
Sector Analysis of Industrial Energy

Main findings
 » Reducing industrial energy demand could make a substantial contribution towards the UK Government’s 

goal of significant (80%) decarbonisation by 2050, whilst simultaneously improving productivity and 
creating employment opportunities.

 » The industrial sector in the UK accounts for some 21% of total delivered energy and 29% of CO2 
emissions. Three sectors make up 50% of industrial emissions; Steel, Chemicals, and Cement. 

 » Efficiency gains can be readily secured in industry, including those associated with the use of heat and 
with improvements in processing.

 » A set of selected ‘technology roadmaps’ have been developed in order to evaluate the potential 
deployment of the identified enabling technologies for the UK energy-intensive industries out to 2050.

Figure 1. Final UK energy demand by industrial sub-sector and end-use.



The Industrial Landscape
The industrial sector in the UK accounts for some 21% of total delivered energy and 29% of CO2 emissions. It 
is very diverse in terms of manufacturing processes, ranging from highly energy-intensive steel production 
and petrochemicals processing to low-energy electronics fabrication. The former typically employs large 
quantities of (often high-temperature) process energy, whereas the latter tends to be dominated by energy 
uses associated with space heating. 

Around 350 separate combinations of sub-sectors, devices and technologies can be identified; each 
combination offers quite different prospects for energy efficiency improvements and carbon reductions, which 
are strongly dependent on the specific technological applications. Some element of sectoral aggregation is 
therefore inevitable in order to yield policy-relevant insights. In addition, this large variation across industry 
does not facilitate a cross-cutting, ‘one size fits all’ approach to the adaptation of new technologies in order to 
reduce energy demand but, rather, requires tailored solutions for separate industries.

There is clearly a great need for research aimed at 
providing better information in support of UK industrial 
strategy for policy makers, including the potential 
impact of fuel switching (particularly to potentially low-
carbon energy carriers, notably electricity), as well as 
the identification of difficult sectors/processes and areas 
where investment could be targeted most effectively. 
Reducing industrial energy demand could make a 
substantial contribution towards the UK Government’s 
goal of significant (80%) decarbonisation by 2050, whilst 
simultaneously improving productivity and creating 
employment opportunities.

The ‘greenhouse gas’ (GHG) emissions from the UK 
industrial sector split by subsector are illustrated in 
Figure 2. Three sectors make up 50% of emissions; Steel, 
Chemicals, and Cement. 

Figure 2. Greenhouse Gas Emissions 
(GHGs) from UK Industry

Cement
The UK cement sector was responsible for around 7 Mt CO2 emissions in 2010 (8% of industry emissions). 
These emissions were due to direct fuel use, the chemical reactions that occur as part of the production 
process, and electricity use (leading to indirect emissions). Historical trends show that the sub-sector made 
considerable reductions in its GHG emissions. Making substantial reductions in specific emissions out to 2050, 
as is required by emissions reduction targets, will require measures that go beyond this, e.g., the adoption of 
carbon capture and storage (CCS) technologies and the adoption of alternative cement formulations. Both of 
these options are open to considerable uncertainty, and will likely require greater support from both industry 
and government policy to be realised.

Energy Efficiency and Decarbonisation Options: 
* Conventional kiln fuels of high carbon content (i.e., coal and petcoke) may be substituted by alternative fossil 
fuels (such as oil or natural gas) or alternative fuels (wastes, including biomass material) thereby resulting in 
lower emissions. The substitution of the present coal input with oil or natural gas would lead to emission 
reductions of some 7 and 12% respectively. Alternative fuels can be 20-25% less carbon intensive in terms of 
direct emissions when compared to coal. 

* The production of clinker is the most energy and carbon intensive stage of cement manufacture. Replacing 
a higher proportion of clinker with other materials could thus reduce the energy used and carbon emitted in 
the course of cement production. The bulk of factory-made cements in the UK are supplied with high clinker 
content with further clinker substitution occurring downstream at the concrete mixing plant. In contrast, 
novel clinker and cement substitutes tend to require less transportation and the concrete producer can 
optimise the final product; thus reducing waste, energy use and additional handling.



Chemicals
The chemicals sector gives rise to the UK’s highest industrial energy consumption; mainly due to low 
temperature heat processes (30%), electrical motors (19%), drying/separation processes (16%), and high 
temperature heat processes (11%). It accounts for some 19% of GHG emissions from UK industry. The chemicals 
sector is made up of a complex collection of diverse and interacting sub-sectors covering a wide range of raw 
materials, processes and products (Cleaning fluids, composites, dyes, paints, pharmaceuticals and plastics, for 
example, all come under the umbrella of the chemicals sector). 

Energy Efficiency and Decarbonisation Options: 
* Currently-available best practice technologies (BPTs) will lead to further, short-term energy and CO2 emissions 
savings in chemicals processing, but the prospects for the commercial exploitation of innovative 
(or ‘disruptive’) technologies by mid-21st century are far more speculative. 
* The chemicals sector has long been the largest owner of energy generating plants in UK industry. Most of 
this generation arises from CHP plant providing significant outputs of surplus electricity exported to the grid 
or other industrial sectors. The prospect of applying CCS is reasonable compared with other industrial sectors, 
such as iron and steel, and cement. All steam crackers and ammonia plants are situated within identified UK 
CCS cluster regions.

Food and Drink
The Food & Drink sub-sector produces a wide range of products, making use of many different processes. 
Low temperature processing dominates the Food & Drink sub-sector. Drying and separation, as well as space 
heating also contribute to the demand at the low temperature end of the energy cascade. Product life-cycles 
can be short and so flexibility of equipment is vital, which often harms efficiency improvement. Many food 
processing sites are small (92% of such businesses in Europe being SMEs) with efficiency improvement tending 
to be slower in these smaller businesses.

Energy Efficiency and Decarbonisation Options: 
* The sector is generally risk adverse in nature, there is strong focus on product quality, and stringent safety 
requirements have led to an increased energy demand in recent years. The customer base of the sub-sector 
tends to be dominated by a few large retailers (e.g., ‘supermarket’ chains), meaning that margins are small and 
there is little capital for innovation. 
* In the near-term it might be expected that steam system efficiency improvements are pursued where 
economic, requiring little disruption or additional capital costs. The installation of fossil-fuelled CHP is also 
likely to increase during this period. In the longer-term, heat pumps may increase in use, especially if their 
temperature range increases, electricity is decarbonised, and costs reduced with wider-scale adoption. Over 
that timescale, the take-up of biomass-fuelled CHP systems may become significant.

Pulp and Paper
This sector gives rise to about 6% of UK industrial GHG emissions resulting principally from fuel combustion, 
such as that indirectly emitted because of electricity use. It can be characterised as being heterogeneous with 
a wide range of product outputs (including banknotes, books, magazines, newspapers and packaging, e.g., 
fabricated from corrugated paper and board), and sits roughly on the boundary between energy-intensive 
(EI) and non-energy-intensive (NEI) industrial sectors. 
Some 70% of recovered or recycled fibre is employed to make paper products in the UK. Process energy 
requirements are dominated by a combination of drying/separation processes (40%), low temperature 
heating processes (28%), compressed air requirements (10%), space heating (8%) and electrical motors (6%). 

Energy Efficiency and Decarbonisation Options: 
* Currently-available technologies (BATs) will lead to further, short-term energy and GHG emissions savings in 
paper mills, but the prospects for the commercial exploitation of innovative technologies by mid-21st century 
is speculative. There are many non-technological barriers to the take-up of such technologies. 
* The attainment of significant falls in GHG emissions over the long-term will depends critically on the adoption 
of a small number of key technologies [e.g., energy efficiency and heat recovery techniques, bioenergy (with 
and without CHP), and the electrification of heat], alongside a decarbonisation of the electricity supply.
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Technology Roadmaps
A set of selected ‘technology roadmaps’ have been developed in order to evaluate the potential deployment 
of the identified enabling technologies for the UK energy-intensive industries out to 2050. They combine 
individual roadmaps for the pulp and paper, lime, glass, and brick sectors. Such roadmaps represent future 
projections that match short-term (say out to 2035) and long-term (2050) targets with specific technological 
solutions to help meet key energy saving and decarbonisation goals. GHG emissions pathways of illustrative 
technology roadmaps for the UK selected energy-intensive industrial sectors (pulp and paper, lime, glass, 
and bricks) over the period 1990-2050 are illustrated in Fig. 3. None of these sectors were identified as having 
viable CCS opportunities, and only the pulp and paper sub-sector was thought to have the potential for 
radical process transition. 

A comparison of the ‘breakthrough’ roadmaps (including CCS, bioenergy CCS [BECCS] and Radical Process 
Transition RA-CCS, RA-CCS [bio], and [RT]) {see again Fig. 3} indicates the scope for strong mitigation measures 
and technologies. An RT scenario accrues fuel savings worth nearly two thirds (63%) of total fuel savings 
from its roadmap. In contrast, deploying CCS technology involves an energy penalty and reduces consequent 
savings. Scope 1-2/3 GHG emissions reduction by 2050 (compared with 1990 levels) is 78% Reasonable Action 
(RA) {i.e., with RA-CCS, 88% with RA-CCS [bio]}, and 79% with RT. Thus, all breakthrough roadmaps deliver 
on the 70% target indicated for industry by the UK Government. Though RT and RA-CCS decarbonise by a 
similar amount in 2050, the former achieves a greater cumulative emissions reduction over the period. This is 
because of the effect of deeper reductions from RT over the short-medium term are achieved primarily by a 
faster move away from EI processes and technologies.

Figure 3. Energy splits in the 2050 technology roadmaps of  some UK ‘energy-intensive’ 
industries under the Reasonable Action scenario: pulp and paper, lime, glass, and bricks

CIE-MAP 
Working closely with government and industry, CIE-MAP conducts research to identify all the opportunities 
along the product supply chain that ultimately deliver a reduction in industrial energy use.

CIE-MAP brings together the four leading UK universities of Bath, Cardiff, Leeds and Nottingham Trent with 
a range of expertise in engineering, economics, psychology, design, political science and governance. This 
work was supported by the Research Councils UK (RCUK) Energy Programme’s funding for the Centre for 
Industrial Energy, Materials and Products (CIE-MAP), grant reference EP/N022645/1.
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