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The conversion of H20, C0O2, N2 into value-
added chemicals and/or fuels, using
and

as well as

IS a
The circular economy of CO2, N2, H2
constitutes one of the major world

challenges
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FROM THE SUN TO THE
ELECTRICAL POWER
THROUGH ENERGY
STORAGE:
a) Storage using chemicals
b) Storage using batteries
High
energy 12500WhiKg
density

Solar fuels ICE
Electrolyzers/Co-electrolysis >10% — 3.70,

< 65% operation

12-24%

FC >55%

Faradaic
efficiency ~ 70-95%
>95%
Low energy Electrical Power

density 250Wh/Kg
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Renewable electroconversion must target first high value chemicals avoiding highly energy
intensive thermochemical current routes.
In the next future, with the achieved technology maturity, new COZ2 tax policies and contained

eIIectricitE Cost, %Wi" replace shale gas applications too (renewable gases)
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Many configurations on demand: dark or under illumination
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Strong interest in
having back
illumination especially
for replacing
electroreduction
by
photoelectroreduction
_of

CO2.

PEC/EC ANODE

For CO,R, NR or H2 Cathode
with appropriate catalyst
Anode with excellent OER.



half-cell electrochemical reactions

COyy + 2H™ + 2¢” <+ COyy + H,0y,

COyy) + 2H" + 2¢” <+ HCOOH; VceII = Vo tNeat TNano +AV
COyy + 6H + 6¢” « CH3;OHy + H,Og

CO,) + 8H* + Be™ «» C + 2H,0 ..

zccri, + 12H* + 12¢" HHHCfHﬂE} N 431.:.,:1, Productivity (V)

2C0,, + 12H™ + 12¢” < C,H;OHy, + 3H,0y,

JCCI';:E} + 18H* + 18e~ +» C;H,0H, + 5H,0,

T+ 2e” e« Hyy
Product Energy |\Voltage |Faraday |Energy PV+EC
CO (Ag) 1,45 2 9% 87% <44%  <11%
Formic acid (Pb) 1,35 2,8* 95% <46% <11%
Ethylene (Cu) 1,15 2,4*% <70% <35% < 8%
H2(Pt) 1,23 1,5t0 2,3 =100% < 80% <19%

(*) representative value from references.
(**) these values depend on the working current density mA/cm2.
Requirements of low Tafel slopes mV/decade
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Several sources: IREC




5ing number of active sites

Nanostructuring

bimetallic

IREC”

Institut de Recerca en Energia de Catalunya
Catalonia Institute for Energy Research

Ni,Pd or Pt
nanocrystal

)

)

Supports

Different
Strategies
for developing
catalysts

€0,

4

Shape

© Ni OPt

UL
nm
0O000

%0%0%

Polymorph

L
A
&

NPs/clusters ..

00 :00000

00 00000
00000 00000
00000 00000

Intercalation

-

~

Dense single-atom catalysts

\

Core-Shell



Catalyst Deposition ELECTRODE MICROSTRUCTURE

Requirements for catalyst substrate:
» High surface area >> geometric surface area
» High conductivity
» Improved mass transfer - circumvent CO, solubility problem
» Cost-effective and scalable to large areas > commercial applications
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Challengeto solve:
» Perfect coverage with catalyst - avoid metallic

substrate (Cu, Ni) to act as catalyst
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Challenges: Catalyst: Yield (high current density) degradation.
Electrode: (Areas)

Electrolyte and membranes

S0 Stack’s of EC cells.

8y Product separation: gas/liquid; liquid /liquid
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ACS applied materials and interfaces (2018)
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ACS applied materials and interfaces (2018)
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SCIENCE 10, 10, 2256 (2017)
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90 J'pure 3D Nickel Foam
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Comparison among OER performances of electrodes with non-
noble-metal electro catalysts in 1.0 M KOH.

LICoBPO/NF 10
RuB2/GCE 10
FeB2/NF 10
Co02B-500/NG 10
Ni3B-rGO 10
Co-Mo-B 10
FeS2/CoS2 NSs 10
Co-MoS2 10
Fe-Ni@NC-CNTs 10
Fe-Doped Ni2P 10
MoP/ NF 10
Ni1l1(HPO3)8(OH)6/NF 10
Pt-CoS2/CC 10
Co-Ni/MoS2 10
Cu@CoSx/CF 10
FeMnP 10
Co-Ni/M0S2 10
Co-Ni-B/NF 50
Co-O@CoB/TM 50
Ni-B/NF 100
CoFe/NF 10
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Comparison about the overall water splitting performance for electrodes with non-noble-
metal electrocatalysts in 1.0 M KOH.
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It is feasible to obtain
electrochemical cells for
distributed PEC systems with
worthy efficiency in front of the
use of big centralized options
depending on the photon
absorption used approach:
Electrochemical efficiency
>85% (1,23/1,43)

STH >18%

Electrochemical efficiency

> 80%

STF > 15%
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