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Abstract 

Power LCAT is a high-level dynamic model that calculates production costs and tracks 
environmental performance for a range of electricity generation technologies: natural gas combined 
cycle (NGCC), integrated gasification combined cycle (IGCC), supercritical pulverized coal (SCPC), 
existing pulverized coal (EXPC), nuclear, and wind (with and without backup power).  All of the 
fossil fuel technologies also include the option of carbon capture and sequestration technologies 
(CCS). The model allows for quick sensitivity analysis on key technical and financial assumptions, 
such as: capital, O&M, and fuel costs; interest rates; construction time; heat rates; taxes; 
depreciation; and capacity factors.  Power LCAT is targeted at helping policy makers, students, and 
interested stakeholders understand the economic and environmental tradeoffs associated with various 
electricity production options.   

Power LCAT has four main sections:  “Production Analysis”, “Environmental Performance”, “Costs 
vs. Emissions”, and “Sensitivity Analysis.”  The “Production Analysis” section calculates the cost of 
electricity (COE) ($/kWh) for each option and allows users to explore key sensitivities.  The 
“Environmental Performance” section estimates aggregate greenhouse gas and non-greenhouse gas 
emissions, as well as water usage at each stage of the life cycle analysis.  The “Costs vs. Emissions” 
section explores the tradeoffs between costs ($/kWh) and greenhouse gas emissions (kg CO2e/MWh). 
The “Sensitivity Analysis” section allows one to vary several assumptions simultaneously (capital 
costs, O&M costs, tax rates, capacity factors, and fuel prices) and view the results graphically. 

The Power Systems Life Cycle Analysis Tool (Power LCAT) is a joint effort between Sandia 
National Laboratories (SNL) and the National Energy Technology Laboratory (NETL).  Funding for 
the project came from the Department of Energy (DOE/NETL). 

The technology options are based on detailed life cycle analysis (LCA) reports conducted by the 
NETL.  For each of these technologies, NETL’s detailed LCAs include consideration of five stages 
associated with energy production: raw material acquisition (RMA), raw material transport (RMT), 
energy conversion facility (ECF), product transportation (PT), and end user electricity consumption.   

For the default model assumptions, the results show that for the fossil fuel technology options the 
supercritical pulverized coal plant is the lowest cost option at 6.01 cents/kWh.  The next lowest cost 
fossil fuel option is the natural gas combined cycle plant (6.52 cents/kWh) and then the integrated 
gasification combined cycle plant (7.90 cents/kWh).  Of the nuclear options, the EXNUC plant is the 
lowest cost option at 1.74 cents /kWh followed by a Gen III+ plant at 10.78 cents/kWh.  Power 
LCAT includes one renewable technology option – a 200 MW wind turbine (with or without 
backup). For the default assumptions, the COE for the standalone option is 4.91 cents/kWh and 8.11 
cents/kWh with a gas turbine simple cycle backup. 
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1 Introduction and Overview 
Power LCAT is a high-level dynamic model that calculates production costs and tracks 
environmental performance for a range of electricity generation technologies.  This report 
summarizes key assumptions and results for version 2.0 of Power LCAT.  This report has three 
goals: to explain the basic methodology used to calculate production costs and to estimate 
environmental performance; to provide a general overview of the model operation and initial results; 
and to demonstrate the wide range of options for conducting sensitivity analysis.  

The Power Systems Life Cycle Analysis Tool (Power LCAT) is a joint effort between Sandia 
National Laboratories (SNL) and the National Energy Technology Laboratory (NETL).  Funding for 
the project came from the Department of Energy (DOE/NETL). 

2 Technologies and Input Assumptions 
Power LCAT calculates the projected cost of producing electricity1 for seven electricity generation 
technologies summarized in Table 1:  natural gas combined cycle (NGCC), integrated gasification 

combined cycle (IGCC), supercritical pulverized coal (SCPC), existing pulverized coal (EXPC)2, 
existing (EXNUC)3 and new (Gen III+) nuclear, and onshore wind4.  All of the fossil fuel 

                                                   
1 Sometimes referred to as busbar or production costs. 
2 This technology assumes an existing coal plant for CCS and non-CCS cases (NETL, 2010a). 

Technology 
Acronym 

Technology  Source 

Coal 

    EXPC  Existing Pulverized Coal   NETL (2010a) 

    EXPC w/ccs 
Existing Pulverized Coal with carbon capture and 
sequestration   

    IGCC  Integrated Gasification Combined Cycle  NETL (2010b) 

    IGCC w/ccs 
Integrated Gasification Combined Cycle  with 
carbon capture and sequestration   

    SCPC  Supercritical Pulverized Coal   NETL (2010d) 

    SCPC w/ccs 
Supercritical Pulverized Coal with carbon capture 
and sequestration   

Natural Gas 

    NGCC  Natural Gas Combined Cycle  NETL (2010c) 

    NGCC w/ccs 
Natural Gas Combined Cycle  with carbon capture 
and sequestration   

Nuclear 

    EXNUC  Existing Nuclear  NETL (2011c) 

    Gen III Plus  New Nuclear  NETL (2011c) 

Wind 
Onshore Wind with Gas Turbine Simple Cycle 
(GTSC) backup 

NETL (2010e) 

 

Table 1: Technologies Included in Power LCAT 
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technologies include the option of incorporating carbon capture and sequestration technologies 
(CCS). 

The technology options are based on detailed life cycle analysis reports conducted by the National 
Energy Technology Laboratory (NETL).  The goal of the NETL studies is to compare existing and 
future technology options using a life cycle analysis (LCA).  For each of these technologies, NETL’s 
detailed LCAs include consideration of five stages associated with energy production:  raw material 
acquisition (RMA), raw material transport (RMT), energy conversion facility (ECF), product 
transportation (PT), and end user electricity consumption5.  The NETL analyses consider greenhouse 
gas emissions (carbon dioxide [CO2], methane [CH4], nitrous oxide [N2O], and sulfur hexafluoride 
[SF6]), criteria air pollutants (lead [Pb], carbon monoxide [CO], nitrous oxides [NOX], sulfur oxides 
[SOx], volatile organic compounds [VOC], particulate materials [PM]), mercury (Hg) and ammonia 
(NH3) emissions, water withdrawal and consumption, and land use (acreage)6. 

Table 2 summarizes the key assumptions for each technology, including capital costs, fixed and 
variable operating and maintenance (O&M), fuel costs, years to construct, plant size, plant capacity 
factor (% of time plant normally operates), heat rates, CO2 capture rates, and thermal efficiencies.7  
All values are for new plants and are based on sources given in Table 1.  While Power LCAT 
defaults to these assumptions, the user can vary the assumptions and view the implications in terms 
of projected costs.  For example, the user can explore the effects of increased fuel costs, decreased 
heat rates, or delays in construction time on the projected economics.     

Appendix A gives a complete table that includes the main parameters used in Power LCAT.  They 
include technology specific assumptions such as heat rate and capital costs, additional technology 
assumptions such as tax credits, broader assumptions such as Federal and State tax rates, and 
assumptions that go into creating relationships between parameter estimates and CO2 capture rates. 

                                                                                                                                                                    
3 This technology assumes an existing Gen II-II nuclear plant is built between 1969 and 1996 and henceforth referred to in this report as EXNUC 
(NETL, 2011c).   
4 Wind includes a choice between conventional and advanced turbine construction. 
5 LC Stage #5 considers end user electricity consumption at a 100% efficiency with no cost or environmental burden and is not included in this 
model (NETL 2010a, 2010b, 2010c, 2010d, 2010e, and 2011c). 
6 Land use is not included in this version of the model. 
7 Plant heat rates are the measure of the plant’s efficiency.  Heat rates are given in terms of British thermal units per kWh (Btu/kWh).  These can 
be used to derive the overall efficiency of the plants by noting the energy content of a kWh is 3412 Btu/kWh.  Hence, the NGCC plant in Table 2 
with a heat rate of 6798 Btu/kWh has an assumed efficiency of 50.2%. 
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Table 2: Base Case Assumptions for Power LCAT 

Technology 
Acronym 

Capital 
Cost 

($/kW) 

Fixed 
O&M 
($/kW) 

Variable 
O&M 

($/kWh) 

Fuel Price  
(2008 

$/MMBtu) 

Years to 
Construct 

Plant 
Size 
(MW) 

Capacity 
Factor (%) 

Heat Rate 
(Btu/kWh) 

Efficiency 
(%) 

CO2 
Capture 
Rate (%) 

Coal 

    EXPC  0  42.10  0.00090  1.51  5  434  85%  9276  36.8%  N/A 

    EXPC w/ccs  1320  9.34  0.00911  1.51  5  303  85%  13724  24.9%  90% 

    IGCC  2447  79.01  0.00730  1.51  5  622  80%  8756  39.0%  N/A 

    IGCC w/ ccs  3359  103.88  0.00933  1.51  5  543  80%  10502  32.5%  90% 

    SCPC  2024  59.33  0.00504  1.51  5  550  85%  8686  39.3%  N/A 

    SCPC w/ ccs  3485  96.72  0.00872  1.51  5  550  85%  12099  28.2%  90% 

Natural Gas  

    NGCC  718  22.06  0.00132  6.76  3  555  85%  6798  50.2%  N/A 

    NGCC w/ ccs  1497  42.10  0.00256  6.76  3  474  85%  7968  42.8%  90% 

Nuclear 

    EXNUC*  0  64.00  0.00100  0.4  6  1000  70.7%  10339  33.0%  N/A 

    Gen III Plus**  4267  69.00  0.00100  0.67  6  1400  90.6%  10216  33.4%  N/A 

Wind*** 
920 
(790) 

12.40  0.00810  0  3  200  30%  0  N/A  N/A 

* EXNUC represents an existing nuclear plant thus capital costs have been set to zero for this model.  An existing nuclear plant assumes a six‐year construction period, 
rounding up from the NETL assumption of 5.6 years. 
** A Gen III Plus plant assumes a six‐year construction period, rounding up from the NETL assumption of 5.6 years. 
*** Note that under the capital cost for wind the first number is the capital cost assumption for a conventional turbine (920 $/kW), the second number inside the 
parenthesis is the capital cost assumption for an advanced turbine (790 $/kW). 
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3 Model Layout and Assumptions 
The overall goal of Power LCAT is to provide a high-level dynamic model that allows one to explore 
the economic and environmental tradeoffs associated with various electricity production options.  
The opening screen (home page) is shown in Figure 1.  First time users may want to review the 
model’s assumptions and basic model navigation by clicking on the hyperlinks at the bottom of the 
screen (“Terms”, “Assumptions”, “Sources”, and “Legend.”) 

Power LCAT has four main sections:  “Production Analysis”, “Environmental Performance”, “Costs 
vs. Emissions”, and “Sensitivity Analysis.”  The “Production Analysis” section calculates the COE 
($/kWh) for each option and allows users to explore key sensitivities.  The “Environmental 
Performance” section estimates aggregate greenhouse gas and non-greenhouse gas emissions, as well 
as water usage at each stage of the life cycle analysis.   The “Costs vs. Emissions” section explores 
the tradeoffs between costs ($/kWh) and greenhouse gas emissions (kg CO2e/MWh). The 
“Sensitivity Analysis” section allows one to vary several assumptions simultaneously (capital costs, 
O&M costs, tax rates, capacity factors, and fuel prices) and view the results graphically.  

 

Figure 1: Power LCAT Home Screen 
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4 Production Analysis 
4.1 Cost of Electricity (COE) Calculation Methodology 

Production costs are estimated using a levelized cost of energy (COE) approach.  COE calculations 
estimate the per unit ($/kWh) cost of production over the economic lifetime of the technology.8  
Specifically, this calculation takes the capital costs, associated financing costs, O&M, fuel costs, and 
any externality costs (such as CO2) and calculates a per unit production cost.  The COE is often used 
as an economic measure of energy costs as it allows for comparison of technologies with different 
capital and operating costs, construction times, and plant load factors. 

 The levelized COE calculation is given by: 

 

where:   ܫ = total financed capital costs 
  fixed charge rate =  ܴܥܨ

   ܳ = annual plant output (i.e. kWh) 
 fixed and variable operating and maintenance costs = ܯ&ܱ   
 externality costs, such as a $/ ton CO2e tax =  ܧ   
 

Assumptions about the timing of capital expenditures depend on user-defined assumptions about 
construction times.  Financing costs assume that the distribution of capital expenditures over the time 
of construction is different. 9  Assuming a three year construction period, the percent breakdown of 
financed capital is 10%, 60%, and 30% respectively over the three year period.  In assuming a five 
year construction period, the percent breakdown of financed capital is 10%, 30%, 25%, 20% and 
15% respectively over the five year period.  User specified construction years (1-2, 4, and 6-10) 
assume a uniform distribution of financed capital over the construction period.  The NETL 2010a, 
2010b, 2010c, 2010d, and 2010f reports do not include interest rates during construction in their 
base-case assumptions.  Therefore the default interest rate during construction in Power LCAT for 
those technologies is set to zero.  For the nuclear options, NETL assumes a 6.5% interest during 
construction (NETL, 2011c).  

The financed capital cost (I) is multiplied by a fixed charge rate (FCR), which includes assumptions 
about state and federal taxes, the depreciation period (as defined by the Modified Accelerated Cost 
Recovery System (MACRS) methodology), and other exogenous costs. 

The FCR is calculated using:       

                                                   
8 This levelized COE calculation is consistent with the first year COE methodology used in the NETL reports. 
9 The treatment of capital costs comes from the “Quality Guidelines for Energy System Studies: Cost Estimation Methodology for NETL 
Assessments of Power Plant Performance,” Table 4 (NETL 2011b). The purpose of having different cost outlays for different years is based on 
the assumption that different amounts of capital are needed at different stages of construction.  The NETL 2010a, 2010b, 2010c, 2010d reports 
assume a three or five year construction time for specific technologies, hence the different capital cost percentages needed for only three and five 
year construction schedules.   

ܧܱܥܮ  ൌ  
ܫ כ ܴܥܨ

ܳ
൅
ܯ&ܱ
ܳ

൅
ܧ
ܳ

      (1) 

 
ܴܥܨ ൌ

ሾ1ܨܴܥ െ ܾܶ ∑ ௡ܸ / ሺ1 ൅ ௪௔௖௖ሻ௡ݎ െ ௖ݐ ሿெ
௡ୀଵ

ሺ1 െ ܶሻ
൅ ଵ݌ ൅  ଶ (2)݌
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where:  ܨܴܥ = capital recovery factor 
ܾ = fraction of investment that can be depreciated (initially is 100%) 
ܶ = effective tax rate (default 37.6% (federal, 34%; state, 6%)) 
M = depreciation period (3 to 20 years; default depends on technology) 
௡ܸ  = fraction of depreciable base in year n (initially 100%) 
  ௪௔௖௖    = real weighted average cost of capitalݎ
௖ݐ  = tax credit (initially zero) 
 ଵ = annual insurance cost (initially zero)݌
 ଶ = other taxes (initially zero)݌

 
MACRS is an accelerated depreciation method utilized in the U.S. and allows for faster depreciation 
of capital investments than allowed by straight-line methodologies.  Accelerated depreciation 
methods allow firms to take tax-deductible depreciation expenses earlier in the life of a capital 
expenditure, giving them an upfront tax advantage for new investments.  In the U.S., most utility type 
investments use either a 15 or 20 year depreciation schedule.  Certain investments, such as 
renewables, are allowed to use a five-year depreciation schedule. Quicker depreciation schedules 
effectively lower the annual capital requirements for these investments (the CRF (equation 4) is 
lowered as number of years allowed for depreciation drops). 

The fixed charge rate (FCR) typically ranges from 0.11 and 0.17 and represents the percentage of 
capital costs that must be recovered each year in order to cover all investment costs, including return 
on debt and equity.  For example, for a $1 million capital investment and a FCR of 0.15, the annual 
capital requirement for that investment is $150,000. 

An important part of COE calculations is the percentage of the capital investment that is debt or 
equity financed.  The real weighted average cost of capital (ݎ௪௔௖௖ሻ takes into account the debt-to-
equity ratio and their specific financing rates.  Debt financing refers to the part of the investment that 
is financed through traditional financing options, such as those from banks or bonds, and equity 
financing can include owner or investor financing.  
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The rWACC is calculated by:   

where:   E/V  = percent of total project equity financed  
  ௘ = equity financing rateݎ   
   D/V = percent of total project debt financed  
 ௗ = debt financing rate (pre-tax)ݎ   
   ܸ         = capital cost 
   ܶ = effective tax rate 
 
Assumptions about the debt/equity financing split are technology specific.  For example, the NGCC 
option assumes a 50%/50% debt/equity financing, with a debt financing rate of 4.5% and equity 
financing rate of 12.0%.  Based on these values, the default ݎ௪௔௖௖ is 7.4%.   

The CRF is calculated using:  

where:   ݎ௪௔௖௖  = real weighted average cost of capital  
    n  = economic plant life (initially 20 years). 

4.2 Production Analysis for CCS cases 

Each fossil fuel option includes possibility of incorporating CCS technologies.  CCS options result in 
added capital and O&M costs which may affect the plant’s heat rate.  For example, adding a carbon 
capture technology to an existing pulverized coal plant results in the heat rate increasing from 9,276 
to 13,724 Btu/kWh, a 32% penalty.   

The relationships between capital costs, heat rates, and CO2 capture rates are derived from NETL 
reports (NETL, 2011a) and fit the form of equation 5:  

The specific coefficients for each technology for CO2 capture rate as a function of heat rates and 
capital costs for all four cases are summarized in Table 3 and Table 4, respectively, 

 where:   y  = heat rate (Table 3) or capital cost (Table 4) 
   x = CO2 capture rate  
   b = y-intercept.   
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Table 4: Coefficients for the Derivation of Capital Cost for CCS Cases 

ࢉ ࢊ ࢋ  ࢈  ૛ࡾ
IGCC w/ ccs  1314.7  ‐1730.4  1511.7  2441.6  0.99 

SCPC w/ ccs  1724.9  ‐2244.6  2246  2024.7  0.99 

NGCC w/ ccs  0  0  866.32  717.54  1 

EXPC w/ ccs  0  0  1467.2  0  1 

Table 3: Coefficients for the Derivation of  Heat Rate for CCS Cases 

ࢉ ࢊ ࢋ  ࢈  ૛ࡾ
IGCC w/ ccs  338.14  1323  467.71  8726.4  0.99 

SCPC w/ ccs  1948.4  ‐1676.2  3723.5  8685.1  0.99 

NGCC w/ ccs  0  0  1300  6798  1 

EXPC w/ ccs  0  0  4942.2  9276  1 
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4.3 Production Analysis Screen: Technical Assumptions 

Figure 2 shows a representative Power LCAT main production cost screen (IGCC without CCS).  
Hyperlinks for all of the technology options are located in the middle of the screen. The sliders and 
text boxes on the bottom of the screen allow the user to change basic assumptions about that specific 
technology (in this case IGCC without CCS).  The bar graphs illustrate the production costs ($/kWh) 
for six of the technologies.  The user can select different technologies or change the order in which 
the results are displayed by using the pull down menus below each column.  The same results are 
available in a tabular form, either in terms of $/kWh or percentage terms,   by clicking the relevant 
hyperlink on the top left of the column display.  Further financial assumptions are available by 
clicking the “Finance” hyperlink in the middle of the screen.   

Power LCAT graphs and tables are color coded for ease in viewing results; the colors in the graphical 
output correspond to the color keys given in each slider (such as capital) or data box (seen under the 
“Table” view).  The model is set to NETL default assumptions which can be changed from the 
“Production Analysis” screen for each technology.  The results show that a supercritical PC plant is 
the lowest cost option at 6.01 cents/kWh.  The next lowest cost options are natural gas plants (6.52 
cents/kWh) and then the IGCC plants (7.90 cents/kWh).  SCPC with CCS (10.28 cents/kWh) and 
IGCC with CCS (10.44 cents/kWh) are the most expensive CCS options. For coal plants, capital 
costs are the most important determinant of the COE costs (dark blue), whereas for NGCC plants, the 

Figure 2: Representative Production Analysis Screen (IGCC w/o CCS) 
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fuel cost (lighter blue) is the main component.  

Figure 3 and Figure 4 show the same “Production Analysis” screen for IGCC in table form in 
$/kWh and percent. 

 

 

 

 

 

 

 

 

Figure 3: Representative Production Analysis Screen (IGCC w/o CCS)Table in $/kWh 
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Figure 4: Representative Production Analysis Screen (IGCC w/o CCS) Table in Percent 
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4.4 Production Analysis Screen: Finance Assumptions 

The “Finance” tab separates the inputs into three categories: conversion facility assumptions, 
financial and policy assumptions, and tax and insurance assumptions, Figure 5.  Conversion facility 
assumptions include key parameters associated with plant construction including capital costs, 
interest during construction, construction time, economic plant life, and depreciation period.  
Financial and policy assumptions include the debt/equity financing assumptions, risk premium, and 
whether there is a carbon tax.  Tax and insurance assumptions include federal and state taxes as well 
as the taxable amount, other taxes, and annual insurance.  The shaded boxes at the bottom of the 
screen show the results for the key model calculations based on the user-supplied input; they cannot 
be changed directly.   

  

Figure 5: Representative Production Analysis Screen (IGCC w/o CCS) Finance Tab 
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4.4.1 Effects of Adding a Carbon Tax 

Users can also evaluate scenarios for different levels of a carbon tax under the “Finance” tab on the 
“Production Analysis” screen.10  Figure 6 shows the effect of a 100 $/ton tax on several 
technologies.  The tax is applied to the life cycle emissions, however the user can change at which 
stage to apply the tax under the “Environmental Performance” screen.  The results show that with the 
current assumptions the addition of the carbon tax, shown by the orange bars, makes NGCC with 
CCS the most economical.  The high capital cost for Gen III+ and SCPC CCS limits their economic 
competitiveness, while the high emissions from the non-CCS cases of SCPC and NGCC subject them 
to the worst carbon tax penalty.  The carbon penalty of 0.0583 $/kWh for wind is attributable almost 
entirely to the GTSC addition.  For comparison, a standalone conventional wind plant with a 100 
$/ton tax incurs a penalty of 0.0023 $/kWh, or 4.5% of the total production costs.  The next closest 
technology of Gen III+ has an added cost of 0.0027 $/kWh, or 2.5% of the total production costs.   

 

                                                   
10 Users can also add a carbon tax under the “Master Sheet.”  

Figure 6: Illustrative Example of a Carbon Equivalent Tax Using “Production Analysis” 
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4.5 Production Analysis:  Wind with Backup Options 

Wind is handled differently in the “Production Analysis” section than other technologies.  Users can 
evaluate wind as a standalone wind farm or with a choice of backup power source.  Wind in 
combination with a Gas Turbine Simple Cycle (GTSC) power plant is the default option.  The GTSC 
plant option assumes a fixed COE of 0.0948 $/kWh, this can be changed in the middle of the screen 
but is not subject to the same technical and financial assumptions of the other technology options.  
This is a model limitation that will be fixed with forthcoming NETL technical reports.  Users can 
also choose any other technology in Power LCAT as a backup source.   

Figure 7 shows an example of wind operating at a 30% capacity factor with backup GTSC at 70%.  
Users can choose the percent addition for backup power using the slider or input box and change the 
backup power source using the drop-down menu at the top of the slider.  Any assumption made about 
backup power is carried through to the “Environmental Performance” section. 

For example, the default case (conventional wind plant with GTSC backup) results in a COE of 

0.0811 $/kWh and GHG emissions of 542 kg CO2e/MWh.  For comparison, a standalone 
conventional wind turbine’s COE is 0.0491 $/kWh with associated GHG emissions of 21.45 kg 
CO2e/MWh. 

To change the backup source, the user must select the backup technology and also adjust the capacity 
factor of that backup source to meet the desired joint capacity factor.  For example, if one wants to 
use SCPC to backup wind with a combined capacity factor of 85%, the required steps are: 

Figure 7: Representative Production Analysis Screen (Wind with GTSC backup) 
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1. Select SCPC from the pull down menu located above the backup addition to COE slider.   
2. On the SCPC “Production Analysis” page, lower the capacity factor to 55%.   
3. Return to the wind “Production Analysis” page and select the percent addition of the backup 

generation to the overall COE.  Note that the sum of the assumed wind capacity factor and 
this addition to COE slider must add to 100% as they jointly determine the percentage of the 
COE attributable to each source (in this case, 30% wind and 70% the backup SCPC 
operating at 55% capacity factor).11 

The resulting COE of 0.0724 $/kWh is shown in Figure 8 in tabular form and which shows the 
individual additions of cost components for the wind and backup power assumption.  In this case, 
the capital (0.0105 $/kWh), fixed O&M (0.0016 $/kWh), and variable O&M costs (0.0026 $/kWh) 
are associated with the wind plant, the other costs (0.0576 $/kWh) are the total component costs for 
the backup SCPC power source.   

  

                                                   
11 User Defined has the same functionality as wind, and users would go through the screen using these same steps.  For example, there are two 
technology options (current and advanced) with the option of a backup power source.   

Figure 8: Representative Production Analysis Screen (Wind with GTSC backup) Table Display 

 



Power Systems Life Cycle Analysis Tool (Power LCAT)
 

16 

4.6 Production Analysis:  Master Sheet 

The “Master Sheet” option is an alternative method for varying assumptions and may be particularly 
useful for those who want to change several key assumptions simultaneously (“Master Sheet” 
hyperlink on top right of graphical results).  The “Master Sheet” is illustrated in Figure 9. The COE 
costs are shown both graphically on top and in the last column of the table. On this screen the user 
may also include additional costs such as switchyard & trunkline, decommissioning, and CO2 
transportation, storage, and monitoring (T, S & M).   

 

  

Figure 9: The Master Sheet Option 
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5 Environmental Performance 
5.1 LC Greenhouse Gases 

Power LCAT tracks the life cycle emissions of key greenhouse gases, several pollutants, and water 
withdrawals and consumption for those technologies in Table 1.  The greenhouse gases include:  
carbon dioxide (CO2), methane (CH4), nitrous oxide (N20), and sulfur hexafluoride (SF6).  Each of 
these gases are multiplied by their global warming potential (GWP), using either the 2007 and 2001 
Intergovernmental Panel on Climate Change (IPCC) GWP weights for various time horizons (Table 
5) to obtain the total greenhouse gas contribution in terms of carbon dioxide equivalents (CO2e) per 
kWh (IPCC 2001, IPCC 2007) .  As an example, Table 6 summarizes greenhouse gas emissions 
(GHGs) for IGCC without CCS; similar tables for the other technologies appear in Appendix B.   

 

For those technologies that include a CCS option, Power LCAT allows the user to vary the CO2 
capture percentage.12  Power LCAT uses third-order polynomial equations for CO2 emissions for 
SCPC and IGCC plants.  NGCC and EXPC cases use a linear relationship derived from the base case 
with CCS.  These relationships apply only for CO2 emissions for stage #3 at the energy conversion 
facility. The default capture rate is 90%, with options for 0, 30, 50, 70, 85, 90, 95, and 99% capture.   

                                                   
12  NETL has derived relationships for CO2 emissions as a function of CO2 capture rates which are summarized in Exhibit ES-14 (SCPC) and 
Exhibit ES-15 (IGCC) of the “Cost and Performance of PC and IGCC Plants for a Range of Carbon Dioxide Capture” (Grol 2011a). 

Table 5: Global Warming Potential (IPCC 2001, IPCC 2007) 

Time Horizon  GWP 

20 Year 100 Year 500 Year Year

CO2  1  1 1

2
0
0
7
 

CH4  72  25 7.6

N2O  289  298 153

SF6  16,300 22,800 32,600

CO2  1  1 1

2
0
0
1
 

CH4  62  23 7

N2O  275  296 156

SF6  15,100 22,200 32,400

Table 6: LC Greenhouse Gases for IGCC without CCS 

kg/MWh 
 

CO2  CH4  N2O  SF6 
Total 

(kg CO2e/MWh) 

IG
C
C
 

Stage #1: RMA  2.83E+00  2.77E+00  4.40E‐05  6.50E‐11  7.22E+01 

Stage #2: RMT  1.31E+01  2.00E‐02  3.13E‐05  3.52E‐11  1.36E+01 

Stage #3: ECF  8.42E+02  0.00E+00  2.10E‐05  3.10E‐07  8.42E+02 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  1.40E‐04  3.19E+00 

Total  8.58E+02  2.79E+00  9.63E‐05  1.40E‐04  9.31E+02 
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The relationships between CO2 emissions and CO2 capture rates are derived from NETL reports 
(NETL, 2011a) and fit the form of equation 6: 

The coefficients for each technology for CO2 capture rate as a function of CO2 emissions for all five 
cases are summarized in Table 713,   

where:   y  = CO2 emissions  
   x = CO2 capture rate  
   b = y-intercept. 
    

 

  

                                                   
13 Note that for NGCC the environmental profile for the ECF does not change based on the source of natural gas.  Emissions related to raw 
material acquisition and material transport differ based on the increased plant size and coal throughput for the CCS case.  Furthermore, natural 
gas is considered a commodity and hence the source of natural gas does not affect the fuel price assumption.   

 

Table 7: Coefficients for the Derivation of CO2 Emissions for CCS Cases 

ࢉ ࢊ ࢋ ࢈  ૛ࡾ

IGCC w/ ccs  ‐202.112  190.4997 ‐767.796  780.0882  0.99 

SCPC w/ ccs  ‐60.30057  ‐231.545  ‐507.978  800.9534  1 

NGCC w/ ccs  0  0  ‐379.71  393  1 

EXPC w/ ccs  0  0  ‐338.684  462.6642  1 

 

ݕ ൌ ଷݔܿ ൅ ଶݔ݀ ൅ ݔ݁ ൅ ܾ       (6) 
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5.2 Environmental Performance Screen 

The second main section of Power LCAT is “Environmental Performance” (Figure 10).  This section 
tracks greenhouse gases and other environmental factors which can be chosen towards the top of the 
screen.  The default screen for “Environmental Performance” includes both a graphical and tabular 
display of the greenhouse gases associated with each technology option (Figure 10).  Greenhouse 
gas values are reported in terms of CO2e calculated using 2007 IPCC GWP values for a 100 year 
time horizon, an assumption that can be changed in the table at the bottom of the screen. Users can 
evaluate emissions based on individual LCA stages in kg and lb. of CO2e/MWh14, choosing the stage 
at the middle-left of the screen and the unit choice at the top of the graph.  Users can also set a CO2e 
benchmark to see how various technology options compare to a specified policy target applied to any 
stage, such as 1000 kg/MWh.15 

Major reductions in a plant’s emissions can be achieved with CCS technologies.  For example, with a 
90% capture rate, emissions for the IGCC option are reduced from 930.9 to 201.4 kg CO2e/MWh, a 
reduction of 80%.  Changes to the GWP assumptions primarily affect methane emission profiles.  For 
example, for an IGCC plant under 2007 IPCC GWP 20 year time horizon assumptions, methane 

                                                   
14 Emissions on this screen are on a net generation basis and include a 7% transmission and distribution loss (i.e., a 1MWh demand by an end user 
requires 1.07MWh at the plant level). 
15 This option is explained further in the Energy Conversion Facility Greenhouse Gases section. 

Figure 10: Environmenal Performance for Greenhouse Gases 2007 IPCC GWP 100‐Yr Time Horizon 
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accounts for 19% of total emissions.  Using the 100 and 500 year time horizons reduces methane’s 
contribution to 7% and 2% respectively.  

5.3 Other LC Environmental Factors       

Non-greenhouse gases, water withdrawal, and water consumption are included in Power LCAT on a 
kilogram (kg) or liter (L) per MWh basis.  Non-greenhouse gases include: lead (Pb), mercury (Hg), 
ammonia (NH3), oxides of nitrogen (NOX), sulfur oxide (SOX), volatile organic compounds (VOC), 
and particulate matter (PM).  Emissions or water use for each technology is categorized by stage:  
raw material acquisition (RMA), raw material transport (RMT), energy conversion facility (ECF), 
product transportation (PT), and end use.16 As an example of Power LCAT’s capabilities, Table 8 
summarizes the non-greenhouse gas emissions for the case of IGCC without CCS.  Similar tables for 
other technologies are included in Appendix C. 

  

                                                   
16 LC Stage #5 considers end user electricity consumption at a 100% efficiency with no environmental burden and is not included in this model 
(NETL 2010a, 2010b, 2010c, 2010d, 2010e, and 2011c ). 

Table 8: Other LC Environmental Factors for IGCC without CCS 

kg/MWh  Pb  Hg  NH3  CO  NOX  SOX  VOC  PM 
Water 

Withdrawal 
Water 

Consumption 

Stage #1: RMA  2.90E‐07  4.30E‐08  2.40E‐05  3.50E‐03  5.20E‐03  1.40E‐02  1.00E‐04  8.80E‐04  1.50E+02  ‐5.94E+02 

Stage #2: RMT  1.70E‐07  1.40E‐08  4.80E‐04  4.00E‐02  3.50E‐02  7.80E‐03  3.30E‐03  4.40E‐02  6.86E+00  2.16E+00 

Stage #3: ECF  1.30E‐05  2.40E‐06  3.30E‐06  5.10E‐03  2.60E‐01  8.40E‐03  2.60E‐04  3.10E‐02  1.86E+03  1.48E+03 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Total  1.35E‐05  2.46E‐06  5.07E‐04  4.86E‐02  3.00E‐01  3.02E‐02  3.66E‐03  7.59E‐02  2.02E+03  8.83E+02 
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5.4 Other LC Environmental Factors Screen 

Under the “Environmental Performance” tab, the user can choose “Other LC Environmental Factors” 
which shows the respective non-GHG emissions or water metrics using the technology choices 
similar to those found in “Production Analysis.”  These metrics are given for each stage in both 
graphical and tabular form. 

5.4.1 Other LC Environmental Factors: Lead 

Figure 11 shows lead (Pb) emissions for the six default technologies indicating the majority of lead 
emissions occur from the energy conversion facility (ECF).  For IGCC and SCPC, lead emissions at 
the ECF account for 97% and 99% of total LCA lead emissions.  For an NGCC plant, lead emissions 
at the ECF account for 79% of total lead emissions.  Similar screens exist for each of the other 
included pollutants as well as water withdrawal and consumption. 

  

Figure 11: Environmental Performance for Other LC Environmental Factors: Pb 
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5.4.2 Other LC Environmental Factors: Water Withdrawal 

An existing nuclear plant (EXNUC) has very similar environmental emissions as a new nuclear plant 
(Gen III+).  For example, the GHG emissions from a EXNUC plant are 38.82 kg CO2e/MWh versus 
25.28 kg CO2e/MWh for a Gen III+ plant.  The differences are of the same magnitude for all other 
environmental factors except for water withdrawals due to major differences in cooling methods.  
The EXNUC nuclear plant is modeled with a once-through cooling method which results in greater 
water withdrawal.17  For example, Figure 12 shows the water withdrawal for IGCC, SCPC, NGCC, 
EXPC, Gen III+, and EXNUC.  An EXNUC nuclear plant is two orders of magnitude larger than the 
next closest technology (Gen III+), 112,388 L/MWh compared to 4,607 L/MWh.  The other non-
CCS technologies shown in Figure 12 are closer in magnitude to a Gen III+ nuclear plant, though the 
water withdrawal of EXPC, the next closest technology, is still considerably less at 2,874 L/MWh. 

                                                   
17 The existing nuclear power fleet (EXNUC) uses once-through cooling technology.  The EXNUC design in this model and the NETL report 
(referred to as Gen II-III [NETL, 2011c]) represent a plant with once-through cooling technology only.  A comparison to a closed-loop cooling 
system for water withdrawal and consumption only can be performed by evaluating the Gen III+ plant type. 

Figure 12: Environmental Performance for Other LC Environmental Factors: Water Withdrawal 
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5.5 Energy Conversion Facility Greenhouse Gases 

This section lets users evaluate how various technology options compare to specified policy targets 
applied at the energy conversion facility on either a net or gross kg or lb. of CO2e/MWh basis, 
Figure 13.  Emissions on this screen exclude any transmission and distribution losses assigned to this 
stage in other sections of the model (the default cases assume that a 7% loss in getting the power 
from the plant to the end user).   The net basis considers only the electricity delivered to the grid at 
the plant gate, whereas the gross basis includes the power consumed within the plant itself.  

Figure 13: Energy Conversion Facility Greenhouse Gases  
with Carbon Equivalent Benchmark on a Gross Generation Basis 
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6 Costs vs. Emissions 
The “Costs vs. Emissions” section (the third major section in Power LCAT) explores the tradeoffs 
between production costs ($/kWh) and Life Cycle (LC) GHG performance (kg CO2e/MWh), Figure 
14.  The results shown in this section are dynamic for the cost and emission estimates.  The emission 
estimates are based on the relationships explained in the previous section.  The results show that 
existing pulverized coal plants are low cost, but very high in emissions.  Adding CCS to existing PC 
plants lowers the emissions (from 1097 to 444 kg CO2e/MWh), but increases the costs significantly 
(4.04 cents/kWh) to a level comparable to a new NGCC plant without sequestration with comparable 
emissions (499 kg CO2e/MWh).  Those options with lower emission profiles all include CCS.  The 
lowest emission rate (25 kg CO2/MWh) is for the Gen III+ nuclear option although the costs are 
slightly above an IGCC with CCS plant, 10.78 cents/kWh versus 10.44 cents/kWh, the next most 
costly option. 

Figure 14: Costs vs. Emissions (labels added showing technologies discussed in text) 
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The black bars in Figure 14 represent the sensitivity of the total COE based on assumptions made in 
the “Sensitivity Analysis” section of Power LCAT.  Based on those assumptions, the plant with the 
highest sensitivity to changes in estimates is a Gen III+ nuclear plant with a high and low estimated 
change of 21% and -22% of total COE respectively.  Of the CCS options, IGCC with CCS is most 
sensitive to changes in estimates with high and low estimates of 19% and -18% of total COE 
respectively.  For IGCC with CCS and Gen III+, the most sensitive parameter and representing the 
largest addition to COE is capital cost.  “Sensitivity Analysis” is explained in the next section.  

6.1 Costs vs Emissions Including a Carbon Tax 

The “Cost vs. Emission” section can also provide valuable insights about how carbon taxes can 
change the relative competiveness of the various options.  Figure 15 illustrates the effect of a 78 
$/ton CO2e tax, the tax level at which NGCC with CCS becomes cost competitive with NGCC 
without CCS.  The user can change the carbon tax from the “Financial” tab on the “Production 
Analysis” or “Master Sheet” screen.  Note at this tax level, options such as SCPC and IGCC (both 
without CCS) are significantly more expensive than the options such as NGCC with CCS.   

  

 

 

NGCC NGCC CCS 

Figure 15: Using the “Cost vs. Emission” Screen to Demonstrate Effect of a $78/ton CO2e Tax 
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7 Sensitivity Analysis  
The “Sensitivity Analysis” section (the fourth major section in LCAT) allows one to vary several 
assumptions simultaneously (capital costs, capacity factors, variable O&M costs, tax rates, and fuel 
prices) and view the results graphically as a ‘tornado plot’ on the bottom left of the screen and as 
“Sensitivity Range” bars on the graph located on the top of the screen.  Figure 16 shows an example 
for IGCC without CCS.  The base case assumes capital costs of 2,446 $/kW which results in 
estimated production costs of 0.0790 $/kWh.  If capital costs either increase or decrease by 30% from 
the base, capital costs change by +/-16.7%.  A 5% increase in assumed capacity factor decreases 
estimated production costs by 3.44%.  The cumulative effect of the uncertainty ranges shown in this 
example ranges from 0.0934 to 0.0649 $/kWh shown by the black bars on the graph at the top of the 
screen.  The black bars can be turned on and off by clicking the check box at the far right of the 
graph labeled “Sensitivity Range.” 

7.1 Tornado Plot and High/Low Sensitivity Table 

The sensitivity results can also be displayed in tabular form, Figure 17.  This example focuses on 
NGCC.  For the NGCC technology, a 30% increase or decrease in capital costs results in a +/- 5.14% 
change in estimated production costs.  The cumulative uncertainty associated with the sensitivities in 
this example result in a high and low change of 8.82% and -5.18%.   

Figure 16: Illustrative Example Using “Sensitivity Analysis” Section for IGCC 
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Figure 17 shows the sensitivity results in tabular format and shows that the percent contribution of 
certain cost components and the percent uncertainty around those estimates affect certain 
technologies more than others. The +/- 16% sensitivity to a +/- 30% change in capital cost for an 
IGCC plant shown in Figure 17 results in a greater overall change to the COE compared to the 
overall change in COE for a NGCC plant on account of capital costs comprising a larger part of 
production costs.  For the NGCC plant, the largest addition to an NGCC plant can be found in the 
feedstock costs, 62% to 75%.  Since natural gas plants have lower capital costs and are subject to 
larger fuel prices, the modest default assumption for changes in natural gas feedstock price explains 
the smaller change in total COE.   

  

Figure 17: Illustrative Example Using “Sensitivity Analysis” Section for NGCC 
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7.2 Sensitivity and Break-Even Analysis for Different Parameters 

The “Sensitivity Analysis” section also provides the option for evaluating the sensitivity of COE as a 
function of fuel price, capacity factor, capital cost, interest rate, CO2e tax, and construction time. 

7.2.1 Sensitivty Analysis: Coal Fuel Price 

Figure 18 illustrates the production cost sensitivity to coal prices over a range of 0 to 13 $/MMBtu.  
The EXPC plant with a carbon capture and sequestration retrofit is most sensitive (has the steepest 
slope in Figure 18) to fuel prices.  The SCPC plant is least sensitive to coal price changes.  For 
reference, the assumed coal and natural gas fuel prices are shown at the bottom of the screen.   

This type of analysis is useful for understanding the fuel price ranges over which technologies are 
economically competitive, holding all else constant.  For example, for the case of coal prices, the 
results suggest that retrofitting an EXPC plant with CCS is the lowest cost option for coal prices 
below 2.00 $/MMBtu.  However, none of the other price relationships change, suggesting that coal 
prices alone will not affect relative competitiveness of the coal technologies. 

  

Figure 18: Illustrative Example Using “Sensitivity Analysis” Section for Coal Fuel Price 
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7.2.2 Sensitivity Analysis: Natural Gas Fuel Price 

Figure 19 shows the sensitivity of natural gas plants to changes in fuel price.  Omitting EXNUC 
which excludes capital costs, NGCC is the lowest cost option for natural gas prices below 6 
$/MMBtu (0.0596 $/kWh).  For natural gas prices below 8 $/MMBtu, the NGCC with CCS option is 
the lowest CCS option (0.1028 $/kWh).  Natural gas prices would have to rise above 9 $/MMBtu for 
a new Gen III+ nuclear plant to be competitive with NGCC with CCS.      

Figure 19: Illustrative Example Using “Sensitivity Analysis” Section for Natural Gas Fuel Price 
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7.2.3 Sensitivity Analysis: Capacity Factor 

The user can also see the sensitivity to varying capacity factor assumptions by using an interactive 
slider.   Figure 20 shows the production cost of all technologies as a function of capacity factor 
starting at their default assumptions.  By using the sliders, the user can quickly see how changes in 
capacity factor affect the COE in a non-linear manner.  For example, by changing the capacity factor 
assumptions for Gen III+ from 91% to 60%, the COE increases from to 0.1208 to 0.1796 $/kWh, or 
49% .18  For an EXPC plant the capital costs have already been recovered, therefore changing the 
capacity factor from 85% to 55% results in the COE increasing from 0.0174 to 0.0182 $/kWh, or 6%. 

 

  

                                                   
18 Note that the marker indicating Gen III+ and EXPC respectively at 55% and 60% capacity factor is included for comparison.  When using the 
interactive slider, the original marker will move and the user will no longer see the original position.   

Figure 20: Illustrative Example Using “Sensitivity Analysis” Section for Capacity Factor 
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7.2.4 Break-Even Analysis: IGCC Capital Cost 

An additional option in the “Sensitivity Analysis” section of the model is referred to as “Break-Even 
Analysis.”  This option lets users identify the point at which one technology becomes cost 
competitive with the other technology choices holding those technologies constant. When doing 
break even analysis, the only technology changing is the first technology in the table.   For example, 
Figure 21 shows a break-even analysis for the IGCC option indicating that an IGCC plant is cost 
competitive with a NGCC plant for the capital costs below 1,680 $/kW.  The default capital cost for 
an IGCC plant is 2,446 $/kW, meaning that holding all else constant, the capital costs for the IGCC 
plant would have to be reduced below 766 $/kW, or 31%, to be economically competitive with a new 
natural gas plant.  For IGCC capital costs above 3,175 $/kW, the technologies with CCS become 
competitive.   

Figure 21: Illustrative Example Using “Break‐Even Analysis” Option for IGCC Capital Cost 
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7.2.5 Break-Even Analysis: Nuclear Capital Cost 

A Gen III+ nuclear plant has the highest capital cost of all the technologies (4,500 $/kW).  Figure 22 
shows the break-even point for a Gen III+ nuclear plant capital cost against IGCC, SCPC, NGCC, 
wind with GTSC backup, and EXNUC nuclear plant.19  The results show that a new nuclear plant 
would have to bring its capital costs below 2,500 $/kW to be economically competitively with the 
non-CCS technologies.  Capital costs would have to fall below 1,250 $/kW for the Gen III+ nuclear 
plant option to be competitive with a new SCPC plant, all else constant.  EXNUC is the lowest cost 
option under this scenario due to the lack of capital costs.   

 

                                                   
19 NETL assumes a capital cost for existing nuclear plants to reflect an industry average for existing plants NETL (NETL 2011c).  EXNUC 
represents a currently operating nuclear plant thus capital costs have been set to zero for a relative assessment similar to EXPC plants for this 
model.   

Figure 22: Illustrative Example Using “Break‐Even Analysis” Option for Gen III+ Nuclear Capital Cost 
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7.2.6 Break-Even Analysis: CO2e Tax 

Users can evaluate scenarios for different levels of a carbon tax under the “Finance” tab on the 
“Production Analysis” screen. In addition, in the section discussing the “Costs vs Emissions” screen, 
the effects of a carbon equivalent tax showed the carbon equivalent tax at which an NGCC with a 
carbon sequestration option became cost competitive with an NGCC plant (78 $/ton).  Users can also 
use the “Sensitivity Analysis” screen to evaluate the addition of a CO2e tax. 

Figure 23 shows a range of carbon equivalent taxes from 0 to 100 $/ton on the life cycle emissions 
of the default technologies.  The results show that IGCC, SCPC, and NGCC with carbon capture and 
sequestration become cost competitive with their CCS counterparts at 33, 55, and 78 $/ton 
respectively.  Of the non-CCS default technologies, NGCC is the least sensitive when subjected to 
the current tax scenario, evident by having the slope with the least amount of change.  

  

Figure 23: Illustrative Example Using “Break‐Even Analysis” Option for CO2e Tax 
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8 Conclusion 
The Power LCAT is a high-level dynamic model that calculates production costs and tracks 
environmental performance for a range of electricity generation technologies: natural gas combined 
cycle (NGCC), integrated gasification combined cycle (IGCC), supercritical pulverized coal (SCPC), 
existing pulverized coal (EXPC), nuclear, and wind (with and without backup power).  All of the 
fossil fuel technologies also include an option for including carbon capture and sequestration 
technologies (CCS). The model allows for quick sensitivity analysis on key technical and financial 
assumptions, such as: capital, O&M, and fuel costs; interest rates; construction time; heat rates; 
taxes; depreciation; and capacity factors.  Power LCAT is targeted at helping policy makers, 
students, and interested stakeholders understand the economic and environmental tradeoffs 
associated with various electricity production options.   

Power LCAT has four main sections:  “Production Analysis”, “Environmental Performance”, “Costs 
vs. Emissions”, and “Sensitivity Analysis.”  The “Production Analysis” section calculates the COE 
($/kWh) for each option and allows users to explore key sensitivities.  The “Environmental 
Performance” section estimates aggregate greenhouse gas and non-greenhouse gas emissions, as well 
as water usage at each stage of the life cycle analysis.  The “Costs vs. Emissions” section explores 
the tradeoffs between costs ($/kWh) and greenhouse gas emissions (kg CO2e/MWh). The 
“Sensitivity Analysis” section allows one to vary several assumptions simultaneously (capital costs, 
O&M costs, tax rates, capacity factors, and fuel prices) and view the results graphically. 

The technology options are based on detailed life cycle analysis (LCA) reports conducted by the 
National Energy Technology Laboratory (NETL).  For each of these technologies, NETL’s detailed 
LCAs include consideration of five stages associated with energy production: raw material 
acquisition (RMA), raw material transport (RMT), energy conversion facility (ECF), product 
transportation (PT), and end user electricity consumption.   

For the default model assumptions, the results show that for the fossil fuel technology options the 
supercritical pulverized coal plant is the lowest cost option at 6.01 cents/kWh.  The next lowest cost 
fossil fuel option is the natural gas combined cycle plant (6.52 cents/kWh) and then the integrated 
gasification combined cycle plant (7.90 cents/kWh).  Of the nuclear options, the EXNUC plant is the 
lowest cost option at 1.74 cents /kWh followed by a Gen III+ plant at 10.78 cents/kWh.  Power 
LCAT currently includes one renewable technology option – a 200 MW wind turbine (with or 
without backup). For the default assumptions, the COE for the standalone option is 4.91 cents/kWh 
and 8.11 cents/kWh with a gas turbine simple cycle backup. 
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Appendix A: New Technology Assumptions for Power LCAT Version 2.0 

Template for adding a new technology to Power LCAT  Template for including dynamic parameters based on CO2 capture rate to Power LCAT 

Unit  Parameter     Units  Parameter *    c    d    e  y‐intercept 

$/kW  Total Overnight Cost  ‐‐‐‐‐  Btu/kWh  Heat Rate  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐ 

$/kW  Fixed O&M Base Year Cost  ‐‐‐‐‐  $/kW  Total Overnight Cost  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐ 

$/kWh  Variable O&M Base Year Cost  ‐‐‐‐‐  lb. or kg/MWh  CO2 Emissions  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐  ‐‐‐‐‐ 

Years  Capital Expenditure Period  ‐‐‐‐‐ 

MW  Electricity Net  ‐‐‐‐‐ 
* These are based on equation:                                          
                                                              y=cx3+dx2+ex+b %  Capacity Factor  ‐‐‐‐‐ 

Btu/kWh  Heat Rate  ‐‐‐‐‐ 
where: 
             y = parameter 
             x = CO2 capture rate 
             b = y‐intercept 

$/kWh  Decommissioning Constant  ‐‐‐‐‐ 

$/kWh  CO2 T, S & M Costs  ‐‐‐‐‐ 

%  CO2 Capture Rate  ‐‐‐‐‐ 

$/kWh  Switchyard & Trunkline Constant  ‐‐‐‐‐  Derived from NETL study: 
National Energy Technology Laboratory.  Cost and 
Performance of PC and IGCC   Plants for a Range of 
Carbon Dioxide Capture. DOE/NETL‐2011/1498. May 
27, 2011. 

Years  Depreciation Period  ‐‐‐‐‐ 

Years  Economic Plant Life (levelization period)  ‐‐‐‐‐ 

%  Interest Rate During Construction  ‐‐‐‐‐ 

%  Cost of Equity Financing  ‐‐‐‐‐ 

%  Cost of Debt Financing  ‐‐‐‐‐ 

%  Debt Financing Percent  ‐‐‐‐‐ 

Other parameters included in Power LCAT, but not considered 
in NETL LCA reports 

Additional Assumptions to                                 
Power LCAT 

%  Fraction To Be Depreciated  ‐‐‐‐‐  $/MMBtu  Fuel Price  ‐‐‐‐‐ 

%  Risk Assessment  ‐‐‐‐‐  %  Federal Taxes  ‐‐‐‐‐ 

%  Annual Insurance Cost  ‐‐‐‐‐  %  State Taxes  ‐‐‐‐‐ 

%  Tax Credit  ‐‐‐‐‐  %  Transmission Loss  ‐‐‐‐‐ 

%  Other Taxes  ‐‐‐‐‐ 
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Coal Plants – Greenhouse Gases 

kg/MWh  CO2  N2O  CH4  SF6 
Total (kg 

CO2e/MWh) 

IG
C
C
 

Stage #1: RMA  2.83E+00  1.00E‐02  6.93E+01  1.50E‐06  7.22E+01 

Stage #2: RMT  1.31E+01  1.00E‐02  4.20E‐01  8.00E‐07  1.36E+01 

Stage #3: ECF  8.42E+02  1.00E‐02  4.00E‐02  7.00E‐03  8.42E+02 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  3.27E+00  3.27E+00 

Total  8.58E+02  3.00E‐02  6.98E+01  3.27E+00  9.31E+02 

IG
C
C
 C
C
S 

Stage #1: RMA  3.38E+00  2.00E‐02  8.28E+01  1.80E‐06  8.62E+01 

Stage #2: RMT  5.48E+00  0.00E+00  1.80E‐01  5.70E‐07  5.66E+00 

Stage #3: ECF  1.11E+02  1.00E‐02  5.00E‐02  8.10E‐03  1.11E+02 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  3.27E+00  3.27E+00 

Total  1.20E+02  3.00E‐02  8.30E+01  3.28E+00  2.07E+02 

SC
P
C
 

Stage #1: RMA  1.00E‐02  1.30E‐02  6.87E+01  1.50E‐06  7.16E+01 

Stage #2: RMT  1.00E‐02  3.90E‐03  1.00E‐01  4.70E‐07  4.80E+00 

Stage #3: ECF  1.00E‐02  9.40E‐03  0.00E+00  7.50E‐03  8.64E+02 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  3.30E+00  3.30E+00 

Total  3.00E‐02  2.60E‐02  6.89E+01  3.30E+00  9.44E+02 

SC
P
C
 C
C
S 

Stage #1: RMA  2.00E‐02  1.80E‐02  9.50E+01  2.00E‐06  9.89E+01 

Stage #2: RMT  0.00E+00  5.40E‐03  2.00E‐01  6.60E‐07  6.70E+00 

Stage #3: ECF  1.00E‐02  1.40E‐02  0.00E+00  7.50E‐03  1.32E+02 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  3.30E+00  3.30E+00 

Total  3.00E‐02  3.80E‐02  9.52E+01  3.30E+00  2.41E+02 

EX
P
C
 

Stage #1: RMA  3.20E+00  1.40E‐02  8.00E+01  4.30E‐07  8.30E+01 

Stage #2: RMT  5.20E+00  3.70E‐02  1.90E‐01  6.00E‐08  5.40E+00 

Stage #3: ECF  1.00E+03  5.10E+00  2.80E‐01  6.30E‐03  1.02E+03 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  3.30E+00  3.30E+00 

Total  1.02E+03  5.10E+00  8.00E+01  3.30E+00  1.11E+03 

EX
P
C
 C
C
S 

Stage #1: RMA  3.20E+00  1.40E‐02  8.00E+01  4.30E‐07  8.30E+01 

Stage #2: RMT  5.20E+00  3.70E‐02  1.90E‐01  6.00E‐08  5.40E+00 

Stage #3: ECF  3.40E+02  6.00E+00  6.60E+00  4.50E‐03  3.53E+02 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  3.30E+00  3.30E+00 

Total  3.48E+02  6.00E+00  8.70E+01  3.30E+00  4.44E+02 
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Natural Gas Plants:  Greenhouse Gases 

kg/MWh    CO2  CH4  N2O  SF6  Total (kg CO2e/MWh) 

N
G
C
C
 w
it
h
   
  

D
o
m
e
st
ic
 N
G
  Stage #1: RMA  2.14E+01  2.33E+00  6.68E‐04  1.77E‐07  7.97E+01 

Stage #2: RMT  3.95E+00  7.69E‐01  2.51E‐05  8.99E‐09  2.32E+01 

Stage #3: ECF  3.93E+02  5.94E‐04  1.51E‐05  3.42E‐07  3.93E+02 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  1.43E‐04  3.27E+00 

Total  4.18E+02  3.09E+00  7.08E‐04  1.44E‐04  4.99E+02 

N
G
C
C
 C
C
S 
w
it
h
 

D
o
m
e
st
ic
 N
G
  Stage #1: RMA  2.51E+01  2.73E+00  7.83E‐04  2.07E‐07  9.34E+01 

Stage #2: RMT  4.62E+00  9.01E‐01  2.95E‐05  1.05E‐08  2.72E+01 

Stage #3: ECF  5.13E+01  7.78E‐04  2.35E‐05  4.00E‐07  5.13E+01 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  1.43E‐04  3.27E+00 

Total  8.10E+01  3.63E+00  8.36E‐04  1.44E‐04  1.75E+02 

N
G
C
C
 w
it
h
   
  

Im
p
o
rt
ed

 N
G
  Stage #1: RMA  1.06E+02  9.99E‐01  1.23E‐03  1.46E‐07  1.31E+02 

Stage #2: RMT  3.95E+00  7.69E‐01  2.51E‐05  8.99E‐09  2.32E+01 

Stage #3: ECF  3.93E+02  5.94E‐04  1.51E‐05  3.42E‐07  3.93E+02 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  1.43E‐04  3.27E+00 

Total  5.03E+02  1.77E+00  1.27E‐03  1.44E‐04  5.50E+02 

N
G
C
C
 C
C
S 
w
it
h
 

Im
p
o
rt
ed

 N
G
  Stage #1: RMA  1.24E+02  1.17E+00  1.44E‐03  1.71E‐07  1.53E+02 

Stage #2: RMT  4.62E+00  9.01E‐01  2.95E‐05  1.05E‐08  2.72E+01 

Stage #3: ECF  5.13E+01  7.78E‐04  2.35E‐05  4.00E‐07  5.13E+01 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  1.43E‐04  3.27E+00 

Total  1.80E+02  2.07E+00  1.49E‐03  1.44E‐04  2.35E+02 

G
TS
C
 D
o
m
e
st
ic
 N
G
 

Stage #1: RMA  3.30E+01  3.58E+00  1.03E‐03  2.72E‐07  1.23E+02 

Stage #2: RMT  6.08E+00  1.18E+00  3.88E‐05  1.38E‐08  3.57E+01 

Stage #3: ECF  6.04E+02  1.20E‐03  1.30E‐05  1.97E‐08  6.04E+02 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  1.43E‐04  3.27E+00 

Total  6.43E+02  4.77E+00  1.08E‐03  1.44E‐04  7.65E+02 

Nuclear Plants:  Greenhouse Gases

Ex
is
ti
n
g 
   
   
   
 

N
u
cl
e
ar
 

Stage #1: RMA  3.10E+01  6.30E‐02  4.95E‐04  2.79E‐07  3.28E+01 

Stage #2: RMT  5.50E‐05  1.05E‐07  1.13E‐09  3.66E‐17  5.80E‐05 

Stage #3: ECF  2.84E+00  1.64E‐03  1.35E‐05  1.98E‐08  2.88E+00 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  1.43E‐04  3.27E+00 

Total  3.39E+01  6.46E‐02  5.08E‐04  1.44E‐04  3.89E+01 

G
e
n
 II
I P

lu
s 
   
 

N
u
cl
e
ar
 

Stage #1: RMA  1.81E+01  3.68E‐02  2.89E‐04  1.63E‐07  1.91E+01 

Stage #2: RMT  3.21E‐05  6.14E‐08  6.58E‐10  2.14E‐17  3.39E‐05 

Stage #3: ECF  2.86E+00  1.77E‐03  1.31E‐05  4.83E‐08  2.91E+00 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  1.43E‐04  3.27E+00 

Total  2.10E+01  3.86E‐02  3.02E‐04  1.44E‐04  2.53E+01 
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Appendix B: Greenhouse Gas Metrics for Environmental Performance (Continued) 

  Onshore Wind Power:  Greenhouse Gases 

kg/MWh    CO2  CH4  N2O  SF6  Total (kg CO2e/MWh) 
C
o
n
ve
n
ti
o
n
al
   
   

W
in
d
  

Stage #1: RMA  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Stage #2: RMT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Stage #3: ECF  1.71E+01  3.38E‐02  7.24E‐04  1.11E‐06  1.82E+01 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  1.43E‐04  3.26E+00 

Total  1.71E+01  3.38E‐02  7.24E‐04  1.44E‐04  2.14E+01 

A
d
va
n
ce
d
   
   
   

W
in
d
   
 

Stage #1: RMA  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Stage #2: RMT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Stage #3: ECF  1.17E+01  3.11E‐02  7.77E‐04  8.55E‐07  1.27E+01 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  1.43E‐04  3.26E+00 

Total  1.17E+01  3.11E‐02  7.77E‐04  1.44E‐04  1.59E+01 
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Appendix B: Greenhouse Gas Metrics for Environmental Performance (Continued) 

Coal Plants – Greenhouse Gases 

kg/MWh 
  

CO2  CH4  N2O  SF6 
Total 

(kg CO2e/MWh) 

IG
C
C
 

Stage #1: RMA  2.83E+00  2.77E+00  4.40E‐05  6.50E‐11  7.22E+01 

Stage #2: RMT  1.31E+01  2.00E‐02  3.13E‐05  3.52E‐11  1.36E+01 

Stage #3: ECF  8.42E+02  0.00E+00  2.10E‐05  3.10E‐07  8.42E+02 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  1.40E‐04  3.19E+00 

Total  8.58E+02  2.79E+00  9.63E‐05  1.40E‐04  9.31E+02 

IG
C
C
 C
C
S 

Stage #1: RMA  3.38E+00  3.30E+00  5.30E‐05  7.80E‐11  8.59E+01 

Stage #2: RMT  1.57E+01  2.00E‐02  3.80E‐05  4.20E‐11  1.62E+01 

Stage #3: ECF  1.11E+02  2.00E‐03  4.20E‐05  3.50E‐07  9.61E+01 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  1.40E‐04  3.19E+00 

Total  1.30E+02  3.32E+00  1.33E‐04  1.40E‐04  2.01E+02 

SC
P
C
 

Stage #1: RMA  2.80E+00  2.70E+00  4.40E‐05  6.50E‐11  7.03E+01 

Stage #2: RMT  4.70E+00  6.00E‐03  1.30E‐05  2.10E‐11  4.85E+00 

Stage #3: ECF  8.64E+02  1.50E‐03  3.20E‐05  3.30E‐07  8.64E+02 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  1.40E‐04  3.19E+00 

Total  8.72E+02  2.71E+00  8.90E‐05  1.40E‐04  9.42E+02 

SC
P
C
 C
C
S 

Stage #1: RMA  3.90E+00  3.80E+00  6.10E‐05  9.00E‐11  9.89E+01 

Stage #2: RMT  6.40E+00  8.20E‐03  1.80E‐05  2.90E‐11  6.61E+00 

Stage #3: ECF  1.32E+02  1.80E‐03  4.80E‐05  3.30E‐07  1.12E+02 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  1.40E‐04  3.19E+00 

Total  1.42E+02  3.81E+00  1.27E‐04  1.40E‐04  2.21E+02 

EX
P
C
 

Stage #1: RMA  3.20E+00  3.20E+00  4.70E‐05  1.89E‐11  8.32E+01 

Stage #2: RMT  5.20E+00  7.60E‐03  1.24E‐04  2.63E‐12  5.43E+00 

Stage #3: ECF  1.00E+03  1.12E‐02  1.71E‐02  2.76E‐07  1.01E+03 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  1.45E‐04  3.31E+00 

Total  1.01E+03  3.22E+00  1.73E‐02  1.45E‐04  1.10E+03 

EX
P
C
 C
C
S 

Stage #1: RMA  3.20E+00  3.20E+00  4.70E‐05  1.89E‐11  8.32E+01 

Stage #2: RMT  5.20E+00  7.60E‐03  1.24E‐04  2.63E‐12  5.43E+00 

Stage #3: ECF  3.40E+02  2.64E‐01  2.01E‐02  1.97E‐07  3.53E+02 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  1.45E‐04  3.31E+00 

Total  3.48E+02  3.47E+00  2.03E‐02  1.45E‐04  4.45E+02 
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Appendix C: Other Environmental Factors for Environmental Performance  

Natural Gas Plants: Other Environmental Factors 

kg/MWh 
 

Pb  Hg  NH3  CO  NOX  SOX  VOC  PM 
Water 

Withdrawal 
Water 

Consumption 

N
G
C
C
 w
it
h
   
   

D
o
m
e
st
ic
 N
G
  Stage #1: RMA  1.99E‐06  6.83E‐08  8.99E‐07  4.39E‐02  4.85E‐01  5.07E‐03  4.75E‐01  1.04E‐03  3.45E+02  1.43E+02 

Stage #2: RMT  1.65E‐07  5.17E‐09  1.99E‐06  6.23E‐04  7.79E‐04  3.15E‐04  1.59E‐05  6.50E‐05  2.12E+00  7.53E‐01 

Stage #3: ECF  2.71E‐06  2.46E‐08  1.88E‐02  3.12E‐03  3.05E‐02  1.19E‐03  3.72E‐05  3.74E‐04  1.04E+03  8.03E+02 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Total  4.87E‐06  9.80E‐08  1.88E‐02  4.76E‐02  5.16E‐01  6.57E‐03  4.75E‐01  1.48E‐03  1.39E+03  9.47E+02 

N
G
C
C
 C
C
S 
w
it
h
 

D
o
m
e
st
ic
 N
G
  Stage #1: RMA  2.33E‐06  8.00E‐08  1.05E‐06  5.14E‐02  5.68E‐01  5.94E‐03  5.57E‐01  1.22E‐03  4.04E+02  1.68E+02 

Stage #2: RMT  1.94E‐07  6.06E‐09  2.33E‐06  7.31E‐04  9.13E‐04  3.69E‐04  1.86E‐05  7.61E‐05  2.48E+00  8.83E‐01 

Stage #3: ECF  3.09E‐06  3.50E‐08  2.03E‐02  4.50E‐03  3.42E‐02  1.66E‐03  4.74E‐05  5.53E‐04  2.06E+03  1.54E+03 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Total  5.62E‐06  1.21E‐07  2.03E‐02  5.66E‐02  6.03E‐01  7.97E‐03  5.57E‐01  1.84E‐03  2.47E+03  1.71E+03 

N
G
C
C
 w
it
h
   
   
   

Im
p
o
rt
e
d
 N
G
  Stage #1: RMA  6.81E‐07  4.33E‐08  9.67E‐02  9.29E‐02  2.32E‐01  1.31E‐02  5.41E‐02  5.12E‐04  1.80E+02  2.07E+01 

Stage #2: RMT  1.65E‐07  5.17E‐09  1.99E‐06  6.23E‐04  7.79E‐04  3.15E‐04  1.59E‐05  6.50E‐05  2.12E+00  7.53E‐01 

Stage #3: ECF  2.71E‐06  2.46E‐08  1.88E‐02  3.12E‐03  3.05E‐02  1.19E‐03  3.72E‐05  3.74E‐04  1.04E+03  8.03E+02 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Total  3.56E‐06  7.30E‐08  1.16E‐01  9.66E‐02  2.64E‐01  1.46E‐02  5.41E‐02  9.51E‐04  1.22E+03  8.25E+02 

N
G
C
C
 C
C
S 
w
it
h
 

Im
p
o
rt
e
d
 N
G
 

Stage #1: RMA  7.98E‐07  5.08E‐08  1.13E‐01  1.09E‐01  2.72E‐01  1.54E‐02  6.34E‐02  6.00E‐04  2.11E+02  2.43E+01 

Stage #2: RMT  1.94E‐07  6.06E‐09  2.33E‐06  7.31E‐04  9.13E‐04  3.69E‐04  1.86E‐05  7.61E‐05  2.48E+00  8.83E‐01 

Stage #3: ECF  3.09E‐06  3.50E‐08  2.03E‐02  4.50E‐03  3.42E‐02  1.66E‐03  4.74E‐05  5.53E‐04  2.06E+03  1.54E+03 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Total  4.08E‐06  9.19E‐08  1.34E‐01  1.14E‐01  3.07E‐01  1.74E‐02  6.35E‐02  1.23E‐03  2.28E+03  1.57E+03 

G
TS
C
 

Stage #1: RMA  3.07E‐06  1.05E‐07  1.39E‐06  6.76E‐02  7.47E‐01  7.81E‐03  7.32E‐01  1.60E‐03  5.31E+02  2.21E+02 

Stage #2: RMT  2.55E‐07  7.96E‐09  3.07E‐06  9.61E‐04  1.20E‐03  4.85E‐04  2.45E‐05  1.00E‐04  3.26E+00  1.16E+00 

Stage #3: ECF  6.27E‐07  7.08E‐09  2.90E‐02  5.48E‐03  4.87E‐02  1.53E‐03  1.63E‐04  5.77E‐04  5.06E+00  1.08E+00 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Total  3.95E‐06  1.20E‐07  2.90E‐02  7.40E‐02  7.97E‐01  9.83E‐03  7.32E‐01  2.27E‐03  5.40E+02  2.23E+02 
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 Appendix C: Other Environmental Factors for Environmental Performance (Continued)

Coal Plants – Other Environmental Factors 

kg/MWh  Pb  Hg  NH3  CO  NOX  SOX  VOC  PM 
Water 

Withdrawal 
Water 

Consumption 

IG
C
C
 

Stage #1: RMA  2.90E‐07  4.30E‐08  2.40E‐05  3.50E‐03  5.20E‐03  1.40E‐02  1.00E‐04  8.80E‐04  1.50E+02  ‐5.94E+02 

Stage #2: RMT  1.70E‐07  1.40E‐08  4.80E‐04  4.00E‐02  3.50E‐02  7.80E‐03  3.30E‐03  4.40E‐02  6.86E+00  2.16E+00 

Stage #3: ECF  1.30E‐05  2.40E‐06  3.30E‐06  5.10E‐03  2.60E‐01  8.40E‐03  2.60E‐04  3.10E‐02  1.86E+03  1.48E+03 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Total  1.35E‐05  2.46E‐06  5.07E‐04  4.86E‐02  3.00E‐01  3.02E‐02  3.66E‐03  7.59E‐02  2.02E+03  8.83E+02 

IG
C
C
 C
C
S 

Stage #1: RMA  3.50E‐07  5.20E‐08  2.90E‐05  4.10E‐03  6.20E‐03  1.70E‐02  1.20E‐04  1.10E‐03  1.79E+02  ‐7.10E+02 

Stage #2: RMT  2.10E‐07  1.60E‐08  5.70E‐04  4.80E‐02  4.20E‐02  9.30E‐03  3.90E‐03  5.20E‐02  8.20E+00  2.60E+00 

Stage #3: ECF  1.60E‐05  2.80E‐06  4.80E‐06  8.40E‐03  2.50E‐01  1.50E‐02  3.70E‐04  3.70E‐02  2.62E+03  2.13E+03 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Total  1.66E‐05  2.87E‐06  6.04E‐04  6.05E‐02  2.98E‐01  4.13E‐02  4.39E‐03  9.01E‐02  2.81E+03  1.42E+03 

SC
P
C
 

Stage #1: RMA  2.90E‐07  4.30E‐08  2.40E‐05  3.40E‐03  5.10E‐03  1.40E‐02  1.00E‐04  8.80E‐04  1.49E+02  ‐5.90E+02 

Stage #2: RMT  9.20E‐08  7.00E‐09  1.70E‐04  1.50E‐02  1.20E‐02  3.20E‐03  1.10E‐03  1.50E‐02  3.00E+00  1.00E+00 

Stage #3: ECF  4.50E‐05  4.50E‐06  2.40E‐03  7.00E‐03  3.00E‐01  3.70E‐01  3.00E‐04  5.60E‐02  2.36E+03  1.88E+03 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Total  4.54E‐05  4.55E‐06  2.59E‐03  2.54E‐02  3.17E‐01  3.87E‐01  1.50E‐03  7.19E‐02  2.51E+03  1.29E+03 

SC
P
C
 C
C
S 

Stage #1: RMA  4.00E‐07  6.00E‐08  3.30E‐05  4.70E‐03  7.10E‐03  1.90E‐02  1.40E‐04  1.20E‐03  2.05E+02  ‐8.15E+02 

Stage #2: RMT  1.30E‐07  9.70E‐09  2.30E‐04  2.00E‐02  1.70E‐02  4.40E‐03  1.60E‐03  2.10E‐02  4.20E+00  1.30E+00 

Stage #3: ECF  4.60E‐05  7.20E‐06  2.70E‐03  9.30E‐03  4.10E‐01  1.40E‐02  3.60E‐04  7.80E‐02  4.48E+03  3.44E+03 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Total  4.65E‐05  7.27E‐06  2.96E‐03  3.40E‐02  4.34E‐01  3.74E‐02  2.10E‐03  1.00E‐01  4.69E+03  2.63E+03 

EX
P
C
 

Stage #1: RMA  1.40E‐07  3.90E‐08  2.80E‐05  3.10E‐03  5.70E‐03  1.60E‐02  1.00E‐04  5.50E‐04  1.72E+02  ‐2.67E+02 

Stage #2: RMT  3.10E‐08  2.90E‐09  1.90E‐04  1.50E‐02  1.40E‐02  2.80E‐03  1.30E‐03  1.70E‐02  2.10E+00  6.50E‐01 

Stage #3: ECF  6.30E‐06  5.20E‐05  2.20E‐04  1.10E‐01  2.00E+00  2.40E+00  1.30E‐02  6.70E‐01  2.70E+03  2.09E+03 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Total  6.47E‐06  5.20E‐05  4.38E‐04  1.28E‐01  2.02E+00  2.42E+00  1.44E‐02  6.88E‐01  2.88E+03  1.83E+03 

EX
P
C
 C
C
S 

Stage #1: RMA  1.40E‐07  3.90E‐08  2.80E‐05  3.10E‐03  5.70E‐03  1.60E‐02  1.00E‐04  5.50E‐04  1.72E+02  ‐2.67E+02 

Stage #2: RMT  3.10E‐08  2.90E‐09  1.90E‐04  1.50E‐02  1.40E‐02  2.80E‐03  1.30E‐03  1.70E‐02  2.10E+00  6.50E‐01 

Stage #3: ECF  1.87E‐05  5.49E‐05  1.29E‐03  2.04E‐01  4.63E‐01  1.30E+00  1.30E‐02  9.89E‐05  5.49E+03  3.41E+03 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Total  1.89E‐05  5.49E‐05  1.51E‐03  2.22E‐01  4.83E‐01  1.32E+00  1.44E‐02  1.76E‐02  5.66E+03  3.14E+03 
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Appendix C: Other Environmental Factors for Environmental Performance (Continued) 

Nuclear Plants: Other Environmental Factors 

kg/MWh 
 

Pb  Hg  NH3  CO  NOX  SOX  VOC  PM 
Water 

Withdrawal 
Water 

Consumption 

G
e
n
 II
I P

lu
s 
   
   
 

N
u
cl
e
ar
 

Stage #1: 
RMA  9.04E‐07  1.99E‐07  9.22E‐04  1.33E‐02  4.16E‐02  1.10E‐01  2.53E‐03  2.30E‐03  2.27E+02  4.77E+01 

Stage #2: RMT  3.10E‐13  3.61E‐14  1.06E‐10  4.10E‐08  2.79E‐08  3.75E‐08  2.82E‐08  7.09E‐10  9.19E‐05  7.82E‐05 

Stage #3: ECF  2.28E‐07  1.64E‐08  8.93E‐06  1.23E‐02  1.94E‐02  6.50E‐03  1.88E‐03  9.73E‐04  4.38E+03  2.90E+03 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Total  1.13E‐06  2.15E‐07  9.31E‐04  2.56E‐02  6.10E‐02  1.16E‐01  4.41E‐03  3.27E‐03  4.60E+03  2.94E+03 

Ex
is
ti
n
g 
N
u
cl
e
ar
  Stage #1: 

RMA  1.55E‐06  3.40E‐07  1.58E‐03  2.28E‐02  7.13E‐02  1.88E‐01  4.33E‐03  3.93E‐03  3.88E+02  8.16E+01 

Stage #2: RMT  5.30E‐13  6.18E‐14  1.81E‐10  7.02E‐08  4.78E‐08  6.41E‐08  4.82E‐08  1.21E‐09  1.57E‐04  1.34E‐04 

Stage #3: ECF  4.92E‐07  1.78E‐08  1.13E‐05  1.40E‐02  1.82E‐03  5.57E‐03  5.90E‐04  3.26E‐04  1.12E+05  2.59E+03 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Total  2.04E‐06  3.58E‐07  1.59E‐03  3.68E‐02  7.31E‐02  1.93E‐01  4.92E‐03  4.26E‐03  1.12E+05  2.67E+03 

Onshore Wind Power: Other Environmental Factors 

C
o
n
ve
n
ti
o
n
al
  W

in
d
 

Stage #1: RMA  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Stage #2: RMT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Stage #3: ECF  ‐1.18E‐05  1.34E‐07  8.64E‐04  5.59E‐02  5.65E‐02  2.56E‐02  5.92E‐03  5.35E‐02  1.99E+02  2.57E+01 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Total  ‐1.18E‐05  1.34E‐07  8.64E‐04  5.59E‐02  5.65E‐02  2.56E‐02  5.92E‐03  5.35E‐02  1.99E+02  2.57E+01 

A
d
va
n
ce
d
 W

in
d
  Stage #1: RMA  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Stage #2: RMT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Stage #3: ECF  ‐3.20E‐07  1.39E‐07  5.97E‐04  4.35E‐02  3.36E‐02  2.57E‐02  5.43E‐03  3.36E‐02  1.70E+02  2.22E+01 

Stage #4: PT  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00 

Total  ‐3.20E‐07  1.39E‐07  5.97E‐04  4.35E‐02  3.36E‐02  2.57E‐02  5.43E‐03  3.36E‐02  1.70E+02  2.22E+01 

 


