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-) 10% conv. of solar energy into pure H, -) without using expensive noble metals

-) >1000 h durability tested

-) proof of concept at 3 g/h H, equivalent
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Polyimine-ruthenium derivatives

Anchoring
Coupling with group(s) for
the catalyst surface grafting

(a) (b)

Photosensitizers investigated in ArtipHyction: (a) metal diimine complex (b) new
photocatalytic organic tandem-molecules  synthesized either using a heteroditopic
phenantroline ligand.
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Topic SP1-JTI- Development of efficient chemical or biological systems
FCH.2011.2.6: Low- [converting solar energy into chemical energy for water splitting.
temperature H, Efficient, easy to handle chemical or biological systems shall be
production developed and the low temperature hydrogen production shall
processes be demonstrated in small scale reactors.

Main targets/expected impacts

» Improved and novel nano structured materials for photo processes comprising photo
catalysts, photo anodes interfaced with liquid or new polymer electrolytes

 Chemical systems for highly efficient low temperature water splitting using solar
radiation

« Demonstration of solar to hydrogen efficiency > 5%

« Demonstration of systems with a perspective of >10.000 h lifetime (for solar water
splitting processes)

« Small to medium scale applications ranging[1] from 100 W for domestic use (ca. 3 g/h
H, equivalent) up to 100 kW (ca. 3 kg/h H, equivalent) for commercial use.

» Design and construction of a reactor for providing hydrogen for consumers at low costs



= This is a field at the borderline between science and technology in which
stringent market constraints are difficult to fix.

= Efficiency targets should be referred to a precise fraction of the spectra
(e.g. >400 nm).

= The efficiency target of 5% of Topic FCH.2011.2.6 is challenging but not enough
ambitious for a short term market entry. Daniel Nocera recently achieved this
with a triple-junction Si PV cell lined at opposite sides with inorganic catalysts.

= Conversely, the 5% conversion efficiency might be appropriate for solar fuels
obtained via CO, reduction, which is though outside the mission of the FCH JTI
initiative.

= Despite unlikely to be achieved, the efficiency target of 10% conversion into
hydrogen is mandatory to achieve market penetration on the grounds of
simple cost analysis.



It is perhaps time to start including cost indications in this area

With a solar light to hydrogen conversion efficiency of 10 % and an
average solar radiation input of 1000 kWh per m? in Europe, one gets 3 kg of
solar H, per year per m? of exposed PEC converter surface. If a 7 €/kg
cost of solar-electrolytic hydrogen is considered, each single panel will
provide an equivalent hydrogen value of about 24 €/m?/y. Assuming a lifetime
of 20 years of the Solhydromics panels (i.e. a depreciation of 5 % p.a.) and a
money capitalization of 5 %, one can afford costs up to 200 €/m? of the
Solhydromics panels including the installation.

Neighbouring technologies designed for 10,000 hrs lifetime

DSC cells PEM fuel cells
Today 500 €/m? Today 60 €/m?
Projected 80 €/m? Projected 30 €/m?
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Anode: 20H->1/20,+H,0+ 2e’
Cathode: 2H,0+2e > H,+ 20H

Legend: : 0: Current generator, 1: Hydrogen, 2: Electron flow, 3: Load, 4: Oxygen,
5: Cathode, 6: Electrolyte, 7: Anode, 8: Water, 9: Hydroxyl ions, 10. Metal hydroxide.




