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Holy Trail of Chasing
Hydrogen
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53%
of EU energy
imported in

2014

30%
EU wholesale
electricity prices
higher than US

The EU Energy System

€400 billion 6

spent on energy imports Member States
in 2014 depend on a single
external supplier
for their entire gas
imports

€1 trillion

investments into the
EU energy sector
needed by 2020

4.4%
rise in EU household
electricity prices
2012-2013

Source: EU Commission Communication on “A framework Strategy for a Resilient Energy Union
with Forward-Looking Climate Change Policy”, 25 February 2015.

75%

of EU housing
stock is energy
inefficient

€120 billion
per year spent on energy
subsidies (directly or
indirectly)
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94%
of EU transport relies
on oil products (of
which 90% imported)

€129 billion
annual turnover of EU
renewable energy
businesses
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Hydrogen can help mitigate all these challenges

Enable the renewable energy system > Decarbonize end uses

Decarbonize

Enable large-scale Distribute energy
renewables integration ~ across sectors and -
and power generation regions Decarbonize

industrial energy
use

Help decarbonize
building heat and
power

Serve as
renewable
feedstock

3 = Actas a buffer
= ”Hﬂ o increase

& system resilience

SOURCE: Hydrogen Council



Hydrogen for transport Roadmap

Start of
commercialization

Mass market

Aaccepta bility!

&

A In renewables-constrained countries

A In other countries
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Hydrogen has significant. potential..
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Relative importance by 2050
Market share potential in segment

3 Percent of total methanol, olefin, BTX production using olefins and captured carbon
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Estimated impact in 2050

Hydrogen can benefit the energy
system, environment and economy
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SOURCES: Hydrogen Council, IEA ETP Hydrogen and Fuel Cells CBS, National Energy Outlook 2016



Physics for Economy
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@ER Market Value and energy Value

* Energy Efficiency of Battery storage and hydrogen Storage

Electricity
E e
R
G
Y NI
value
Initial Stored Market value Initial Stored Stored

Thermal Economical

Battery system

Hydrogen system
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(@“ER Milk to Cheese conversion

* Beef jerky conversion
e Summer fresh beef
-> Dry Beef (beef jerky)
Eating in winter as a food
Food to Food

* Milk Chees

FOOD Storage
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@FVER Milk Cheese conversion wpi

Summer

Cheap Milk to Cheese .,‘ ; '.-
N S

3Values

Create Product value
e cheese is more expensive than Milk

Time shift
e Summer to other season

Replacement value
* Cheese compete expensive appetizer such as Salami, Caviar,

Milk Cheese Conversion Value created by triple values

16



(ecer

Hydrogen

Storage such as Beef Jerky
or

Milk Cheese Conversion

* Cheap electrons => Chemicals
* Time Shift

 Wind Blow and Sunshine
e =>>Dark windless seasons

* Replacement Values
* Hydrogen Car reduce the expensive Oil

e Electrons -> Battery -> Electrons

Milk to Chees

Beef to Beef jerky

17



@VER Market Value and energy Value

Initial

*| Energye&tficiency

Stored

Battery system

Market value
Thermal Economical

Initial Stored Stored

Hydrogen system
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Hydrogen has more value
than Energy Storage

Through Milk Cheese Conversion



@ER | propose to call

*Hydrogen

Milk Cheese conversion

7]
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H2

Elect

EcoQomic Value

lysis

¥

Electricity
1kWh(3.6MJ)

Physics
Thermal Value
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TCO comparison OF Fuel for Transport
with fuel Cell

Oil - Tax
- Energy Cost

Cost of Hydrogen Green Hydrogen

Blue Hydrogen +CCS

»
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I4CE Map of explicit carbon prices around the world in 2018
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Societal Value of Hydrogen

Societal value
(Example Increased by Carbon Tax and Zero emission)

Economy
Economic Value
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Increased by efficiency with Fuel Cel
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BACKUP
DECARBONIZE TRANSPORT

4. Transport causes 20% of the total energy-related carbon emissions

GHG emissions in the transport sector, 2013, Gt CO,

3.0

" Transport sector emits 7.2 Gt of CO,,
— 20% of total energy-related CO,
emissions?)

® Three complementary options for
transport decarbonization exist:
— Battery electric vehicles (BEVs)
— Fuel cell electric vehicles (FCEVs)
— Bio- and (hydrogen-based) synthetic
fuels

I8 S Tl VSO DICH

1 The global amount of energy-related CO2 emissions in 2013 was 34 Gt
2 Splitin A- and B-segment LDV's (small cars) and C+-segment LDV'‘s (medium-to-large cars) based on a 30% market share of A/B-segment cars and a 50% less energy demand

Source: ICCT, IPCC, IEA ETP 2016
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Source: Hydrogen Council
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Increase in distance traveled

GDP and distance travelled by region (1950-1997)
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Distance traveled has increased due to economic growth

Source: WBCSD Mobility 2001




CO, target values: High requirements on the automotive industry
Average values of the vehicle fleet in kg

in g/km COz
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DECARBONIZE TRANSPORT

4. FCEVs will play an essential role in decarbonizing transport

Weight Projected economic attractiveness _ _ .
Bubble size representing the relative annual energy

Tons consumption of this vehicle type in 2013
10,000+

.~ BEV

FCEV

‘ . Bio- and (H,-based)

synthetic fuels

1,000

100 -

‘

— nght commercial vehlcles

Small cars/urban moblllty
9,
1 Medlum to large cars?,
fleets and taX|s
0.1 \

10 1,000+

1 Battery-hydrogen hybrid to ensure sufficient power Average mlleage per day/t"p

2 Split in A- and B-segment LDVs (small cars) and C+-segment LDVs (medium to large cars) Km
based on a 30% market share of A/B-segment cars and a 50% less energy demand

Source: Toyota, Hyundai, Daimler
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Source: Hydrogen Council



Hydrogen in Transport
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Conclusion

Hydrogen will soon play an important role for the
society to move decarbonized sustainable life.

* Holistic approach is necessary than sectorial approach

e Sharing the Long term Vision among stake holders and
collaborate to achieve.

* Hydrogen Can Enhance Economy and Jobs.

 We still need to how the societal benefit converts into
individuals’ and Industries’ benefit for acceleration






Trail Continues
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Transport/Mobility ongoing innovation and issues

Technologies
* Electrification
* Autonomous Driving
» Safety collision less transport
e Zero emission requirement

Hydrogen and Battery
* Business
* MAAS mobility as servis
* Vehicle become commodity

Energy/Fuel
* Electrification
» Zero emission Electricity / Hydrogen

Mobility
* High demand in non OECD

» Serious Traffic jam in many countries Indonesia/
Thai



Societal Value of Hydrogen

Economy
EcoQomic Value

Increased by efficiency
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