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Abstract

Carbon dioxide emission must be reduced to control global warming and a drain on fossil energy resources. After
the great east Japan earthquake, the importance of renewable energies is increasing, because nuclear power plants
must decrease. In this decade, the installation of renewable energy systems increases, however, their electric power
generation is around 1% of total electric power generation in Japan. The utilization of photovoltaic and wind tur-
bine generation system is ten several percent of their capacity because of weather conditions. Renewable energies
are not uniform, and good place is limited, therefore, huge scale renewable energy system with energy storage and
transportation should be planned with global viewpoint. Nature of electrochemical system is suitable to renewable
energies because of high energy conversion efficiency without dependence of the system size around ambient tem-
perature. Development of secondary batteries is increasing in order to improve performance with cost reduction.
These efforts are important, but other huge electrochemical systems for storage and transportation should be also
required for huge renewable energies because of their capacity. Combination of water electrolysis and fuel cells

with an energy carrier or advanced redox flow battery-like systems would be candidates for them.
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Electric power > Electrolyzer > H, »1 Hydrogenations »| Energy carrier
3,250 MW (80%) 2,600 MW (90%) 2,340 MW
Transportation |«
(95%)
Energy carrier »| Dehydrogenation > H, »{ Generator »| Electric power
2,220 MW (90%) 2,000 kW (50%) 1,000 MW
Fig. 1 Energy supply chain using hydrogen as an energy carrier.
Table 1 Large scale water electrolysis plants.
Site Supplier Capacity /Nm’h™ A H° (combustion) / MW
Aswan (Egypt) Brown Boveri 33,000 117
Nangal (India) DeNora 30,000 106
Rjukan (Norway) Norsk Hydro 27,900 99
Glomfjord (Norway) Norsk Hydro 27,100 96
Kwe Kwe (Zimbabwe) — 21,000 74
Trail (Canada) Trail 15,200 54
Table 2 Hydrogen production and energy consumption of chloro-alkaline industry in 2010.
[tem World Growth in the world Japan
NaOH production 90 Mt 8 Mt/year 4 Mt
H, 2.52 X 10'°Nm’ 2.24 X 10° Nm®/ year 1.12 X 10° Nm’
Electric energy 240 TWh 22 TWh/year 10 TWh
Electric power 30,000 MW 2,700 MW / year 1,200 MW
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Table 3 Secondary batteries for power storage application.

Redox flow  Na-S Lead-acid Lithium-ion  Ni-MH Zn-Br
(Ac)tiv(e Snaterials VO /v S/Na PbO, /Pb LiMO,/LiCs NiOOH/MH Br,/Zn
+
Theoretlcal specificenergy 100 786 167 392-585 225 428
/ Whkg™'
Open circuit voltage /V 14 2.1 2.1 3.6-38 1.2 1.8
Temperature / °C R.T. 300 R.T. R.T. R.T. R.T.
Auxiliaries Flow system  Heater - - - Flow system
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Table 4 Properties of hydrogen carriers.
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Compressed Liquid hydrogen Liquid ammonia Methylcyclohexane
hydrogen

Chemical formula H, H, NH; GHy,

Molecular mass 2.0 g/mol 2.0 g/mol 17.0 g/mol 98.2 g/mol

Boiling point -253 °C -253°C -33.4°C 101 °C

Density 0.0233 g/cm’(35MPa)  0.0706 g/cm’ 0.682 g/cm’ (liq.) 0.769 g/cm’

0.0392 g/cm (70 MPa)

Hydrogen content 100 mass% 100 mass% 17.8 mass% 6.16 mass%
2.33kg/100L (35MPa)  7.06 kg/100 L 12.1kg/100 L 4.73 kg/100 L
3.92 kg/100 L (70 MPa)

Enthalpy change of - 0.899 kJ/mol-H, 30.8 kJ/mol-H, 59.4 kJ/mol-H,

hydrogen evolution

Gibbs enerW densityas 32,900 Wh/kg 32,900 Wh/kg 5,810 Wh/kg 2,010 Wh/kg

hydrogen ( 767 Wh/L (35 MPa) 2,330 Wh/L 3,960 Wh/L 1,550 Wh/L
1,290 Wh/L (70 MPa)

Storage pressure 35/70 MPa <20 MPa ~ 1 MPa 0.1 MPa

Storage temperature R.T. Very low temp. R.T. R.T.

Flammability limit 4.1 ~742vo0l% 4.1 ~742v0l% 15 ~ 28 vol.% 1.4 ~ 6.7 vol.%
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