Existing 

 Renewables-Planned 



Where to go from here? 
Consider “Targeted Capacity Mechanisms” that: 

 Focus on the flexible, clean reliability resources that 
the system actually needs to balance the large level of 
renewables 

 Ensure participation of demand-side 

 Avoid “lock-in” to generation that isn’t flexible enough 

 Recognise the real-time balancing needs of the system 
and the future role of system operators and balancing markets 

 Are designed to address the “missing money”-”slippery 
slope” concerns associated with targeted payment approaches 

 There is innovative thinking in this area, including how to 
design targeted capacity mechanisms that are compatible with 
EU-wide market integration objectives (see “extra slides”) 

 



“You can’t solve a problem with the same 
thinking that created it.” 

 

- Albert Einstein 

 



“You can’t solve a problem with the same 
market rules that created it.” 

 

- Meg Gottstein 

 



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 



Additional Slides 

 Slides on “Slippery Slope” Concerns About Targeted Capacity 
Mechanisms and How They Can Be Addressed 

 Multiple Slides Depicting a Further Variation: SO-brokered Options 
for Flexible Resources 

 How energy-only markets provide “shortage value” signals (and 
Poyry analysis of hours of significant cost recovery for UK by 2030) 

 Ensuring that generation in receipt of capacity payments does not 
overly benefit from scarcity pricing in adjacent market(s). 

 More slides on demand-side resource participation in FCMs 

 Load curve graphs—illustrating how EE and demand response 
reduce peak loads 

 



Targeted Capacity Mechanisms & 

the ―Slippery Slope‖ 

Returns for peaking 

generator 

Returns for mid-merit 

generator 
Returns for base-load 

generator 

Missing 

money 

€
/M

W
h

 

Hour

s 
8760 

• Targeted capacity mechanisms 

designed to support low-

utilisation peaking resources may 

depress scarcity prices & remove 

value from energy market 

(―missing money‖) 

 

• Mid-merit plant penalised leading 

to increasing amounts of 

capacity needing support via 

contracts - the ―slippery slope‖  

• But we can design targeted capacity mechanisms so that wholesale energy prices 

are not distorted, allowing unsupported mid-merit plant and other flexible 

resources that contribute to system reliability to access full scarcity value (up to 

value of loss load, VOLL) 8/11/2011 



System Operator (SO) Administered Targeted 

Capacity Mechanism 

• SO pre-contracts (via competitive tenders) for flexible resource to be 
available in balancing timescales 

• Contract includes availability (―option‖) payment and agreed utilisation 
price, with defined resource flexibility parameters 

• How to ensure scarcity value is included in energy price ( i.e. no 
missing money)?  

Option 1 – inflate utilisation price 

to include availability payment  

Option 2 – exclude pre-contracted 

offers from imbalance price 

calculation 

Stack of balancing offers 

&  

pre-contracted capacity 

Clearing price without 

pre-contracted offers 

Clearing price with pre-

contracted offers 

Stack of balancing offers &  

pre-contracted capacity 

Utilisation 

fee 

Availability 

payment 

Clearing price 

Pre-contracted 

offer 

8/11/2011 



A Further Variation of a Targeted Capacity Mechanism: 
SO-brokered Options for Flexible Resources   

Energy-only 
market 

Flexible Resource Options  
Market (supply & demand-side)  

 
Contracts 

 
+ 

Similar to current 

market arrangements 

 

 Voluntary & market-based  

 System Operator (SO) coordinates markets for reserve ―options‖ in various 

timescales, defines the flexibility required and penalties for non-performance 

  Aims to deliver adequate investment in flexibility resources and avoid wholesale 

energy price distortion, i.e. no missing money, by applying options 1 or 2 

 Allows parties to hedge imbalance exposure 

 SO buyer of last resort.  

Flexible resources 

financed on basis of 

option contracts 

Participants choose to: 

 buy reserve option(s) from 

flexible resources  offered into 

the SO-brokered market, or 

 face ―uninsured‖ imbalance 

charges 

Adapted from Pöyry (UK) comments on DECC electricity market reform consultation, March 2011 
8/11/2011 



Another View of TSO-brokered options for 
flexible resources as alternative to imbalance 

TSO-brokered flexibility market Contracts 

Participants choose to: 

 buy balancing/flexibility option and 

agree utilisation price, or  

face imbalance prices set to reflect 

marginal  cost of provision 

Balancing/flexibility (inc: 

demand reduction) resources 

financed by  option contracts 

Wholesale market energy 

prices remain unpolluted 

Imbalance 

party pays: 

Marginal price 

or 

Agreed 

utilisation price 

Available TSO 

balancing action 

stack 

Price 



A Further Variation of a Targeted Capacity Mechanism: 
SO-brokered Options for Flexible Resources   

Energy-only 
market 

Flexible Resource Options  
Market (supply & demand-side)  

 
Contracts 

 
+ 

Similar to current 

market arrangements 

 

 Voluntary & market-based  

 System Operator (SO) coordinates markets for 

reserve ―options‖ in various timescales,  

defines the flexibility required and penalties for 

non-performance  

 Aims to deliver adequate investment in 

flexibility resources and avoid wholesale 

energy price distortion, i.e. no missing 

money 

 Allows parties to hedge imbalance exposure 

 SO buyer of last resort.  

Flexible resources 

financed on basis of 

option contracts 

Participants choose to: 

 buy reserve option(s) from 

flexible resources  offered into 

the SO-brokered market, or 

 face ―uninsured‖ imbalance 

charges 

Utilisation 

fee 

Availability 

payment 

Clearing 

price 

Pre-contracted 

offer 

Stack of balancing offers &  

pre-contracted capacity 8/11/2011 



Imbalance 

clearing price 

Pre-

contracte

d offer 

 

Process 
• SO sets overall requirements 

• Balancing offers include both 

option and utilisation cost 

• Parties taking up options pay 

utilisation cost for imbalance, 

―uninsured‖ parties pay 

imbalance clearing price 
 

 

Objectives 
• Voluntary & market-based  

• Ensure adequate investment in flexibility resources 

• Avoid wholesale energy price distortion, ie no missing 

money 

• Allow parties to hedge imbalance exposure 

 

A Further Variation of a Targeted Capacity 

Mechanism: SO-brokered Options for Flexible 

Resources 

Option 

price 

Utilisation 

price 

Stack of balancing offers &  

pre-contracted capacity 

8/11/2011 



How energy-only markets provide ―shortage value‖ signals 

  

Return to capital 

time 

p
ri

c
e
 

period 

T 2 

time to shortage 

T 1 

spike length 

T 3 

peak 

h 
new entrant costs 

marginal costs 

Source of graphic: Anthony White, BW Energy Limited 

Single clearing-

price (energy-

only) market 

provides infra-

marginal rents 

to plants not on 

the margin plus 

shortage value 

to all plants 

running at times 

of shortage  

8/11/2011 



With low/zero running cost resources increasingly on the margin  

Returns on capital will be squeezed into a few hours a year*  

*data based on UK runs by Pöyry 8/11/2011 



Can Member State Initiatives be Accommodated in 
an Integrated EU Electricity Market? 

• If a Member State does initiate capacity 
payments: 

– Is there a way to ensure that generation in 
receipt of those payments does not overly 
benefit from scarcity pricing in an adjacent 
market, and distort trade? 

• RAP has some thoughts on this…. 
(see Annex 2, of “Advancing Both European Market 
Integration and Power Decarbonisation,” April 2011) 



  

Figure A1: shaded area = additional income (€/MWh) of capacity payment to all plant declared available in X. 

All capacity that clears the auction also receives the marginal energy price €PX/MWh.  

Figure A2: market X coupled with ―energy only‖ market Y, and exports ΔXY MW, results in increased marginal 

price PY.  If the market X capacity payment remained unchanged, generation in market X would receive 

additional capacity payments due to the “energy only” nature of market Y.   

To avoid this: capacity payments are reduced by a €/MW amount equivalent to PY-PX.  But market X 

generation that did not clear in the uncoupled market but did clear in the coupled market has capacity 

payment reduced by the difference between PY and bid price.  Generation that did not clear in the coupled 

market continue to receive the full capacity payment.  

Figure A1 Figure A2 

Coupling “Energy Only” and “Capacity Payments” Electricity Markets 

8/11/2011 



Does the European Target Model Prevent External 
Generation from Participating in a Capacity Market?    

I/C 

ATC 

In a low carbon electricity system, I/C capacity likely to be under-utilised 

when renewable resource is reduced and generation capacity scarce. 

 

External generation contracts could provide a useful option, even if not 

backed by ―firm‖ I/C capacity.  

Bilateral trades unwound to 

accommodate increased wind 

forecast 

Conventional generation 

increases in response to 

reducing wind forecast 

Capacity contracts 

support external 

balancing 

Day ahead Intra 

day 

Real time 

To support bilateral trades (wind) 

To support capacity contracts 

To support bilateral trades (conventional) 

8/11/2011 



What are Demand-Side Resources? 

 Customer-based resources that reduce demand for electricity from 
the system/grid during all or some hours:  

• Demand Response: changes demand in response to dispatch 
instructions or price (focus on limited peak demand hours) 

• e.g., cooler/refrigerator cycling in grocery stores 

• Energy Efficiency: “permanent demand-response”—
continuous, permanent reduction 

• e.g., lighting or appliance replacement programs 

• Distributed Generation: generating electricity at customer 
site 

• e.g., on-site combustion or steam-cycle turbine at industry 
site; back-up generators; rooftop photovoltaics 

 



Demand-Side Resources in the 
2012/2013 Auctions 

PJM  
 Demand-Side Resources Cleared: 

7,616.2 MW 

• Demand Response (including on-
site, distributed generation):  
7,047.3 MW 

• Energy Efficiency: 568.9 MW 

 Out of 136,143.6 MW Total Cleared 

ISO-NE 

 Demand-Side  Resources Cleared: 
2,898 MW 

• Demand Response: 1,206 MW 

• Energy Efficiency: 975 MW 

• Distributed Generation-Fossil 
Fuel: 86 MW 

• Distributed Generation-
Renewable Energy: 0.7 MW 

• Real-Time Emergency 
Generation: 630 MW* 

 Out of 36,996 MW Total Cleared 
*Real-Time Emergency Generation in ISO-NE is 
limited to 600 MW. Payments to generators are 
reduced on a pro-rated basis if a higher amount 
clears. 



D3 Resources are Reliable:   
ISO-NE Real-Time DR Obligation and Performance by 

Load Zone 

 

Load Zone Total Net CSO Average Aggregate 
Performance* 

(across 100% dispatch) 

Percent Net 
CSO 

Connecticut 226.83 170 33.9 

West Central Massachusetts 79.59 79 11.9 

Northeast Massachusetts 70.74 46 10.6 

Southeast Massachusetts 45.23 30 6.8 

Rhode Island 27.76 27 4.1 

Vermont 23.71 29 3.5 

New Hampshire 29.11 33 4.4 

Maine 166.22 239 24.8 

New England 669 653 100.0 

*  Additional meter data corrections to address data quality issues will adjust the net 

performance.  The values noted above adjust for known problems and anomalies. 

Slide provided courtesy of Synapse Energy 



System Load vs. Forecast 
Thunderstorms move 

through South 

Western CT  

8/11/2011 Slide provided courtesy of Synapse Energy 
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PJM Auction Clearing Prices  

45 



For New England Region: 25% population, 125% of land area, 40% of supply capacity (MW) of UK  

Source: Vermont Energy Investment Corporation:  “Energy Efficiency as a Resource in the ISO New 
England Forward Capacity Market”, ECEEE 2009 Summer Study Proceedings 

Load Duration Curve:  Level of System Load (MW) over # of Hours per Year 

10% of capacity needed for fewer than 100 hours per year 



Source: Vermont Energy Investment Corporation:  “Energy Efficiency as a Resource in the 
ISO New England Forward Capacity Market”, ECEEE 2009 Summer Study Proceedings 

Demand-Response can reduce Peak Load  
(but also shift load to other hours)  



Energy Efficiency Reduces Demand for All 
Hours, Including Peak 

Source: Vermont Energy Investment Corporation:  “Energy Efficiency as a Resource in the ISO 
New England Forward Capacity Market”, ECEEE 2009 Summer Study Proceedings 


