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4. What are the environmental benefits?

When using CO2 as a raw material to make products, the carbon 
contained in the CO2 molecule substitutes the carbon that would 
otherwise come from fossil oil or gas. Such fossil resources can 
therefore remain in the ground, and total CO2 emissions to the 
atmosphere are reduced accordingly. 

Besides, unlike fossil oil and gas, CO2 as a raw material comes with 
the advantage of being available all over the world and does not 
place any pressure on land use and agricultural resources.

Furthermore, the transformation of CO2 into fuels is an option 
to store energy and to increase the penetration of intermittent 
renewable sources in the energy system. This means that when 
more solar and wind energy is produced than what is required to 
feed the electricity grid, the surplus energy can be transformed into 
CO2-based fuels, which can be used later as a renewable source. 

Indeed, CO2-based molecules can be stored over long periods and 
transported over long distances much easier and cheaper than 
electricity itself. As an example, solar energy could be harvested 
in the summer, converted to a liquid or gaseous CO2-based fuel 
such as methanol or methane, easily stored for a few months, and 
then used at the appropriate location for heating in winter or other 
purposes. 

5. A bright future for CO2-to-chemicals

CCU in the chemical industry is not a scenario for a distant future: 
several technologies are already successfully implemented 
commercially today, and many others are reaching maturity via a 
rapidly growing number of pilot projects and demonstration plants.

Under current conditions, producing chemicals and fuels from CO2 

as a renewable carbon source is generally still more expensive than 
from fossil oil and gas. The difference lies mostly in the costs of the 
required renewable energy input, which is, nevertheless, expected to 
continue to decrease in the future.  

In specific cases, the use of CO2 as a feedstock can also lead to the 
development of a new generation of innovative chemical products 
with superior technical performance or unique properties vs. their 
fossil-based counterparts. 

Notwithstanding these promising perspectives, support from 
European policy makers is critical in the short term to create viable 
business conditions enabling a rapid deployment of CO2-based 
solutions at a large scale.  

CO2-to-chemicals has great potential to turn the currently fossil-based 
chemical industry into a renewable and circular industry. Europe has 
a historical leadership in chemical engineering and is now also well 
positioned in the development of innovative CCU technologies. By 
switching from fossil to CO2-based feedstock, the European chemical 
industry can reinvent itself, exploit new market opportunities and 
become sustainable while strengthening its leadership position.
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1. CO2 as a sustainable feedstock for the   
 chemical industry 2. How can CO2 be transformed into chemicals?

CO2 conversion to chemicals already happens in nature through 
photosynthesis, by which plants transform CO2 into simple and 
complex carbon chains (e.g. sugars, lignocellulose) using energy from 
the sun. The chemical industry is now getting ready to do the same: 
converting CO2 to useful chemicals using only renewable energy 
sources, which will bring the world closer to a circular carbon economy.

The CO2 conversion process is based on three steps: first, the CO2 has 
to be captured from either industrial emissions or directly from the 
air. Secondly, the captured CO2 has to be purified and concentrated. 

 Afterwards, it can be converted into chemical products.  Because 
the CO2 molecule itself does not have a high energy content, an 
external source of energy is needed to trigger its transformation into  
a useful product. This energy must come from a renewable source 
(either sunlight or renewable electricity) if we want the CO2-
based chemicals to have climate mitigation benefits compared  
to traditional chemicals produced from fossil resources.

Carbon is a key component in most of the chemical products used 
in daily life, such as transportation and heating fuels, plastics, 
packaging, furniture, clothing, pharmaceuticals, and many others. 

Today, more than 90% of the carbon demand in the chemical sector is 
satisfied by fossil resources. While the chemical industry has relatively 
limited direct CO2 emissions from its manufacturing processes 
compared to other sectors, this share is expected to grow. In addition, 
indirect CO2  emissions generated when carbon-containing chemical 
products are burnt as a fuel to provide energy or incinerated at the 
end of their lifetime also have a very significant impact.

For the chemical industry to reduce both its direct and indirect CO2 
emissions and to decrease its dependence on fossil resources, it will 
require a constant supply of renewable carbon sources. This can only 
be done in three ways: the use of biomass (which contains carbon 
taken from the air by photosynthesis), the recycling of carbon-
containing products (e.g. plastics) at the end of their lifetime, and the 
utilisation of CO2 taken from industrial emissions or captured directly 
from the air. The latter approach, also called Carbon Capture and 
Utilisation (CCU), is described here.

3. Which chemicals can be produced from CO2?

The range of chemical products made from CO2 is nearly unlimited, 
as long as the right technology is in place and the supply of 
renewable energy is secured. In short, all organic chemicals 
currently produced from fossil oil and gas could be made from CO2: 
fuels, plastics as well as the broad diversity of speciality chemical 
products used in our daily lives.

CO2 has already been used for many years as a dedicated raw 
material for various industrial chemical production processes, e.g. 
for the production of urea, a key component of fertilizers. Now, 
the focus is directed to production processes which make use 
of emitted CO2 and some examples already exist at commercial 
scale, such as the production of methanol, a basic molecule used 
to produce many chemicals,  and polyurethane foam, which can be 
used to produce sleeping mattresses or insulation panels.

Various other CO2-based production processes are at different 
stages of technological readiness. However, economic factors, 
such as the ability to compete with well-established fossil-based 
products with large economies of scale, currently hinder the 
deployment of CO2-based products at a large scale.
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There are two main types of CO2 conversion processes:

•  Chemical conversion, where renewable electricity is either 
injected directly into the process of CO2 conversion, or it is first used  
to produce an energy-rich molecule, such as hydrogen through 
water electrolysis, which then reacts with  CO2.

•  Biological conversion, where algae or other 
microorganisms convert the CO2, using sunlight 
as the only energy source.


