
R&D Projects Materials for Energy

Research Area

Materials for Energy

Contacts

Fátima C. Teixeira

Carmen M. Rangel

Estrada do Paço do Lumiar, 22

1649-038 Lisboa

+351 210 924 600

info@lneg.pt

Project Co-Funded by: 

Motivation

CO2RED project research is a contribute to a CO2 economy where it will be
possible to achieve full circle recycling of CO2 using renewable energy sources,
mimicking photosynthesis, but with an intensified process and the capacity to
control the type of products formed.
Electrochemical CO2 reduction (ECR) is a research technology that integrates in
a single electrolyser hydrogen production and CO2 reduction to yield several
products, such as, CO, formic acid, alcohols and hydrocarbons. This proposal
focuses in achieving further breakthroughs in this process of co-electrolysis of
CO2 and water to produce syngas (CO+H2).

Objectives

The general objective of CO2RED project is to produce hydrogen and CO by co-
electrolysis of CO2 and water powered by renewable energy. Carbon capture
and utilization technologies are being intensively investigated to produce fuels
and chemical building blocks and will contribute to change the paradigm of
chemical production based on fossil resources to renewable energy, reducing
carbon dioxide emissions.

The specific objectives of the project are to develop highly performant cathodes
and protonic exchange membranes with porous engineered structures to
increase catalytic activity and decrease limitations due to mass transfer. These
will comprise non-critical cost-effective materials and the use of ionic liquid-
based electrolytes for the simultaneous capture and conversion of CO2. This
work will be aided by computer assisted modelling.

Understanding CO2

electro-reduction in 

porous materials

Laboratório Nacional de Energia e Geologia

Fig. 1. CO2RED main Tasks

Task 1 

Management, Dissemination and Exploitation

Task 2

Modelling porous materials

Task 3

High performing 3D porous cathodes

Task 4

Customized membranes for CO2 electro-reduction

Task 5

Electro-reduction in advanced CO2 electrolyser

Task 6

Techno-economical assessment
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Fig. 2. CO2RED concept.

Research work aims the integration of the catalytic system properties
previously developed in aerogel porous structures derived from biomass to
construct a 3D porous cathode with high surface area and pore engineered
structure. This work will be assisted by advanced modelling. The work plan
will also contemplate the customization of protonic exchange membranes
for electrochemical CO2 reduction contributing to the minimization of ohmic
losses and improving overall process efficiency. A general target will be to
assemble the porous cathode with the customized membrane and a
commercial anode to achieve relevant current densities, long catalytic
lifetimes and low overpotentials that will pave the way to a commercial
application.

The CO2RED concept is presented in Figure 2. It illustrates the smart
combination of: i) a high performing aerogel 3D porous cathode with the
capacity to tune the H2/CO ratio of the produced syngas; ii) a customized
cation exchange membrane for electrochemical CO2 reduction in an
advanced pressurized CO2 electrolyser with a zero-gap configuration.


