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I am a lucky physicist/engineer to have been observed and 
been involved  two big innovations of automotive 

technology 



Status update for Fuel Cell Vehicles 
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Electrons and Protons for economy 

 

Physics for Economy 

 

Â Todayôs Theme 
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ÅWe cannot change physics  

 

 

ÅPhysics can change the world  
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ÅEconomics 

ïObserving the economy and find the basic rules behind the 
phenomena 

ïApply for the stimulating the economy to improve and better 
economy 

 

ÅPhysics 

ïObserving the nature and find the rule behind the 
phenomena 

ïApply the theory to the experiment to understand more 
about nature 

ïBut not trying to change the world 
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ÅGlobal Warming due to the use of Fossil Fuel  

ÅAs an Energy 

 

ÅPeople seeking better life 
ïWhat happens everybody seek the same life as US or 

European life style 

 

Å In the past 
ïNorth and South, rich and poor 

ïDue to the posses and not possess 

ïCash flow from people not posses to people to posess 

ïEnhance and accelerate the economical gap 

 

 

What we are  facing 
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Mobility is the basic desire everywhere 

9 

Source WBCSD Mobility 2001 
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ÂElectric propulsion system has big potential  

ÂFCV covers wider customer usage 

 

Potential of  eclectic propulsion technologies 
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CO2 emissions well-to-wheel, g CO2/km 
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1 According to the Integrated Energy and Climate Program; 21% compared to 1990 
2 Range for 2050 based on fuel-economy improvement (constant tank size assumed); assumed 6% CO2 reduction due to biofuels by 2020, 24% by 2050 
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electric  
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Source; A portfolio of Power-train for Europe 
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Cost of importing crude oil to Japan 

100B$ 

From Japanese Gov trade statics 

Huge amount of cash out of country 
 increased drastically in recent years  

11 
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Redistribution of value  

to the local economy 

2017/11/23 
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Â Rise of energy cost for local economy 

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

Recognition of reality  

Number of days to pay for energy bill 
Petrol/Heating/Electricity  

 26 26  

Source HyGrid study group based on Gov. statics 
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Local economy  

Energy bill 

86M$ 

GDP 1000M$ 

Local cash/stock  

800M$ 
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Â Method of energy cost into internal economy  

Â Electricity can be localized through PV, Wind and Bio energy 

Â 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  

Target of study 

Internal economies the energy 
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HyGrid system 

Â Combination of Established technologies 

 

CAPEX300
OPEX 4.5 /

FCV

FCV

generator 

Electrolyzer 

Storage 

Total Management 

Transport 

Fueling Station 

Heat 

Electricity 
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(a)  ⸗♦ꜟ 

CAPEX 100% 100% 100% 

 25 /kWh 25 /kWh 15 /kWh 

IRR 14.02 %    -  3.78 %    

NPV 200,208  -  12,700  

 

(b )  ⸗♦ꜟ 

CAPEX 100% 50% 50% 

 25 /kWh 25 /kWh 15 /kWh 

IRR 1.04 %    5.37 %    4.17 %    

NPV - 62,978  63,195  30,465  

 
(c)  ⸗♦ꜟ 

CAPEX 100% 50% 50% 

 25 /kWh 25 /kWh 15 /kWh 

IRR 2.70 %    6.72 %    - 0.84 %    

NPV - 9594  98,591  - 88,917  

 

Lower FIT price 

Hydrogen with reduced Capex 

can make more profit than 

selling electricity 

Study result 

Electricity 

Sell Hydrogen 

priority 

Sell Electricity 

prioirity 
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Exit of colony to independence 

  

Rich local economy 

hydrogen 

Regional independent and 
export of energy 

Sustainable 
City 

Electricity 

  
Reduce cash out by 
production 

Energy production 

Electricity, Heat, Storage  

Local 

Electricity 

  Current 

Local  

Electricity 
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De-carbonation from local economy 

Cost down through 

expansion of HyGrid 

System 

 cost 

down 

Applicable 

Area 

increase 

HyGrid economic system initiated from remote areas/islands and expand to bigger economy 
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Potential of renewable energy cost for 

the society 
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Toward sustainable mobility 

Â 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 

 

Â Infrastructures are also being build US, Japan, Europe 

 

        However 

 

Â 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 2017/11/23 
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Potential of renewable energy cost for 

the society 
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Source from DOE EERE report wind power 
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Cost comparison of various generation Japan 2030 

RE become cheap after depletion, enhancing life of facility is key to reduce cost   

High cost of RE is 
due to high Capex 
 

   
  2014  

Source Japanese Gov. 2014 Energy committee report 
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ReRecoginition of current status 

Source from DOE EERE report wind power 
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Shrink of local economy 

Colony of local economy to the big city 

Minimize cash out from the society by 

creating the job and internal cash flow 

 

Energy expense 

Utility  

Job 

Return of 

investment 

Total 

Energy 
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Return of 
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HyGrid  Model 
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Â If cheap renewable energy can be used in the local system, local 
energy/ echono-system can be made economical and sustainable 

Conclusion 

Energy expense 

Utility  

Job 
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When Hydrogen society will come? 

World has been lighted by hydrogen before electricity 



Hydrogen Council 

How hydrogen empowers  
the energy transition 

CONFIDENTIAL / INTERNAL USE 

ONLY 

Supported by Hydrogen Europe & FCHEA. 

Hydrogen Council January 2017 
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Hydrogen Council 

Established on January 18, 2017  

Original members: 

Supporting members: 

Hydrogen will play an important role  
towards low carbon society  

New members: 
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33 Source: Hydrogen Council 

Hydrogen is a versatile, zero-emission energy carrier with many 

benefits  to the energy transition 

Produces clean power 

and/or heat 

Produced without  

a carbon footprint 

Suitable as feedstock in 

industry using CCU 

High energy density 

Allows for  

long-distance transport 

Urea 

+ many  

others 

Methanol Methane 

Biomass 

Batteries 

H2 
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Hydrogen helps to overcome the challenges of the energy transition 

Increasing renewables  

share leading to imbalances  

of power supply & demand 

SOURCES OF 

ENERGY 

BACKBONE OF ENERGY 

SYSTEM 

Infrastructure  needs to go 

through a major transformation 

Global buffering capacity based 

on mostly fossil sources  

Carbon needs to 

be reused to 

decarbonize 

feedstock 

Some energy  

uses are hard to 

electrify via the grid or 

with batteries: 

ǐTransport 

ǐIndustry 

ǐResidential heating 

END USES 

Source: Hydrogen Council 

H2 H2 

H2 
CCS 

H2 + 

CCU 

H2 

H2 

H2 

Electricity 

Hydrogen 

Today 
Future 

Energy vectors 
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SOURCES OF 

ENERGY 

BACKBONE OF ENERGY 

SYSTEM END USES 

Hence, hydrogen has seven roles in the energy transition  

Source: Hydrogen Council 

Enable large-scale, 

efficient renewable 

energy integration 

1. 

Act as a buffer  to increase 

system resilience 

3. 

Distribute energy across 

sectors and regions 

2. 

Decarbonize  

transport  

4. 

Help decarbonize 

building heating 

7. 

Decarbonize industry 

energy use 

5. 

Serve as feedstock using 

captured carbon 

6. 

Hydrogen 

Energy vectors 
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1. Hydrogen enables seasonal storage avoiding massive curtailment 

RES production Load 

Source: EC 2050 scenario, McKinsey analysis 

Simulation for Germany 2050, in GW 

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

H2 

Load demand in winter is higher while RES production is lower 

Curtailed periods of oversupply 

Periods of deficits 

200 

150 

100 

50 

0 

PROVIDE SEASONAL STORAGE AND IMPROVE SYSTEM EFFICIENCY  
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Source: IEA Energy Technology Roadmap Hydrogen and Fuel Cells, JRC Scientific and Policy Report 2013 

Technology overview of carbon-free energy storage technologies 

PROVIDE SEASONAL STORAGE AND IMPROVE SYSTEM EFFICIENCY  

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

1. Hydrogen for  long-term carbon-free energy storage 

Discharge duration 

Minute Hour Day Week Season 

B
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e

ry
 

Hydrogen storage1  Compressed air 
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e
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Pumped Hydro Storage 

Super 

capacitor 

Geographical 

capacity constraints 100 MW 

10 MW 

1 MW 

1 GW 

10 kW 

1 kW 

100 kW 

10 GW 
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The energy transfer between countries (~220 EJ), accounting for local  

mismatches of demand and supply, almost exclusively relies on fossil vectors 

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

Energy transfer between countries 

EJ 

1

3

35

Renewables 

Electricity 

Other fossil 

carriers 
178 

Nat gas 

Western and Central European1  

nat. gas grid: 

ǐ~145,000 km main pipelines 

ǐ~24,000 GWh/d cross-border capacity 

By ship (capacity per year) 

ǐ~100 mn cbm LNG or LPG 

ǐ~200 mn dwt coal 

ǐ~500 mn dwt oil 

but also by train & trucks  

1 EGIG/ENTSOG 

40% of worldôs 

fleet tonnage 

DISTRIBUTE ENERGY ACROSS SECTORS AND REGIONS 

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

continued trading 
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1-3. Hydrogen is a carbon neutral energy carrier which is  

easily stored and distributed 

Source: Hydrogen Council 

Hydrogen production is  

carbon neutral and provides 

seasonal storage 

High energy density supports 

efficient energy distribution 

across sectors and regions 

Hydrogen storage acts  

as an energy buffer to 

increase system resilience 

Hydrogen to be used as a  

versatile energy carrier  

in various end uses 

D 

A B 

C 

HYDROGEN PRODUCTION, STORAGE, DISTRIBUTION AND BUFFER 

Hydrogen 

Energy vectors 
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4. FCEVs will play an essential role in decarbonizing transport 

Source: Toyota, Hyundai, Daimler 

1 Battery-hydrogen hybrid to ensure sufficient power 

2 Split in A- and B-segment LDVs (small cars) and C+-segment LDVs (medium to large 

cars) based on a 30% market share of A/B-segment cars and a 50% less energy demand 

Bubble size representing the relative annual energy 

consumption of this vehicle type in 2013 

Bio- and (H2-based)  

synthetic fuels 

FCEV 

BEV 

Medium to large cars², 

fleets and taxis 

Small cars/urban mobility2 

1 

1 

Light commercial vehicles 

Projected economic attractiveness 

DECARBONIZE TRANSPORT 



Source: ICCT, IPCC, IEA ETP 2016 
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0.8 

0.42 

0.8 

0.1 

1.1 

0.6 

3.02 

1 The global amount of energy-related CO2 emissions in 2013 was 34 Gt 
2 Split in A- and B-ǎŜƎƳŜƴǘ [5±Ψǎ όǎƳŀƭƭ ŎŀǊǎύ ŀƴŘ /Ҍ-ǎŜƎƳŜƴǘ [5±Ψǎ όƳŜŘƛǳƳ-to-large cars) based on a 30% market share of A/B-segment cars and a 50% less energy demand 

GHG emissions in the transport sector, 2013, Gt CO2  

DECARBONIZE TRANSPORT 

ǐTransport sector emits 7.2 Gt of CO2 

ï 20% of total energy-related CO2 

emissions1) 
 
ǐThree complementary options for 

transport decarbonization exist: 
ï Battery electric vehicles (BEVs) 
ï Fuel cell electric vehicles (FCEVs) 
ï Bio- and (hydrogen-based) synthetic 

fuels 

BACKUP 

4. Transport causes 20% of the total energy-related carbon 
emissions 
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HyFly   Flying by hydrogen 



43 
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Carbon Hydrogen 

Hard to decarbonize 

industry applying 

carbon capture 

A 

Carbon capture 

of the end of 

lifecycle 

C 

Production of Methanol (as 

used for plastics), Ammonia 

B 

Carbon 

Carbon- 

hydrates 

Conventional 

feedstock  

(oil derivatives) 

Hydrogen is produced 

carbon-free (e.g., via 

RES electrolysis 

A 

e.g. carbon2chem project 

planned by ThyssenKrupp 

SERVE AS FEEDSTOCK USING CAPTURED CARBON 

6. Hydrogen complements chemical feedstock to decarbonize industry 

Source: Hydrogen Council 
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ǐHydrogen is part of a portfolio of solutions  

for decarbonizing building heating (choice 

depending on local conditions) 

 

ǐHydrogen through the gas grid1 can fuel heating 

technology 

 

 

 

 

 

 

 

 

 

ǐHydrogen technologies can serve as energy 

converter  

 

 Already 190,000 buildings are heated with 

hydrogen-based fuel cell micro CHPs 

1 pure or blended to the gas grid 

Leeds planning to convert natural gas grid 

in hydrogen grid by 2026 

Japan is expanding to 5.3 million micro 

CHP-based households by 2030. 

Source: Hydrogen Council 

HELP DECARBONIZE BUILDING HEATING 

Plan to ban oil and natural gas for heating 

purposes in Germany by 2030 

7. Building heating can use hydrogen as a fuel or leverage 

hydrogen technologies 
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