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1912 !!
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‘’Human activity, by

using coal and gasoline,

is creating carbon

dioxide. In case this

theory (greenhouse

effect) is correct, this

means that we are not

going to have strong

winters anymore and

that summers will

gradually get warmer’’.
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Sense of Urgency

Carbon Clock 
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Outline

• Looking back

• Looking to the present

• Looking to the future
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1640

Johan Baptista van Helmolt
Spirit of wood

1754

Joseph Black
Fixed air

1824

Jean Baptiste Joseph Fourier
Comparison atmosphere
with greenhouse 

1856

Eunice Foote
CO2 and H2O vapor cause 
air to warm in sunlight

Brief history of CO2 (1)

US EPA
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1859

John Tyndall
CO2, CH4 and H2O vapour: 
greenhouse gasses

1896

Svante Arrhenius
Evaporating coal mines into the 
air

1958

Charles Keeling
Daily measurements of CO2

2018

407.8 ppm

Brief history of CO2 (2)



11

Present

11
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No quick fixes: negative emissions
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Carbon neutrality by 2050
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Global carbon tax will unlock innovation

IMF, 2019
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CHALLENGES ENERGY & CHEMICAL 

INDUSTRY

Feedstock

Recarbonization

Energy

Decarbonization
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AVR: CO2 capture for utilisation

AVR DUIVEN (100 kton CO2 scale)
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Industrial Clusters under High Pressure

• 40% of total CO2 emissions related to 

industrial clusters.

• In Rotterdam:

• 250+ Billion Euro capital assets.

• 450 Mtonnes material flow in 2015.

• 6,000 ha of industrial sites. 

• >90,000 employed overall in harbor 

(20,000 @ industrial cluster)

Renewable revolution
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Porthos (Rotterdam)

https://rotterdamccus.nl/en/

https://rotterdamccus.nl/en/


CAN I CAPTURE CO2 

ONBOARD OF SHIPS?



DESIGN BASIS

21 | CO2 capture onboard LNG-fired ships 07 June 2017

Cargo ship with a 3000 kW Wärtsila 6L34DF engine 

Fueled by LNG

+ CO2 capture and storage



COST ESTIMATE

CAPEX = 8 million Euros (close to the cost of the ship itself)

Cost of CO2 captured = 79 €/tonne CO2

• CAPEX = 75 €/tonne CO2

• OPEX = 4 €/tonne CO2

Food-grade CO2 price ca. 80 €/tonne

Cost of CO2 capture and compression €/tonne:

• Power plants = 40-60

• Cement = 60-70

07 June 201722 | CO2 capture onboard LNG-fired ships
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Grand challenge: Man On The Moon

Renewable 
production of fuels 
and (platform) 
chemicals from 
CO2, water and 
nitrogen based on 
photochemistry, 
electrochemistry, 
biotechnology

* Modified from NWO solar fuel 

FUTURE
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Circular carbon
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Conversion Technologies

1. Catalytic Hydrogenation

2. Direct Electrochemical

3. Polymerization

4. Biochemical

5. Mineralization

Electrification
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Technology potential and overview of players

Updated Lux research overview
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Renewables will create opportunities

0.9 GW (2016) → 4.5 GW (2023) → 250? GW (2050)

https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwixqIbuj7rQAhUBzxQKHXM7Ds4QjRwIBw&url=https://fd.nl/morgen/1147482/deltaplan-op-zee-tegen-het-broeikasgas&psig=AFQjCNFGHUT-HOcx6AZKCt09DBy2z7zB7Q&ust=1479827146582076
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Direct versus Indirect

CO2 

H2O H2
e

products

e

CO2

+

H2O 

products

siemens

High TRL
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Indirect

Fransesc Sastre
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CO2 to fuels
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Indirect Integration 
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Post combustion CO2 capture
Ammonia as capture solvent

1930 Generic pilot plant Capture system based on NH3

Courtesy TCM
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Description of the system

Ammonia 

Solvent

A
b
s
o
rb

e
r

Rich out

NH4
+ HCO3

-

Gas out

Formate

NH4
+ HCOO-

Recovery for 

ammonia losses

Flue Gas

Hydrogenation

20 bar, 80oC

Stripper

150 oC

HCOOH

Recovery

HCHO

Hydrogenation

20 bar, 100oC

CO2 + NH3 +H2O → NH4HCO3 NH4HCO3 + H2 → NH4COOH(aq) + H2O

HCOOH + H2 → HCHO + H2O

Stella Chatzisakoula 
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Direct electrochemistry

Sumit Verma, Shawn Lu & Paul J. A. Kenis, Nature Energy (2019) 
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SCALE-UP OF GDE – CO2 to HCOOH
PILOT DEMONSTRATOR 

TRL 5

CO2 TO FORMIC ACID

SCALE: 1 Kg/h

10 cm2 100 cm2 stack
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Increasing total efficiency – Paired electrolysis

• Paired electrolysis concept to produce 2 

value-added products using the same

energy cost involved in the production of 

only one product.

• Combining oxidation and reduction reactions

to improve the economically feasibility of 

the processes.

• A major challenge for paired electrolysis is 

ensuring that the reaction conditions are 

suitable for both chemical transformations
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UP-STREAM REACTION

DOWN-
STREAM

Process and system integration
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Integration of CO2 capture & conversion

Formic acid

Syngas
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CO2 Electrolysis from capture solvents

Aqueous capture solvent A Aqueous capture solvent B

Organic capture solvent 

B

Low aqueous capture solvent B
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What if we make CO

Base Case GDEHigh Pressure Integrated
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Summary: the future is circular

C

2050

C
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Let’s energize innovation together!

www.voltachem.com


