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Catalysis will underpin and develop new Technology placing 
the UK at the forefront of international smart manufacturing

Reconfiguring the UK Chemical 
Supply Chain

Future Energy Materials

Sustainable Nitrogen Fixation

Water Purification

Pharmaceutical Manufacture

Lower Cost and Pollution 
Manufacture

Integrated Catalysis

For chemical and sustainable fuels Using Catalysis as a disinfection route

Making better use of waste and biomass 

e.g. Low Carbon Fuels and energy vectors 

For example: Zero plastic waste
Traditional linear approach to production and consumption (take, make, 
dispose) unsustainable. New circular approaches (make, use, return) are

Benefiting from bio-catalysis and Hybrid or tandem systems

Production of materials for use n batteries, solar cells etc.
Materials are the primary way that we harvest, store, and control energy. New materials and
processes are needed to enable energy innovation Our ability to actively design and control

Using catalysis to address challenges to energy generation and 
storage  

Of Commodity Chemicals
For example methanol, Syn-gas, fuels

For chemical manufacture 
Including pharma, Agriculture, Fine Chemicals and Speciality products 

Catalysis is at the heart of the chemical industry. It has been estimated that ~90% of all chemical processes use a catalyst and ~35% of the world’s
GDP is reliant on catalysis. In the UK, the chemical industry generates > £50 billion p.a . Key Challenges in Catalysis will have a large role in the
economic prosperity of the manufacturing, energy and water sectors within which catalysis is an enabling technology. For example, in recent years
the UK’s exports from the chemical industry have totalled just under £50B and is the country’s largest manufacturing export industry. Not only will
the new catalytic processes developed have direct impact in these sectors but also the development of new tools will provide methods by which
current catalytic processes can be understood in detail which is critical in the formulation of new catalysts and processes and technologies.

It is well known that CO2 could provide a valuable, alternative source of Carbon for the
synthesis of chemicals and fuels. Catalysis it a key step in capturing and converting CO2 into
useful products. For example producing polymers from CO2 has a clear demonstrated

Severe water shortages in parts of the world have been increasing over the last 20 years due to 
the increased usage in agriculture, changes in the climate, increases in the global population 
and utilisation in industrial processes and it is estimated that over 660m people do not have 
access to clean water. The issue of water supply is now as much of a challenge of developingenvironmental benefit to using carbon dioxide to make polymers – in

effect there is a ‘triple win’ as for every tonne of carbon dioxide used
to make polymers, there is a three-tonne saving in CO2 emissions.
The benefit for fuel production is as great or greater

more sustainable energy supplies and these are intimately linked
Catalysis is a key underpinning technology to address the issues of clean
water, more efficient utilisation/valorisation of water systems and the
use of water as a reaction medium or reagent e.g. in treating shale gas
produced water .

growing in influence and importance with global economic growth and urbanisation. Advances 
in catalysis central to the circular concept of “keeping the molecules in play”. Using waste CO2, 
plastics recycle/reuse, bio-based resources, non toxic and abundant additives, and elimination 
of waste from processes all rely on new catalytic science

materials properties will define what is possible in our energy future.
Catalysis will be critical to the development of these new materials and the
processes required, including development of renewable resources
through industrial biotechnology and Biocatalysis and biotransformations

Enhancing agriculture and  food security
The economic and environmental costs of the heavy use of chemical
N fertilizers in agriculture are a global concern. Sustainability
considerations mandate that alternatives to N fertilizers must be
urgently sought. Catalysis including bio-catalysis, electro-catalysis

And Photo-catalysis all offer attractive alternatives to the Haber process. Development of
new technologies and processes are key to the implementation of sustainable nitrogen
fixation and food security.

Although the control of enzymes (through inhibition) as targets is a mainstream activity of the
Pharmaceutical industry, the use of catalysts themselves as drugs in their own right has been
rare. There is therefore an enormous opportunity to develop new strategies in medicine
through innovative consideration of the catalysts employed in these roles and in new directions
that include: (i) prodrug therapies, (ii) catalytic photo- and radio-therapy17 and use of
radiosensitizers18, (iii) Catalytic Antagonists and PROTACS – strategies for programmed
proteolysis of protein targets is an alternative way of removing or destroying them,19,20 (iv)
Remodelling of biomolecule (e.g. protein) functions, (v) ‘Gene editing’.21

One of the big remaining challenges in catalysis today is the integration of several chemical
reactions into a single process step, at least one of which requires a catalyst, so-called catalytic
cascade processes. Here, the product of one reaction becomes the reactant for the next
without the need for time-consuming isolation of intermediates, improving both process and
atom efficiency, while streamlining reaction engineering. Thus, cascade reactions are efficient
tools for the synthesis of both commodity
compounds and complex molecular architectures.
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Catalysis by there very nature reduce the energy required for chemical
processes and improve selectivity (amount of product : waste) reducing the
amount of waste. As new technologies are developed catalysis will be critical
for improving efficiency, lowering the cost of production and reducing the
waste produced
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