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The context:
Global warning

Global warming

2

22-11-21

Source Graphic: NOAA Global CO2 Trend webpage

Source: https://www.co2.earth/

Motivation

The industry is accounting
for one-third of all the
energy used globally and it
is responsible for a large
part of the worldwide CO2
emissions

Source: IPCC (2014)
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Motivation
CO2 capture in post-combustion processes
MEA
losses

Absorbers: packed tower, spray tower, scrubber and bubble column
Absorption liquid: monoethanolamine (MEA)

Main chemicals involved in MEA production

Ethylene oxide
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CH4 + H2O → CO + 3H2 ΔHfo = 206 kJ=mol

NH3
production by
conventional
steam
reforming

N + 3H → 2NH
2

2

CO + H2O→CO2 + H2

ΔHfo = − 41 kJ=mol
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N2 + 3H2 → 2NH3

ΔHfo = −46 kJ/mol

Points of concern in ammonia production:
• The production of CO2 in the steam/air reforming of natural gas is
1.15–1.40 kg/kg NH3, without including CO2 in combustion gases.
• The ammonia production involves the emission of about 0.02–0.04
kg of solvents for CO2 removal per tonne NH3, mainly due to leaks, and
less than 0.01 kg SO2/t NH3 and 0.03 kg CO/t NH3
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EO production

Monoethanolamine production

The composition of the resulted mixture depends on the ratio NH3/EO and can be oriented to the production
of the desired compound: the higher the proportion of NH3, the more MEA is formed
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Points of concern in MEA production:
• the overall process of MEA production involves energy consumption and direct
and indirect CO2 emissions.
• within the MEA process, the reduction of CO2 emissions into the atmosphere is
achieved at the expense of increasing other emissions and corresponding
environmental impacts (mainly those related to human toxicity and
eutrophication). For example, emission of MEA ➔ degradation as nitrosamines
and nitramines (very toxic, risk of contamination of drinking water supplies by
these often carcinogenic compounds).

Alternative solvents?
Aqueous ammonia
• Total energy requirement for the NH3-based process was 1147 kJ/kg-CO2,
which was founded to be around 27% of the energy requirement of the
MEA-based process accounted in that work for 4215 kJ/kg-CO2 using 30%
w/w MEA solution
• Using ammonia would lead to the production of ammonium bicarbonate
(NH4HCO3), which is a synthetic N-fertilizer whose use produces about 152
Mt CO2-equivalent emissions
• A large quantity of CO2 is produced during the Haber–Bosch process.
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CO2 capture with sodium carbonate–bicarbonate.
The CO2 absorption produces sodium bicarbonate, which has lower solubility than the
carbonate. When the solubility limit is exceeded, solid bicarbonate is precipitated and
the capacity of the solvent is increased. The CO2 rich slurry is then heated in a stripper in
order to regenerate the solvent and release the CO2 captured. The energy requirement of
solvent regeneration is estimated around 3.22 MJ/kg-CO2 captured, which is lower that
the energy consumption of the MEA process (3.8 MJ/kg-CO2 captured).

However, the absorption rate is very low compared to amines, leading to high
absorption towers.

Using amino acids as absorption agent is also being considered for CO2 absorption
due to the presence of the same amino functional groups in their molecules as
the conventional amines, negligible vapor pressure and resistance to oxidative
degradation.
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Biomimetic approach

Red blood cells

Carbonic Anhydrase
H2O + CO2 ↔ HCO3- + H+

Amino acids

Use of amino-acid salts / enzymes to recover CO2 in the form of (bi)carbonates
within a membrane contactor

aa (amino acid)
or

Na2CO3

H2O

EP20211693, Continuous process and system for
the production of sodium bicarbonate crystals.

CA (enzymes)
NaHCO3
+

CO2

Step 1:
Absorption

CA or aa

Step 2:
Crystallization

Pure
crystals
(> 99%)

NaHCO3

Step 3:
Filtration

Main equipment
Membrane contactor
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NaHCO3 crystallization
Products
characteristics
Water purity
Crystal habit
CSD
Crystal composition
Induction time
Membrane blockage

NaHCO3
< 10 µS
prismatic
~ 35 µm equiv.diam.
> 94.7% NaHCO3
~ 5h
Can be avoided

Could this capture system
effectively reduce
𝐶𝑂2 emissions ?

Life cycle assessment
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The goal is the capture of
1kg 𝐶𝑂2 per hour
FUNCTIONAL UNIT

IMPACT CATEGORIES
• 18 impact categories
• Recipe 2016 midpoint
and hierarchical perspective
• SimaPro

𝐶𝑂2
1 kg 𝐶𝑂2 absorbed per hour

As conclusion:
The development of novel technology must always
consider the overall impact of the entire process (or
GLOBAL) and the scale in which that technology can be
applied to give solutions in a local or a global scale.
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Let’s imagine for a second that we are
magicians and…
… we can really capture CO2 without releasing CO2
(neutral CO2 emissions)
… or we can even capture more CO2 than released
(negative CO2 emissions)

Have we then soved the current global
warning?

I don’t think so…
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My worries (1):
- Current actions propose to keep the ‘business
as usual’ and to move to electrical sources.

My worries (2):
- Nexus ENERGY – WATER – FOOD

4500 million ton water required in 2050????
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4500 million ton water for H2 production
In Belgium: 66 000 litres / person
consumed in 2018

Equivalent to the consumption by 68.181.818 persons

11.500.000
persons living in
Belgium

The water used in H2
production in 2050 will be
equivalent to 6 Belgiums

My worries (3):
- Innovation is not by default a positive word: is Nature innovative? Was the
use of lead in fuel a positive innovation? And the use of chlorofluorocarbons
(CFCs) as refrigerants?
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My worries (4):
- Technological advances will never be the solution without SOCIAL
TRANSFORMATION. Are we aware of our role in all the current
mess?

Friant et al., A Typology of Circular Economy Discourses: Navigating the Diverse Visions of a Contested Paradigm, Resources
Conservation and Recycling 161, 2020.

Thank you for your attention!
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Friant et al., A Typology of Circular Economy Discourses: Navigating the Diverse Visions of a Contested Paradigm, Resources32
Conservation and Recycling 161, 2020.
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