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Executive Summary 

On October 23, 2015, EPA promulgated the Final Clean Power Plan (“CPP”) rule to reduce CO2 

emissions from existing fossil fuel-fired power plants and simultaneously published a proposed 

rule for a Federal Plan (“FP”) in the Federal Register (EPA, 2015a and 2015b).  Comments on 

the proposed FP are due January 21, 2016.  In this report, NERA presents modeling results for 

alternative FP implementations to support comments on the FP.  The report focuses primarily on 

the implications for state-level retail electricity rates and national natural gas prices of alternative 

FP options.  The report also provides some insights about a proposed option to prevent leakage. 

A. Overview of Proposed Federal Plan 

The CPP is a nationwide regulation under Section 111(d) of the Clean Air Act that regulates 

existing electricity generating units, specifically fossil fuel-fired steam units and combined-cycle 

combustion turbines.  The rule provides two compliance structures, one based on meeting state-

specific emission rate targets in pounds of CO2 per megawatt-hour (lb/MWh) and the other based 

on a CO2 cap for total emissions from the regulated generators in each state (“mass cap”).  Each 

state’s mass cap is based on EPA’s assessment of the emissions that would be equivalent to 

complying with the state’s rate-based limit.  The limits, whether rate- or mass-based, are phased 

in from 2022 through 2030.  The rule also allows states to trade with other states that elect the 

same generic regulatory option.  According to EPA’s estimates, the CPP will result in U.S. 

power sector CO2 emissions in 2030 that will be 32% below their level in 2005.   

EPA is authorized to implement a FP if a state fails to submit a compliance plan or if the state’s 

compliance plan is considered inadequate.  The proposed FP features both a rate-based and 

mass-based plan, but EPA has proposed that only one option become the final FP approach.   

 Rate-based approach.  The rate-based proposed FP would require a state to meet a given 

average emission rate, in lb/MWh, equal to the state’s rate-based limit in the CPP.  The 

proposed rate-based FP specifies the covered emissions and covered generation that 

would be used to determine compliance.  Because the FP can include only measures that 

are federally-enforceable, end-use efficiency is presumed to be precluded from rate-based 

plans.  Trading among units within the affected state would be allowed, as well as trading 

with other states under a rate-based FP or with states whose plans meet the conditions for 

linkage to the federal plan.   

 Mass-based approach.  The mass-based proposed FP would require aggregate emissions 

from affected sources within a state—consisting of fossil-fuel steam units, existing 

natural gas combined cycle units, and combined heat and power facilities—to be less than 

or equal to a state cap equal to the state’s mass-based limit in the CPP.  The proposed FP 

identifies how EPA would set initial allocations of allowances, i.e., the right to emit a ton 

of CO2, but states would be allowed to make their own alternative allocation decisions.  

Affected generating units would be able to buy and sell emission allowances from other 

affected generating units within the state as well as potentially from affected generating 
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units in other states covered by their own mass-based FP.  If a mass-based approach is 

applied, the state must demonstrate that leakage to non-covered NGCC plants will be 

prevented. 

B. NERA Objectives and Methodology 

NERA’s principal objective was to evaluate key energy price outcomes under FP alternatives.  

We focused on the major choice involved—which is whether to adopt a rate-based or mass-based 

FP—but we consider several important implementation uncertainties that may affect that choice.  

In particular, we consider the level of trading (i.e., state vs. regional vs. national trading) and, for 

mass-based programs, the nature of initial allowance allocation. We compare these alternatives 

in terms of their implications for projected state-specific retail electricity rates and for national 

natural gas prices.
1
 We also have considered alternative mechanisms proposed for preventing 

leakage under a mass-based cap (i.e., increased emissions from new sources that are not covered 

by the cap).  The full set of results provides the bases for some conclusions regarding the 

alternative FP designs. 

We used the NewERA model—an economy-wide integrated energy and economic model that 

includes a bottom-up representation of the U.S. electricity sector and a top-down representation 

of all other sectors of the economy, including households and governments—to evaluate the 

implications of alternative FP implementation. 

We modeled least-cost compliance scenarios that differ based on the FP structure (mass-based 

vs. rate-based), the level of trading presumed, and two extreme cases for initial allocation of 

allowances to lower electricity prices by allocating allowances to electricity distribution 

companies (EDCs).  The regional trading case is based on seven regions, as described in the 

report. 

Mass-based trading schemes will require creation of emissions allowances, the initial distribution 

of which affects the ultimate regulatory cost burdens on different sectors and individuals. NERA 

presents a range focusing on the extent to which the initial allocation is used to lower retail 

consumer electricity rates by providing allocations to EDCs.
2
  In NERA’s 0% allocation case, 

                                                 
1
 This report compares the effects of FP alternatives, presuming that the CPP will be implemented. NERA (2015) 

evaluates the energy and consumer effects of the CPP itself. See NERA (2015) for evaluations of the effects of 

the CPP on U.S. energy sector expenditures, U.S. retail electricity rates, U.S. natural gas prices, and U.S. 

consumption. 

2
 NERA’s allocation of the allowance value to electricity distribution companies (EDCs) is different from the 

proposed approach in the FP of allocating allowances to affected EGUs based on historical generation.  It is also 

somewhat different from the alternative proposed in the FP, to allocate allowances to load-serving entities 

(LSEs) as a way to enable the value of the allowances to be passed through to consumers.  EDCs and LSEs can 

be different entities.  An EDC is the entity responsible for distribution of electricity and maintenance of the local 

grid that extends into ratepayers’ homes or facilities, while an LSE is a company that markets and sells its supply 

of electrons to retail customers, but may not be an EDC. While an assumption implicit in EPA’s alternative 

allocation proposal is that LSEs can be required to pass through any allocated allowance value in the form of 

lower rates per kWh at the meter, it is not clear to us which of these two types of entities can be expected to 
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allowances are auctioned to generators with none of the proceeds distributed to EDCs (but all the 

proceeds returned to state consumers), and thus electricity prices are not reduced.  In NERA’s 

100% allocation case, all allowances are freely distributed to EDCs and assumed to be used 

solely as a credit to reduce electricity rates.   

Note that in NERA’s modeling of the 0% allocation case, each state is assumed to still return all 

the allowance allocation value to consumers through means other than lowering retail rates, 

using a mechanism economists refer to as a “lump sum” transfer.  Lump sum redistributions 

could include per-household dividend checks, or per-person income tax rebates, among other 

means. 

NERA modeled all of the core mass-based scenarios using the New Source Complement caps to 

deal with leakage. This choice is one option provided in the final CPP, though it is not proposed 

for the FP.
3
  NERA has also explored potential leakage under a 5% renewable set aside option, 

which is discussed separately below.   

The resulting set of seven “core” scenarios are listed in Table E-1.   

Table E-1.  List of Core Scenarios in this Analysis 

 Scenario(*) Trading(**) Allocations to 

Reduce Electricity 

Rates 

A Mass-based Intra-State 0% 

B Mass-based Regional Trading 0% 

C Mass-based National Trading 0% 

D Mass-based Intra-State 100% 

E Mass-based National Trading 100% 

F Rate-based Intra-State Not applicable 

G Rate-based National Trading Not applicable 

(*) All of the core mass-based scenarios were implemented using the New Source Complement caps  

as the means to prevent leakage. 

(**) The regional trading case assumes seven regions, as described in the report. 

                                                                                                                                                             
provide such an outcome.  We perform an analysis that is comparable in intent to that of EPA’s alternative 

allocation proposal, in that our analysis assumes such a pass-through can be enforced.  For our report, we have 

called this an allocation to an EDC, as that is the entity most commonly associated with the local regulated 

utility, but it could be interpreted as an allocation to any entity that can be required by a regulator to make retail 

rates per kWh decline. 

3
 In the proposed FP, EPA requires that leakage under the mass-based approach be addressed by implementing 

output-based allocation set-asides based on historical generation, and a set-aside that encourages the installation 

of renewable energy.  However, EPA requests comment on the proposed treatment of leakage, which is 

discussed within the report body. 



 

   

NERA Economic Consulting   E-4 

 

 

C. Summary of Results 

1. State Electricity Prices 

To summarize electricity rate outcomes by state, we report projected retail electricity prices 

averaged over the period from 2022 to 2033.  (More detailed price projections at the rate class 

level—industrial, commercial and residential—are provided in the report.)  We present the 

results in a comparative format.  For each state, we compare the projected outcome under a rate- 

versus a mass-based approach.  The results are provided in a three-step sequence of figures to 

illustrate the relative importance of key uncertainties that will determine ultimate electricity price 

levels.   

In the three figures, the red bars represent rate-based results and the paired blue bars represent 

the mass-based results.  The state results are organized by trading region.  The sequence of 

comparisons in Figures 1 through 3 is the following:   

Figure E-1: “Basic” Comparison of Rate-Based vs. Mass-Based. Figure E-1 provides 

comparisons of rate-based to mass-based results for one basic implementation case: the 

“state-only” trading option with no EDC allowance allocations (0% allocation).  That is, 

this compares results for scenario A to those for scenario F (as defined in Table E-1).   

Figure E-2: Addition of Geographic Scope of Trading. Figure E-2 adds the implications 

of different geographic scopes of emissions trading.  This compares results for scenarios 

A, B and C to those for F and G (as defined in Table E-1).  This figure shows a range of 

projected electricity rates for both the mass- and rate-based alternatives, and this range is 

represented in the figure as a vertical bar from the lowest to the highest end of the range.  

(Specific values for each individual scenario are provided in tabular format in the report.)    

Figure E-3: Addition of EDC Allocation. Figure E-3 adds the implications for the range 

of potential electricity rates of EDC allocations for the mass-based alternative.  In 

contrast to the 0% allocation assumption used in Figures E-1 and E-2, this figure now 

includes the other extreme of 100% EDC allocation.  Thus the range of results for 

scenarios A through E are compared to the range of results from scenarios F and G. 

All three figures illustrate the implications for state retail electricity prices of differences in the 

design of a FP.   
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Figure E-1.  State by state electricity rate projections for state-only trading with 0% free allocations to EDCs (2015¢/kWh) 

 
Source: NewERA modeling result. 
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Figure E-2.  State by state electricity rate projections for all levels of potential trading, with 0% free allocations to EDCs 

(2015¢/kWh) 

 
Source: NewERA modeling result. 
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Figure E-3.  State by state electricity rate projections for all levels of potential trading, with free allocations to EDCs ranging 

from 0% to 100% (2015¢/kWh)  

 
Source: NewERA modeling result. 
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Both Figure E-1 and Figure E-2 show that, in the absence of any free allocations to reduce 

electricity rates, rate-based retail rates are projected to be lower than mass-based retail rates in 

every state.  As explained in the main body of the report, including EE as a compliance option 

for the rate-based approach would not reverse this finding.  The major reason for this difference 

is the difference in the carbon “adders” under the two approaches.  Under the rate-based 

approach, intra-state trading is implemented in the model by applying CO2 cost “adders” to 

covered units with rates greater than the state’s limit and emission cost “credits” to covered units 

with rates less than the state’s limit.  The sum of all “adders” is equal to the sum of all “credits” 

in each state and the implications for electricity prices tend to be relatively modest.  In contrast, 

under the mass-based approach, “adders” are applied to all covered fossil-fuel units in direct 

proportion to their carbon emissions.  The resulting increase in electricity price in a particular 

region and time period depends upon the unit that is the last (i.e., “marginal”) unit to be 

dispatched to meet load but the general effect of the mass-based approach is to reflect carbon 

costs in electricity prices to a substantially greater extent than under the rate-based approach.    

Figure E-2 shows that this general result—that rate-based approaches lead to lower rates than 

mass-based approaches—is not affected by the degree of trading that is allowed, although inter-

state trading does increase the range of estimated electricity rates under each approach.  In most 

states, the effect of inter-state trading is to reduce the projected electricity rates, but they do rise 

in a few states.  These changes occur because under the rate-based approach when there is inter-

state trading, the “adders” and “credits” described above (known as Emissions Reduction Credits 

(ERCs) in the CPP) may not net to zero within a given state.  Instead, individual states may 

become net ERC sellers or net ERC purchasers, leading to effects on retail rates.   

Figure E-3 shows that including the extreme of 100% allowance allocations to lower electricity 

rates substantially widens the range of potential electricity rates that could result under a mass-

based approach.  In this case, the effect on projected electricity rates is consistently in the 

downward direction.  Note, however, that even the most extreme theoretically-possible EDC 

allocation of 100% does not make mass-based retail electricity prices lower than those projected 

for the rate-based alternative in most states.  Note also that the practical relevance of the 100% 

EDC allocation case for evaluating the choice of mass-based vs. rate-based approach is not clear, 

given the likelihood that states may use criteria other than electricity rate reduction to allocate 

some or all of their allowances.   

2. Henry Hub Natural Gas Prices 

Figure E-4 presents projected Henry Hub natural gas prices for all scenarios in Table E-1.  In 

terms of natural gas prices, the fundamental choice of rate- or mass-based alternative appears to 

be the critical distinction, with almost no additional variation in projected prices for different 

degrees of trading or different EDC allocations.  Every one of the mass-based FP scenarios has 

lower natural gas prices than every one of the rate-based options.  The higher gas prices under 

the rate-based approaches are due in part to the lack of end-use energy efficiency as a 

compliance option in the rate-based scenarios, which means that CO2 emissions reductions are 
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accomplished primarily by fuel switching from coal to natural gas, which puts pressure on 

natural gas prices. 

3. Leakage Under a 5% Allowance Set-Aside for Renewables 

As noted above, all of the mass-based scenarios presented above used the New Source 

Complement approach as the means of addressing the leakage issue under mass-based scenarios 

whereby some emitting units are covered (i.e., existing fossil generators) and some are not 

(namely new natural gas combined cycle units).  EPA has proposed a combined approach to 

preventing leakage, the use of output-based allocations and a 5% allowance set-aside for new 

renewable generators.  Lacking capability to simulate output-based allocations on the present 

Figure E-4.  Henry Hub Natural Gas Prices ($2015/MMBtu)  

 

 
 

Source:  NewERA modeling result.  
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timeline for comments, we explored the potential effectiveness of one component of what is 

proposed—a 5% allowance set-aside for new renewable generators, which we could readily 

simulate as a sensitivity analysis with our existing model.
4
  Our analysis found that a 5% 

allowance set-aside for new renewable generators would not prevent leakage in any meaningful 

way.  New natural gas combined cycle units are projected to be built and to generate.  (In 2031, 

our analysis shows twice as much generation from new natural gas combined cycle units if they 

are not subject to the cap as opposed to if they were subject to the cap).  Further, this leakage 

effectively loosens the cap and drives down CO2 allowance prices as a result. The lower CO2 

allowance prices then reduce the value of the 5% renewable set-aside, making the set-aside 

ineffective at motivating new renewables generation as well as ineffective at stopping leakage. 

D. Implications of Results 

Our modeling of the different FP scenarios suggests several implications. 

1. Rate-Based vs. Mass-Based Approach.  With limited exceptions, a rate-based 

implementation of the FP results in lower delivered electricity prices at the state level 

compared to a mass-based implementation of the FP, a result consistent with differences 

in the way that carbon costs are incorporated in electricity generation costs under the two 

approaches.  This relative advantage of a rate-based implementation is offset, however, 

by the disadvantage of higher natural gas prices under a rate-based implementation 

(discussed more below). 

2. Intra-State Trading vs. Inter-State Regional and National Trading.  Although there 

are states that are exceptions, the possibility of inter-state trading generally results in a 

greater range of potential electricity prices for the rate-based approach than for the mass-

based approach.  This range of uncertainty has the effect of making mass-based prices 

even more likely to be higher than rate-based prices. 

3. Energy Efficiency Compliance and Natural Gas Prices.  The use of end-use energy 

efficiency as a compliance alternative is a major reason for the large difference in natural 

gas prices under the two approaches.  With end-use energy efficiency available and 

adopted by states (as assumed in our mass-based scenarios), there is less need for fuel 

switching from coal to natural gas and thus less pressure on wholesale and delivered 

natural gas prices.  In contrast, if end-use energy efficiency is not adopted (for whatever 

reason), as is the case in our rate-based scenarios, there is a much larger shift towards 

natural gas-fired generation, increasing demand for natural gas and putting upward 

pressure on wholesale and delivered natural gas prices throughout the country. 

4. Allowance Allocations.  In the mass-based approach, each state would receive allowance 

allocations equal to its cap that it would be allowed to distribute in some fashion other 

                                                 
4
 In performing this case, we removed the New Source Complement and left new Natural Gas Combined Cycle 

(NGCC) units uncovered by the cap. 
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than the default method that the EPA would take (as it outlines in the proposed FP).  For 

our mass-based scenarios, we considered the effect of states choosing to allocate some of 

the allowance value to electricity EDCs to be used to reduce electricity rates.  The size of 

the potential rate reduction varies by state—due in large part to differences in the CO2 

price—but in most states, the potential reduction is at most 1¢/kWh (although in a few 

smaller coal-dependent states the EDC allocation has the potential to lower rates by 

more).  In most but not all states, even 100% free allocations to EDCs does not close the 

gap between projected mass-based and rate-based price ranges.   

5. Renewable Set-Aside as a Leakage “Solution.”  Our analysis of the 5% allowance set-

aside for new renewable generators indicates that this component to the “solution” would 

not reduce or prevent leakage.  The modeling shows more new natural gas combined 

cycle units would be built and generate and, moreover, that CO2 allowance prices would 

be reduced, which in turn renders the set-aside itself ineffective at motivating new 

renewables generation. 
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I. Introduction  

On October 23, 2015, EPA promulgated the Final Clean Power Plan (“CPP”) rule to reduce CO2 

emissions from existing fossil fuel-fired power plants and simultaneously published a proposed 

rule for a Federal Plan (“FP”) in the Federal Register.  Comments on the proposed FP are due 

January 21, 2016.  In this report, NERA presents modeling results for alternative FP 

implementations to support comments on the FP.  The report focuses primarily on the 

implications for state-level retail electricity rates and national natural gas prices of alternative FP 

options.  The report also provides some insights about a proposed option to prevent leakage. 

A. Overview of Proposed Federal Plan 

The CPP is a nationwide regulation under Section 111(d) of the Clean Air Act that regulates 

existing electricity generating units, specifically fossil fuel-fired steam units and combined-cycle 

combustion turbines.  The rule provides two compliance structures, one based on meeting state-

specific emission rate targets in pounds of CO2 per megawatt-hour (lb/MWh) and the other based 

on a CO2 cap for total emissions from the regulated generators in each state (“mass cap”).  Each 

state’s mass cap is based on EPA’s assessment of the emissions that would be equivalent to 

complying with the state’s rate-based limit.  The limits, whether rate- or mass-based, are phased 

in from 2022 through 2030.  The rule also allows states to trade with other states that elect the 

same generic regulatory option.  According to EPA’s estimates, the CPP will result in U.S. 

power sector CO2 emissions in 2030 that will be 32% below their level in 2005.   

EPA is authorized to implement a FP if a state fails to submit a compliance plan or if the state’s 

compliance plan is considered inadequate.  EPA released its proposed FP at the same time that it 

finalized the CPP on October 23, 2105, and it is open for public comments until January 21, 

2015.  This report focuses on some key elements of the proposed alternatives for the FP, which 

are similar to but not exactly the same as those of the final CPP.  NERA has previously released 

modeling analyses of the final CPP.  A summary of the key elements of the final CPP and its 

modeled economic impacts is available in NERA (2015) and Smith (2015).  Unless otherwise 

noted, all descriptions of the policies that are discussed in this report should be viewed as 

reflecting the alternative proposed FPs.   

The proposed FP features both a rate-based and mass-based plan.  EPA has proposed that only 

one alternative become the final FP approach.  Thus we focus our analysis on comparing 

outcomes under the two alternatives to each other.  Briefly, the two alternatives have the 

following elements:  

 Rate-based approach.  The rate-based proposed FP would require a state to meet a given 

average emission rate, in lb/MWh, equal to the state’s rate-based limit in the CPP.  The 

proposed rate-based FP specifies the covered emissions and covered generation that 

would be used to determine compliance.  Because the FP can include only measures that 

are federally-enforceable, end-use efficiency is presumed to be precluded from rate-based 

plans.  Trading among units within the affected state would be allowed, as well as trading 
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with other states under a rate-based FP or with states whose plans meet the conditions for 

linkage to the federal plan.   

 Mass-based approach. The mass-based proposed FP would require aggregate emissions 

from affected sources within a state—consisting of fossil-fuel steam units, existing 

natural gas combined cycle units, and combined heat and power facilities—to be less than 

or equal to a state cap equal to the state’s mass-based limit in the CPP.  The proposed FP 

identifies how EPA would set initial allocations of allowances, i.e., the right to emit a ton 

of CO2, but states would be allowed to make their own alternative allocation decisions.  

Affected generating units would be able to buy and sell emission allowances from other 

affected generating units within the state as well as potentially from affected generating 

units in other states covered by their own mass-based FP.  If a mass-based approach is 

applied, the state must demonstrate that leakage to non-covered NGCC plants will be 

prevented. 

 

B. Objectives of This Evaluation 

NERA’s principal objective was to evaluate the potential electricity and energy price outcomes 

under alternatives for implementing a FP.  We focused on the major choice involved—which is 

whether to adopt a rate-based or mass-based FP—but we have considered several important 

implementation uncertainties that may affect that choice.  In particular, we consider the level of 

trading (i.e., state vs. regional vs. national trading) and, for mass-based programs, the nature of 

initial allowance allocation. We compare these alternatives in terms of their implications for 

projected state-specific retail electricity rates and for national natural gas prices.
5
  We also have 

considered alternative mechanisms proposed for preventing leakage under a mass-based cap (i.e., 

increased emissions from new sources that are not covered by the cap). The full set of results 

provides the bases for some conclusions regarding the alternative FP designs. 

We used the NewERA model—an economy-wide integrated energy and economic model that 

includes a bottom-up representation of the U.S. electricity sector and a top-down representation 

of all other sectors of the economy, including households and governments—to evaluate the 

implications of alternative FP implementation. The key features of NewERA and input 

assumptions used in this analysis are described in the next section, followed by an explanation of 

the scenarios we used to represent the range of uncertainties noted above regarding how each 

alternative FP approach may actually be implemented. Details of results then follow. 

                                                 
5
  The comparisons in this report are of relative levels of prices in a world that has already promulgated the CPP, but 

for which the implementation of the CPP limits may differ.  In a comparison of a world without the CPP versus a 

world with the CPP, NERA (2015) shows that electricity prices are increased by the imposition of the CPP.  See 

NERA (2015) for assessments of a range of impacts of the CPP, including impacts on U.S. energy sector 

expenditures, U.S. retail electricity rate U.S. natural gas prices, and U.S. consumption. 
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We note that the objective of our modeling is to assess ranges of potential electricity price 

outcomes in all states potentially subject to a FP.  To provide a coherent set of comparisons, we 

run our model assuming all states are subject to each of the FP implementation alternatives we 

evaluate.  This approach simplifies the potential evaluation of a given implementation alternative 

in a particular state, since other states may implement other alternatives and these choices by 

other states may have some effects on the particular state results.  Note that all states are 

interconnected by markets for energy and other goods and services affected by a major 

regulation such as the CPP. Thus, one cannot project market outcomes under a FP in any single 

state without assuming some form of CPP implementation in other states. The potential number 

of permutations of implementation choices across these other states is vast; but all affected states 

will be subject to some kind of state or federal implementation plan for the CPP that will, 

broadly speaking, have similar stringency regardless of each state’s specific legal route to 

compliance. Thus, we believe that market outcomes in a single state can be reasonably 

approximated by assuming the same form of implementation in all the other states.  Put another 

way, we expect that variations due to differences in the FP implementation in a given state are 

likely to be larger and of greater interest than variations due to differences in other states’ 

implementation choices. Thus, we think the range of market price outcomes we report for each 

individual state is likely to be a reasonable approximation of the degree of uncertainty about 

price outcomes, but we acknowledge that we have not performed a comprehensive assessment of 

that uncertainty. 

C. Organization of this Report  

The remainder of this report is organized as follows.   

 Chapter II describes NERA’s methodology and the compliance scenarios modeled in this 

study; and 

 

 Chapter III provides the electricity and energy system modeling results.   

 

Two appendices provide additional information on the methodology and results. Appendix A 

describes the key features of the NewERA model used to produce our results. Appendix B 

provides tables of the state-level electricity prices shown in the various figures.   
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II. NERA Methodology 

NERA evaluated the potential energy market and price outcomes of the proposed FP on 

electricity markets using its proprietary NewERA model based upon U.S. government 

information. A brief overview of the NewERA model is provided below, followed by an overview 

of the assumptions we made in modeling the FP compliance alternatives.   

A. NewERA Model 

The NewERA model is an economy-wide integrated energy and economic model that includes a 

bottom-up representation of the U.S. electricity sector and a top-down representation of all other 

sectors of the economy, including households and governments. The electricity module of 

NewERA features substantial detail, including unit-level information on generating units, detailed 

coal supply curves by coal type, and regional electricity demand and capacity requirements for 

34 U.S. regions. NewERA is a long-term, forward-looking model that assumes that households 

and firms have perfect foresight of future policies and make optimal decisions within those 

regulatory constraints. The market forecast produced by NewERA includes unit-level generation 

and investment decisions, corresponding CO2 emissions, and regional fuel and electricity prices.   

 

The NewERA model used in this study is calibrated to the Reference Case projection in the 

Annual Energy Outlook 2015 (AEO 2015) of the U.S. Energy Administration (EIA 2015).  This 

reference case informs NewERA assumptions on natural gas prices, electricity demand and 

capital costs for new builds.  This reference case also incorporates current environmental 

regulations (e.g.  RGGI, AB 32, MATS), existing state renewable portfolio standards, as well as 

EIA’s most up-to-date projections of energy and economic activity.   

 

NERA models results for three-year periods, with each model year representing three years, the 

stated year and the next two years. Average annual results and present values in this report are 

based on results from 2022 to 2033, with 2022 marking the beginning of the ramp up of EPA’s 

rate limits, and 2033 representing a date after the point where the most stringent rates must be 

achieved, i.e., 2030.   

Appendix A provides a detailed documentation of the NewERA model structure and solution 

logic.   

B. Input Assumptions Regarding Compliance Options Used in 
This Analysis 

NERA models each state attaining its state-specific interim and final CO2 emissions targets.  

Several types of measures are technically feasible to meet the limits, whether under a state 

implementation plan (SIP) or a FP.  EPA has called some of these categories “building blocks” 

because they were used to attempt to calculate a separate emissions rate limit for each state that 
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would reflect different market and infrastructure conditions in each state.
6
  We organize our 

discussion of input assumptions around these same categories, but treat them simply as potential 

components for compliance, and thus important input assumptions to our analysis.  Our model 

assumes each state will choose the least-cost mix of all the components to meet the FP target.  

Thus, each state’s compliance strategy will reflect its own market conditions and electricity 

generation and supply infrastructure.    

 

1. Coal Unit Heat Rate Improvements 

One way to reduce the carbon intensity of electricity generation is to improve the heat rates of 

existing coal-fired generating units, thereby reducing CO2 emissions per kWh generated from 

those sources.  The heat rate reflects the efficiency of a power plant, and is defined as the amount 

of energy a power plant requires to produce one kilowatt-hour (kWh) of electricity.  Reducing a 

fossil-fuel plant’s heat rate lowers the amount CO2 emitted per kWh. 

For purposes of this analysis, NERA uses the same assumptions as EPA regarding the 

availability and costs of potential heat rate improvement in its modeling.  NERA has not 

evaluated EPA’s assumptions, and thus the use of EPA’s assumptions here and elsewhere should 

not be viewed as an endorsement.  EPA assumes that by 2030, the coal fleets of the Eastern, 

Western, and Texas interconnections could realize heat rate improvements of 4.3%, 2.1%, and 

2.3%, respectively. EPA assumes the coal unit heat rate improvements would require capital 

costs of $100/kilowatt in 2011$ (EPA 2015b, p. 2-63). 

 

However, unlike EPA, NERA assumes that units undertaking heat rate improvements are subject 

to New Source Review.  This would reduce such retrofits’ cost-effectiveness for units that are 

not already maximally controlled for other types of emissions.  This assumption has de minimis 

impact on our results, but it is nevertheless consistent with the legal reality. 

 

2. Re-dispatch to Lower-Emitting Generating Units 

Another, and more significant, option for reducing the carbon intensity of electricity generation 

is by re-dispatching from higher to lower-emitting sources of generation.  This could be from 

inefficient coal-fired units to more efficient coal-fired units, or from coal-fired to a different 

fueled unit (including natural gas and oil or zero-emitting units such as renewables and nuclear).  

In the case of possible re-dispatch among already-existing units, cost-effectiveness of re-dispatch 

depends on assumptions regarding fuel prices and unit-specific operating characteristics.  NERA 

has used the AEO 2015 Reference Case for its projected fuel prices, which differ from the 

projected prices of EPA’s IPM model.  It uses publicly-available data on existing units and their 

operating characteristics from sources such as Ventyx.
7
  In the case of possible re-dispatch from 

                                                 
6
 The legal concept is called “Best System of Emissions Reduction” (BSER). This report takes no position on the 

appropriate definition of BSER; it analyzes the specific emissions limits defined in the proposed FP. 

7
 We used information on exiting units, announced retirements, announced retrofits, and planned units under 

construction as of August 6, 2015 (just prior to the release of the CPP). 
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existing units to new, lower carbon-intensity units, cost-effectiveness also depends on the costs 

of constructing the new technologies.  NERA has used cost data from AEO 2015 for these 

estimates as well.  Table 1 summarizes the relevant input assumptions to our analysis that affect 

the cost-effectiveness of each new technology.   

Table 1.  NERA Assumptions on Lower Carbon Generating Technologies 

Technology 

Capital Cost 

(2022/2030) 

($/kW)

Fixed O&M 

Cost 

($/kWh-yr)

Variable O&M 

Cost ($/MWh)

Heat Rate 

(MMBtu/MWh)

Maximum 

Capacity 

Factor
2

Onshore Wind $2,024 / $1,972 $40.92 $0.01 N/A 24%-41%

Solar PV $3,325 / $3,055 $25.55 $0.01 N/A 23%-34%

Natural Gas Combined Cycle $992 / $969 $13.62 $3.73 7,050 87%

Natural Gas Combustion Turbine $741 / $715 $7.29 $10.74 9,750 70%

Nuclear
1

$5,158 / $4,890 $96.52 $2.22 10,479 90%

1. NewERA model does not allow any additions of new nuclear generating capacity until 2025.

2. For new renewable units, the maximum capacity factor is stated as a range because it varies by model region.  
Source: U.S. Energy Information Administration, Annual Energy Outlook 2015 (EIA 2015). 

 

In an idealized market-based approach, the least cost combination of all of these options would 

be identified without constraints.  The FP and CPP however, do have regulatory constraints that 

bear on the specific options that may be considered among the universe of re-dispatch options; 

those constraints are summarized below. 

The emissions rate limit of the FP (and CPP) was calculated (in part) based on assessment of 

potential re-dispatch among only affected units, all of which are existing units.  As a result, the 

rate-based approach for the FP contains a regulatory formula that accounts only for generation 

from existing NGCC. This regulatory formula is embodied in NERA’s policy scenarios, and thus 

NERA’s simulations of compliance with the FP do not include re-dispatch to any potential new 

NGCCs.  Without this specific feature of the formula determining compliance, the model might 

choose to build and re-dispatch to new units (i.e., if it is technically cost-effective compared to 

the remaining compliance options).  This possibility is a concern with the mass-based 

alternatives (for both FP and CPP), because a cap could be met by simply generating less with 

the deficit in generation being met by units outside the cap, a situation that creates “leakage” if 

the other units emit carbon, as would be the case with new NGCC units.  Unable to prevent 

leakage through a regulatory formula—as in the rate-based approach—EPA requires that 

measures be taken to prevent leakage if a mass-based approach is used.   

Under a SIP for the CPP, one simple leakage-prevention provision is to incorporate any new 

NGCCs under the mass-cap, while adjusting the level of the cap upwards by an amount EPA 

calls the “New Source Complement.”  However, the U.S. EPA cannot (for purported legal 

reasons) impose a federal implementation plan under Section 111(d) on new units.  Thus the 

proposed FP requires other ways of assuring that leakage will be prevented and seeks comment 

on whether a combination of output-based allocations of allowances with a 5% set-aside for new 

renewables generation would be effective in preventing leakage.  Model representation of an 

output-based allocation scheme was not possible within the resource constraints of NERA’s 
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analysis.  Thus our core analysis of the FP has assumed the New Source Complement approach, 

as we can be sure that this does prevent leakage.  However, we can use NewERA to a 5% set-

aside to renewables, and we therefore explore the effectiveness of that option, on its own, as a 

form of leakage prevention in place of the New Source Complement approach. 

Leakage is not a concern when affected units are replaced by generation from low or zero-

emitting renewable energy resources, including solar, wind, geothermal and hydropower.  These 

sources are included in both rate-based regulatory formulas, and are unconstrained options under 

a mass-based approach.  Thus, the model chooses the amount of new renewables to build based 

on the cost-effectiveness of those options compared to all the other options described here as 

being available in our model. 

3. End-Use Energy Efficiency 

Projects that improve end-use energy efficiency (EE) do not improve emissions-intensity on a 

per-kWh basis.  However, if each kWh avoided by EE displaces a kWh of emitting generation, 

the overall emissions from the electricity sector decline.  Thus, although EPA has not included 

EE in its estimates of state-specific emissions rate limits for the CPP and FP, it is a viable option 

for complying under a mass-based approach, with no legal constraints on its use in the mix of 

compliance actions if it is cost-effective relative to the other available actions.  NERA’s 

modeling of the mass-based approaches therefore includes EE among the available compliance 

options.   

Under the rate-based approach, energy efficiency would need to be an allowable part of the 

compliance formula.  Although it is part of the formula that can be used in a CPP SIP, it is not in 

the rate-based FP compliance formula.  (This is apparently due to purported constraints on what 

is federally enforceable).  NERA’s modeling of the rate-based alternatives for the FP therefore 

does not include EE in the regulatory formula, and hence it is not among the model-selected mix 

of compliance actions.   

Our assumptions about the availability and cost of EE are the same as in our analysis of the final 

CPP (NERA, 2015), which are broadly similar to the assumptions made by EPA.  For its analysis 

of the final CPP, EPA assumes the first 0.5% of improvement costs $1,100/MWh (2011$).  

However it assumes decreasing costs for incrementally more EE beyond the first 0.5%.  EPA 

assumes that improvements of 0.5% up to 1.0% will cost less ($880/MWh reduced, 2011$), and 

less still ($660/MWh reduced, 2011$) for 1.0% efficiency improvements.  NERA has reviewed 

EPA’s explanations for this declining incremental cost assumption, and we do not find them 

compelling (Smith 2015).  EPA’s assumption of declining costs is not consistent with experience 

in which the “low hanging fruit” for improving energy efficiencies is used up in initial programs 

and deeper cumulative percentage improvements become more costly.  This pattern would lead 

to a rising $/MWh supply curve for larger percentage reductions, as EPA assumed in its analysis 

of the proposed rule.  However, it is possible that time and technological change will shift supply 

curves outward and costs will fall as greater energy efficiency is undertaken.  To account for 

these two offsetting effects, NERA’s analysis assumes a flat rather than a rising $/MWh curve, 
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while adopting the same temporal constraints on the amount of improvement per year that EPA 

has assumed.  Thus, NERA has assumed that any of the assumed quantity of end-use energy 

efficiency improvement can be obtained at a cost of $1,100/MWh of reduction (2011$).  While 

this value is higher than EPA’s cost for the larger improvements, it still presumes a large amount 

of technological progress (e.g., “learning by doing”) to offset the natural tendency for costs to 

rise as more ambitious programs are implemented. 

C. Alternative Federal Plan Implementation Scenarios Analyzed 

We have modeled least-cost compliance scenarios that differ based on the FP structure (mass-

based vs. rate based), the level of trading presumed, and two extreme cases for allocation of 

allowances with the intent of reducing electricity rates.  The set of seven “core” scenarios are 

listed in Table 2.  NERA modeled all of the core mass-based scenarios using the New Source 

Complement caps to deal with leakage.  This choice is one option provided in the final Clean 

Power Plan Rule, though it is not proposed in the Federal Plan.
8
   

Table 2.  List of Core Scenarios in this Analysis 

 Scenario(*) Trading(**) Allocations to 

Reduce Electricity 

Rates 

A Mass-based Intra-State 0% 

B Mass-based Regional Trading 0% 

C Mass-based National Trading 0% 

D Mass-based Intra-State 100% 

E Mass-based National Trading 100% 

F Rate-based Intra-State Not applicable 

G Rate-based National Trading Not applicable 

(*) All of the core mass-based scenarios were implemented using the New Source Complement caps  

as the means to prevent leakage. 

(**) The regional trading case assumes seven regions, as described below. 

 

1. Trading Regions 

As noted in Table 2, three distinctly different assumptions about the geographic scope of trading 

were modeled, in order to assess the sensitivity of projected energy prices to the unknown 

outcome for allowance or credit trading.  At the most constrained level, we analyzed trading that 

is limited to within each state (“intra-state” trading).  At the least constrained level, we analyzed 

                                                 
8
 In the FP, EPA has proposed that leakage under the mass-based approach be addressed by implementing output-

based allocation set-asides based on historical generation, and a set-aside that encourages the installation of 

renewable energy.  However, EPA requests comment on the proposed treatment of leakage, which is discussed 

below. 
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unfettered trading across all states (“national” trading).
9
  For the mass-based alternative, NERA 

also modeled a regional trading scenario with the trading occurring among states within seven 

regional groupings.  The seven regions were determined by the sponsors of this analysis.  They 

are shown in Figure 1. 

Figure 1.  Seven Trading Regions for “Regional Trading” Scenarios 

 
Source. Regions defined by the sponsors of this study 

 

2. Alternative Allocations to Reduce Retail Electricity Rates 

Mass-based trading schemes will require creation of emissions allowances (i.e., rights to emit a 

ton of CO2), the initial distribution of which affects the ultimate regulatory cost burdens on 

different sectors and individuals.  This analysis does not focus on policy costs or their 

distributional impacts.  We do focus on potential retail electricity rates associated with each 

alternative approach, and one choice of allowance allocation can directly alter retail electricity 

rates in a very significant degree—using the value of free allocations as a credit in the calculation 

of electricity rates based on the costs of supplying electricity to retail customers.  Because of its 

strong potential impact on electricity rates, we consider the two extreme cases for this single 

form of allocation decision:  0% and 100% to apply to retail electricity rate reduction.
10

   

                                                 
9
 In every scenario, all states were assumed to be adopting the same general approach of mass-based or rate-based 

FP.  Thus, national trading really does allow for all states to trade with each other.  In practice, national trading 

may never be possible if some states take the rate-based and others the mass-based approach.  It is outside the 

scope of this study to consider the vast number of such potential permutations.  Thus “national” trading scenarios 

reflect an extreme degree of flexibility that is very unlikely to be achieved for this policy. 

10
 In NERA’s modeling of the zero allocation case, each state is assumed to still return all the allowance allocation 

value to the consumers through means other than lowering retail rates, using a mechanism economists refer to as 

a “lump sum” transfer.  Lump sum redistributions could include per-household dividend checks, or per-person 

income tax rebates, among other means. 
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An allocation of the allowance value to specifically reduce electricity rates is different from the 

proposed approach in the FP of allocating allowances to affected electricity generating units 

(EGUs) based on historical generation.  Allocation to EGUs would have different impacts on 

rates depending on the state of electricity deregulation in each state.  In deregulated states it 

would have no expected rate-reduction effect (and thus would be consistent with our 0% 

allocation case).  Even in regulated states, it would be difficult to predict how much of the 

allowance value would be returned in rates to customers and how much to shareholders; but the 

amount would likely be less than what we predict in our 100% allocation case (even if 100% of 

the allowances were allocated to regulated EGUs).  

Thus, if retail electricity rate-reduction is to be an objective of a FP allocation formula, it should 

be done in a much more targeted manner.  An alternative noted in the FP proposal, intended to 

address such an objective, is to allocate to load-serving entities (LSEs) rather than EGUs.  Our 

100% allocation rule is presented as the most extreme end of the spectrum under such an 

alternative.  We describe this as allocation to EDCs, because EDCs generically are the type of 

electric sector entity that is most likely to be subject to public utility rate-setting oversight, and 

thus the most likely to be able to be required to reduce retail electricity rates on a per-kWh basis 

in an amount fully equal to the value of any free allowance allocations it may be given by the 

state.   

Allocation to EDCs is somewhat different from the alternative proposed in the FP because EDCs 

and LSEs can be different entities.  An EDC is the entity responsible for distribution of 

electricity and maintenance of the local grid that extends into ratepayers’ homes or facilities, 

while a LSE is a company that markets and sells its supply of electrons to retail customers, but 

may not be an EDC.  While an implication of EPA’s alternative allocation proposal is that LSEs 

can be required to pass through any allocated allowance value in the form of lower rates per kWh 

at the meter, it is not clear to us which of these two types of entities can be expected to provide 

such an outcome.  Our 100% allocation case is comparable in intent to that of EPA’s alternative 

allocation proposal, in that our analysis assumes such a pass-through can be enforced.  We take 

no position on whether this would occur with either an EDC or LSE allocation, and only note 

that there is uncertainty about the degree to which that could be achieved via either entity.   

We describe our assumption allocations to EDCs to underscore that the choice of entity may 

matter if such a rate-reduction objective is to be adopted.  However, for purposes of interpreting 

our results, they could reflect free allocation to any entity that can be required by a regulator to 

make retail rates per kWh decline in an amount equal to the entire value of a free allocation.  The 

main point is that our 100% allocation analysis assumes the full value of the allocation makes its 

way into retail rate reduction.  To the extent that it cannot be achieved as readily as we have 

assumed, the 100% allocation outcomes should be viewed as beyond the limit of what is 

achievable via existing regulatory means.  Note also that the practical relevance of the 100% 

allocation case is not clear given the likelihood that states may use criteria other than electricity 

rate reduction to allocate some or all of their allowances.  It represents a bounding case for a 

comparison of the electricity rate levels under mass-based and rate-based alternatives for the FP. 
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3. Alternative Assumptions on Which Customer Classes Adopt the 
Projected Energy Efficiency Programs 

Estimates of retail electricity rates are determined by multiple factors.  These include model-

projected wholesale electricity prices for the electricity supply region(s) relevant for each state, 

whether the state’s electricity markets are deregulated or cost-of-service/regulated, the value of 

allowances that is assumed to be used to reduce rates on a per-kWh basis, costs of fixed charges 

(such as for transmission and distribution infrastructure), and the utility portion of the cost of EE 

projects.  In making retail rate calculations, one must also address the question of how these 

various costs are allocated to different types of customers, or retail rate classes.  (The basic rate 

classes in NERA’s modeling are industrial, residential, and commercial.)  

In the mass-based cases, a significant driver of the uncertainty about retail rates by rate class is 

related to the EE costs.
11

  EPA and NERA have made generic assumptions about the supply 

curve for EE, meaning that it only identifies the avoided quantity of kWh achieved at different 

cost per kWh levels.  Without more detail in an EE supply curve, such as what technologies or 

actions are taken to achieve each quantity of avoided kWh, there is no information to guide our 

assumptions about which types of customers might be the adopters.  To address this uncertainty 

(which in turn affects the retail price estimate for each of the three rate classes), NERA has 

considered a couple of options.  In the core estimates that we present, we assume that 

historically-observed contributions to total EE are continued for the additional EE that is 

projected to occur for compliance under the policy scenario.  When we present results for the 

industrial category of retail rates, we also provide sensitivity analyses in which we assume (1) 

that industrial customers will not adopt any of the projected additional EE, and (2) that industrial 

customers adopt a share of the EE equal to their share of total electricity consumed in each year.  

We have selected these cases to reflect the broadest range of uncertainty that we feel can 

reasonably be expected.  We have not developed any opinion on which of the three cases is most 

reasonable.   

 

                                                 
11

 Rate-based FP scenario results are not affected by EE assumptions because the compliance formula for the 

proposed rate-based FP does not create any additional incentive for EE. 
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III. Modeling Results 

This chapter reports the potential electricity and energy sector outcomes under several FP 

alternatives.  Our analysis focuses on average electricity and natural gas price outcomes from the 

period of 2022-2033, unless otherwise noted.  We first provide electricity rate outcomes by state.  

We start with detailed results for all-sector rates, which reflect the weighted average of the 

residential, industrial, and commercial prices for a given state.  We then provide similarly 

detailed results for the industrial sector, including some additional sensitivity cases.  For 

residential and commercial sectors, we provide a single summary of the range of potential rates.  

Full information for all of these rate-class rate estimates is provided in Appendix B.   

A. Retail Electricity Rates 

1. Average Retail Rates Across All Rate Classes 

We present the results in a comparative format.  For each state, we compare the projected 

outcome under a rate- vs. a mass-based approach.  The results are provided in a three-step 

sequence of figures to illustrate the relative importance of key uncertainties that will determine 

ultimate electricity price levels.   

In the three figures, the red bars represent rate-based results and the paired blue bars represent 

the mass-based results.  The state results are organized by trading region.  The sequence of 

comparisons in Figures 1 through 3 is the following:   

Figure 2.  “Basic” Comparison of Rate-Based vs. Mass-Based.  Figure 2 provides 

comparisons of rate-based to mass-based results for one basic implementation case: the 

“state-only” trading option with no EDC allowance allocations (0% allocation).  That is, 

this compares results for scenario A to those for scenario F (as defined in Table E-1).   

Figure 3.  Addition of Geographic Scope of Trading.  This figure adds the implications of 

different geographic scopes of emissions trading.  This compares results for scenarios A, 

B and C to those for F and G (as defined in Table 2).  This figure shows a range of 

projected electricity rates for both the mass- and rate-based alternatives, and this range is 

represented in the figure as a vertical bar from the lowest to the highest end of the range.  

(Specific values for each individual scenario are provided in tabular format in the report.)    

Figure 4.  Addition of EDC Allocation.  Figure 3 adds the implications for the range of 

potential electricity rates of EDC allocations for the mass-based alternative.  In contrast 

to the 0% allocation assumption used in Figure 2 and Figure 3, this figure now includes 

the other extreme of 100% EDC allocation.  Thus the range of results for scenarios A 

through E are compared to the range of results from scenarios F and G. 

All three figures illustrate the implications for state retail electricity prices of differences in the 

design of a FP.   



 

   

NERA Economic Consulting   13 

 

 

Figure 2.  State by state electricity rate projections for state-only trading, with 0% free allocations to EDCs (2015¢/kWh, 

Average 2022-2033) 

 
Source: NewERA modeling result.   
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Figure 3.  State by state electricity rate projections for all levels of potential trading, with 0% free allocations to EDCs 

(2015¢/kWh, Average 2022-2033)   

 
Source: NewERA modeling result.   
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Figure 4.  State by state electricity rate projections for all levels of potential trading, with free allocations to EDCs ranging 

from 0% to 100% (2015¢/kWh, Average 2022-2033)  

 Source 

Source: NewERA modeling result.
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Figure 2 shows that, in the absence of any free allocations to EDCs, rate-based retail rates are 

projected to be lower than mass-based retail rates in every state.  One question we explored was 

whether the inclusion of EE as a compliance option for the rate-based approach might eliminate 

this projected gap in the projected retail prices.  We noted that some information of relevance to 

this question could be found in NERA’s analysis of the final Clean Power Plan rule (NERA 

2015).  Because EE is a part of the compliance formula for SIPs under the CPP, EE was included 

as a compliance option in both the rate-based and mass-based scenarios modeled in that analysis.  

We found that the rate-based scenario in that study also projected lower retail electricity rates 

than the mass-based scenarios in that study.  Incorporation of EE into a rate-based FP would 

result in somewhat higher projected electricity prices than those associated with the proposed 

rate-based FP, but electricity prices would continue to be broadly lower than those projected for 

a mass-based FP (with 0% allocations to EDCs). 

We have concluded, from inspection of the model results, that the major reason for the higher 

retail electricity rates under the mass-based approach is the difference in how carbon “adders” 

take effect under the two approaches.  Under the rate-based approach, intra-state trading is 

implemented in the model by applying CO2 cost “adders” to covered units with rates greater than 

the state’s limit and emission cost “credits” to covered units with rates less than the state’s limit.  

The sum of all “adders” is equal to the sum of all “credits” in each state and the implications for 

electricity prices tend to be relatively modest.  In contrast, under the mass-based approach, 

“adders” are applied to all covered fossil-fuel units in direct proportion to their carbon emissions.  

The resulting increase in electricity price in a particular region and time period depends upon the 

unit that is the last (i.e., marginal) unit to be dispatched to meet load, but the general effect of the 

mass-based approach is to reflect carbon costs in electricity prices to a substantially greater 

extent than under the rate-based approach.   

Figure 3 shows that this general result—that rate-based approaches lead to lower rates than mass-

based approaches—is not affected by the degree of trading that is allowed, although inter-state 

trading does increase the range of estimated electricity rates under each approach.  In most states, 

the effect of inter-state trading is to reduce the projected electricity rates, but they do rise in a 

few states.  These changes occur because under the rate-based approach when there is inter-state 

trading, the “adders” and “credits” described above (known as Emissions Reduction Credits 

(ERCs) in the CPP) may not net to zero within a given state.  Instead, individual states may 

become net ERC sellers or net ERC purchasers, leading to effects on retail rates.   

Figure 4 shows that including the extreme of 100% allowance allocations to EDCs substantially 

widens the range of potential electricity rates that could result under a mass-based approach.  In 

this case, the effect on projected electricity rates is consistently in the downward direction.  Note, 

however, that even the most extreme theoretically possible EDC allocation of 100% does not 

make mass-based retail electricity prices lower than those projected for the rate-based alternative 

in every state.  Note also that the practical relevance of the 100% EDC allocation case for 

evaluating the choice of mass-based vs. rate-based approach is not clear, given the likelihood that 

states may use criteria other than electricity rate reduction to allocate some or all of their 

allowances.   
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2. Industrial Sector Retail Electricity Rates 

In this section we present industrial sector electricity rate estimates.  As noted above, our core 

assumptions (which were used to estimate the retail rates averaged over all three rate classes 

that have been reported above, were that each sector adopts end-use EE in relative quantities 

consistent with historical adoption.  While this assumption does not substantially affect the 

estimates of average retail rates, it does affect the class-specific retail rates.  As long as we adopt 

the same EE-sharing assumption, the estimates of industrial sector electricity rates are similar in 

pattern to those for average retail rates.  These are shown, with the same progression of case 

comparisons as above, in Figure 5 through Figure 7. 

To understand how much the industrial rates may be affected by the assumption about EE-

sharing across rate classes, we also present sensitivity results on the industrial rate estimates 

around a single core case, that of mass-based with regional trading and 0% free allocation to 

EDCs scenario (Case B in Table 2).  
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Figure 5.  State by state industrial sector electricity rate projections for state-only trading, with 0% free allocations to EDCs 

(2015¢/kWh, Average 2022-2033) 

 

Source: NewERA modeling result.   
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Figure 6.  State by state industrial sector electricity rate projections for all levels of potential trading, with 0% free allocations 

to EDCs (2015¢/kWh, Average 2022-2033) 

 

Source: NewERA modeling result.   
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Figure 7.  State by state industrial sector electricity rate projections for all levels of potential trading, with free allocations to 

EDCs ranging from 0% to 100% (2015¢/kWh, Average 2022-2033) 

 
Source: NewERA modeling result.   
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Figure 8 shows variation in the projected industrial rates for this single case with the range of 

three alternative assumptions about how much of the EE is undertaken (and then paid for) by the 

industrial sector.  The green dot on the range for each state shows the core result for that specific 

Case B.  The black bar shows the lowest to highest estimate for Case B among the three 

alternative assumptions about EE-sharing among rate classes.  There is a substantial range of 

uncertainty, about comparable in magnitude to the uncertainty in the mass-based rates due to 

different geographic scopes of trading (i.e., Figure 6).  Interestingly, the core assumption of 

historical shares for EE is not consistently placed as relatively higher or lower within the range, 

but varies with the state with no apparent pattern.   

Thus, our conclusion is that the mass-based approach appears to lead to much greater uncertainty 

about what the retail rate levels may be than the rate-based approach.  One major uncertainty is 

what amount of allowance allocation will be assigned by a state specifically to reduce retail rates 

per kWh.  But the specific technologies and actions the might lie behind the assumed generic EE 

supply curve is another potentially important uncertainty that affects the mass-based outcomes 

but not the rate-based outcomes.   

Detailed tables of the specific numerical values that have been presented in graphical form are 

provided in Appendix B.   

 

3. Commercial and Residential Sector Retail Electricity Rates 

To avoid excessive repetitiveness, the numerical results for commercial and residential electricity 

rates are provided in tabular form in Appendix B.  In brief, they contain very similar 

comparisons of the rate-based to the mass-based outcomes, and patterns of uncertainty.  To 

demonstrate this fact, Figure 9 provides the graph of all Cases A through F for the commercial 

rate class, and Figure 10 for the residential rate class.  (These graphs are comparable to Figure 4 

for average retail rates and to Figure 7 for industrial rates.)  Although the level of projected rates 

are sometimes higher and sometimes lower than the industrial rates projected for a state, the 

pattern remains that mass-based rates are generally projected to be higher than rate-based rates, 

even when considering the extreme (perhaps unlikely) case of 100% free allocations to EDCs. 
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Figure 8.  State by state industrial sector electricity rate projections under different EE availability assumptions (2015¢/kWh, 

Average 2022-2033) 

 
Note:  Results shown are for the mass-based with regional trading and 0% free allocation to EDCs scenario.   

Source: NewERA modeling results and NERA calculations as explained in text. 
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Figure 9.  State by state commercial sector electricity rate projections for all levels of potential trading, with free allocations to 

EDCs ranging from 0% to 100% (2015¢/kWh, Average 2022-2033) 

Source: NewERA modeling result.  
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Figure 10.  State by state residential sector electricity rate projections for all levels of potential trading, with free allocations to EDCs 

ranging from 0% to 100% (2015¢/kWh, Average 2022-2033) 

 
 
Source: NewERA modeling result. 
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B. Natural Gas Prices 

Figure 11 presents projected Henry Hub natural gas prices for all the scenarios we evaluate (see 

Table E-1).  In terms of natural gas prices, the choice of rate- or mass-based alternative appears 

to be the critical factor determining the results, with almost no additional variation in projected 

prices for different degrees of trading or different EDC allocations.  Indeed, every one of the 

mass-based FP scenarios has lower natural gas prices than every one of the rate-based options.  

The higher gas prices under the rate-based approaches are due in part to the lack of energy 

efficiency as a compliance option in the rate-based scenarios, which means that CO2 emissions 

reductions are accomplished primarily by fuel switching from coal to natural gas (which puts 

pressure on natural gas prices).  

As noted above, NERA’s analysis of the final Clean Power Plan rule (NERA 2015) included EE 

projects as a compliance option in the rate-based alternative (because it is a part of the 

compliance formula for SIPs under the CPP.  These other analyses provide insights on the extent 

to which the proscription of EE as a compliance option in a rate-based FP approach may be 

contributing to the projected gap between natural gas prices under a rate-based versus a mass-

based FP.  We note that the average difference between rate-based and mass-based natural gas 

prices in the CPP analysis of NERA (2015) is roughly 40 percent of the difference estimated in 

this analysis.   Thus, we conclude that even if EE were to be included in the compliance formula 

for a rate-based FP, one could still expect that natural gas prices would be higher than under any 

of the various implementations of a mass-based FP that we have analyzed.   
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Figure 11.  Henry Hub Natural Gas Prices ($2015/MMBtu)  

C.  Leakage Under a 5% Renewable Set-Aside 

As noted above, all of the mass-based scenarios presented above used the New Source 

Complement approach as the means of addressing the leakage issue under mass-based scenarios 

whereby some emitting units are covered (i.e., existing fossil generators) and some are not 

(namely new natural gas combined cycle units).  EPA has proposed a combined approach to 

preventing leakage, the use of output-based allocations and a 5% allowance set-aside for new 

renewable generators.  Lacking capability to simulate output-based allocations on the present 

timeline for comments, we explored the potential effectiveness of one component of what is 

proposed—a 5% allowance set-aside for new renewable generators. Our analysis found that a 5% 

allowance set-aside for new renewable generators would not likely have any effect on leakage.  

 

 
 

Source: NewERA modeling result. 
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New natural gas combined cycle units are projected to be built and to generate.  (In 2031, our 

analysis shows twice as much generation from new NGCC units if they are not subject to the cap 

as opposed to if they were subject to the cap).  Further, this leakage effectively loosens the cap 

and drives down CO2 allowance prices as a result.  The lower CO2 allowance prices then reduce 

the value of the 5% renewable set-aside, making the set-aside ineffective at motivating new 

renewables generation as well as ineffective at stopping leakage. 

Figure 12 shows the effect of this leakage on CO2 emissions.  The mass-based cap that is run 

with the renewable set-aside has only about half of the intended emissions reductions under the 

CPP.  The higher emissions are traceable to emissions from new NGCCs.  The greater amount of 

generation from new NGCCs with the renewable set-aside is shown in Figure 13. 

We recognize that the proposed FP calls for a combination of output-based allocations combined 

with a 5% renewable set-aside to prevent leakage.  Simulation of an output-based allocation was 

not feasible within the current study schedule, and we cannot indicate whether it would have any 

leakage-preventing benefit.  However, this analysis implies that a 5% set-aside for renewables 

would probably have no incremental benefit in controlling leakage.   
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Figure 12.  CO2 Emissions  

 

 

Source: NewERA modeling result. 

 

 Figure 13. New NGCC Generation   

 

 
Source: NewERA modeling result. 
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Appendix A.  NewERA Model Documentation 

Introduction 

NERA developed the NewERA model to forecast the impact of policy, regulatory, and economic 

factors on the energy sectors and the economy.  When evaluating policies that have significant 

impacts on the entire economy, this model specification captures the effects as they ripple 

through all sectors of the economy and the associated feedback effects.  The NewERA model 

combines a macroeconomic model with all sectors of the economy with a detailed electric sector 

model that represents electricity production.  This combination allows for a complete 

understanding of the economic impacts of different policies on all sectors of the economy. 

The macroeconomic model incorporates all production sectors except electricity and final 

demand of the economy.  Policy consequences are transmitted throughout the economy as 

sectors respond until the economy reaches equilibrium.  The production and consumption 

functions employed in the model enable gradual substitution of inputs in response to relative 

price changes, thus avoiding all-or-nothing solutions. 

The main benefit of the integrated framework is that the electric sector can be modeled in great 

detail yet through integration the model captures the interactions and feedbacks between all 

sectors of the economy.  Electric technologies can be well represented according to engineering 

specifications.  The integrated modeling approach also provides consistent price responses since 

all sectors of the economy are modeled.  In addition, under this framework we are able to model 

electricity demand response. 

The electric sector model is a detailed model of the electric and coal sectors.  Each of the more 

than 17,000 electric generating units in the United States is represented in the model.  The model 

minimizes costs while meeting all specified constraints, such as demand, peak demand, 

emissions limits, and transmission limits.  The model determines investments to undertake and 

unit dispatch.  Because the NewERA model is an integrated model of the entire U.S. economy, 

electricity demand can respond to changes in prices and supplies.  The NewERA model represents 

the domestic and international crude oil and refined petroleum markets. 

The NewERA model outputs include demand and supply of all goods and services, prices of all 

commodities, and terms of trade effects (including changes in imports and exports).  The model 

outputs also include gross regional product, consumption, investment, and changes in “job 

equivalents” based on labor wage income, as discussed below in the section on macroeconomic 

modeling. 
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Figure A-1 provides a simplified representation of the key elements of the NewERA modeling 

system. 

Figure A-1. NewERA Modeling System Representation 

 

Electric Sector Model 

The electric sector model that is part of the NewERA modeling system is a bottom-up model of 

the electric and coal sectors.  Consistent with the macroeconomic model, the electric sector 

model is fully dynamic and includes perfect foresight (under the assumption that future 

conditions are known).  Thus, all decisions within the model are based on minimizing the present 

value of costs over the entire time horizon of the model while meeting all specified constraints, 

including demand, peak demand, emissions limits, transmission limits, RPS regulations, fuel 

availability and costs, and new build limits.  The model set-up is intended to mimic (as much as 

is possible within a model) the approach that electric sector investors use to make decisions.  In 

determining the least-cost method of satisfying all these constraints, the model endogenously 

decides: 

 What investments to undertake (e.g., addition of retrofits, build new capacity, repower 

unit, add fuel switching capacity, or retire units); 
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 How to operate each modeled unit (e.g., when and how much to operate units, which 

fuels to burn) and what is the optimal generation mix; and  

 

 How demand will respond.  The model thus assesses the trade-offs between the amount 

of demand-side management (DSM) to undertake and the level of electricity usage. 

Each unit in the model has certain actions that it can undertake.  For example, all units can retire, 

and many can undergo retrofits.  Any publicly-announced actions, such as planned retirements, 

planned retrofits (for existing units), or new units under construction can be specified.  Coal units 

have more potential actions than other types of units.  These include retrofits to reduce emissions 

of SO2, NOX, mercury, and CO2.
12

  The costs, timing, and necessity of retrofits may be specified 

as scenario inputs or left for the model to endogenously select.  Coal units can also switch the 

type of coal that they burn (with practical unit-specific limitations).  Finally, coal units may retire 

if none of the above actions will allow them to remain profitable, after accounting for their 

revenues from generation and capacity services.   

Most of the coal units’ actions would be in response to environmental limits that can be added to 

the model.  These include emission caps (for SO2, NOX, Hg, and CO2) that can be applied at the 

national, regional, state or unit level.  We can also specify allowance prices for emissions, 

emission rates (especially for toxics such as Hg) or heat rate levels that must be met. 

Just as with investment decisions, the operation of each unit in a given year depends on the 

policies in place (e.g., unit-level standards), electricity demand, and operating costs, especially 

energy prices.  The model accounts for all these conditions in deciding when and how much to 

operate each unit.  The model also considers system-wide operational issues such as 

environmental regulations, limits on the share of generation from intermittent resources, 

transmission limits, and operational reserve margin requirements in addition to annual reserve 

margin constraints. 

To meet increasing electricity demand and reserve margin requirements over time, the electric 

sector must build new generating capacity.  Future environmental regulations and forecasted 

energy prices influence which technologies to build and where.  For example, if a national RPS 

policy is to take effect, some share of new generating capacity will need to come from renewable 

power.  On the other hand, if there is a policy to address emissions, it might elicit a response to 

retrofit existing fossil-fired units with pollution control technology or enhance existing coal-fired 

units to burn different types of coals, biomass, or natural gas.  Policies calling for improved heat 

rates may lead to capital expenditure spent on repowering existing units.  All of these policies 

will also likely affect retirement decisions.  The NewERA electric sector model endogenously 

captures all of these different types of decisions. 

                                                 
12

 As discussed in the report body, NewERA does not incorporate EPA’s recently proposed power sector CO2 rule. 
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The model contains 34 U.S. electricity regions (and six Canadian electricity regions).   

Figure A-2 shows the U.S. electricity regions.   

Figure A-2.  NewERA Electric Sector Model – U.S. Regions 

 

 

The electric sector model is fully flexible in the model horizon and the years for which it solves.  

When used in an integrated manner with the macroeconomic model, and to analyze long-term 

effects, the model has the same time steps as in the macroeconomic model (2016 through 2040, 

modeling every third year). 

Macroeconomic Model 

1. Overview 

The NewERA macroeconomic model is a forward-looking dynamic computable general 

equilibrium (CGE) model of the United States.  The model simulates all economic interactions in 

the U.S. economy, including those among industry, households, and the government.  Additional 

background information on CGE models can be found in Burfisher (2011). 

The NewERA CGE framework uses the standard theoretical macroeconomic structure to capture 

the flow of goods and factors of production within the economy.  A simplified version of these 

interdependent macroeconomic flows is shown in Figure A-3.  The model implicitly assumes 

“general equilibrium,” which implies that all sectors in the economy are in balance and all 
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economic flows are endogenously accounted for within the model.  In this model, households 

supply factors of production, including labor and capital, to firms.  Firms provide households 

with payments for the factors of production in return.  Firm output is produced from a 

combination of productive factors and intermediate inputs of goods and services supplied by 

other firms.  Individual firm final output can be consumed within the United States or exported.  

The model also accounts for imports into the United States.  In addition to consuming goods and 

services, households can accumulate savings, which they provide to firms for investments in new 

capital.  Government receives taxes from both households and firms, contributes to the 

production of goods and services, and also purchases goods and services.  Although the model 

assumes equilibrium, a region in the model can run deficits or surpluses in current accounts and 

capital accounts.  In aggregate, all markets clear, meaning that the sum of regional commodities 

and factors of production must equal their demands, and the income of each household must 

equal its factor endowments plus any net transfers received. 

The model uses the standard CGE framework developed by Arrow and Debreu (1954).  Behavior 

of households is represented by a nested Constant Elasticity of Substitution (CES) utility 

function.  The model assumes that households seek to maximize their overall welfare, or utility, 

across time periods.  Households have utility functions that reflect trade-offs between leisure 

(which reduces the amount of time available for earning income) and an aggregate consumption 

of goods and services.  Households maximize their utility over all time periods subject to an 

intertemporal budget constraint based on their income from supplying labor, capital, and natural 

resource to firms.  In each time period, household income is used to consume goods and services 

or to fund investment.  Within consumption, households substitute between energy (including 

electricity, coal, natural gas, and petroleum), personal transportation, and goods and services 

based on the relative price of these inputs.  Figure A-4 illustrates the utility function of the 

households. 
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Figure A-3. Interdependent Economic Flows in NewERA’s Macroeconomic Model 
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Figure A-4. Household Consumption Structure in NewERA’s Macroeconomic Model 
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On the production side, Figure A-5 shows the production structure of the commercial 

transportation and the trucking sector.  Production structure for the rest of the industries is shown 

in Figure A-6.  The model assumes all industries maximize profits subject to technological 

constraints.  The inputs to production are energy (including the same four types noted above for 

household consumption), capital, and labor.  Production also uses inputs from intermediate 

products (i.e., materials) provided by other firms.  The NewERA model allows producers to 

change the technology and the energy source they use to manufacture goods.  If, for example, 

petroleum prices rise, an industry can shift to a cheaper energy source.  It can also choose to use 

more capital or labor in place of petroleum, increasing energy efficiency and maximizing profits 

with respect to industry constraints. 

 

Figure A-5. Commercial Transportation and Trucking Sector Production Structure in 

NewERA’s Macroeconomic Model 
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Figure A-6. Production Structure for Other Sectors in NewERA’s Macroeconomic Model 
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All goods and services, except crude oil, are treated as Armington goods, which assume the 

domestic and foreign goods are differentiated and thus are imperfect substitutes (Armington 

1969).  The level of imports depends upon the elasticity of substitution between the imported and 

domestic goods.  The Armington elasticity among imported goods is assumed to be twice as 

large as the elasticity between the domestic and imported goods, characterizing the greater 

substitutability among imported goods. 

Business investment decisions are informed by future policies and outlook.  The forward-looking 

characteristic of the model enables businesses and consumers to determine the optimal savings 

and investment levels while anticipating future policies with perfect foresight. 

The benchmark year economic interactions are based on the IMPLAN 2008 database, which 

includes regional detail on economic interactions among 440 different economic sectors.  The 

macroeconomic and energy forecasts that are used to project the benchmark year going forward 

are calibrated to EIA’s Annual Energy Outlook (AEO) 2015 Reference case. 
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2. Interactions between Compliance Costs, Capital Investment, and 
Household Expenditures 

Regulations cause producers in the affected industries to make capital expenditures that they 

would not make otherwise.  In addition, regulations change consumption patterns for households.  

To model the macroeconomic impacts of regulations, NewERA accounts for interactions between 

compliance costs, capital investments, and household expenditures based on the following three 

effects. 

 

1. Compliance costs for producers in the regulated industries.  Producers in the regulated 

industries have to make capital expenditures to comply with the regulation.  These 

expenditures increase the costs of producing goods and services in the regulated 

industries.  The higher costs lead to higher prices for the goods and services, which in 

turn lead to lower demand in the regulated industries.  Thus, this effect reduces economic 

activity. 

2. Scarcity effect due to non-optimal capital allocation.  In NewERA’s modeling framework, 

the capital expenditures for regulatory compliance are assumed to be unproductive.  The 

capital expenditures in the regulated industries make less capital available to produce 

goods and services throughout the economy.  In other words, the unproductive capital 

expenditures in the regulated industries “crowd out” productive capital investment in the 

broader economy.  This scarcity effect increases the opportunity cost of capital in the 

economy, which implies higher costs of capital.  This in turn lowers investment in 

productive capital and slows economic growth. 

3. Household purchases of unproductive durable goods.  Regulations also cause households 

to change their consumption patterns, particularly in terms of durable goods.  For 

example, households may need to purchase new automobiles, lawn mowers, or 

equipment for compliance with the regulation.  These additional expenditures on 

unproductive durable goods are non-optimal from the standpoint of households, but they 

represent increased demand for the manufacturing sector.  Thus, these additional 

household purchases increase economic activity. 

The net macroeconomic impacts of regulations calculated by NewERA reflect the combination of 

these three effects. 
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3. Regional Aggregation 

The NewERA macroeconomic model typically includes 11 regions built up from economic data 

for the 50 U.S. states and the District of Columbia.  The regions are shown in Figure A-7. 

Figure A-7. NewERA Macroeconomic Model Regions 

 
 

4. Sectoral Aggregation 

The NewERA model includes a standard set of 10 economic sectors: five energy (coal, natural gas, 

crude oil, electricity, and refined petroleum products) and five non-energy sectors (services, 

manufacturing, agriculture, commercial transportation excluding trucking, and trucking).  These 

sectors are aggregated up from the 440 IMPLAN sectors.  The model has the flexibility to 

represent sectors at different levels of aggregation, when warranted, to better meet the needs of 

specific analyses.    

5. Natural Gas and Crude Oil Markets 

As with most commodity markets, there are uncertainties about how the U.S. natural gas market 

will evolve, and the NewERA modeling system is designed explicitly to address the key factors 

affecting future natural gas supply and prices.  To account for natural gas supply uncertainty and 

the subsequent effect it could have on international markets, the NewERA modeling system has 

the ability to represent supply curves for conventional natural gas and shale gas for each region 
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of the model.  By including each type of natural gas, it is possible to incorporate expert 

judgments and sensitivity analyses on a variety of uncertainties, such as the extent of shale gas 

reserves, the cost of shale gas production, and the impacts of environmental regulations. 

The NewERA model represents the domestic and international crude oil and refined petroleum 

markets.  The international markets are represented by flat supply curves with exogenously 

specified prices.  Because crude oil is treated as a homogeneous good, the international price for 

crude oil sets the U.S. price for crude oil. 

For this study, we calibrated natural gas and crude oil production at the state level based on 

information from AEO 2015.  While AEO 2015 does not provide state-level information, they did 

provide us with basin-specific production forecasts that we translated into state-level production 

based on historical state-level production, other publicly-available forecasts by state, and our 

own expertise. 

6. Macroeconomic Outputs 

As with other CGE models, the NewERA macroeconomic model outputs include demand and 

supply of all goods and services, prices of all commodities, and terms of trade effects (including 

changes in imports and exports).  The model outputs also include gross regional product, 

consumption, investment, cost of living or burden on consumers, and changes in “job 

equivalents” based on changes in labor wage income.  All model outputs are calculated by time, 

sector, and region. 

Impacts on workers are often considered an important output of policy evaluations.  Impacts on 

workers are complicated to estimate and to explain because they can include several different 

impacts, including involuntary unemployment, reductions in wage rates for those who continue 

to work, and voluntary reductions in hours worked due to lower wage rates.  No model addresses 

all of these potential impacts.  The NewERA model is a long-run equilibrium model based upon 

full employment, and thus its results relate to the longer-term effects on labor income and 

voluntary reductions in hours worked rather than involuntary unemployment impacts.  It 

addresses long-run employment impacts, all of which are based on estimates of changes in labor 

income, also called the “wage bill” or “payments to labor.”  Labor income impacts consist of two 

effects: (1) changes in real wage per hour worked; and (2) changes in labor market participation 

(hours worked) in response to changed real wage rates.  The labor income change can also be 

expressed on a per-household basis, which represents one of the key components of disposal 

income per household.  (The other key components of disposable income are returns on 

investments or “payments to capital,” and income from ownership of natural resources).  The 

labor income change can also be stated in terms of job-equivalents, by dividing the labor income 

change by the annual income from the average job.  A loss of one job-equivalent does not 

necessarily mean one less employed person—it may be manifested as a combination of fewer 

people working and less income per person who is working.  However, this measure allows us to 
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express employment-related impacts in terms of an equivalent number of employees earning the 

average prevailing wage. 

For modeling the economic impacts of changes in energy prices, we assume that 50% of the 

wealth impacts would accrue to local residents in each energy production region (state), and the 

remaining 50% of wealth impacts would accrue to energy company shareholders based on 

national population percentages.  We are not aware of any recent studies of the geographic 

distribution of potential energy sector gains, so we used an even division between state and 

national impacts given that some energy companies are in-state and some gains to national 

companies would accrue to local residents.  A large fraction of energy production (particularly 

for natural gas shale developments that have become available through horizontal drilling 

techniques and hydraulic fracturing, or “fracking”) is on private land and generates payments to 

local residents (payments, severance taxes, renegotiated leases, etc.).  The remaining wealth 

impacts from changes in energy prices would affect shareholders in large publicly-traded energy 

companies, who are spread throughout the country. 

Integrated NewERA Model 

The NewERA modeling framework fully integrates the macroeconomic model and the electric 

sector model so that the final solution is a consistent equilibrium for both models and thus for the 

entire U.S. economy. 

To analyze any policy scenario, the system first solves for a consistent baseline solution; it then 

iterates between the two models to find the equilibrium solution for the scenario of interest.  For 

the baseline, the electric sector model is solved first under initial economic assumptions and 

forecasts for electricity demand and energy prices.  The equilibrium solution provides the 

baseline electricity prices, demand, and supply by region as well as the consumption of inputs—

capital, labor, energy, and materials—by the electric sector.  These solution values are passed to 

the macroeconomic model. 

Using these outputs from the electric sector model, the macroeconomic model solves the baseline 

while constraining the electric sector to replicate the solution from the electric sector model and 

imposing the same energy price forecasts as those used to solve the electric sector baseline.  In 

addition to the energy price forecasts, the macroeconomic model’s non-electric energy sectors 

are calibrated to the desired exogenous forecast (EIA’s AEO 2015 forecast) for energy 

consumption, energy production, and macroeconomic growth.  The macroeconomic model 

solves for equilibrium prices and quantities in all markets subject to meeting these exogenous 

forecasts. 

After solving the baseline, the integrated NewERA modeling system solves for the scenario.  First 

the electric sector model reads in the scenario definition.  The electric sector model then solves 

for the equilibrium level of electricity demand, electricity supply, and inputs used by the electric 

sector (i.e., capital, labor, energy, emission permits).  The electric sector model passes these 
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equilibrium solution quantities to the macroeconomic model, which solves for the equilibrium 

prices and quantities in all markets.  The macroeconomic model then passes to the electric sector 

model the following (solved for equilibrium prices): 

 Electricity prices by region; 

 Prices of non-coal fuels used by the electric sector (e.g., natural gas and oil); and 

 Prices of any permits that are tradable between the non-electric and electric sectors (e.g., 

carbon permits under a nationwide greenhouse gas cap-and-trade program).   

The electric sector model then solves for the new electric sector equilibrium, taking the prices 

from the macroeconomic model as exogenous inputs.  The models iterate—prices being sent 

from the macroeconomic model to the electric sector model and quantities being sent from the 

electric sector model to the macroeconomic model—until the prices and quantities in the two 

models differ by less than a fraction of a percent. 

This decomposition algorithm allows the NewERA model to retain the information in the detailed 

electricity model, while at the same time accounting for interactions with the rest of the economy.  

The detailed information on the electricity sector enables the model to represent regulatory 

policies that are imposed on the electricity sector in terms of their impacts at a unit level. 
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Appendix B.  Tables of Electricity Rate Estimates  

This appendix contains tables with the numerical values for each of the Cases A through F that 

have been summarized in the main report as ranges and in graphical format. 
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Table B-1.  All-Sector Delivered Electricity Prices (2015$ ¢/kWh, Average 2022-2033) 

 
 

 

 

 

 

Source: NewERA modeling results.   
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Table B-2.  Industrial Sector Delivered Electricity Prices (2015$ ¢/kWh, Average 2022-2033) 

Rate-Based Scenarios Mass-Based Scnarios

State

Intra-State 

Trading

National 

Trading

Intra-State 

Trading

Regional 

Trading

National 

Trading

Intra-State Trading

100% Allocation

National Trading

100% Allocation

AL 7.4 7.5 8.3 8.5 8.5 7.4 7.7

AR 7.0 7.0 7.7 7.8 7.5 7.1 6.6

AZ 7.2 7.3 7.1 7.1 7.2 6.9 6.5

CA 14.0 14.0 13.7 13.7 14.0 13.7 13.8

CO 9.3 7.9 9.6 8.7 8.9 8.5 8.3

CT 14.3 13.1 14.7 14.7 14.9 14.8 14.6

DE 10.3 10.1 10.8 10.7 10.4 10.8 9.7

FL 9.7 9.7 9.6 9.6 9.7 9.3 9.1

GA 7.7 7.8 7.8 7.7 7.8 7.6 7.4

IA 6.3 5.9 7.5 7.5 7.3 6.3 6.6

ID 7.0 7.0 7.6 7.5 7.6 7.5 7.6

IL 8.5 8.6 8.6 8.5 8.5 8.0 8.0

IN 8.1 7.5 8.6 8.6 8.5 7.2 7.6

KS 8.2 7.9 9.2 9.2 8.9 8.2 8.3

KY 7.6 6.5 7.4 7.4 7.3 6.5 6.4

LA 6.9 7.0 7.2 7.3 7.2 7.0 6.7

MA 14.2 13.8 14.1 14.1 14.2 14.2 14.0

MD 10.4 10.3 10.8 10.6 10.6 10.7 10.4

ME 10.3 9.9 9.6 9.7 9.9 9.8 9.7

MI 8.6 8.4 8.7 8.8 8.7 8.3 8.1

MN 7.4 7.0 8.5 8.1 7.9 8.0 7.5

MO 7.4 6.9 7.8 7.8 7.7 6.7 7.0

MS 8.0 8.0 9.0 8.7 8.7 8.5 8.0

MT 6.1 5.6 6.4 6.6 6.9 4.4 5.8

NC 7.5 7.6 7.5 7.6 7.6 7.2 7.2

ND 8.5 8.2 9.2 9.6 9.8 5.5 7.9

NE 7.8 7.4 8.6 8.9 8.6 6.7 7.9

NH 13.3 12.8 14.0 14.0 13.9 14.1 13.4

NJ 13.2 12.7 13.4 13.4 13.4 13.4 13.0

NM 7.2 7.3 7.5 7.8 7.8 6.9 6.5

NV 8.6 8.1 8.8 8.3 8.4 8.9 7.9

NY 8.0 7.5 9.1 9.2 9.2 9.2 9.0

OH 8.4 8.6 9.2 9.2 9.3 8.4 8.7

OK 6.6 6.9 7.0 6.8 7.0 6.3 6.1

OR 6.7 6.8 7.6 7.5 7.6 7.4 7.4

PA 8.9 8.6 9.3 8.9 9.3 8.6 8.5

RI 14.9 14.4 16.5 16.4 16.4 16.6 15.8

SC 7.4 7.5 7.5 7.4 7.4 7.3 7.0

SD 7.7 7.2 9.0 8.3 8.4 8.7 8.0

TN 7.7 7.6 8.9 8.9 8.9 8.5 8.5

TX 8.0 7.7 8.1 8.2 8.0 7.4 7.5

UT 7.0 5.8 8.2 7.6 7.8 6.5 6.6

VA 8.5 8.3 9.2 9.2 9.2 8.9 8.9

VT 11.6 11.6 11.4 11.4 11.7 11.4 11.8

WA 5.1 5.2 5.2 5.1 5.1 5.2 5.0

WI 9.0 8.7 9.7 9.5 9.4 9.0 8.9

WV 7.4 6.6 7.9 8.1 8.5 4.8 6.2

WY 8.0 6.7 9.0 8.8 9.1 3.4 6.1

US 8.3 8.1 8.7 8.7 8.7 8.0 8.1  
Source: NewERA modeling results.   
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Table B-3.  Industrial Sector Delivered Electricity Prices Under Different EE Availability 

Assumptions (2015$ ¢/kWh, Average 2022-2033) 

State

Historical Fraction 

of EE (Current)

Historical Fraction 

of Retail Sales

No Industrial 

EE

AL 8.5 8.4 7.7

AR 7.8 8.0 7.2

AZ 7.1 7.8 6.9

CA 13.7 13.9 13.4

CO 8.7 9.3 8.4

CT 14.7 14.6 13.7

DE 10.7 10.9 10.4

FL 9.6 10.3 9.6

GA 7.7 8.4 7.7

IA 7.5 7.5 6.8

ID 7.5 7.5 6.6

IL 8.5 9.1 8.5

IN 8.6 9.3 8.6

KS 9.2 9.9 9.2

KY 7.4 7.9 7.3

LA 7.3 7.7 7.2

MA 14.1 14.5 13.6

MD 10.6 10.9 10.3

ME 9.7 10.3 9.7

MI 8.8 9.4 8.6

MN 8.1 8.4 7.6

MO 7.8 8.4 7.7

MS 8.7 8.5 7.7

MT 6.6 7.3 6.5

NC 7.6 8.3 7.6

ND 9.6 10.3 9.5

NE 8.9 9.3 8.6

NH 14.0 13.5 12.8

NJ 13.4 14.4 13.4

NM 7.8 8.0 7.2

NV 8.3 9.1 8.3

NY 9.2 8.2 7.5

OH 9.2 9.4 8.7

OK 6.8 7.5 6.8

OR 7.5 7.1 6.2

PA 8.9 9.4 8.7

RI 16.4 15.3 14.3

SC 7.4 7.9 7.3

SD 8.3 8.2 7.5

TN 8.9 8.5 7.7

TX 8.2 8.9 8.2

UT 7.6 8.0 7.2

VA 9.2 9.2 8.5

VT 11.4 11.4 11.4

WA 5.1 5.4 4.6

WI 9.5 9.9 9.0

WV 8.1 8.5 7.9

WY 8.8 9.2 8.3  
Source: NewERA modeling results.   
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Table B-4.  Commercial Sector Delivered Electricity Prices (2015$ ¢/kWh, Average 2022-2033) 

Rate-Based Scenarios Mass-Based Scnarios

State

Intra-State 

Trading

National 

Trading

Intra-State 

Trading

Regional 

Trading

National 

Trading

Intra-State Trading

100% Allocation

National Trading

100% Allocation

AL 11.8 11.7 12.8 13.0 13.1 11.8 12.2

AR 9.0 8.9 10.7 10.8 10.5 10.0 9.6

AZ 10.4 10.4 10.9 11.1 11.2 10.7 10.5

CA 17.8 17.5 18.2 18.2 18.6 18.2 18.3

CO 11.9 11.1 13.4 12.3 12.6 12.2 11.9

CT 17.1 15.8 17.6 17.6 17.8 17.7 17.5

DE 12.4 12.2 13.5 13.4 13.1 13.5 12.4

FL 11.4 11.0 12.1 12.2 12.2 11.8 11.6

GA 11.1 10.9 12.6 12.5 12.7 12.3 12.1

IA 9.2 9.1 10.6 10.6 10.4 9.4 9.7

ID 8.5 8.1 9.6 9.5 9.7 9.5 9.6

IL 10.9 10.9 11.7 11.5 11.5 11.0 11.0

IN 10.9 11.2 13.9 13.8 13.7 12.3 12.7

KS 10.7 10.8 12.0 12.0 11.7 11.0 11.1

KY 11.1 10.8 12.2 12.2 12.2 11.2 11.2

LA 9.8 9.8 11.1 11.3 11.1 10.8 10.5

MA 16.4 15.9 17.2 17.1 17.3 17.2 17.0

MD 12.7 12.6 13.4 13.2 13.3 13.3 13.0

ME 15.0 14.5 15.5 15.4 15.7 15.5 15.5

MI 11.8 11.7 13.1 13.1 13.1 12.5 12.4

MN 9.9 9.5 11.9 11.5 11.3 11.4 10.8

MO 10.0 10.0 11.1 11.0 10.9 10.0 10.2

MS 11.8 11.8 13.8 13.6 13.5 13.2 12.8

MT 10.4 11.7 11.9 12.0 12.3 9.8 11.2

NC 9.5 9.5 10.3 10.4 10.4 10.0 9.9

ND 9.0 11.1 10.5 10.9 11.2 6.8 9.2

NE 9.3 9.9 12.1 12.3 12.1 10.1 11.2

NH 15.9 15.4 16.5 16.5 16.4 16.6 15.9

NJ 15.0 14.5 16.3 16.2 16.2 16.2 15.8

NM 10.9 10.3 11.4 11.8 11.8 10.7 10.4

NV 11.0 10.0 14.7 14.2 14.3 14.5 13.6

NY 16.1 15.6 17.2 17.3 17.5 17.3 17.2

OH 11.5 11.7 12.8 12.7 12.9 11.9 12.2

OK 8.8 8.7 10.5 10.3 10.5 9.6 9.5

OR 9.3 9.1 10.2 10.2 10.3 10.0 10.1

PA 11.3 11.0 12.7 12.3 12.6 11.9 11.8

RI 16.5 16.0 16.9 16.8 16.8 17.0 16.2

SC 10.9 10.6 12.3 12.2 12.2 12.0 11.7

SD 9.4 8.8 11.0 10.2 10.3 10.6 9.9

TN 11.1 11.0 12.4 12.5 12.5 11.9 12.1

TX 9.8 9.5 11.1 11.2 10.9 10.3 10.4

UT 9.4 9.3 11.1 10.3 10.6 9.2 9.4

VA 9.7 9.4 10.2 10.1 10.1 9.9 9.8

VT 16.0 16.0 16.2 16.2 16.5 16.2 16.5

WA 8.5 8.4 9.2 9.1 9.2 9.2 9.1

WI 12.1 12.0 13.5 13.3 13.2 12.7 12.7

WV 9.5 10.6 11.4 11.6 12.0 8.3 9.6

WY 10.2 12.4 12.0 11.7 12.1 6.4 9.0

US 11.8 11.6 12.9 12.9 13.0 12.4 12.4  
Source: NewERA modeling results.   
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Table B-5.  Residential Sector Delivered Electricity Prices (2015$ ¢/kWh, Average 2022-2033) 

Rate-Based Scenarios Mass-Based Scnarios

State

Intra-State 

Trading

National 

Trading

Intra-State 

Trading

Regional 

Trading

National 

Trading

Intra-State Trading

100% Allocation

National Trading

100% Allocation

AL 12.4 12.3 13.5 13.7 13.8 12.5 12.9

AR 10.5 10.5 11.5 11.7 11.4 10.9 10.5

AZ 12.1 12.0 13.4 13.8 13.8 13.1 13.0

CA 18.4 18.1 18.7 18.7 19.1 18.7 18.9

CO 13.7 12.8 15.7 14.5 14.7 14.4 14.0

CT 21.5 20.2 22.4 22.4 22.6 22.5 22.3

DE 16.0 15.7 17.5 17.3 17.0 17.3 16.3

FL 13.3 12.9 14.2 14.3 14.3 13.8 13.6

GA 12.4 12.2 13.9 13.8 13.9 13.5 13.4

IA 11.8 11.7 13.5 13.4 13.2 12.2 12.4

ID 10.5 10.2 10.9 10.8 11.0 10.8 10.9

IL 13.9 13.9 16.0 15.8 15.8 15.3 15.2

IN 12.4 12.7 14.6 14.6 14.5 13.1 13.4

KS 13.0 13.0 16.7 16.6 16.3 15.5 15.5

KY 11.9 11.5 13.7 13.7 13.6 12.6 12.6

LA 10.3 10.3 11.5 11.6 11.5 11.1 10.9

MA 19.5 19.0 20.6 20.5 20.6 20.6 20.4

MD 15.3 15.1 16.5 16.3 16.4 16.4 16.0

ME 17.2 16.7 18.5 18.4 18.7 18.6 18.5

MI 15.3 15.2 17.4 17.5 17.4 16.7 16.6

MN 12.5 12.1 14.2 13.7 13.5 13.6 13.0

MO 11.8 11.8 13.9 13.8 13.7 12.7 12.9

MS 12.3 12.3 12.7 12.4 12.4 12.1 11.6

MT 11.1 12.4 13.3 13.4 13.7 11.2 12.5

NC 11.7 11.7 13.6 13.7 13.7 13.2 13.1

ND 10.1 12.2 12.7 13.0 13.3 8.9 11.3

NE 11.2 11.7 12.1 12.3 12.1 10.2 11.3

NH 19.5 19.0 19.7 19.6 19.6 19.8 19.1

NJ 18.0 17.5 20.8 20.6 20.7 20.5 20.1

NM 12.8 12.2 14.6 15.2 15.2 13.8 13.7

NV 14.1 13.1 14.7 14.2 14.3 14.6 13.6

NY 20.3 19.7 20.6 20.7 20.9 20.6 20.6

OH 14.3 14.5 16.5 16.4 16.6 15.4 15.8

OK 10.6 10.6 12.6 12.5 12.6 11.7 11.6

OR 11.0 10.8 11.3 11.3 11.4 11.1 11.2

PA 15.1 14.8 17.2 16.8 17.1 16.4 16.2

RI 18.8 18.2 19.3 19.2 19.2 19.4 18.6

SC 12.8 12.5 14.7 14.6 14.7 14.4 14.1

SD 11.4 10.7 12.6 11.8 11.9 12.2 11.5

TN 11.1 11.0 11.7 11.8 11.7 11.2 11.3

TX 13.3 13.0 14.7 14.8 14.5 13.8 14.0

UT 11.6 11.4 14.9 14.1 14.4 13.0 13.1

VA 12.7 12.4 14.2 14.1 14.1 13.8 13.8

VT 18.7 18.7 19.2 19.1 19.5 19.2 19.5

WA 9.2 9.2 10.1 10.1 10.2 10.1 10.0

WI 15.1 15.0 17.3 17.0 17.0 16.4 16.3

WV 10.9 12.0 12.2 12.4 12.8 9.1 10.5

WY 12.0 14.2 15.7 15.2 15.7 10.0 12.4

US 13.7 13.5 15.1 15.1 15.1 14.5 14.5  
Source: NewERA modeling results.
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