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Carbon recycling ?

1. Capture 3. valorization

2. Transformation

CCU: Carbon Capture and Utilization

CCV: Carbon Capture and Valorization
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The “carbon academy” project

Image: http://www.captain-ice.net
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The “carbon academy” project

• Funded by the Swiss Academies of Arts and Sciences (in 

partnership with the Mercator Foundation)

• Duration: June 1st 2015 – December 31st 2016 (19 months)

• Interdisciplinary project:

Industrial

ecology
Public law

Economy

International 

relations
Ethics

Chemistry

Public 

administration
(…)
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Research question

What would be the broad implications 

(including social, economic, environmental, 

etc.) of large-scale deployment of carbon 

recycling? 

Could it be sustainable?
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Goals of the project

• Evaluate the creation of an anthropic carbon 

cycle

• Create a research network about this topic

• Elaborate a systemic and integrated 

methodology (in order to assess different 

carbon recycling strategies)
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CO2 capture

Atmospheric 

CO2 3. Direct air capture, 

DAC

Biomass

Fossil 

carbon

2. Bioenergy with carbon 

capture, BECC

1. Carbon capture, CC
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Source: Carbon dioxide Capture and Storage, IPCC Special Report, 2005

CCS: 

CO2 capture and sequestration (storage)
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Carbon dioxide, a waste to sequester?

Alco2Jet 60 (425 g)

~ 18 €

Selling price ≈ 42,000 €/ton

Capture cost ≈ 20 €/ton
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CO2

C-C bond formationC-O bond 

formation

Mineral carbonates
Organic carbonates

C-N bond 

formation

Hydrogenation

Methane

Biological 

utilization

Acrylic acids

Salicylic acid

Succinic acid

Sparklin

g 

beverage

s

Direct 

utilization

Supercritical CO2

Methano

l

Urea

(Example of) CO2 utilization
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C-O bond, polycarbonates
(Global production: 4 Mt/yr)

Synthesis with CO2

Traditional synthesis
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Power to gas, renewable power methane (RPM)

CO2 + 4 H2 CH4

+ 2 H2O

(Methanation, Sabatier reaction)

www.infoeco.fr/photos/ www.connaissancedesenergies.or

g

Renewables

Electricity storageElectrolysis

H2

H2O

(1)
Methanation

CH4

CO2

(2)

Electricity production
Gas power 

plant

CH4

(3)

Cat.

Electric

grid

Natural gas grid
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Legal status of RPM

Directive 2009/28/EC

OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

on the promotion of the use of energy from renewable sources

Renewable Energy Directive (RED)

ANNEX IX:

(r) Renewable liquid and gaseous transport fuels of non-biological 

origin.

(s) Carbon capture and utilisation for transport purposes, if the 

energy source is renewable (…)

CO2 fuels (?)
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« There is a need to support the integration of energy from renewable 

sources (…) and the use of energy storage systems for integrated 

intermittent production of energy from renewable sources »

« (…) assess the possible impacts of biofuel production on 

agricultural food products »

« Biofuels production should be sustainable »

Recommendations of the RED

« (…) consideration shall be given to measures taken for (…) the 

avoidance of excessive water consumption »
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Recommendations of the RED

(article 3) 

« (…) and supporting the conclusion that the feedstock in 

question does not create an additional demand for land or 

cause significant distortive effects on markets for (by-

)products, wastes or residues, that it delivers substantial 

greenhouse gas emission savings compared to fossil fuels, 

and that it does not risk creating negative impacts on the 

environment and biodiversity. » 
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According to the RED, fuels derived from CO2 should:

• offer storage options supporting the development of renewables

• be a transport option to support the development of renewables

• not create additional demand for land

• avoid excessive water consumption 

• reduce GHG emissions

• not risk creating negative impacts on the environment

• be sustainable

Legal status of CO2 fuels (summary)
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RPM: Selected material consumption

EU electricity surpluses stored : 
90 TWh/yr

H2
O2

44

Ru

45

Rh

46

Pd

76

Os

77

Ir

78

Pt
Water (cooling): 38 Mtons/yr 

CO2 : 6 Mtons/yr

Platinum group 
metals (PGM): 
8 tons/yr
or …

Nickel: 33 tons/yr

Meylan, Moreau and Erkman, Material constraints related to storage of future European renewable electricity surpluses

with CO2 methanation, 2016, Energy Policy – In press, corrected proof

Water (process):  7 Mtons/yr
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RPM vs biomethane

CO2 CH4

H2
O2

12% 37%

1%  
60%

Biomethane:

Yield = 0.6%
41-121 GJ ha-1yr-1

RPM:

Yield = 4.4%
600-1100 GJ ha-1yr-1

CO

2

CH

4
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RPM - Sustainability 

✔
✔
✔
✔

✔
✔

✔

• offer storage options supporting the development of renewables

• be a transport option to support the development of renewables

• not create additional demand for land

• avoid excessive water consumption 

• reduce GHG emissions

• not risk creating negative impacts on the environment

• be sustainable
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Conclusions and perspectives:

• The diversity of valorization pathways is an 
advantage

• Energy consuming

• Greener chemistry

• Revolutionnary strategy, with multidisciplinary 
aspects

• The universities have a key role to play
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• Develop and test innovative approaches

• Provide a balanced and independent assessment of the 
various issues at stake

• Beyond the interdisciplinary research, engage the academic 
community in collaborating with relevant stakeholders (e.g. 
industry, policy makers, …)

• Support the development of strategies, tools and 
methodologies for the various stakeholders

Carbon recycling: role of universities
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Thank you !

frederic.meylan@unil.ch

suren.erkman@unil.ch


