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Wind
The RESOLVE price inputs for wind are highly dependent on the location of the plant with the lowest prices found for Greater_Imperial_Wind and the highest for Wyoming_Wind. 
Table RESOLVE Wind RSP inputs
	
	Greater Imperial
	
	Humboldt
	
	Wyoming
	

	Year
	Annualized Cost
($/KW)
	Fixed O&M ($/KW)
	Annualized Cost
($/KW)
	Fixed O&M ($/KW)
	Annualized Cost
($/KW)
	Fixed O&M ($/KW)

	2020
	71.92
	45.11
	84.00
	42.44
	194.67
	49.64

	2022
	89.35
	44.47
	99.69
	41.85
	217.47
	48.91

	2026
	111.69
	43.17
	120.81
	40.64
	243.91
	47.44

	2030
	112.08
	41.89
	121.52
	39.47
	242.14
	45.96

	2045
	115.44
	36.95
	125.71
	34.87
	240.18
	40.45


Table Descriptions of RESOLVE 2019-2020 – Oct. 4, 2019
	
	Greater Imperial
	
	Humboldt
	
	Wyoming
	

	Year
	Capital Upfront Cost
(2016$/KW)
	LCOE (2016$/ MWh) 
	Capital Upfront Cost
(2016$/KW)
	LCOE (2016$/ MWh) 
	Capital Upfront Cost
(2016$/KW)
	LCOE (2016$/ MWh) 

	2020
	1,615
	39
	1,624
	42
	1,476
	27

	2022
	1,602
	45
	1,612
	47
	1,443
	32

	2026
	1,580
	52
	1,593
	54
	1,387
	39

	2030
	1,563
	52
	1,580
	54
	1,340
	38


Table 2020 ATB Wind cost inputs
	
	Class 6 moderate
	
	
	
	
	

	Year
	Capital Upfront Cost
(2018$/KW)
	Fixed O&M (2018$/KW)
	LCOE (2018$/ MWh)
	
	
	

	2020
	1,611
	42
	37
	
	
	

	2022
	1,579
	42
	35
	
	
	

	2026
	1,503
	40
	32
	
	
	

	2030
	1,412
	39
	30
	
	
	

	2045
	1,155
	35
	24
	
	
	



Table 18 in Prelim_Results_Proposed_Inputs_and_Assumptions_2019-2020_10-4-19
Notes that Baseline wind in CAISO is 8.549 GW in 2020 and 8.649 GW in 2022 and beyond. Table 19 gives information about other zones.  Table 26 summarizes the assessments of available expansion.
Geothermal
RESOLVE has already some values for the inputs in the 3 and they mentioned that they were using the NREL ATB as their base. But the NREL ATB costs are decreasing gradually year-to-year whereas the RESOLVE inputs are increasing. The costs are listed here:
 
	
	
	NREL ATB
	
	
	RESOLVE RSP inputs
	

	
	Annualized Cost*
($/KW)
	Fixed O&M ($/KWh)
	Total Annual Cost ($/KW)
	Fixed Annual Cost ($/KW)
	Fixed O&M ($/KWh)
	Total Annual Cost ($/KW)

	2020
	280.18
	136
	416.18
	477
	149
	626

	2022
	272.87
	134
	406.87
	479
	149
	628

	2026
	258.25
	130
	388.25
	542
	149
	691

	2030
	246.74
	127
	373.74
	561
	149
	710

	2045
	225.95
	127
	352.95
	555
	149
	704


 *Assumptions for the NREL ATB Calculations: Lifetime=30 years & Discount rate=4.8%

	Two new plants with their PPAs
	
	

	PPA rate ($/kWh)
	Annual (kWh/kW)
	Annual Revenue ($/kW)

	0.074
	7884
	583

	0.068
	7008
	477

	Capacity Factor
	90% for the first PPA
	

	
	80% for the second PPA
	


 
If we assume the RESOLVE inputs as our costs, then the annual revenue becomes smaller than the cost, which does not seem feasible enough. Therefore, it would be helpful if we can understand why RESOLVE has taken these values as the cost. 
Again, from the recent “SB100 report” and “Inputs & Assumptions:2019-2020 Integrated Resource Planning”, there is a list of the implied LCOE for 5 geothermal resources:
	
	Inputs & Assumptions: 2019-2020 Integrated Resource Planning
	
	
	
	

	Resources
	Capacity Factor
	2020
	2022
	2026
	2030

	Greater_Imperial_Geothermal
	88%
	$81 
	$81 
	$89 
	$92 

	Inyokern_North_Kramer_Geothermal
	80%
	$97 
	$98 
	$108 
	$111 

	Northern_California_Ex_Geothermal
	81%
	$91 
	$91 
	$100 
	$103 

	Riverside_Palm_Springs_Geothermal
	80%
	$88 
	$88 
	$97 
	$100 

	Solano_Geothermal
	90%
	$78 
	$78 
	$86 
	$88 


 
This report was published on February 2020 and you can see that there is an increase in the LCOE from 2020 to 2030.
 
 
	 
	Inputs & Assumptions: CEC SB100 Joint Agency Report
	
	
	
	
	

	Resources
	Capacity Factor
	2027
	2030
	2035
	2040
	2045

	Greater_Imperial_Geothermal
	88%
	$79 
	$79 
	$78 
	$77 
	$76 

	Inyokern_North_Kramer_Geothermal
	80%
	$87 
	$87 
	$86 
	$85 
	$83 

	Northern_California_Ex_Geothermal
	81%
	$86 
	$85 
	$85 
	$84 
	$82 

	Riverside_Palm_Springs_Geothermal
	80%
	$87 
	$87 
	$86 
	$85 
	$83 

	Solano_Geothermal
	90%
	$77 
	$77 
	$76 
	$75 
	$74 


 
This was published on June 2020, which indicates that the LCOE should be increased from 2027 to 2045. In addition, if we check the value for 2030 in both reports, we find the numbers different to each other but those should be same.
The capacity limits for new builds of geothermal are small compared with the amount that would be needed for geothermal to make a big difference. Specifically, the RSP limits the Geothermal growth to total about 2 GW, resulting in a total of about 3 GW. If this amount could be doubled or tripled by 2045, it could make a significant difference in the value of long-duration storage.  
	Resource
	Capacity limit (MW)
	Cumulative new build in 2045 for RSP (MW)
	Note

	BANC_Geothermal_for_Other
	
	
	No new builds

	CAISO_Geothermal_for_Other
	
	
	No new builds

	IID_Geothermal_for_Other
	
	
	No new builds

	LDWP_Geothermal_for_Other
	
	
	No new builds

	NW_Geothermal_for_Other
	
	
	No new builds

	SW_Geothermal_for_Other
	
	
	No new builds

	CAISO_Geothermal_for_CAISO
	
	
	No new builds

	IID_Geothermal_for_CAISO
	
	
	No new builds

	NW_Geothermal_for_CAISO
	
	
	No new builds

	Greater_Imperial_Geothermal
	1352.1
	1352.1
	

	Inyokern_North_Kramer_Geothermal
	24
	0
	Why didn’t it build?

	Northern_California_Ex_Geothermal
	469
	469
	

	Pacific_Northwest_Geothermal
	
	
	No new builds

	Riverside_Palm_Springs_Geothermal
	32
	32
	

	Solano_Geothermal
	135
	135
	

	Southern_Nevada_Geothermal
	320
	320
	


Jeremiah, Could you take a look at the question of whether we should allow more geothermal to be built? I don’t know of a reference that will answer this directly, so you will need to hunt… Sarah

Financial details
Every financial calculation needs to keep track of key financial parameters.  Some of these factors are much smaller than the uncertainty in the projected costs. Nevertheless, when comparing models for differences, these can add up and direct comparison is facilitated by understand where each factor is accounted for. The table summarizes how each is handled in the two models.
Table financial details
	Financial element
	RESOLVE
	SWITCH
	Comment

	Interest rate
	Technology specific – included in calculating the annualized cost from the overnight CapEx taken from NREL ATB or other source
	
	

	Inflation rate
	2.5%/y – taken from NREL ATB and used as an adjustment to the annualized costs. While the NREL ATB provides numbers in constant 2018 dollars, the RESOLVE inputs for 2030 are in 2030 dollars, for example
	
	

	Discount rate
	Discount rate (4.8%/y) is defined in a file called period_discount_factors and is applied to all costs in the period when an expenditure is made.
	
	

	Incentive programs
	Adjusts for ITC in the annualized costs.
	
	



	period
	discount_factor
	years_in_period
	
	

	2020
	1
	1
	
	

	2021
	0.95238095
	1
	
	

	2022
	0.90702948
	1
	
	

	2023
	0.8638376
	1
	
	

	2024
	1.21446556
	1.5
	
	

	2026
	2.17056139
	3
	
	

	2030
	4.97063153
	9.5
	
	

	2045
	6.69516331
	28
	
	



Pro Forma Financial Model (SB100 Joint Agency Report)
TN234532 “This section describes the purpose of and methodology behind the pro forma financial model. The pro forma model is a discounted cash flow model used to calculate the levelized costs of different candidate resources. The primary outputs from the model are the levelized fixed costs for each resource. Levelized fixed costs calculated by the pro forma include the overnight capital cost for each resource, financing costs (including investor returns on a project), fixed O&M costs, and any capital-based tax credits, such as the Investment Tax Credit (ITC) and the Production Tax Credit (PTC), which are used to offset capital costs. 
The pro forma used for the CEC SB100 analysis assumes financing is provided by an Independent Power Producer (IPP), which reflects current development practices in which most new resources in California are third-party owned and contracted with LSEs rather than financed by LSEs themselves. Financing assumptions assumed in the pro forma model are based on NREL’s 2019 Annual Technology Baseline. (Financing assumptions include WACC, cost of debt and debt fraction. E3 adjusted NREL’s cost of debt to reflect the current rate environment. based on the spread to the Industrial Baa bond rate, as used by EIA in the Annual Energy Outlook.)
Levelized costs are calculated in the pro forma using real levelization to yield costs that are flat in real dollar terms. This approach discounts annual project costs using a nominal discount rate (nominal return on equity) and discounts energy and capacity using a real discount rate (real return on equity). This is a standard approach that yields levelized costs in flat real terms for input to the RESOLVE model. 
The pro forma also requires information on variable costs (such as fuel and variable O&M) and resource performance characteristics. These inputs are considered in the pro forma financing optimization but have minimal impacts on levelized fixed costs. In addition, variable costs included in the pro forma model do not directly flow through to RESOLVE as inputs in the modeling process.” 
In determining financial rates, consider https://www.nrel.gov/docs/fy20osti/76814.pdf
[image: ]


Summary of proposed SWITCH inputs
Comparison of differences between RESOLVE and SWITCH
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