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Headlines 

• As a signatory to the 2015 Paris Climate Change Agreement, 
the UK has committed to an ambitious transformation of 
its economy.

• Decarbonisation of the UK’s economy must be a priority, 
but carbon-based fuels and platform chemicals will 
remain important to the global economy; their production 
from captured carbon dioxide and renewable energy can 
support this industrial need. 

• In this Briefing Note, we report on results of a systematic 
procedure developed to assess the viability of different 
carbon capture and utilisation (CCU) pathways.

• Our findings on three CCU pathways show that proposed 
CCU projects should be assessed always on a case-by-
case basis, using detailed, UK-centric, cradle-to-grave life 
cycle analyses.

• CCU cannot provide the emission mitigation rate of carbon 
capture and storage (CCS), but as the UK’s entire geological 
storage capacity is offshore, CCU could mitigate emissions 
from inland point sources.

• Of the CCU pathways considered, the production of 
polyurethane is the most promising currently for the UK and 
could provide an immediate short-term mitigation solution 
for greenhouse gas (GHG) emissions. At present, methanol 
production does not appear to be a viable solution.

Introduction

• Carbon capture and utilisation (CCU) refers to ‘a range 
of technologies that consume CO2 to provide products 
or services of economic benefit, ideally with additional 
environmental and social benefits.’1

• If CO2-based products could be synthesised at a material 
significant scale, and permanently displace their fossil-based 
counterparts from the economy, CCU could help the UK 
reduce its GHG emissions, whilst complementing the ‘clean 
growth’ priority theme of the UK’s current industrial strategy.

• However, life cycle analysis of any CCU process must be 
taken into consideration to ensure it will indeed decrease 
CO2 emissions.

This Briefing Note is a summary of Briefing Paper No 3,  
which is available along with accompanying calculations from  
www.imperial.ac.uk/molecular-science-engineering/
publications/briefing-papers/ccu-in-uk

Methodology

This briefing note summarises the feasibility of different 
CCU pathways for mitigating CO2 emissions in the UK. Three 
example CCU pathways: 1. the production of polyurethane 
(plastic), 2. carbon nanotubes (a high value form of carbon, 
added to materials to improve various properties), and 

http://hdl.handle.net/10044/1/70820
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3. methanol (a fuel and commodity chemical) are considered 
and assessed using available techno-economic and life-cycle 
analyses. These examples were chosen as they span a wide 
range of final products and CO2 sequestration lifetimes. 
We assessed the potential of each CCU pathway to process 
carbon dioxide from a ‘typical’ combined cycle gas turbine 
(CCGT) power plant in the UK that emits annually 1 MtCO2 
(approx. 0.2% of UK total emissions in 2017).2 This rate of 
emissions processing is also comparable with the scale of 
the forthcoming CO2 sequestration projects in the UK.3–5 

Pathway 1: Polyurethane production

Technology Readiness Level (TRL) 6 – Engineering/
pilot scale, similar (prototypical) system validation 
in relevant environment

Background
Plastic production consumes large amounts of energy and 
petrochemical precursors, as well as contributing significantly 
to CO2 emissions. Polyurethane is one of the most widely used 
plastics, comprising the fifth-largest share of the European 
plastics market.6 Most polyurethane produced is utilised in 
relatively long-lifespan products such as construction materials 
and flexible foams found in mattresses, cushions and car seats. 
It is estimated that 97–98% of the total primary energy demand 
and 80% of manufacturing costs in conventional polyurethane 
production arises from making the required chemical precursor: 
polyether polyol.7

The CCU process
A novel polyol production method using CO2 has been 
demonstrated at TRL 6 (Figure 1 in the accompanied Briefing 
Paper). CO2 can substitute a fraction of petrochemicals 
from which conventional polyols are synthesized and the 
resultant polyethercarbonate polyol can comprise up to 
43% of CO2 by weight.11, 12 This new polyurethane production 
method is advantageous because the energy and raw 
material requirements (and thus costs) can be reduced, 
while the risk of carbon leakage to the environment from 
the final product is negligible.

Market outlook
In 2016, 9.4 Mt of polyether polyols were produced 
globally.13 If this amount were produced via the CCU-based 
route, the corresponding CO2 utilisation rate (assuming 
polyether carbonate polyols contain as much a 43 wt% CO2) 
could reach 4.0 MtCO2 per year (approx. 0.9% of UK total 
emissions in 2017).2 

Viable in the short term?
Yes – and economically viable if fed by a CO2 source 
that emits 1 MtCO2e per year and would be appropriate 
for deployment in the UK.

Pathway 2: Carbon nanotube 
production

TRL 4 – Component and/or system validation 
in laboratory environment

Background
Carbon nanotubes are hollow cylinders made from one or 
more layers of graphene (2D carbon), with nanometre-scale 
diameter and lengths of up to several centimetres.14 Their 
excellent mechanical, electrical and thermal properties mean 
they are of high value for a diverse set of applications, from 
the production of composite materials to microelectronics and 
energy-storage system.14 They are produced conventionally 
from methane, via an energy-intensive approach – the 
chemical vapour deposition method. The energy required 
for this technique may reduce, or completely negate, the 
overall net energy benefit of using carbon nanotubes over 
an application’s life cycle. However, an approach that 
utilizes captured carbon has multiple advantages over 
the conventional route.

The CCU process
The process converts CO2 to carbon nanotubes via 
high-temperature electrolysis of molten alkali metal carbonates 
(Figure 2 in the accompanied Briefing Paper). If coupled to 
a CCGT plant (Figure 2 in the accompanied Briefing Paper), 
this approach could be advantageous for several reasons:

Case studies 
Dream Production (Germany)
In the Dream Production pilot project (led by Covestro AG), 
CO2 was captured from a coal-fired power plant in Germany 
and transported by road to a polyol synthesis plant.8 
A life-cycle-analysis carried out using data generated in this 
project shows unambiguously that the incorporation of CO2 into 
polyols (between 10 and 30 wt%) for polyurethane production 
still results in net positive CO2 emissions.9 However, a direct 
comparison of conventional and CO2-based polyol production 
shows that the CCU approach can cause a significant decrease in 
the CO2 emissions associated with polyol production, depending 
on the amount of CO2 incorporated per mass of product.9 
Therefore, this novel approach has the potential to reduce the 
CO2 emissions associated with polyurethane production, and is 
the environmentally favourable option, with the added benefit of 
not requiring more complex or expensive infrastructure. 

Econic Technologies (UK)
CO2 has also been incorporated successfully into polyols by 
Econic Technologies, a company based in Macclesfield. Econic 
report synthesis of polyethercarbonate polyols containing 
up to 50 wt% CO2

7 and have also developed and successfully 
tested new catalysts able to tolerate impurities present in flue 
gases.10 This is important as this decreases the energy needed 
for CO2 separation.
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1. there are no accompanying by-products  
(except oxygen gas);

2. there are no CO2 transportation requirements;
3. up to 3.65 tCO2 (per tonne of carbon nanotubes) 

could potentially be sequestered, with negligible  
CO2 emissions;14

4. the estimated energy requirement of carbon 
nanotube production is 40 times lower compared 
to conventional process;15, 16

5. the resulting carbon nanotubes are solid 
and chemically stable.

Market outlook
The estimated global-mean price of carbon nanotubes was 
about $115,000 per tonne in 2016.19, 20 In comparison, the 
estimated cost of carbon nanotubes produced via the CCU 
method is $660 per tonne 81, thereby incentivising CO2 
utilisation for their production. At the 1 Mt per year target 
CO2 consumption rate, it should be possible for the UK to 
produce more than 0.28 Mt of carbon nanotubes per year, 
which exceeds the 2015 total global carbon nanotube market 
by a factor of 46. Current projections show that the carbon 
nanotube market growth rate of 20.1%19 is insufficient to justify 
large-scale CCU for the production of carbon nanotubes. 
However, it has been predicted that 9–20 million electric 
vehicles will be produced by 2020.21 If we consider carbon 
nanotube application in electric vehicles alone, this could lead 
to the use of up 28,000 t of nanotubes. Additionally, given the 
current projections for global cement production (4,350 Mt 

by 202022), about 8.74 Mt of MWCNTs could be used in carbon 
nanotube-reinforced concrete. Both options would represent 
a substantial expansion of the carbon nanotube market and 
offers a potentially viable CCU technique for the UK. 

Viable in the short term?
Currently inconclusive – pending development of  
up-scaled demonstration systems.

Pathway 3: Methanol production

TRL 7 – Full scale, similar (prototypical) system 
demonstrated in a relevant environment

Background
Methanol, a type of alcohol, has a vital role in modern industry. 
Its use includes the manufacture of many products, including 
formaldehyde, acetic acid, methyl tert-butyl ether and 
plastics. In addition, as a highly flammable, clean burning and 
dense energy carrier, methanol can be blended with gasoline 
for direct use in internal combustion engines.23 Methanol is 
produced conventionally in a two-step process, in which natural 
gas is converted (most often using steam) to produce syngas 
(a mixture of carbon monoxide, carbon dioxide and hydrogen). 
This syngas is then reacted over a catalyst to produce methanol.

The CCU process
Industrially emitted CO2 could be converted directly to 
methanol (see Figure 3 in the accompanied Briefing Paper). 
However, this approach has some shortcomings. The most 
significant is the requirement for hydrogen gas as a feedstock 
for the CO2 conversion reaction, which currently is derived 
from fossil fuels.

Previous life-cycle-analyses showed that methanol production 
from CO2 would be environmentally beneficial only if hydrogen 
is produced renewably.26 However, a key bottleneck remains 

Case studies 
We examined published LCA studies for the use of carbon 
nanotubes in two industrially important materials.17 

Carbon Nanotube-reinforced concrete
The production of cement, the essential component of 
concrete, generates about 8% of the world’s CO2 emissions.18 
Carbon nanotubes can be used to extend the lifetime of 
concrete and thereby decrease cement demand. Incorporating 
2 kg of multi-walled carbon nanotubes (MWCNTs; graphene 
tubes comprising multiple layers) per tonne of concrete (0.2 wt% 
MWCNT) produced via the CCU method has been reported to 
result in a net energy benefit of 2,200 MJ per tonne of concrete.17 
This is compared to only 1,000 MJ per tonne of concrete when 
the MWCNTs are fabricated via the conventional method.17

Lithium-ion battery cathodes
Substituting MWCNTs for a fraction of carbon black into 
cathodes of lithium-ion batteries (e.g., used in electric vehicles) 
can lead to an increase in their specific charge capacity and 
reduction in battery weight. Furthermore, the use of chemical 
binders in cathode production could be eliminated. The LCA 
results (which encompassed the manufacture of lithium-ion 
batteries and their usage in electric vehicles) revealed that using 
MWCNTs to replace 20 wt% of carbon black in battery cathodes 
gave rise to a net energy storage benefits of 2,900 and 3,130 
MJ (for a 16 kW h battery) when the MWCNTs were grown via the 
conventional and the CCU methods, respectively 76–78.

Case studies 
Several projects have provided encouraging results, 
demonstrating direct production of methanol from captured CO2: 

Carbon Recycling International (Iceland) uses CO2 from the 
waste flue gas of a geothermal power plant and hydrogen from 
renewably powered water electrolysis. It has been reported that 
this synthesis (producing their trademarked renewable methanol 
VulcanolTM) reduces carbon emissions by more than 85% 
compared with plants that utilise fossil-fuel-derived syngas.24

Blue Fuel Energy (Canada) uses renewably generated hydrogen 
and electricity, as well as waste CO2, to produce methanol for 
conversion to gasoline. It is expected that the use of this fuel 
will reduce vehicle CO2 emissions by about 10%, relative to 
petroleum-based equivalents.25
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the production of low-cost renewable hydrogen. High rates of 
CO2 conversion to methanol may require specialised catalysts. 

Market outlook
Utilisation of CO2 at a rate of 1 MtCO2 per year will yield 
approximately 0.7 Mt of methanol per year (approx. 0.9% of 
global methanol demand in 2016 and 0.7% in 2021) but will 
consume 0.14 Mt per year of hydrogen, the production of 
which will require an 800 MW electrolyser system. If powered 
by wind, this would require a dedicated wind farm of 270–320 
turbines (assuming an onshore wind turbine output of 
2.5–3 MW).27 A wind farm of such proportions could be used 
more wisely to decarbonise the UK’s electricity production in the 
first place27 (something not required in Iceland, where electricity 
is already largely decarbonised). Indeed, we suggest that this 
would be a more effective GHG emission mitigation strategy 
than using CCU to produce methanol in the UK.

Viable in the short term?
Not at present – due to the huge demand for renewable 
electricity for H2 production, this process is currently 
unlikely to be feasible until the UK’s electricity grid 
is decarbonised.

Conclusion

Based on our findings, this note recommends that CCU 
projects must be assessed on a case-by-case basis, using 
detailed cradle-to-grave life cycle analyses. Polyurethane 
production is currently the most promising CCU opportunity for 
the UK, and could provide an immediate short-term mitigation 
solution for GHG emissions, particularly if coupled to large 
inland CO2 emitters.
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