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SCOPE POLICY BACKGROUND

11% Elcctr cnty

9,000,000

23%  Industrial 8,000,000

5% Elect cty ,000,
: 7,000,000
L 9% - Agriculture 6,000,000
& Forestry 5,000,000 A

4,000,000

6 - Commercial 3,000,000

California ZEV population

2,000,000
1,000,000

A

8 - Residential
0
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
38% - Transportation
= CEC IEPR Mid =—CARB MSS == Califomnia 2025 and 2030 goals

369.2 MMT CO,e
2020 TOTAL CA EMISSIONS

 Executive order B-48-18 Jan 2018

« California leading innovator in energy policy 1.5 million ZEVs on California’s roadways by 2025 and
5 million by 2030

« Senate Bill 100 (DeLeon) 2018
Mandates 60% of Renewable Portfolio Standard by

» Transportation resposible for 38% GHG emissions

* Implementing clean transportation policies crucial

2030 and 100% by 2045
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33,000 .
kw Load profiles SG&E February 21st 2023
1.200.000
28.000
1.000.000
23,000 * 800.000
2 600.000
\______________.—-—'—
18.000 400.000 J
"""" —— U
___-"-—.-_“—-_--—-
..... 200.000
3% N
3-hour average ramp 0
~11,639MW 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
-200.000
8.000
0 1 2 3 B 5 8 7 8 e 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 -400.000
— Agriculture  =——Lrg Com/Ind Med Com/Ind
~ Hour-ahead forecast ® Demand Day-ahead net forecast ® Net demand Residential Schedule A6 Small Com
WHY NOT USE BEVs TO REDUCE THE RESIDENTIAL LOAD?
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MODEL ACCOMPLISHMENT

.
* Functional V2G model for the
. . - 1:
evaluation of the viability of V2G
oo of household Energy discharged per EV 13T Wh
Battery size 88 KVh
5 battery withdrawn 6%
.
Circuit 41 load profile - 10% peak load decrease
Energy
o | wriese | A | oo nome oevavatanes| S0 | oschrpe e | avsenava | etk Lot fanchaml oy
per hour -
1 241 K 26%| 7842 ki 55%| 437 BEVs 0.00 7842 ki 9000 kWh
5692 kh 22% €930 kWin| 5% 425 BE) £330 kWh = [}
5338 KWh 18%| @352 kh| 100%| 440 BE 6352 kWh 8000 kwh
5150 kih 15%) 5955 i) 100%| 441 BE\ 5552 dWh //
5108 Kih 13%) 5768 kih| 99%| 437 BE) 5768 KiVh 7000 kWh
5035 KWh 2% 5703 kWi E 22 BE\ 5703 KW
T 5315 awh 11%) 5889 i) 7% 353 BEVs .00 5855 ih 6000 kwh
) Kiih E 5862 i B 300 BEVs 0.00 5362 KWh . .
) 5758 wh 55%| 8034 KWh| 51%| 228 BEV3| 0.00 803 kh 5000 kWh
6402 KW 2% 519 ki 523 157 BE) 5512 kiWh
7151 kh 3| 917 ki 35%| 166 BE\ 517 dWh 2000 KWh
7420 kh 7%| 910 ) 35%| 154 BE\ 910 kWh
7654 kiWh 7%) 177 K 33%| 744 BE\ 177 Kivh ,
7788 K 5% 400 KW 235 125 BE\ 400 KWh 3000 fawh
15 8027 awh 1) s 7e7iwn 283 122 BEVs .00 771 awn ,
16 8110 kh 25| 8312 i 32%| 744 BEVs 0.00 3312 kW 2000 kWh
17 3351 kh 55%| 8827 4 283 203 BEV3| 318 ) 024 8510 kWh ) 18]
708 Kivh 5% 9432 kWi 68%| 302 BE 921 KWh 41| 510 ki 0% 1 1000 kWh
615 ki 0% 5450 KW B 360 BE\ 545 kWi ] 3510 kWh 0% o
477 ik 10%) 3313 i) T 357 BEVs] 503 i) 22) 5510 dWh 5% 1 0 kWh
169 Kivh 2% 9187 K B 202 BE\ €77 ki 28 3510 kih ) 7 0 F) 8 12 16 20 2
TE88 K 6% 5257 i B 412 BE\ 747 ki 25 3510 kih 8% 5
23 7521 WWh 18% 8867 kih| 96%| 422 BEV3| 357 KWh| 0.13] 8510 kWh 4% 0.8 —2022load ——2030 Load 2030 load / V26
24 €306 Kh 22% 8420 K0V E 422 BEVs 0.00] 8220 kWh
Sensitivity analysis - MAX DISCHARGE RULE Sensitivity analysis - % Battery withdrawn
Change in peak load Change in peak Ioad increase l | I P l ' |
o 5 10% 15% 2 % 0% o | sw | 10w 15% | 2o% [ 25w [ 0% % | e0%
224 = 257 523 = 5.57 | T [ 16% 6% | ik | 8% | 9% | 20% | 21w [ 2% [ 24% | 25%
141 1 .52 158 1 1.86
035 0 091 (S 0 11
chane te | om | t& | 0w | i7s L F—————
vae 038 040 [X7] (XS (X 0 [XE] 051 Change in VZG %
033 034 S EE3 K3 040 04z a3 Gow [ 1ew | Zew [ 2ew | eow | 55w | % | 55%
0.28 0.28 0.20 032 0.33 0.35 0.38 0.37 169 TA0% | &r% |  28% | 20% | 1e% | 13% | [ o | &=
028 028 037 028 025 [E] 031 032 033
.
=== = e O
= = o Batterv withdrawn
[oar sov [ saw T eww | 7w T eew T eww [ qoww | 11w [z [ 6% 0% | 5w | 10w T T m 40%
| 0.5% 7.63 | | 5.09 || 381 | 339 | 3.05 | 277 | 254 | 0.5% 140% | 149% | 159% | 170% | 181% | 192% | 203% | 214% | 225%

» Discharge rule
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MODEL

' ' |

Input data Equations Output

: l

1.Hourly load profile 2022

. ; L 1. Discharge
2.Circuit's customers distribution rule 9
3.Circuit's capacity 2. Battery %
4. Threshold parameter withdrawn

5.2022-2030 hourly load increase
6.Load increase parameter

7.Car home status

8.Battery size pack 2030
9.Discharge efficiency

10.V2G availabilty

@., I E E E l‘s%
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2022 Daily load profiles
10000 kwh
9000 kWh
[ Input data 2000 kWh
4 7000 kWh
6000 kWh
1.Hourly load profile 2022 5000 _ /\\

2.Circuit's customers distribution
o . 4000 kWh
3.Circuit's capacity —
esidentia 4260 87% 787  83% 3772  97% 1879  96% 3199  98%

4.Threshold parameter 3000 kwh customers
5.2022-2030 hourly load increase 2000 kWh \——/\/// Commerclal ' oo4 13% 165 17% 80 2% 81 4% 67 2%

customers

E- Lﬂﬂﬂ |nﬂrﬂa$e PafamET.E'I" 1000 kWh Industrial

TI Car hgme status o customers 1 0% 1 0% 25 1% 5 0% 7 0%
8.Battery size pack 2030 0 . . 5 . :zzflmers 4885 100% 953 100% 3877 100% 1965 100% 3273  100%
9.0isc hargEIEﬁlFIEHC}F Circuit 445 Load (kwh) 2022 = Circuit 278 Load (kWh) 2022

10.vVaG a"u"a”abm)' Circuit 1266 Load (kwh) 2022 Circuit 320 Load (kwh) 2022

Circuit 41 Load (kwh) 2022

Forecast demand 8708 kW 2890 kWh 6217 kWh 5604 kWh 6095 kWh
Facility loading 84% 26% 50% 45% 49%
Circuit capacity 10369 kw 11115 kw 12434 kW 12454 kW 12439 kw
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)\ = A
ENERGY COMMISSION
—

1 25.66%

2 21.76%

[ Input data ORAFT H v Load Profil 3 17.88%

ourly Load Profile a 14.98%

4 6000 MW 5 12.97%

[ 12.06%

- 5000 MW 7 10.72%

1. Ht_:uurl:.r load profile ED_EE_ _ 3 7.01%

2.Circuit's customers distribution 24000 MW 9 4.81%

3.Circuit’s capacity i: 1323’;9;
4, Threshold parameter =

. 3000 MW 12 -6.87%

5.2022-2030 hDUFlY load increase 13 6.71%

6-LGacincrease parameter 14 -5.00%

2000 MW y

7.Car home status " ys0%

8. E!gﬂery size pla,:k 2030 1000 MW = R

9.Discharge efficiency 18 8.31%

10.v2G availabil 19 9.72%

[F 0 MW 20 9.87%

0 4 8 12 16 20 24 21 12.46%

—e—2022 —8—2023 —e—2024 2025 —e—2026 —— 2027 —e—2028 —e— 2029 —e—2030 22 15.89%

23 17.89%

24 21.92%
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90%

EVs home status

B0%

- « Provided by the US Federal

50%

[ Input data - | ‘ ‘ ‘ | | | | ‘ Highway Administration

20%
4 10%
0%
1.Hourly load profile 2022
2.Circuit’s customers distribution
3.Circuit’s capacity
4. Threshold parameter

5.2022-2030 hourly load increase
6.Load increase parameter

7.Car home status
9.Discharge efficiency e 2030 CEC EVs estimations

o 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 1B 19 20 21 22 23

4260 23 9798 cars 14 9% 1460 BEVs

10.V2G availabilty 1460 BEVs 30% 441 BEVs 4.5%
e 2030 VZG C h arg e rS Sensitivity analysis - % Battery withdrawn (0% Load increase)
Change in V2G %
. 0.5% 1.5% 2.5% 3.5% 4.5% 5.5% 6.5% 7.5% 8.5%
assum ptl on 140% 47% 28% 20% 16% 13% 11% 9% 8%
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EQUATIONS

Fixed increase, = Assumed increase, = (1 + Load increase)

2030 Load, = 2022 Load; * (1 + Fixed increase)

BEV available, = BEV V2G 2030 = % cars home status,

2030 load V2G, = 2030 load, if 2030 load, < Circuit capacity = Threshold
2030 load V2G, = Circuit capacity * Threshold  if 2030 load, = Circuit capacity = Threshold

Energy discharged. = 2030 Load; — 2030 Load V2(,

Peak load decrease, = 2030 Lﬂm;:];ulfjgdi.md V26, OUTPUTS
r

Energy discharged, V2G charger load factor
BEV availables, + Max power discharge

Discharge rule, =

3 24 Energy discharged per BEV per hour
% battery withdrawn = Li= Energy et 4 L

Battery siza

Avg % discharged
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Circuit 41 load profile (kWh) - 10% peak load decrease
1 6241 kwh 26% 26% 78azkwh = 99% = 437 BEVs 0.00 7842 kwh 10000
2 5692 kwh 22% 22% 6930kwh | 99% | 438 BEVs 0.00 6930 kwh
3 5388 kWwh 18% 18% 6352kwWh = 100% =440 BEVs 0.00 6352 kWh 9000
1 5180 kwh 15% 15% 5956 kWh | 100% | 441 BEVs 0.00 5556 kwh 2000
5 5106 kwh 13% 13% 5768 kwWh | 99% | 437 BEVs 0.00 5768 kwh
6 5089 kwh 12% 12% 5702 kWh | 96% | 422 BEVs 0.00 5703 kwh 7000
7 5319 kwh 11% 11% sgo0kWh | B87% | 383 BEVs 0.00 5889 kWwh
& 5432 kwh 8% 8% 5862 kWh | 68% | 300 BEVs 0.00 5862 kwh 6000
9 5758 kwh 5% 5% 6034kwh | 51% | 225BEVs 0.00 6034 kwh
10 5402 kWh 2% 2% 6519kwh | 42% | 187 BEVs 0.00 6519 kwh 5000
11 7151 kwh 3% 3% 6917kwh = 38% 166 BEVs 0.00 6917 kwh
12 7420 kwh % 7% 6910kwh | 35% | 154 BEVs 0.00 6910 kwh 4000
13 7694 kwh 7% T% 7177kwh | 33% @ 144 BEVs 0.00 7177 kWh
14 7789 kwh -5% -5% 7400kwh | 28% | 125BEVs 0.00 7400 kwh 3000
15 8027 kWwh 1% 1% 7971kwh = 28% @ 122 BEVs 0.00 7971 kwh
16 8110 kWh 3% 2% 8313kWh | 33% | 144 BEVs 0.00 8312 kWh 2000
17 8391 kWh 5% 5% 8827kWh | 46% | 203BEVs 316 kWh 024 8510 kWh a% 16 kWh
18 8708 kwh 8% 8% 9432kwh | 68% | 302BEVs  921kwh 0.47 8510 kwh 10% 3.1kwh 1000
19 8619 kWh 10% 10% 9456 kwh | 82% | 360BEVs 946 kWh 0.41 8510 kwh 10% 2.6 kwh
20 8477 kwh 10% 10% 9313kwh | B8% | 387BEVs | 803 kwh 0.32 8510 kwh % 2.1kwh 0
21 8169 kWh 12% 12% 9187kwh = 91% | 402BEVs 677 kWh 0.26 8510 kWh % 17 kwh 0 4 8 12 16 20 24
22 7988 kWwh 16% 16% 9257kwh | 94% | 412BEVs 747 kwh 0.28 8510 kWh 5% 1.8 kwh
23 7521 kwh 18% 18% 8867kWh | 96% | 422BEVs 357 kWh 0.13 8510 kwh a% 0.8 kwh
24 6906 kwh 22% 22% 8420kwh | 98% | 432 BEVs 0.00 8420 kwh w2022 load  ====2030Lload ==e=2030load/V2G
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4. CASES OF STUDY & RESULTS E‘}CE%

CASE 1: 10% PEAK LOAD DECREASE Circuit 445 load profile - 10% peak load decrease
) 3500 kWh
3000 kWh
Circuit 41 load profile - 10% peak load decrease 2500 kwh
10000 kWh
2000 kWh
9000 kWh
8000 kWh 1500 kWh
7000 kWh
1000 kWh
6000 kWh
5000 kWh 500 kWh
4000 kWh
0 kWh
3000 kWh 0 4 8 12 16 20 24
2022 Load ====2030 Load ==#=2030 load /V2G
2000 kWh
oo | Craital  Creitass  Grouit27s  Creuit 1266 Cirewit 320
0 kWh Residential consumers 4260 787 3772 1879 3199
0 4 8 12 16 20 24 Comercial consumers 624 165 80 81 67
2022 Load ====2030load =#=2030load/V2G :
Industrial consumers 1 1 25 5 7
% residential 87% 83% 97% 96% 98%
Facility loading 84% 25% 50% 45% 49%
Any peak load decrease value Max load/consumer 20kwh 3.7 kwh 1.6 kwh 3.0kwh 13 kwh
can be chosen. Max peak load decrease 10% 10% 10% 10% 10%
Thershold required 0.82 R i ol S 0.49 0.44 051
Max discharge rule 0.47 066 | 031 0.60 0.35
Battery % discharged 6% 1% Loasw o |
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Circuit 41 load profile - 15% peak load decrease CASE 2: PEAK LOAD DECREASE MAXIMIZED
10000 kWh
9000 kWh
8000 kWh o )
Circuit 445 load profile - 14% peak load decrease
7000 kWh 3500 kWh
6000 kWh
3000 kWh
5000 kWh
4000 kwh 2500 kWh
3000 kWh
2000 kWh 2000 kwh
1000 kwh 1500 kwh
0 kWh
0 4 8 12 16 20 24 1000 kWh
e====7022 load e====2030load ==#=2030 load/V2G
500 kWh
0 kWh
0 4 8 12 16 20 24
Residential consumers 4260 787 3772 1879 3199 o022 Load ====2030lLoad ==#==2030 load/V2G
Comercial consumer 624 165 80 81 67
Industrial consumer 1 1 25 5 7
% residential 87% 83% 97% 96% 98%
Facility loading 2022 84% 25% 50% 45% 49%
Max load/consumer 2.0 kWh 3.7 kWh 1.6 kWh 3.0 kwh 1.9 kWh
Power discharge 7.2 kW 7.2 kW 7.2 kW 7.2 kW 7.2 kW
0, 0, 0, 0, 0,
Max peak load ::Iecrease 15% 14% 22% 16% 21% Battery withdrawn < 30% ) o
Thershold required 0.77 0.26 0.43 0.41 0.45 . Determine the limits of the technology
. Discharge rule < 1
Max discharge rule 0.71 0.89 0.66 0.96 0.72
Battery % discharged 30% 30% 30% 30% 30%
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4. CASES OF STUDY & RESU

LTS

CASE 1: 10% PEAK LOAD DECREASE

Circuit 41 Circuit 445  Circuit 278 Circuit 1266 Circuit 320
Residential consumers 4260 787 3772 1879 3199
Comercial consumers 624 165 B0 81 67
Industrial consumers 1 1 25 5 7
% residential 87% 83% 7% 96% 98%
Facility loading 84% 25% 50% 45%; 49%
Max load fconsumer 2.0kwh 3.7 kWh 1.6 kWh 3.0 kWh 1.9 kWh
Max peak load decrease 10% 10% 10% 10% 10%
Thershold required 0.82 R o Ty A 0.49 0.44 0.51
Max discharge rule 047 066 | 031 0.60 0.35
Battery % discharged 6% 1% "I_ ok | 15% L Tew |

: fResidentiaIdistribution% ‘ t‘;.\

17 Circuiits 278 & 320 03 Circiits 41 & 445

e Circuits 41 & 445 similar residential % and
battery depletion

Highest discharge rule for Circuit 445
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CASE 2: PEAK LOAD DECREASE MAXIMIZED

Circuit 41 Circuit 445  Circuit 278  Circuit 1266  Circuit 320

Residential consumers 4260 787 3772 1879 3199
Comercial consumer 624 165 80 81 67
Industrial consumer 1 1 25 5 7

% residential 87% 83% 97% 96% 98%
Facility loading 2022 84% 25% 50% 45% 49%
Max load/consumer 2.0 kWh 3.7 kWh 1.6 kwh 3.0 kWh 1.9 kWh
Power discharge 7.2 kW 7.2 kW 7.2 kW 7.2 kW 7.2 kW
Max peak load decrease 15% 14% 22% 16% 21%
Thershold required 0.77 0.26 0.43 0.41 0.45
Max discharge rule 0.71 0.89 0.66 0.96 0.72

Battery % discharged 30% 30% 30% 30% 30%

Peak load decrease values varying from 14-
22%.

% Battery withdrawn constrain reached
Peak load decrease in 445 minimum: V2G

challenge

15/18
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CASE 1: 10% PEAK LOAD DECREASE CASE 2: PEAK LOAD DECREASE MAXIMIZED
Sensitivity analysis - Max discharge rule Sensitivity analysis - Max discharge rule
Initial Change in power discharge Initial Change in power discharge
0.47 4kw | SkWw | 6kwW | 7kWw | 8kW | 9kw 10 kw 11 kw 12 kw 0.71 4kW | SkW | 6 kW | 7kW | 8kW | 9kW 10 kW 11 kW 12 kW
0.5% 7.63 6.10 5.09 4.36 3.81 3.39 3.05 2.77 2.54 0.5% | 11.56 | 9.25 7.71 6.61 5.78 5.14 4.63 421 3.85
1.5% 2.54 2.03 1.70 1.45 1.27 1.13 1.02 0.92 0.85 1.5% 3.85 3.08 2.57 2.20 1.93 1.71 1.54 1.40 1.28
2.5% 1.53 1.22 1.02 0.87 0.76 0.68 0.61 0.55 0.51 2.5% 2.31 1.85 1.54 1.32 1.16 1.03 0.93 0.84 0.77
Change| 3.5% | 1.09 | 087 | 073 | 0.62 | 054 | 048 | 0.44 0.40 0.36 Change | 3.5% | 1.65 | 132 | 1.10 | 0.94 | 083 | 0.73 | 0.66 0.60 0.55
inV2G | 45% | 085 | 068 | 057 | 0.47 | 042 | 038 0.34 0.31 0.28 inv2G | a5% | 1.28 | 103 | 086 | 071 | 064 | 057 0.51 0.47 0.43
% | 55% | 069 | 055 | 046 | 040 | 035 | 031 | 0.28 0.25 0.23 % | 55% | 105 | 084 | 070 | 060 | 053 | 047 | 042 0.38 0.35
6.5% | 0.59 | 047 | 039 | 034 | 029 | 0.26 0.23 0.21 0.20 6.5% | 0.89 | 071 | 0.59 | 0.51 | 0.44 | 0.40 0.36 0.32 0.30
J.5% | 051 | 041 | 034 | 029 | 025 | 023 | 0.20 0.18 0.17 7.5% | 077 | 062 | 051 | 0.44 | 039 | 034 | 031 0.28 0.26
85% | 045 | 036 | 030 | 026 | 022 | 020 | 0.8 0.16 0.15 85% | 068 | 054 | 045 | 039 | 034 | 030 [ 027 0.25 0.23
Sensitivity analysis - % Battery withdrawn Sensitivity analysis - % Battery withdrawn
Initial Change in load increase Initial Change in load increase
16% 0% 5% 10% 15% 20% 25% 0% 35% 405 30% 0% 5% 10% 15% 20% 25% 30% 35% 40%
0.5% 140% | 149% | 159% | 170% | 1819% | 1929% | 203% | 214% | 225% 0.5% 270% | 282% | 293% | 306% | 320% | 333% | 347% | 360% | 374%
1.5% 47% | 50% | 53% | 57% | 60% | 64% | 68% | 71% | 75% 1.5% 90% | 94% | 98% | 102% | 107% | 111% | 116% | 120% | 125%
2.5% 28% | 30% | 32% | 34% | 36% | 38% | 41% | 43% | 45% 2.5% 54% | 56% | 59% | 61% | 64% | 67% | 69% | 72% | 75%
Change | 3.5% 20% | 21% | 23% | 24% | 26% | 27% | 29% | 31% | 32% Change | 3.5% 30% | 40% | 42% | 44% | 46% | 48% | 50% | 51% | 53%
in V26 4.5% 16% | 17% | 18% | 19% | 20% | 21% | 23% | 24% | 25% in V26 4.5% 30% | 31% | 33% | 34% | 36% | 37% | 39% | 40% | 42%
% 5.5% 13% | 14% | 14% | 15% | 16% | 17% | 18% | 19% | 20% % 5.5% 5% | 26% | 27% | 28% | 20% | 30% | 32% | 33% | 34%
6.5% 12% | 11% | 12% | 13% | 14% | 15% | 16% | 16% | 17% 6.5% 21% | 22% | 23% | 24% | 25% | 26% | 27% | 28% | 29%
7.5% 9% | 10% | 11% | 11% | 12% | 13% | 14% | 14% | 15% 7.5% 18% | 19% | 20% | 20% | 21% | 22% | 23% | 24% | 25%
8.5% 8% | 9% [ 9% | 10% | 11% [ 11% | 12% | 13% [ 13% 8.5% 16% | 17% | 17% | 18% | 19% | 20% | 20% | 21% | 22%
Sensitivity analysis - % Battery withdrawn (0% Load increase) Sensitivity analysis - % Battery withdrawn (0% load increase)
Change in V2G %
0.5% 1.5% 2.5% 3.5% 4.5% 5.5% 6.5% 7.5% 8.5% Change in V2G %
140% 47% 28% 20% 16% 13% 11% 9% 8% 0.5% 15% | 2.5% 3.5% | 4.5% 5.5% 6.5% | 7.5% | 8.5%
270% 90% 54% 39% 30% 25% 21% 18% 16%
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* Proved that Bidirectional EVs can substitute grid upgrades

 Significant contribution to the field of sustainable energy and transportation

* Versatile model that empowers users to study and evaluate the viability of V2G scenarios

« Study how the characteristic of distribution lines affect the V2G simulation

* Analyze the implications on EVs and V2G chargers while discharging energy to the grid
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