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\CNER o _ wpi
| am a lucky physicist/engineer to have been observed ar

been involved two big innovations of automotive
technology

2017/11/23 3



Status update for Fuel Cell Vehicles

Rewarded with a smile TOYOTAq_



Electrons and Protons for economy

Physics for Economy
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AWe cannot change physics

APhysics can change the world

wplI



/( 22 NER

A Economics

I Observing the economy and find the basic rules behind th
phenomena

I Apply for the stimulating the economy to improve and bette
economy

A Physics
I Observing the nature and find the rule behind the
phenomena

I Apply the theory to the experiment to understand more
about nature

I But not trying to change the world



CeRer What we are facing o

wplI
A Global Warming due to the use of Fossil Fuel
A As an Energy

A People seeking better life

I What happens everybody seek the same life as US or
Europearlife style

A In the past

North and South, rich and poor

Due to the posses and not possess

Cash flow from people not posses to peoplegtsess

.
.
.
I Enhance and accelerate the economical gap
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Mobility Is the basic desire everywhere

Fassenger km per capita
— =——NAM
100,000

10,000 SiREame

1,000 —— —F

oh
3

AFR

100

100 1,000 10,000 100,000 World

CDI par capita, SUS (1985)
Source Updated datas based on Scafer (1 998).

Source WBCSD Mobility 2001
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Potential of eclectigoropulsion technologies " wpi
A Electric propulsion system hadig potential
A FCV coverswider customer usage
CQ emissions wello-wheel, g Cgkm
200 ;
Internal combustion
engined gasoliné
150
Battery 2050
100 | electric Electric e
vehicle Fuel cell Vehicle ,q50 Internal_
. . 7 combustion
electric vehicle : )
engined diesef
50
Low emissions and high range
0 2050
| | | | | | | |
0 200 400 600 800 1,000 1,200 1,400 1,600
Range, km

Source; A portfolio of Powetrain for Europe

1 According to the Integrated Energy and Climate Program; 21% compared to 1990

2 Range for 2050 based on fueglonomy improvement (constant tank size assumed); assumed §%e@@tion due tdbiofuelsby 2020, 24% by 2050
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Cost of importing crude oil to J
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Increased drastically in' recent years




53%
of EU energy
imported in

2014

30%

EU wholesale

electricity prices
higher than US

The EU Energy System
75% 94%

€400 billion 6
spent on energy imports Member States
in 2014 depend on a single
external supplier

for their entire gas
imports

4.4% €1 trillion

rise in EU household investments into the
electricity prices EU energy sector
2012-2013 needed by 2020

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

of EU housing of EU transport relies
stock is energy on oil products (of
inefficient which 90% imported)

€120 billion €129 billion

per year spent on energy annual turnover of EU
subsidies (directly or renewable energy
indirectly) businesses
F i
(¢ (%)) CLIMATE POLICY DBSERVER
N (- montwing hnate poicis
2
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2017/11/23

Redistribution of value
to the local economy

13
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Petrol/Heating/Electricity

Recognition of reality
Number of days to pay for energy bill

=

Cash out by the energy expense damage the regional economy since the small
economy since the energy has small value chain for locals

Rise of energy cost for local economy

~

A

~

FCNER
A

26

SourceHyGrid study group based on Gov. statics



NER Local economy

3-1-2  KEMICHIT BT BBIROIE

KRR (SRATS=ZH) 1,088{EM [20104) et st

S O-0EFERER ‘ ﬁgggﬁﬁm

EERNfEEEE SHEFFS (600 &) R (W)
e () SEFE (@) 200100 0 100 200 300 400
0 100 200 300 400 ggg ‘ R —
e e R - s BEOEE :
R ] B N el BER
- . . . S0l I | ||EmeAEa B - BuER
9 \ \ \ FE10) — . - 795 7K - o
= ! ! ! 100f---m-- - - Em | | ERmE
(118 | | | 7o) AP __ _ = INFE L /N 1 1 |
Kl - B l l l Pz | BB 9121980
(1.16) : : : = =—w == : - i;lﬁl : ?91,12‘3§P]
SR ER _ER ER ‘ ol I
1.10; 1 1 1 | | | |
i | | BRI (EM) | i I I SAm -
w6 - mag o 250, — N3z gm0
- | | | P11]1] SES - 96 | o5 | RGEE | IR~ ICED
Tath ! ) o 150 =M : ——— Fid - ¥086 &M
wa by O OBFE | 150 -om oo O B [ 5B @0 52 B : 3280
! ! s | 100 . B e ‘ e A | :
Zofy—tz 1 BERULEES i SRUFR - AHE =85 : 32|
(a7 : | ORAEM S50F-------- - - - 197 ! ! ! !
' ' ' It ZOMY—ER |
F—x -k B=R | | i i |
EE  EE  E2
_0Cal Ca
e~ DI
1810))7 8659
BRER (RIR) AREE AIER HEEEER %%EEE%%?
Bl : 2R Dl fll : SE{EDET. Bl - EhEEDER. Bl [BPLBEL] £&3
TRTHHAICTEE D 5% L DFEHE TUMETEFHR d=a=5DBEE

MIHEER by : JO—%% X HEE

HH  EARARN [TH23EEARTRAF 5O UFEHES], BEL [EREEBOME I W [CEHRERPHMY F 5] &0 E

&
S,



@ Target of study
\#*CNER Internal economies the energy wpi

A
A
A

Method of energy cost into internal economy
Electricity can be localized through PV, Wind and Bio energy
Petrol, Heating are issues

-

. Hydrogen from renewable electricity enables cost of fuel into internal economy

. Business of hydrogen is a biggest issue

<

. Business feasibility and balance sheet of society can be studied

. Clarify the issue and make a roadmap

16



@m HyGrid system

A Combination of Established technologies

/- | J1 \ /\

"'Fﬁ\%}\'*ﬁ - generator :\\\
| J 7 fai -
B

Heat

Electricity
(==
. Storage

— \?

Total Management i,,h LY I
I Fueling Station

Electrolyzer

17
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Study result

Lower FIT price

Hydrogen with reduce@apex
can make more profit than
selling electricity

Electricity 5
\

CAPEX 100% 100% 100%
25 [kWh 25 [kWh 15  /kWh
IRR 14.02 % 3.78 %
NPV 200,208 12,700
(b) Sell Hydrogen
CAPEX 100% 50% 50% Priority
25 [kWh 25 [kWh 15  /kWh
IRR 1.04 % 5.37 % 417 %
NPV -62.978 63,195 30,465 y
() Sell Electricity
CAPEX 100% 50% 50y, | Priolrity
25 [KWh 25 [KWh 15 /KWh
IRR 2.70 % 6.72% -0.84 %
NPV -9594 98,591 -88.917

18



Cedier

Exit of colony to independence

Current

Electricity

3

Reduce cash out by
production

Regional independent and
export of energy

Rich local economy

Sustainable

G

p
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@vsn De-carbonation from local economy 7 wpi

\ System Applicable —
Cost down through COSt [ Area
expansion of HyGrid down Increase
)by - | HyGrid ’ HyGrid
HyGrid " XN o i

BXE 2 A DR

HyGrid economic system initiated from remote areas/islands and expand to bigger eco

20
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Potential of renewable energy cost for
the society

-

" wpi
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@vsn Toward sustainable mobility wpi

A Electric propulsion is very important for the future

., Battery and Fuel Cell Vehicles play major role for low carbon
mobility

, Large OEM are preparing both BEV and FCV
A Infrastructures are also being build US, Japan, Europe
However

A FCV has more societal benefits than individual
. FCV energy diversification
. HV direct fuel saving

. Benefits of energy diversification and sustainable ecosystem must
be clarified and transfer to individuals to encourage the transition
to sustainable mobility/society

22
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Potential of renewable energy cost for
the society

-

" wpi
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U.S. DEPARTMENT OF Energy EfﬁCIenCy &

WIND AND WATER POWER PROGRAM ENERGY | rencwabie Energy

Relative Competitiveness of Wind Improved
in 2013: Comparison to Wholesale Prices

100
Wind project sample includes projects
90 with PPAs signed from 2003-2013
80
M +— —‘
< *
g 60 +— L
& 50 +— ¢ L 2 — Y
. .
RO ¢ e .
30 —
20 .
10 Nationwide Wholesale Power Price Range (by calendar year)
¢ Generation-Weighted Average Levelized Wind PPA Price (by year of PPA execution)
0 T T T T T T T T T T 1
PPAyear: 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Contracts: 9 13 17 30 26 39 49 48 38 13 18

Mw: 570 547 1,643 2,311 1,781 3,465 4,048 4,642 3,980 970 2,761

* Wholesale price range reflects flat block of power across 23 pricing nodes across the U.S.
* Recent wholesale prices reflect low natural gas prices, driven by weak economy and shale gas
* Price comparison shown here is far from perfect — see full report for caveats 52

Source from DOE EERE report wind power

24



L@\IER Cost comparison of various generation Japan 203& wlp‘i

3/kWh
40.0

35.0
30.0
25.0
20.0

10.0 - a B s . ¢ 51 i . : II
50 R 1 ‘I 12.1. : I o I 9.5 I 4.2 Il
00 NN BRU = B B0 °H " H:o0 70

(] (o3 .

O'Q (o)
&“  High cost of RE is
“ue to p;qh Capex

200" R '
. BEER
35.0
BHIRY

30.0
25.0
20.0
15.0
10.0 -
50 {48
0.0 -

Source Japanese Gov. 2014 Energy committee re

2014

RE become cheap after depletion, enhancing life of facility is key to reduce cost 25
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WIND AND WATER POWER PROGRAM

ReRecoginitionof current status

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Recent Wind Prices Are Hard to Beat:

Competitive with Expected Future Cost of

Burning Fuel in Natural Gas Plants

100
90
80
70
60
50

2013 $/MWh

30
20
10

0

40 -

Range of AEQ14 gas price projections

- === Wind 2011 PPA execution {3,980 MW, 38 contracts)
’ ’ =1

e AEQ14 reference case gas price projection

== == \\ind 2012 PPA execution (970 MW, 13 contracts)

==@==\Wind 2013 PPA execution (2,761 MW, 18 contracts)

T L L T T 1 L T T T 1 T T 1 T T T
M S N O N0 0 O = N M S N W N 00 O = N M S N O NG O
= o H o H H =3 NN N NN NN NN ANM DO N MmN N nom
C O 0O 0O O 0O 0O 0O O O O 0O 0O O O O 0O 0O O 0O O O O O O O O
N N N N N N N N N N N N N N8 G ANNNN-GG®EHN®EHN®HNEGN®N®NH-N

Price comparison shown here is far from perfect — see full report for caveats

2040 -

Source from DOE EERES’report wind power
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@VER HyGrid Model wpi

———>

Total
| Return of balance
| investment
| Energy
Energy expense - Total expense l
i
Utility  Return of | Jobs created Jobs created by
Job investment | by renewable low energy cost
I
I

Area of societabchoneenergy system

Current status i HyGrid Economy
Shrink of local economy Minimize cash out from the society by
Colony of local economy to the big city creating the job and internal cash flow

217



@ER Conclusion wpi

T o d a stualyw
———> Total
! Return of balance

investment

I
I Energy
Energy expense - Total . expense l
i
Utility  Return of | Jobs created Jobs created by
Job investment | by renewable low energy cost
I
I

_ AR |

Area of societabchoneenergy system

Current status i HyGrid Economy

A If cheap renewable energy can be used in the local system, locz
energy/echonasystem can be made economical and sustainabl

28
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Hydrogen Council

How hydrogen empowers
the energy transition

@ Air Liquide ALST@‘M AngloAmerican EII\Q’I(‘;\I{JP DAIMLER CNGIC

HONDA & HYUNDAI a4 L

Kawasaki THE LINDE GROUP

G ToTAaL TOYOTA

Supported by Hydrogen Europe & FCHEA.



Hydrogen Councll

Original members:

AR L,QU,DE‘ Established on January 18, 2017 HONDA
A : @ HYUNDAI
A LST@)M Kawasaki
AngloAmerican @
BMW
GROUP 7 i L
| i 5 Bl -- THE LINDE GROUP
IDJNIYIAN: S ) Hydrogen will play'ah important role 3
— towards low carbon saciety Torat
CNGIC g !
by people for people TOYOTA

New members: CITD m &7
- (R = ‘\':,
AUOI Iwatanl @ PLASTIC OMNIUM -r" \ S[a[OiI
Supporting members: .
E] )@( Fﬂyfgfncblg 7' TOYOTA TSUSHO
FIRSTELENMENT FLUEL j — PLUG
MITSUI&CO. W TECHNOLOGIES pOWER

31
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Hydrogen is a versatile, zereemission energy carrier with many
benefits to the energy transition

@ﬂirliquide ALSTOM @Anglol\merican {BEhRﬂC‘;l’JP DAIMLER CNGie HONDA @ HYUNDAI K.”'w-‘h @ L OTOTAL TOYOTA

THE LINDE GROUP



Hydrogen helpsto overcomethe challengesof the energy transition

ceouwes

SOURCES OF
ENERGY

Increasing renewables
share leading to

Energy vectors
Electricity
Hydrogen

( IIoday

uture

@aAirliquide ALSTOM () Angloamerican

ER‘&,P DAIMLER

BACKBONE OF ENERGY
SYSTEM

needs to go

through a major transformation

based
on mostly fossil sources

CNGIE HONDA

Some energy
uses are:
via the grid o
with batteries:
1 Transport
1 Industry
1 Residential heating

to
decarbonize
feedstock

@ HYUNDAI B @ mnﬁaoup QTOTAL TOYOTA 4



Hence, hydrogen has seven roles in the energy transition

SOURCES OF BACKBONE OF ENERGY
ENERGY SYSTEM

. Decarbonize

FK- Sacce & 5. Decarbonizendustry
\ energyuse

@" [l —
l . Enable 2 . energy across
sectors and regions
integration -~ 6 . Serve aseedstockusing
ccu et captured carbon
Methanol

7. Help decarbonize
building heating

Energy vectors
Hydrogen 3 Act as abuffer to increase

system resilience

@Flirliquide ALSTOM @Anglokmerimn EHR"C‘;{IP DAIMLER GNGiC HONDA @ HYUNDAI .'{' @ muﬁaow GTOTAL TOYOTA5



1. Hydrogenenables seasonatorage avoidingmassive curtailment

—— RES production = Load

200 . | -

A

50

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

@Hir Liquide ALSTOM @Anglumuleun EM]P DAIMLER CNGi€@ HONDA @ HYUNDAI B @ mn::gnoup QTOTAL TOYOTA



1. Hydrogenfor long-term carbon-free energy storage

10GW
1GW Pumped Hydro Storage
_ Geographical
100 MW Compressed air capacity constraints Hydrogen storade
10 MW
1 MW
100 kW
>
L
10 kW ©
m
Super
1kW  capacitor
Minute Hour Day Week Season

Discharge duration

1 IEA data updated due to recent developments in building numerous 1MW hydrogen storage tanks

Source: |IEA Energy Technology Roadmap Hydrogen and Fuel RIBScientific and Policy Report 2013
4 L -
.xmm THE LINDE GROUP 0 Tora. TOYOTA

—

@ﬂlrllqmde ALSTOM @Aﬂglol\merimn '(BEhRng{JP DAIMLER CECNGIe HONDA @& HYUNDAI



The energy transfer between countries (~220 EJ), accounting for local
mismatches of demand and supply, almost exclusively relies on fossil vectors

Nat gas 35 1 ~145,000 km main pipelines
| ~24,000 GWh/d crossorder capacity

Other fossil o I ~100 mn cbm LNG or LPG

carriers | ~200 mn dwt coal 40% of wor
I

~500 mn dwt oil fleet tonnage

Electricity 3

Renewables | 1

Hydrogen can provide a cost effective, clean alternative infrastructure to help ensure security of energy supply
continued trading

1EGIGENTSOG

SOURCE: McKinsey, expert interviews, cedigaz; IGU wrld LNG report, DoE Global energy storage database, CIA

@Flirliquide ALSTOM @Angmmemn {BEEI&P DAIMLER GCNGie HONDA @& HYUNDAI K.”“fh @ L JTOTAL TOYOTA

THE LINDE GROUP



1-3. Hydrogenis a carbon neutral energy carrier which is
easily stored and distributed

Energy vectors

Q Hydrogen production is @ High energy density supports Hydrogen

across sectors and regions

= Y—,

V.S g

@ Hydrogen to be used as a

@ Hydrogen storage acts
as an to
increase system resilience

4

e 8/

FUEL CELL

@ﬂirliquide ALSTOM @Anglol\merican {BEhRﬂC‘.;l’JP DAIMLER CNGie HONDA @ HYUNDAI IR L OTOTAL TOYOTA

Kawasaki THE LINDE GROUP



4. FCEVswill play an essential role in decarbonizing transport

Weight representing the relative annual energyl | BEV
Tons consumption of this vehicle type in 2013
FCEV
10,000+ . Bio- and (H-based)

synthetic fuels

1,000

100

10

Medium to large cars?,
leets and taxis

AN

1 Batteryhydrogen hybrid to ensure sufficient power Average mlleage per day/ t”p
2 Splitin A- and BsegmentL.DVs (small cars) and GsegmentL.DVs (mediumto large Km
cars) based on a 30% market share of-8éBment cars and a 50% less energy demand

0.1

10 10 1,000+

Source: Toyota, Hyundai, Daimler

@Hirl.iquide ALSTOM @Angmmmmn EQRA(".)YIP DAIMLER CNGi@ HONDA @ HYUNDAI B @ mﬁﬁmp @Towu TOYOTAO



BACKUP

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

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

-

Transport sector emits 7.2 Gt ¢10O,
I 20% of total energy-related CO,
emissions?)

-

Three complementary options for

transport decarbonizationexist:

I Battery electric vehicleBEV}

T Fuel cell electric vehicles (FCEVs)

I Bio and (hydrogerbased) synthetic
fuels

L S O sl Ol DD

1 The global amount of energglated CO2 emissions in 2013 was 34 Gt
2SplitinAandB&a SAYSy (i [ 5xwWa EASHEINSH (0O SEakide ¢ais)Dhsgddnya 30% market share ofs&Bnent cars and a 50% less energy demand

Source: ICCT, IPCC, IEA ETP 2016

@Hirliquide ALSTOM @Angnom.rimn gk‘gflp DAIMLER GCNGie HONDA & HYUNDAI B @ mnﬁﬁnow @Torm_ TOYOTA









6. Hydrogencomplements chemical feedstock to decarbonize industry

Conventional
feedstock
(oil derivatives)

Hydrogen

Hard to decarbonize
industry applying
carbon capture

e Hydrogen is produced
carbonfree (e.g., via
RES electrolysis

Carbon
hydrates

Carbon capture
of the end of
lifecycle

Production of Methanol (as
used for plastics), Ammonia

@ Air quulde ALST@M @ AngloAmerican EhRﬂg{JP DAIMLER Ef:l_G__l'e HONDA @& HYUNDAI . { L2 o ToraL TOYOTA 4

Kawasaki THE LINDE GROUP



/. Building heating can use hydrogen as a fuel or leverage
hydrogen technologies

—_

Hydrogen is part of a portfolio of solutions
for decarbonizing building heating(choice
depending on local conditions)

/8 /8
L@ﬁﬁ

—_

Hydrogen through the gas gtican fuel heating
technology

UQ
lj
(2]

H, blended
gas grid

H, pipeline

1 Hydrogen technologies can serve as energy
converter

Already 190,000 buildingsare heated with

hydrogenbased fuel cell micro CHPs

@FlirLiquide ALSTOM AngloAmericun EI\Rﬂg{JP DAIMLER e@}e HONDA @ HYUNDAI wah mnﬁgnour QTOTAL TOYOTA5



Hydrogen has significant potential across all applications

C-\, Bubble size indicates hydrogen
~/ potential in 2050 in EJ (1 EJ)

Power
generation

Power ge- <. =
.neﬂmn ." . Bufer' —

large cars

Small carsﬁ. TFUCkS;B P:ssenger Vans &
R Om " @it ? @t

. Synfuel &7

Coaches l [T
&buses &

High-grade |‘r~u-‘
industry heat

Medium-/low
. industry heat @

Building

and power

heating L gas networks

Countries without Countries with =~

gas networks « < =

Industry = CCU for meﬁanul,*i’}*f
feedstock . Steel (DRI) ﬁ olefins, BTX? At
1 1 1 I I I 1 1 1 // 1 1
0% 10% 20% 30% 40% 60% 70% 80% 100%
ydrogen and variable revewable: power demand Relative importance by 2050
_ Market share potential in segment
thanol, olefin, BTX production using olefins and captured carbon

E- Hydrogen Council

McKinsey & Company 3
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