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/ Towards 2050



ÅOnly around 20% of the energy we use 

comes from electricity

Å80% is from Ƙchemical fuelsƙ where 

energy is stored in chemical bonds

ÅGlobal energy consumption is still 

growing

ÅNeed to replace conventional chemical 

fuels Ɩfossil fuels Ɩwith renewable 

alternatives 

/ Towards 2050
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/ Fuel Cell Electric Vehicles
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/ Towards 2050

Direct use:

Å In fuel cells (mobility Ɩespecially large 

vehicles, power supply)

ÅDirect combustion engine (mobility)

As chemical feedstock:

ÅAmmonia, hydrocarbon production (through Fischer -Tropsch reaction) for 

aviation and other hard to replace sectors

Fuel cell - Mirai H2 combustion - Yaris



PHOTOVOLTAIC / ELECTROLYSER
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PHOTOVOLTAIC / ELECTROLYSER Ƚmain challenge = cost
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PHOTOELECTROCHEMICAL

PHOTOELECTROCHEMICAL Ƚmain challenge = scalabilty



Å Studies have shown that PEC has the 

potential to be cheaper than PV/E 

(Energy Environ. Sci., 2016,9, 2354-

2371)

ÅHigh efficiencies achieved indicate 

technology potential

ÅMore effort needed into scale-up for 

practical implementation

/ Scaling-up

Size of commercial PV
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/ 50 cm2 BiVO4

I. Y. Ahmet et al, SustainableEnergy Fuels, 2019, 3, 2366ς2379



/ Porous electrodes

Monolithic approach Porous approach Å Conventional devices use a Ƙmonolithic structureƙ

Å When the device is increased in size, there is an 

increase in ionic resistance

Å Our design uses porous photoelectrodes, so 

species can travelthrough the electrode

Å Proof of concept porous photoelectrodes 

demonstrated

Å Functionalisation with water absorbing 

materials allows operation in liquid water or 

ambient humidity 0
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/ Motivation

Å Inspired by the simplicity of PV installations, we are developing a humidity-absorbing solid electrolyte 

based hydrogen production

Å This allows the decoupling of solar irradiance and freshwater resources

Å Expands geographical applicability of PEC applications



/ Motivation



/ Porous electrodes

Procedure Ti / TiO2 Electrode Synthesis:

Transmittance: Water Absorption:

Å Ambient air flows into 

the device pores and 

humidity is absorbed by 

a functional coating

Å Charge generated by 

light absorber reacts 

with absorbed humidity 

to form H2 (and O2Ɩ

released into air)

Å Aquivion chosen for high 

transparency and water 

absorption
G. Zafeiropoulouset al, ACS App. Mater. Inter. 2019



/ Porous electrodes

G. Zafeiropoulouset al, ACS App. Mater. Inter. 2019



/ High Performance Material

G. Zafeiropoulouset al, ACS App. Mater. Inter. 2019

ÅPerformance was measured under various 

relative humidities and in liquid water

ÅAt 60% RH (Madrid in summer) we have 70% 

of performance we achieve in liquid! 

ÅHowever overall < 1% efficient



A. Gedamu, 2016, Nanoscale Horiz.. 1. 10.1039/C5NH00098J. 

/ High Performance Material

UV light 
absorption


