
The Regulatory Assistance Project 48 Rue de Stassart 
Building C, BE-1050 
Brussels, Belgium 

Phone: +32 2-894-9300 
web: www.raponline.org  

Evaluating the Affordability of EMR Policies: 

   
Achieving UK Carbon Reduction Targets  

at the Lowest Cost-Per-Tonne   

  
Meg Gottstein, Principal 

The Regulatory Assistance Project   

 
Green Alliance Electricity Market Reform Workshop  

London, February 18, 2011 

 



The Regulatory  
Assistance Project (RAP) 

  
      RAP is a non-profit NGO providing technical and policy assistance to 

government officials on energy and environmental issues. RAP is funded 
globally by several foundations and government agencies. RAP has worked  

      in more than 18 nations and 50 states and provinces, and now works closely 
with the European Climate Foundation in Brussels.   

 Meg Gottstein is a Principal at RAP working on European Programmes   
  
 Formerly an Administrative Law Judge for the California PUC (utilities 

regulator) and policy advisor to the President Commissioner, Regional  
      Program Manager with the US Department of Energy, consultant for the 

National Governor’s Association and policy analyst for the California  
      Energy Commission. Masters in Public Policy, Harvard University  
 
 Recent assignments include work with the UK Department of Energy and 

Climate Change, the ECF 2050 Roadmap Project, the US Western Climate 
Initiative, the California Public Utilities Commission and the Chilean Minister 
of Energy 



Exploring the Affordability Question 

(Meg’s ―Rule of Three‖) 

1. Where will power sector carbon 
reductions come from? (3 main sources) 

2. What are the ways you can reduce 
carbon? (3 main approaches) 

3. For each opportunity, what questions to 
ask?   (surprise--3 questions!) 

 

 

 



Where will Power Sector Carbon 
Reductions Come From? 

Three main possibilities: 

1. Reduce demand (consumption) 

2. Re-dispatch the existing fleet (including 
retirements) 

3. Lower the emission profile of new 
generation    

 (including repowering) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



How to Reduce Power Sector  
Carbon Emissions?  

Three main approaches:  

1. Carbon pricing (= raise electricity prices) 
• cap-and-trade carbon pricing (EU-ETS) 
• carbon taxes (e.g., to support/increase carbon pricing) 

2. Targeted investment support  to low-carbon 
resources/technologies  

•  feed-in-tariffs, renewable obligations (―banded‖ hybrids) 
•  competitive ―forward‖ tenders for fixed quantity and term 
• tax/cash incentives, interest rate subsidies, etc.   

3. Minimum performance standards   
• output: EPS, input: fuel efficiency standards;  
• applied to new units or commitments, and/or existing  
• performance obligation can be placed on generators, or load-

serving entity (e.g., retail supplier) 

 

 
 
 

 
 

 
 
 

 
 

 
 
 



The UK Government’s EMR Proposal 
Contain A Combination of All Three:  

1) Carbon  price support (via carbon tax on UK generators) 

– lead proposal: increase carbon prices on a firm trajectory:   
starting at £20 (2013) up to £ 70 per tonne (by 2030) 

2) a. Targeted investment support for clean generation  

– Various ―flavors‖ of FiTs discussed as a possibility 

– Leading proposal: long-term price support via top-off ―contract-
for differences‖ for all kWhs a clean generator can successful sell 
into the UK (voluntary) spot market 

       b. Targeted investment support for new, flexible capacity to  
      maintain system reliability  (including demand response) 

– forward long-term contracting, envisions competitive tenders  

3) Emissions performance standard  

– addressing new, unabated coal plants  

 



For each opportunity, ask: 

Three main Questions: 

 

1. How many tonnes will it avoid?  
 

2. How much will it cost consumers (and the 
economy) per tonne ? 
 

3. What tools get the best results on #1 & #2 ? 



  

• Very successful in ―breaking global ground‖  for 
attaching a market-based  cost to emissions  

• Reflecting externalities in market prices is 
directionally correct 

• But higher prices are not enough, by 
themselves, to drive the  transition needed to 
decarbonise the power sector, in the time-scale 
required 

• And  power markets and carbon pricing 
together -- can create high costs of carbon 
reduction for consumers 
 

 
A few points about carbon pricing 

under the EU-ETS 

Good News:  There are Ways to Fundamentally Reduce those Costs! 



         Problem #1:  Just Raising Prices to  

Consumers Will Not Reduce Very Much Carbon 

 

• Well-documented market barriers to private investment in 
cost-effective efficiency improvements for buildings, appliances, 
equipment, combined heat and power applications, etc. 

• For many applications, electricity has no close substitute 

• Long-term price-elasticity of demand is about -0.2 to -0.3.  
(i.e., 10% increase in price over 20 years yields a 2% to 3% 
decrease in demand) 

– About enough to slow BAU load growth in only 1 of those 20 
years 

• AND: the income-elasticity of electricity demand is positive 
(as incomes rise, so does demand) 

 —in the UK on the order of + 0.34 for residential consumers 
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Annual CO2 Emissions Saved by: Increasing Rates 3%; and Increasing Rates 3% to Fund Energy 
Efficiency (Ohio Example) 

Annual carbon dioxide
emissions avoided from

raising rates 3% and
funding EE

Annual carbon dioxide
emissions avoided from

raising rates 3%

Cumulative CO2 

emissions avoided 

from raising rates 3% 

and funding EE, 

2006-2026: 1,557 
million tons 

 

Cumulative CO2 

emissions avoided 

from raising rates 3%, 
2006-2026: 209 

million tons 

 

 

Assumptions: Electricity use increases by 1.7% per year; Retail electric sales increase by 3%; Price elasticity is -0.25 (-0.75 for a 3% 

increase), distributed over 5 years; Carbon dioxide emissions are 0.915 tons per MWh in Ohio; Cost of EE is 3 cents per kWh; 

Average EE measure life is 12 years 

Targeted Support for Efficiency can save 

7x more carbon per consumer $ than 

carbon pricing or taxes (US example) 
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Targeted Support for Efficiency can save 

9x more carbon per consumer $ than 

carbon pricing or taxes (UK example) 



Source: “The Change in Profit Climate” -- Public Utilities Fortnightly May 2007 --Victor Niemeyer, EPRI 

 

Problem #2: Hard to change dispatch/emissions 
by raising electricity prices with carbon charges 



Case Study in US Mid-West:  Doubling 
the Price of Electricity at Wholesale 

Reduces Emissions by only 4%. 

Base case 

With $25 carbon price 

Price increase due to carbon price 

Demand at 130,000 MW 

Source: “The Change in Profit Climate: How will carbon-emissions policies affect the generation fleet?”  

Victor Niemeyer, (EPRI) -- Public Utilities Fortnightly May 2007  <some captions, demand and price lines added> 

 

:  



ETS causes price increases 
in EU power markets 

Source: Sijm, et al, The Impact of the EU ETS on Electricity Prices, Final Report to DG Environment, December 2008 (ECN-E-08-007) 

 



―High cost tonnes‖ 
in the EU context 

                 Scenario Carbon market price  
20 Euros/tonne 

Carbon market price  
40 Euros/tonne 

Notes/Source 

Event/Result No demand response Price-elasticity -.2 

(a) Power price 
increase  

€ 10.9 /MWh € 23.2 /MWh Table 5.2 

(b) Total sales 3016 TWh 2881 TWh Table 5.7 

(c) Total Cost increase  € 33 Billion  € 66.8 Billion (a)  X  (b) 

(d) Emission 
reduction 

133 Mt  

(all due to redispatch) 

363 Mt 

(165 Mt from 

dispatch, 

198 Mt from demand 

response) 

Tables 5.11 & 5.12 

(e) Consumer cost  
per tonne reduced 

€ 248 per tonne 

 

€ 184 per tonne 

 

(c) ÷ (d) 

Source: Sijm, et al, The Impact of the EU ETS on Electricity Prices, Final Report to DG Environment, December 2008 (ECN-E-08-007) 

[Row (e) is a RAP calculation based on Tables in the report, as shown.] 



Similar Findings for Largest Competitive 
Wholesale Market in the World (PJM) 

• PJM=power pool covering US upper mid-Atlantic & much of Midwest  

• Study simulated impact on wholesale prices and consumer costs of 
carbon pricing (through cap-and-trade) introduced in 2013 

• Results: 

– Carbon prices at $20/ton (15 Euro) 

• $12 billion (9 billion Euro) higher costs due to electricity price 
increases, 14 million tons in emission reduction           

• Cost-per-ton of  over $850 (640 Euro)   

– Carbon prices at $ 60/ton (45 Euro), similar calculations: 

• Cost-per-ton of  over $1440 (1084 Euro)  

Impact on consumers in the power market is far higher 

than the marginal cost of carbon in carbon markets 

 



Problem #3: Can you deliver enough new 
clean generation by only raising  

market clearing prices? 

• How high must the allowance price or carbon tax be to drive 
replacement of coal/gas with clean generation on market 
prices alone?   

– California: Implied carbon price for new low-carbon capital investment 
on the order of $150/ton (for new wind generation above existing RO) 

• But what is the total cost-per-tonne of reductions to 
consumers? 

– Taking into account the inframarginal rents—a/k/a windfall 
profits also paid for every kWh sold by existing fleet? 

– Many times more than the market carbon price or carbon 

tax (per tonne) 



Source: E3 analysis for California PUC, assumes RPS in effect 



Recap:  Wholesale Power Markets Greatly Magnify  
the Cost to Consumers of Carbon Pricing/Tax Policies  

• Carbon prices must be pretty high to save many tons 
(for gas to displace coal, etc.) 

• Fossil units almost always set the clearing price 

• Short-term clearing price provides the benchmark 
for longer-term and bilateral contracts 

• SO: Carbon cost to sellers raises prices generally 

• Infra-marginal rent a/k/a ―windfall gains‖ to 
generators paid for by consumers 

Resulting in very high cost-per-tonne of     
carbon abatement to consumers 

 

 



Counter-example: Targeted investment 
support for clean generation  

 

• With targeted investment support policies for clean 
generation (e.g., FiTs, ROs), consumers pay just for the 
incremental cost of  them (e.g., new renewables) 

– Without also paying increased costs (windfall profits) 
for the existing fleet of coal, gas, and nuclear 

 

• The effect:  More clean low-running cost resources are 
directly added to the bottom of the bid stack, pushing out 
the marginal, high carbon resources—rather than  raising 
the market clearing price to coax the change  



 What the government does with any 
carbon pricing revenues (from allowance 
auction or taxes) it does collect:  
 
 --will have a major impact on the costs-   
per-tonne to decarbonise the power sector  
 
 

 -- and should be a key area of inquiry in 

evaluating the EMR package 
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Recycling carbon revenues into targeted 

support for efficiency can save 9x more carbon 

per consumer $ than carbon pricing or taxes 

(UK example) 



EMR documents do not examine the use of 
carbon price support revenues, or how they can 

be used to lower the cost-per-tonne of reductions 
• If the historical price-elasticity of electricity demand in UK’s 

residential sector is -2.3% and income elasticity is +3.4%:   

– what is the net impact on the level of  carbon 
reductions and cost-per-tonne if  carbon auction or tax 
revenues are used to fund income tax reductions?  

• What if: 

–  even a fraction of those revenues were used to reduce 
energy bills through end-use efficiency investments?   

• Could it be that: 

– how you spend these revenues can have a greater 
impact on carbon reductions than the carbon price 
level?    

 



The EMR Analysis of  Policy Options    

• Estimates that a carbon price support of £50/t will increase 
electricity costs to consumers via wholesale price 
increases by over £30 billion (NPV, 2010-2030) in achieving 
the target emissions reductions (in conjunction with current RO). 

– With a commensurate increase in infra-marginal 
rents/windfall profits (―producer surplus‖) 

• Also illustrates how the targeted investment support options (e.g., 
fixed FiTs, Cfds) will reduce wholesale prices and the inframarginal 
rents to generators over time.  

• Not enough information (or in the form required) to identify the 
combination(s) of options that can achieve UK’s targets at lowest 
cost to consumers  

• Lacks analysis of  realistic EPS alternatives with which to compare 
costs to consumers and ability of alternative EMR packages to meet 
the targets, especially under a high gas price cases  

 



EMR Analysis of  Capacity Payment 
Options  for Reliability Resources 

• Recognises the windfall profits problem 
associated with ―single clearing price‖ auction 
rules for capacity payments 

• And the experience with these auctions in the US 
breathing life into high-emitting resources (even 

new coal plants) 

• Therefore adopts a targeted capacity payment 
mechanism for reliability resources 



Check List for Keeping  
EMR Affordable to Consumers        

 

(1) Focus on reforms that do not create “high cost” tons of 
reductions to consumers through over-reliance on instruments  
that also create infra-marginal rents to existing generators  
 
(2)  Adopt a package that is robust against carbon lock-in    
(especially in the face of future gas price uncertainties? Ask 
yourselves, does the package adequately address the 
possibility of: 
       

• unabated coal plant life extensions/uprates if there is 
an unexpected increase in gas prices, or  

• dash to unabated gas if gas prices decrease 
  

….that would render unlikely, or much more costly (because of    
stranded assets)  achievement of the 2050 ―end goal‖? 

 



Check List for Keeping  
EMR Affordable to Consumers (cont):       

 

(3) Maximize participation of demand-side resources,    
 including energy efficiency 

  
• Let ESCOs and other market actors compete for  the 

targeted investment support payments offered to nuclear, on-
shore wind and other  commercial clean supply-side resources  

• Recycle a portion of carbon allowance/tax revenues 
to investment support for efficiency (and other low carbon 
resources)   

(4) Avoid  EMR  design that will create a flood of high 
carbon resources selling into the UK over the intertie(s) 

• Design the EPS  to mitigate this ―carbon leakage‖ (e.g., lessons 
from California, Nevada, Washington EPS design) 

• What is the impact of the proposed carbon tax/carbon price 
support?  Can these effects be mitigated?     

 
  

 



  
 
 

1) Recognise the new types of reliability resources that will be 
needed to balance an increasingly intermittent supply mix?  

• Supply following capacity much more critical  (than ―peakers‖)  
• Low carbon  (save gas for last) 

• Demand-side resources and storage  play an increasing role 

2) Make them available to the system?    
• Current wholesale power markets were never designed to attract investments in 

these resources (even those with capacity markets) 
• Does the EMR provide new market and institutional arrangements that can make 

these resources available to the system, as well as address unanticipated system 
reliability needs during the transition? 

3) Recognise the key role that the grid infrastructure will play 
in balancing renewables, at least cost:  

• Strategic interconnections with other parts of Europe (ECF Roadmap 2050 
Study) 

• ―Active‖ versus ―passive‖ wires, including control systems to manage demand 
remotely  

 

 
Checklist for Reliability--  
Does the EMR Package: 



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 

Contact Information for Meg Gottstein 

mgottstein@raponline.org 

Mobile:  +1 209 304 5931;  California landline: +1 209 296 4979 

mailto:mgottstein@raponline.org


Extra Slides 



 

 

 

Problem #1: Hard to affect demand 

(enough) with carbon prices  

 

 



      Carbon Price Support Raises EU-ETS Carbon Price to UK  

Generators via Fossil-Fuel Tax (Expanded Climate Change Levy) 





 Follow the Money:  Cumulative PJM Capacity Revenues ($42   

billion) Awarded to…. 

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 

Demand Response 



Total FCM Revenues: Notes 

• All PJM revenues for all auctions for the 
2007/2008 Delivery Year through the 2013/2014 
Delivery Year 
– Total revenue = $42.1 billion 

• Planned resources are new units that did not 
previously exist 

• Existing resources are existing units and any 
modifications to existing resources 

• DR resources are demand side capacity 
resources. 

• EE resources are energy efficiency resources. 

 

 

 



Cost and Savings Performance – Ambitious 

programs can cost less per MWH saved 

OR 2007 

VT 2007 

BACKGROUND CHART COURTESY SYNAPSE ENERGY ECONOMICS 



Design cap-and-trade  

for efficiency:  

The “Cap and Invest” strategy 

• Allocate allowances to consumer trustees  or public 
agencies. Generators need to purchase allowances, 
recycling much windfall revenue BACK to consumers 

• Energy regulators/gov’t supervise use of the money to 
benefit consumers  and accelerate the low-carbon 
transition 

• Best result: focus these $ on investments 
that lower carbon (EE, RE, and CCS) 

• Results:  
– Lower cost per ton avoided, lighter consumer impact; 

– Lighter macro-economic impact (efficiency is low-societal cost 
resource); 

– Quicker progress in reducing GHG emissions; 

– Less need to intervene with price caps, relief to industry, etc. 

– Political “space” to raise ambition, lower the cap  

 



Success Story on Revenue 

Recycling: The Regional 

Greenhouse Gas Initiative (RGGI) 
• Regional cap on power 

sector GHG emissions 

• Cap, reduce GHGs by 

10% by 2018 

• RGGI region: 10 

Northeast states 

• Population equal to Belgium, 

Sweden, Austria, Denmark, 

Switzerland, & Ireland   

• Launch 2009 –5th 

auction held recently 

• $500 million raised for 

end-use efficiency 



Topics for Today 

1. Where will power sector carbon reductions come from?  

2. What are the different approaches for achieving them?  
3. Carbon pricing is directionally correct—but  higher prices are 

not enough, by themselves, to drive the transition of the 
power sector  

4. Power markets and carbon markets together -- can create 
high costs of reduction for consumers and the economy 

5. A full suite of market reform policies is needed to meet UK’s 
carbon reduction targets at the lowest cost 

6. UK and EU market integration: What are those 
―affordability‖ implications for different policies? 

7. What you do with carbon allowance auction/tax revenues is 
key to keeping the transition affordable 
 
 
 
 

 


