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% Energy Conversion:
f Total cost: 3.6 M€

: A EC contribution: 2.7 M€
: A= | {4 ! }: Duration: 36 months
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Main Project Goal: a 100 cm?
stable device, achieving 7% solar-
to- hydrogen conver5|on efficiency.




Developing new/promising
nanostructures

|dentifying and eveloping
new/promising materials

Guest-host mesostructures

Nanostructured semiconductor
synthesis

Plasmon enhanced
photoelectrolysis

Band engineering in nanowire
heterostructures

Overlayer protection

P-type oxides
Ternary and higher n-type oxides
Oxynitrides
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Dissecting material-structure-
performance relationships

Putting the pieces together

Model thin films
Defect and interface analysis
Ab-initio calculations

Promising dual electrode device architecture
And become the standard for testing methods
Standardized testing bench

Solution side engineering
Device-level modeling

Redox potential vs. NHE (V) X
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* Optimized film thickness is greater
at 6 L min™t

* Photocurrent is increased by 40%

700 nm

* General reproducibility increases

Angew. Chem. Int, Ed. 2010, 49, 6405.
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* Advancing towards the project goal of 7 mA cm~2 under AM 1.5 illumination
(a 1 cm? electrode).

S. D. Tilley, M. Cornuz, K. Sivula, M. Gratzel, Angew. Chem. Int. Ed. 2010, 49, 6405-6408.
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goal of 5000 hour stability (less
than 10% loss of initial activity).

Adriana Paracchino et al. Nature Materials 2011, 10, 456—461.
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J photocurrent — J absorbed X P charge separation X P charge njection
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J photocurrent — J absorbed X P charge separation

Energy Environ. Sci., 2011, 4, 958-964



S Hematite photoanode
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Solar to chemical conversion efficiency (n) = output/input:
Nag= Ne X Ipp X (1.45 = V}556)/(100 mW/cm?) = 16 % (4.8 %)
Nag= Ne X Ipp X (1.23 = V},;,6)/(100 mW/cm?) = 13.5 % (4.1 %)

(shown possible based on photocurrent)
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US-patent 6936143, filed Apr 7, 2000
If: Nae = 10%

PEC cell cost $80/m?

10 year lifetime
Then:

H, = $6.90/kg H,

at scale of 1000 kgH,/day.

B. D. James, G. N. Baum, J. Perez,
K. N. Baum, Technoeconomic
Analysis of Photoelectrochemical
(PEC) Hydrogen Production 2009.



The PortoCell for large

photoelectrodes
10 x 10 cm? Active Area

10x10
hematite
photoanode

o » The EPFL samples are currently
o being tested in ENI laboratories
(in the large solar simulator).
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\

« Able to perform:
- Temperature studies;

+ Studies with electrodes separator
(Teflon diaphragm);



e The midterm target is to supply 10-20% of the anticipated hydrogen energy
demand with CO, lean or CO, free hydrogen by 2015. A second objective is
to start preparatory work to enable the introduction of a widely spread
hydrogen infrastructure beyond 2020-2030.

e Accordingly, the main emphasis of this application area will be on research
and development of mature production and storage technologies and on
breakthrough orientated research of longer term, fully sustainable
hydrogen production and supply pathways.

e Technical Target for 2015: Cost of H, delivered at refuelling station < €5/kg
(€ 0.15/kWh)

e Photoelectrochemical Water Splitting is our answer to these goals.



: Delivery Achieved
WPs Achievements date (month) with
Photoelectrodes with a 3 mA/cm? photocurrent at
1,2 | 1.23V vs. RHE and AM1.5 based on nanostructuring 15 Fe,O, 4
approaches of known semiconductors.
Small scale photoanode with photocurrent of 3.3
1.2 | mA/em? at 1.23 V vs. RHE under AM 1.5, 18 Fe,0; v
Photoelectrode demonstrating a 5 mA/cm? V4
L2 | bhotocurrent at 1.23 V vs. RHE at AML.5. 24 Cu,0
Small photoelectrode with a 6 mA/cm? photocurrent
1,2 |at 123 V vs. RHE at AM15 wusing novel 30 Cu,O v
semiconductors or nanostructuring.
Three prototypes each of 10% efficiency (6.6
124 mA/cm?) small cells (1 cm?) using new materials and 36 in
"7 | 7% efficiency (4.6 mA/cm?) based on a larger cell progress

(100 cm?), all under AM1.5 simulated sunlight.
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Photocurrent onset will be improved by enhancing surface kinetics with
catalysts and suppressing surface defects by overlayers

Photocurrent will be increased by fabricating ultrathin electrodes on a
highly-rough conductive substrate

Stability of the electrodes will be extended by refinement of protective
overlayers

Scalability of high-performance electrodes will be managed by applying
newly-developed liquid phase processes



The project The partners Events Publi

O Share e Print

CONTACT

Coordinator

SEVENTH FRAMEWORK
PEOCERIE Contact Persons

Dagmara Dylong

Postal address

EPFL - ENEI CE|
WHY PEC RESEARCH? IR LR
BAC 104 (Chateau En Bassenges)
Hydrogen, Hy, has the potential to meet the ofa and carbol tral fuel in the Station 5 A ‘ ‘
future, if it can be produced from our Sun, the world's most abundant energy source, and stored and H - 1015 Lausanne
transported safely. Tél. : +4121693 0233 .
D PE DD
At present, there is still a large gap between our present global energy consumption (around 13 TW), our Fax - +4121 693 00 00 oL
use of solar energy to supply the world's energy demand (less than 2 %), and the enormous untapped Map of Bassenges 3 2
potential of the sun (120000 TW).
The d of cells (PEC) is by public that the
Earth’s oil reserves could run out during this century. Public concern has been heightened as well by the I"TnAIET
environmental pollution and the climatic consequences of the greenhouse effect caused by fossil fuel
combustion In arder to access the intranet wehsite olease click on
i
.
http://nanopec.epfl.ch 0
BDDDDDD = :
European Materials Research Society -
# PROGRAM VIEW : 2011 Spring & Bilateral i gPrint this page
MY PROGRAM : 2011 Spring & Bilateral ! jmRecommend this page
e— o
2011 S Meeti i :
n:‘ﬂ'm ing Symposium : T : e
i IUMRS Website
; Materials for solar hydrogen via photo electrochemical production : ” 7
: -y ¥
. E-MRS Spring 2011 & 4
2011 Spring Meeting ‘ g
09 May 2011 | 10 May 2011 | 11 May 2011 : Bilateral Energy Conference
2011 Bilateral Ene: > : okt !
Conference 4/ wviewall | © s 2 b e 4
Registration Fees e ]
2011 Fall Meeting s il
startat  Subject : 50 EUI
2012 Spring Meeting : - 550 EUR
5 L 620 EUR .
2013 Proposals Call Photo-Electrochemical Testing : M. Graetzel : ( M a rc h a n d Ap rl I' 20 1 1)
2 e 00 EUJ

Awards
Cl ion of
E-MRS & Education water splitting with sunlight
Authors : Juan Bisquert™ Photovoltaic and Optolectronic
Other Events and links Devices Group, Departament de Fisica, Universitat Jaume I,
ES-12071 Castello
Archives add to my program « (view full abstract)
09:10 The of Solution Ct
of mesoporous WO3 layers.
Authors : R. Jurczak

tured

62

http://www.emrs-strasbourg.com/index.php?option=com abstract&task=view&id=135&
year=2011&Itemid=&id_season=4 (May, 2011)



http://nanopec.epfl.ch/
http://www.emrs-strasbourg.com/index.php?option=com_abstract&task=view&id=135&year=2011&Itemid=&id_season=4
http://www.emrs-strasbourg.com/index.php?option=com_abstract&task=view&id=135&year=2011&Itemid=&id_season=4
http://www.emrs-strasbourg.com/index.php?option=com_abstract&task=view&id=135&year=2011&Itemid=&id_season=4
http://www.emrs-strasbourg.com/index.php?option=com_abstract&task=view&id=135&year=2011&Itemid=&id_season=4
http://www.emrs-strasbourg.com/index.php?option=com_abstract&task=view&id=135&year=2011&Itemid=&id_season=4

PECioUse

3

PECHouse is a project funded by the Swiss Federal Office of Energy (SFOE) from
August 2007 until December 2011 (4.5 years). The budget is 5.4M Swiss Francs
(CHF) over the course of 4.5 years. The SFOE portion of this amount is 1.5M CHF,
~330’000 CHF per year. The Toyota Motor Corporation (TMC) has contributed a
total of 300’000 CHF over the course of this project, and we expect continued
support from TMC.

Funding for PECHouse has been renewed for 2012-2015 (so-called PECHouse2) with
a budget of 1.5M CHF over 3 years, of which the SFOE portion is 900’000 CHF. The
project will focus more on scale-up as well as simulation in order to identify the
bottlenecks in our system.

In addition, we have created a new HyTech project with a budget of 8.8M CHF over
3 years that will explore hydrogen production at different scales: PEC water
splitting for small-to-medium scale, concentrated solar to drive a ZnO cycle for large
scale water splitting, as well as the investigation of different hydrogen storage
strategies such as metal hydrides and formic acid.
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PECioUse

e One of the goals of PECHousel was to find financial support from the European
Union. This is where NanoPEC was born.

Goals of PECHousel:
: Scientific and Team network and
Strategic technical (Fe,O,) technology transfer
* Find the most *4.5 % STH by  Coordination of
practical 12/2009 national research
technology «7 % STH by interests
* Prepare strategic 12/2011 « Participation in
partnerships « 1000 hours with ongoing EU
 Monitor progress 5% degradation research activities
of all technologies  Production costs * Locate strategic
for potential of by 2015: 5€/kg H, partners and
success future finances

On the web @ pechouse.epfl.ch

e The knowledge and experience gained that was enabled by PECHousel and
NanoPEC will now be carried forward in Swiss projects Hytech and PECHouse?2.



