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Introduction  
This technical paper presents the results of simulations of a national electricity market model 

representing three different approaches to the allocation of carbon dioxide (CO2) emissions 

allowances in the electricity sector under a cap-and-trade policy. An Auction leads to the greatest 

increase in electricity prices and the greatest emissions reductions at a given allowance price. 

Free allocation to local electricity distribution companies, which we refer to as load-based 

allocation, reduces the change in electricity prices and the emissions reductions that are 

achieved. The method by which allowances are distributed to states for ultimate distribution to 

local electricity distribution companies can have a substantial impact on the distribution of 

burden borne by electricity consumers in different parts of the country. Regional outcomes are 

presented in a series of color-coded maps. The method proposed in the Waxman-Markey bill 

leads to the greatest increases in electricity price in regions that are among the lowest emitting 

and already have the highest electricity prices in the nation. Alternative possible outcomes are 

illustrated. 

Scenarios 
Two sets of scenarios are considered. In the first set there are four scenarios. The Baseline 

scenario assumes that the electricity sector will proceed along a business-as-usual trajectory, in 

the absence of a climate policy. The other three policy scenarios are all identical to the Baseline, 

except for the addition of a climate policy calibrated to a level of stringency (emissions 

allowance price) consistent with that used in the EIAôs analysis of the Lieberman-Warner 

proposal.
1
  The assumed allowance price on CO2 emissions rises from about $12 per ton of CO2 

emissions in 2010 to about $51 in 2030.
2
  

                                                            
Y Funding for this research was provided by the National Commission on Energy Policy, the Doris Duke Charitable 

Foundation and Mistraôs Climate Policy Research Program. Comments should be directed to Paul@RFF.org, 

Burtraw@RFF.org or Palmer@RFF.org.  

1
 U.S. Energy Information Administration. 2008. Energy Market and Economic Impacts of S.2191, The Lieberman 

Warner Climate Security Act of 2007. SR/OIAF/2008-01, April.  
2 The values for all monetary parameters are expressed in 2004 dollars. 
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The three policy scenarios differ from each other by their utilization of CO2 emissions revenue. 

The Auction scenario simulates a case where revenues generated by the program are not 

recycled in any manner affecting electricity markets. The Grandfathering scenario allocates all 

revenues to producers of electricity based on a historical metric of electricity generation. The 

Load-Based Allocation (LBA)  scenario simulates the allocation of revenues to local electricity 

distribution companies, which use the revenues to subsidize the electricity price. 

A second set of scenarios examine variations on the way that allowances are apportioned among 

states for ultimate allocation to local electricity distribution companies. The LBA scenario 

described above resembles the proposal from the Edison Electric Institute (EEI, 4/2/09). 

Allowances are allocated to states based on CO2 emissions and electricity consumption, with 

equal weight given to each factor. Alternatives to this allocation scheme could alter the 

weighting of these factors or introduce another factor, like population. These scenarios are 

discussed in the section on Regional Results.  

National Results 
Our modeling indicates that the way allowances are allocated will have substantial effects on 

electricity prices. Table 1 shows the projected national average electricity prices in 2015 under 

the Baseline and three policy scenarios. The Auction scenario yields the largest increase in 

electricity prices. The LBA scenario yields the smallest increase, reducing the price change 

relative to an auction by about two-thirds. The effects on electricity expenditures are smaller than 

the price effects because consumers can be expected to reduce consumption when faced with 

increasing prices.
3
 

                                                            
3 The pattern of declining electricity prices and expenditures moving to the right across Table 1Table 1 is partly 

induced by the presence of heterogeneous electricity market regulatory structure around the country. An Auction of 

CO2 allowances would result in allowance cost pass-through to electricity consumers. An allocation by 

Grandfathering would yield a reduction in national average price, relative to the price level under an Auction, due to 

reductions in prices in cost-of-service regions. These reductions follow from the presence of regulation in cost-of-

service regions that directs the allowance value to offset the change in price for electricity generation. In the regions 

of the country with market-based competition there is no first-order difference between Grandfathering and Auction. 

In these regions it is assumed the allowance value flows to shareholders of the generation firms. Compensation for 

consumers in these regions can be achieved by an LBA allocation. Under LBA, allowance cost pass-through would 

not occur anywhere in the country, but the national average electricity price would nonetheless rise because of the 

increased resource cost necessary to create power at a lower level of carbon intensity. 
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Table 1. National Average Electricity Prices, Expenditure, and CO2 Emissions in 2015 

under Baseline, Auction, Grandfathering,  and Load-Based Allocation 

  

The reduction in electricity prices is offset by an increase in emissions. One consequence of 

subsidizing electricity prices is an increase in electricity consumption and generation, and 

therefore greater emissions. The emissions reductions achieved in the electricity sector under an 

allowance Auction would be about one-third greater than would be achieved under LBA. 

Another way to look at this is that under an economy-wide emissions cap, free allocation to 

electricity consumers will induce relatively more CO2 emissions from the electricity sector. An 

inflated price on CO2 emissions will be necessary to engender emissions reductions in other 

sectors sufficient to offset the increase in the electricity sector and keep the economy in its 

entirety within the cap.  

Regional Results 
The regional distributions of electricity prices that result under the different approaches to 

allocation shown in Table 1 are illustrated in the maps of Figures 1-4. Each figure shows these 

values for the twenty-one model regions, with the regions where power is traded in competitive 

markets marked with diagonal lines. Figure 1 shows the distribution of Baseline electricity prices 

($/MWh) in each region. The regions with the highest prices have the darkest shading. Figure 2 

shows the effect of the Auction, with numbers indicating the change in electricity price as a 

consequence of the policy compared to the Baseline. Figure 3 represents Grandfathering, and 

Figure 4 represents LBA, again with numbers indicating the change in prices compared to the 

Baseline. In the policy cases (Figures 2-4) darker shading indicates a larger increase in electricity 

price. 

An Auction of carbon allowances (Figure 2) would induce a relatively uniform and large 

electricity price increase nationwide. The greatest price increases would occur across the 

Midwest and Northeast, the smallest increases in the Northwest. The price increases in the 

Midwest tend to correspond to the lowest baseline prices, while the price increase in the 

Northeast will raise prices for the customers who would face the highest Baseline prices. 

If allowances were Grandfathered (Figure 3) the electricity price changes induced by climate 

policy would amplify the regional price asymmetry of the Baseline. The customers in the 

Northeast and California would face the highest prices in the Baseline and would bear the 

greatest burden of climate policy within the electricity sector. 

Baseline Auction Grandfathering LBA

Electricity Price ($/MWh) 75 90 84 81

%ȹ from Baseline -                    20% 12% 7%

Electricity Expenditure per capita ($) 917               1,016            985                    962               

%ȹ from Baseline -                    11% 7% 5%

CO2 Emission (M tons) 2,704            2,063            2,180                 2,219            

%ȹ from Baseline -                    -24% -19% -18%
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The Load-Based Allocation of allowances shown in Figure 4 would reduce some of the price 

asymmetry that would be induced by Grandfathering, but would still tend to amplify the price 

asymmetry that is evident in the Baseline. Electricity prices for customers across the Southeast 

and much of the West would be held close to baseline levels. The customers most affected would 

be located in the Northeast, the region where the highest prices are projected in the absence of 

climate policy. In other words, the smallest price increases would tend to occur for those with the 

lowest baseline prices and the largest increases for those with the highest baseline prices. 
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Figure 1. Average Electricity Price ($/MWh) in 2015 

in the Baseline (no climate policy) 

 

Figure 2. Change in Electricity Prices ($/MWh) in 2015 

under Auction (relative to Baseline) 

 

 

Figure 3. Change in Electricity Prices ($/MWh) in 2015 

under Grandfathering (relative to Baseline) 

 

Figure 4. Change in Electricity Prices ($/MWh) in 2015 

under Load-Based Allocation (relative to Baseline) 
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Alternative Approaches to Load-Based Allocation  
The LBA scenario shown in Table 1 and Figure 4 represent an allocation of allowances to states 

based on an equal weighting between state-level emissions and consumption, as suggested by 

EEI. This formula has important implications for the distribution of changes in electricity prices 

across regions, because of regional heterogeneity. To assess the role played by the state-level 

allocation weighting scheme, we consider the scenarios under which one-third of the allowance 

pie for electricity consumers is reallocated to one of three reference case metrics: Emissions, 

Consumption, and Population. This implies that in each of these three scenarios two-thirds of 

the allowances are allocated to an equal weighting between emissions and consumption. 

We designate the allocation underlying Figure 4 as 50/50/0, which stands for an allocation 

placing 50 percent weight on the CO2 emissions, 50 percent on electricity consumption and 0 

percent on population. Figures 5-7 show the changes in electricity prices that an LBA allocation 

would induce relative to the baseline under three alternatives. The scenario underlying Figure 5 

allocates one-third of allowances destined for electricity consumers based on a reference level of 

carbon emissions from electricity production. So 67 percent of the weight is placed on emissions, 

33 percent on consumption and 0 percent on population, and the scenario is designated 67/33/0. 

Figures 6 and 7 show the electricity price implications of weighting schemes that would allocate 

one-third of the allowances to either electricity consumption or to regional population. The 

scenario that allocates to consumption (Figure 6) is designated 33/67/0. The scenario that 

allocates to population puts equal weight on all three factors and is designated 33/33/33.  

The figures reveal that the price effects in the Southeast and most of the West are approximately 

independent of the distribution metric because those regions are near the national average in 

terms of their carbon intensity of electricity consumption per capita. The regions that are far from 

this national average are the Northeast and California. These regions of the country exhibit a low 

carbon intensity of consumption per capita and therefore derive greater electricity price relief 

from an LBA allocation that gives more weight to population. 

Modeling Framework  
This analysis was generated using a detailed simulation model of the electricity sector called the 

Haiku Electricity Market Model maintained by Resources for the Future
4
. Haiku is a highly 

parameterized, deterministic model that calculates information similar to the National Energy 

Modeling System used by the Energy Information Administration, and the Integrated Planning 

Model developed by ICF Consulting and used by the U.S. Environmental Protection Agency. 

                                                            
4 Model documentation can be found at http://www.rff.org/RFF/Documents/RFF-Rpt-Haiku.v2.0.pdf. 

 

http://www.rff.org/RFF/Documents/RFF-Rpt-Haiku.v2.0.pdf
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Figure 5. Change in Electricity Prices ($/MWh) in 2015 

under LBA w/ 2x weight on Emissions (67/33/0) 

 

Figure 6. Change in Electricity Prices ($/MWh) in 2015 

under LBA w/ 2x weight on Consumption (33/67/0) 

  

Figure 7. Change in Electricity Prices ($/MWh) in 2015 

under LBA w/ equal weight on Emission, Consumption, and Population (33/33/33) 
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The Haiku model simulates equilibrium in regional electricity markets and interregional 

electricity trade with an integrated algorithm for emissions control technology choices for criteria 

pollutants. The composition of electricity supply is calculated using a fully integrated algorithm 

for capacity planning and retirement coupled with system operation in temporally and 

geographically linked electricity markets. The model solves for electricity market equilibrium in 

21 Haiku market regions (HMRs) within the continental United States. Each of the 21 HMRs is 

classified by its electricity pricing regime as having either competitive or regulated electricity 

pricing. Electricity markets are assumed to maintain their current regulatory status throughout 

the modeling horizon; that is, regions that have already moved to market-based pricing of 

generation continue that practice, and those that have not made that move remain regulated. The 

price of electricity to consumers does not vary by time of day in any region, though all customers 

in competitive regions face prices that vary from season to season.  

Each year is subdivided into three seasons (summer, winter, and spring-fall) and each season into 

four time blocks (superpeak, peak, shoulder, and base). For each time block, demand is modeled 

for three customer classes (residential, industrial, and commercial). Supply is represented using 

model plants that are aggregated according to their technology and fuel source from the complete 

set of commercial electricity generation plants in the country. Investment in new generation 

capacity and the retirement of existing facilities is determined endogenously in a dynamic 

framework, based on capacity-related costs of providing service in the future (ñgoing forward 

costsò). Operation of the electricity system (ñgenerator dispatchò) in the model is based on the 

minimization of short-run variable costs of generation. 

Equilibrium in interregional power trading is identified as the level of trading necessary to 

equilibrate regional marginal generation costs, net of transmission costs and power losses, given 

current and projected transmission capability. Factor prices, such as the cost of capital and labor, 

are held constant. Fuel prices are benchmarked to the forecasts of the Annual Energy Outlook 

2009 for both level and elasticity. Coal is differentiated along several dimensions, including fuel 

quality and content and location of supply; and both coal and natural gas prices are differentiated 

by point of delivery. The price of biomass fuel also varies by region depending on the mix of 

biomass types available and delivery costs. Other fuel prices are specified exogenously. 

Emissions caps in the Haiku model, such as the Title IV cap on national SO2 emissions, EPAôs 

Clean Air Interstate Rule caps on emissions of SO2 and NOx, and the Regional Greenhouse Gas 

Initiative (RGGI) cap on CO2 emissions, are imposed as constraints on the sum of emissions 

across all covered generation sources in the relevant region. Emissions of CO2 from individual 

sources depend on emission rates, which vary by type of fuel and technology, and total fuel use 

at the facility. The sum of these emissions across all sources must be no greater than the total 

number of allowances available, including those issued for the current year and any unused 

allowances from previous years when banking is permitted. 


