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For instance, studies performed for a coal power

generation plant show that implementing pre-

combustion or chemical looping methods will

reduce the plant's overall efficiency. Due to these

disadvantages, post-combustion processes are

the most frequently used.

Post-combustion capture is the most promising

but challenging strategy for Carbon Capture. The

more significant challenge comes from the

relatively low concentration of CO₂ in flue gases

(or exhaust gases). For instance, in natural gas

combined cycle processes, the carbon dioxide

concentration is about 4%, while for a coal-fired

combustion plant, it ranges between 13-15%.

Besides the low concentration, other pollutants

such as SO₂ and NOₓ are another factor affecting

Carbon Capture. 

People worldwide are worried about climate

change and are actively looking for ways to

help mitigate it. However, recent United

Nations Climate Change Reports show that

efforts to keep the downward trend in

greenhouse emissions need to be reinforced. To

meet the climate goals under the Paris

agreement, national governments are called to

strengthen their climate action plan and

strategies. One of the most relevant strategies

to reduce carbon dioxide (CO₂) is to trap it; this

strategy is called Carbon Capture. Owing to

numerous Carbon Capture methods, industries

trying to adopt one of them face the challenge

of knowing which technology fits their need

better.

Why are there different strategies for Carbon

Capture?

Several approaches have come out since the

conditions for the Carbon Capture process, such

as CO₂ concentration, temperature, pressure, and

the presence of other contaminants, vary

depending on the source. The strategies for

Carbon Capture at industrial facilities can be

implemented at three stages: pre-combustion,

during combustion, and post-combustion. From

the methods described above, pre-combustion

and during-combustion are not favored due to

their high costs or loss of process efficiency

associated with the chemical/ separation

treatments needed. 

Metal-Organic Frameworks (MOFs) are crystalline hybrid materials consisting of metal centers

linked by organic molecules forming well-structured frameworks. MOFs are the fastest-growing

class of materials in chemistry today where more than 100 000 MOFs have been found in the

last 20 years! These advanced materials can be compared with sponges. Their porous structure

shows unique abilities – taking up, holding, and releasing molecules from their pores by

applying different stimuli such as heat, pressure, light, or a magnetic field.

WHAT ARE METAL-ORGANIC FRAMEWORKS?
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Adsorption-based technology

In this method, the carbon dioxide in the flue gas

gets adsorbed selectively on the surface of a

porous solid due to physical interactions. Then

the porous material is subjected to

temperature/pressure changes to drive the

release of carbon dioxide. The most used

adsorbents include carbon-based materials

(activated carbon, graphene, among others),

zeolites, and Metal-Organic Frameworks (MOFs).

Carbon-based materials are used due to their

high availability and low cost. Zeolites are well-

known for their good performance in gas

separations and have been used at the industrial

scale for a long time. Metal-Organic Frameworks

are a novel class of crystalline micro-structured

materials known to have a super-high porosity,

the highest known among adsorbents (up to

7200 m² per gram of material).

Absorption technology

Amine scrubbing is based on chemical absorption
where the CO2 solubilizes in a liquid chemical
solvent such as amine solutions of
diethanolamine (DEA), methyldiethanolamine
(MDEA), diisopropanolamine (DIPA), and
aminoethoxy ethanol (diglycolamine, DGA). An
amine scrubbing process comprises two steps;
the absorbent solution gets in contact with the
flue gas to capture the carbon dioxide. This CO₂-
rich solution is sent to a stripper reactor at
elevated temperatures to liberate the CO₂.

Chemical reaction-based technology

Calcium looping is based on a reversible

chemical reaction, where calcium oxide

compounds react with the flue gas stream to

capture the CO₂. First, the CaO materials react

with CO₂ in the carbonation step to form CaCO3,

which is then transferred to another reactor for

the calcination step, where high temperatures

drive the reverse reaction, liberating a pure

carbon dioxide stream.
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Which technologies are available for post-combustion Carbon Capture?

Current technologies used can be categorized, depending on the process type: absorption-based,

chemical reaction-based, and adsorption-based. 



Advantages/Disadvantages of the different

capture technologies

The factors impacting the viability of a Carbon

Capture technology are related to energy

consumption, capture capacity, system stability,

and operation costs.

One critical point for a Carbon Capture process is

its energy requirement. Amine scrubbing is the

most used method at an industrial scale due to

its good capture capacity. However, the

regeneration process of the amine absorbents

requires high temperatures leading to increased

energy needs. For instance, amine scrubbers can

consume up to 30% of the energy used for the

overall process in power generation plants. The

energy-intensive nature of amine scrubbing is

the main reason there is still a quest for

alternative methods. 

A similar situation is presented for the calcium

looping process, where the temperatures

required for the carbonation and calcination

steps require temperatures as high as 700 °C

and 950 °C, respectively. Capture processes with

such high energy requirements for regeneration

are better suited where high-temperature

residual heat is available such as those for the

natural gas combined cycle.

Conversely, adsorption technologies work best in

the low-temperature range compared to amine

scrubbers and calcium looping. Carbon materials

and MOFs are adsorbents with lower temperature

requirements for the regeneration step. Recent

advances in MOFs have shown that they can be

regenerated using temperatures as low as 90 °C,

which gives them the advantage of low energy

consumption. Compared to aqueous amines, the

industrially deployed technology, MOFs can

practically decrease the regeneration energy by

50% (~105 kJ/mol for amines vs. ~54 kJ/mol for

MOFs).

Performance/Capture capacity

Amine scrubbing is the most implemented

method due to its good capture capacity and

technology maturity. However, other factors must

be considered for the long-term and operating

costs. For instance, the presence of sulfur

compounds has a particularly detrimental effect

on amines; they degrade the absorbent materials

decreasing their uptake capacity over time.

Moreover, liquid amines are highly corrosive,

causing fast equipment deterioration. Pre-

treatment, such as desulfurization, is needed to

prevent the solvent loss, which increases the

operating cost.

Calcium looping has advantages regarding

material cost and does not require a

desulfurization step. However, the affinity of

calcium oxide materials to sulfur compounds

leads to a capture capacity loss due to the

competition of both reactions (reactions with

carbon dioxide and sulfur compounds).

Moreover, calcium looping systems face another

challenge during operation, such as material

compaction due to the high operating

temperatures, which leads to capacity loss.
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In the case of the adsorption technology, carbon

materials show the lowest capture capacity, but

they have the advantages of low material cost

and low operating temperature (below 100 °C).

The low capacity of carbon materials can be

compensated by increasing the amount of

material used at the expense of volume increase.

Therefore, implementing carbons is suitable only

when small amounts of CO₂ need to be captured

or a large space is available.

Zeolites show competitive capture capacity

among adsorbents. The main disadvantage of

zeolites arises from their strong affinity to water;

in the presence of humidity, zeolites decrease

their capture capacity dramatically (the capacity

loss under high humidity conditions can reach

up to 90% after a few cycles). Therefore,

implementing zeolite adsorbents requires water

removal, which increases operating costs.

Recent advances in MOF technology have allowed

it to reach and surpass the benchmark of liquid

amines for the first time. Metal-Organic

Frameworks are the most recently developed

adsorbent materials with highly ordered

structures consisting of metal centers and

organic ligands. Some of the most appealing

properties of MOFs are their super-high porosity

and remarkable tunability.

MOF's components can be judiciously selected to

get specific chemical functionalization on their

surface and simultaneously control the size of

their pores. The appropriate combination of

these properties gives them the highest capture

capacity and improved selectivity among

adsorbent materials.

 

The high capacity of MOF materials is related to

the straightforward design and tuning. They offer

a huge number of possible configurations which

allow custom design for different applications.

Another critical feature for post-combustion

Carbon Capture is the stability and resistance to

humid conditions. Carbon materials and zeolites

suffer from uptake capacity loss when they are in

the presence of water molecules. On the contrary,

MOFs designed for CO₂ Capture are becoming

more stable under humid conditions, showing a

minimal capacity loss.
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Summary

Although amine scrubbing is the only commercially available technology for Carbon Capture, the

advances in alternative technologies show promising results. In particular, implementing adsorption

technology has achieved comparable results in capture capacity and lower energy consumption in the

regeneration step.

Among adsorbent materials, MOFs stand out as having higher capture capacity and stable performance

under post-combustion conditions. MOFs can reduce energy consumption in the regeneration step to half

compared to benchmark technology (amine scrubbing). Due to their tunability, it is possible to design

structures with exceptionally high CO₂/N₂ selectivity. Such finely controlled pore architecture design is

not achievable for activated carbons and zeolites. The combination of reduced energy requirements and

operating costs (even when considering the material cost) and improved productivity results in

significant process and operational benefits for MOFs, e.g., more CO₂ to be captured in a given time.

novoMOF focuses on the development, the production and the

commercialization of metal-organic frameworks (MOFs). We

find the best MOFs for your desired application, synthesize and

optimize them for high performance under application-relevant

conditions, and scale production to your needs.

YOUR STRATEGIC PARTNER FOR
INNOVATIVE MOF-BASED SOLUTIONS
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