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TOYOTA'S ENVIRONMENTAL VISION/ Towards 2050
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MOTIVATION - SOLAR FUELS/ towards 2050

A Only around 20% of the energy we use
comes from electricity
A80% is from Kchemic
energy is stored in chemical bonds

Electricity

8000

6000
Natural gas

A Global energy consumption is still

- growing

A Need to replace conventional chemical
fuels | fossil fuels| with renewable

' | | | , alternatives

1980 1990 2000 2010

2000

TOYOTA

TOYOTA MOTOR EUROPE



TOYOTA'S ENVIRONMENTAL VISION/ Towards 2050
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IMPORTANCE OF RENEWABLE HYDROGEN!/ Fuel cell Electric Vehicles
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USES OF HYDROGEN/ Towards 2050

Direct use:

A In fuel cells (mobility | especially large
vehicles, power supply)
A Direct combustion engine (mobility)

Fuel cell Mirali H, combustion- Yaris

As chemical feedstock:

A Ammonia, hydrocarbon production (through Fischer -Tropsch reaction) for
aviation and other hard to replace sectors
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1. TOWARDS LOW COST RENEWABLE-H, - PHOTOVOLTAIC / ELECTROLYSER
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2. TOWARDS LOW COST RENEWABLE-H, - PHOTOELECTROCHEMICAL

Efficiency O (19 %)
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Cost @)

Current status:
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CHALLENGE OF PHOTOELECTROCHEMISTRY / scaling-up

High Efficiencies Achieved but impractical sizes

Size of commercial PV

= A Studies have shown that PEC has the
[ l .
2024 target ! | potential to be cheaper than PV/E
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RESEARCH INTO SCALING /50 cn2BivQ,
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2 x W:BiVO, 2 x Si SHJ
photoanodes Modules
Illum. Area Average. STH
PEC-PV Configuration (em?) J (mAcm ?) I (mA) Efficiency. (%)
Pt/2-5H]/Pt a0 0.02 1.0 0.03
CoP;/W:BiVO,(FSI)/2-SH]/Pt 50 1.00 50.0 1.2
CoP;/W:BiVO,(BSI)/2-SH]/Pt 50 1.50 75.0 1.9
Dual-CoP,/W:BivVO,/2-SHJ/Pt 50 1.72 86.0 2.1
Dual-CoP;/H,W:BiVO,(FSI)/2-SH]J /Pt 0.24 4.45 1.07 5.5
Dual-CoP;/H,W:BiVO,(FSI)/3-SH]/Pt 0.24 5.12 1.23 6.3
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COUNTERMEASURE / Porous electrodes

Porous Photoelectrodes... ..o
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Conventi onal devices u

When the device isincreased in size, there is an
Increase Iin ionic resistance

Our design uses porous photoelectrodes, so
species can travelthrough the electrode

Proof of concept porous photoelectrodes
demonstrated

Functionalisation with water absorbing
materials allows operation in liquid water or
ambient humidity
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HUMIDITY AS WATER SOURCE / motivation
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A Inspired by the simplicity of PV installations, we are developing a humidity- absorbing solid electrolyte
based hydrogen production

A This allows the decoupling ofsolar irradiance and freshwater resources

A Expandsgeographical applicability of PEC applications
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OVERCOMING CHALLENGES OF PEC/ mativation
G‘on ventional PEC

Conventional PECreactors

5 }% ’A{ - - Input: light & (purified) wafter
- Aq“?m e « Dual use of water: reactant & electrolyte solvent
Y Hy o « Bubble formation 2 impede catalysis
T " } . Safetyissues H,+O, mixing

PEM- PEC )

Alternative solid state PECreactor
« Input.: light & humidified air (water source)
« Polymeric electrolyte membrane (PEM)
o Direct product separation | fl', 4=
o Minimize water utilization Windcs
« Porous photoelectrodes
o Compatible with PEM . Polymmeric membrans
o Hinder bubble formation electrolyte
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Aquivion®  Nafion®

FUNCTIONALISATION FOR WATER ABSORPTION / porous electrodes oo CEICFeee - rice -
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EXPERIMENTAL SET-UP; rorous electrodes
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POROUS PHOTOELECTRODES: High Performance Material
Performance under environmental conditions
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- / High Performance Material

A.Gedamuy 2016, Nanoscaldoriz. 1. 10.1039/C5NH00098J. UV light
absorption
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