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Introduction

The decision of whether to measure emissions from the electric power industry on the basis of production or consumption has important implications for greenhouse gas (GHG) mitigation programs.  It can significantly impact the total reductions required and the estimation of the performance of GHG mitigation measures such as renewable portfolio standards.  This memo presents an analysis of these issues.

The issue of production versus consumption arises in restructured electricity markets, where electric power plants all generate and sell power into a single local grid.  Unlike traditional commodities, after electricity is produced, it is physically impossible to track from individual power plants to the final destination.  It therefore cannot physically be identified as meeting the demand of particular customers.  The total generation of each individual plant and of the entire region, state or locality can be determined, however, as can the total demand in aggregate.*  In some self-contained electricity markets, the total demand is equal to the total generation.  In most markets, however, electricity is transmitted for sale across borders, and the total generation within the territory therefore differs from the total demand.  In cases where the generation exceeds total demand the state is a net exporter selling power to other regions; where generation is lower than demand the state is importing power.

Total emissions can be estimated based either on total generation or total demand.  When transmission of electricity between states is significant, these production and consumption emissions will in general be different due to the difference in total kilowatt-hours.  They will also differ if the fuel mix of generation in the state and the surrounding areas has different emissions characteristics.  The estimation methods and the issues associated with production and consumption emissions are discussed below.

Production versus Consumption Emissions

Production-based emissions are based on the total level of electricity generation within a state.  They are estimated by taking 100% of emissions from all electric generating units located within the state.  The production approach is the generally accepted method for estimating emissions.  All emission trading systems implemented thus far in the United States and elsewhere to regulate SO2, NOx and CO2 have been production-based.  Since it is based on taking all emissions within a given territory, the production standard is also consistent with the methodology used by the Intergovernmental Panel on Climate Change (IPCC) for estimating national GHG emissions, as well as with computer models used for national and regional analysis of the US electric power industry (e.g., ICF Consulting’s Integrated Planning Model (IPM), US Energy Information Administration’s National Energy Modeling System [NEMS]).  Its key strength is that the methodology used is simple, accurate and widely accepted, and the data required (usually total fuel consumption) is readily available.  In states where the number of emission sources is small, production-based estimation may allow for independent verification of emission estimates: emissions calculated from fuel use can be verified using continuous emissions monitoring at the exhaust stack, and vice versa.

Another advantage of using a production-based standard at the state or regional level concerns its compatibility with a potential national GHG regulation program.  While the exact structure of a future US GHG cap and trade program is uncertain, based on the experience of the SO2 and other programs in the United States it is expected that national GHG regulation would employ a production-based standard.  Each individual generating unit would therefore be responsible for 100% of its total GHG emissions, regardless of consumption levels.  The use of a production standard by states would therefore be consistent with the national program, while a consumption approach would not.  This could ease the transition from state to national regulation, and could potentially reduce the costs incurred by the states in the process.

Despite the strengths of the production approach, it may nonetheless be deemed unsuitable for some GHG mitigation programs.  In states with significant interstate transmission, the production approach will fail to account for all emissions (and therefore the environmental impact) from the total consumption of electricity within the state.  Electricity consumption within a state that imports power, for example, will account for some of the emissions produced in the exporting areas, but this impact will not be captured under a production approach.  In the case of a state that exports power, generation will exceed demand, so a production approach would cause the state to account for emissions that have been produced to meet the demand of consumers in other regions.  In such cases the use of a production approach may give rise to questions of equity and responsibility for emissions.  The use of a consumption approach may be more appropriate in such cases.

Consumption emissions are based on total electricity demand within a state, and thus account for imports (or exports) of power from (or to) other areas.  As discussed above, the key benefit of a consumption approach is that in cases where electricity transmission flows are significant, it provides a method of estimating and accounting for a level of emissions representing all and only those that arise from consumption within the state itself.  A consumption approach has drawbacks, however.  One issue is that the consumption standard is controversial.  It has not been employed for GHG regulation, and no generally accepted estimation method exists.  The data required is also likely to be more difficult to obtain than in the case of production emissions.  A consumption approach may give rise to responsibility questions of its own, since an exporting state could employ consumption-based estimates to hold other states or regions accountable for some of the emissions from the exporting state.  In all but a few special cases (e.g., power plants are connected to a single transmission line sending all of the power into a neighboring state), the total electricity consumption and emissions cannot be traced to a group of specific plants, so consumption emissions cannot be verified.  Emission estimates based on consumption therefore typically represent allocations on paper rather than actual physical emissions that can be measured.

In restructured markets, at least two general methods for estimating emissions on a consumption basis exist:  

· One approach is to treat the state market as a unified part of a larger market to or from which it imports or exports power (e.g., the Maine market is taken as a component of the New England Power Pool).  The annual emissions are then taken as the product of the total state demand and the average regional emission rate (method #1).  This is the approach that the Tellus Institute appears to have used in developing Rhode Island’s GHG Plan. 

· A second approach treats the state as a distinct unit, with emissions from the power imported or exported added or subtracted from the total production emissions (method #2).  In states that import power it is assumed that all of the generation in the state is consumed within the state, and the emissions for imports only are estimated by adding the product of the net power imports and the average regional emission rate to the production emissions.  In exporting states all of demand is assumed met by in-state generation, and the product of the net power exports and the average state emission rate is subtracted from the production emissions to obtain the consumption emissions.  Unlike the first approach, with this approach the consumption emissions will always exceed production emissions in importing states, and will be lower than them in exporting states.  

These two approaches will produce different estimates of consumption emissions due to differences between the average emission rate of the state and that of the surrounding region.  For example, in the case of an exporting state that has an average emission rate that is lower than the regional rate (perhaps due to a higher level of renewable energy generation), the consumption emissions estimated using method #1 will be higher than those obtained with method #2.  (This has typically been the case with Maine in most years since 1990, as will be discussed below.)  

Implications for GHG Mitigation

The decision of whether to adopt a production versus a consumption approach for estimating emissions will have significant implications for a state, as well as for the surrounding region.  In New England, for example, the regional effort to regulate GHG emissions to meet the NEGA/ECP targets ultimately will need to ensure that each state adopts a consistent standard for estimating GHG emissions.  In selecting a standard for a GHG reduction program a state may wish to consider the level of total reductions required and the mitigation measures to be employed.  Goals for GHG mitigation programs are typically set in terms of emission levels to be achieved in a future year (e.g., 2010) equal to a share of the total emissions in a past baseline year (typically 1990).  Since the selection of a production or consumption approach will typically produce different estimates in any given year, the total reductions that would be required in a GHG program may be significantly different under each approach.  It should be further noted that with a consumption approach, the estimated reductions required may also vary depending upon the particular method used to estimate the consumption emissions.

The table below displays estimates of the annual emissions in the state of Maine from 1990 through 2000.  The emissions have been estimated using a production approach, a consumption approach using method #1, and a consumption approach using method #2.  The total kilowatt-hours associated with both approaches are displayed as well.  Consumption emissions with method #1 exceed production emissions in all years due to the much higher regional (compared to the state) emission rate.  Maine was a net exporter of power in most years, and consumption emissions with method #2 were typically lower than production emissions.  It should also be noted that the consumption emissions are significantly higher when estimated using method #1 than with method #2, again due to the difference between the regional and state emission rates.  

The table shows that over the 1990-2000 period, GHG emissions are estimated to have increased by 1.2 MMTCO2e under the production approach, by less than 0.1 MMTCO2e under a consumption approach using method #1, and by 1.5 MMTCO2e using method #2.  Therefore, if the state had adopted a policy of lowering electric power emissions in 2000 to 1990 levels, the reductions required under each approach would have been significantly different.  It should be noted that under a consumption approach using method #2, the total reductions required would have been 0.3 MMTCO2e higher than under a production approach even though the annual emissions are lower in both 1990 and 2000 in the former case.  The use of a consumption approach with method #1 would have enabled the state to meet the 1990 target with only minimal reductions.
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Another important issue concerns the impact of the emissions standard selected on the performance of the specific GHG mitigation measures.  Measures taken to reduce GHG emissions within a given state will often affect the electric power industry in surrounding areas.  In such cases, the use of a production approach may not capture the full emission impacts in these areas.  For example, the adoption of a state renewable portfolio standard may alter the structure of the regional power market, perhaps by encouraging the development of new renewable facilities in other areas hoping to export power to the state.  Another example would be the adoption of a generation performance standard on all plants within the state.  Such a policy would likely increase the cost of generating electricity from in-state plants, and could therefore decrease in-state generation and increase the level of power imported from surrounding areas.  In such a case the use of a production approach would show a drop in total emissions even if total state demand does not change.  Consumption-based emissions may therefore allow a state to better estimate the total regional impact of in-state programs.  In all cases, however, the specific impacts of selecting a production or consumption approach will depend upon the structure of the electricity market and the interactive effects of the policies adopted.  Thus, while in many cases a consumption standard may be a more appropriate method of estimating the regional impacts of in-state GHG policies or programs, in others a production standard may be just as useful. 

The key attributes of production and consumption emissions are summarized in the following table.

	Estimate
	Basis
	Imports/

Exports Included
	Benefits
	Drawbacks
	Accounts for Out-of-State Activities

	Production
	Generation
	Exports only
	Simple, direct estimation method; widely accepted; consistent with other emission regulation programs and computer models; can be verified
	Does not account for interstate or interregional transmission
	Typically not

	Consumption
	Demand
	Imports Only
	Accounts for interstate transmission; allows responsibility for all and only those estimated emissions from in-state consumption
	No generally accepted method of estimation; cannot be independently verified; more difficult to obtain data
	Yes 


* In this memo, to avoid confusion it is assumed that the electricity market is an individual state that may also export or import power to or from surrounding states or regions.
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