
 PA Electricity Capacity Expansion Assumptions Document
       For May 19, 20009 Call


ASSUMPTIONS

Fuel prices: U.S. EIA, AEO 2009 (April 2009 update related to federal stimulus), Table 12 - prices for coal and natural gas for electric generation in the Middle Atlantic region.   http://www.eia.doe.gov/oiaf/aeo/supplement/stimulus/regionalarra.html.  
Nuclear fuel prices are based on NYSERDA fuel costs [placeholder].
Biomass fuel costs are placeholders pending data from agriculture and forestry sectors.
Equipment life:  We assume a 30-year life for all technologies.

Cost of capital: 10% weighted average cost of capital with a 50% debt and 50% equity proportion.  Cost of debt is 8% and cost of equity is 12% for all technologies.

Assumed tax credit over life of technology:  Available federal tax credits are assumed to apply to relevant generation units over the life of the plant, though the federal production tax credit applies to different renewable fuels over different periods of generation.  We assume 2007-level tax credits.  For biomass technologies, we assume the federal tax credit for open-loop biomass.  For PV, which receives a federal investment tax credit in lieu of production tax credit eligibility, and the federal government currently permits interchanging the PTC with the ITC, we assume a levelized level of tax support similar to that for wind, which was 2 cents/kWh in 2007.  DSIRE database (www.dsireusa.org) for federal tax incentives.  For small hydro, we apply the federal production tax credit for small hydropower facilities (irrigation and hydro installation at dams previously without power generation)
Table 1: Summary of 2020 Costs

	Generation Modeling Assumptions 
	For Year 2020 (all values in $2007)

	
	Fuel Cost $/MMBTU
	Capital Cost $/kW 
	Capacity Factor
	Tax Credits / Incentives
	Integration Cost
	Generation Cost MWh
	New Build CO2 Emissions Intensity (tonnes/MWh)

	Coal (supercritical pulverized)
	 $    2.02 
	 $     1,433 
	85%
	 $           -   
	 $         -   
	 $    46.50 
	TBD

	IGCC
	 $    2.02 
	 $     1,817 
	80%
	 $           -   
	 $         -   
	 $    50.93 
	TBD

	IGCC with carbon capture
	 $    2.02 
	 $     2,493 
	80%
	 $           -   
	 $         -   
	 $    67.93 
	TBD

	CCGT
	 $    7.27 
	 $        749 
	75%
	 $           -   
	 $         -   
	 $    65.96 
	TBD

	Combustion NG
	 $    7.27 
	 $        536 
	50%
	 $           -   
	 $         -   
	 $    81.87 
	TBD

	Nuclear
	 $    1.03 
	 $     7,310 
	90%
	 $           -   
	 $         -   
	 $  122.99 
	TBD

	Biomass Co-Firing
	 $    2.02 
	 $        461 
	85%
	 $     (10.00)
	 $         -   
	 $    19.88 
	TBD

	Biomass Gasification
	 $    2.02 
	 $     2,104 
	75%
	 $     (10.00)
	 $         -   
	 $    76.76 
	TBD

	PV (Crystalline)
	 $        -   
	 $     4,218 
	13%
	 $     (20.00)
	 $         -   
	 $  383.24 
	TBD

	Hydro repower
	 $        -   
	 $     1,603 
	50%
	 $           -   
	 $         -   
	 $    45.52 
	TBD

	Small hydro
	 $        -   
	 $     2,098 
	30%
	 $     (10.00)
	 $         -   
	 $  254.60 
	TBD

	Wind
	 $        -   
	 $ 1,411.76 
	27%
	 $     (20.00)
	 $      4.50 
	 $    59.40 
	TBD

	CHP
	 $    7.27 
	 $ 1,016.03 
	80%
	 $           -   
	 $         -   
	 $    91.92 
	TBD


PULVERIZED COAL (NEW SUPERCRITICAL)

· Capital and O&M costs include compliance with New Source Review standards

· Capital cost:  Total plant cost and interest during construction data from ICF Electric Modeling Assumptions for NYSERDA, p. 82.  ICF assumes to supercritical plants until 2015, and estimates $1,293 in 2015, $1,267 in 2020 and $1,250 in 2025.  Interim values are based on straight-line reduction within each 5-year period.  2026-2030 costs based on average annual change in cost between 2020-2025.

· O&M cost:  Both fixed and variable based on ICF Electric Modeling Assumptions for NYSERDA, p. 82.  ICF's values are for 2015, 2020 and 2025, with straight-line extrapolation applied in this analysis for interim years.

· Transmission cost:  ICF Electric Modeling Assumptions for NYSERDA, p. 83. 

· Capacity factor:  From NETL's Cost and Performance Comparison of Fossil Energy Power Plants (2007), p. 423

· Heat rate:  ICF Electric Modeling Assumptions for NYSERDA, p. 82. 

IGCC--Coal

· Capital cost:  Total plant cost and interest during construction data from ICF Electric Modeling Assumptions for NYSERDA, p. 82.  

· ICF assumes no IGCC plants until 2015, and estimates $1,647 in 2015, $1,606 in 2020 and $1,531 in 2025. 2026-2030 costs based on average annual change in cost between 2020-2025.

· O&M cost:  Both fixed and variable based on ICF Electric Modeling Assumptions for NYSERDA, p. 82.  ICF's values are for 2015, 2020 and 2025, with straight-line extrapolation applied in this analysis for interim years.

· Transmission cost:  ICF Electric Modeling Assumptions for NYSERDA, p. 83. 

· Capacity factor:  From NETL's Cost and Performance Comparison of Fossil Energy Power Plants (2007), p. 423

· Heat rate:  ICF Electric Modeling Assumptions for NYSERDA, p. 82. 

IGCC WITH CARBON CAPTURE—to be updated with MIT report data 

· Capital cost:  Total plant cost and interest during construction data from ICF Electric Modeling Assumptions for NYSERDA, p. 88.  

· ICF assumes no IGCC with carbon capture plants until 2020, and estimates $2,204 in 2020 and $2,130 in 2025. 2026-2030 costs based on average annual change in cost between 2020-2025.

· O&M cost:  Both fixed and variable based on ICF Electric Modeling Assumptions for NYSERDA, p. 88.  ICF's values are for 2020 and 2025, with straight-line extrapolation applied in this analysis for interim years.

· Transmission cost:  ICF Electric Modeling Assumptions for NYSERDA, p. 83. 

· Capacity factor:  From NETL's Cost and Performance Comparison of Fossil Energy Power Plants (2007), p. 423

· Heat rate:  ICF Electric Modeling Assumptions for NYSERDA, p. 88. 

NATURAL GAS – COMBINED CYCLE

· Capital cost: ICF Electric Modeling Assumptions for NYSERDA, p. 82. ICF's values are for 2010, 2015, 2020 and 2025, with straight-line extrapolation applied in this analysis for interim years.

· O&M cost:  Both fixed and variable based on ICF Electric Modeling Assumptions for NYSERDA, p. 82.  ICF's values are for 2010, 2015, 2020 and 2025, with straight-line extrapolation applied in this analysis for interim years.

· Transmission cost:  ICF Electric Modeling Assumptions for NYSERDA, p. 83. 

· Capacity factor:  Based on Iowa study assumption (which in turn is based on "I&F").

· Heat rate:  ICF Electric Modeling Assumptions for NYSERDA, p. 82. ICF's values are for 2010, 2015, 2020 and 2025, with straight-line extrapolation applied in this analysis for interim years.

NATURAL GAS - COMBUSTION

· Capital cost: ICF Electric Modeling Assumptions for NYSERDA, p. 82. ICF's values are for 2010, 2015, 2020 and 2025, with straight-line extrapolation applied in this analysis for interim years.

· O&M cost:  Both fixed and variable based on ICF Electric Modeling Assumptions for NYSERDA, p. 82.  ICF's values are for 2010, 2015, 2020 and 2025, with straight-line extrapolation applied in this analysis for interim years.

· Transmission cost:  ICF Electric Modeling Assumptions for NYSERDA, p. 83. 

· Capacity factor:  Assumption

· Heat rate:  ICF Electric Modeling Assumptions for NYSERDA, p. 82. ICF's values are for 2010, 2015, 2020 and 2025, with straight-line extrapolation applied in this analysis for interim years.

NUCLEAR

· Capital cost:  Based on Center for Climate Strategies ESD Policy Options Document (September 23, 2008) for the Florida Governor's Action Team on Energy and Climate Change, Energy Supply and Demand Technical Work Group,  p. A-32. We assume new nuclear does not come on-line until 2020 per ICF Electric Modeling Assumptions for NYSERDA, p. 82.

· Transmission cost:  Lower range of potential interconnection costs from ICF Electric Modeling Assumptions for NYSERDA, p. 83. 

· O&M cost:  Both fixed and variable based on Based on ESD Policy Options Document (September 23, 2008) for the Florida Governor's Action Team on Energy and Climate Change, Energy Supply and Demand Technical Work Group,  p. A-32. 

· Capacity factor:  Based on Based on ESD Policy Options Document (September 23, 2008) for the Florida Governor's Action Team on Energy and Climate Change, Energy Supply and Demand Technical Work Group,  p. A-32.

· Heat rate:  ICF Electric Modeling Assumptions for NYSERDA, p. 82.

BIOMASS CO-FIRING

· Capital cost:  Based on Black and Veatch Economic Impact of Renewable Energy in Pennsylvania (2004), p. D-15, for 2-10% co-firing in pulverized coal plant.   Costs vary by boiler type and biomass percentage of total generation in a unit.

· Transmission:  No additional transmission investment is assumed.

· Fixed O&M Cost:  Based on Black and Veatch Economic Impact of Renewable Energy in Pennsylvania (2004), p. D-15, for 2-10% co-firing in pulverized coal plant.   

· Variable O&M Cost:  Based on Based on Black and Veatch Economic Impact of Renewable Energy in Pennsylvania (2004), p. A-9, for 2-10% co-firing in pulverized coal plant.  The $0 value falls between other estimates, including negative costs (PS technology mitigation template summary for NYSERDA) and positive costs (ICF). 

· Fuel cost:  Placeholder
· Capacity factor:  Based on pulverized coal capacity factor in this analysis.

· Heat rate: assumption.

BIOMASS GASIFICATION

· Capital cost:  Total plant cost and interest during construction data from ICF Electric Modeling Assumptions for NYSERDA, p. 91.  ICF assumes no biomass gasification plants until 2015, and estimates $1,920 in 2015, $1,860 in 2020 and $1,759 in 2025. 2026-2030 costs based on average annual change in cost between 2020-2025.

· O&M cost:  Both fixed and variable based on ICF Electric Modeling Assumptions for NYSERDA, p. 91.  ICF's values are for 2015, 2020 and 2025, with straight-line extrapolation applied in this analysis for interim years.

· Transmission cost:  Assumes same as for a CCGT per ICF Electric Modeling Assumptions for NYSERDA.

· Fuel cost:  Placeholder
· Capacity factor:  

· Heat rate:  ICF Electric Modeling Assumptions for NYSERDA, p. 91. 

PV (crystalline)

· Capital cost:  ICF Electric Modeling Assumptions for NYSERDA, p. 91.  ICF estimates $4,289 in 2010, $4009 in 2015, $3,729 in 2020 and $3,391 in 2025.  Interim values are based on straight-line reduction within each 5-year period.  2026-2030 values based on average cost reduction between 2021 and 2025 (1.9%/year).

· Transmission:  Assumes distributed solar.  Central-station PV will entail more cost.

· O&M:  ICF Electric Modeling Assumptions for NYSERDA, p. 91.  

· Capacity factor:  Based on PV Watts Version 1, using the ACEEE study of PV potential in PA (December 2008) for locations (Pittsburgh = 20% of all capacity, Philadelphia = 32%, rest = 48%). PV Watts estimates a 12.5% capacity factor for Pittsburgh, 13.8% capacity factor for Philadelphia, and we use Williamsport capacity factor of 12.6% for rest of state, with weighted average.

HYDRO REPOWER

· The assumptions below are based on new conventional hydropower.  However, the values fall within the range of the high variation in values for "incremental hydro" found in Black and Veatch’s Economic Impact of Renewable Energy in Pennsylvania (2004).

· Capital cost:  Based on U.S. EIA's Annual Energy Outlook 2007, Table 39 for new conventional hydropower.  2005 dollars. Capital costs were within the range of hydro upgrades considered in Avista (Washington, Montana) 2007 IRP ($1,478 to $2,168) so we retain it here, recognized the high uncertainty of such costs (as expressed by Avista in its IRP).

· Transmission cost: Default assumption of $25/kW similar to the majority of other technologies analyzed

· O&M cost:  U.S. EIA AEO 2007 for new conventional hydropower. 

· Capacity factor: Assumption, p. 115, for new conventional hydropower.

SMALL HYDRO

· Capital cost:  Based on 2009 capital costs in ESD Policy Options Document (September 23, 2008) for the Florida Governor's Action Team on Energy and Climate Change, Energy Supply and Demand Technical Work Group,  p. A-7. 

· Transmission cost:  Default assumption of $25/kW similar to the majority of other technologies analyzed.

· O&M cost:  Based on ESD Policy Options Document (September 23, 2008) for the Florida Governor's Action Team on Energy and Climate Change, Energy Supply and Demand Technical Work Group,  p. A-7. 

· Capacity factor:  ESD Policy Options Document (September 23, 2008) for the Florida Governor's Action Team on Energy and Climate Change, Energy Supply and Demand Technical Work Group,  p. A-8. 

WIND

· Wind capital cost:  ICF Electric Modeling Assumption for NYSERDA, p. 91. Assumes 1% reduction in costs starting in 2010 per ICF study (p. 92)

· Wind O&M cost:  ICF Electric Modeling Assumption for NYSERDA, p. 91. 

· Wind transmission cost:  ICF Electric Modeling Assumption for NYSERDA, p. 95.  Assumes "Step 1" transmission which presumes easiest combination of terrain and distance, and which represent 64% (32,411 MW) of modeled resources in PJM by ICF.

· Wind capacity factor:  Based on averaging of all Class 3-5 wind resources for PJM in ICF study (p.97) for all levels of transmission difficulty.  

· Integration costs:  Based on the Midwest Integration Cost Study in 2006 which found a 25% penetration of wind in Minnesota (MISO) leads to $4.5/MWh in total integration costs.  Cost is applied to all units of wind in this study, which is conservative for lower penetrations of wind compared to total generation. See http://www.awea.org/newsroom/releases/Groundbreaking_Minnesota_Wind_Integration_Study_121306.html.

COMBINED HEAT-AND-POWER (GAS-FIRED, INDUSTRIAL APPLICATION)

· We assume an industrial, gas-fired CHP plant as described in ACEEE et al (2009) report.  In this analysis, we do not include avoided boiler costs, which may increase the estimated cost of CHP.

· Capital cost: ACEEE et al (2009) report.  

· Transmission cost:  Default assumption of $25/kW.

· O&M:  ACEEE et al (2009) report, which provides an all-in O&M cost.  The same study assumes no fixed O&M, so we allocate all O&M cost to variable 

· Capacity factor:  ACEEE et al (2009) report 

· Heat rate: ACEEE et al (2009) report.
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