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Can you see it ?

Hydrogen Society, goal and Japanese strategy for realisation
• Why  Hydrogen ?

• Why  Society ?

• Why  Japan ?

• Realisation – how ?

Foggy day view from Tokyo Sky Tree 22.3.2015
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Decarbonisation of energy carriers



The only way is forward 

– toward the 

Hydrogen Society

[ Winter, IJHE 2009 ]

CH

4H2 / C ratio 
→

[ Winter, IJHE 2009 ]

Hydrogen / Carbon 
ratio must increase

2015

1942



Oil refinery

C H4

C160 H250 S3 N O

C8 H18

H2

NG → H2

C8H18

C160 H250 S3 N O

C H4  →  H2

→ C8 H18 →
C O2

H2 O

Driving: 20 X C8 H18 + 250 X O2  → 160 X CO2 + 180 X H2 O 

NG reforming: CH4 + 2 X H2O → 4 X H2 + CO2 

Oil refining: C160 H250 S3 N O + 56 X H2 → 20 X C8 H18 + 3 X S + 0,5 X N2 + H2 O 

( Real processes are complex )

≈ Hydrogen production 
   + carbon insertion ?

Oil refinery
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≈ Hydrogen production 
   + option for 
      carbon capture ?

Hydrogen refinery
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Carbon capture (CCS)

C H4

H2
CO

2

C O2

H2

NG → H2

Biogas

Pre-combustion CCS: 
No hydro-carbons to customers
 →  100 % green town
CCS realized by big companies
 →  global actors & government



Li battery ≈ 1 electron / >> 200 proton + neutron

CoO2 

← Li 

e– 

Cathode mass ≥ 196 / electron 
+ anode, elektrolyte, cooling, …

cathodeanode

elektrolyytti

← ≤ 50%

LiCoO2 

Lithium Cobalt oxide battery
H2 mass = 1 / electron 
+ tank, fuel cell, …

Hydrogen tank 700bar

Toyota tank: 83kg @ 5kg H2

→ 5,7 w% density

Energy carriers for electric cars

FCEVBEV

H2 ≈ 1 electron / 1 proton 



8

Strategic approach for decarbonisation

1. Introduce and commercialise applicable energy carrier = hydrogen, … 

2. Develop low carbon processes based on this energy carrier

→  zero emission  ←

[ 産業競争力懇談会（ＣＯＣＮ）ＣＯＣＮ） 2009 ]

Low-carbon H2

Initial sources H2

Zero carbon transition

H2 spread
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Step 1 – define and build a basement 

insight Hydrogen as energy carrier  →  zero emission options for …
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Steps to Hydrogen Society

R
 &

 D

work

will

skill

insight

Solar H2

CO2 capture

H2 infrastruct.

Energy systems

Hydrogen as energy carrier  →  zero emission options for …

– H2
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Steps to Hydrogen Society & decarbonisation

R
 &

 D

work

will

skill

insight

Solar H2

CO2 capture

H2 infrastruct.

Energy systems

Hydrogen as energy carrier  →  zero emission options for …

– H2

→  zero emission  ←

[ 産業競争力懇談会（ＣＯＣＮ）ＣＯＣＮ） 2009 ]

Low-carbon H2

Initial sources H2

Zero carbon transition
H2 spread
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FCEV impact to national economy – energy import 

Calculation in Japan Calculation in Finland

[  extracted from T. Kawai / Toyota, H2 forum 2012 ]

Fuel import (oil or LNG)

Transportation cost (trailer)

Station cost (petrol or H2 )

Petrol
(2008)

LNG→H2 

(current)

10 km by … 
tax excluded

LNG→H2 

(2020)

H2 by 
onsite

reforming

[ Neste Oil annual report 2011 + VTT estimates ]
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Petrol
(2012)

NG→H2

(current)

50% bio H2 

(2020)

€
 /

 li
te

r 
&

 e
q

ua
l H

2

Import

V.A.T. 23%

Tax  0,65 €

Distribution

Production

Biomass 

€ €

H2 by reforming
& biomass

gasification

Biomass gasification:
  → low emission
  → low import

FCV’s are needed !



Currency
flow out

Domestic
market

Saving

import
value

Original: Taiyo Kawai/Toyota (edited J.S.)13

Value of energy import for transport 
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Japan Energy strategy [2014 update]

Acceleration of steps toward realization of a “hydrogen society”:

… “Therefore, hydrogen, which can achieve high energy efficiency, 
low environmental burden and capability for emergency use provided 
appropriate usage, is expected to play a central role for secondary 
energy sources.”

Formulating a road map toward realization of a “hydrogen society”:

… ”Realizing a hydrogen society is a grand project that can be carried out 
only if GOJ and municipalities are proactively involved in it as major players of 
the new society in addition to infrastructure-related companies and oil, city gas 
and LP gas suppliers as well as manufacturers of products using hydrogen 
and related technologies and equipment.” 
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Japan Energy strategy [2014 update]

Release onto the market: 

• Residential fuel cells in 2009; 

• Fuel cell vehicles in 2015 

• 2017 Releasing fuel cells for commercial and industrial use onto the market 

Price of hydrogen & FCEV: 

• Around 2020 Achieving a reduction of hydrogen price to a level equal to or 
lower than that of fuels for hybrid vehicles. 

• Around 2025 Fuel cell vehicles: Achieving a reduction of vehicle prices to 
the level of hybrid vehicles of the same class and price range 

• (2015 hydrogen price is about equal to gasoline)



[ Fuel Cell Commercialization Conference of Japan 2010;  http://fccj.jp/pdf/22_cse.pdf ]

2025:
1000 H2 stations 

2 million FCEV’s

Technology
Technology
& Market

Early Market Fully Commercial

16

Schedule for FCEV & HRS launch
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Hydrogen Society – a strategic goal

[ Competitive Council Nippon, 2009 ]
[ 産業競争力懇談会（ＣＯＣＮ）ＣＯＣＮ ) ]

Smart parallel systems for electricity and hydrogen

… with carbon capture

Distributed energy & H2 storage Centralized energy
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Hydrogen Society

SG
NG

H2

Electric
Power grid

Hydrogen 
Distribution

e–

2 e– + 2 p+ ↔ H2

CO
2

LNG
CH4 → H2

H2

FC

FC

FC

FC

FC

FC

H2

FCEV



SOFC

power grid
windpark

e –

e –

district heat

heat

hydrogen

H2

oxygen

O2

hydrogen
station

H2

control

biogas

biogas

electrolyser

e –

H2

STORAGEO2

[ based on: 
[ Römer / Enertrag ]

H2
bio + H2

Hydrogen loop for power balance
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Hydrogen Society – for next generations

[ Akseli Gallen-Kallela, 1893 ]
Forging of Sampo, the source of prosperity

[ JHFC ]
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Hydrogen Society – for next generation
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Maritime LH2 transport to Japan

• First liquid hydrogen tanker departs in 2017 from Australia to Japan. 

• Feasibility study for polar route from Norway has been done, … 

• ”production of liquid hydrogen by utilizing geothermal power is about 
to kick off on the volcanic island of Iojima”     [Japan News 3.5.2015]



Brown coal → H2

NG → H2

Bio → H2

”Demo 2017”

→ LH2 →

Diverse energy sources → Oil independency
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Tokyo
2020

Hydrogen Town



25

Tokyo
2020

Hydrogen Town
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