Technology Projection 1. Battery Storage
1. NREL Annual Technology Baseline 2020
NREL Annual Technology Baseline 2020 (ATB) projects CAPEX, fixed O&M costs, and variable O&M costs of utility-scale, 4-hour battery storage based on Cole and Frazier (2020). ATB sets three projection scenarios to reflect the speed of technological innovation: Conservative, Moderate, and Advanced Scenarios. Table 1 qualitatively summarized these scenarios. 

Table 1: Three Projection Scenarios
	Scenario
	Description on technological innovation

	Conservative
	· Today's technology with little innovation
· Continued industrial learning
· Decreased public and private R&D

	Moderate
	· Widespread adoption of today's cutting edge
· Expected level of innovation
· Current levels of public and private R&D

	Advanced
	· Markets success of currently unproven innovation
· New technology architectures
· Increased public and private R&D



The raw data of CAPEX and fixed O&M costs are summarized in Figure 1. Regardless of scenarios or year, variable O&M is 0.85 $/MWh. ATB assumes 15 years lifetime. Any of these numbers do not include policy support such as subsidy. 
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Figure 1: Projections of CAPEX (left) and Fixed O&M (right) of utility-scale 4-hour battery storage in real $2018 of three scenarios from ATB

2. Comparison with current RESOLVE and SWITCH inputs
Figure 2 summarized the projection of annualized CAPEX and Fixed O&M costs of ATB three scenarios, SWITCH, and RESOLVE. In annualizing CAPEX of ATB, 15 years lifetime and 7% discount rate were assumed. The annualized CAPEX of SWITCH is between ATB advanced and ATB moderate in 2020, but its cost declines in ATB are much faster than that of SWITCH. While fixed O&M costs of SWITCH is lower than any of ATB scenarios in 2020, the projected costs of ATB become lower than that of SWITCH at least after 2035.
Annualized CAPEX and fixed O&M costs of RESOLVE is lower than those of ATB advanced scenario. 
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Figure 2: Projections of annualized CAPEX (left) and Fixed O&M (right) of utility-scale 4-hour battery storage in real $2018. The assumed lifetime of SWITCH and ATB are 10 and 15 years, respectively. When annualizing CAPEX, 7% discount rate is assumed. 








Table 2: Annualized CAPEX of ATB, RESOLVE, and SWITCH
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Table 3: Fixed O&M of ATB, RESOLVE, and SWITCH
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Year Advanced Conservative  Moderate SWITCH RESOLVE
Y2018 40.83478 40.83478 40.83478

Y2019 38.6 38.6 38.6

Y2020 30.0640995 37.5885561 36.3652166  26.9514000 0.7796275
Y2021 27.9480323 36.5771123 34.1125414 0.7078197
Y2022 25.8319652 35.5656684 31.8598662 0.6565285
Y2023 23.7158980  34.5542246 29.6071909 0.6052372
Y2024 21.5998308 33.5427807 27.3545157 0.5642041
Y2025 19.48376 32.53134 25.10184

Y2026 18.4240398 31.7717219 24.1676371 0.4923963
Y2027 17.36432 31.01211 23.23343

Y2028 16.30459 30.25249 22.29923

Y2029 15.24487 29.49288 21.36503

Y2030 14.1851441 28.7332620 20.4308234  26.9514000 0.4205885
Y2031 13.90761 28.37410 20.17544

Y2032 13.63007 28.01493 19.92005

Y2033 13.35254 27.65576 19.66467

Y2034 13.07500 27.29660 19.40928

Y2035 12.79747 26.93743 19.15390

Y2036 12.51993 26.57827 18.89851

Y2037 12.24240 26.21910 18.64313

Y2038 11.96486 25.85994 18.38774

Y2039 11.68733 25.50077 18.13236

Y2040 11.40979 25.14160 17.87697 26.95140

Y2041 11.13225 24.78244 17.62159

Y2042 10.85472 24.42327 17.36620

Y2043 10.57718 24.06411 17.11081

Y2044 10.29965 23.70494 16.85543

Y2045 10.022113  23.345775 16.600044 0.359039
Y2046 9.744577 22.986610 16.344659

Y2047 9.467042 22.627444 16.089273

Y2048 9.189506 22.268278 15.833888

Y2049 8.911971 21.909112 15.578503

Y2050 8.634436 21.549947 15.323118  26.951400
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Fixed O&M Costs in $/KW-yr
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Annualized CAPEX in $/kW-yr
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Fixed O&M in $/kW-yr
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Year Advanced Conservative Moderate SWITCH RESOLVE
Y2018 179.3376 179.3376 179.3376

Y2019 169.5229 169.5229 169.5229

Y2020 132.03506 165.08086 159.70821  150.08900 22.88617
Y2021 122.74175 160.63881 149.81495 20.30109
Y2022 113.44844 156.19677 139.92168 18.07505
Y2023 104.15512 151.75472 130.02842 15.55152
Y2024 94.86181 147.31268 120.13515 14.04355
Y2025 85.5685 142.8706 110.2419

Y2026 80.91442 139.53457 106.13907 12.26888
Y2027 76.26034 136.19851 102.03625

Y2028 71.60626 132.86244 97.93342

Y2029 66.95218 129.52637 93.83060

Y2030 62.29810 126.19031 89.72778 142.14800 10.34032
Y2031 61.07923 124.61293 88.60619

Y2032 59.86035 123.03555 87.48459

Y2033 58.64148 121.45817 86.36299

Y2034 57.42260 119.88079 85.24139

Y2035 56.20372 118.30341 84.11980

Y2036 54.98485 116.72604 82.99820

Y2037 53.76597 115.14866 81.87660

Y2038 52.5471 113.5713 80.7550

Y2039 51.32822 111.99390 79.63341

Y2040 50.10934 110.41652 78.51181 134.20600

Y2041 48.89047 108.83914 77.39021

Y2042 47.67159 107.26176 76.26862

Y2043 46.45272 105.68438 75.14702

Y2044 45.23384 104.10700 74.02542

Y2045 44.014964 102.529626 72.903824 8.842618
Y2046  42.79609 100.95225 71.78223

Y2047 41.57721 99.37487 70.66063

Y2048 40.35834  97.79749 69.53903

Y2049 39.13946  96.22011 68.41743

Y2050 37.92058  94.64273 67.29584 128.25000





