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A study on the strategic plan for electric vehicle charging infrastructure towards
carbon—neutrality in transportation sector
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GWhZ d&sigom A7|gEx 656GWh, AZ7IEiA] 292.6GWh, H7|5-8xt
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o]+ A A RYof| L A A4 (National Renewable Energy Laboratory, ©]5F NREL)
= 203097HA] bl= A 7]A} 3,300%F ti~4,200% tf AJu2] 2 ofo] H a3t FHlzet
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14) HEH 2(2022), E-mobility Q&0 M2 MR- - MR K] &Y IS M2 AT, oL XS,
15) NREL(2023), The 2030 National Charging Network: Esitmating U.S. Light-Duty Demand for
Electric Vehicle Charging Infrastructure ELH &
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712 710wt S-- 85 FAshL SAJAL {FFE W] RS dSsk=d &

o 1 (2025) | evipro 2 2030)

Zero emission vehicles 1.5M 5.0M
Charging Behavior Objective Maximize eVMT Mirror observed behavior
PHEV/BEV Split 45%/55% 32%/68%
Avg BEV Range 210 miles 280 miles
PEVs w/ home charging 92% 82%
Infrastructure utilization Assumed Observed
Long-distance travel No Simulated (EVI-RoadTrip)*
Transportation network companies  No Simulated (UC Davis” WIRED)*
Medium/heavy-duty vehicles No Simulated (LBNL's HEVI-LOAD)*
*To be shown in subsequent pr fons
2030 Infrastructure CA Public L2 Plugs
Estimates (5M PEVs) g 2050
% 350
= 300
| Preliminary values. Subject to review. ‘ Plug Lower Plug Upper 250 225
Bound Bound z :
200 H ——
While-at-home  Single Family 3,461,285 3,807,413 150 ;
(L1 +1L2) 00 2020 - —— Historical
T o= —-+ EVI-Pro 1
Apartments (L2) 150,144 300,289 50 R o2
=t
While-at-work  Level 2 178,954 357,907 00 1.0 20 30 40 50 6.0
While-in-public Level 2 206,671 413,341 CA PEV Fleet, millions
beFC 28,924 43,386 CA DCFC Plugs
50
Total (w/o Single Family) 564,693 1,114,923 g s 2030
2 a0 i
= 82% of PEVs w/ residential access = i;
= PEV share by residence type 25 . — T
* Single family detached = 77% Key Assumptions 20 3 T
*+ Single family attached = 8% 1 - : = —e— Historical
+ Apartments = 15% l? o z;o_ - E::::::
- Non-residential EVSE utilization U
* Level 2 (workplace, public) = 1-2 events/plug/day 10 20 30 40 50 6.0
+ DCFC = 6-9 events/plug/day CA PEV Fleet, millions

[23 2-2] NREL ™M7|x} SHQIz2} MY 2 0|E =+ EVI-Pro
Xt2: Wood et al. (2020), Electric Vehicle Infrastructure Projection Tool $HEXl=

Z| NREL2 341 e} 5 A of) ARgShe R A 37 &3 f-3of wet
EVI-pro, EVI-RoadTrip, EVI-OnDemand®] /\ﬂ 7HA] REl & AlEs}st Tt EVI-pro
= 584 AR A AL F APYst7] gt B4 =0, EVI-RoadTrip< 1L
&g A E9)of a5t 2HQuet F1E d|&5tal, EVI-OnDemand+ $H<}
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National Charging Network Supporting
. 33 Million Light-Duty PEVs by 2030

TheBranches: = i e e - :
Public Destination Charging . 1,067,000 port
right speeding® for nelghborhood ?.‘?Iﬁ';'l'l.:'l- r‘\‘-,-.-n.!-“. =
office, retall
The Trunk: - 182,000 porte
Public Fast Charging 399 oo the
cormdor and community Public Network ) national investment
Private Metwork
The Roots: ' .
Private Charging 26,762,000 pons
single family, multifamily, workplace

T 52% of the
\k national investment
N

The 2030 National Charging Me anch team created a new conceptual model to guide planning for a national EV charging network,

[23 2-3] 0= NREL 20301 SHQIx2}t TR {12 APY At

Xt=2: NREL(2023), The 2030 National Charging Network: Esitmating U.S. Light-Duty Demand for Electric Vehicle
Charging Infrastructure
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ACEA)= 2022¢ A AYs to= 3t A n AZS AFsHRH o17]A
+ A4 3o gt 7|2 o E A 83 SA7] Rt AR A R, AT
I Aol A Al o] AAIRE. wehA ARsAF AFA T o v A] B dE A= 1Y
o oy x| BEA+= Wind Europe, SolarPower Europe, Eurelectric 5°] &
o et

2 A= 20309714 A7)A¢
HEAMYSH 1 AT A3 SHI = 0303177}7(] A71x

il
Zagt Aoz ASHAT. A47|M 58 S47]= 6831t 7], vl 58 S47]

3,6434t 7]
£ 2,960 712 A4 =]o] Qltt.

Al FAQQ T 29 F 49 %3419 7|7 PR3, o] F 38 FAV =71
ot 7], vl3-8 SA7)= 1705 7] D Q3 AR &t P X0 A Ege &
278 43 7]17F R E, 3-8 S537] 4% 43 719} v -& $417] 234 7|7+ D]tk
HAE SR E8 FRE F 5% 63 7|7F 87H, o]F 3-8 FH7]= 47 7]
H3-8 5471

i e
n
e "
[\
20
N,
N
i)
fo
ot
Py
lo
Hu
2
mﬁ
i
o

SAJNIE AR AFITHS Ao ASE R e Ao A 4
of o] gA} AlES FE5l . (user segment), ST

= [e)
Had 24592 A8t o v (location), ZH F4H 7] A

ule)
o g ©
-4
2
>,

24
1o
o
ﬁ
2 oy

d 79 A2t S
3= HESI(charging technology) & 471 7#52E AFgstth. v [ 2-4]
£ 0] S TAIPSA HojEt

16) ACEA(2022), European EV Charging Infrastructure Masterplan EL2 X4



R23 M 58 U o

o X

o

AL HE 37

Exhibit 2: User segments, charging location, and technology for passenger cars
(same view available for buses and trucks as well as LVCs in the appendix)

Value in thousands of charging points EU-27 — demand-driving-orientad pathway
User Charging
sagment Location technology
E-taxi driver Flestnue
1,196
Poualfi-family
home:
T. 609
E-rental car AC slow L2
driver 422 kw
219 Pulbslic fast — R
highway
167
Corporate car EV
AW Public fast =
2,651 """'j%'f“”’"
1
Publio DC 150 kw
overnight .
2,333 e
Private EV
DWTHET! BCCESS 10 .
public chargirg Retail and
anly destination DC 25 kw
. {ingl. public 474
29,077 garages)
3,845
DC 350 kw
Singl 172
Private EV nm: e
owner: access o —
wark changing =Ly
1083 — DE 50 kow
- 279
Private EV
owner: access to Work
home charging 845

021

Source: EU EV Charging Masienplan

[13 2-4] 93 ACEA 2030'd A&z} MOl TR 2 APY AL
XtE: ACEA(2022), European EV Charging Infrastructure Masterplan

T AT AR HES &0 SN R E APFSHaT. 218U AEAE 5
719 A5 otd] 54 71&ol tiet =3P A SU= ARIste] A SATA
CCS(Combined Charging System)2} MCS(Megawatt Charging System)”} &%
SA71& AU 9t MCS S4 Alue] 2 271 Rbe & AASIT. 1 Ak (17 2-5]9F
o] MCS 7 A8 B85 5471 757} o ZotAl= A o2 YEbt
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Study on the Strategic Plan for Electric Vehicle Charging Infrastructure towards Carbon-Neutrality in Transportation Sector

Exhibit 49: User segments, charging location and charging power for CVs, trucks and buses,
assuming balanced CCS and MCS public chargers

User Charging
segment Location technology

Fleet hub
Long-haul trucks
165 287

Municipal buses

25
Public fast - DG 100 Kk
Regional buses highway o
v 40

Regional trucks

75
Public overnight
School buses 8 DC 350 kw
14 3z
Urban trucks
i DC 500+ kw

Source: EU EV Charging Masterplan

Exhibit 50: User segments, charging location, and charging power for CVs:
trucks and buses assuming MCS fast chargers only

User Charging
segment Location technology

Fleet hub
Long-haul trucks
145 287

Municipal buses

21
Public fast — DC 100 KW
Regional buses highway oe

17 12

Regional trucks
7o

Public overnight
School buses 8 DC 500+ kw

14 12

Urban trucks
39

Source: EU EV Charging Masterplan

[ 2-5] R ACEA 20304 &8t SHolat UL {1 4Py Al
Xtz ACEA(2022), European EV Charging Infrastructure Masterplan
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= & AIE 7] AR Y2 EAGHAT Atz 2 A9 =7HLE

O

14

BRoIA A A9 2 1 SHEDEAR, DEVESD AR, 13 71E 7Hew)
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17) Bischoff and Nagel(2019), Impacts of vehicle fleet electrification in Sweden - a simulation—based
assessment of long—distance trips, pp. 1-7
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18) Ricardo Miranda Jahna etc.(2020), Methodology for Determining Charging Strategies for Urban
Private Vehicles based on Traffic Simulation Results, 170, 751-756
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Gt SHA(AC charging)¥ S5 (DC
charging) 22 EF & Sty &% A2 AF Wl g4 35471(0On-Board
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q? ELECTRIC CHARGING INFRASTRUCTURE

. COMMISSION PROPOSAL NEEDED IN REALITY
Power output

per recharging pool =1 400kW =3, 500kW

Number / power

1 x 350kW 2 x 350kW

of recharging stations

TEN-T comprehensive network | 31 Dec 2025 | 31 Dec 2030 | 31 Dec 2035

Power output
per techarging poul 21 A00KW  23,500kW
Number / power
of recharging stations 1x350kW  2x350kw 2x350kW  2xB00kW  2x1200kW
Safe and secure parking areas | 31 Dec 2025 | 31 Dec 2030 | 31 Dec2035 | 1 July 202 1 July 2035
1 x 100kW
S T T ) K KT KT KETET
Aggregated power output =600kW =1 200kW =1,600kW
Individual power output 2150kW 2150kW All 21 50kW

+ 2 x 350kW

Xt ACEA(2023), Alternative fuels infrastructure regulation heavy—duty vehicles, https://www.acea.auto/files/
fact_sheet_AFIR_heavy—-duty_vehicles.pdf (HA4Y: 2023.10.12.)
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Figure 1: Chargers Needed for Light-Duty Plug-In Electric Vehicles in 2030 and
2035

Multi-Family (L1 +L2) | 313 577

Shared Private (at work) E- 587
Public (at work) ESQZ
Other Public E-*J?S

DCFC 39['43 83

- 250 500 750 1,000 1,250 1,500 1,750 2,000 2,250
@ Chargers needed for 7.1 million PEVs in 2030
B Additional chargers needed for 15.2 million PEVs in 2035

Models project that California will need more than 1 million public and shared private chargers in
2030 to support 7.1 million plug-in electric vehicles and 2.1 million chargers in 2035 to support 15.2
million plug-in electric vehicles.

Source: CEC staff

[13 3-22] 2030'4 2| EL|O} A¥Xt ST TLQ 72
Xt&: California Energy Commission(2023), Assembly Bill 2127 Electric Vehicle Charging Infrastructure Assessment

43) California Energy Commission(2023), Assembly Bill 2127 Electric Vehicle Charging Infrastructure
Assessment, 2023.8.
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A|ZtCH Z |5t et 3
0~ 1Al 3.3% 0.5% 2.5%
1~ 2Al 1.9% 0.9% 1.3%
2 ~ 34| 1.1% 0.4% 0.9%
3~ 44| 0.6% 0.1% 0.7%
4 ~5A| 0.4% 0.3% 0.6%
5~ BA| 0.7% 0.6% 1.6%
=3 6 ~ 7Al 1.5% 3.0% 1.3%
~ 8A| 1.5% 8.7% 3.0%
8 ~ 9A| 3.3% 14.2% 4.4%
9~ 10A| 3.5% 9.8% 4.2%
10 ~ 114A] 2.4% 7.7% 4.9%
11 ~ 124 1.6% 4.0% 4.4%
A 21.8% 50.2% 29.8%
12 ~ 13A] 2.4% 6.7% 4.5%
13 ~ 14A] 2.3% 5.9% 4.9%
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RiAZ Z21. 4L T|u olm

2t AE 1St 105

AlZi 3 5 7|Et 38

18 ~ 19A| 8.8% 5.2% 7.1%

19 ~ 204 8.3% 4.8% 7.6%

20~ 21Al 8.1% 3.5% 6.0%

21 ~ 224 8.0% 2.2% 5.8%

22 ~ 23A| 19.3% 1.9% 7.7%

23 ~ 244 6.5% 1.2% 3.8%

2 78.2% 49.8% 71.2%
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_ iI-E_F o= g mEs
e | = inibni} AFAH oo [t ==
ey | B2 R A B8 98y T xa sw o=s mw
Ag N A e N NE
A& Ng | N A

OAl 1.0 1.8 1.5 0.9 0.5 0.6 0.9 1.6 1.2 1.1 1.2
1Al 0.9 1.1 1.1 0.8 0.5 1.1 0.7 1.0 1.0 1.1 1.0
2A| 0.8 0.9 0.9 0.6 0.4 0.3 0.5 1.2 0.9 0.9 0.8
3Al 0.7 0.9 0.9 0.6 0.5 0.4 0.6 1.2 0.9 0.8 0.8
4A 0.8 1.0 1.1 0.7 0.7 0.3 1.1 1.4 1.0 0.9 0.9
BA| 1.3 1.3 1.6 1.3 0.9 1.0 1.5 1.5 1.3 1.6 1.4
BAl 2.3 24 2.4 2.1 1.4 2.7 2.4 2.3 24 2.5 2.3
TA 3.2 3.1 3.2 3.0 2.1 6.9 3.5 3.6 3.2 3.4 3.2
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10A| | 6.2 5.8 5.7 6.3 6.5 6.3 6.4 6.1 59 59 6.0
1A | 6.8 6.8 6.8 7.2 7.4 9.0 7.3 6.5 6.4 6.3 6.8
12A | 7.6 7.5 7.5 8.1 8.4 9.0 8.2 7.2 7.2 7.2 7.6
13A | 7.5 7.2 7.1 8.0 8.0 6.9 7.7 6.9 7.2 7.2 7.4
14X | 7.5 7.3 7.3 8.4 8.2 6.2 7.8 7.1 7.4 7.4 7.5
15Al | 7.8 7.4 7.5 8.4 8.4 7.0 7.8 7.1 7.7 7.8 7.7
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(E 4-13) HIIHA ST AIZAZE 22

ST ARAZL MA HE 2 st = = El E &
OAl 9.3 7.0 9.5 8.7 9.5 8.8 11.8 1.1
1Al 2.3 1.1 2.4 2.2 2.5 2.1 3.5 2.4
2A] 1.1 0.4 1.2 1.1 1.3 1.1 1.9 0.9
3Al 0.5 0.1 0.5 0.5 0.6 0.5 0.8 0.2
4A 0.3 0.1 0.3 0.3 0.3 0.2 0.5 0.0
5A| 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.1
BA 1.0 0.7 0.7 0.7 0.8 0.8 1.8 2.5
7 6.8 7.1 6.9 6.9 6.9 7.0 6.1 6.8
8A| 6.3 6.7 6.1 6.3 6.3 6.2 6.3 6.9
A 7.0 7.5 7.3 7.2 7.1 7.2 5.8 6.4
104 7.3 7.7 7.8 7.8 7.6 7.5 6.0 6.2
N 5.7 5.7 5.6 6.0 5.7 55 55 6.4
12A 7.2 8.1 7.3 7.4 7.7 7.4 5.8 5.7
13A 59 6.3 5.8 6.0 5.7 5.8 59 6.2
14 5.0 5.1 4.7 4.5 4.5 4.4 6.2 6.1
15A 4.1 4.0 3.7 3.6 3.4 3.7 55 59
16A] 3.0 2.8 2.6 2.5 2.5 2.5 4.6 4.5
17A] 4.1 4.2 3.9 3.9 3.9 3.7 4.6 4.8
18A] 4.8 5.4 5.1 4.7 5.0 4.6 4.1 4.1
194 4.6 5.1 4.9 5.1 5.0 5.2 3.2 2.2
20A| 3.5 3.9 3.8 3.9 3.8 45 1.7 1.4
21 2.6 2.9 2.7 2.7 2.6 3.1 1.9 2.1
22A| 4.0 4.7 4.0 4.3 3.9 4.4 3.1 3.4
23A| 3.4 3.4 3.2 3.4 3.3 3.5 3.3 4.0
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A71H A0l F4 A1ZF SOC(%)= BiE E] &g 70%0l 4] 45k Hl€o] 31.3%= 7t
o, 1 FzE wiE g JeF 60%2} 20%H &°ltt. $H F7 SOC(%)= 100%7}
62.5%= 7P =2 Hl&Z Aokl YU}, ol A7|H A viE g o] FEott g
X Azto] HH, Hthet B2 4 okl Qs A0 E wetEch £ A0l TR
AIZEQ1 OAToll AlZbsl= H]&o] A2 9.3 G

E
] =
A A, Huigt SAdo] oA AL Qe Aes & 5 Atk

T 4-14) £HAE 52 SOC(%) 2X

ZHMAIZF SOC (%) £HMZE= SOC (%)

Ag gl =X HIE(%) Bl =X HIZ(%)
10 2,663 1.74 1.7 - - -
20 25,483 18.35 16.6 317 0.21 0.2
30 11,736 26.00 7.7 1,212 1.00 0.8
40 11,725 33.65 7.6 4,105 3.67 2.7
50 13,220 42.27 8.6 8,725 9.36 5.7
60 25,540 58.92 16.7 6,865 13.84 4.5
70 47,936 90.17 31.3 8,305 19.25 54
80 12,945 98.61 8.4 11,299 26.62 7.4
90 1,882 99.84 1.2 16,673 37.49 10.9
100 252 100.00 0.2 95,881 100.00 62.5

4 A2 SOC(%) 50%H ©1/4(50~70%tH)N Al AJZFsiA, SOC 90%H oAl E&ot=
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H 4-15) STAIE SOC(%)2 3& SOC(%) 22

A%t SOC - & SOC HIE HlE Rl
60%CH - 90%CH 38,226 24.9 24.9
10%CH — 90%CH 16,169 10.5 3b.5
70%CH — 90%CH 15,641 10.2 457
50%CH — 90%CH 14,852 9.7 55.3
60%CH - 80%CH 6,006 3.9 59.3
40%t - 90%CH 4,621 3.0 62.3
50% - 80%CH 4,252 2.8 65.0
20%CH — 90%CH 3,964 2.6 67.6
20%CH - 40%CH 3,048 2.0 69.6
30%CH - 40%CH 2,891 1.9 71.5
50%¢tH - 70%CH 2,838 1.9 73.4
60%CH — 70%CH 2,696 1.8 75.1
30% CH - 90%CH 2,294 1.5 78.2
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v A2E EEAHEET,

EH MBEHuss2a(kWh) = M7 |SHS R0 x B FHAH 2w sex(km /) = BB ms2x(km/kWh)

9 A =S Bz A7|9231 1,514 H19] 19 B+t 53432 AHY5HE 63,002
MWh7F 25, ol= 20301 1€ A3 &B]Fe oF 4%E ARttt 5841 54 9
FI} Bl ashd okEA S AHFS SEAET 38 oo A U

S W wizan(kWh) = 7SR x Bt FEH2 misem(km/H) -+ S8|msax(km/kWh)

A o A=2E BEUE A7lSdA 574 b9 1Y Ba $F= AFgsid 12,011
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(& 4-17) 20303 7|k} 2E0| MY 0|x|= &

=l MWh, MW)
T 8%t 2%t st 2]
T2 AHY 19,898 63,002 12,011 94,911
(MR AL HIE) (1.3%) (4.0%) (0.8%) (6.0%)
0Al 495 756 1,117 2,368
1A| 291 630 276 1,198
2A| 179 504 132 815
3A| 111 504 60 675
4A| 95 567 36 698
BA| 224 882 24 1,130
BA| 317 1,449 120 1,886
7A| 646 2,016 817 3,479
8A| 1,056 2,646 757 4,459
9A| 932 3,276 841 5,049
Az 10A] 869 3,780 877 5,525
EM4Q 114 664 4,284 685 5,633
(Zo =2 124 808 4,788 865 6,461
HIE) 13A] 818 4,662 709 6,188
144 843 4,725 601 6,169
15A] 890 4,851 492 6,234
16A] 958 4,788 360 6,106
174 1,169 4,347 492 6,009
18A] 1,486 3,717 577 5,780
194] 1,485 3,087 552 5,125
204 1,271 2,520 420 4,211
21A] 1,219 1,953 312 3,484
224 2,196 1,386 480 4,063
23A| 875 1,008 408 2,292
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Agent Cl|O[E{ GlA|

{person id="person_0")
{plan)
(activity type="home" link="3190-3189" x="14169357.050000" y="4366054.430000" end_time="15:25:34" />
(leg mode="car" »
{/leg>
(activity type="work" link="3460-3458" x="14170740.750000" y="4367678.400000" end_time="23:47:19" />
{leg mode="car" »
{/leg>
(activity type="home" link="3190-3189" x="14169357.050000" y="4366054.430000" /)
{/plany

{/persony

{I--232 157 —-)

{person id="person_1")
{plan)

(activity type="home" link="403-8130" x="14170230.900000" y="4366804.780000" end_time="9:40:34" /)
{leg mode="busr" )

{/legy

(activity type="work" link="9521-10005" x="14166857.920000" y="4367481.800000" end_time="13:28:35" />
(leg mode="bus" )

{/legy

(activity type="home" link="403-8130" x="14170230.900000" y="4366804.780000" />

{/plan)

{/persony

{I--61281--)

{person id="person_2")
{plan)

(activity type="home" link="4054-2803" x="14164313.160000" y="4370659.780000" end_time="12:50:58" />
{leg mode="car" »
(/legy
(activity type="work" link="7984-7986" x="14166497.250000" y="4370479.740000" end_time="21:1:33" />
{leg mode="car" »
(/legy
(activity type="nome" link="4054-2803" x="14164313.160000" y="4370659.780000" /}
{/plan)
{/persony

[33 4-10] Agent S L[ (MISA| GllA)
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Y. Network dlo|g +=

KTDBY] YIEYZ A& += EMMEC] YZE 7hs3t e & vz =i glom YES
HlolEl= A =& dolE et FAbolHZ FEH ] At} =& HlojEe =59 FF7
(ZHERoIE, Yut )9l L ro] HH Lt 50 JHE 711 Qi

(H 4-25) ..E HIO|E] 1=

@) ® 3 @ ® ® @
7= MEZ0|E LCME | XEE | YEE User | User | User | Optional
o= datal | data2 | data3 | Node Label
UsALAE (MEZ0|E) |1 ~999999 AlA AlA AlA AlA AlA XXXX
(@m,d) | SWLES) | (HD) R =)

Y3 Am= JA9 A2 B, &2 L& o], o]F /Ms%t s, T2 £7,
A 4 E28%F, VDF 39 ZEE 7M1 ot BT OoR2E car, rail,

subway, exp_rail, pedest 5°| SIt}.

H 4-26) @3 HI0|f 1=

Update|, @ @) ® @ ® ® @)

code i j Length | Modes | Type | Lanes | VDF SBGR || BECIT | BEE)

datal | data2 | data3

a Starting | Ending | Link List of Link # of VDF
Node | Node | Length | Modes | Type | Lanes |Number

Number|Number| (real) | (upto | (1to | (real) (int)
(int) (int) 30chars)| 999)

(real) | (real) | (real)

MATSIm] H=glo]8 % ot BE3} 2= HR02 FAso] gk, it PHE I
E d%} x, y 3HEE lo]El7} TAE D], KTDBY L& M5, = HH(x, y)2 12
AF8319ct WATol B B id, A% B, 7 e o], S, TR g A4 5
200 745 Seko @ TAE D], KTDBO] davlelsold g 44 ke A8stsct.
97k T2 931 44 grol Qv ol MATSimOIA 75k Thol2 4gatod Bloje]
2 7434
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o 2% $AAnz} ol 73

ZZgolg oA £4 7hset TE AL JQIG AR 2AAER 93] FA FH
7}-&7R= o] et A=of oF 34,000709] SAJ =Tt AARE MATSImS A= 2 A8k
A, ofg9] 1y x} Zo] Qe 927} GISE el 71535}t

KTDB Network H#t Zia}

{nodes)
{node id="1" x="14165638.97" y="4366954.30") {/node)
{node id="2" x="14165371.81" y="4366414.37") {/node)

t nodes init {node id="3" x="14166306.89" y="4367009.68") {/node)
a* 1 .309905.00 554098.00 00 11010 {node id="4" x="14166507.27" y="4366580.50") {/node)
a* 2 312213.00 551430.00 0 0 11020 {/nodes)
a 173997 284733.68 486626.79 0034080 ...
a 174026 290531.30 422840.11 0 0 34350 (linkscapperiod="01:00:00" effectivecellsize="7.5"
a814100 495262.41 280760.59 16 21030 8 effectivelanewidth="3.75")
a814110 500146.04 289537.09 16 21060 8 (linkid="298-305" from="298" to="305" length="517.00"
.......... freespeed="22.2" capacity="6000" permlanes="15"
tlinksinit oneway="1" modes="car,bus") {/link)
2198156 197686 0.39 cp107 327 42 936 0 (linkid="299-303" from="299" to="303" length="476.00"
a197692 199133 1.06 cp107 3 27 42 936 0 freespeed="22.2" capacity="6000" permlanes="15"
2199133 197692 1.06 cp107 327 42 936 0 oneway="1" modes="car,bus") {/link)
a197710 581242 3.26 cp107 2 27 42 936 0 (linkid="300-304" from="300" to="304" length= "20.00"
ab81242 197710 3.26 cp107 2 27 42 936 0 freespeed="22.2" capacity="4500" permlanes="15"

oneway="1" modes="car,bus")

{/link)
{/links)

45) 20|: km — m, &% km/h — m/h
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B 4-27) 7|1F 9 2N 21

a5 X SH EVEAL =2 ZZA|

HEM ER HIS (M9 114 1|3) 7.8% 12.5% 17.9%

AHYEM HR HIS (M9 114 113) 1.0% 1.0% 1.1%
S

8 S5FTHIS (K 114 1|3) 3.0% 2.5% 1.0%
PS X

HIS (Y 11A| I3) 11.6% 16.0% 20.0%
t

1R 1Y S 371 3.6 3.7¢ 3.9¢

LLEEREEED

Score Statistics

B 10 12 14 16 18 20 22 24 26 28 30 I2 24 IS IW 40 42 44 46 48 S0 52

Iteratiorn

MRS

- avg, WOrst SCore —— avg. best score avg. of plars averags soore avg. exacutacd scone

[3& 4-15] 71Z A= SFA AIE20|M 248 S8 U
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138 ;o -Aed
(E 4-28) M3 W AlLt2|R &M Zat
AlLi2|e olZet 35 & 35 o2 108 & &M sl 102 & M A8
SESS 80% 85,391 1,153,955kWh
S1 XEEH 40% 21,119 265,192kWh
(40,000cH) | zg FaEH 1597 594 12,711kWh
27 107,104 1,431,858kWh
SESS 80% 85,352 1,143,709kWh
S2 XHE 40% 21,184 269,456kWh
(40.000th) | =2 385 6867 3,455 56.898kWh
Z7 109,991 1,470,063kWh
SESS] 100% 102,727 1,183.295kWh
S3 TNEH 100% 46,060 531,294kWh
(40,000cH) | 38 I&EH 1597 228 3,397kWh
27 149,015 1,717.986kWh
Sl 100% 101,872 1,165,367kWh
sS4 THEH 100% 45,821 537,408kWh
(40,000cH) | ze FaEH 6867 1182 16,680kWh
27 148,875 1,719,455kWh
E 4-29) F2f ALi2|R ZH =L X[ H|w
H|@ X|E S1 2 s3 s4
M|SERUE SXHF7| 3.7¢ 3.64 2.7Y 2.7Y
H7|S8AH 1Y 1Y MR 3.58kWh | 3.68kWh | 4.29kWh | 4.30kWh
=8 8537 1719 1¥ 0|83+ 1.21 1.30 0.91 0.99
olf Gt & S A 260.7 251.1 211.1 187.7
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=4 S
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Abstract

A study on the strategic plan for electric vehicle charging infrastructure
towards carbon—neutrality in transportation sector

Jiyoung Park - Beomil Kim - Chansung Kim - Youngho Kim -Hyeongwoo Roh

One of the most important strategies to achieve carbon neutrality in the
transportation sector is electrification. Recently, as the speed of
commercialization of electric vehicles has accelerated, the market share of
electric vehicles in Korea has exceeded 2% of the number of total registered
vehicles. However, in order to continue to spread electric vehicles, it is
important to make efforts to increase market competitiveness of electric
vehicle and expand charging infrastructure. Korea is rated as the world's
highest in terms of public charging infrastructure supply, but the lack of
charging infrastructure is still considered an obstacle to the expansion of
electric vehicles. In a situation where most vehicles must be converted to
electric vehicles to achieve carbon neutrality in the transportation sector,
long-term national strategic research is needed to establish charging
infrastructure and operation plans.

Therefore, this study was aimed at studying demand modeling methods
needed to establish a national strategy for electric vehicle infrastructure and
exploring mid- to long-term charging infrastructure policy measures under
the goal of carbon neutrality in the transportation sector. It first explored the
current status of electric vehicle charging infrastructure policy and literature
review related to electric vehicle charging infrastructure. Next, we studied
ways to establish a charging infrastructure plan based on actual charging
demand analysis, and then derived measures to improve the current charging
infrastructure construction and operation system. A brief summary of the
contents of each chapter is as follows.
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Chapter 1 presented an introduction to the research necessity, purpose,
and research method. In Chapter 2, we reviewed previous studies related to
domestic and international transportation sector carbon neutral policies, and
electric vehicle charging infrastructure, and as a result, policy implications
and research directions were derived. Chapter 3 summarizes technical details
on electric vehicle charging technology and infrastructure, and analyzes the
current status and future plans of domestic and overseas charging
infrastructure.

In Chapter 4, we analyzed charging demand by vehicle type based on
domestic electric vehicle charging data, and presented a method to estimate
the size of charging infrastructure needed if the stock of electric vehicles
increases in the future. In addition, a method of using traffic simulation as an
analysis tool to evaluate the appropriateness of the charging infrastructure
scale was presented, and a case study was conducted targeting the entire
country and Gongju City.

Chapter 5 forecasts future changes in the overall charging infrastructure
construction and operating system and suggests improvement plans
according to the changes. Among the improvement measures, first, a plan to
improve charging infrastructure-related laws and systems was presented;
second, a plan to improve the charging fee system was presented; and third, a
plan to improve the operation and management of private-led charging
infrastructure was presented.

Based on the results of this study, future policy directions are suggested as
follows. First, in the process of establishing future charging infrastructure
plans, it is important to calculate the appropriate size of infrastructure that
reflects actual charging demand. The charging infrastructure size calculation
method used in this study can be used as an effective analysis tool to revise or
change national charging infrastructure plans in the future. Additionally,
future charging infrastructure plans must be subdivided to reflect the
charging characteristics and distribution target scale of each electric vehicle
model. Second, for facilities where electric vehicle charging demand is

increasing, such as apartment complexes and facilities, charging demand
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distribution technology or flexible power reception response technology
should be reviewed. When examining the impact of electric vehicle charging
on the power grid, there will be little impact on total power consumption by
2030, but power demand by location is expected to vary significantly
depending on charging patterns. Additionally, when reviewing the target
number of electric vehicles for distribution by 2030, it is necessary to
reexamine the mandatory installation rate of chargers in facilities, including
apartments.

Lastly, for future research, a simulation-based charging infrastructure
adequacy evaluation study and a rapid charging infrastructure network study

for long-distance travel were proposed.
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