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Turns CO2 emissions 
into sustainable 

bioproducts

1. Overview
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• Funding Scheme: RIA - Research and Innovation action

• Programs: 

• H2020-EU.3.2. - SOCIETAL CHALLENGES - Food security, sustainable agriculture and forestry, 
marine, maritime and inland water research, and the bioeconomy

• H2020-EU.3.2.4.2. - Developing integrated biorefineries

• Topic: LC-FNR-13-2020 - Bio-based industries leading the way in turning carbon dioxide 
emissions into chemicals

• Awarded funding: € 6 969 835,81

2. VIVALDI - Horizon 2020 framework programme funding
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3. The novel CO2-based industry

• Novel carbon capture and utilisation strategies for CO2 valorisation are needed to achieve the European 
Union’s target of reducing emissions by at least 80%  by 2050. 

• The yearly increasing industrial CO2 emissions should not only be reduced or mitigated but should also be 
adopted as a novel feedstock: the era of the CO2-based chemicals.

• Industries should abandon the conventional linear structure (i.e. fossil-based reagents are transformed into 
products and wastes to be disposed or treated) and switch to a circular concept where the (gaseous or liquid) 
wastes are transformed into novel sustainable compounds to be reused in the plant flowchart or to be sold 
externally. 

• Bio-based products are shown to provide GHG savings (15% to 66%) if we assume that they will replace 20% 
of their fossil counterparts in the midterm future
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4. Impact

VIVALDI project develops an innovative, sustainable and cost-efficient biotechnological solution 
to convert the off-gas emissions of bio-based industries into CO2-based chemicals. 

In this way, biorefineries will be able to:
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Reduce their 
greenhouse gases 

emissions

Reuse CO2
emissions as novel 

feedstock

Lower the 
dependency on 

fossil fuels import

Lower the 
exploitation of key 

resources
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5. Concept
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Biogenic CO2

emissions

1. Purification 
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Formic acid & 
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4. Industrial 
validation

VIVALDI: innoVative bIo-based chains for CO2 VALorisation as aDded-value organIc acids



Gas emissions

6. Technologies

8

Waste-waters

3-Hydroxypropionic 
Acid

Lactic Acid

Succinic Acid

Itaconic Acid

Pulp & paper

Food & beverage

Biofuels

Biochemicals/ 
biomaterials

Methanol

Formic Acid

2. Nutrient 
recovery

1. Purification & 
conversion

NH4
+, 

K+, 
Ca2+, 
Mg2+

3. Bioproduction of 
organic acids

Fermentation

Pichia 
Pastoris

4. Down-
stream 

processing
Electrocatalysis

Bioelectrochemistry

5. Industrial validation

VIVALDI: innoVative bIo-based chains for CO2 VALorisation as aDded-value organIc acids



6.1. Electrocatalysis
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i. CO2 reduction to added-value chemicals (i.e. FA) leads 
to short-term economic feasibility to a higher market 
price and (MWh/tC) among similar higher energy 
content products. 

ii. Biomethanol from wastes has a higher value (400–450 
€/ton) than its cost of production 200 €/ton

iii. The energetic efficiency of converting FA/MeOH into 
biomass aerobically can reach 50%, while for other C1-
feedstocks it lies in a range of 20–40%.

iv. Microbial utilisation of FA and MeOH as C-source 
needs a minimal media and simple nitrogen sources

Gas emissions
Methanol

Formic Acid

1. Purification & 
conversion

Electrocatalysis
v. Cultivation of microorganisms on C1-gases (e.g. CH4, 
CO, and H2/CO2) has several drawbacks: low water 
solubility, limited mass transfer (due to phase 
boundaries), issues with storage and transportation, low 
yield and low microbial productivity.

Why Formic Acid (FA) and Methanol (MeOH)?Why electrocatalysis?

CO2 transformation is 
limited by 

thermodynamic and 
kinetic inertness. To 
overcome the high 

energy barriers. 

CO2 transformation is 
limited by thermodynamic 
and kinetic inertness. To 

overcome the high energy 
barriers of CO2 activation, 

catalysts are required. 

It can be produced at 
biocompatible conditions 

(neutral pH, ambient 
temperature and 

pressure, physiologic 
salinity and under 

presence of components 
of microbial media).

. 

CO2 transformation is 
limited by 

thermodynamic and 
kinetic inertness. To 
overcome the high 

energy barriers. 

Depending on the 
conditions and electrode 

materials, different 
products can be obtained. 

Understanding ECO2R 
opens a plethora of novel 

possibilities of CO2

valorisation as microbial 
feedstock.

ECO2R provides a pathway 
for the utilization and 
(temporary) storage of 

electric energy. Electricity 
from photovoltaic cells, 

wind turbines, or off-peak 
grid power sources can be 

used to drive CO2

reduction. 
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6.2. Bioelectrochemical nutrient recovery
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Allows abandonment of linear 
economic models

Converting the organic compounds in the wastewaters 
into electricity with the assist electroactive bacteria

Wastewaters

2. Nutrient 
recovery

NH4
+, 

K+, 
Ca2+, 
Mg2+

Bioelectrochemistry

The treated wastewater will be less loaded 
and thus has less eutrophication potential

Reduces the need for external addition 
of nutrients during fermentation

Provides significant environmental, 
economic, and energy savings
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6.3. Fermentation
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3. Bioproduction of 
organic acids

Fermentation

Pichia 
Pastoris

Why Pichia Pastoris?

i. Grows at optimal conditions for recovery of free organic 
acids: low extracellular pH and high product concentration

ii. Grows on MeOH and can use FA as auxiliary substrate

iii. Can grow and produce on simple mineralic media

iv. Industrial scale fermentation is established

v. Genetics and metabolisms are well studied, a genome 
scale metabolic model and synthetic biology tools are 
established
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7. Target compounds
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3-hydroxypropionic acid (3-HP) Lactic Acid (LA) Itaconic Acid (IA) Succinic Acid (SA)

Current

synthesis

Microbial/enzymatic 
production under 

aerobic conditions with 
glycerol/glucose as 

substrate 
and coenzyme-B12/ 
NADPH as cofactors

Microbial fermentation 
from C5-C6 sugars or 
chemical hydrolysis of 
lactonitrile by strong 

acids produces a racemic 
mixture.

Microbial fermentation 
with sugar or starch as 

raw materials. A mixture 
of IA and derivatives is 
obtained by reacting 

succinic anhydride with 
formaldehyde

Chemical production 
from maleic acid 
hydrogenation.

Fermentation of sugars 
by wild strains or 

genetically engineered 
well-known industrial 

microorganisms

Market
3-HPA market is still 
under development: 

40 kt/yr in 2015

800-1200 (2016) kt/yr
with expected growth of 

1% per year 

40 kt/yr (2015). 
Projection of 50-170-
410 kt/ yr in 2025).

50 kt/yr (2014)  
Projection of 270 kt/yr 
(2025) at a CAGR 6.8%

€/kg 1.5-2 1.30-2.30 1.5-2 1.8-3

Significance

12 top building-block 
chemicals that can be 

produced from 
biomass21

Monomer of PLA 
(market size was US$1.2 

billion in 2018 and a 
CAGR of 19.8% ) 

12 top building-block

chemicals that can be 
produced from 

biomass21

Top 10 chemicals that 
could be produced 

from renewable 
resources21

Platform chemical for 
acrylic acid

methylene chloride and 

1,3-propanediol

Precursor of

propylene glycol,

acrylic polymer 

Replacement for acrylic 
acid, maleic anhydride.

Precursor of methyl 
methacrylate. Monomer 

of  polyitaconic acid

Replacement for adipic 
acid or maleic 

anhydride. Used in 
food, pharmaceutical, 

personal care and 
chemical sector

3-Hydroxypropionic 
Acid

Lactic Acid

Succinic Acid

Itaconic Acid
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Pulp & Paper

Food & Drinks

Chemicals

Bioethanol

Tailor-made CO2  

purification methods for 
electrocatalytical
conversion to C1s 

microbial feedstocks and 
bioelectrochemical
nutrient recovery 
from wastewater

Yeast-based 
fermentation of C1s to 

four organic acids, 
downstream and 

industrial validation 

Exploitation and 
business plans for all 

VIVALDI s actors:​
BBIs, technology adopters and 
end-users of the bioproduced

organic acids
Innovation management of 

VIVALDI’s outcomes

Full acceptance of 
VIVALDI’s solutions

Efficient communication and 
dissemination for: industry

(adopters of VIVALDI’s 
bioproducts), policy-makers
(upgrading regulation) and 

society (RRI and social 
involvement)

Reduce the environmental 
impacts of BBIs & organic 

acid chemical sector
LCA and circularity assessment 

to quantify the 
environmental benefits of 
all VIVALDI’s solutions

WP1-2 WP3-4



8. Project partners
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The multidisciplinary and 
international consortium is 
formed by 16 partners, 
including:

• biobased Industries
• technology developers
• end-user 
• knowledge hubs
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9. Methodology
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Biobased 
industries

Technology 
developers

Electrocatalysis CO2 purification

Fermentation DownstreamBioelectrochemistry

End-users

Dissemination & 
Communication

Market 
exploitation

Sustainability 
& Circularity

Other industries
CO2 emitters

Other 
BI

Other 
end-users

Policy 
makers

Society
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10. Objectives
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Develop, upscale and 
validate the conversion of 

raw CO2 emissions to 
MeOH and FA at 

biocompatible conditions

Develop and validate 
efficient yeast-based 

fermentation process for 
the conversion of CO2, 

MeOH and FA into 
added-value organics

Advance the circularity of 
bio-based industries by 

developing a new 
(bio)electrochemical 

process to recover 
nutrients from industrial 

wastewaters

Design and validation of 
downstream processes 
with high efficiency and 

in compliance with the 
end-users specifications

Demonstrate the 
technical and economic 
feasibility of integrating 
the VIVALDI concept in 

existing bio-based 
industries

Ensure the positive 
impact of VIVALDI’s 
solutions from an 
environmental, 

economic and social 
point of view

Identify market 
opportunities and 

regulation bottlenecks 
for the market adoption 
of VIVALDI solutions and 

products

Raise awareness on the 
role of the CO2-based 
industry in climate 

change mitigation, and 
disseminate the 

knowledge generated 
from VIVALDI project
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