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4At what levels is CO2 dangerous
- 400 ppmv(0.04%v) is the atmospheric concentration
- 5000 ppmv(0.5%v) is tolerable 8 hrs/day
- 30-40,000 ppmv(3-4%v): dangerous
- 100,000 ppmv(10%v): lethal (note: O2 % still fine)
4Mitigation
- Design
- Detectors (permanent & portable)
- Ventilation
- Limited access, multiple egress routes
- Training
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SAFETY TOPIC ςCO2 TOXICOLOGY



4Why carbon capture?

4Who else is capturing carbon ςand where?

4Where does all that CO2 go?

4What technical options are available?

4How does it fit into the existing facility?

4How much is it going to cost - and how can 
cost be minimized?

4Take-aways: What to do next?

3
HO20200206

AGENDA



WHY CARBON CAPTURE?
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4Fire invented (stolen, in fact) some 0.4-0.8 
million years ago (Prometheus)

4Consequence: explosion of wealth ςand of 
CO2 emissions
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WHY CARBON CAPTURE?
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4Educated guess #1 : we cannot suddenly reduce our energy 
demand
4Educated guess #2: transition to zero-carbon fuels (or other 

zero-carbon energy) will not happen overnight
4IƻǿŜǾŜǊΣ ΨǘƘŜ ǇǊŜǎǎǳǊŜ ƛǎ ƻƴΩ ŦǊƻƳ ƭŜƎƛǎƭŀǘƻǊǎ ŀƴŘ ǇǳōƭƛŎ
4Carbon capture
- is technically feasible and proven
- enables adaptation ςwith continuation of the core business
- hedges against CO2 taxes and caps
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WHO ELSE IS CAPTURING CARBON ςAND WHERE?
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WHO ELSE IS CAPTURING CARBON ςAND WHERE?
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WHO ELSE IS CAPTURING CARBON ςAND WHERE?
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WHO ELSE IS CAPTURING CARBON ςAND WHERE?
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CARBON CAPTURE ςWHERE DOES ALL THE CO2 GO?
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4Common denominator: CO2 must go somewhere
Uɐse in existing chemical processes

bɐŜǿ ŎƘŜƳƛǎǘǊƛŜǎΥ ŎƻƳōƛƴŜ ǿƛǘƘ άƎǊŜŜƴ I2έ ǘƻ Ŝ-Fuels

Gɐreenhouses

Fɐood & Beverage industry

Iɐnjection into active oil field (Enhanced Oil Recovery)

Gɐeological sequestration: empty oil / gas field

Gɐeological sequestration: saline aquifer
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WHERE DOES THE CO2 GO ςMETHANOL
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4Methanol and NH3-Urea plants can benefit from additional 
CO2
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WHERE DOES THE CO2 GO ςNEW CHEMISTRIES
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4CO2Ƙŀǎ ŀ ǾŜǊȅ ƭƻǿ ΨŜƴŜǊƎȅ ƭŜǾŜƭΩ

4Making something good from CO2

requires considerable energy input

4Green H2 (from electrolysis) could be 
that energy
ς3 H2 + CO2Ą e-Methanol + H2O

ς4 H2 + CO2Ą e-Methane + 2 H2O

ς3 H2 + CO2Ą 2 H2 + CO + H2O Ą -(CH2)- + 2 
H2O (e-Kero/ e-Gasoline)

ς2 Green NH3 + CO2Ą e-Urea 

Iceland: George OlahMeOHplant

https://www.chemistryworld.com/news/carbon-dioxide-to-
methanol-catalyst-ignites-fuel-from-air-debate/9339.article



WHERE DOES THE CO2 GO - GREENHOUSES
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4Greenhouses require CO2 notably in summer 

4OCAP pipeline system captures CO2 from Shell refinery and bio-
ethanol fermentation plant ςscale: >0.3 million ton/year
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https://www.researchgate.net/figure/OCAP-pipeline-in-
green-with-possible-extensions-in-blue_fig2_272380887

https://egyptindependent.com/egypt-builds-1300-greenhouses-as-
part-of-the-largest-greenhouse-project-in-the-middle-east/

https://energeia.nl/energeia-artikel/40081707/tuinders-
stoken-weer-aardgas-wegens-storing-in-co2-levering-via-
ocap-leiding



WHERE DOES THE CO2 GO - GREENHOUSES
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4AVR in Duiven, Netherlands (waste incineration plant)

4Up to 100 KTA CO2 capture, main export (by truck) to greenhouses

HO20200206CO2 AfvanginstallatieςAVR Duiven, 9 Oktober2019
Industrial Heat & Power 8-10 Oktober2019


