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Abstract

Electric vehicles are valuable not only from an environmental perspective, but also from a
flexible power source perspective. In order to fully utilize electric vehicles of these values,
large-scale distribution must occur, and for this to happen, sufficient charging infrastructure
must be built. In order to select the location of a charging station from the user’s perspective
and accurately predict its potential, it is necessary to understand and reflect the actual situation.
In this study, we conducted a survey of electric vehicle users and analyzed electric vehicle
operation and charging data, and the survey results were compared and supplemented by
analyzing real-time electric vehicle operation data. The average monthly driving distance of
passenger electric vehicles had increased by more than 30% compared to that of conventional
vehicles, the number of charging times was about four times the number of refueling, and the
average driving distance per charge is about 200km. The number of users who had not driven
long distances for the last year using electric vehicles also reached the 20% range. At the start
of charge, the battery state of charge was uniformly distributed in the 10-90% range, but the
final state of charge was concentrated in the 80-100% range. Overall, there was a tendency to
keep the battery state of charge high. As a result of analyzing charging events after driving, the
pattern of ‘charging’ - ‘ultra-short distance driving of 10km’ - ‘charging’ - ‘long distance
driving of more than 80km' was observed with a frequency of 1 to 2 times for one month. That
was corresponding to 30% of the users. It was understood that the behavior of driving and
charging an electric vehicle is inherently influenced by psychological factors such as ‘range
anxiety’. Building infrastructure that can address these psychological factors is key to the
continued distribution of electric vehicles.

Keywords: charging behavior, electric vehicle charging station, real-time electric vehicle use
data, survey, vehicle-to-grid (V2G)
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A3t Fa72), FAaToRRE A $1 $05 5312 B TARPhotovoltaics) # 1] Ts}e] 57
T3S & e 59 AEFE FH0HAT 5 AL 78 AFolA] AAR BAFoR It g9 5 a9l
s
A

73zt P A8 AFE2 F= offet By o] gote] T A E A A9 ol 9lofA] SoC,
4 A FEA, F2 A4, SHA A T HeEo] ojutt e FAE AW QUth SH 8 E A5
Sh= AtollA= SoC, o3 A7] 59 M5 7Hgsto] R of A-85t= 797 Bokth B2 o] 8¢ A+ 2t
AAof 2 Hitotr| flaiAl= BA A7 AHsAF AFEAFS] ol et FEet WS v o R 3t 7| 28T B
Shet 2 =2 U] A= RO M7 As A AR FEof Tt AREAF Aet RS Ve FA HHoR
AR 28 2 S EAof Bt 7| 2ARE Aot ofqitt. A7) AsAl G TP A, A7 s} s g
Qe AR EA A A SoC BE £ & W 4 £8(BE AT IAA, 54 139 FHA 52 &
A5, ol A8 At AP El= FEEolth 9], 53 - T3 AR A5 ARIES TERte R 942
‘Z0AY T AT 370 S WL AL o] Aol A= ZropE 7] of Y}, Table 12 A A4 2 F 2
A2 oot A A o] fARE Cui(2022)9f 4] S5 vl wet Holth, 2 =72 24 gEE2 FF
A Qo 5 9 24 9], 5 78 A5 B ot M=z S E 5 S AR 7geith A4
ERAL ATt AAIZE A7 A s 23R A EET A W B R N HERAF 2RI A TEHQ1
HAE FES A 2 =320 apdAdolet sHAlTt
Table 1. Comparison of the items analyzed in Cui (2022) and this study
Items Cui (2022) In this study
(1) Comparison  Personal BEV, E-Taxi, and rental EV @ Business (commercial) use and non-biz (private)
groups use

@ Groups according to battery capacity range
® Groups according to monthly mileage range

(2) SoC Initial SoC distribution with respect to times of =~ @ Start SoC distribution for the groups @
Distribution ~ day @ End (target) SoC distribution for the @
® Distribution of pairs of (start SoC, end SoC)
values

(3) Daily distance Daily distance, compared with the previous results Monthly mileage, compared with that of
conventional vehicles

(4) Distance between For each comparison group For comparison groups @
charging
(5) Charging - Required energy for travel 100kms per EV Main reasons for determining an amount of
energy - Spatial-temporal energy demand charging energy
Only In Cui (2022) Only In This Study
(6) Others about - Probability of charging opportunity - Driving distance per charging for the groups
Charging — Charging start time distribution @ and @
Behaviors - Duration time between adjacent charging events extracted after analyzing with the charging

frequency per month
— Charging frequency for the location and
charging type

(7) Trips — First travel event time — Trip purpose and spending time
— Final travel event finish time — Long distance travel and alternative transportation
— Number of trips per day — Observation of the successive charging and trip

events occurred in 1-2 days
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7|8ket EAS B4R 2 Ve A &85ttt

1. 7|2At= 1: G22At

AR 7172 2021.9.30.-10.13 25 Ftol|low, L33k 22kl AR A& E-85to] HHped, PC FollA A
of 2Est= w0 g HAE et A7 AEA A4S dto s, ZE W EE (Ministry of Land, Infrastructure
and Transport)°l| 555 H712Fs2F 420214 74 715, MOLIT _a)& 770 Aol gt v]e] o= v &t
o] A7 72 Bkt AA B Hl-&-2 Figure 1of] et =ML, 914, 471) 40.3%, 55
HAE, tIA, 85, ZUA ) 15.2%, YA, F4L BddR) 24.7%, SFd3CT, Aeba®) 9.4%, A
T 10.3%°] ek, AZ2AE o] tiAd2 20179 1€ o] & A7 A58 T 47 3FE-5 ARt Al o=
oot AR o 271& whEols BT 37]= 20219 7€ 715 159,000 L2 1,500 o)/4he] 2

of tilall ZAF ATH 905%0] AF4ET} +2.52%0] QAL ke

total 1,544 people

Honam

>

Figure 1. Regional distribution of respondents

iRl AT RS Ao Aot SHAe] EA] TlAE Lol 4, FA4%)
o Aee AT AASA] o8 B4 BAs] Slal4 FaA2, olg B4, 9B
.9 814 2ALSHTE S e £AL 914 FA AR FR 9] SoC, AT F2

97, 24 WA, 4B 4 942 2489

Table 2. List of survey contents included in the report

Categories Contents
Respondent Characteristics Age, sex, residence area, EV driving experience
EV Use Driving distance per month, purpose, time, number of days of EV use per month,
number of long trips in the last one year
Charging Behavior Charging frequency per month, battery state of charge (SoC) when charging starts

and ends, charging station location, charging type (Slow/Quick)

tiotu Satal2], Al 413 A 6=, 2023'F 128 709
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AR ATt AA 2 A7 AF5AEe] 43t T4 PefE & §rgoh=A] &elstal B st zt M 7| 2g ko] AA| -2
Y7152 B4t 20223 9EHEH Ao A7|AFsAt &g o2 sjd-& ot id Ape] 2EE
Z1e7](on board diagnostics, OBD) ©d-& AX|sto] 247155 F tt. OBD+=HIE 2] A A8
(battery management system: BMS) ¥} 2Feof| A Al 5 on—off A€l 2} A FAE], SoC, ¥4 =4
SF 50

% 50| AuE F5s)e] o5 EATLR Auo] S48t 20239 4877 A1 oF 5009] che] i Aol A 5
U 9 ore) F PR} 09,0000 R4 FA o] Sk REA ATk A A7|AEA 238
A28 SR, 28 50001 el Aol £ Il AR} 2, 471202 2044 Aol t ol

£ A el 94 20 B 4RI BYI4E BEREE 29 B0 5 5 PHE 1 Lo
Lo, A 99 A 20238 59 T 2 5] 715 elehs Folst glek. Dok, T At Holt Aol ]
oiehd AAS 5 ael ] A2 Hle] 8 AT

1) 852 54
SRS SHL 54 BER AN, ol59 81.7%%E AIAFAE 5842 L@t 11, 88.6%%= 2
o] A 32 Welakn ek, S5 AFA7} 403%0]0], UL 30-4007} 75.1%.8, Hmt

Aol 82.3%% AL, 57 §8o] ohmhEQ] A9} T6.8%0]c). THE A3k ol st 4 %4 oJzde] A
A W Ao WdET Qi AL SASIAT. Table 30] ST 54 qorsiart,

Table 3. Summary of respondent characteristics

Characteristics Distribution
Sex (%] Male Female
82.3 17.7
Age [%] Under 20s 30s 40s 50s over 60s
6.1 33.5 41.6 14.7 4.1
Housing type [%] House Multi-household ~ Row—house, villa Apartment, officetel Others
8.3 6.5 6.6 76.8 1.8
EV_driving Less than 1 years 1-2 years 2-3 years 3-4 years 4-5 years
experience [%]) 45.1 20.0 14.9 14.1 5.9

SEAEel WW—W 2379 24 A3}, 20219 =0l A7AEA LHS A2 Hlgo] 43.8%2 T2 7|7t
o) AVAHEAL 5% ol 918 35 196MOLIT b) 1k oF 8 7% E51eHTable 4. 480l 2ol $57H mAH
of =sf 117]1151} Q«xm Fo| g Atho] o wrki= Exo] 9lrk. Tt 202146 A7 AHEA}F Tufat STFRHA)
H8-2 48.9%0190=T, W72 247 2o] 2021950l A1ZH SHAt vlE 43.8%2) HlWSHA A F ARE
A7 52 Aelo] 970Y o]Ao|HA T MR A7 AEAE Lufst 7072 AT RA AL A 7| AFEA) <
AAHA7} 5 8 71252 Fofsted Qo] 5537 495 Tefsi, 715 24 He] BalA mygate]
ol Z ¢ 2 Ao g =A%} T}, =Ro| 4Rz Ao $AA 1| njulk} ojalo g2 AT 1
Halo] H|wslaS o 10% oA o2 zjo)7} L= A7} ¢l9ich

-

Table 4. Comparison of ratios of EV-passenger cars and -small trucks registration and respondents of driving experience in the period

Period 2021.01-09 2017.01-2020.12
Number of new EV Registration 65,982 (35.1%) 122,249 (64.9%)
Number of respondent for EV driving in the period 676 (43.8%) 868 (57.2%)
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AR ATt e A o] HE el A o572t 54 el 2pol7t QL. A71AE ALl Al71E H]
WolgS v 20219 % RF 227} A F=E0] 16.4%, BF B Hato] 52.6%= A|FH| A W7 AFAF 47
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Figure 2. Distribution of average (1) monthly mileage, (2) full charge driving distance, (3) monthly charging fare, and (4)
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Table 5. Basic statics of the survey results

Min Max Mean Median Mode
Monthly mileage [km] 50 10,000 1,886 1,600 2,000
No. of charging transactions per month 1 90 11 8 10
Start SoC [%] 4 99 36.6 30 20
End SoC [%] for the Slow 10 100 92.3 100 100
End SoC [%] for the Quick 10 100 84.5 85 80
Trip time per day in weekdays [minute] 0 1375 121 82 55
Trip time per day in weekends [minute] 0 4090 158 112 120
No. of long distance trips 1 700 12.4 4 2
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Table 6. Main reasons for determining an amount of charging energy

Respondents ratio(%)
Non-business Business

The reason is that I determine

(1) Habitually certain amount of charging energy or charging rate 17.1 13.8
(2) In consideration of parking fee and charging energy rate 12.5 12.1
(3) By considering standby time & regulation for prohibition of charging interference 7.4 8.2
(4) In consideration of charging time 21.8 22.7
(5) By considering use of battery safely 14.7 7.1
(6) By considering driving distance to the next destination 24.1 31.2
(7)  Others 2.4 4.9
CHBHILE 5|2, 4 4121 A 6%, 20234 122 715
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Table 7. Characteristics of panel

Characteristics Distribution

Sex [%] Male Female
93 7

Purpose [%)] Non~-business use Business use
52 48

Age [%] Under 30s 40s 50s 60s Over 70s
25.8 42.5 21.6 8.8 1.2

Region [%] Metropolitan Yeoungnam Joongbu Honam Jeju
42.4 27.9 13.8 12.6 3.1

Table 8. Summary of the charging transaction data set

Time span 2023.05.01. - 2023.05.31
Panels 449
Total number of charging events 7,555
No. Of charging transactions per panel Min = 2, Max=150, Mean = 16.8, Standard deviation = 17.1

w3 AREREH £HE AR FolA DAt FES A, A2 F Table 99 o] A5t 2F dlold =z
% (data frame)& RFEQITE AR XA £&0] SEAES] B wtol Tk Aol7]oll, Ao 2 HEIN AroA
59 19 -59 31 17 F3ARE 2] F3A A I Aol = Antsto] E=o glold ¢ Table 9(1)
% FEE FotArh AS FAS HIAYG-8(S-8) T A8 242 03 12 185k ‘ev_purpose’©ll 71 55F4
o, H7|12FsAEe] el ‘ev_name’, BIE]E] 85 ‘battery_ capacity’, & F33A 2] ‘driving _distance’ At2E A
25t} Table 920 %4 WEHS Helat dol8 megdolc, Wd ke A8 M (D)2 FEst, %4 A%
A Z¥(charge start time), 2% Aol A 9] viE]2] S5 AdH] ‘start SoC', T F& Aol <] v =] 4 e
‘end_SoC' ZFLT Qlek. $&, F4S FHste] £AJ817] 918 57 WA (charging type) 9& F7Fstdct.
Table 9. Data frame of the real-world EV use for analyzing the results corresponding to the survey questions

(1) Driving behavior

Battery capacity Driving_distance .

LD. Ev_purpose Ev_name (cWh) (km) No_chargings
1 0 lonic 5 72.6 2220 13
2 0 lonicEV 28 1071 11

(2) Charging behavior
Charge start time : .
e Start_SoC End_soc . Distance btw chargings
LD. Yy 'MM' DD %) @) Charging _type (km)
hh:mm!ss)

1 2023-05-04 21:20:08 61 100 Slow 176
2 2023-05-02 14:08:05 46 94 Quick 94
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o4 37 371 59 sk} FoiskA ek SR Lol 2 FHS T4 RS Aole AR} A}
o AAZE 2 AR 2 HE HIAFY-8-0] 7| AEAF 230l oA FHA 7t A AHE A}ty Aot AR
o do= 222 WdE & Q3
Table 10. Basic Statistics for real time EV operation data per panel
Data Min Max Mean Median Standard dev.
Mileage [km] for total 114 13,079 2,267 1,849 1,649
Mileage for the non-business use [km] 342 5,897 1,978 1,782 1,058
Mileage for the business use [km] 114 13,079 2,578 2,024 2,064
No. of charge transactions for total 2 150 16.8 12 17.1
No. of charge transactions for the 2 150 12.3 10 12.3
non-business use
No. of charge transactions for the 2 149 21.7 16 19.8
business use
Start SoC Slow [%] 9 90 50 50.2 15.8
Quick [%] 2 89 45 437 15.5
End SoC Slow [%] 38 100 89.2 92.2 10.6
Quick [%] 18 100 82.9 85.5 13.7
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Figure 9. Boxplot of average mileage per charging with respect to EV battery capacity (insect: mean values)
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Figure 11. Histogram of (1) the start SoC and (2) the end SoC of the charging events for the non_business panel (quick charger:
blue, slow charger: yellow green)
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