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Variation of the mean global temperature & predictive models vs. future
global CO, emissions

Global warming relative to 1850-1900 (°C)
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Sun Chem The European Chemical Industry

A Currently,the European Chemical Industry strongly depends on
carbon feedstock imports for energy and chemical manufacturing
processes, wWhichare based over 95% on the use of fossil fuels.

AThe introduction of sustainable chemistry using renewable
resources to exploit CO, for the production of chemical products
brings an opportunity to an efficient use of resourcesand
preservationof the environment

A Thiswill contribute to the reduction of greenhousegases,n line
with the commitmentsagreedin 2015 Paris Agreement signed
duringthe United NationsClimateChangeConferencg COR1).

30 95%

Gigatons of CO, Chemicals based
emitted yearly on fossil fuels

The Chemical Industry is the third larger
greenhouse gas emitter in Europe, with
over 30 GtCG yearly.
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Currently, only CO and formic acid (HCOOH)
and ethylene have been obtained with a
relevant productivity to be scaled up.

Higher energy density products (ethanol,
methanol, propanol, etc) have not reached
high selectivity & conversion efficiencies.

Production of C,, chemicals is a huge challenge

There are few examples of scale-up systems

H. Guzmadan,..., S. Herndndez et. al. Photo/electrocatalytic hydrogen exploitation for solar fuels production, Chapter 11

in: Handbook of Hydrogen Production from Solar Energy, Elsevier.



Challenges of the Electrochemical Reduction of CO,

Y. Hori, “Electrochemical CO, reduction on metal electrodes” Modern Aspects of

Electrochemistry, Number 42, edited by C. Vayenas et. al., Springer, NY (2008) ‘ E° vs. RHE
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Challenges of the Electrochemical Reduction of CO,:
a multiple-steps reaction

Rate Determining Step

""""" - : CO
e = H* 0
catalyst : calalyst
T g W[ H'
m catalyst
e HCOO' H’ e. e'
T ; . .
" H3CO ads *Catalyst HCOas
A Y. Lanet. al. Int. J. Electrochensci. 2014 1(9), 1577 catalyst catalyst H*
A J. L. Whiteet. al. ChemicaReviews2015 115, 1288812935 e o
A Joneset. al. Isr. J. Chem. 2014, 54, 1451 — 1466 CH 3Ol-l
(i)

AG° (k}/mol) | __E°(V vs. NHE) l
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Issues with Electrocatalysts for the CO, reduction to CO

Ag-based catalysts [l Au-based catalysts  “ay
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Syngas from CO, : An opportunity
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Hernandez Set. al. Green Chem., 2017, 19, 2326-2346.
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EU projects in Electrocatalytic CO, conversion
(2016 — 2019)
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Recycling carbon dioxide in the cement industry to produce added-value

additives: a step towards a CO, circular economy Products and end-uses Interest of the
(internal/external) end-users in
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CO, conversion to
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SunCoChengeneral overview

European project funded under the topic. CENMBR25-
2019 0 Photocatalyticsynthesis(RIA)

4 yearsduration, from

Budget 6,7 M G of which6,6M Gfunded by the EC
14 partnersfrom 8 different Europeancountries
Coordinatedby Eurecat RTO

GrantagreementID: 862192
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Consortium

14 partners from 8 European countries

6 3 1 3 1
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SunC@® Chem

SunCoChem solution
Three sustainable oxeproducts produced from CQ

A Oxoproducts
produced from the
use of CQas a
renewable carbon
source, in comparison
to actual routes based

Carbonylation of on fossil fuels.
limonene

Carbonylatiorof
formaldehyde Carbonylation of Butene




A,.tiji tion Challenges for practicshin-driven H, production
. i v

T STH Efficiency > 10% ®Cost < 5 $/kgH, - scalability - Lifetime > 10 years

In Materials (photo-electrodes) Development

&@C%@ POLITEGNICO »

* Improved efficiency of photoelectrode materials;

* Maximal photon absorption;

A Scalable synthesis approaches for photoelectrodes
& transparent conductive oxides (e.g. FTO)

A Use of Low-cost & abundant materials

A High Stability

ArtiJ‘Xtion
e J

Device Engineering and scale-up : iy p— e w\\\\ |
Reduced internal resistance losses (due to mass- |EREEEES S A o o Tﬁ\m\“\\
) s V3 g ° Y
transfer limitations); ‘ | § o

' Photo-electrodes and PEM Photo-electrolyzer scale-up Am

Efficient O,/H, gas separation; . ,

Modular / scalable cell design - ' 2\

Reduced plant capital costs. / The Artificial Leaf...
Long-term stability & productivity

Distribution DOE’ s tsalar §,@rbduction tost is 4 S/kg by 2020
A Increase of H, distribution network; for commercialization
A Reduce cost & enhance efficiency of H, storage



Fully artificial photeelectrochemical device for low

I &

temp. H, production
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Our works:

Arolod K., et. al. Catalysts 2017,
7, 13.

Aappl. Catal. B: Environm. 2016,
180, 630.

Achem. Eng. J. 2014, 245, 124-
132.

A&EC Res. 2013, 52, 19, 17414.



State-of-the-art
Sundriven H production from water splitting

Shortcomings of record STH efficiencies systems N1 o dameions é%’fiﬁ” ne
f On \ O
P N & 8
ALimited stable operation 10 - R % o X Cox 3024 "
AUse ofharsh electrolytes (2M NaOH; 1M HCJ - o B. o v':x!'g/fggga—-~~\/ ey |
—~ i / . '
AExpensive noble-metal catalysts {e. Pt/Pt and Pt/Rug) and Qi ! 0 d 2 :I 1
PV (IHV) semlcond_uctors: (Galg(Pn)//GaAspn) and T (0] | \~___/ -
Aly 1Ga gsAspn)//Si(pn) cost 2 wkhonp €ud O £ m | Liu 2076 |
concentration @ O 016 |
AUse of CRMs for the EU (i.e. Si, Pt group metals, Co, etc) g’g, 1 & n il
ANo Q and H products separation (for some systems); = 3 i ‘ 9
AH, production costs rders-of-magnitude higher than the i O o
reference 1,stedmkeormmg)l ue ( CH |l © pPvEC AISTO
. . . PE buried Goto 2018
AHigh environmental footprint. ) i i
C'iNJ
O PC Schroder 2015
0.1 -_|_|'l'|'|'|'l'l'|_l_l'l'l'la'q_l'|'|'l'l'l'l| T lllul'l' T lllﬂ
PV-EC: Photovoltaicelectrochemical; PC: photocatalytic; PEC: photoelectrochemical: 0.1 1 10 100 1000 10000
- PE buried: devices similar to PV cells but functioning in water by surface protection, - a
- PE-PV: at least one side of the device directly contact©Horming a semiconductor||liquid junction,| Time (hour)

- PE-PE: device made with only photoelectrodes. Chem. Soc. Rev., 201948, 19081971
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SunCoChem Key outputs

Addressing the need of the EU Chemical Industry to reduce their dependence on
carbon feedstock

3 O &

Solar energy Circular economy Sustainable chemistry CQ reduction

Direct exploitation and Revalorisationof industrial Improved chemical energy Energy saving and
utilization of solar energy  waste streams and byproducts conversion efficiency CQ emissions reduction




SunC@® Chem

Project phases

Integration and Sociceconomic

optimisation of and environmental
materials and impact
components assessment

Development of U i [
| pscaling, testing
materials and and validation of

componients of the the TPER device

Synthesisand e Manufacturing of the full e Integration of e Risk assessment of the new
characterisationof new size TPER reactor and the photoelectrodes and process and materials
photocatalytic materials for test bench plant. Testing for TBMin a MEA, and compared with current
the development of optimal the 3 oxoproducts of study CQ capture with ILs in industrial processes, including
photo-electrodes and new with simulated and real the CQ capture and risks for human health and for
membranes. feedstocks for process concentration system. the environment. Socie
optimisation and validation. Design and construction economic impact based on
of the first TPER module. cost ana|ysis and social
perception.



SunC@® Chem

SunCoChem solution
A competitive and modular selfbiased photoelectrocatalytic tandem reactor

SunCoChenoffers an efficient system for producing high
value chemicalsfrom CQ, currently limited due to low CQ TPER COMPONENTS
reactivity. Hybrid photocathode for

CQ conversionto oxo-products

The TPERuvill be validated in an industrial plant environment

at the production facility of IFF for the conversion of o
. . Photoanodefor water oxidation

anthropogenic CO, emissions from Dow plant, to produce

three added-value chemicals. Transparentbipolar membrane

SunCoChemalidationin an industrial environmentwill allow (TBM)

arealistic comparison of the SunCoChem technology with the
current fossil-fuel-based approach from the perspective of
the techno-economic, environmental, and societal and

market future impacts.

CQ capture andconcentration
stage
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