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Abstract — The break-even capital cost for a generic battery energy storage system (BESS) participating in the CAISO day-ahead energy and ancillary services market was obtained and
analyzed for 2,065 nodes over a five year period (2018-2022).

Revenue optimization formulation: The break-even cost formulation for each node:

where | | The break-even capital cost for each node Is
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System parameters and case studies: . '
y P Average yearly revenue for 2,065 CAISO nodes for the period Arbltrage
2018-2022 (thousands of dollars.)
Value Parameter Break-even capital cost statistics for different values of IRR. Project
: : lifeti f15 , and I th at 0, 3, and 6%.
1 Pmam, maximum pOW@f ratmg (MW) Iiretime o years, and average annual revenue growin a an 0
4 S, maximum state of charge (MWh)
] g¢ maximum quantity that can be $240.0Kyean Rev IRR (%)
bought/recharged in a period ¢ (MWh) Growth | $/kWh 2.5 5 7.5 10
1 g” maximum quantity that can be R rye mean 185 160 140 || 123
SOId/dlSCharged 1n a perlOd t (MWh) 1 $220.0K/year 0 % median (]2 157 (37 (21
1.0 Vs, Storage efficiency (fraction) | $210.0Kiyea std. dev. 24 1 8 16
0.85 Ye, conversion efficiency (fractlon) | | 420000 mean 22 11 193 || 167 || 145
0.25 Yrd» regulation down efficiency (fraction) 3 9 median 799 100 164 142
. : . 1 $190.0K/year T ' B
0.25 Yru, Tegulation up efficiency (fraction) std. dev. 20 25 1 19
1 At (hours) pre0.ofyes mean 279 236 201 172
$170.0Kyear 6 % median 275 || 232 197 169
IRR = 2.5%, 5%, 7.5%, 10% | 26 20 . .
Annual revenue growth rates (g) = 0%, 3%, 6% $160.0KCyear std. dev. || 56 : =0 -
Project lifetimes (T) = 10 and 15 years
k=2%
Arbitrage and frequency regulation Arbitrage, frequency regulation, -
.- 7 onclusion:
Break-even capital cost statistics for different values of IRR. Sp|nn|ng, and nOn'Splnnlng reserves
Prgjeé:t "fstgoje of 15 years, and average annual revenue growth Break-even capital cost statistics for different values of IRR. In previous work we reported that, when using only
at 0, 3, and 6%. Project Iif%time of 15 years, and average annual revenue growth at arbitrage as a source of revenue, the capital cost for a
0,3, and 6%. BESS had to be reduced by 80% in order for the storage
Rov IRR (%) Rev IRR (%) system to be profitable.
Growth | $/kWh || 25 || 5 7.5 || 10 Growth | $/kWh 2.5 S 7.5 ) 10 In this study we show that when adding ancillary
mean 416 361 315 277 mean 421 364 318 280 SAAABE (frequen)C)t/ regbl_JtIatlon, >pinning, an% n%rll-
: _ : | - spinning reserves) 1o arpitrage, we See a Consideranie
f-'-"'.l , ! 'j 377 '{"f-_. E i "-.-.' - - -
0 % median 412 357 311 274 0 % median 417 361 315 277 increase in revenue (depending on annual revenue
std. dev. 13 [ 10 8 std. dev. 13 [ 1 10 8 growth and IRR.)
mean 509 435 375 326 ; iV 2o :
. | ' | mea 15 1440 379 1 330 Considering the current capital cost of $493/kWh, we
3 Y% median || 504 | 431 || 371 || 323 3 % median 510 || 436 || 376 || 327 see that by adding ancillary services to the BESS
std. dev. 15 [2 [ 10 std. dev. 6 13 1 10 revenue formulation, this cost can be reduced between
; — = = 13 — _ 43% to 15% and In some cases the revenue Is even
mean 629 || 531 || 452 | 388 mean 636 || 537 || 457 || 392 higher than this capital cost, making the BESS
6 % | median || 622 || 525 | 447 || 384 6% | median || 630 | 531 || 452 || 388 | Profitable.
std. dev. 19 16 14 [2 std. dev. 10 16 14 12
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