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Man-produced CO2 fluxes
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Variation of the mean global temperature & predictive models vs. future 
global CO2 emissions

→ + 1 oC (2018)Today : 410 ppm CO2 → + 1.5 oC (2030 - 2052)

Source: IPCC Special Report 2018, Global Warming of 1.5oC, Figure SPM.1
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The European Chemical Industry 

Research and development efforts needed for the transition towards a 
low-CO2 emission industry 

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

• The introduction of sustainable chemistry using renewable
resources to exploit CO2 for the production of chemical products
brings an opportunity to an efficient use of resources and
preservation of the environment.

• This will contribute to the reduction of greenhouse gases, in line
with the commitments agreed in 2015 Paris Agreement signed
during the United Nations Climate Change Conference (COP21).

30
Gigatons of CO2 
emitted yearly

95%
Chemicals based

on fossil fuels

The Chemical Industry is the third larger 
greenhouse gas emitter in Europe, with 
over 30 GtCO2 yearly.



Chem. Soc. Rev., 2019,48, 1908-1971



A Future 
Sustainable Energy 
Landscape based 

on Photo/ 
Electrocatalytic 
CO2 valorisation

Image from: Seh et al., 
Science 2017, 355, 146



State-of-the-art 
Electrocatalytic CO2 reduction to Fuels

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 C2+ chemicals is a huge challenge

There are few examples of scale-up systems

Adapted from: De Luna et al., Science 364, eaav3506 (2019). 

H. Guzmán,…, S. Hernández 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 

Thermodynamic 
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Reaction ∆G0 (kJ/mol) E0 (V vs. NHE)

𝐶𝑂2 + 2𝐻+ + 2𝑒− → 𝐶𝑂 + 𝐻2𝑂 19.9 -0.53 

𝐶𝑂2 + 2𝐻+ + 2𝑒− → 𝐻𝐶𝑂𝑂𝐻 38.4 -0.61

𝐶𝑂2 + 4𝐻+ + 4𝑒− → 𝐻2𝐶𝑂 + 𝐻2𝑂 27.5 -0.48

𝐶𝑂2 + 8𝐻+ + 8𝑒− → 𝐶𝐻4 + 2𝐻2𝑂 -130.8 -0.38

𝐶𝑂2 + 6𝐻+ + 6𝑒− → 𝐶𝐻3𝑂𝐻 + 𝐻2𝑂 -17.3 -0.24

𝐶𝑂2 + 𝑒− → 𝐶𝑂2°
− 183.32 -1.9

• Y. Lan, et. al. Int. J. Electrochem. Sci., 2014, 1(9), 1577
• J. L. White, et. al. Chemical Reviews, 2015, 115, 12888-12935.
• Jones et. al. Isr. J. Chem. 2014, 54, 1451 – 1466

Challenges of the Electrochemical Reduction of 
a multiple-steps reaction

Rate Determining Step



Ag NPs /MWCNTs

Ag NPs /GDE

Ag, 20 atm

Cu, MeOH

CN/MWCNT
area n.a.

Pd, 20 atm

Rh, 30 atm
MoS2

BMIM-BF4

Issues with Electrocatalysts for the reduction to CO

Au / C
40 wt% Au, 0.5M KHCO3

Au
Au NPs / C-cloth

area n.a.

Criticisms for scale up:
➢ Small electrode areas (low 

productivities)
➢ Use of harsh electrolytes
➢ Few hours of proved stability

Appropriate current densities have been achieved but..

Hernández S., et. al. Green Chem., 2017, 19, 2326–2346.



* H2/CO molar ratio

Syngas from : An opportunity

Hernández S., et. al. Green Chem., 2017, 19, 2326–2346.



EU projects in Electrocatalytic CO2 conversion
(2016 – 2019)

www.celbicon.org

See the demo plant at: https://www.youtube.com/watch?v=kotXejzcj0w&t=9s

https://www.youtube.com/watch?v=kotXejzcj0w&t=9s


EU projects in Electrocatalytic CO2 conversion

www.celbicon.org

(2016 – 2019)



EU projects in Electrocatalytic CO2 conversion

www.celbicon.org

(2016 – 2019)

TP1 (AVT) 

TP2 (KRJ & POLITO)

TP3 (F-IGB)

Technologial Platform

Location



EU projects in Electrochemistry
(2017 – 2021)

Recycling carbon dioxide in the cement industry to produce added-value 
additives: a step towards a CO2 circular economy

www.recodeh2020.eu



PhotoElectroCatalytic Device for

SUN-Driven CO2 conversion into

Green CHEMicals

www.suncochem.eu

@SunCoChem_EU

info@suncochem.eu 

CO2 conversion to commodity chemicals
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SunCoChem general overview

Development of a photoelectrocatalytic

device for solar-driven CO2 conversion into 
green chemicals

• European project funded under the topic: CE-NMBP-25-

2019 – Photocatalytic synthesis (RIA)

• 4 years duration, from 1/05/2020 to 30/04/2024

• Budget: 6,7 M€, of which 6,6M€ funded by the EC

• 14 partners from 8 different European countries

• Coordinated by Eurecat, RTO

• Grant agreement ID: 862192
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Consortium

14 partners from 8 European countries 

6
Research 

institutions

3
R&D SMEs

1
Standardisation 

body 

3
Chemical 
industries 

1
EU International 

Cooperation partner
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SunCoChem solution

Three sustainable oxo-products produced from CO2

GLYCOLIC ACID

Carbonylation of 
formaldehyde

VALERALDHEYDE

Carbonylation of Butene

LIimoxal TM

Carbonylation of 
limonene

• Oxo-products 

produced from the 

use of CO2 as a 

renewable carbon 

source, in comparison 

to actual routes based 

on fossil fuels.



Efficient O2/H2 gas separation; 
Modular / scalable cell design
Reduced plant capital costs.

Long-term stability & productivity

Challenges for practical sun-driven H2 production

In Materials (photo-electrodes) Development

Device Engineering and scale-up

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

• Use of Low-cost & abundant materials
• High Stability

DOE’s target for solar H2 production cost is 4 $/kg by 2020 
for commercialization

 Cost < 5 $/kgH2  Lifetime > 10 years scalability

Distribution

• Increase of H2 distribution network; 
• Reduce cost & enhance efficiency of H2 storage



OFFICER: 

Nikolaos LYMPEROPOULOS

November 30th, 2015

Fully artificial photo-electrochemical device for low 
temp. H2 production

1.6 m2

Prototype…



BiVO4 

photoanodes

Our works:
•Tolod K., et. al. Catalysts 2017, 

7, 13.
•Appl. Catal. B: Environm. 2016, 

180, 630.
•Chem. Eng. J. 2014, 245, 124-

132.
• I&EC Res. 2013,  52, 19, 17414.



State-of-the-art 
Sun-driven H2 production from water splitting

PV–EC: Photovoltaic-electrochemical; PC: photocatalytic; PEC: photoelectrochemical: 
- PE buried: devices similar to PV cells but functioning in water by surface protection, 
- PE–PV: at least one side of the device directly contacts H2O forming a semiconductor||liquid junction, 
- PE–PE: device made with only photoelectrodes.

ARTIPHYCTION 
PROJECT

• Limited stable operation

• Use of harsh electrolytes (2M NaOH; 1M HClO4)

• Expensive noble-metal catalysts (i.e. Pt/Pt and Pt/RuO2) and 
PV (III-V) semiconductors: (GaInP2(pn)//GaAs(pn) and 
Al0.15Ga0.85As(pn)//Si(pn), cost = 50,000 €/m2), with no sun 
concentration

• Use of CRMs for the EU (i.e. Si, Pt group metals, Co, etc)

• No O2 and H2 products separation (for some systems);

• H2 production costs 2-orders-of-magnitude higher than the 
reference 1 €/kg value (CH4 steam reforming)

• High environmental footprint.

Shortcomings of record STH efficiencies systems

Chem. Soc. Rev., 2019,48, 1908-1971
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SunCoChem – Key outputs  

Solar energy 

Direct exploitation and 
utilization of solar energy 

Circular economy 

Revalorisation of industrial 
waste streams and by-products

Sustainable chemistry

Improved chemical energy 
conversion efficiency

CO2 reduction

Energy saving and 
CO2 emissions reduction

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

1 2

Development of 
materials and 

components of the 
TPER cell 

Upscaling, testing 
and validation of 
the TPER device

Integration and 
optimisation of 
materials and 
components 

Socio-economic 
and environmental 

impact 
assessment 

Synthesis and 

characterisation of new 

photocatalytic materials for 

the development of optimal 

photo-electrodes and new 

membranes.

Manufacturing of the full 

size TPER reactor and the 

test bench plant. Testing for 

the 3 oxo-products of study 

with simulated and real 

feedstocks for process 

optimisation and validation.

Integration of 

photoelectrodes and 

TBM in a MEA, and 

CO2 capture with ILs in 

the CO2 capture and 

concentration system. 

Design and construction 

of the first TPER module.

3 Risk assessment of the new 

process and materials 

compared with current 

industrial processes, including 

risks for human health and for 

the environment. Socio-

economic impact based on 

cost analysis and social 

perception.

4
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SunCoChem solution

SunCoChem offers an efficient system for producing high-
value chemicals from CO2, currently limited due to low CO2

reactivity.

The TPER will be validated in an industrial plant environment
at the production facility of IFF for the conversion of
anthropogenic CO2 emissions from Dow plant, to produce
three added-value chemicals.

SunCoChem validation in an industrial environment will allow
a realistic 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.

A competitive and modular self-biased photoelectrocatalytic tandem reactor

TPER COMPONENTS  

Hybrid photocathode for 

CO2 conversion to oxo-products

Photoanode for water oxidation

Transparent bipolar membrane

(TBM)

CO2 capture and concentration

stage



simelys.hernandez@polito.itThank you for your attention
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