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Electricity Supply 
Overview
This appendix describes the data sources, key assumptions, and the methodology used to develop a reference case projection (forecast) of greenhouse gas (GHG) emissions over the 2007-2030 period associated with the generation of electricity to meet electricity demand in Pennsylvania. This analysis has been conducted over the period of 2007-2030 although the period considered in mitigation option workplans is only from 2009-2020. The additional years may offer insight into longer-term implications of capacity expansion commitments/assumptions in the Reference Case. Specifically, the following topics are covered in this Appendix:

· Data Sources:  This section provides an overview of the data sources that were used to develop the base year inventory and forecast, including publicly accessible websites where this information can be obtained and verified.
· Greenhouse Gas Forecast Methodology:  This section provides an overview of the methodological approach used to develop the Pennsylvania GHG forecast for the electric supply sector for the “Reference Case” (i.e., Business-as-usual). The Reference Case includes any renewable and demand side resources consistent with current statutory requirements.
· Results:  This section provides an overview of key results of the Pennsylvania GHG forecast for the electric supply sector. 
· Key Uncertainties: This section provides an overview of key uncertainties that can significantly affect results of the Pennsylvania GHG forecast for the electric supply sector.
Data Sources

We considered several sources of information in the development of the forecast of carbon dioxide equivalent (CO2e) emissions from Pennsylvania power plants. These are briefly summarized below:

· PA forecasted electricity consumption. The GHG forecast period considered is 2007-2030. Aggregated projected sales from 2007-2013 were obtained from Blain Loper (spreadsheet named "Sales.xls" sent in an email to Hal Nelson dated 5-15-09); aggregate sales from 2014-2030 were extrapolated based on the 1973-2007 historical trend (i.e., 1.58%/year) obtained from the same reference as noted above. DSM/DG alternative energy requirements are included in the aggregate sales projection in the 2007-2013 period but not thereafter. This spreadsheet also included forecasted T&D losses. 

· PA load forecast. This information was obtained from a report entitled: “PJM Load Forecast Report” dated January 2008.

· PA alternative energy requirements. This information was obtained from a report entitled: “PUC EPO Report” dated August 2008.

· Capacity additions: This spreadsheet “1000 MW by 2011 1-16-09.xls” was receibed from Joe Sherrick and used as a basis for renewable and fossil capacity addition assumptions. 
· 2007 EIA-906/920 Monthly Time Series Data. This is a database file available from the Energy Information Administration (EIA) of the United States (US) Department of Energy (DOE). The information in the database is based on information collected from utilities in Forms EIA-906/920 and EIA-860 for the forecast Base Year of 2007. Data were extracted for Pennsylvania. Data from these forms provide, among other things, fuel consumption and net generation in power stations located in Pennsylvania for 2007 by plant type, coal type shares, and oil type shares. This information can be accessed from http://www.eia.doe.gov/cneaf/electricity/page/eia906_920.html.
· Annual Energy Outlook 2009. This is an output of an EIA analysis using the National Energy Modeling System (NEMS), a model that forecasts electric expansion/electricity demand in the US. In particular, regional outputs for the Mid-Atlantic Area Council (MAAC) region were used. Pennsylvania was assumed to have information corresponding to the MAAC region. The MAAC results include forecasts of gross generation, net generation, combustion efficiency, total sales, and exports/imports through the year 2030. This information is available in supplemental tables that can be accessed directly from http://www.eia.doe.gov/oiaf/aeo/supplement/index.html. 
· State Electricity Profiles. This information is available from the EIA. The database compiles capacity, net generation, and total retail electricity sales by state. It was used to cross check other data sources regarding Base Year levels for sales, generation, and primary energy use. It can be accessed directly from http://www.eia.doe.gov/cneaf/electricity/st_profiles/e_profiles_sum.html. 
· State electricity sales data. This information is available from the EIA. The database compiles total retail electricity sales by state. It was used to cross-check total sales of electricity for the Base Year of 2007. It can be accessed directly from http://www.eia.doe.gov/cneaf/electricity/page/sales_revenue.xls.
· Energy conversion factors. This is based on Table Y-2 of Appendix Y in the USEPA’s 2003 GHG Inventory for the US. The table is entitled “Conversion Factors to Energy Units (Heat Equivalents)”. This information can be accessed directly from the following website: http://yosemite.epa.gov/oar/globalwarming.nsf/UniqueKeyLookup/LHOD5MJTCL/$File/2003-final-inventory_annex_y.pdf.

· Fuel combustion oxidation factors.  This is based on Appendix A of the USEPA’s 2003 US GHG inventory for the US. This information can be accessed directly from: http://www.epa.gov/climatechange/emissions/downloads06/06_Annex_Chapter2.pdf.

· Carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O) emission factors. For all fuels except Municipal Solid Waste (MSW), these emission factors are based on Appendix A of the USEPA’s 2003 GHG inventory for the US. This information can be accessed directly from: http://www.epa.gov/climatechange/emissions/downloads06/06_Annex_Chapter2.pdf. For MSW, emission factors are based on the EIA’s Office of Integrated Analysis and Forecasting, Voluntary Reporting of Greenhouse Gases Program, Table of Fuel and Energy Source:  Codes and Emission Coefficients. This information can be accessed directly from http://www.eia.doe.gov/oiaf/1605/coefficients.html.

· Global warming potentials.  These are based on values proposed by the Intergovernmental Panel on Climate Change (IPCC) Second Assessment Report. This information can be accessed directly from http://www.ipcc.ch/pub/reports.htm. 

Table A1.  Key Assumptions used in the GHG Reference Case Projection
	Key Assumptions
	2007
	2030
	Growth rate (%/yr)

	Pennsylvania electricity demand (GWh)
	145,392
	199,937
	1.39%

	Gross generation from Pennsylvania Power Stations (GWh)
	     
	 
	 

	To meet PA electricity demand 
	155,701
	214,285
	1.40%

	Exports to region (GWh)
	60,187
	71,167
	0.73%

	Total
	215,888
	285,452
	1.22%

	Alternative energy requirements (% of sales)
	
	
	

	Tier 1 (includes solar PV and wood products)
	1.5%
	8.0% (in 2021)

	Tier 2
	4.2%
	10.0% (in 2021)

	Total
	5.7%
	18.0% (in 2021)

	Power plant heat rate (Btu/kWh)
	 
	 
	 

	    Coal (pulverized)
	9,909
	9,909
	0.00%

	    Coal (waste)
	11,424
	10,655
	-0.30%

	    Nuclear
	10,414
	10,414
	0.00%

	    Natural Gas
	7,743
	7,675
	-0.04%

	    Oil
	11,308
	11,308
	0.16%

	    Municipal Solid Waste (MSW)
	17,946
	17,946
	0.00%

	    Biomass
	10,500
	10,500
	0.00%

	    Landfill Gas (LFG)
	14,685
	12,957
	-0.54%

	    Wind
	10,320
	10,320
	0.00%

	    Hydroelectric
	10,320
	10,320
	0.00%

	Transmission and Distribution (T&D) Losses (%)
	6.62%
	6.60%
	-0.02%


GWh = gigawatt-hour; Btu/kWh – British thermal unit per kilowatt-hour.
Greenhouse Gas Forecast Methodology – Reference Case

We consider that the most useful methodology for constructing a GHG forecast is one that attempts to build information from the bottom-up. That is, ideally the GHG forecast should be developed using detailed state-specific data regarding projected sales, gross in-state generation, supply-side efficiency improvements, planned capacity additions and retirements by plant type/vintage, and changes over time regarding losses associated with on-site use and transmission and distribution (T&D). 

However, while some of this information was available in Pennsylvania, some key data were not available at the time the forecast was prepared. Therefore, it was necessary to use a top-down approach. A top-down approach uses proxy information regarding future gross in-state generation, supply-side efficiency improvements, and changes over time regarding capacity expansion. This approach, while less satisfactory for representing state-specific conditions, nonetheless offers an acceptable starting point for exploring projections of GHG emissions from the electric sector in Pennsylvania. The methodological steps used for forecasting CO2e emissions are described below. 

Coal quality. An overview of the methodology applied to forecast quality of coal used in Pennsylvania power stations is briefly summarized below:

· For the Base Year of 2007, determine the coal quality used in Pennsylvania power stations (i.e., share of anthracite, bituminous, lignite, sub-bituminous, and coal wastes used).

· For the period 2007 through and including 2030, assume that the coal quality is the same as the Base Year.
· For the period of 2007 through and including 2030, assume that waste coal content is the same as the average coal output in PA.

· The composition of waste coal was assumed to be consistent with the annual composition of pulverized coal used in PA power stations.
Alternative energy requirements. 
· For Tier 1 in 2021: the target for solar PV is 0.5% of sales in 2021.; the target for by-products of wood-pulping and wood manufacturing is assumed to be 0.001% of sales in 2021.; the target for all remaining resources (i.e., wind, low impact hydro, geothermal, LFG, fuel cells, biomass, and coal mine methane) is 7.499% of sales in 2021.

· For Tier 2 in 2021: the aggregate target for all resources (i.e., waste coal, DSM, distributed generation, large scale hydro, MSW, and coal IGCC) is 10.0% of sales in 2021.

· For the period 2022 through and including 2030, assume that the alternative energy levels reached by 2021 continue till the end of the planning period.
· For unplanned capacity. Unplanned capacity added during the planning period is benchmarked to AEPS requirements such that total generation from AEPS-eligible resources is equal to or greater than AEPS requirements in any given year. In the early years, AEPS-eligible generation is sometimes slightly greater than the requirements due to the lumpiness of capacity additions. For Tier 1, it is assumed that wind resources are built as needed to satisfy AEPS requirements. For Tier 2, it is assumed that DSM and DG are implemented as needed to satisfy AEPS requirements.
Capacity additions and retirements. 
· For the year 2009, assume that new fossil capacity is as per information provided by Krish Ramamurthy and Joe Sherrick and that renewable capacity is as per the spreadsheet entitled “1000 MW by 2011 1-16-09.xls” received from Joe Sherrick;

· For the period 2010 through and including 2030, assume that there are no additional planned capacity additions and that all new capacity is driven by alternative energy requirements

· For the period 2007 through and including 2030, assume that no capacity operational in 2007 is retired with the exception of one 50 MW coal plant in 2009;
Electricity exports. An overview of the methodology applied to forecast annual net electricity exports is briefly summarized below:

· For the Base Year of 2007, estimate the sales associated with exports as the difference between total Pennsylvania generation net of UGI plants and Pennsylvania generation to meet in-state demand net of non-Act 129 compliance plants.

· For the period 2007 through and including 2025, assume the generation associated with exported electricity grows at the same rate as generation to meet in-state demand (i.e., 1.6%/year as obtained from PA stakeholder process).

· For the period 2026-2030, assume the exports grow at the same rate as in the period 2007-2025 (i.e., 1.6%/year) 

Gross generation. An overview of the methodology applied to forecast annual gross electricity generation by Pennsylvania power stations is briefly summarized below:

· For the Base Year of 2007, estimate losses associated with on-site usage of electricity by plant type for Pennsylvania power plants. On-site usage losses were assumed to be equal to the MAAC regional average of 0.68% of gross generation.

· For the Base Year of 2007, combine actual net electric generation data (i.e., from the base year inventory) and assumed average on-site parasitic losses (i.e., from the MAAC region) to estimate gross generation by plant type.

· For the period 2007 through and including 2030, assume the gross generation to meet in-state demand accounts for Demand-Side Management and Distributed Generation savings associated with alternative energy requirements.

· For the period 2007 through and including 2030, assume the production-based gross generation is as calculated from net generation numbers from the PJM Load Report (January 2008).
· For the period 2007 through and including 2012, assume gross generation increases by fuel type based on an average calculated capacity factor and the proposed power plant capacity additions introduced in the PUC EPO 2008 Report.
Total sales. An overview of the methodology applied to forecast annual sales of electricity to Pennsylvania consumers is briefly summarized below:

· For the Base Year of 2007 through 2030, establish total retail sales in Pennsylvania as per the methodology from the PA stakeholder process accounting for new DSM and distributed generation as appropriate. See the earlier description of the sale forecast methodology.
Combustion efficiency. An overview of the methodology applied to forecast annual heat rates at Pennsylvania power stations is briefly summarized below:

· For the Base Year of 2007, estimate gross heat rate of Pennsylvania power stations by dividing plant type-specific 2007 gross primary energy consumption by plant type-specific 2007 gross generation. 

· For the period 2008 through and including 2030, compute the annual weighted average of plant type-specific heat rates accounting for new capacity and retirements of existing units.

Energy use. An overview of the methodology applied to forecast annual primary energy use at Pennsylvania power stations is briefly summarized below:

· For the Base Year of 2007, establish the actual primary energy consumption for Pennsylvania power plants as reported by the databases used to develop the inventory. 

· For the period 2007 through and including 2030, multiply annual gross generation by annual heat rate for each plant type in Pennsylvania.

Carbon dioxide-equivalent emissions from Pennsylvania power stations. An overview of the methodology applied to forecast annual CO2e emissions from Pennsylvania power stations is briefly summarized below:

· For the Base Year of 2007 through and including 2030, estimate total CO2 emissions from Pennsylvania power stations by multiplying total primary energy use by the CO2 emission factor and the global warming potential.

· For the Base Year of 2007 through and including 2030, estimate total CH4 emissions from Pennsylvania power stations by multiplying total primary energy use by the CH4 emission factor and the global warming potential.

· For the Base Year of 2007 through and including 2030, estimate total N2O emissions from Pennsylvania power stations by multiplying total primary energy use by the N2O emission factor and the global warming potential.

· For the Base Year of 2007 through and including 2030, estimate total CO2e emissions from Pennsylvania power stations by adding the CO2e of CO2, CH4, and N2O.

Carbon dioxide-equivalent emissions from exported electricity. An overview of the methodology applied to forecast annual CO2e emissions from electricity exports is briefly summarized below:

· For the Base Year of 2007 through and including 2030, estimate the average annual GHG emission intensity (i.e., metric tons of CO2, CH4, and N2O per MWh of gross generation) for PA from the data sources described earlier.

· For the Base Year of 2007 through and including 2030, estimate total CO2 emissions associated with exported electricity by multiplying the gross generation associated with these exports by the CO2 emission intensity and the global warming potential.

· For the Base Year of 2007 through and including 2030, estimate total CH4 emissions associated with exported electricity by multiplying the gross generation associated with these exports by the CH4 emission intensity and the global warming potential.

· For the Base Year of 2007 through and including 2030, estimate total N2O emissions associated with exported electricity by multiplying the gross generation associated with these exports by the N2O emission intensity and the global warming potential.

· For the Base Year of 2007 through and including 2030, estimate total CO2e emissions associated with exported electricity by adding the CO2e of CO2, CH4, and N2O.

Results

Table A3 and Figure A1 summarize the characteristics of the electric generation system in Pennsylvania, together with a breakdown in generation and emissions for Pennsylvania power stations for 2007. The following subsections provide an overview of the results of the GHG emissions inventory and reference case projections estimated using the methodological approach described above.
Table A3.  Summary of Pennsylvania Electric Generator Characteristics in 2007 Base Year (production basis)
	Fuel
	Gross Generation (GWh)
	Fuel use (Trillion Btu)
	Heat rate (Btu/KWh)
	 Emissions (MMtCO2e)

	Coal (pulverized)
	111,265
	1,103
	9,979
	101.81

	Coal (waste)
	6.273
	72
	11,424
	6.62

	Natural Gas
	15,389
	119
	7,743
	6.39

	Other Gases
	1
	0
	36,026
	0.00

	Petroleum
	1,262
	14
	11,308
	1.09

	Nuclear
	77,902
	811
	10,414
	0.00

	Hydroelectric
	2,251
	22
	10,320
	0.00

	Geothermal
	0
	0
	10,500
	0.00

	Solar/PV
	0
	0
	10,320
	0.00

	Wind
	473
	5
	10,320
	0.00

	MSW 
	1,607
	29
	17,946
	1.06

	Landfill gas
	241
	4
	14,685
	0.19

	Biomass
	0
	0
	10,500
	0.00

	Other wastes
	0
	0
	10,500
	0.00

	Pumped storage
	-728
	0
	10,500
	0.00

	Exports
	60,235
	608
	 
	32.84

	Total
	215,936
	2,178
	 
	117.16


Figure A1.  Pennsylvania Generation and Emissions Including Exports – 2007 Base Year

a. Gross Generation (215,936 GWh)
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b. Primary Energy (2,178 Trillion Btu)
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c. Emissions (117.16 MMtCO2e)
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The preliminary forecast numbers from the PA DEP are shown below in Table A4 and compared to the results of the current forecast for the year 2025. In comparing the results of the analysis described in this document to the draft forecast from the PA DEP, it is clear that the final numbers are quite similar. Forecasted GHG emissions are about 4% less that forecasted by the PA DEP, likely due to differences in the role of new renewable energy, DSM, and distributed generation.
Table A4. Summary of PA Department of Environmental Protection Draft GHG Forecast, 2025

	
	PA DEP
	CCS
	Difference

	Electricity Production [GWh]
	274,795
	268,730
	-2.2%

	Electricity Consumption [GWh]
	186,860
	198,187
	6.1%

	Electricity Production [MMTCO2e)
	153.77
	147.26
	-4.2%


Gross Generation

Total gross generation by Pennsylvania power plants is summarized in Figure A2. Gross generation in Pennsylvania is dominated by coal, natural gas, and nuclear power.

Figure A2.  Gross Generation at Pennsylvania Power Stations, Including Exported Electricity
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Source:  Results in table based on approach described in text.Primary Energy Consumption
Total primary energy consumption associated with electricity generation in Pennsylvania is summarized in Figure A3. Primary energy consumption in Pennsylvania is dominated by coal and nuclear resources. 
Figure A3.  Primary Energy Use at Pennsylvania Power Stations, Including Exports
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Source:  Results in table based on approach described in text.
Total Gross GHG Emissions

Total emissions associated with generation by Pennsylvania power plants (including exported electricity) are summarized in Figure A4 on a production basis (total in-state generation) and consumption basis (in-state consumption or total in-state generation minus exports). On a production basis, emissions were about 117.16 MMtCO2e in 2007 and are projected to increase to about 161.27 MMtCO2e in 2030. On a consumption basis, emissions were about 84.32 MMtCO2e in 2007 and are projected to increase to about 116.07 MMtCO2e in 2030.
Figure A4. Total GHG Emissions from Pennsylvania Electric Sector (production- and consumption-based)
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Source:  Results in table based on approach described in text.
Key Uncertainties
Key sources of uncertainty underlying the estimates above are as follows:
· There are uncertainties associated with estimates of on-site usage of electricity that were used to convert net generation to gross generation. The on-site usage estimates are taken from the EIA AEO2009 for the MAAC region. 
· There are uncertainties associated with the share of individual resources that make up the total penetration of unplanned AEPS-eligible resources,
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