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HHEW/] ’“EH DB°1W HHE%’J A @l o] o] A W o5 BAFte] g Alvt

t#n«nmmam gmiek

/111 mnn

-'.mm Ok

[28 28] Voltek Hybrid & EV Repairitel €3t vigg] A Zch 2 WX

&X]: https://www.voltek.biz/

24) At A71etE 9k viE 2] #ejA] 7154 Al 118 AR (Texas Instruments)
25) A71AF SRR ZHE 7]e/NE A S/ AME £(2020.11)
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[Z18 29] OBDE &&¢%t H7|AtSAH HA AFHe dhet

ZEXR]: https://smbiz.asahi.com/article/14443354
O &3 ANAFA B7} 719 7%

- d B A&D Technology+ iTest HIE|E]E F3ll 18 Z2A 2= Al2H”, 7] WZHA|
A 2=l BMS, B2t Al 2"l e A 58 T F de A5 EgolHE

B4 Folo, A% dolEsl 57158 HILSE 5o Td 44 AEdolA

NERE TEST S

[2& 30] iTest Battery Application [Z2& 31] HIL SIMULATION

Z£%]: AND PRODUCT OVERVIEW Catalog

26) A&D TECHNOLOGY PRODUCT OVERVIEW
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WP 5% 7165
O eHal 7% A Fa0

- F3ol A= 20179 129 299 wa® GB/T 35179-2017 o] AE 6744 Hof=
AR5 B 2E A HS A2t gL

- General Electric Safety GB

AL R B IR R e

- Battery Management Data

- Driving Efficiency RS
- Electric Consumption GB

- Battery Service performance

BT T L T,
tuBbaALERE D

- Electromagnetic Environment Safety  [5z 32] gB/T 35179-2017 E&

- %= COSBERjit oAl GB/T 35179-2017 &Fol we}, 2019 OBD 71%te] 7]
A2t AA ARl g 3GA ze2A A5 NEste] A&stal s

0BD for EV,
New Lounched on 2019

[a2 33] EV 3 STEP TEST Z2AMA [O8 34] OBD 7|2+ HA} ZH|

@ 194 "2 E : General Electric Safety Check

* Power Battery

M
* ¥otor External requirements of electric vehicles below
* Motor controller should not be significantly deformed, damaged.
* DC-DC converter warning signs should be clear and firm.

* Charger and other housing

uld be undamaged, the connectors securely
* Power cables astened, and the cables and the moving parts of
vehicle should not interfere.

« Battery Type Chemical type should be clearly visible.
- : maximum operating voltage, the minimum
thlnsuln:lon Pasietence of sulation resistance of the DC circuit shall be at

® EC croult 100 O/ V and the AC circuit at least 500 Q / V.

[1& 35] General Electric Safety Check

27) CITA Internatioanl Conference & 19th General Assembly / COSBER -Technical Requirement for
Electric Vehicle Inspection in China / April. 2019. Seoul
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@ 29+A] H 2~ E : Battery Management Data

Testing condition:
* 50C>30%, Bat.

«  Temperature<65 ° C

1. Max Different Voltage b/t Bat. Cell .

2. Bat. Assemble Voltage.

3. Battery Current & Maximum
discharge multiple

4. Battery working Temperature

5. Battery Aging( times been charged)

[18 36] Battery Management Data

@ 39@A H2E : Battery Capacity Test

Testing condition:
* Discharged EV battery to 0 %

*  Holding time 20-30 mins.

* Recharge completely to full by Bat. Recharge Test \
Recharge station.

* Record the Real Capacity of Battery

Capacity

* Key Autonomies mileage Concerns:
“"“’3“"'“* Limit mileage to be acceptable?

[O8 37] Battery Capacity Test
O & A7AEA Bk AW 71&89

- R EATLBDANE A/ AFA Arlz g9 B AEOMC-EVE
MY, 79 FA A4S AAE T £R8 e L= A,
wE, IHE A 5o WEolHE AERYE B4 2 S5l Ao

Aol 4EE AT 8 oF BASE YHolH FAF 75

28) R7IAF EH A RS ZAE 727D _AL AR R(2020.11)

29) https://www.neusoft.com/Products/Automotive/2289/
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Operation service and
management center for
electric vehicles

Real-time ronning
datn of Electric
vehicles

experimental datn of
Electric vehicles

(28 38] BITS 2ldlolE 7|8t MI|XS At (28 39] BITSl 2ldlole 7|8t MI|XS At
2UHHY SAE T2 74 # s 2UHEY SAZ AL oA

%X Beining Institute of Technology, 2017

- Neusoft T-BoxE A7|A5xS RUEHSE o AFRHE A 5E 2% Y A5
A7 w32, T-Box, Shark ¢Felv}, ooy, CAN, WIFI @ BLES S3ste] 2hak
Wi 2 e R HEYAE dAdste] ArAEat A eAl o b ska kg
+3 S-S AE

gk, Neusoft T-Box+ GB/T32960(§.%— D) 71¥te] A7 AFAF bAA
d§ste], SOC/SOH et AHLEE 95% ol wiE g s A2 AJH ZYEHE
e 8l ZE FA Ve %Xﬂf?%

= FM/AM

ﬁﬁ’ SDARS ﬂ,/ \

CAN
LIN

olﬂ o

i |

°
ol

[O18 40] Neusoft T-Box M Z MY
EX]: https://www.neusoft.com/Products/Automotive/2289/
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S92l : Ci4, XIE : 710/XR C0JE] 274

ol 69,023
Y m

2019 | 202044 20214 (1~9H)

(28 41] 2 XI|A=XF SEHF FO|

EA]: MoneyS, "8I A7|A} SAIRAE? 55 WuY AAlE # AT

- AAABAE AAE0 ) 5 gl e] BEOE FHY YAs B e,
Bgo] g AR 7% ol 39| lo] Bhatn], 53] As| Bl A, AR
B A7 0, W] 0 F 4F 0AR, AT WLV #AY BE
AR} ghel, FFart 2e

- S, w0 A AR REe FAT SR VA ARG UE S
3 F7HE QO Bolm, A/AFRH FARS AR seht o3

- B3], FujolA 199 A/AEA BEEe] g B AFEY B9 A/AER

HEEo] 27kt ARlddae] HAEE 55

- 2015~2019Y3 AF=o] AAF2 BRFE0] 5%7HA st B AF AY
A A 5932(12.6%)°] F Q3=

30) https://moneys.mt.co.kr/news/mwView.php?no=2021102913478016616
31) https://m.segye.com/view/20210809512636
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2020 ) 2030 (0flA)

H7|xt 32H9951LH » 379F7217Ch

ZOA 1932 P 132

FH|A& 5022220194 7|1&) » PAES

(328 42] T7|XtSAE 2ol g MFz Helda oY

EAD AR, HEHE e Q7R Al sUl FEIdA ds

- 20259 A|FZo AVAZ2) 29524 E Sojd A S
AubylgFo] 231, AU AE 87% 7143 643202 AT Aoz Awd, A
A5z Aol AT 2030d0 = AFE ANAS

FHat 137, AvaE 203N 4o Ao AYy

- WA, 7€ gl gl ﬂﬁf} A7 2AsA A%k alsS Astetal, AE3A5(AD -
Age AlA - HEolE T HAHE [T7l<eo] 23 A&Fd £oF A2
FAdol dds e

) 31 kA, AH] AAF AJA F38F32)33)34)

East Europe +57%

Asia  +e7 7

-

./-" 166
86
) .1ﬂ17 i3 .zﬂzﬁl

North America'

.25 Fead

135
20135
301? IEIH-
Global - Africaand Middle East
+a, su South America ¥
+4.0%
+1.9% Y -
395 e . 4
. 1w 1
s o
2017 2025
2!:1? 2018

2017 1025

[28 43] 26 TAMA XHE XSA RAZF AlE dY

ZEX]: Stern Stewart & Co., QVARTZ, 2018

32) A71AF BRRARS ZAE 7|2 AL(AAR LA AL SHAAL
33) https://www.psmarketresearch.com/market-analysis/electric-e-mobility-service-market

34) https://marketnewspoint.medium.com/demand-for-e-mobility-services-market-to-experienc

e-a-significant-dip-in-2030-influenced-by-c9dfcfcb28db
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- A AA ABAR fARS RS 179 39809 FRoA 259 56600 frEE
A Aol A=l (Stern Stewart & Co., QVARTZ, 2018)

- AEE A AFH, B, 2E ol g7} 52 3% ©]3Fe] o] o= v,
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]

(28 44] “17~"251 AHER RABS Lokl AT NF MY
%A Stern Stewart & Co., QVARTZ, 2018
- FARST FopiEs WA B4 B wA|, IRk G, Alae] @E e 59
ANEL 1% ] Ao DA = W, 2ZEd o] B Holy FHEFI ERolo
=]
=1

o=

- ANAEAY B 2] e B DR AW FA, BEE R F3
Ael 371 SO Bolo] WA 87t F/HE AOE oW (A7 2.2%)

FA1& o] &3 A Tt An]2(Over-The-Air, OTA), A7 A &
] 2~¥l(Advanced Driver Assistance System)e] &o] 2 &9

1043’1&‘
o e

Egol % HolH TAE BY FARS Ago] UE HHT A
B (A7 15.3%)
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Impact from automaotive supplier perspective

Top disruptive trends Revenues Profitability Market structure’
Mo effect on size of Distributors are able to r I arket power of
& :
;‘Q demand push prices by leveraging _' ' distributors increases
ik bargaining power Medium
' l Revenues from services l OEMs can control many # \ CEMs mave inta 1AM
D and diagnostics might steps in the value chain ) ‘ and other value chain
be saptured by OEMs and push margins Medium  gragg
(for pure 1AM players)
- MNO effact on size of "‘ Higher margins due to i \ ‘alue chain becomes
demand shorter value chains ' shorter, some players
{direct sales) High  might be cut out
t Car data is crucial to sell Incramental revenues r \ Mew products and
existing services and with higher margins = sarvices can be offered
offers potential for new High by all players
revenues
- -
. Mo effect on size of l Intermediaries are ablato o \ Market power of inter-
| of {digital) inter demand push pricas by leveraging : mediaries increasas via
mediaries bargaining power Medium  direct access to
customers
«j nereased price = Mo effect on size of l Incraasing competition I arket power of con-
fransparency and demand and price fransparency sumers and inter-

decrease margins ' mediaries increases

[28 45] ASA FAES AlZ =2 oda2g5e 7HE 670 208 oy #st F0|

&*]: McKinsey&Company, 2017

|
J[m
ol
by
off
—>|4~'
=2
>

S
oX,
i
n)
o
o
1o
)
vs)
o
W
o)
ri
r o
i
i
)
i

& AT fARS

- Global E-Mobility Services Market

S - APAC
LAMEA Largest Maorket
Fastest-Growing Market By Region {2019)

By Regron (2020- 203{2‘_

Market Size

- AtEE2 &7l tig HAl
ol A electric mobility=2 ©]

1 22 A7 A2 FAHE wiol, 7129 WAzl

offf
o
2
o
ot



- Z AMA e-mobility A8l A2 19 319 8,980%F 2 21(53,189.8 millon)oll A,
202003 5-&] 20303 7kA] CAGR 40.7% “d7ste], 7889 9,830%F =2 (§78,898.3
millon) A|FFEE 71 AoE oddH

Major Markets for E-Mobility Services
Market Size in Millions (2030)

’ . CAGR
China SA00X 34.7%

CAGR

us. $20,650.4 X%

Spain R3S CAGR

CAGR
XX%

uk AR ; CAGR: (2020-2030)

Germany SHAAX

[O8 47] ¥ e-mobility MH|A A|E M2t

EX]: P&S Intelligence, 2020

- o}A o} 3 &F(APAC) A 9L e-mobility services Hth A ZoE FS AoE
o=, 53 T2 203097 % 71 2 AR Holgl& Ao oidd

- gl ol g7, $F5 2 otz g7t A Y& AA = e-mobility services marketo]
(o]

z71A ] dov, A Qlzer 5 EV #9 =g Bgo] FabEwA, 714
meA 4 Ao=w o4

Shift to EV: Decline in repair shop employees by increased e-mobility

Area of Tocus for v/ / oy Takeaway
Maintenance & Repair ICEV PHEV HEV BEV Rey THeam
0il change (/] (/] (/] [ ]
N Cooling liquids (V] /] (/] [x] Propulsion: type
g Sparking plugs (V] /] L] <} determines the
3 Air filter change (V] (V] & [<] average effort per
£ Toothed belt @ @ @ <] yelifcle
= -
BCG - European Fuel iters 9 o L] o Rrrdur? break wear
k Break fluid (/] (/] o (/] down crucial for
aftermarket report . ) & @ © o diff. between ICE &
- ower electronics HEV/PHEY
Battery cooling 0 (/] ] /]
¥ with reduce
i Brakepad @ o ] o i bt
gl Exhaust system 0 0 0 0 compared to ICE
Clutch @ [x] (<] o
Nimnbers not to be
. L L I directly linked to study
Average effort per 100% 6% 10% 15% results as multiple
(- 9ak) 90% ;

ehicle compared to ICEV effects have been

considered.

Q Existent o Less complex/wear down 0 Non-Existent

[O3 48] e-mobility S7I2 QIst 7|= HMu|A olzd ZtA Mok

%A]: P&S Intelligence, 2020
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35) https://www.etoday.co.kr/news/view/1985603
36) https://www.energy-news.co.kr/news/articleView.html?idxno=78028
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7) tuv-rheinland-ev-brochure-ko

38) Youngil_Tech_ catalog
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ELECTIRC VEHICLE HIGH VOLTAGE SAFETY TRAINING

nE gy DHY P A Y 1
Non-Electrical Work
s 1 Day, 09:00 ~ 18:00
gL * Training Background
* EVintroduction
* General Safequard
* Electric Hazard
* First Aid
* Test
i s b FL A Ots
g HE 300,0008 /2 (R714 EE)

DH oMM DR Y 2
De-Energized Work

2 Days, 09:00 ~ 18:00

* Basic Electrical Knowledge

Use of HV system in vehicles
Motor and motar cantrolling
Drganization of safety and health
for electrical work

Electrical hazards

First Aids

Measures for protection against
electric shock and fault arcs
Charge on Electric Vehicles
Written Test

o HYE, B HEE, f FH 52
Hum ng

1,000,0009 /91 (£714] HE)

DHY B ag w3
Life-Line Work

3 Days, 09:00 ~ 18:00

* Theoretical part of safety training
on HV systems

Practical part of safety training on
HV systems

Basics of safety and health at work
on HV systems on-board road
vehicles

Enterprise internal organization
Electric hazards

CPR

Written Test

Operation instructions/Work
Instructions

Safety measures

Usage, Maintenance and Testing of
PPE (Personal Protective Equipment]
First Aid

Practical Test

2E2 MKO0|= W, HIY 2 YR,
LA TS B

ad =3 gHAl

2,000,000¢ /21 ($2bH] )

o e
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o] B FIRE EXTINGUISHER COVER FOR ELECTRIC VEHICLE
Disclosed is a fire extinguisher cover for covering over a motor vehicle, the battery of
which has caught fire. The cover comprises a sheet for covering over the vehicle, the
sheet comprising an opening disposed thereon, and a casing assembly comprising a
plurality of spaced apart casings and a drawstring running through the plurality of casings.
f9F The drawstring is arranged to be tightened to achieve a tight abutment between the
casing assembly, the ground and the vehicle tires when the vehicle is covered by the
sheet, and the fire-extinguishing fluid is run through the at least one opening to be fill
up between the vehicle and the sheet resulting in said fluid reaching the battery for
extinguishing the fire emanating therefrom.
1. A fire extinguisher cover for covering a motor vehicle having at least one battery on
fire, comprising a sheet with at least one opening for receiving a fire extinguishing fluid,
the cover characterized by, a casing assembly attached to the sheet, the casing assembly
comprising: a plurality of spaced apart casings are arranged close to an outer edge of the
HE A7 sheet around a whole circumference of the sheet; andat least one drawstring running
- through the plurality of casings;wherein, the at least one drawstring is arranged to be
tightened to achieve a tight abutment between the casing assembly, the ground and the
vehicle tires when the vehicle is covered by the sheet, and the fire-extinguishing fluid is
run through the at least one opening to fill up between the vehicle and the sheet
resulting in said fluid reaching the battery for extinguishing the fire emanating therefrom.
10
fE=4
FIG 2
Azl A7 AFAE Re(cover) WHOZ SAE FUstes Hol EAS=Z, AVA A Mt
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M (Video monitoring and automatic fire extinguishing, device after electric vehicle collision)
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Video monitoring and automatic fire extinguishing device after electric vehicle collision

ae

The utility model discloses a video monitoring and automatic fire extinguishing device for
an electric automobile after collision, which comprises a water tank, a water pump and a
controller, the boxbody is located over the water pool; the video monitor is used for
collecting video signals of a vehicle located on the lifting mechanism; the temperature
sensor is used for collecting temperature information of the vehicle; the smoke sensor is
used for detecting smoke concentration; the industrial control computer is used for
receiving information acquired by the video monitor, the temperature sensor and the
smoke sensor; the industrial control computer starts the lifting mechanism to move
downwards when judging that the smoke concentration exceeds the standard based on the
smoke concentration detected by the smoke sensor, the lower portion of the vehicle can
be soaked in the water pool, and the industrial control computer is electrically connected
with the video monitor, the temperaturesensor, the smoke sensor and the lifting
mechanism. The intelligent fire extinguishing system has the functions of 24-hour
real-time monitoring, automatic fire extinguishing and alarming.

e 37

1. The utility model provides a video monitoring and automatic fire extinguishing device
after electric automobile collides which characterized in that includes:a pool (1) in which
water is stored;a box body (2) which is positioned right above the water pool (1);the lifting
mechanism is arranged in the box body (2);a video monitor (7) for capturing video signals
of a vehicle (10) located on the lifting mechanism;a temperature sensor (11) for acquiring
temperature information of the vehicle (10);a smoke sensor (5) for detecting the
concentration of smoke;and the industrial control computer (12) is used for receiving
information collected by the video monitor (7), the temperature sensor (11) and the smoke
sensor (5), the industrial control computer (12) judges that the smoke concentration
exceeds the standard according to the smoke concentration detected by the smoke sensor
() and starts the lifting mechanism to move downwards, so that the lower part of the
vehicle can be soaked in the water pool (1), and the industrial control computer (12) is
respectively and electrically connected with the video monitor (7), the temperature sensor
(11), the smoke sensor (5) and the lifting mechanism.
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<¥ 36> £35|&4A(Method for testing and evaluating sound quality of automobile electric device)
<6>
=4 CN .
7]€%tje =9]9] China Faw Co.,Ltd.
T
=dd 2020-07-29 e S 2020-10742342
5 - SENS -
e &9 CN111985788A
o] WA Method for testing and evaluating sound quality of automobile electric device
The invention discloses a method for testing and evaluating the sound quality of an
automobile electric device. Aiming at representative noise characteristics including motor
sound and friction soundof an electric device, influences of different acoustic parameters
such as characteristic loudness, roughness and fluctuation on human ear hearing are
analyzed, a development method and an evaluationmethod of the sound of the electric
Qor device are established, and a development process of automobile sound quality is
perfected. The method comprises the following steps: subjectively evaluating the sound
quality of an electric device in a whole vehicle state; carrying out objective test on the
sound quality of the electric device in the whole vehicle state; selecting an objective
evaluation parameter primary edition; carrying out final determination of sound quality
objective evaluation parameters of the electric device; and determining subjective and
objective evaluation targets of the soundquality of the electric device.
1. The method for testing and evaluating the sound quality of the automobile electric
device is characterized by comprising the following steps of:sl, carrying out subjective
evaluation on the sound quality of the electric device in the whole vehicle state, and
WE A7 recording an evaluation score as S1;s2, performing objective test on the sound quality of
° the electric device in the whole vehicle state;s3, selecting an objective evaluation
parameter initial edition;s4, finally determining the sound quality objective evaluation
parameters of the electric device;and S5, determining the subjective and objective
evaluation target of the sound quality of the electric device.
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<¥ 37> 35| &M (Power battery remaining life prediction method based on data driving)
<7>
=d= CN
=9]9] WUHAN University OF TECHNOLOGY
NEETF
=494 2020-12-25 =d9Hs 2020-11559150
=< - TERS -
g &3 CN112765772A
o] B Power battery remaining life prediction method based on data driving
The invention relates to a power battery remaining life prediction method based on data
driving. The method comprises the steps of obtaining pure electric vehicle driving data;
preprocessing the driving data of the pure electric vehicle; performing feature extraction
on the preprocessed data; constructing an algorithm model by using a fusion model of an
LSTM model and BP-GM (1, N) according to related feature data obtained by feature
QoF extraction; and predicting the residual life of the power battery through the algorithm
model. According to driving big data of an electric vehicle, battery health state
information and a change rule thereof are fully mined, related characteristics such as
historical SOH, SOH characterization parameters, driving characteristics and vehicle
category characteristics of the battery are constructed, and the hidden battery health
state information and the change rule thereof are fully mined from vehicle data and
battery data, therefore, the RUL is predicted on the basis of the SOH of the battery.
1. A method for predicting the residual life of a power battery based on data driving is
characterized by comprising the following specific steps:a data preparation stage: acquiring
running data of the pure electric vehicle;a data sorting stage: preprocessing running data
of the pure electric vehicle;a characteristic construction stage: carrying out feature
oE A+ extraction on the data obtained in the data arrangement stage;an algorithm model
construction stage: constructing an algorithm model by using an LSTM model and a BP-GM
(1, N) fusion model according to the relevant characteristic data obtained in the
characteristic construction stage;a verification stage: and predicting the residual life of the
power battery by using an algorithm model.
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<FE 38> E5| &M (Electric movable telescopic fireproof cover for electric automobile)
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Electric movable telescopic fireproof cover for electric automobile

ae

The utility model relates to a fire protection safety field of electric automobile
spontaneous combustion, a novel electric movable telescopic electric automobile fire-proof
cover, which comprises high silica fire-resistant fiber cloth, a supporting framework, a
round hole, a stay cord, an X-shaped rectangular steel pipe, a cable, an electric trailer, a
directional travelling wheel, a motor wheel, a trailer handle, a control button, a trailer
case, a storage battery, a universal brake wheel, a controller, a framework wheel groove
and a trailer chassis, when in use, namely the electric automobile is spontaneously
combusted, the universal brake wheel is manually opened, the electric trailer is pulled, the
fire-proof cover is moved to the side of the spontaneous combustion electric automobile
and is aligned with the position, the control button is started, the storage battery supplies
power to the motor wheel through the controller and the cable, the motor wheel pulls the
fire-proof cover to automatically walk and open, the high silica fire-resistant fiber cloth
surrounds the left side and the right side of the electric automobile, the stay cord is
pulled to put down the rolled fiber cloth to surround the front and the back of the
electric automobile, the round holes on the two side surfaces can properly ventilate to
prevent gas and heat from accumulating, expanding and exploding and facilitate the fire
hose to be connected into the fire hose to spray water for fire extinguishing, so that the
harm of the spontaneous combustion electric automobile to personal and property safety
can be effectively prevented.

e 373

1. The electric movable telescopic electric automobile fireproof cover comprises high silica
fireproof fiber cloth (1), a supporting framework (2), round holes (3), a pull rope (4), an
X-shaped rectangular steel pipe (5), cables (6), an electric trailer (7), directional travelling
wheels (8) and motor wheels (9), and is characterized in that the high silica fireproof fiber
cloth (1) and the supporting framework (2) form a telescopic frame whole, the pull rope
(4) can roll the front high silica fireproof fiber cloth and the rear high silica fireproof
fiber cloth to be locked when not needed, the X-shaped rectangular steel pipe (5) can
play a role in stabilizing and guiding the frame when being opened or retracted, the
motor wheels (9) and the electric trailer (7) are connected together through the cables (6),
the electric trailer (7) can move the fireproof cover to a required position and control the
opening, retraction and stopping of the fireproof cover, the directional travelling wheels
(8) can assist in supporting and stabilizing and assisting to travel to a corresponding
position when the frame is opened, the motor wheel (9) can draw and open the fireproof
cover and automatically walk to surround the self-ignited electric automobile, and the
round hole (3) can properly ventilate to prevent gas and heat accumulation expansion
explosion and is convenient for the fire-fighting water pipe to be connected into to spray
water for fire extinguishment.
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A2 1

Scopus

TITLE-ABS-KEY(# 71) AND TITLE-ABS-KEY(A}-&=}) AND
TITLE-ABS-KEY(3}A))

( TITLE-ABS-KEY ( ( electric ) ) AND TITLE-ABS-KEY ( (
mobility OR vehicle OR automobile ) ) ) AND TITLE-ABS-KEY]
( (fire OR burn OR flame OR ignite OR blaze OR flare
OR ( ( thermal ) AND ( runaway ) ) ) )

A9 1

NDSL

ZE=(ZH712H) AND Z==(3HA))

ZE=(H7)2 T A7 A2 (A7) dE T I ) electric) (AR}
i 2= | car | vehicle | B3| & | H]o]Z | automo))) AND Z==(3}#)
P 3 L Esk L B2 gto]of | slo]of | gto]o} | oo} | fire | burn

flame | ignite i blaze | flare | @=F | ((thermal) (runaway)))
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Scopus

TITLE( ~7]) AND TITLE(A-52F) AND TITLE-ABS-KEY(Z3%) AND
TITLE-ABS-KEY(H AHA B])

( TITLE ( ( electric ) ) AND TITLE ( ( mobility OR vehicle OR|
automobile ) ) AND TITLE-ABS-KEY ( ( fault OR defect OR
trouble OR fail OR damage OR distruct OR crack OR
error ) ) AND TITLE-ABS-KEY ( ( examin OR detect OR test
OR diagnosis OR inspect OR check OR monitor OR
evaluate OR maintenance OR repair ) ) )

A9 2

NDSL

ZE5(FA712H) AND =5(23%) AND =S AHA 1))
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slAF 1 A3 | E%F | fault | defect | trouble | fail | I}<= | 3}
i £ | damage | distruct | crack i ol | o] | o] |
error) AND ZE=(ZA | HI2E | A]g | A& | examin | detect |
test 1 Z&k | diagnosis i "7 | inspect | A= | check | EUFH |
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( TITLE-ABS-KEY ( ( electric ) ) AND TITLE-ABS-KEY ( (
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( ( (engine OR motor OR alarm OR warning ) AND ( noise
OR sound ) )) AND TITLE-ABS-KEY ( ( safety OR danger OR
accident ) ) )

242 3
NDSL
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No. | Source Authors Year Title
Essl, Christiane ; Seifert : e .
A e ' Early Detection of Failing Automotive
1 NDSL ]ﬁﬁgﬁg Anfégge’ Michael ; 2021 Batteries Using Gas Sensors
Su, Yang-Duan ; Preger, Fiber  Opti ~ .
L ptic Sensing Technologies for
2 NDSL Ygﬁ%a é&fﬁﬂugkghgﬁ?ﬁh 2021 Battery Management Systems and Energy
paul ’ ’ Storage Applications
. A Fault Diagnosis Method for Lithium-lon
3 NDSL Wang, Jia ’ Zhang, 2021 Battery Packs Using Improved RBF Neural
Shenglong ; Hu, Xia Network
Soudbakhsh, Damoon ;
Gilaki, Mehdi ; Lynch, . .
4 | NDSL William ; Zhang, Peilin ; | 2020 fectrical Response  of Mechanically
Choi, Taeyoung ; Sahraei, g
Elham
gggg } ggua%% Z('juM(E;l E. Thermal Runaway Prognosis of Battery
5 | SCOPUS Zhane ] Shan T.. Hou Y 2021 Systems Using the Modified Multiscale
ZhougY ” ” ” Entropy in Real-World Electric Vehicles
- : - Online internal short circuit detection
6 | SCOPUS ]ﬁghnglL\iVSLIZEoqun X, o021 Mmethod  considering _'equalization electric
Zheng Y quantity for lithium-ion battery pack in|
: electric vehicles
Battery Fault Diagnosis for Electric
. - Vehicles Based on Voltage Abnormality by
7 | SCOPUS Li D., Zhang Z., Liu P., 2021 |Combining the Long Short-Term Memory
Wang Z., Zhang L. . L,
’ Nel(llral Network and the Equivalent Circuit
Model
Binary classification model based on
Xia K., Guo H., He S., Yu machine learning algorithm for the DC
8 | SCOPUS W., Xu J., Dong H. 2019 %erial arc detection in electric vehicle
attery system
Yu Q., Wan C., Li J., Xiong A model-based sensor fault diagnosis
J | SCOPUS R., Chen Z. 2021 scheme for batteries in electric vehicles
Time-Efficient Fault Diagnosis of a BLDC
10 | SCOPUS |[Usman A., Rajpurohit B.S. 2020 %otqr Drive Deployed in Electric Vehicle
pplications
Kang Y., Duan B., Zhou Z., Online multi-fault detection and diagnosis
11 | SCOPUS Shang Y., Zhang C. 2020 for battery packs in electric vehicles
. Objective evaluation of the sound quality
12 | SCoPUS Lee S.K., Lee S.M., Shin T., 2017 of the warning sound of electric vehicles

Han M.

with a consideration of the masking effect:
Annoyance and detectability
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<E 43> =22M(Early Detection of Failing Automotive Batteries Using Gas Sensors)

NDSL Essl, Christiane ; Seifert, Lauritz ; Rabe,

2021 Authors Michael ; Fuchs, Anton

Early Detection of Failing Automotive Batteries Using Gas Sensors

ABSTRACT

Safety for automotive lithium-ion battery (LIB) applications is of crucial importance,
especially for electric vehicle applications using batteries with high capacity and high
energy density. In case of a defect inside or outside the cell, serious safety risks are
possible including extensive heat generation, toxic and flammable gas generation, and
consequently fire and explosion. New regulations (GB 38031-2020) require a warning for
passengers at least five minutes before serious incidents. This regulation can hardly be
fulfilled with state-of-the-art battery monitoring. In this study, gases produced during
battery failure before and during a thermal runaway (TR) are investigated in detail and
the use of different gas sensors as early detectors of battery incidents is tested and
proposed. The response of several commercially available gas sensors is tested in four
battery failure cases: unwanted electrolysis of voltage carrying parts, electrolyte vapor,
first venting of the cell and the TR. The experiments show that battery failure detection
with gas sensors is possible but depends highly on the failure case. The chosen gas
sensor can detect H2 produced by unwanted electrolysis and electrolyte vapor and gases
produced by degassing of state-of-the-art LIBs. The results may contribute significantly to
failure detection and improvement of battery safety.
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44> =22 M (Fiber Optic Sensing Technologies for Battery Management Systems and Energy Storage Applications)

Source

NDSL Su, Yang-Duan ; Preger, Yuliya ;

YEAR

Burroughs, Hannah ; Sun, Chenhu ;
Ohodnicki, Paul

Authors
2021

TITLE

Fiber Optic Sensing Technologies for Battery Management Systems and Energy Storage
Applications

ABSTRACT

Applications of fiber optic sensors to battery monitoring have been increasing due to the
growing need of enhanced battery management systems with accurate state estimations.
The goal of this review is to discuss the advancements enabling the practical
implementation of battery internal parameter measurements including local temperature,
strain, pressure, and refractive index for general operation, as well as the external
measurements such as temperature gradients and vent gas sensing for thermal runaway
imminent detection. A reasonable matching is discussed between fiber optic sensors of
different range capabilities with battery systems of three levels of scales, namely electric
vehicle and heavy-duty electric truck battery packs, and grid-scale battery systems. The
advantages of fiber optic sensors over electrical sensors are discussed, while
electrochemical stability issues of fiber-implanted batteries are critically assessed. This
review also includes the estimated sensing system costs for typical fiber optic sensors and
identifies the high interrogation cost as one of the limitations in their practical deployment
into batteries. Finally, future perspectives are considered in the implementation of fiber
optics into high-value battery applications such as grid-scale energy storage fault
detection and prediction systems.
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<FE 45> =F2AM(A Fault Diagnosis Method for Lithium—TIon Battery Packs Using Improved RBF Neural Network)
<3>
Source NDSL
Authors Wang, Jia ; Zhang, Shenglong ; Hu, Xia
YEAR 2021
TITLE A Fault Diagnosis Method for Lithium-lon Battery Packs Using Improved RBF Neural

Network

With the increasing demand for electric vehicles, the high voltage safety of electric
vehicles has attracted significant attention. More than 30% of electric vehicle accidents
are caused by the battery system; hence, it is vital to investigate the fault diagnosis
method of lithium-ion battery packs. The fault types of lithium-ion battery packs for
electric vehicles are complex, and the treatment is cumbersome. This paper presents a
fault diagnosis method for the electric vehicle power battery using the improved radial
ABSTRACT basis function (RBF) neural network. First, the fault information of lithium-ion battery
packs was collected using battery test equipment, and the fault levels were then
determined. Subsequently, the improved RBF neural networks were employed to identify
the fault of the Ilithium-ion battery pack system using the experimental data. The
diagnosis test results showed that the improved RBF neural networks could effectively
identify the fault diagnosis information of the lithium-ion battery packs, and the diagnosis
accuracy was about 100%.

A7) AZatd g a7t 2713 wEl A7) A5k mHES; bEAe] A FEE T
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<E 46> =E2AM(Electrical Response of Mechanically Damaged Lithium—TIon Batteries)

<4>

Source NDSL Soudbakhsh, Damoon ; Gilaki, Mehdi ;
Authors Lynch, William ; Zhang, Peilin ; Choi,

YEAR 2020 Taeyoung ; Sahraei, Elham

TITLE Electrical Response of Mechanically Damaged Lithium-lon Batteries

Lithium-ion batteries have found various modern applications due to their high energy
density, long cycle life, and low self-discharge. However, increased use of these batteries
has been accompanied by an increase in safety concerns, such as spontaneous fires or
explosions due to impact or indentation. Mechanical damage to a battery cell is often
enough reason to discard it. However, if an Electric Vehicle is involved in a crash, there
is no means to visually inspect all the cells inside a pack, sometimes consisting of
thousands of cells. Furthermore, there is no documented report on how mechanical
ABSTRACT damage may change the electrical response of a cell, which in turn can be used to detect
damaged cells by the battery management system (BMS). In this research, we investigated
the effects of mechanical deformation on electrical responses of Lithium-ion cells to
understand what parameters in electrical response can be used to detect damage where
cells cannot be visually inspected. We used charge-discharge cycling data, capacity fade
measurement, and Electrochemical Impedance Spectroscopy (EIS) in combination with
advanced modeling techniques. Our results indicate that many cell parameters may remain
unchanged under moderate indentation, which makes detection of a damaged cell a
challenging task for the battery pack and BMS designers.
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47> =E2 M (Thermal Runaway Prognosis of Battery Systems Using the Modified Multiscale Entropy

in Real—-World Electric Vehicles)

Source

Scopus Hong J., Wang Z., Ma F., Yang J., Xu

YEAR

Authors X., Qu C., Zhang J., Shan T., Hou Y.,
2021 Zhou Y.

TITLE

Thermal Runaway Prognosis of Battery Systems Using the Modified Multiscale Entropy
in Real-World Electric Vehicles

ABSTRACT

The battery system is vital for the safety and durability of a real-world electric vehicle
(EV), and the prognosis of battery thermal runaway trigged by various abuse conditions is
critical for preventing security incidents, such as spontaneous combustion or explosion.
This article presents a real-scenario-based thermal runaway prognosis on a Li(NiCoMn)O2
ternary battery in an actual electric bus, deriving historical operation data from the
National Monitoring and Management Platform for Electric Vehicles of China. The
multiscale detailed features of the fault signals before the accident are extracted using
the modified multiscale entropy algorithm, avoiding entropy fluctuations and information
redundancy due to the sliding averaging process, as well as overcoming the shortcomings
of the single-scale coarse-graining and dimensional disaster. The results show that
abnormal cells can be detected as early as one week before the accident. Furthermore, a
real-time multilevel prognosis strategy based on the determined anomaly coefficients is
proposed, which can highlight the faulty cells and improve the prognosis sensitivity by
filtering out the redundant scales. The verification results on the accident vehicle show
that the early abnormal cells can be effectively diagnosed, preventing the occurrence of
thermal runaway and safeguarding the safety of drivers and passengers in real-world
vehicular operation. © 2015 IEEE.
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<E 48> =E2A(Online internal short circuit detection method considering equalization electric quantity
for lithium—ion battery pack in electric vehicles)
<6>
Source Scopus Lai X, Yi W., Li H, Han X., Feng X,
T 2021 Authors Li S., Zhou L., Zheng Y.
TITLE Online internal short circuit detection method considering equalization electric quantity

for lithium-ion battery pack in electric vehicles

The timely and accurate detection of an internal short circuit (ISC) is critical for
improving electric vehicle (EV) safety. Typical ISC detection approaches are based on
consistency differences between each cell in a module. However, the indispensable
equalizer in a battery management system reduces inconsistency, affecting the accuracy
and timeliness of ISC detection. Hence, an online ISC detection method considering
equalization electric quantity (EEQ) is proposed. First, the remaining charge capacity and
state-of -charge difference approaches are investigated. Next, the negative impact of EEQ
ABSTRACT on ISC detection is analyzed; thereafter, improved approaches based on EEQ compensation
are proposed. Moreover, an ISC routing inspection approach for dormant EVs is proposed.
Lastly, the proposed approaches are verified. The main results are as follow: (a) The ISC
detection method without EEQ compensation has issues, such as significant errors,
undetected ISC, and longer detection periods; our approaches help effectively overcome
these issues, while the detection error is maintained below 5%; (b) Supplementing the
above approaches, the proposed ISC routing inspection approach can help detect a
moderate ISC even for a dormant EV, while further improving timeliness in ISC detection.
© 2020 John Wiley & Sons Ltd
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49> =F 2 M (Battery Fault Diagnosis for Electric Vehicles Based on Voltage Abnormality by Combining
the Long Short—Term Memory Neural Network and the Equivalent Circuit Model)

<7>

Source Scopus

YEAR 2021

Authors Li D., Zhang Z., thi .P., Wang Z., Zhang

Battery Fault Diagnosis for Electric Vehicles Based on Voltage Abnormality by
TITLE Combining the Long Short-Term Memory Neural Network and the Equivalent Circuit
Model

Battery fault diagnosis is essential for ensuring safe and reliable operation of electric
vehicles. In this article, a novel battery fault diagnosis method is presented by combining
the long short-term memory recurrent neural network and the equivalent circuit model.
The modified adaptive boosting method is utilized to improve diagnosis accuracy, and a
prejudging model is employed to reduce computational time and improve diagnosis
ABSTRACT reliability. Considering the influence of the driver behavior on battery systems, the
proposed scheme is able to achieve potential failure risk assessment and accordingly to
issue early thermal runaway warning. A large volume of real-world operation data is
acquired from the National Monitoring and Management Center for New Energy Vehicles
in China to examine its robustness, reliability, and superiority. The verification results
show that the proposed method can achieve accurate fault diagnosis for potential battery
cell failure and precise locating of thermal runaway cells. © 1986-2012 IEEE.
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50> =E &AM (Binary classification model based on machine learning algorithm for the DC serial arc

detection in electric vehicle battery system)

Source

Scopus Xia K., Guo H., He S.. Yu W., Xu J.,

YEAR

Authors
2019 Dong H.

TITLE

Binary classification model based on machine learning algorithm for the DC serial arc
detection in electric vehicle battery system

ABSTRACT

Direct current (DC) serial arc faults usually occur in the damaged insulation lines or line
connections, which will cause serious accidents such as fires and explosions. With the rapid
increase of electric vehicles, DC serial arc faults are more and more dangerous to battery
system. Therefore, a binary classification model based on machine learning algorithm was
proposed to detect DC serial arc faults effectively in this study. It was optimised according
to the characteristic signals of the arc to be satisfied with different loads for higher
detection accuracy and robustness. In the simulative experiments for the power system
electric vehicle, while the loads changing to the motor, the resistor or the inverter, it will
all reach a highly successful detection rate, respectively. © The Institution of Engineering
and Technology 2018.
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51> =24 (A model-based sensor fault diagnosis scheme for batteries in electric vehicles)

Source

Scopus

YEAR

Authors Yu Q., Wan C., Li J., Xiong R., Chen Z.
2021

TITLE

A model-based sensor fault diagnosis scheme for batteries in electric vehicles

ABSTRACT

The implementation of each function of a battery management system (BMS) depends on
sensor data. Efficient sensor fault diagnosis is essential to the durability and safety of
battery systems. In this paper, a model-based sensor fault diagnosis scheme and
fault-tolerant control strategy for a voltage sensor and a current sensor are proposed with
recursive least-square (RLS) and unscented Kalman filter (UKF) algorithms. The fault
diagnosis scheme uses an open-circuit voltage residual generator and a capacity residual
generator to generate multiple residuals. In view of the different applicable state of
charge (SOC) intervals of each residual, different residuals need to be selected according
to the different SOC intervals to evaluate whether a sensor fault occurs during residual
evaluation. The fault values of the voltage and current sensors are derived in detail based
on the open-circuit voltage residual and the capacity residual, respectively, and applied to
the fault-tolerant control of battery parameters and state estimations. The performance of
the proposed approaches is demonstrated and evaluated by simulations with MATLAB and
experimental studies with a commercial lithium-ion battery cell. © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.

ABSTRACT
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<¥ 52> =E&AM(Time-Efficient Fault Diagnosis of a BLDC Motor Drive Deployed in Electric Vehicle
Applications)
<10>
Source Scopus
Authors Usman A., Rajpurohit B.S.
YEAR 2020
TITLE Time-Efficient Fault Diagnosis of a BLDC Motor Drive Deployed in Electric Vehicle
Applications
The high-performance characteristics of Brushless Direct Current (BLDC) motor have made
them indispensable for Electric Vehicle (EV) applications. The physical replacement of rotor
windings with the Permanent Magnets (PMs), makes the BLDC motor more compact,
ABSTRACT generating high torque-power density. However, the continuous operation of BLDC motors
in EVs make them vulnerable to faults. This paper illustrates the importance of PM-type
BLDC motor for EV applications and the time-efficient fault diagnosis of the motor when
subjected to fault conditions. The proposed methodology of fault diagnosis is feasible for
the early detection of fault in its incipient stage. © 2020 IEEE.
BLDC(Brushless Direct Current) =EHS 35 EBAS=Z AJ3 7] AFAHEV)
qEgAcldel glodxe ¢ 5 247 HAFUT T AP R @A ddE
ABSTRACT Ao 2 wAsH BLDC EE7F B #AolA1 =& B AY 4=k Adgyn. 18y
EVolA BLDC EHO| A&ZHQl 252 A HIFUTh o] =& EV fEgAHS
(He) 2% PM ¥ BLDC mHO FoAs 34 Ao =¥ u e At 5879 3%
ATS AP A" 23 e HHELS 27 dAdA ZAdE 27]d gXE F
dFUTH © 2020 [EEE.
AE oA A7 52| 58S A F3= BLDC(Brushless Direct Current) REl2] n3-& dslr]
= A% P S Adkstn e

H, TEAZE A7F kA By vle AR Al FA b
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Source

Scopus Authors Kang Y., Duan B., Zhou Z., Shang Y.,

YEAR

2020 Zhang C.

TITLE

Online multi-fault detection and diagnosis for battery packs in electric vehicles

ABSTRACT

Rapid detection and accurate diagnosis of faults are essential to safe operation of battery
packs in electric vehicles. However, the misdiagnosis happens occasionally because of
similar signatures of cell faults, sensor faults and connection faults. In this paper, an
online multi-fault diagnostic method is proposed based on a non-redundant crossed-style
measurement circuit and improved correlation coefficient method. In the measurement
circuit, each sensor measures the voltage sum of two neighboring cells and one connection
part without increasing the hardware cost. The correlation coefficient method is used to
catch fault signatures and assess the fault degree. By applying these two methods, the cell
faults can be distinguished from other faults by identifying the correlation coefficient of
neighboring voltages with fault flags. Furthermore, connection faults and voltage sensor
faults are isolated by the correlation coefficient of the neighboring voltages difference and
current. The multi-fault diagnostic method can avoid false fault detection among different
faults, and ensure high robustness to normal measurement errors and Dbattery
inconsistencies of ambient temperature, state of charge, and state of health. The feasibility
and advantage are validated by theoretical analysis and comparative study of experimental
results. © 2019 Elsevier Ltd

ABSTRACT

(HH)

A7 wEe e edg &
Aotk 2t 4 AF, A
PHFUT B ERolAE WEE
eeel BE A% AW Pwe
27714 g AgE F A

e off
];i oo o
o yd, jg

2

o
o
o o
k)

bt
il

Bt o A

o2
el
rlo
.
o
>
&
v
_>‘.1_1‘
il
f
B
o
=
=

o M o
> oy =

St

S

T AUt =3, HEETFH Akl

ot N
rlo
3 o
m
ol
ol
rlr
2
122
ﬂ).l_tl
fo o ki
)
Ju
o

il
o

f
o,
i,
v
v
o, ofN
to
u
™
my)
ok
i
flo
x
fu
ox Hif 4N 1o 1 rE X oo (o Nt
Koo i 24 pdt to oy to U ol

Mr
e
o)

H i
1 ox
i)

i
_E

(o]

z

=3

re

I e
i
ol
%
fu)
oft

f
e
¥y
X2 0
Iy o
ox

)
o o

e

=

o
H_L‘
tlo
a
olN
D‘.?{_f
T
&
®
[N}
2
©
e
[
z
=
)

A712F wiE e o) A& 1 AAE A vFgE wAY 54 29k e G
A BHE 7Idter 289 bF 23 g BHES ALsta o, wige 4t
1% EES A% dudE g A Fa ks

_97_




<¥ 54> =E &AM (Objective evaluation of the sound quality of the warning sound of electric vehicles with a

consideration of the masking effect: Annoyance and detectability)

kEl

<12>

Source Scopus
Authors Lee SK., Lee S.M., Shin T., Han M.

YEAR 2017

TITLE Objective evaluation of the sound quality of the warning sound of electric vehicles with
a consideration of the masking effect: Annoyance and detectability

This study developed a method to evaluate the sound quality of the warning sound masked
by background noise considering the masking effect. The warning sound of an electric
vehicle is required by law for the safety of pedestrians. Therefore, the warning sound
becomes an additional noise pollution source if it is designed as an annoyance. On the
other hand, if the sound is designed with a low sound pressure level, pedestrians will not
recognize the approach of vehicle due to background noise. To avoid nose pollution and
permit the detectability of an approaching vehicle, a method for evaluating the annoyance
and detectability of an electric vehicle is required. In this paper, the whine index
evaluating the whine sound masked by the background was developed and used as a sound
metric. This metric was employed for the development of an annoyance index and
detectability index for electric vehicles. © 2017, The Korean Society of Automotive
Engineers and Springer-Verlag Berlin Heidelberg.

ABSTRACT
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Systems Using the Modified Multiscale Entropy|
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Online internal short circuit detection method .

considering equalization electric quantity for
lithium-ion battery pack in electric
vehicles(2021)

Battery Fault Diagnosis for Electric Vehicles

Based on Voltage Abnormality by Combining

the Long Short-Term Memory Neural Network
and the Equivalent Circuit Model(2021)
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A model-based sensor fault diagnosis scheme
for batteries in electric vehicles(2021)
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- General Electric Safety

- Battery Management Data

- Driving Efficiency

- Electric Consumption

- Battery Service performance

- Electromagnetic Environment Safety
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A8 97 - A7 PAFEA S K03k A1) - 50,0009l * AR IR RERF AN 1}
e -8 = AN FAEFRES Wd i) 10%= = e
h
C = AV A SA R S AR FiEE
- ZA 13702 T B Bl =AM Y iRiciar 7Y
AW A - 100,000,000/ * 23411437149 = 14,300,000,000 HF g
-8 TS A FAEFRES wd T ] 10%=2
8]
- F7E AR, U A AAR g s
a=H| =} - 3l 7IER QIR AW PAEAF AT sl AAEA] el e
AR B B Aol S HIg-S WgsglonE vy
@ Bl 4
- Bl FAL Hdl 9A G Tlee] AAREE el B f A E W8S AR A
0= 2=
<E 115> MI|XSAF M= ok &2 7|s vH[E FH(S1)
(et @)
i _ A QtE S
A1 = = A A T A= o plH\ 2=
as | B TE | ggug|BENE) qagon | WAEA | AEEE 0
H] -8 AANE e A& H] &
20263 | 500,000,000 | 40,000,000 | 138,384 |14,300,000,000| 88,993,440,000 - 103,833,578,384
20273 - 40,000,000 | 185,404 - 88,993,920,000 |10,379,357,838| 99,413,463,242
20284 - 40,000,000 | 185,404 - 88,993,920,000 [10,379,357,838| 99,413,511,242
2029\ - 40,000,000 | 185,404 - 88,993,920,000 |10,379,357,838| 99,413,511,242
2030 - 40,000,000 | 185,404 - 88,993,920,000 110,379,357,838| 99,413,511,242
2031 - 40,000,000 | 18,085 - 8,680,771,084 [10,379,357,838| 19,100,195,008
2032 - 40,000,000 | 18,085 - 8,680,771,084 | 2,348,090,947 | 11,068,880,116
2033 - 40,000,000 | 18,085 - 8,680,771,084 |2,348,090,947 | 11,068,880,116
20343 - 40,000,000 | 18,085 - 8,680,771,084 | 2,348,090,947 | 11,068,880,116
2035 - 40,000,000 | 18,085 - 8,680,771,084 | 2,348,090,947 | 11,068,880,116
20363 - 40,000,000 | 18,085 - 8,680,771,084 | 2,348,090,947 | 11,068,880,116
20373 - 40,000,000 | 18,085 - 8,680,771,084 |2,348,090,947 | 11,068,880,116
2038 - 40,000,000 | 18,085 - 8,680,771,084 | 2,348,090,947 | 11,068,880,116
20399 - 40,000,000 | 18,085 - 8,680,771,084 | 2,348,090,947 | 11,068,880,116
2040\ - 40,000,000 | 18,085 - 8.680,771,084 |2,348,090,947 | 11,068,880,116
20414 - 40,000,000 | 18,085 - 8,680,771,084 | 2,348,090,947 | 11,068,880,116
20423 - 40,000,000 | 18,085 - 8,680,771,084 | 2,348,090,947 | 11,068,880,116
20434 - 40,000,000 | 18,085 - 8,680,771,084 | 2,348,090,947 | 11,068,880,116
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20444 40,000,000 18,085 - 8,680,771,084 |2,348,090,947 | 11,068,880,116
2045 40,000,000 | 18,085 - 8,680,771,084 |2,348,090,947 | 11,068,880,116
204614 40,000,000 | 18,085 - 8,680,771,084 |2,348,090,947 | 11,068,880,116

O e %4

- HogEe B rede] 45" AAd =& Jhed WY 52 AackdA

e, AFE A e, A= o] Ve

(i3
™

do i

- A71AEA sA) Aba 7
‘20 EEWE AlaH] 89
akel iz} shH, QEA A|AISE APPSR} TjsEE HA

- 3 AR A4S SA A

<E 116> 9IXY MI|XFEXF Al ZbA HOl FX Z1H(S1)

=5 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
ﬂ%a])] M 050565 | 259,565 | 250,565 | 259,565 | 259,565 | 25,319 | 25319
HAANE oo o2 | o2 | 002 | 002 | 002 | 002
SRS | 74 74 74 74 74 7 7
FAMNLEE L Soss 5055 | 5055 | 5055 | 505 493 493

(<)

Ex 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2039
ﬂ?ﬁaﬂ)% < 95319 25,319 25,319 25,319 25,319 25,319 25,319
A %*)3 ME 002 0.02 0.02 0.02 0.02 0.02 0.02
SATADE | 7 7 7 7 7 7 !
%“iiﬁf‘ T 43 493 493 493 493 493 493

Ex) 2040 | 2041 | 2042 | 2043 | 2044 | 2045 | 2046
ﬂ%ﬁ? WE 95319 | 25319 | 25319 | 25319 | 25319 | 25319 | 25319
FAATE L 002 0.02 0.02 0.02 0.02 0.02 0.02
SARADE | 7 7 7 7 7 7 7
SIS g3 493 493 493 493 493 493

<)
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- 2017 ~ 202047k A =W A7 AsA g F e 26,397HVE g EH &2 of

19.6% <
=S D 71 o B0 22 Ut sL70It el P of 1zdow
24

- o= EUE 1tZ gZu8<S AEH oF 12,239,752 2]

SiAvdgl e d=d gt 2 YIFrlEe F4T 23 b9 F9 2=
A

<E 117> AXE MI|ALSXE 2| EH|S &

T 2026 2027 2028 2029 2030 2031 2032
Al 3} 4=
“%(Ll_ﬂm—r 259,565 259,565 259,565 259,565 259,565 25,319 25,319
= o
el ?)/H)]g 19.6 19.6 19.6 19.6 19.6 19.6 19.6
245
@l (1_417) h 72,525 72,526 72,526 72,526 72,526 7,074 7,074
=Zpla
F% EOH] ° 12,240 12,240 12,240 12,240 12,240 12,240 12,240
A</
2] & &
YAF RS 887,692,289 | 887,697,077 | 887,697,077 | 887,697,077 | 887,697,077 | 86,589,007 | 86,589,007
(H9)
T 2033 2034 2035 2036 2037 2038 2039
1573 e
i%ﬁl;mvr 25,319 25,319 25,319 25,319 25,319 25,319 25,319
= o
=l ?,/B)]g 19.6 19.6 19.6 19.6 19.6 19.6 19.6
Z%T 7,074 7,074 7,074 7,074 7,074 7,074 7,074
=Zpla
F’] E;H] ° 12,240 12,240 12,240 12,240 12,240 12,240 12,240
(/)
21 &
raH ] 86,589,007 | 86,589,007 | 86,589,007 | 86,589,007 | 86,589,007 | 86,589,007 | 86,589,007
(<)
T 2040 2041 2042 2043 2044 2045 2046
A3} &=
“%(Ltﬂm—r 25,319 25,319 25,319 25,319 25,319 25,319 25,319
= o
=l ?)/H)]g 19.6 19.6 19.6 19.6 19.6 19.6 19.6
el ?:EHZ; h 7,074 7,074 7,074 7,074 7,074 7,074 7,074
AT
‘j% EOB] ° 12,240 12,240 12,240 12,240 12,240 12,240 12,240
(H/d)
2 )&
A e 86,589,007 | 86,589,007 | 86,589,007 | 86,589,007 | 86,589,007 | 86,589,007 | 86,589,007
)

61) https://www.fnnews.com/news/202102241822033115
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A
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)
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® B 23
- SIAgE 2ol dis A7 AbEAR AL oite R SARAHIE A3 a3
2 A7 AEA Wi e 2E s da 523 1Y =4 Ay e 2 A
<E 119> MIIRFSA M obM BE J|E 8|8 FI(ST1)
(9] : )
= SPAARAL Zha YEH & e H A
2026 5,055,198 887,692,289,474 887,697,344,672
2027 5,055,225 887,697,077,381 887,702,132,606
2028' 5,055,225 887,697,077,381 887,702,132,606
2029' 5,055,225 887,697,077,381 887,702,132,606
2030 5,055,225 887,697,077,381 887,702,132,606
2031 493,104 86,589,006,541 86,589,499,645
20324 493,104 86,589,006,541 86,589,499,645
20334 493,104 86,589,006,541 86,589,499,645
20343 493,104 86,589,006,541 86,589,499,645
2035 493,104 86,589,006,541 86,589,499,645
20363 493,104 86,589,006,541 86,589,499,645
2037 493,104 86,589,006,541 86,589,499,645
20383 493,104 86,589,006,541 86,589,499,645
20393 493,104 86,589,006,541 86,589,499,645
2040°d 493,104 86,589,006,541 86,589,499,645
2041 493,104 86,589,006,541 86,589,499,645
2042:d 493,104 86,589,006,541 86,589,499,645
2043 493,104 86,589,006,541 86,589,499,645
20443 493,104 86,589,006,541 86,589,499,645
2045 493,104 86,589,006,541 86,589,499,645
20463 493,104 86,589,006,541 86,589,499,645
©® A4 &4 23
- FRlg 45%F V|FOR 2026 5E 2045A7kA AAA BAL AYE AT} S]

Aluel e BIC = 8.56, S4AvtE]l e 7.37= Y HA=
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<IE 120> H™I7|XtSAt H|

M

I ok Tl dHld 24 2

=

202613 [500,000,000| 40,000,000 138,384 |14300000000(83993440,000]  — | I03SRETRIBIBKREEA| 5,055,198 | GT,6RI0474| STETIM6T2 | STAT,IUGT
20273 - 40,000,000 | 185,404 — |83.993920,000/10,379,357,838(99,413,463,242|95,132,500,710| 5,055,225 | 837,607,077,381 | 887702 132,606 | 819475, 7492
2028 — ]40,000,000| 185,404 —|33993920,000(10,379,357,838199,413511,24291,035,929,802] 5,055,225 | %7,697,077,381 | 887,7R, 122,606 | S12864065
20294 — ]40,000,000| 185,404 —|33993920,000(10,379,357,838199,413511,242/87,115,722,209| 5,055,225 | %7,697,077,381 | S87,7R 122,606 | 777,80354.215
2030y — ]40,000,000| 185,404 —|33993920,000010,379,357,838199,413511,242/83,364,327,559 5,055,225 | %7,697,077,381 | 887,72, 120.606 | 7436206089
2031 ~ 140,000,000| 18,085 —|8,680.771,084 [10,379,357,838(19,100,195,008 15326971 472| 493,104 | SRERI006541 | SBRIARGI5 | A6
2032 ~ ]40,000,000| 18,085 — | 8680.771,084 | 2,348090,947 |11,068880,116) 849,745,869 | 493,104 | SRERI00B5AL | SREROAGI5 | 66491707757
20334 ~ ]40,000,000| 18,085 —|8680.771,084 | 2348090947 |11,063880,116 8 133,728 104 | 493,104 | SRERO005541 | SR5R0AB6A5 | CIABARATG
20343 ~ ]40,000,000| 18,085 —|8680.771,084 | 2348090947 |11,068880,116) 7.783471,870 | 493,104 | SGERO00R5AL | SREROA0E5 | C0SRMIAL
20354 ~  ]40,000,000| 18,085 — | 8.680.771,084 | 2,348,000,947 |11,068830,116 7.448.208440 | 493,104 | 8658000641 | 8630490645 | 535457,705
2036 - 40,000,000| 18,085 — 860,771,084 |2,348,000,947 [11,068,880,116| 7,127,558,316 | 493104 | 8650,006541 | SRERIAU645 | 56,757,375, 704
20374 - 40,000,000| 18,085 — 8680771084 |2,348,000,947 [11,068,830,116) 6820620967 | 493104 | SR50006541 | SGERIA645 | BABGH0473
20384 — ]40,000,000| 18,085 — | 8680,771,084 | 2,348090,947 |11,068830,116 6,526,918629 | 493,104 | 865RI006541 | 8659490645 | 51060017
20394 ~ ]40,000,000| 18,085 — | 8680.771,084 | 2348090947 |11,068880,116) 6,245,855, 147 | 493,104 | SRERO005541 | 855940645 | 309000
2040 - 40,000,000 18,085 - 8,680,771,084 | 2,348, 090,947 [11,068,880,116| 5,976,804,878 | 493104 | 8650006541 | 8GERQ499645 | 46,756,979.961
20413 - 40,000,000 | 18,085 - 8,680,771,084 | 2,348, 090,947 [11,068,880,116) 5,719,516,630 | 493104 | SGEQ00G541 | SGERIAUG15 | 44742564566
20423 - 40,000,000 | 18,085 - 8,680,771,084 | 2,348,000,947 [11,068,880,116) 5,473.221,655| 493104 | SGRQ006541 | 86580499615 | 42815851250
20433 - 40,000,000 | 18,085 - 8,680,771,084 | 2,348, 090,947 [11,068,880,116) 5,237,532,684 | 493104 | SG59006541 | 8589499645 | 40972106459
20443 - 40,000,000| 18,085 - 8,680.771,084 | 2,348,000,947 |11,068,830,116 5,011,992,999 | 493,104 | 86520006541 | 86589490645 | 30.207,757,377
20454 —  ]40,000,000| 18,085 — | 8680771084 | 2,348,090,947 |11,068,880,116 4796,165,550 | 493,104 | 8A5RI006541 | 8659490645 | 37,519,3%,050
8.56
4,316,860,018,032

- 177 -




W A7AERG LA BHRE 93 B 71E AT A% AN B AR

o ol

=4
- AANAEA e 4R FHE 9T B A% AR A F ] AR
= g

Hol o, o] 194 7l& 7IE, 294 4

T4 2 153 GAE 78
= o
O
eu
oix nHe 2 IS ok
f==q HIXSA A8y 2 HI|XISAH 8 FSAAH HI|XISAHEDIE ohEae
ks JisetEd BobiE OHH Y WD & e M9 2ot |

O ANRY L ANIE  TUAE W SHOH WIPIE
£ =
1o A0S WHAK JISAAIE  HETSAAY semas g SMUS P S ME &7

g
[Z1ag) - amoIX| BEIA ™ AADIS | A= ol Ego mopis e | JeA ISR RERN Al

2AAL

3RS HIXSK HsdHM R IIEN
JlEE AL |@E JlENE HAL 88
2 159} N Ll
43 MM Hjgmel 24 oy
F—— ALY 35, HADIE 221, ADIE 121,
A= 3 dAlgy 2 gHiE 1A
(38l 85] MI|RER Sdokd SEE 98 Bal 7| WY MR A7HE TA

) AF ATHE&

O Z471/‘<}57<} aAst 2 la— AdHd Hrle N
1 8 AAlE g
i%X}%i} 7351-% DGR AAH B AA e i

7<1 1<
FEAA = 7]‘%«] HH g 3 shF i dAlE A
e

@@@@

>
N,
)
offl
)
o
N
>,
l
:L
_?L
>

N

O A7|As2 A
O FYPLHE =
@ A9 Al

Q® A4

r
1
el
- ol.n
>

of off do

1>=-:
dob iy [y

o x e il
&
ox
o
N
N
g
3
1

o T el
oX oX

T
TEA

>

O A7 A-&2 A7148 b A=s; gt A
O HANE, HAARF7], APA 2 837 5 A= 3k AT
@ A71AE2 7= ARE E83 HAF | k
B AZAZ2 BSAAF AA7|E L 8 723D A A
@ H71As2 HAF A =0 & v &

- 178 -



S|
i

S

- B A7 #Holy Hlg AHAe BA yZ2URE 2026007 HAsIg o,
7172 101(20361d), 15d(2041), 201d(2046%d) S = 241+

—

- X3 B o= A H ER1Ee A - RaE AHEd A A [EEEA] F]
A & 45%E A&

(A6 ] A3 A DA&o] 242016)ANA AAE AL

- SElvebE 203097HA] A7 A s A RGAE S A4t % Ap-&2; 7| A F o
A AL
<E 121> ZetFx} 8BS [E
T 2020d 2025 2030
A 7] A5 =} 13.5%Ht) 1139y 3009kt
T a5 2} 1.19kd) 20%+) 85%kT)
stolB g = 67.4%7+0) 1509+ 4009+t
8732 A 827+t 2835+t 7859
HAA A F vlF 3% 11% 30%
AR 0 WARA FE(2021), A4 ARFAEA 712 A2 (2021~2025)
- o] F 202597kA] AR RFA G AR HEI WEA v A E
BFAG e AAE
<IE 122> FEAX} AXH Hg =%
(9] @ o))
T 2020 2022d 20234d 20243 2025d
A7) A& =} 106,000 157,500 187,000 227,500 288,000
a2 52 15,185 36,540 40,850 45,700 51,300
A 12.19F 19.479F 22.849F 27.349F 33.9%
AR WARA FE(2021), A4 D8R} 71 BA 8 (2021~2025)

AP D

filo

205087k A) 7] 2 4] ®Hg

3.3} 31562

JI= 2050 BFAF YL 93]
97% 73 QP_TS‘}—E Ao u

|

- 2030 71F Alxpwh gk 9.457,8310) 2 2021 713 AAS2TS 6.2% Z71869L

62) http://www.m-i.kr/news/articleView.html?idxno=891088
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Hhgsto] 2060 AAF Ao =4

- o]¥3 AR AW AWARE HlFOZ 204637HA] AV AEA FHAYS 2
AFELUSTE FAdR0H, F4 AAE O 28
2030 7| HIgFREEAL 5 TOIXLSA H|F
20501 7|& HIEHEXIEA S I XSAL FHC =
_ l ﬁ
20254 ~ 2030\91X] H2H4S 0| 8810 HI[XISA SRS 2 —— 20254 ~ 2030E71X] Sikp AR EQIc =X
j 20304 ~ 205067H%] H24S O|BBI0| HORISAHEHOIS 25—~ 20304 ~ 205047f%] QfAPE AIPEUCHS 5
[ 86] HAtE MI7|ASA 2542 FH HiH+H i+ & A=)
- AR A AEA RFAGS FHF e oLl mel 2E
<E 123> YxfE MI|RER FHEZHE
(9] - o)
T 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
FAY 235,962 | 443,462 | 630,462 | 857,962 |1,145962|1,516,768 | 1,887,576 | 2,258,384 | 2,629,192 | 3,000,000
AFE 101,000 | 207,500 | 187,000 | 227,500 | 288,000 | 370,806 | 370,808 | 370,808 | 370,808 | 370,808
T 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2039 | 2040
FAY 3,036,170 3,072,340 | 3,108,510 | 3,144,680 | 3,180,849 | 3,217,019 | 3,253,189 | 3,289,359 | 3,325,529 | 3,361,699
A=Y 36,170 36,170 | 36,170 | 36,170 | 36,170 | 36,170 | 36,170 | 36,170 | 36,170 | 36,170
T 2041 | 2042 | 2043 | 2044 | 2045 | 2046 | 2047 | 2048 | 2049 | 2050
FAY 3,397,869 3,434,039 | 3,470,208 | 3,506,378 | 3,542,548 | 3,578,718 | 3,614,888 | 3,651,058 | 3,687,228 | 3,723,398
A=Y 36,170 36,170 | 36,170 | 36,170 | 36,170 | 36,170 | 36,170 | 36,170 | 36,170 -

O B4 AU e 39

w0l 2050 7kA] A H-o] BgA S X =3
o A7 AEA REERE 47HA 34,

= B:] (e}
Y4, mBH, AP TR AAY BHL Syt 3

63) https://webcache.googleusercontent.com/search?q=cache:JLFOv5wIplg]:https://m.etnews.com
/20210120000088+&cd=15&hl=ko&ct=clnk&gl=vn&lr=lang_en%7Clang_ko
64) TAEA F5(2015), AI3X] PSR A Y X B 7|2AE
65) £745(2020), 45, A4 vl w2t Hgof oAl B eAts
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<E 124> FEZAX X H2 27 M E(2017 ~ 20204 7| =)

T 2017 2018 2019 2020 A
3() 30,000 40,000 50,000 70,000 200,000
A 3K () 25,108 30,648 34,162 45,044 134,962

24 E%) 83.69 76.62 68.32 64.35 67.48

Abs s BARA FE(2021), A4AF I8 E A 718312 (2021~2025)
<E 125> 24 A2 Fo

T W&

L 20509742 AR ARHE AIAFA BT BEES TS B

£ 20301, 205010 ARe] MNAER} HF FEES 0% DA A5

7]
B

EA QTS 203049, 20509 AR ANAEA BF BES 50% TFE B
2

- 2030, 2050 AF-o] Ar|AsA By HEE 30% 8% 5

- B 7187e9 HE2 SATH HE (V] BA TS HE, 7R - dE P8,
7lE MEgs o] F B AAFANA 285 = WG, o] &A HIEOE 7 T

c A LS ASA S A AAEH 4,000 2/
c Ak u HlE ] SHE k4 A ARAH] - 5,000 Y/

- AYFTEA 28 OBD AR AARAN] ¢ 1,5004 /M)

- AR A A ) 71
3 HAAFAGBIN A6 X (12,500,0004/TH) = 737,500,000
- 7 AARA(L, 73778160 x (12,500,000 /TH) = 21,873,500,000

66) https://www.data.go.kr/data/15021107/standard.do
67) http://xn--c79a92lprlvzab3twmh.kr/view.asp
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- & FujHl& = 22,450,000,000

@ &332 A g F4

WA A BRI Aol me £ A} FE QRS AAsrEE

[e]
Rl
o] o
HA ™=

© +H2 A & F4

- A7 AEA &9 b AAE 39 vE 4 Ade e 2
<E 126> TI|ASA ek AP |s HIE &= HdE 21}
ey He g A7 wd Az
- ¥ HAPER] ) H)E-
(R - A ) U )] 7 RS

T ARG N4 X (12,500,000 = 737,500,000
S|~ R AAATION X (125000008t - 218735000008
AU -z ee 22575,000,000

- B E o) A n)

AA2 A=
H o= 4H4)

g

o o FojzkAe] 10%2 A

C e AAE MRV AR w37 A4 HE gle

@ +=H2 A g F4

- g FRE 8 @A AT A1gel AAE) Tl % fA RS V8-S 49 duke
nen 28
<E 127> MI7|XSA 2t HAP|g HIE FH

dx A T | fAReNE e
2026 22,450,000,000 - 22,450,000,000
20273 - 2,245,000,000 2,245,000,000
20281 - 2,245,000,000 2,245,000,000
2029 - 2,245,000,000 2,245,000,000
2030 - 2,245,000,000 2,245,000,000
2031 - 2,245,000,000 2,245,000,000
2032 - 2,245,000,000 2,245,000,000
2033 - 2,245,000,000 2,245,000,000
20344 - 2,245,000,000 2,245,000,000
20354 - 2,245,000,000 2,245,000,000
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d= AAEH] e & A B & )& A
2036 - 2,245,000,000 2,245,000,000
2037d - 2,245,000,000 2,245,000,000
2038 - 2,245,000,000 2,245,000,000
2039 - 2,245,000,000 2,245,000,000
2040 - 2,245,000,000 2,245,000,000
2041 - 2,245,000,000 2,245,000,000
2042 - 2,245,000,000 2,245,000,000
2043 - 2,245,000,000 2,245,000,000
20443 - 2,245,000,000 2,245,000,000
2045 - 2,245,000,000 2,245,000,000
20464 - 2,245,000,000 2,245,000,000

- AU A A3 2018 49 AU BAEA A T FHE fs] A
Aol AAANZ w3 AL YATWE JAE BAFPOY, T4
A AEA o, JEstE £XE 327 oH Y AAE =Y
foloz #4sy] ole Aoz W

- S F kA T A F3Eg 20199 A7 A s R BRATES 6.0%F Ao,
2020d 7l #EdE FEd 2 BEEH( A= 9F 3,822,000

HMI|Xt FEI= AFE +dd & FEH|(20208)
O 453% 2,500 2,369
kT m 37|14 = 7|E]
}_,gﬁ%, 134,96204 2,000 l.HfJ‘!I
1,453
571204 1,500
054
T-ﬁ . . 1,000 l h
5N
20154 2020 =G L 2 &l

[28 87] H7|A=sA S5 tis & A5E s2ld|-F&H|(20204 7| &)

1) SENF(FEVEY HEAR) @ o=, 23 5 A9
2) F3H 9 (RS 2AhR) - A RERE gE AR 7]E( 0 JYD)
A& ¢ http://www.kpinews.co.kr/news/articleView.html?idxno=153649

=
-

68) https://www.cctoday.co.kr/news/articleView.html?idxno=1129221
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(

- S1 Aye] 9] AxpE d7|AbEAE FefnlE Al wE Hel 4
2
<E 128> AXMH MI|XSA 28| Za HO £ Z1K(S1)
T2 2026 2027 2028 2029 2030 2031 2032
Q%EWT 370,806 | 370,808 | 370,808 | 370,808 | 370,808 | 36,170 36,170
= RS
TZE‘;; = 2,225 2,225 2,225 2,225 2,225 217 217
2
X(:ﬁ)m'r 2,225 2,225 2,225 2,225 2,225 217 217
B As 2t
FEH§ 3,822 3,822 3,822 3,822 3,822 3,822 3,822
FH/)
A7) AE =k
FElz4w e | 8,503,323 | 8,503,369 | 8,503,369 | 8,503,369 | 8,503,369 | 829,448 | 829,448
(L)
T 2033 2034 2035 2036 2037 2038 2039
ﬁ%ﬂwT 36,170 36,170 36,170 36,170 36,170 36,170 36,170
S RS
Tfﬁg 6.0 6.0 6.0 6.0 6.0 6.0 6.0
B z) 5}
T (;?H 217 217 217 217 217 217 217
B AE At
FEH§ 3,822 3,822 3,822 3,822 3,822 3,822 3,822
(/)
A7) A5 =¢
FElztawe] | 829,448 | 829,448 | 829,448 | 829,448 | 829,448 | 829,448 | 829,448
(He)
Sy 2040 2041 2042 2043 2044 2045 2046
ﬁ%?ﬁgm"r 36,170 36,170 36,170 36,170 36,170 36,170 36,170
RS
X(,;;}E 6.0 6.0 6.0 6.0 6.0 6.0 6.0
SRS 2=
Txﬂ(z‘;)m T 217 217 217 217 217 217 217
B AE 2tk
T v g 3,822 3,822 3,822 3,822 3,822 3,822 3,822
(/)
A7) A5 2k
Z7rAm el | 829,448 | 829,448 | 829,448 | 829,448 | 829,448 | 829,448 | 829,448
<)
- 20161 dAthalld wE 7| S AT AA BT A AR FFY B b
FEFE AT oA AAZ o|AEREA Fto|B EAFAY] B3R A&
(0.34%)= A &3t ByAn AL A4-E F4
- HEAALILS] WFALIR] G2 EE W FFTOlA EEE 20 =R AbaLH] 89
FAS H7F RuAME o]&st] Held tig stHIAE S4bstara
- 84 -



- B B e AbaH]
TR e, o]d g A

ey | BTG BAANLIE AEE VAR AT S0, AHE AT s
w4 EE Do UE REFDE ol e AdE Adeld dg4 Baw Alze
B egoz aw w9 &4 52 x9
TEATI B Ao] gl Aol A A ZEALS B B4 2Ps w ol
A

LRl A% o5, FYOE QAT A E, FAFNE AT =5 FAGET
& ?_7( A

02 AL, Bels /HEEe] A4l o5 S b2t

s AN AANE SIS0k B
Cle | ES BEALE I8 AR 13, A7, 7SR ohz e A8 T4 U5
© 3% wok #d B3 2e A Fd) 5 A el vge EsuatiasBol
el Aol o3 AFHE A4S AaBe] WO AYste] UATsH Gol Gk

sfel 74

o | B Q1S AN AFEE 22018 F ATRAAL 19 BAAp} oFd Ae)
S 0 NERle) 02 wEsle WEoE wEAHel LEALA BE HE, 119
B Seadue dErasel he e, 1o AsAngsite Audel ve 59

A8 ¢ RS EH(2021), 2021392020 BA) 20 EENE Alan] g0 A9k Ut
- 202195 =2oA 9 nFgAT YA, wEALILT S BT 7| H Y HAASE,
AFARA Y7 B HEFE, AAEY =AY HYE & I
o
=

AR sl EE gL o

<E 130> AtetAt mof SE oS

1=
s TE swyans NEMERES A
o =
Ay 482,400.2 2,985.5 485,385.6
1}\]_
SEEE T 64,351.6 2,150.8 66,502.4
737 4,839.0 406.0 5,245.0
BogAla 2,384.2 198.5 2,582.7
F 1) FAA SR WAglel 48 W) FAACIEA 199 D) e)

A& ‘:iiﬂﬁ*w(zozn 202121&(202021 EA4) 20 ERuE A}zﬂ]ﬁq 279} B}

- 2020 71& APSARL AR BlE-& VA ZAANA Al EShs aRAETE A 695
Hkgstel 2021 9] Hl§ o= HAGste] ool o] thA =

69) https://www.index.go.kr/unify/idx-info.do?idxCd=4226
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<E 131> RH[A=7F &S E

T& 2017 2018d 2019 2020
FA 95.8 97.6 99.1 100.0
AFE : https://www.index.go.kr/unify/idx—info.do?idxCd=4226
<E 132> AlatAL Dol BE WA
(9] - A9
FE <& A}3] 7] B & AV
&) 20204 2021 2020 2021 20204 202143
A 482,400.2 494,460.2 2,985.5 3,060.1 485,385.6 497,520.2
=2 64,351.6 65,960.4 2,150.8 2,204.6 66,502.4 68,165.0
Q12 7 3

73k 4,839.0 4,960.0 406.0 416.2 5,245.0 5,376.1
BAFA T 2,384.2 2,443.8 198.5 203.5 2,582.7 2,647.3

- S1 AlvE 2] A BYPAnFAL o] wE He] 4 Ade vhadt 2
<E 133> A" MI|IRSA 28|18 2o B £H ZIHSI)
T 2026 2027 2028 2029 2030 2031 2032
A 2 5
o 1,516,768 | 1,887,576 | 2,258,384 | 2,629,192 | 3,000,000 | 3,036,170 3,072,340
& [e]
Esgx(t/*)mg 0.34 0.34 0.34 0.34 0.34 0.34 0.34
B3 7
Wagia(ey 5157 | 6418 | 7679 | 8939 | 10200 10323 | 10446
Z= AFAF 7 H] &
F&Eﬁoﬂ" 68,165.0 | 68,165.0 | 68,165.0 | 68,165.0 68,1650 | 68,165.0 | 68,165.0
HYAn 5
Amzramel | 351,528 | 437,467 | 523405 | 609,344 | 695,283 | 703,666 | 712,049
(3 91)
T 2033 2034 2035 2036 2037 2038 2039
= A =} 2k 2=
Txﬁa‘;q” 3,108,510 3,144,680 | 3,180,849 | 3,217,019 | 3,253,189 3,289,359 | 3,325,529
o) [e]
Esgx(t/g}ig 0.34 0.34 0.34 0.34 0.34 0.34 0.34
YA
ooy 10569 | 10692 | 10815 | 10938 | 11061 = 1L184 | 11307
Z= A} A}
Tg@ffjl)% 68,165.0 | 68,165.0 | 68,165.0 | 68,165.0 68,1650 | 68,165.0 | 68,165.0
HYAnlF
ApmzraTe) | 720431 | 728,814 | 737,197 | 745,580 | 753,962 | 762,345 | 770,728
(31 9)
TE 2040 2041 2042 2043 2044 | 2045 2046
= A =} e 2
T (;5%” 3,361,699 | 3,397,869 | 3,434,039 | 3,470,208 | 3,506,378 3,542,548 | 3,578,718
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HAAALE

) 0.34 0.34 0.34 0.34 0.34 0.34 0.34

A

A7 2(20) 11,430 11,553 11,676 11,799 11,922 12,045 12,168

F3 4 &

o 68,165.0 | 68,165.0 | 68,165.0 | 68,165.0 | 68,165.0 | 68,165.0 & 68,165.0
(49/3D)

H Y A}alF
At zkAas el | 779,111 | 787,493 | 795,876 | 804,259 | 812,642 | 821,025 | 829,407

(H<)

- o€ flsiA = YIRS AR /b S ZuAe] FujolEF B MEZA
A7t EAstAoF sh=H, £33 A A% dREe TRz, Aw 2
deolu, T4 T AA ol o3 Ao ZAHo fejo o) yigol
e

B 87]%0) AR AR AFLE Wole A2e g e BF ALLE
e}l 2o An ALS BF &9 Au B a2 VIA TR 5
21

L AlaetA A Helo #E =2 g8 &
= S L al O 3 _L.‘é‘ k=
Hact By w44 ERE EEHIUS

B A7 by
= e g;r 3
A7 A 52 AL A &9
- A7 1AL B ARV BB, Raud Ayl glomg o] Qg
Jaks)s o
Ameraa o | SRR ofeidl A
- 34 Az FEnlE gA
- 7R s Hd FElnlea} 20194 71E A7 A sRF FRTES 28581 Ll
4+
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o . e e
LA SEAL G B3}
- 20169 Beelly W) FRAATR AT Al AN Solpels | kY
olAE=E WAL Aarg Wk
- AZ1AEAL A R e e STER QIR ti7|$E 1A
NEE T 9 HE T 58
- 71E Ale] 7idEel R sfe) ] Al a5 fis
® e *3
- SIAGE 2o ts) A5R SN E e D BAA wEAL o] B Ao
4 Ashe thgel E e
<E 135> MI7|ASAt 2 ZHAP|s HI8 FH(S1)

A= AN Pl § FA L g ul 7
20263 8,503,323,192 351,527,668 8,854,850,860
2027 8,503,369,056 437,466,501 8,940,835,557
2028\ 8,503,369,056 523,405,334 9,026,774,390
2029 8,503,369,056 609,344,167 9,112,713,223
2030 8,903,369,056 695,283,000 9,198,652,056
2031 829,447,677 703,665,767 1,533,113,445
2032\ 829,447,677 712,048,535 1,541,496,212
2033 829,447,677 720,431,302 1,549,878,979
2034 829,447,677 728,814,070 1,558,261,747
20354 829,447,677 737,196,837 1,566,644,514
20363 829,447,677 745,579,605 1,575,027,282
2037 829,447,677 753,962,372 1,583,410,049
2038\ 829,447,677 762,345,140 1,591,792,817
2039 829,447,677 770,727,907 1,600,175,584
2040 829,447,677 779,110,674 1,608,558,352
2041 829,447,677 787,493,442 1,616,941,119
20424 829,447,677 795,876,209 1,625,323,886
2043 829,447,677 804,258,977 1,633,706,654
20444 829,447,677 812,641,744 1,642,089,421
20454 829,447,677 821,024,512 1,650,472,189
20463 829,447,677 829,407,279 1,658,854,956
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O

A A3

w4 A3

- A& 45%E 7|02 202613 FH 20453 7HA] AAAE BS Al 243 Sl
Alggl 2 B/IC = 1.09, S4xUEl 2 0.372 B4 FH A=
F 136> MI7|ASAF 2 AP s dMA 24 Zo(Eels 4.5%, S1)
Mg o)
D= R [ RARE [ o | HRRA | g [EARE] o | BEA
Foplg | e 2 I il e B A
20263 22,450,000,000 - 22,450,000,000 | 22,450,000,000 | 8503323192 351,527,668 | 8854,850,860 | 8:854,850,860
202743 - 2,245,000,000 | 2,245,000,000 | 2,148,325,359 | 8503,369,056 | 437,466,501 | 8940835557 | 8555,823500
202843 - 2,245,000,000 | 2,245,000,000 | 2,055813,741 | 8503,369,056 | 523,405,334 | 9,026774,390 | 8266,087,672
20294 - 2,245,000,000 | 2,245,000,000 | 1,967,285,876 | 8503,369,056 | 609,344,167 | 9,112713,223 | 7,985,439,651
20304 - 2,245,000,000 | 2,245,000,000 | 1,882,570,216 | 8503,369,056 | 695,283,000 | 9198652056 | 7,713,634,027
20314 - 2,245,000,000 | 2,245000,000 | 1,801,502,599 | 829,447,677 703,665,767 | 1533113445 | 1230,248488
2032 - 2,245,000,000 | 2,245000,000 | 1723925932 | 829,447,677 712,048,535 | 1541496212 | 1183703372
20334 - 2,245,000,000 | 2,245000,000 | 1,649,680,887 | 829,447,677 720,431,302 | 1,549,878979 | 1138895180
2034 - 2,245,000,000 | 2,245,000,000 | 1,578,650,610 | 829,447,677 728,814,070 1,558,261,747 | 1,095,746,484
20354 - 2,245,000,000 | 2,245,000,000 | 1510,670,440 | 829,447,677 737,196,837 | 1,566,644,514 | 1,054,202,030
20364 - 2,245,000,000 | 2,245,000,000 | 1445617,646 | 829,447,677 745,579,605 | 1,575027,282 | 1,014,203,667
20373 - 2,245,000,000 | 2,245,000,000 | 1,383,366,169 | 829,447,677 753,962,372 | 1,583,410,049 975,695,275
20384 - 2,245,000,000 | 2,245,000,000 | 1,323,795,377 | 829,447,677 762,345,140 1,591,792,817 938,622,704
20394 - 2,245,000,000 | 2,245,000,000 | 1,266,789,834 | 829,447,677 770,727,907 1,600,175,584 902,933,703
204043 - 2,245,000,000 | 2,245,000,000 | 1,212,239,076 | 829,447,677 779,110,674 | 1,608,558,352 868,577,857
20413 - 2,245,000,000 | 2,245,000,000 | 1,160,037,393 | 829,447,677 787,493,442 | 1,616941,119 835,506,530
20423 - 2,245,000,000 | 2,245,000,000 | 1,110,083,630 | 829,447,677 795,876,209 | 1,625,323,836 803,672,801
20433 - 2,245,000,000 | 2,245,000,000 | 1,062,280,985 | 829,447,677 804,258977 | 1,633706,654 | 773,031,409
20443 - 2,245,000,000 | 2,245,000,000 | 1,016,536,828 | 829,447,677 812,641,744 | 1,642,089,421 743,538,696
20454 - 2,245,000,000 | 2,245,000,000 | 972,762,515 829,447,677 821,024,512 | 1,650,472,189 715,152,551
20463 - 2,245000,000 | 2245000000 | 930,873.220 829,447,677 829,407,279 1,658,854,956 687,832,363
B/C 1.09
NPV 4,684,586,489

- 189 -



o AR EA A

(D AR 71ed A=

U R F)A| T2 N

Ay &4 5 #g AA AT Ve BA% B A=
dgos 2y =GP

HIIXSA HE2os ¢4y HIITISA M2y AdyS HIIXISA ZHIE fi2t

HIE2 APt S SHE N HHIAIIX 22D
NS IS WS @ || ——
oS HE He I 220! WS HAX L | BHIAMAX AP IE N
NS HE0l

HY dsY us AU=x e IS )= S8 N

HIIXESKH ZHIZA
us S=H e

MK AN Hux g .

8 BUE N HJIXFS A Q1IN MM I

MO} S| ZASK &5
L L}

HIIXISAt ulg HHEE
43 3 15Y

TIIXIS A ZBHIAKIX
N R

ST HEA U 01,

HISIHM 23 [il& T2 A 52 Olé‘} [ Atix} H2| JjE 22 ]

[28 88] M7|A=SAt HH[HAL M
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- 2 AT " v g Ao B JEdEs 2026902 AAsi o, 4
132 106(2036'3), 1511(2041d), 2013(20463) T = 249

N

- ERF B Aol s ARE Elee A - BgE dHEE A=A [LRER A
(A6 ] A3 A A& =A2016)odA AAH TAE 45%F5 X &

- %M AR AANASH BFAY FF AIlA AT AAAEA FAHAS
2 AFAFNSFE B8

- 2017 ~ 20207k A A F-o] 18

°F 68% AE GAHES Ho

2 =9 X109 ATVE v W B o
o 20504714 ARe] BFALE A3
A

Bol ANAFH HFBEE FA(BA

)
£l

N d
o

]

9

T O

ol 2 o

d

<E 137> ZEA AXE 25 =% 24E(2017 ~ 20204 7| &)

T 2017 2018 2019 2020 A
=32 (th) 30,000 40,000 50,000 70,000 200,000
23K (TH) 25,108 30,648 34,162 45,044 134,962

24 E%) 83.69 76.62 68.32 64.35 67.48

A5 WAFA FE(2021), H4x}F AFAAEAF 7|2 A (2021~2025)

<IE 138> 24 AlLiZ[2 Ho

T8 er

G#d Auge 6D |- 2050374 AR Az AVAEA HE BEE DS 49
98 Ao (52) |- 20304, 20508 AR A/AEA B BES 0% DY B
Hl#A AUhE e (S3) - 20304, 20509 AR A AR BF BEES 50% DA A5
A AU e (54) |- 20304, 20508 AR AIAEA HF BES 30% DY B
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S
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S
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, ARbEAE g L BF )R
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B &A=+ 5,000,0004/# *31 = 15,000,000
- VR "= A= : 10,000,000€/# * 37 = 30,000,000

- 5825 AZ} 2,000,000 * 37 = 6,000,000

- S AEE R 98] RED o4 FYsr] ol T ule-2 wasig o,
g 71%0] HI§L 20269714 FAE B E olgeli Yk Ao By

IR DAIF(FEDE A A AH gl whe} o] gA7F FEdof dh=

AU AL A2 A4 F Ay AA T #-E B8 4 Ades
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6‘]—%3}7_%—0]‘@ %% - %‘%Z‘“Z]'_: 5,(XX),(XX)‘{/A‘1:] *3-‘1:] = 15,(XX),(XX)‘O£_

- VR &= A} : 10,000,000/ * 3 = 30,000,000

- WS8R AR 2,000,000 * 37 = 6,000,000
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LR RRe PIAAIGEIE B ARl B olg
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<E 140> MI|RSA M2l AMS olst ZHX M 8|8 33

Wz g9 g

Ho
[
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=

(&) : %)

A= | A BlE

VR ZHl= A%
v &

R&D FAHH|-&

H]-&-A|

202613 | 15,000,000

30,000,000

6,000,000

36,300,000,000

36,351,000,000

20274 -

2028\ -

2029 -

2030 -

2031 -

2032 -

2033 -

2034 -
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2037 -

2038\ -

2039 -
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2042 -

2043 -

2044 -

20454 -
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- 54 71do] iR A BaE & Aol sl AR A 18EHe e
s Ao HAH o]t ArFAoA LEH = o] A gldoly AH
1o dFEFRE FUALE FFY SV OE B Eokd S 71A 1L&H=
Aol gL

<E 141> R&D FXjo| N8FHEET} Hof
T W&
e - - H R&D of4ite] AR o= & fAACT]E) Eokst B 4 EofollA]
LEAE B Jg9 4. uggew A4 AAAA 18 £
_ - AF R&D dste] B{lF o Qe s FAAC]E) EokellAe] 18-S A3A
AHagast o ZN7 @t
A AFAC1E) Eokell BabE AF-o] R&D dito]l A5 FUHE B A
SN -RES ] Fopol A ZEAe} 7149 F7HER] Al 2 ExRES FEA ] wel
WS 183 g3
A5 19 9] 320(2014), 231714 R&D Tl mgAEas $4, 7% 087 177 4% pp.651 ~ 672

- 18&%= 33%+= R&D FAFAY A 1 8FEATE 8l 447

- B 7S AEAE ALSE AQor 20173 dFeol A LHES A
DEFEATE SAdEA 0.699/9 <

- o8 &&3lo s A4 1A E aHE AAHEH e 2w
- 3639 (F R&D 4894h) x 0.69G1F 4ty 1-&/FEA ) 4778

- 2020 AHF AR E 20219 wHIE AZE 480 o] AR TengS

Adstgl o, s & At wid M| AEAF Al IES FAEATRH
M e A=
<E 142> MI|XtSA ol o1 n8YE mah HY FH(ST)

Hle QA LA Hl & A
20263 14,730,140,700 14,730,140,700
20273 28,228,800,000 28,228,800,000
2028'3 28,228,800,000 28,228,800,000
20293 28,228,800,000 28,228,800,000
2030 28,228,800,000 28,228,800,000
20313 28,228,800,000 28,228,800,000
20323 28,228,800,000 28,228,800,000
20334 28,228,800,000 28,228,800,000
20343 28,228,800,000 28,228,800,000
20354 28,228,800,000 28,228,800,000
20363 28,228,800,000 28,228,800,000
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A= UHFA R & HAA
20374 28,228,800,000 28,228,800,000
2038 28,228,800,000 28,228,800,000
2039 28,228,800,000 28,228,800,000
2040 28,228,800,000 28,228,800,000
2041 28,228,800,000 28,228,800,000
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2045 28,228,800,000 28,228,800,000
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