Appendix
Financial Values and Equations
Financial values included below are sourced from NREL’ATB (National Renewable Energy Laboratory 2023).
[bookmark: _Ref141261488]Table A. Financial Values for Technologies
	
	CAPEX ($/kW)
	Fixed Operation Cost ($/kW/yr)
	Variable Operational Cost ($/MWh)
	Fuel cost ($/MMBtu)
	Heat Rate (MMBtu/MWh)
	Lifetime (yr)
	Interest Rate (%)
	Rate of Return on Equity (%)
	Debt Fraction (%)
	Investment Tax Credit (%)
	Production Tax Credit ($/MWh)
	Construction Finance Factor

	Abbreviation
	OCC
	FOM
	VOM
	
	
	L
	IR
	RROE
	DF
	ITC
	PTC
	CFF

	Solar
	1,002
	18
	0
	0
	0
	30
	7
	8.8
	45.5
	0
	25.46
	1.04

	Wind
	1,083
	27
	0
	0
	0
	30
	7
	10
	33
	0
	25.46
	1.06

	Offshore Wind
	2,581
	90
	0
	0
	0
	30
	7
	11
	50.7
	30
	0
	1.11

	Conventional Hydro
	7,328
	36
	0
	0
	0
	100
	7
	11
	48.7
	30
	0
	1.07

	RoR Hydro
	7,082
	47
	0
	0
	0
	100
	7
	11
	48.7
	30
	0
	1.07

	Nuclear
	6,115
	152
	2.5
	0.658
	10.45
	60
	8
	11
	48.9
	30
	0
	1.26

	Natural Gas (CT)
	939
	23
	6.4
	3.99
	9.72
	55
	8
	11
	55
	0
	0
	1.12

	Natural Gas (CC)
	1,039
	29
	1.8
	3.99
	6.24
	55
	8
	11
	55
	0
	0
	1.12

	Natural Gas (CCS)
	2,018
	54
	4.1
	3.99
	6.99
	55
	8
	11
	55
	0
	0
	1.12

	PHS
	3,166
	18.7
	0.54
	0
	0
	100
	7
	11
	69.5
	30
	0
	1.07

	LIB
	1,204
	30
	0
	0
	0
	15
	7
	8.8
	45.5
	30
	0
	1.04



Depreciation Values:
ft,y = depreciation factor for technology, t, in year, y
FDt,y = fraction of capital depreciated for technology, t, in year, y
fsolar,y = [0.9421, 0.8876, 0.8363, 0.7879, 0.7423, 0.6993]
FDsolar,y = [0.2, 0.32, 0.192, 0.1152, 0.1152, 0.0576]
fwind,y = [0.9224, 0.8508, 0.7848, 0.7239, 0.6677, 0.6158]
FDwind,y = [0.2, 0.32, 0.192, 0.1152, 0.1152, 0.0576]
foffw,y = [0.9363, 0.8766, 0.8208, 0.7685, 0.7195, 0.6736]
FDoffw,y = [0.2, 0.32, 0.192, 0.1152, 0.1152, 0.0576]
fconventional,y = [0.9244, 0.8546, 0.79, 0.7303, 0.6751, 0.6241]
FDconventional,y = [0.2, 0.32, 0.192, 0.1152, 0.1152, 0.0576]
fRoR,y = [0.9244, 0.8546, 0.79, 0.7303, 0.6751, 0.6241]
FDRoR,y = [0.2, 0.32, 0.192, 0.1152, 0.1152, 0.0576]
fNGCT,y = [0.9499, 0.9023, 0.8571, 0.8142, 0.7734, 0.7346, 0.6978, 0.6629, 0.6297, 0.5981, 0.5682, 0.5397, 0.5127, 0.487, 0.4626, 0.4394]
FDNGCT,y = [0.05, 0.095, 0.0855, 0.077, 0.0693, 0.0623, 0.059, 0.059, 0.0591, 0.059, 0.0591, 0.059, 0.0591, 0.059, 0.0591, 0.0295]
fNGCC,y = [0.9499, 0.9023, 0.8571, 0.8142, 0.7734, 0.7346, 0.6978, 0.6629, 0.6297, 0.5981, 0.5682, 0.5397, 0.5127, 0.487, 0.4626, 0.4394]
FDNGCC,y = [0.05, 0.095, 0.0855, 0.077, 0.0693, 0.0623, 0.059, 0.059, 0.0591, 0.059, 0.0591, 0.059, 0.0591, 0.059, 0.0591, 0.0295]
fNGCCS,y = [0.9499, 0.9023, 0.8571, 0.8142, 0.7734, 0.7346, 0.6978, 0.6629, 0.6297, 0.5981, 0.5682, 0.5397, 0.5127, 0.487, 0.4626, 0.4394]
FDNGCCS,y = [0.05, 0.095, 0.0855, 0.077, 0.0693, 0.0623, 0.059, 0.059, 0.0591, 0.059, 0.0591, 0.059, 0.0591, 0.059, 0.0591, 0.0295]
fPHS,y = [0.9244, 0.8546, 0.79, 0.7303, 0.6751, 0.6241]
FDPHS,y = [0.2, 0.32, 0.192, 0.1152, 0.1152, 0.0576]
fLIB,y = [0.9421, 0.8876, 0.8363, 0.7879, 0.7423, 0.6993]
FDLIB,y = [0.2, 0.32, 0.192, 0.1152, 0.1152, 0.0576]
Converting OCC to capital:
Tax rate = 25.7% (TR)
Inflation = 2.5% (i)
Capacity Factor is dependent on region and technology (CF)
WACCnominalt = DFt * IRt * (1 - TRt) + (1 – DFt) * RROEt
WACCt = (1 + WACCnominalt) / (1 + it) – 1
CRFt = WACCt / (1 - (1 / (1 + WACCt) ** Lt))
PVDt = sum(FDt,i * ft,i) for all i
PFFt = (1 - TRt * PVDt * (1 - ITCt / 2) - ITCt) / (1 - TRt)
FCRt = CRFt * PFFt
CRF_10yrt = WACCt / (1-(1/(1 + WACCt)10))
PTC_discountt = PTCt / (1 - TRt) * CRFt / CRF_10yrt
capital = OCCt * FCRt * CFFt - PTC_discountt * CFt * 8760 / 1000 [$/kW/yr]
LCOE calculation:
LCOE is not used anywhere in this study, except in Figure 2, to orient the reader of the general emissions-cost space.
[bookmark: _GoBack]LCOEt = (capitalt + FOMt) * 1000 / 8760 / CFt + VOMt + fuelcostt *heatratet [$/MWh]
Emissions Values
Emissions values below are sourced from MIT’s pathway analysis tool (“SESAME” 2022).
[bookmark: _Ref141278595]Table B. Emissions Values for all Technologies
	
	Embodied Emissions (gCO2/kW)
	Operational Emissions (gCO2/kWh)

	Grid Emissions Intensity (gCO2/kWh)
	100
	90
	80
	70
	60
	50
	40
	30
	20
	all

	Abbreviation
	eGC
	eOP

	Solar
	45,096
	44,413
	43,730
	43,047
	42,193
	41,509
	40,826
	40,143
	39,459
	0

	Wind
	13,374
	13,238
	13,102
	12,966
	12,830
	12,695
	12,559
	12,423
	12,287
	0

	Offshore Wind
	22,269
	22,016
	21,763
	21,509
	21,256
	21,003
	20,749
	20,496
	20,243
	0

	Conventional Hydro
	110,376
	0

	RoR Hydro
	28,330
	0

	Nuclear
	3,735
	8

	Natural Gas (CT)
	32,755
	781

	Natural Gas (CC)
	39,901
	481

	Natural Gas (CCS)
	44,334
	162

	PHS
	3,150
	0

	LIB
	19,440
	0



LCA calculation:
This LCA calculation is not used anywhere in this study, except in Figure 2, to orient the reader of the general emissions-cost space.
LCAt = Embodied_emissionst / 8760 / CFt + operational_emissionst
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