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Hyundai Clean Mobility Development
Hydrogen as a future mobility solution

CLEAN MOBILITY

CO, free Powertrains

HYBRID SYSTEM

- CO, Reduction " @
- o)

Electrical Powertrains
Combustion engines and electrical Powertrains

Electrical Hybrid Powertrains
EFFICENCY

Combustion engines
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Hyundai Clean Mobility Development
Alternative Powertrain solutions

Hybrid (HEV) Plug-in hybrid (PHEV)
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Hyundai Clean Mobility Development
HEV/PHEV Strategies

Replace CE with Various Hybrid Systems Fun
to drive
Development of Euel Diversification / Expansion
unique system .. Performance to whole segment
efficiency
2015

Mild HEV System Hard HEV System 4WD System FR System
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FMED* (2009) 6AT-TMED** (2011) 6DCT-TMED (2015) 4WD SUV FR Sedan

*FMED: Flywheel Mounted Electric Drive / **TMED: Transmission Mounted Electric Drive
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Hyundai Clean Mobility Development
EV Strategies

Development Goals

3 range: WLTP

Urban Range EV (~ 311 km)

2016
IONIQ Electric

Fun
to drive

Economic Long range

2018

Long Range EV (~ 449 km)

2018
KONA EV

High-performance Long Range
(~ 550 km

2021

EV dedicated
Platform
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Hyundai Clean Mobility Development

Hydrogen Strategies

Setting Development Standards

First Series Production

2014 W 2
ix35 FC -
i " el _if’”

Long
Distance

Economic Heavy Duty

2018

Dedicated Platform

2018
NEXO

Increasing Usability

2020
Heavy Duty Truck

-
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Hyundai Clean Mobility Development
Combining the Best of two worlds

- DROGER
COMBUSTION 4 B‘I\"F'FER—¥\

+ Range
8 + Efficiency

+ Refill + Torque

+ Climate
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Hyundai Clean Mobility Development
High efficiency and energy density

Integrated Motor System with High efficient power-electronics & higher energy density battery system

Hydrogen storage system
*Volume: 156,6 | (3 x52,2 1)
*Storage: 6,33 kg

*Pressure: 700 bar

High voltage battery
eLithium-lonen-Polymer-Battery
*Battery voltage: 240 V
*Capacity: 1,56 kWh

*Power: 40 kW

Motor/Generator
* Permanent Magnet Synchron Motor

« 120 kW (163 PS)
* 395 Nm

Stack
* Power: 95 kW

* System efficiency: 60 %
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Hyundai Clean Mobility Development
Fuel Cell Stack

MEA* / 3D porous flow field Hydrogen and oxygen
are caused to electro-chemically
react in order

to generate electricity

Proton Exchange Membran

440 Fuel Cells generating up to
450V

*MEA: Membrane Electrode Assembly
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Hyundai Clean Mobility Development
Customer acceptance lead to market success

Usability and customer advantage as key success pillar
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Hyundai Clean Mobility Development
Cost Parity

Competitive advantage in long range (commercial vehicles)

Short charging time (Passenger vehicle: 5 min, Commercial vehicle: 20 min)

Passenger vehicle

Commercial vehicle

Battery System Battery System
Fuel cell System Fuel cell System
3 % Equivalent
(e} o
© © range
Equivalent
range
0 200 400 600 800 1,000  Range (km) 0 100 200 200 300

Price of Fuel cell system: Fuel cell system + High-Voltage Battery + Hydrogen storage system — Price of Battery system: Electric battery system

500 Range (km)
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Hyundai Clean Mobility Development
Commercial vehicles

Fuel Cell Bus

2009
2nd Gen. Fuel Cell Bus

2018

3"d Gen. Fuel Cell Bus
2018 Pyeongchang Winter Olympic Shuttle

Power 240 kW
Hydrogen Tank 700 bar
EV range 319 km (Korea)

Fuel Cell Heavy Duty

2019 +

1%t Gen. Fuel Cell Heavy Duty Truck,
launch in 2019

Power 190 kW (2 X 95 kW)
Tank ~ 33kg
EV range ~ 400 km
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Hyundai Clean Mobility Development
Hydrogen with range advantage

Co,
Savings

Battery electric Hydrogen electric

Plug-in-Hybrid

Full Hybrid

48V System

Electric range
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Hyundai Clean Mobility Development
Market success through conviction

\ 4

A

* Improved infrastructure

Sales volume

* Increasing customer advantage

e Optimized cost structure

\ 4

2013 2014 2016 2018 2020 2025
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Hyundai Clean Mobility Development

The only OEM with all four types of green cars

With Superior Technology to suit Flexible Market Trends and to lead Future Mobilities.

Segment

Large

Mid

Small

HEV/
Plug-in HEV

*World best fuel efficiency

*Expansion to all segment

FCEV

*Further roll out

*Volume enhancement

* Cost optimizations

EV

*City range/
Long range EV

°Increasing
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