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1.Background for Electric Vehicle Development
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1. Background

External Environment Internal Environment

* Stricter environmental regulations (FE, CO,) * Needs to countermeasure to comply with regulation
and environmental tax in global market - Korea :CO, 97g/km in 2020

* Rush of eco-friendly vehicle launch - Europe : CO, 95g/km in 2020
* Increasing customers’ demand on Eco-friendly / -UsS : CAFE & ZEV mandatory in 2018
High Fuel-eco vehicles

Year 2020
Year 2025 Year 2025

, | |
140g/km 250g/mile @
e (17.0km/L) (35:5mpQg)

213g/mile .
97g/km (417mpg) 163g/mile

95g/km
(24.3km/L) (54.5mpg)

68=78g/km

Target Target Target

2020 2025
* Need to reduce CO, by over 30% by 2020
due to stricter FE & CO,regulations

BEV (Battery Electric Vehicle) Development is a ‘MUST’ for 2020 and beyond



http://100.naver.com/100.php?id=769608
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1. Background
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\ km - 48%
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\ km M Il68g/ km
2015 2020 2025

% Maker CO, T3 A% AFY
> ((AHOHEAB =2 + BHOIZBHI = T) )

(A+B EHONE)
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Bonus CO, g/km Malus
0€ 110~120 50€
500€ 61~110 53€
2,500€ 21~60 60€
3,700€ 0~20 90€
173€
210€
300€
1,050€
2,300€
4,050€
6,300€
9,050€
10,500€




1. Background

|2 2t A CLEV 3 (HiZ|7tA 7)), ‘CAFE (7] B CiH| 1A, 'ZEV (BEV € H|E O|F THO{)
S= FloiM= HEA| H2EXSA NS 2R

0| G 21 ¥ 7

NHTSA CAFE 1 H| California ZEV X
(Fuel-Efficiency) (Zero Emission Vehicle)
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ZEV(BEV) ©| 2 THOj £ S PHEVE © 2 LA QI 27}
_ ZEV 2.0% 4.0% 6.0% 8.0%
39.6 41.1 425 44.2 55.3
PHEV 2.5% 3.0% 3.5% 4.0%
LDT 29.1 29.6 30.0 30.6 39.3 2022 2023 2024 2025
3H
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2. EV Global Market & Sales Analusis




2. EV Market & Sales Analysis
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2. EV Market & Sales Analysis
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.. but other barriers are linked to misconceptions
that can be overcome through consumer education
and EV experience

Most commonly cited barriers to purchase
are related to limitations in EV technology and
current EV model selection today ...

Battery electric

vehicles (BEVs)

have lower
Maintenance maintenance costs
costs and than ICE models

reliability Warranties of
8 years/100k miles
are now common
for EV powertrains’

Purchase price

Driving range

Several
automakers are
launching new EVs
that are specifically
optimized for
driving experience?

Charging

availability
Performance
and handling

Type of vehicle/
brand not available

v EVE= 35 ICE 22 CHH[ 514 7F Maintenance H|-20] 2 20-40% %2 (OEM 2E})
EV powertrain E57|7t2 C £ & OEMO|A 83/100k miles H|Z (US DOE)

Z|2 High Performance EV EA| £7}, EV d&5 £8{ ZA.

=
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T8 2| 46% ), B

BHE JF @O= =Y 717

= ICE CHH| 2F 20-40% S
M 712 39% |

Comparison of key EV concerns between EV considerers and purchasers

EV consi ] s 18
(non-buyers) - )

sEEEENN sEEEEmy
en®® l-.. " a,

EV purchasers .
||:|'.\l‘|1=r-.| Q o . ” @

"sampmpmun® ...Illl-“

v EV early adapter?| 2d&Ql S oo,
TOi X2} o] X7} M ZESt= Concern X}0| 7} E=XY.
v EV 2FX2| F0j = ZAH0| U=,
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- 51 7184 23 39% U

ZX: McKinsey Sustainable Mobility Initiative — 2016 Electrified Vehicle Consumer Surveys, 2017/01 23



2. EV Market & Sales Analysis

@© Global BEV Trend (Market Analysis)

* B-PC and C-PC have been the mainstream of BEV until 2016

* B-SUV BEVs are planned to be launched in 2018
* From 2020, C-SUV BEVs are to be on the market

~ 2016 2017
Kia Ray(‘11) BMW i3(*13) KIA Soul(‘14) CUvV/Suv
(sokwh/g91Km) (22kwh/130Km) (27kwh/148km)
B-Seg. 2N g s ,
Renault ZOE('16) GM Bolt ('17) Kia NIRO('17) KIA Niro >?('18) HMCKona (28) — VW SUVEV(18) |\~ (20)

(42kwh/280Km) (60kWh / 383km) (6okwh/38okm) _(6okWh/406km)  (400km-)
\Market Expansion
(SUV, B—~CSeg. p—
\/ A \

HMC loniq(16) VW e-Golf('16)  Nissan Leaf(16) Tesla Model 3(17) Ford Model e(18)  Qashqai(20) Skoda Vision S(20) Subaru Viziv(-21)
(28kwh/191Km)  (35.8kwh/200Km)  (30kwh/172Km) (66kWh/346km) (60KWh/322Km) (60KWh/385Km) (337Km)

» L — rﬂ/.i._
H Vo (X o ; i
e Sk ;
Tesla Model S('12) Tesla Model X('16)-SUV Audi Q6 e-quattro('28) Jaguari-PACE (18) ~ BMWi5(18)  Benz ELC('20)

(60~100Kwh/338~507Km)  (75~100kwh/322~465km) (95kwh/350km-~) (9okWh/354km)  (64kWh/322km) (70kWh [ 400km)




2. EV Market & Sales Analysis

«» Future EV tech Forecast

The trend is moving toward higher battery capacities over 60 kWh to increase the range of an electric
vehicle up to 321km on a single charge.

Battery Capacity and Range Roadmap, Global, 2010-2020

Battery Capacity 20-30 kWh 30-80 kWh +90 kWh

DC Charging Up to 50 kW Up to 150 kW Up to 350 kW
Capacity

~40-60 minutes ~20-55 minutes ~10 minutes

2010

Source: Frost&Sullivan

Battery Capacity will grow-up continuously

.
)
g

ZJ Driving Range also increases up to 500 km per one charging.

DC Charging Charging Capacity up to 350 kW

13



2. EV Market & Sales Analysis

China will become the leader for BEV market by 2025 with over 48% market share.
=> China will have the maximum number of BEV models, approximately 218

Estimated BEV Sales (2015~25)

6,302,866

CAGR (2015-25) =35.2%

T
2
=
v
-
c
=

104,158 258,498 685,426

2742 59,445 85,036 116,706
CAGR: Compound annual growth rate
China 122,820 501,239 1,019,3 1,571,170 2,198,801 3,023,520

Source: Frost&Sullivan

P ssenger car market.
hina will have the most number of OEMs producing BEVs which will account for over 48% market followed by

urope and US.
Monetary incentives are likely to be discontinued post 2021, however, non-monetary incentives such as access to

parklng, bus lanes will influence the market.



2. EV Market & Sales Analysis

RNM alliance, Tesla and BYD will lead the BEV market by with a collective market share of 25%.
=> 4 out of the top 10 OEMs are likely to be Chinese

BEV Sales By OEM - 2015~2025 (TOP 10)

CAGR (2015-25) = 29.5%
(Top 10)

Units (Million)

OCORRFNNWW

|
B Geely Group 38,069 71,998 136,028 181,213

counnounounioun

P
I
]
L
2023

Q
General Motors Group |~ 2,92: 35,334 149,850 | 198,984
Hyundai-Kia 27,342 3 138502 | 202,067
8 =1
(]

RNM 72,909 166,072 22 _, 504,504 _
Source: Frost&Sullivan

enault Nissan Mitsubishi alliance is likely to lead the BEV market with 9% market share selling over
4,504 units by 2025.

m Daimler Group 11,008 169,558 | 252,501
Volkswagen Group 20,32 67,449 187,450 | 271,096
[s]

183
BYD Auto 68,979 162,875 063,892 416,58
02

Daimler and VW Group will have the maximum number of models available for sale.
* The top 10 OEMs will hold over 54% market share for BEVs of the 5.6 million market in China, Europg, Korea
and the United States.



2. EV Market & Sales Analysis

The Is approximately 20-27 GWh globally which is likely

to go up to ~175 GWh by 2020 with China having over 63% market share with over 12
manufacturers.

Planned Battery Production Capacity, Global, 2016 & 2020

60 ,
50 | 2016 > 15 GWh
< :Lzozo > 106+ GWh J
0] -
R >
2 |
= 30 ;
= " 20
20 :
i 12
10 8 5 i 1 5 8 6
3 3 3 3 3 3 5
1 0 ! 1 0 0 l 1
0 - ' - e | _mm - B
7 LG Chem Samsung LG Chem  Tesla i Lishen CALB  Samsung BYD CATL  Panasonic LG Chem Boston
&) (S.Korea) (S.Korea) (Michigan) (Nevada) i (China) (China) (China) (China) (China) (China) (China) Power
/ © o crem &I @ 1conen ey S G @D CATR P @ocen D |
Source: Frost & Sullivan

16



2. EV Market & Sales Analysis

m O E7|XSA MESS

NEWS REVIEWS COMPARE EVS FORUM I n S| D E S

2019 Monthly Sales Chart

2019 U.S. EV SALES FEB MAR APR MAY JUN TOTAL
Tesla Model 3* = 5750 10175 10050 13950 21225 81,100
Toyota Prius Prime* 1205 1820 1399 1914 1144 11,556
Tesla Model X* 900 2175 1050 1375 2725 10,225
Chevrolst Bolt EV* = 1225 2168 910 1396 1659 9,266
Tesla Model S* 625 2275 825 1025 1750 8,200
Honda Clarity PHEV® 1213 131 981 816 1030 7,343
Nissan LEAF = 654 1314 951 1216 1156 6,946
Ford Fusion Energi* 573 611 585 605 675 4326 "orsche Cayenne S-E” 65 %
Chevrolet Volt* 615 1230 405 408 333 3916  Hyundai IONIQ PHEV* 73 o4 94
BMW 530e* 414 438 416 72T 908 37p1  Hyundai Kona Electric” 0 6
Chrysler Pacifica Hybrid* 580 383 347 390 301 2gpq SManED= 63 | 58 @ 90
Audi e-tron = 263 856 726 2513 Honda Clarity BEV® /8 | 68 | 92
BMW i3 (BEV = + REX) 350 350 331 430 473 2511 AudiA3 Sportback e-tron® 45
Volkswagen e-Golf = 118 521 400 264 266 2353 Subaru Crosstrek Hybnd* 27 52
Kia Niro PHEV* 505 230 245 329 351 2264 Mini Countryman SE PHEV® 63 | 45
Jaguar |-Pace = 186 212 237 28 23 1509 Flats0oe” &7 @ 33
Mitsubishi Outlander PHEV 157 241 163 232 222 1461 Yolvo SO0 TEPHEV® 46 | 5
Mercedes GLC 350e* 72 175 220 284 270 1349 (@NroEVIE

Mercedes C350e* 145 135 173 215 235 1973 HyundallONIQEVIE 32 | 28
Porsche Panamera E-Hybrid® 160 195 155 170 195 1199 Mercedes S550e” 10 | 2
Mercedes GLE 550e* 95 110 150 185 180 ggp  Hyundal Sonata PHEV® 7 !
Volvo XC90 T8 PHEV® 105 155 100 120 170 gs5  BMWXS xDrive 40e® 38 | 2

Volvo XCB0 PHEV= 100 125 85 95 175 g1p  Kia Optima PHEV 1 8
BMW 740e" 14 15

Cadillac CT6 PHEV* 1 3
Mercedes B250e* 2 0
Kia Soul EV* = 1 2
2018 U.S. Sales Totals™ 16,715 16,891 27,639 21,2556 28,386 37,818 27470 176,174
2018 U 5. Sales Totals* 12009 16,845 26443 19623 24307 25029 20598 361307
2019 Worldwide Sales” 169 468 111 541 224 335 166,200 179,270 264 591 1,105,405
2018 Worldwide Sales” 82000 81,000 141,000 128 450 159 346 160,894 144 975 2018247

BMW iS 23 47 a1
BMW 330e*




2. EV Market & Sales Analysis

m MA E7|XSA AMESES

-CARI165
.....

Andorra (1) Audi (5) Australia (18) HU"- tria (435)
:l-'-|u [~I| Ea‘t-—nea (14) EEIQILI|11 ar) EI:J_|
(38) BMW (16) 2razil (1) E Buses

BYD (25) cadic Canada {?’6}

Pl Europe June YTD %
1| Tesla Model 3 11604
4881

e o~ B4

CCS (3) Chademo (3) Chery (Z) Chewro (4

Ch”.ia {104} Colombia Costa Rica (1

Cyprus {4) Czech ?e:ul:c 20

6|BYD o5 379 26095 2] 8

Denmar}md.uu 0% (1) Ecuader (1) Estonia (17) 7|Renault Zoe 4990 24594 2| 11 /| Hyundai Kona EV
Europe (79) EV Business Case 8{BYD Tang PHEV 2996| 24174] 2| 16 8| Mini Countryman |
(24} EVs & Potatoes (9] Fssi.Charing (2 9|Geely Emgrand EV 4465 23715 2| NE Violvo XC60 T8 PHEV | 441 6879

|
=cev (8) Finland (30) * laguer |-Pace | 1066 6703) 3

Forecasts (44) France {8?} ee-
iy Germany (95) am (13)

Gresce 2 Honda (2) Hong Kong (11) Hungary (3)
Hyundai (8) lceland (33) wnage= (1) Ireland

BMW 530e 732 6632

Kia Miro EY 6B/ 6l62

PHEV

131 Eia Nirc

15]BMW 225xe Active Tourer 904 5999 2

(31) 1srael (8) Italy (4B6) Jzgusr (1) JApan

(57) 1) Kia {7} Lstvia (1) LCV= (1) Lithuania 4

3) Looking for EV's (14) “emlj- urg (8] 18] Tesla Model S [ 1670| 43 2

falaysia ( 3) me (1) Memory Lane (16) Mercedes 19| LR Range Rover Sport PHEV | 697 4036| 2
lexico (2) Mitsubishi {(17) Monsco (1) Maroceo 20| Volvo XCS0 T8 PHEV | -5I.';.'." 1664 1

Netherlands (88) New Zealand

(26) Nissan (21 .Norway (97) o
Poland (12) Porzchz (1) Portugal (41) Preview
Renault f22‘ roewe (1) Romania (10)
(T) SAIC (3) Slovakia (3) Slovenia (12)
Smart (3) South Africa (8) South Korea (21)
¥ Spain (58) = L=nk= (1) SWEden (86)
éﬁnltzerland (93) T=wan (1) Tesla (43)
B Thailand (1) Toyota (12) Turkey (4) UAE (2) UK

.‘ (27) Ukraine (13) USA (54} Volkswagen
(8 voro @ World (131) -

Others

TOTAL

3



2. EV Market & Sales Analysis
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CERE)

= Al 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
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iy 1,516 8 10 3 £ 106 117 420 766
£ B, 738 7 3] 4 5 g2 2049 1,93 4723
P gl 1,082 1 23 15 10 8 51 263 701
HF 1,552 1 3 [ 52 75 54 366 939
£ &1 1,400 4 6 B 2 7 40 215 1,118
=M 854 7 2 3 S 34 46 238 519
M E 234 { 2 2 3 1 14 A3 169
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3. EV Benchmarking
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3. EV Charging Technology & Trend

4.2. Future Trend

4.1.2 Wireless Power Transfer (WPT) 2M =X

Rectifier
: ACSDC M

. Communications
S 2IE(WI-F), W B (CAN)

Wall Box
: AC2>DC HE, Wi-Fi 841

Inverter

: DC2>AC HE (MY HE. 214 Ho)
: AC 85kHz 1} Oscillati

: Wall Box0f ¢LH|5 7

Vehicle Assembly (WVA)

A WS ST gE

HV H{E{ 2|

Ground Assembly (GA)
Kb 0|z BN Ij=

Peripheral Systems

1) FOD (Foreign Object Detection)
: 218 24 #X

2) LOD (Living Object Detection)
: 018 24 #X

3) PD (Position Detection)
: S e 7 X ZE




3. EV Benchmarking

Tesla Model S

Tesla Model S

Main Features and Keywords

SN NEFS (FY 2E)

T .

~ ¥
e L. -
S JAxTGoH (SHUEY | 99.97% DM, 2H= 0-100km/h 2.7
Xsgd™xS Front Trunk/ Child Seat HXlAa3d Software Updates
= 17inch ——

en - \

SO ) OTA(Over-The-Air) SR
T HAI0IS,

Steering ;

o Cruise -]
14742| 3% X| Light nsabes,
’ . Wiper = i




3. EV Benchmarking

Tesla Model X

OHE| B A|O|ZE| 4

Tesla Model X Main Features and Keywords
X | o| Ad e
o a2l 24 i = 2
al o: ko) HO 35l=
S/ g9t 51 Ol =
o 2 B2
HN S AA FHAHE (S7198h Yoot RI| Yo R
ASK U S7|0M EIHE, e = s Jj=o .
srefalof, fojaix o ogem | T 54 22 7SS 295 miles
= HMAHsl= 2|2 S5 HEPA E (565km)
348 gasiy | JENESS CD: 0.24
= HE = = o— —
(Crumple Zone) = fUV HEPA 37|88 A|AH
o g gsis CHHI20% 4 | 99.97% m|MHX|, QHEX XA
™ g3




3. EV Benchmarking

Tesla Model 3

Tesla Model 3 Main Features and Keywords

xl% 7hs8h

a
[ (@)

Mo
1>
ra

Lo| 7t

1

=]y

4™y 9= 7I24 $35,000 / $55,000
1

2

Ll

Giga factoryE E3%t H{E 2| 7t2 2f 35% |

)
) 0|2 BAS M Al $27,500 (3H2440Hl)

AutoPilot 3= 9]0 5-Star Safety Rating 220~310 miles/13| SH Under 6 seconds

"kv& <3

=1
“ . j =3l 715 72| 220~3100}
, i W% TS ?’352 496km) 0~60mph 5.1~5.6%
7 One Display All glass roof C| Xtol £5| (Wheels) 2170 Battery Cells
7 \ St ; -~ 2170 Form Factor

35% H|8 EZ
($125/kWh)
Lifecycle 2F4t

2 S, X g ok

mm wide, /0mm tall)

-
-

B
. K T

d B}
7
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3. EV Benchmarking

Chevrolet BOLT

Chevrolet BOLT

Main Features and Keywords

REGEN ON DEMAND™

ONE-PEDAL DRIVING

ELECTRONIC PRECISION SHIFT

Awards

B E

AFZR|C] ZD A A
Mt BT 2% L NS A2
AHE FA BEAIAH

Mt S5 ZaAAH

et A2| Zx] A2

XHHO|E U QX BZ AAH

Motor Trend 2017 25l2| X}
a2I7H X'd 2017 HEAKL
20|35 2 E A (NAIAS) 26l 2| Xt

0l A ELAMLA]

13| SHo 2 ME0f|M F4ttx],
383km =3 915

nfo| &3

TS
Z2|0]9i3
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3. EV Benchmarking

Hyundai IONIQ Electric

Hyundai IONIQ Electric Main Features and Keywords

INSIDE S, ‘ R
_ s = ———

Regenerative barking system(Paddle shift)
Wireless charging pad Aerodynamic design
Blue Link(Connected Car Service)

Awards =il 72|

200km(EED / 217km(Z4])

2017 =2=H7| iF C}X| Q1 AF
2018 & | =Sl X}
2018 =< ADAC #|1n
Xx13HA X} EA 6.9km/kWh, 1&£E2
5.8km/kWh2 M|A| %1 £=F9|

[JETIADAC ol =g

6.3km / kWh

HAHA HE HE (SBW) 8QUIX| LiH|A|o]/d

=1 "

Battery Pack

'«, | - 22F:28.0kWh

e SEUX| BEx /MY SE F0 i 8ol X|
! 4 ] X2 O|SUX| BE /A2 O|Y A1 = x|
Electric Motor / Drive Unit | 2Xx} 3o ZD (ST AE) 55HA| ®7)) £33
- A|1E3 : 119.7ps/88kW | dolY 2= g4
x| - 295N FEUSEZL /Y uX SE Z0
- ZCHES : m / ADIE 32% HEE(Stop & Go Z3)

30.1kgf-m
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3. EV Benchmarking

Hyundai KONA Electric

Hyundai KONA Electric Main Features and Keywords

53 HiE2] #of MH|A X

Blue Link(Connected Car Service) § Supervision Cluster
Shift By Wire

Awards =il 72|

20184 48 EA| == ZIof 13
- =3 F87z|

/| Battery Pack MY SEWX| BE /MY S5 2D
| - 2% :64.0kWh A2 o|gHx| BX /K12 O F1 ;
2R Fo| ZN(2TLEY STHA| £7]) = 1 8ol
: : .| stolw mx g T el = o
Electric Motor / Drive Unit | s=ut == 72 N - H‘_-r !
- A| D& : 204ps/150kW | A0tE 32x HEE(Stop & Go ) & T = W EEEA
il WD

- Z|CHE3 : 395Nm /
40.3kgf-m
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3. EV Benchmarking

BMW i3

BMW i3

Main Features and Keywords

= e \l
HM.EV 332F n

. L 2T =L
- T

. ’\&‘; — v&

4

E-mobility

carbon-fiber reinforced plastic

BMW I remote control

Powerful Performance

Safety system

Awards

| Battery Pack

| - 82F: 27.2kWh
| Electric Motor / Drive Unit
- Z|n=3 : 170ps/125kW
- Z|[CHE3 : 250Nm /

OHE|H 32X HEE (Stop & Go
=)

2014 iF Product Design Gold

2015 FEME 23}°| X}

2017 72 23X LEL
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3. EV Benchmarking

Emergency Charging Service & Warranty
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Part Il

1. SYMC SYMC Tech Challenge and innovation
2. SYMC Electric Vehicle history
3. SYMC Electric Vehicle Strategy




[Milestone] SYMC 7|& &1} &4l
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Eco-friendly Vehicle Development History
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Ssangyong EV Development History

2" Tivoli EV-R
g9okW PMSM
25kWh
325cc 1cyl 25kW

15t Tivoli EV-R
8okW PMSM
14kWh
1200cc 3¢yl 5okW

Korando C 2" Battery EV

Korando CEV-R “\\

'i"ando C 15t Battery EV



Ssangyong EV Concept Car
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2015 Shanghai Auto Show
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Ssangyong EV motor Show
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EV-R Driving Test
Long Distance Driving Test
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EV Core Components

= ltems
Charging
Control Unit
Inverter
EPT
PLC
Communication
Eco-Tire Regen Brake System
Heat Pump
EV Parts
Shift-by-Wire
Dial / Button
: = o\
) Model S
Range Rover Evoque HMC Inonic EV
- X ‘.."y
Leaf
38




Robust & Safety Electric Vehicle

The 5-Star Safety Ratings i

5-Star Safety Ratings

More Stars. Safer Cars.
[

US. Department of Transportation

Front and rear collisions

High Voltage Safety System
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Smart Car
(e-Mobility)

Electric Vehlcle (Elec. Motor + High Voltage Battery)
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