creative
commons

C O M O N § D

OI2Xt= otele =2HE 2= R0l 8ot 7S

o Ol == SH, HHE, 85, Al SH L 58 = U
o OIXH MAEESE HdE = UsLICH
Ol HHES del SR 0|8 = AsU T

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

o 7lot=, Ol M& =2 MOISO0ILE HHEZ2l H<, 0l A =0l HE= 0125
S Bt LIEHLHO10F B LICH
o MNAEAXNZRE EE2 3IIE &2 0lE ZHE2 HEL X ZSLICH

AEAH OHE 082 dele f12 W20l 26t gets 2 X ZSLICH

01X 2 0l Ed = 772 (Legal Code)S OloiotIl &Ml kst 23 LI CY.

Disclaimer |:|._'|

Collection



http://creativecommons.org/licenses/by/2.0/kr/legalcode
http://creativecommons.org/licenses/by/2.0/kr/

AH B2 A7 5 S

FuA71% WelY 453 7te
A7 Aste JRBA A7

EINKER EERAEBPL

ol

o 14§44 255}

1
H
A
H
4B
2

2024 £ 2 A



RS TE LB #X

A714 wiE g g7kt

Cparane e Ay

FEHE == b W

e LB LM mYeE R‘/HEE

2023 £ 12 H

=

I

o

;:lh\ ‘{ﬁ ?’:}

FEERE
x =i
% =

FINKER EEFKE DL

2023 & 12 A

DEE



Study on the Correlation between Residual Value
and Battery Inspection Data of Used EVs.

Hyun—Seok Choi
(Supervised by Professor Gae—Myoung Lee)

A THESIS SUBMITTED IN PARTTAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF SCIENCE

MAJOR OF ELECTRIC ENGINEERING
FACULTY OF APPLIIED ENERGY SYSTEM
JEJU NATIONAL UNIVERSITY

2024. 02.



LIST OF FIGURES——————————— e I
LIST OF TABLES——— ————— — == e I
ABSTRACTS————————— I
1. A&
11 4+ deLEyd-—-—-———— - —= 1
1.2 AHAB A4y 3F - ————— 2
1.3 AL JygE--—-————-—-——-—-—————————— 3

2. Z1A7)x wiE e AsEr) &2 9 g7} v
21 Z3 A7 ® AEe] 45E7 Abdl-————— ——————— 5
2.2 T3 A7 AFAd T A7k FE AE Hla-——-9
2.3 F3 A70% wEe Bk 5 9 G P -————————— 10
24 T A7 wE Y AsB7E FFelA SOHS A4 4

SOHeo199] & FAb——————————————— ————— —— 13
2.5 oA A4 9 Data Collection?}d —————— ——— 14

3. FAA/NA Wele Aok AT G 24

31 HoJE FH--— e e 16



Ae7h A3 SOHR

3.3

x}=k7+ 4 3 BMS/OBC &

3.4

ZeF7 A 3 SOH+

3.5

Hlo

W

B

RYA
ar

A4 e B A5

3.7

Nap AF7HA ) FA ——————————— ——————23

EL A P 2 R e b e e R g e Rl )

3.9



LIST OF FIGURES

——————-5

FAF A 3]

Eis

P A S AR 88— ——— =5

5
RS

’

i

gl

B

7F 1A g —-—--8

k)

[¢)

b s

S

47 ————————————————-10

au
i

EETE

kel

d

=

Bk B MEE ————————————-11

=k

v A71AE gy =

A= RN

712k vl ] AgE] &l oA 2AUH -—12

2 %9 BMWAZ] 2} i329 200t) A}& ——————15

2% 8. BMW i3 zp&felM SOHgk 8l 5/%A 25 Log &2AF 3t ————-16

)

AO

} 37

a™ 9 . F8A e SOH#

19H10. SOH## =}

P 7  wiE e S

a9 11 . %

a9 12, A=7rA 3 SOHSE

21

F e

P

A

AO

Score2}9]

«B”

% 14 =743 1)SOH 2)viE g 2

.

AAE A D+2)+3) 53 Aol o



LIST OF TABLES

A RAINE, AEATAE,2021-———— -6

=y

25!

A T A A -7

B9k WME7) HE)--——-8

22!

Wazid Vs A7 A AF F ¢ 9 7HAE S Hal =

4.

25!

1€ 4 sbl #iEe AN —————————-15

A

6. BMW i3 sol+ X4

hya
ar

Data Set

<

8. BMW i3/ 20162 200t) A

YA
ar

 AFE ASARAAFEF-————————————————————18

Mo

9. SOH / wiEl ]

Ry
ar

(BMW i3 201612 AF% #e7 A8 Sample”]#) ———————23



ABSTRACTS

We live in an era where each country's activities to reduce carbon dioxide
emissions to prevent global warming are now a global task that everyone
agrees on and empathizes with.

The operation of electric vehicles, one of the important actions to accomplish
this global task, is now increasingly becoming a trend.

Now that 10 years have passed since the commercial launch and daily
operation of electric vehicles began in earnest, it is normal for not only sales
of new electric vehicles but also distribution of used electric vehicles to
increase.

However, unfortunately, the sale of these used electric vehicles does not yet
have reasonable and effective vehicle evaluation standards, so the price
formation is unstable, the distribution speed is slow, and as a result,

transactions are not active.

In this research study, in order to identify these real—life problems and
present a realistic evaluation model for used electric vehicles, we focused on
the evaluation of the main power battery attached and installed in used
electric vehicles and compared them with the vehicle prices that will be
reflected in the market. The correlation was analyzed.

First, we explored the direction of electric vehicle evaluation through the
evaluation method and market price formation of used internal combustion
engine vehicles that have been on the market for over 100 years and have
over 20 million domestic vehicles in operation.

Although electric vehicles have already been sold in the Korean market and
more than 500,000 units are in operation, it has been difficult to obtain data
for related research because battery manufacturers and vehicle
manufacturers operate in closed spaces due to quality and security issues

with their electric vehicle products.



Coincidentally, I learned of the process of selling an electric vehicle of a
bankrupt rental car company in Jeju Island through a court auction, and was
able to obtain related data through a used car evaluation company that
evaluated the electric vehicle. In order to secure the validity of the sample
for the purpose of evaluation and correlation analysis with price using the
presented materials and data, a task was carried out to ensure that conditions
other than the main power battery for driving were investigated at the same
or similar level as possible. The vehicle was BMW's i3 model, which was
released 6—7 years ago and was operated only in one area of Jeju Island.

Vehicles that were unsuitable as a sample were excluded and analyzed.

First, after organizing the data

Basically, to verify the validity of the sample, we verified with the given
sample whether a long driving distance lowers the SOH, and a significant

correlation was found with a correlation coefficient of —0.502.

Next, we analyzed the correlation between SOH, a representative value
representing the remaining life of the battery, and vehicle price, and found
that the correlation coefficient was 0.408, which was a significant positive

correlation, but not at a very high level.

In the case of electric vehicles, it was determined that the normal operation
of the charging system in addition to the battery was important to customer
quality. A charging operability index was created and a correlation analysis
was conducted, and a positive correlation of 0.409 was found, which was also

a significant correlation.

When analyzing the correlation with vehicle price by combining the above
two, 1.e., battery SOH value and charging performance index, the correlation

coefficient was 0.577, showing a somewhat high correlation.

In addition, a correlation analysis was conducted between the three items



included as part of the electric vehicle section in the current internal
combustion engine vehicle evaluation items and the operation of the drive
motor with relatively few failures and the vehicle price, showing a low level

of correlation with a correlation coefficient of 0.216.

Lastly, the SOH value, normal operation of the charging system, and existing
performance inspection items were combined in various ratios and distributed
at a final ratio of 0.75:0.15:0.10, and then a correlation analysis was

performed, showing the highest level of correlation of 0.586.

In conclusion, in the case of used electric vehicles, it was concluded that it
is desirable to evaluate used electric vehicles by complex evaluation of not
only the remaining life of the battery, but also the normal operation of the
charging system and, although low probability, external evaluation such as

normal connection of high power cables, which are existing evaluation items.

We hope that by creating an evaluation standard for used electric vehicles
centered on reasonable and effective electric vehicle batteries that will be
accepted in this market, the used electric vehicle trade will become more
active and further contribute to preventing global warming by reducing

carbon dioxide emissions.
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Dimension (L x W x H, mm) 173 x 125 x 45
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5 15220439 | Sol+ 2016 | 28,073 km B 70 70 65 i 868 19900000 | -41% | 11,741,000 4,300,000
8 | 5227940 | Sol+ 2016 | 63,324 km B 66 70 60 67 85 19,000,000 | -41% | 11,210,000 5,100,000
9 | 4762909 |  Sol+ 2016 | 43438 km B 69 70 65 7 87 19,000,000 | -41% | 11,210,000 3,100,000
10 | 63%31% | Sol+ 2016 | 52,692 km B 67 70 60 7 85 19,000,000 | -41% | 11,210,000 3,900,000
12| 4763499 | Sol+ 2016 | 49,220 km B 69 70 65 7 89 19,000,000 | -41% | 11,210,000 5,000,000
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