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Foreword 

A skilled workforce is critical to delivering the ambitious UK Industrial Decarbonisation Strategy and 
unlocking the value the transition to a net zero economy will bring. The United Kingdom’s (UK) 
historical contribution, both positive and negative, to industrial revolution within and outside its 
borders cannot be ignored. As the pioneer of industrialisation, the UK has, through time, made a 
disproportionate contribution to the accumulation of greenhouse gasses, it is thus fitting to commit 
to investing in people, innovation, technologies, and infrastructure to meet not only its domestic 
decarbonisation goals, but also to play a leading part globally. The UK started the first and second 
Industrial Revolutions, was a key participant in the third and can now shape the fourth Industrial 
Revolution through the intersection of technological, social, economic, and environmental drivers 
of industrial decarbonisation. The UK can be at the forefront of innovation, implementing ambitious 
yet achievable targets to rebuild and grow their industrial capabilities however this will not be 
possible without an appropriately sized and skilled workforce. 

Currently, over 30% of people in employment in the UK are aged over 50, and there are unlikely to 
be enough younger people entering the labour market to replace the group when they leave the 
workforce, taking with them their experience, knowledge, and skills. Both employers and wider 
industry must recognise the issues this will pose. Different industries will face different challenges, 
but employers must adapt their working practices to manage a more age-diverse workforce. For 
some industries, this may be skill shortages and labour shortfalls due to retirement, for others it 
may pose productivity challenges and training shortages, with employers needing to understand 
how jobs traditionally carried out by younger employees can be filled by older workers in the future. 
However, a full understanding of this demographic complexity provides the opportunity to direct 
investment in skills in such a way that uplifts areas most in need of regeneration.  

It is imperative that through the design, development and implement of new technology, 
communities at the heart of change are not left further behind. Industrial decarbonisation is not just 
about getting to Net Zero. It is also an economic opportunity in terms of higher value-added job 
creation, including in some of the most deprived parts of the UK. Supply-side labour market 
interventions will be critical to realising that economic opportunity. Accepting little can be done 
about the cyclical issues (beyond the macroeconomic demand management of the Bank of 
England and central Government), pre-emptive supply side labour market interventions would help 
address these deep-rooted structural issues and facilitate the speedier economic adjustment 
needed.  

The provision of targeted education and training/ will improve the supply of labour to the 
construction and engineering sectors and support the delivery of industrial decarbonisation projects 
with lower levels of displacement and less use of foreign content and imported labour. The effect 
of this on the ground – the economic opportunity – is more likely to be felt in the following ways: 

• moving the existing construction and engineering work force up the value chain with the fillip
of making it more productive.

• utilising underemployed labour i.e. getting more of the unemployed or more of those at risk
of being unemployed (school leavers in deprived communities) into construction and
engineering; and,
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• switching workers currently employed in low value-added sectors (e.g. retail) into higher 
value-added construction and engineering jobs. 

 
In other words, the effect on UK PLC is more likely to be felt in terms of higher GVA per job (higher 
productivity) and thus higher average wages, and less likely in terms of a growth in the number of 
jobs in the UK economy should current macroeconomic conditions pervade. 
 
The provision of education and training is one thing but to encourage more young people into 
climate roles to tackle the decarbonisation challenge they must be aware of the benefits of all 
opportunities, and there is clearly work to be done in terms of knowledge of apprenticeships, 
technical college and T-levels in the general public, and with parents and teachers, to ensure that 
young people are fully informed. It is promising that most young people would like a career in a 
climate tackling role, but many may not know what that could look like. Industry needs to engage 
more with young people to raise awareness of the job roles they offer and how these roles can 
tackle the climate emergency. The government needs to enable and support these industry-
education relationships if we are to reach Net Zero by 2050. 
 
The University of Chester (UoC) has appointed Mace for the provision of the Enabling Skills for the 
Industrial Decarbonisation Supply Chain (ESIDS) report. The UoC is part of the Industrial 
Decarbonisation Research and Innovation Centre (IDRIC) which has been formed to support the 
decarbonisation challenge and works with academia, industry, government, and other stakeholders 
to deliver multidisciplinary research and innovation in cross-cutting areas of technology, policy, 
economics, and regulation. There are significant challenges for Industrial Decarbonisation ahead, 
but it is hoped that this report will contribute to finding workforce solutions that will accelerate 
industrial decarbonisation with deployment at scale by the mid-2020s, boosting the 
competitiveness of industrial regions, through job creation, protection and realisation of export 
opportunities. 
 
 
Associate Professor       Professor  
Kirstie Simpson        Joe Howe 
Chester Business School      Chester Business School 
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Executive summary  

 

One may argue that the UK, in at least nominal terms, is a relatively small contributor to global CO2 
emissions and thus downplay its impact, however, throughout history the UK has made a 
disproportionate contribution to the accumulation of greenhouse gasses. As such the UK has 
committed to investing in the people, innovation, technologies, and infrastructure to play its part 
and to reach its decarbonisation goals by 2050. By doing so, the UK, on a global scale, will be 
competitively placed at the forefront of innovation to rebuild and grow industrial capabilities through 
new green initiatives and the development of a skilled workforce.  The UK can shape this fourth 
Industrial revolution through the intersection of technological, social, economic, and environmental 
drivers; key to maximising potential is a skilled workforce which will unlock the value that the 
transition to a net zero economy will bring.  
 
The University of Chester (UoC), as part of the Industrial Decarbonisation Research and Innovation 
Centre (IDRIC), has appointed Mace for the provision of the Enabling Skills for the Industrial 
Decarbonisation Supply Chain (ESIDS) report. This document provides the recognised industrial 
clusters with details of the various roles that industry and supply chains will need to deliver, and 
accelerate, the industrial decarbonisation propositions outlined in the UK Industrial 
Decarbonisation Strategy.  
 
The Department for Business, Energy, and Industrial Strategy (BEIS) has identified 7 key industrial 
clusters across the UK, each of which has their own characteristics and challenges. These clusters 
have been further refined by Government into Track 1 and Track 2 clusters. The Track 1 clusters 
are the North West and the east coast clusters of Teesside and Humber, whilst potential Track 2 
clusters are South Wales, Southampton, Black Country and Grangemouth. See Figure 1 below.  
 
Figure 1: Industrial Clusters as per UK Industrial Decarbonisation Strategy, 2021 
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The UK has experienced significant industrial decline, often concentrated in the areas now 
identified as the industrial clusters, which has led to high levels of unemployment and deprivation. 
This has been further exacerbated as those with skills have moved away to seek work elsewhere. 
This is particularly acute in the North West, Teesside and Black Country clusters which have been 
identified as being in the top 10% of the Indices of Multiple Deprivation (2019) with respect to 
employment. The Skills for Jobs – Lifelong Learning for Opportunity and Growth initiative sets out 
how the UK will reform education to support people in developing the skills needed regardless of 
background or location to support growth areas such as decarbonisation and as such, the 
decarbonisation agenda offers opportunity to effect real change in learning, training, and 
employment opportunities.  

 
As with other developed nations, the UK is facing the challenges of an ageing population. 
Furthermore, structural changes to the economy and the decline in those with the skills needed to 
support industry has led to an ever-widening skills gap across all areas of the economy. This could 
be perceived as a crisis rather than a gap and the UK must adapt both learning and working 
practices to manage the predicted shortages in both skills and labour. The demographic trends 
and inequalities evident in the clusters will inform how to address the challenge of levelling up; 
industrial decarbonisation represents a significant economic opportunity as industry adapts to 
support the change. The demand created will create challenges for the economy as it deals with 
the structural, cyclical and adjustment challenges anticipated. Early intervention is needed to help 
address these challenges and facilitate the economic adjustment needed. 
 
The expected economic demand resulting from decarbonisation developing as an industry is likely 
to result in some non-decarbonisation projects being “crowded out” due to the limited supply of 
available resources focusing on areas where rewards are greatest.  To estimate the size of the 
economic opportunity that decarbonising UK industry represents we use scope 1 emissions data, 
as provided by the National Atmospheric Emissions Inventory (NAEI) as a proxy for scale. We have 
derived the CAPEX, see Table 1 below, required across all decarbonisation activities. 
 
Table 1: Summary of estimated CAPEX to 2050 

Industrial Cluster 
Emissions 

MtCO2 
(NAEI 2019) 

£bn 

CAPEX 
£515bn  

to  
2050 

North West 2.1 31.8 

East Coast - Humber 5.4 46 

East Coast - Teesside 1.3 30 

Grangemouth 1.5 35 

South Wales 2.7 24.3 

Southampton 1.4 16.5 

Black Country 0.1 2 

Total Cluster shared & deployment infrastructure 14.5 185.6 

Dispersed shared & deployment infrastructure 22.6 286.2 

Total UK deployment infrastructure 37.1 471.8 

Total Sector Sites   43.2 

Total UK    515.0 
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The Track 1 clusters will initially lead the way with carbon capture, utilisation, and storage (CCUS) 
infrastructure, though critical to a successful decarbonisation programme is knowledge exchange 
between all the clusters, particularly around physical infrastructure needs.  Alongside this, 
identification and development of the skills needed to support the decarbonisation agenda is 
equally critical.   
 
To establish which skills will be needed to decarbonise UK industry, we need to understand and 
quantify the programmes, projects and infrastructure needed to achieve decarbonisation. To do 
this, the study considers three separate aspects as follows:  
  

• Industrial clusters shared benefit and deployment infrastructure;  

• Dispersed industrial areas outside of the industrial clusters; 

• Industrial sites in multiple sectors located with the clusters and dispersed across the UK. 

 

Using the UK Industrial Decarbonisation Strategy as a guide, as well as direct engagement with 
the clusters themselves, we estimate CAPEX in the magnitude of £515bn will be needed for the 
decarbonisation programme to 2050, see Table 1 above. Cluster projects cannot be delivered as 
standalone projects but must form part of the wider decarbonisation programme already 
commencing in some clusters. The projects needed to deliver industrial decarbonisation can best 
be grouped around the following technologies and infrastructure as set out in Table 2 below:  
 
Table 2: Technologies by Industrial Cluster 
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The UK’s core strategy is centred around the industrial clusters however many industrial sites fall 
outside the clusters, dispersed across the country. This includes energy intensive processes such 
as cement production, glass manufacturing and lime and most notably power producers that 
contribute the highest proportion of CO2 of all the industrial sectors, see Figure 2 below.  Emissions 
reductions in dispersed sites will be largely driven by energy efficiency, electrification, and heat 
pumps in the 2020’s.  
 
Only once fuel switching systems (pipeline and CCUS networks) are fully evolved and the 
associated costs reduced, will they be able to reach these dispersed sites, making many of these 
sites more difficult to decarbonise due to the unavailability of this enabling infrastructure, expected 
to be realised in the 2030’s onwards. The challenge of decarbonising power producers across 
dispersed vs cluster power sites stems from the CCUS / H2 enabling infrastructure required to 
decarbonise conventional CCGT producers. 
 
Figure 2: UK Top Emitting Power Producers 

 

 

Initial efforts are rightly focused on deployment and shared benefit infrastructure critical in enabling 
industries to transition to net zero. In addition to major and minor power producers that account for 
significant CO2 emissions, and some industries that make up the tail end of industrial emissions, 
the key industrial sectors can be grouped as follows:  
 

• Chemical 

• Cement 

• Iron & Steel  

• Food, Drink & Tobacco 

• Other Mineral Industries  

• Oil & Gas 

• Paper, Printing & Publishing 
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Profiles of each of these sectors, each with unique challenges with respect to decarbonisation, has 
informed a respective cost per ton of CO2 abated, thus completing CAPEX calculation to achieve 
Net Zero by 2050 (Sector Sites in Table 1). To deliver this c. £515bn of infrastructure and 
decarbonise industry by 2050, a workforce of c. 350,000 additional people across the three stages 
of preconstruction, construction, and operation will be needed, see Figure 3 below. Both technical 
and professional roles are required, with a bias to technical people delivering on site, see Figure 4 
below. Although some of this demand will be for more generalist skills and competencies such as 
accounting, marketing, and administration etc, most will be design, engineering, manufacturing, 
and construction.  
 
Figure 3: Estimated jobs needed to deliver industrial decarbonisation based on estimated CAPEX 

£515bn 

CAPEX to 2050 

= 353,155 
jobs per year to deliver industrial 

decarbonisation 

 
Figure 4: Estimated proportion of professional to technical jobs needed 

 

 
This scale of demand for construction workers and civil engineers represents a significant 
challenge, given the current labour market tightness in the UK economy generally and in 
construction and civil engineering especially. There are currently insufficient workers in the sector 
to meet this extra demand, which unless acted upon through labour supply measures to increase 
the supply of workers and their skills, will harm the prospects for decarbonisation and for the UK 
economy.  
 
Though the technologies to realise a Net Zero future are not yet all fully developed, the ongoing 
research, development, and innovation are critical to success: the key technologies available now 
to deploy, including amongst others CCUS and replacing natural gas with hydrogen, draw on the 
same skills and competencies used to deliver large scale industrial infrastructure today. The 
workforce in the existing oil and gas and energy sectors will likely find themselves well placed to 
be part of the transition to a decarbonised UK. Likewise, for the construction industry, the skills 
exist to build what is needed, the challenge being the competition for professionals and workers in 
a constrained labour market.  
 

28% 72%

Professional Technical
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Of the approximately 32 million UK workforce c. 9 million are in occupations that may support 
industrial decarbonisation however this workforce is under pressure to deliver existing projects 
across multiple sectors. There is c. 1 million people in Higher Education (HE) (HESA, 2022), 
Further Education (FE) and apprenticeships (Office for National Statistics, 2022) in courses that 
may support industrial decarbonisation. See Figures 5, 6 and 7 below.  
 
Figure 5: Current workforce that may support industrial decarbonisation, FE and HE students and apprenticeships 

 
 
 
Figure 6: Number of Higher Education and Further Education Institutions by Region 

 

 

Workforce Men - Construction , 3,845,600

Workforce Women - Construction, 552,100

Workforce Men  - Other Industrial / Manufacturing / R&D, 3,914,700

Workforce Women - Other Industrial / Manufacturing / R&D , 584,500

HE Students Enrolled - subjects suitable for decarbonisation, 548,345

FE Students Enrolled  - subjects suitable for decarbonisation, 402,900

Apprenticeships Started - subjects suitable for decarbonisation, …
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Figure 7: Geographical location of Higher Education and Further Education Institutions 

 
 
According to the Local Authority of Building and Maintenance (January, 2022), the demand for 
STEM (science, technology, engineering, and mathematics; and any subject or discipline that falls 
under these) skilled employees by the UK market, and moreover by the decarbonisation industry, 
is high due to: 
 

• The UK’s shortage of international STEM skilled talent exacerbated by Brexit; 

• The limited supply of STEM educated and trained talent through higher education; 

• The increasing demand for STEM skilled talent from several traditional and newly created 
industries, leading to an increased competition of talent attraction between them; 

• The diverse range of new specialisations (technical and non-technical) blooming out of this 
large area of science; 

• An ageing workforce of thousands of STEM skilled technicians, researchers, academics, 
and professional engineers reaching the point when they will need to be replaced in the next 
decade. 

 

A substantial workforce is required to deliver industrial decarbonisation at the scale and timeline 
proposed by the UK Government. There are numerous options as to how to achieve effective 
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workforce capability and capacity. As employers and industries begin to recognise their age-
diverse workforces, they must seek to understand how older employees can be reskilled to fulfil 
roles as well as appropriately skilling younger generations. The commonality between the two is 
the need for effective education and skills training, be it through practical experience, further 
education, or a hybrid approach.  
 
It is proposed that a skills delivery plan will require, at its centre, an ESIDS National Delivery Board. 
This governance structure is the conduit for the UK Government and their respective industrial 
decarbonisation strategy, industry, the supply chain, research and innovation programmes and 
educational institutions down to the regional governance structures. It is vital that strategy, policy, 
legislation, the public and the private sector align to support necessary reforms to skills 
development at both a national and regional level. Three components to education in the UK that 
cut across each stage of the skills development system: funding (individuals and institutions), 
provision (available places and courses), and the location of educational facilities. Viewing 
education provision through this lens is helpful in identifying and organising necessary changes for 
each stage, see Figure 8 below. 
 
Figure 8: Funding, provision, and location across stages of education 

 

 

The UK has all the component parts within the education system to deliver industrial 
decarbonisation within the necessary timelines however some significant interventions and 
investment will be necessary from early development in primary school though to highly specialist 
tertiary education. These interventions should not only seek to increase the number of people within 
the UK’s engineering and construction sectors to meet demand but, as importantly, significantly 
improve the diversity and inclusion within this area of the economy (see Figure 5). A diverse 
workforce that is inclusive will not only support social mobility within the communities that most 
need it but also enable more innovative industries.  
 
These changes need to begin in primary and secondary school, where the messaging around 
gender and the stereotypes related to acceptable activities / occupations needs to be managed 
and a better understanding of available career pathways communicated. Concepts relating to 
climate change and the environment need to be embedded into the curriculum, and for those 
pursuing STEM subjects, it is important that an understanding of the HE/FE opportunities and 
potential careers is clear as this is a critical time with respect to choosing future pathways. Though 



ENABLING SKILLS FOR THE INDUSTRIAL 

DECARBONISATION SUPPLY CHAIN 

 
 

  
 

 

October 2022 | Page 12 

not a new challenge, efforts to build the esteem of a technical pathway needs to be accelerated, 
with pupils counselled to align their ambitions, interests, and abilities to the best educational or 
vocational route for them.  
 
For 16-to-19-year old’s, FE is an important bridge to further tertiary education whether that is 
continuing with FE, pursuing HE studies or starting an apprenticeship. For this cohort, FE is fully 
government funded with the primary options being A Levels or more technical options through 
University Technical Colleges (UTC) as well as recently developed T-Levels. These options all 
have a role to play and it is important that public funding is reviewed to be equitable and allocated 
to best prepare a wide range of pupils. As with earlier education, the curriculum should reflect the 
challenges of climate change as well as creating meaningful opportunities to connect with industry 
both during and post-study. 
 
Within some political discourse there is the narrative that; firstly, there are too many university 
graduates, and secondly that there are too many graduates in fields with lower paying jobs. The 
latter being the implication that Humanities, Arts and Literature hold less value than Science, 
Technology, Engineering and Mathematics. To achieve Net Zero more people in STEM-related 
careers is needed however this should certainly not be at the expense of the creative sectors of 
the economy. With respect to the balance between university graduates and those progressing 
though the FE system; the UK can just about manage with the number of STEM professional 
graduates however significantly more technical graduates are required.  
 
There is a belief that resources be directed to elevate exceptional students, especially as means 
to uplift those from more deprived areas. Those that are exceptional should absolutely be given 
the opportunities to meet their potential irrespective of their background, however it is also 
important to recognise that it is not only a handful of talented individuals that will enable the delivery 
of industrial decarbonisation. The UK needs a workforce that is diverse, competent, motivated, and 
paid fairly. The way FE students and HE students can finance their studies is reflected in the above. 
Current finance models serve HE well where for FE students the options are more complicated 
and cover less despite the favourable job prospects for those following a more technical path. This 
needs to be addressed.  
 
There is an acute shortage of technical skills to meet current demand in construction and to deliver 
industrial infrastructure, this shortage will be exacerbated as industrial decarbonisation 
programmes accelerate. As such the significant increase of the number of FE students in 
Engineering and Manufacturing Technologies and Construction, Planning and the Built 
Environment is required, the capacity to teach these subjects needs to be increased both through 
increasing available places at existing institutions and developing new ones. Unlike HE, where 
students are more mobile, FE students are less mobile and current student loans are less suited 
to funding living costs than HE. Given the challenge of increasing the number of technical 
graduates needed to support the delivery of the industrial decarbonisation the number and location 
of facilities is critical. There is an opportunity to align new learning facilities strategically close to 
industry and the centres of industrial decarbonisation. New facilities could further serve to uplift 
more deprived areas and provide opportunities for people to develop skills and competencies that 
prepare them for exciting and fulfilling jobs in the sector. The gap between classroom-based 
learning and practical technical on-site learning remains a challenge especially, though not limited 
to, more specialised skills that may include safety implications. Apprenticeships play a role however 
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more specialised facilities should be developed. A good example being the Catch £12 million 
training facility in North East Lincolnshire, that offers industry authentic training and assessment 
without the risks associated with processing hazardous materials.  
 

Where the primary challenge with FE is the quantum of diverse graduates, for HE diversity and 
inclusion, especially attracting more women, needs to be the focus. There are roughly the same 
number of students enrolled in HE as FE (see Figure 6) however the workforce requires 28% 
professional and 72% technical to deliver industrial decarbonisation (see Figure 4). There are still 
challenges with the number of HE graduates, however industry has proven over time to be able to 
reasonably adapt to these challenges. Thus, the number of graduates is generally adequate, and 
any additional growth should be sought within existing universities. As with FE, given that much of 
the same skills and competencies are used to deliver large scale industrial infrastructure today, the 
courses being taught at university broadly meet the needs of industry and will evolve organically 
as technology changes. Graduates will have the requisite foundation on which to build throughout 
their career, as such the CPD courses will play a role in developing skills and competencies as the 
technology for industrial decarbonisation develops. 
 
Apprenticeships form a relatively small part of the mix of post-schooling skills and competency 
development (from HE, FE, and apprenticeships) but need to play an important role in developing 
the technical and practical skills/ competencies for industrial decarbonisation. A review of the 
Apprenticeship Levy and the behaviour it drives needs to be concluded. The apprenticeship levy 
shifted to higher levels and older / more skilled participants and is not serving its purpose or creating 
sufficient new opportunities with funds being deployed more for internal training opportunities. 
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1. UK Industrial Decarbonisation in Context 

1.1 The UK Industrial Decarbonisation Strategy  

 

The United Kingdom (UK) has embarked on an ambitious industrial decarbonisation programme 
positioning itself as a global leader in the effort to mitigate the effects of climate change. One may 
argue that the UK, in at least nominal terms, is a relatively small contributor to global CO2 emissions 
and thus downplay its impact, a narrow perspective on a complex problem. One cannot ignore the 
UK’s historical contribution, both positive and negative, to the industrial revolution within and 
outside its borders. As the pioneer of industrialisation, the UK has, through time, made a 
disproportionate contribution to the accumulation of greenhouse gasses, it is thus fitting to commit 
to investing in people, innovation, technologies, and infrastructure to meet not only its domestic 
decarbonisation goals, but also play its part globally. 
 
The UK started the first and second Industrial Revolutions, was a key participant in the third and 
can now shape the fourth Industrial Revolution through the intersection of technological, social, 
economic, and environmental drivers. The UK can be at the forefront of innovation, implementing 
ambitious yet achievable targets to rebuild and grow their industrial capabilities. None of this will 
be possible without a skilled workforce. 
 
The University of Chester (UoC) has appointed Mace for the provision of the ICM Skills Report for 
the UK Industrial Decarbonisation Workforce Planning Study (ESIDS). This report will support the 
work being undertaken to accelerate industrial decarbonisation with deployment at scale by the 
mid-2020s, boosting the competitiveness of industrial regions, through job creation, protection, and 
realisation of export opportunities. The UoC is part of the Industrial Decarbonisation Research and 
Innovation Centre (IDRIC). IDRIC has been formed to support the decarbonisation challenge and 
works with academia, industry, government, and other stakeholders to deliver multidisciplinary 
research and innovation in cross-cutting areas of technology, policy, economics, and regulation.  
 
The Department for Business, Energy, and Industrial Strategy (BEIS) have identified seven key 
industrial clusters across the UK as the focal points for their industrial decarbonisation Strategy: 
 

• Northwest 

• East Coast - Humber  

• East Coast – Teesside 

• Black Country (West Midlands)  

• South Wales  

• Southampton  

• Grangemouth  

 
The clusters encompass the institutional ties between geographically proximate and functionally 
integrated companies and between companies and other stakeholders. We have used the UK 
Industrial Decarbonisation Strategy (March 2021) and the UK Net Zero Strategy: Build Back 
Greener (October 2021) as our departure point to frame the challenge ahead. Industrial output is 
not limited to these seven clusters; other industrial sites across the UK are opening the possibility 
for other clusters to be established: examples being efforts in London as part of the Thames 
Estuary Growth Board and Bristol City Council’s regional drive towards decarbonisation with their 
Energy Service Partnership.  
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Figure 9: Industrial Clusters as per UK Industrial Decarbonisation Strategy, 2021. Local Authorities that fall within the 7 Industrial 
Clusters 

 

 

 

North West: 

• Trafford 

• Macclesfield 

• Warrington  

• Halston 

• Knowsley 

• Liverpool 

• Sefton 

• St. Helens 

• Wirral 

• Ellesmere Port & 
Neston 

• Chester  

• Vale Royal  

 

East Coast - Humber: 

• East Riding of 
Yorkshire 

• Kingston upon Hull, 
City of 

• North East 
Lincolnshire 

• North Lincolnshire 

East Coast - Teesside: 

• Darlington 

• Hartlepool 

• Middlesbrough 

• Redcar and 
Cleveland 

• Stockton-on-Tees 

 

South Wales: 

• Blaenau Gwent 

• Bridgend 

• Caerphilly 

• Cardiff 

• Merthyr Tydfil 

• Monmouthshire 

• Neath Port Talbot 

• Newport 

• Pembrokeshire 

• Rhondda Cynon 
Taff 

• Swansea 

• Torfaen 

• Vale of Glamorgan 

 

Southampton: 

• Southampton 

• Portsmouth  

Black County (West 
Midlands): 

• Dudley 

• Sandwell 

• Walsall 

• Wolverhampton 

Grangemouth: 

• City of Edinburgh 

• Clackmannanshire 

• East Lothian 

• Falkirk 

• Fife 

• Midlothian 

• West Lothian 
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UK Carbon Emissions 
 

The UK terrestrial CO2 emissions account for approximately 1% of global emissions and the UK is 
the fifth biggest historic emitter in the world (Climate & Energy Research Unit, 2021), totalling an 
estimated 325 MtCO2 in 2020 across all sectors of the economy (Final UK greenhouse gas 
emissions national statistics, 2020). As per the figure 10 below, Industrial Business & Processes 
and Energy Supply account for c. 18.4% and 24.1% of UK CO2 emissions respectively, the two 
other dominant contributors being Transport 30.2% and Residential 19.9%. 
 
Figure 10: CO2 Emissions by sector, Final UK greenhouse gas emissions national statistics, 2020 

 

It is important to recognise that calculating CO2 emissions is complex with numerous 
methodologies and as such, there is considerable variance across published sources. Emissions 
also vary from year to year and are sensitive to changes in the demand for energy. Lastly, the 
scope of emission that is included or excluded has a significant impact and if not careful, can lead 
to double counting. 
 

Table 3: Scope 1, 2 and 3 emissions, GHG Protocol Corporate Standard 

Scope 1 Scope 2 Scope 3 

 

• Fuel combustion 

• Company vehicles 

• Fugitive emissions 

 

• Purchased electricity, 

heat, and steam 

 

• Purchased goods and 

services 

• Business travel 

• Employee commuting 

• Waste disposal 

• Use of solid products 

• Transportation and 

• Distribution (up- and 

downstream 

• Investments 

• Leased assets and 

franchises 
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Used in the context of company’s reporting emissions, the GHG Protocol Corporate Standard 
classifies a company’s GHG emissions into three ‘Scopes’ as follows: 

 
• Scope 1 emissions are direct emissions from owned or controlled sources.  

• Scope 2 emissions are indirect emissions from the generation of purchased energy. 

• Scope 3 emissions are all indirect emissions (not included in scope 2) that occur in the 
value chain of the reporting company, including both upstream and downstream emissions 

 

The UK Industrial Decarbonisation Strategy, as with much other research, calculates Scope 1 
emissions for the respective industrial clusters and remaining dispersed sites using a combination 
of National Atmospheric Emissions Inventory (NAEI) and European Union Emissions Trading 
System (EU ETS) data (2019).  
 
When referring to more general UK industrial emissions we accept those published in the UK 
Industrial Decarbonisation Strategy however as a proxy for scale to calculate CAPEX we only use 
the narrower pre-pandemic 2019 NAEI data. There are several international commitments 
including, EU Directives and other national legislation aimed at reducing emissions of air pollutants 
and Green House Gasses. The NAEI provides a wide range of data necessary to support the 
reporting related to these commitments. This study has used data from NAEI emissions data, 
where the classification broadly reflects the sector primarily responsible for emissions at each site. 
The classification is partly based upon the 2007 Standard Industrial Classification (SIC) of the 
Office for National Statistics (ONS). EU ETS accounts for complete Scope 1 emissions as reported 
by companies as such includes emissions from company vehicles.  
 
Industrial sites are located both within the seven identified industrial clusters and dispersed across 
the country making up the key industrial sectors, each of these sectors has its own characteristics 
and challenges. Critical to successfully decarbonising industry, and the broader economy, is a layer 
of shared benefit infrastructure that sits between industrial sites. Some of this infrastructure already 
exists in the form of power stations and gas pipelines that need to be transformed, other 
infrastructure is new and needs to be developed such as carbon capture and hydrogen production. 
These are and will be the component part of a decarbonised industrial landscape and economy. 
 

Figure 11: UK Industrial Decarbonisation Strategy infrastructural landscape 
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The wider Industrial Decarbonisation landscape supports the development of low-carbon 
technologies that will increase the competitiveness of industry and contribute to the UK’s drive for 
clean growth. It will reduce the carbon footprint of heavy and energy intensive industries in the UK, 
such as iron and steel, cement, refining and chemicals. It aims at investing in developing 
technologies such as carbon capture and storage and hydrogen fuel switching. These technologies 
will be deployed and scaled up within the UK’s largest industrial clusters. Industrial Decarbonisation 
will accelerate the cost-effective decarbonisation of industry by developing and deploying low 
carbon technologies such as carbon capture and storage (CCS) and hydrogen fuel switching, at 
scale in the UK, across our industrial clusters.  
 

The industrial clusters will lead the way in fast-tracking the transformation of the UK industrial 
landscape. Public and private sector investment in essential deployment and shared infrastructure 
will shape the broader industrial decarbonisation programme. Each cluster is unique with 
challenges and opportunities, to best use available capital there are two tracks of investment: Track 
1 focusses investment in the North West and the East Coast Humber and Teesside clusters. 
Potential track 2 focusses on Scotland, Wales, Southampton and West Midlands clusters. 
 
Track 1 Clusters 
 

Net Zero 
North West  

 
The North West boasts the largest concentration of advanced manufacturing and 
chemical production in the UK and is home to a concentration of energy intensive 
users. Traditionally strong in textiles, shipping and engineering it is home to leading 
ICT, biotechnology, pharmaceuticals, aerospace, and telecommunications businesses. 
There is existing industry and infrastructure to deliver alongside natural geological 
assets, the Irish Sea gas fields, with the capacity for decades of emissions disposal 
and the Cheshire salt caverns are perfectly positioned for hydrogen storage. The 
cluster plan will feature both hydrogen and CCUS technologies as well as harnessing 
the tidal energy of the Mersey estuary and Liverpool Bay.  
  

East Coast 
Cluster – 
Humber  

 
The Humber region emits more carbon dioxide than any other UK industrial cluster – 
50% more than the next largest however the area is one of the most vulnerable to 
climate change. CO2 will be captured at an industrial scale from power generation, fuel 
production and industrial processes and transported via pipelines to be permanently 
and safely stored offshore under the North Sea. The cluster could become one of the 
world’s first at-scale Low Carbon hydrogen production plants, with a carbon dioxide 
and hydrogen pipeline network connecting to industrial sites, gas, and biomass power 
stations 
  

East Coast 
Cluster – 
Teesside  

 
One of the UK’s most densely clustered sites, consisting of manufacturing industries. 
With its rich heritage in Iron and Steel and more recently by becoming Europe’s first 
integrated modern chemical plant makes the cluster ideal to implement a Carbon 
Capture, Utilisation and Storage (CCUS) project. Teesside is the second largest 
carbon emitting region in the country. The future includes decarbonising a cluster of 
carbon-intensive businesses, then moving onto “clean hydrogen” production while 
using carbon capture and storage technology.  
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Potential track 2 Clusters 
 

South Wales  

 
South Wales is the second biggest industrial and power emitter of carbon in the UK, 
with the location being the UK’s largest steel producer. The move to net-zero will 
involve engineering studies to explore the routes to decarbonisation, including the use 
and production of a hydrogen supply, carbon capture usage and storage (CCUS) and 
carbon dioxide shipping from South Wales. The development of a carbon dioxide 
shipping industry would create an entire new industry for the region and enable the UK 
to manufacture low or net-zero carbon cement and steel products. 
  

Southampton  

 
Southampton has a diverse mix of large energy users, heavy transport needs and one 
of the UK’s largest and busiest ports. The cluster aims to become the gold standard for 
hydrogen production and distribution, with its investigation and study into carbon 
capture and hydrogen-based technologies and hopes to be a platform to decarbonise 
transportation, manufacturing, and domestic heating in the south of England. The 
development of a CO2

 and Hydrogen shipping industry is a key part of the strategy.  
  

Black 
Country 
(West 
Midlands)  

 
Consisting of over 3000 energy-intense manufacturing businesses with metal 
processing the biggest sector, the cluster is distinctive amongst all UK clusters. It is 
not only the largest, by number of sites, it is also the only non-coastal cluster, 
spreading deep into the urban areas surrounding it. Integrated into residential areas 
makes it challenging to manage industrial and domestic energy demand separately. 
  

Grangemouth  

 
The focus of this cluster is a refinery complex for chemical products and Scotland’s 
only crude oil refinery. Scotland’s net-zero infrastructure project that would gather CO2 
from industrial emitters around the Grangemouth refining and petrochemicals complex 
and link it to the Acorn CCS (Carbon Capture and Storage) project via pipelines to St 
Fergus in Aberdeenshire. 
  

 

1.2 Demographic Consideration 

Demographic shift means that there is an increasing number of older people in society and in 
employment with this trend set to intensify as the working-age population in the UK stagnates over 
the coming decades. Without a higher population of older people remaining within the labour 
market employee productivity and total employment growth will slow. This change will have a 
profound impact on national and international economic output, widening the skills gap across 
industry over the next decade and beyond.  
 
Currently, over 30% of people in employment in the UK are aged over 50, and there are unlikely to 
be enough younger people entering the labour market to replace the group when they leave the 
workforce, taking with them their experience, knowledge, and skills. Both employers and wider 
industry must recognise the issues this will pose. Different industries will face different challenges, 
but employers must adapt their working practices to manage a more age-diverse workforce. For 
some industries, this may be skill shortages and labour shortfalls due to retirement, for others it 
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may pose productivity challenges and training shortages, with employers needing to understand 
how jobs traditionally carried out by younger works can be filled by older workers in the future. 
However, a full understanding of the demographic complexity provides the opportunity to direct 
investment in skills in such a way that uplifts areas most in need of regeneration.  
 
The ‘Levelling Up in the United Kingdom’ White Paper highlights the geographic inequality within 
the UK and the need to improve innovation and economic dynamism to drive national and 
international growth, by unlocking jobs and opportunity for all, which were once over-concentrated 
in specific areas, such as London and the Southeast of England. With £26bn of public capital 
investment for the green industrial revolution and the transition to Net Zero, opportunities can be 
created for many of the UK’s left-behind places and least well-performing areas.  

 
The seven key industrial clusters that will act as focal points for the industrial decarbonisation 
Strategy include: 
 

Cluster region Aged 16 to 24 Aged 25 to 49 Aged 50 to 64 Total 16 to 64 

Southampton 44,572 88,993 38,291 171,856 

Merseyside 164,400 453,146 282,209 899,755 

Humberside 88,505 279,213 194,922 562,640 

Teesside 66,384 209,098 137,549 413,031 

Grangemouth 15,413 51,552 35,054 102,019 

South Wales 237,680 653,332 402,405 1,293,417 

Black County 122,273 393,408 221,551 737,232 

United Kingdom 7,064,126 21,798,215 12,982,686 41,845,027 

 
Table 4: Total population in employment in skilled trades and process, plant, and machine operative occupations 

Cluster region 
Skilled trades 

Process, Plant and Machine 
Operative occupations 

Total 

No. % No. % % 

Southampton 65,200 11.13% 27,800 7.07% 18.20% 

Merseyside 55,100 8.23% 40,400 6.03% 14.26% 

Humberside 53,400 12.32% 35,600 8.56% 20.88% 

Teesside 27,300 8.97% 21,200 7.41% 16.38% 

Grangemouth 59,500 8.06% 37,400 5.31% 13.37% 

South Wales 93,600 9.35% 62,200 6.31% 15.66% 

Black County 53,700 9.61% 45,800 8.68% 18.29% 

 

Clusters predominantly in the North and Midlands have historically remained within the 
manufacturing, chemical, power, and shipping industries, renowned for being some of the largest 
emitting industrial sectors. Typically, these clusters have a higher percentage of skilled trades and 
process, plant, and machine operative occupations. In recent years, several cluster areas have 
experienced deindustrialisation, with a general decline in the amount of manufacturing taking place 
and growth in tertiary sectors. This has not only contributed to skills shortages but contributed to 
wider unemployment too.  
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Figure 12: Index Multiple Deprivation (IMD) England, Scotland, and Wales 
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This is particularly evident within the Northwest, Teesside and Black Country clusters who are 
identified as being in top 10% within the 2019 Indices of Multiple Deprivation in relation to 
employment, followed by Humber which sits within the top 26% showing a socially unequal 
distribution of deprivation that with manufacturing and large industrial sites often disproportionately 
located near deprived populations, predominantly offering low-paid, low-skilled employment, see 
figure 13 and table 6.  
 
Table 5: Index Multiple Deprivation (IMD) England, Scotland, and Wales 

Cluster 
Average Ranking 

Income Employment Education 

Southampton 106 152 85 

North West 39 20 96 

Humber 96 83 80 

Teesside 54 32 93 

Grangemouth 3601 3543 3428 

South Wales 896 863 898 

Black Country 6 7 38 

 
 
The remaining clusters [Grangemouth, South Wales, and Southampton] remain within the top 50% 
most deprived in terms of employment. This difference may be attributed to dominant industry 
within the area e.g., the Marine Sector within Southampton which is acknowledged to the largest 
cluster of marine and maritime business in the UK, or the Petrochemical industry in Grangemouth 
which includes one of the largest oil refineries of its kind in Europe. Both industries are pivotal to 
their surrounding regions and are noted as some of the largest regional employers. This may be 
attributed to the higher concentration of higher-level skills in the areas too, both of which have a 
higher percentage of people with NVQ4+ than the UK average. 
 
In several clusters where deprivation is higher, it is evident that the number of people in 
employment with no or minimal qualifications is higher than the national average. The Skills for 
Jobs – Lifelong Learning for Opportunity and Growth sets out how the UK will support people to 
develop skills to meet the economic need in their location by offering access to training and learning 
flexibly throughout their working life as well as investing in higher level technical qualifications to 
support growth industries such as decarbonisation and give individuals career progression 
opportunities. Currently, employers do not have enough autonomy over the skills provision in their 
local areas and despite successful apprenticeship programmes, this often caters for younger 
generations, rather than providing reskilling for older generations still in employment.  
 
The Industrial Decarbonisation Strategy offers clusters, particularly ones facing significant 
demographic shift transformative change through investment in new infrastructure and production 
processes, by building on existing cluster strengths such as electric vehicle manufacture. 
Nevertheless, significant upskilling is required for those in carbon intensive sectors there is a high 
vulnerability for unemployment. The opportunity for reskilling provides additional benefits to boost 
living standards and support jobs in some of the most deprived places. 
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1.3 UK Industrial Decarbonisation and the Economy 

Industrial decarbonisation is not just about getting to Net Zero. It is also an economic opportunity 
in terms of higher value-added job creation, including in some of the most deprived parts of the 
UK. Supply-side labour market interventions will be critical to realising that economic opportunity. 

The substantial, multi-billion-pound, green investments required to bring about industrial 
decarbonisation will create significant aggregate demand in the economy, with large-scale projects 
gaining traction from the mid-2020s. Meeting that demand to deliver what is needed will pose 
several significant economic challenges, which include structural, cyclical and adjustment: 

Structural: At the macroeconomic level, the UK has barely sufficient workforce to deliver 
the construction and engineering projects already earmarked or underway. This has been true 
for quite some years now. Whilst the UK’s exit from the EU has compounded the underlying 
problem, it is equally plausible that being in the EU masked it. In short, there are not enough 
construction workers or engineers in the UK work force. This most likely stems from an array 
of market failures, particularly informational, straddling the education system as well as 
cultural factors. It is well-recognised that too few young people – including some of the brightest 
talent - want to go into a career in construction and engineering generally. 

Cyclical: There is thought to be a lack of spare capacity in the macroeconomy at the current time 
and the labour market generally is very tight, especially in the construction and engineering sectors. 
Notwithstanding a significant economic downturn, this will likely be true in the mid-2020s as it is 
now. There is significant wage-push as different construction and engineering projects compete for 
the same limited pool of labour. This is contributing to (and possibly also resulting from) the more 
inflationary environment brought about by the global supply-chain disruption resulting from the 
COVID-19 pandemic.  

Adjustment: Whilst generally a structural issue, has especial consideration in the context of the 
green industrial revolution. New technologies will need to be deployed to deliver industrial 
decarbonisation which will require not only new skill sets but likely broader ones for many workers 
and different ways of working. Fundamentally, there will need to be a switching and redeployment 
of economic resource, both capital and labour, from older industries to new. New markets will have 
to be established - some supply-led to facilitate demand (e.g., hydrogen). Whilst the market will 
deliver this eventually, it would take likely closer to 50 years than the 20 years that is desired from 
a socio-economic perspective. 

Accepting little can be done about the cyclical issues (beyond the macroeconomic demand 
management of the Bank of England and central Government), pre-emptive supply side labour 
market interventions would help address these deep-rooted structural issues and facilitate the 
speedier economic adjustment needed. The risk otherwise is that: 

• Some important non-decarbonisation construction projects, some critical, get ‘crowded out’
as limited construction and engineering labour resource is put onto the decarbonisation
projects and in a way that is probably inflationary.
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• The UK relying heavily on imported content (and, possibly, foreign labour), rather than
establishing strong domestic supply chains and developing its own decarbonisation industries
and;

• Foregone UK GVA (GDP), with people in left behind places who could otherwise have
benefitted from the economic opportunity remaining left behind as labour is drawn from further
afield, either domestically or from abroad.

This paper sets out how demand for construction and engineering jobs of industrial decarbonisation 
in the industrial clusters will be modelled. Briefly, and at the high level, this starts with CAPEX and 
OPEX estimates of the constituent projects, which are then fed into an economic model that 
converts these – via the various sub-sectoral channels – into direct UK GVA demand impacts using 
a combination of ONS sectoral data and informed assumptions. These modelled GVA demand 
estimates are then converted by the model into direct and indirect UK job demand estimates, also 
using ONS sectoral data – namely, GVA per FTE job. 

This modelling allows us to estimate the aggregate demand that will be created by industrial 
decarbonisation of the clusters, in terms of jobs. However, the impact of this on the UK economy 
depends on the supply side, as captured through three key public policy intervention concepts as 
set out in the HM Treasury Green Book: 

Substitution: Where firms substitute one type of labour for another to benefit from an intervention 
but do not increase employment or output. 

Leakage: The extent to which [intervention] effects “leak out” of a target area into others. For an 
intervention designed to increase employment in a particular area, leakage could take the form of 
increased employment in neighbouring areas. 

Displacement: Otherwise known as ‘crowding out’, is the extent to which an increase in economic 
activity is offset by reductions in economic activity in the area under consideration or in areas close 
by. For example, where a supported or favoured business takes market share from an unsupported 
or unfavoured business in the same area. In other words, decarbonisation construction projects 
versus other construction projects. 

Helpfully, in one sense, BEIS considers there will be 100% displacement of construction jobs (and 
likely similarly high for engineering jobs) at the current time, though displacement is also affected 
by where we are in the economic cycle - it is higher during an economic boom, lower during a 
recession - and not just structural impediments in the economy.  

It may therefore be reasonable to assume that the estimated demand for construction and 
engineering jobs for industrial decarbonisation across the clusters may be a close proxy for the 
workforce and skills gap -and hence displacement - at the current time and going forwards if we 
think the issues are mainly structural.  

Alternatively, assumptions can be made about the extent of the gap in future years including the 
possibility of an economic downturn – e.g., 90% of current demand or less. However, displacement 
is unlikely to fall below 50%, even in a severe recession, and so 50% to 100% displacement 
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provides a useful scenario range. 
It is important to caveat that displacement is not necessarily a bad thing, particularly where 
disparate economic activity is brought together into a cluster, yielding economic agglomeration 
benefits, which are also a supply side benefit leading to higher economic output. Further, other 
things equal and under certain conditions, the displacement of jobs from rich to poor areas is 
favoured by welfare economics for reasons of equity (fairness) in a way that is also recognised by 
the HM Treasury Green Book. For these reasons it will be important to adopt the HM Treasury 
Green Book ‘place-based’ approach where we can justify it – for e.g., where there are high levels 
of deprivation locally. 
 
Filling the jobs and skills gap through a supply side labour intervention, namely through the 
provision of targeted education and training, will improve the supply of labour to the construction 
and engineering sectors and support the delivery of industrial decarbonisation projects with lower 
levels displacement and less use of foreign content and imported labour.  
 
The effect of that on the ground – the economic opportunity – is more likely to be felt in the following 
ways: 
 

• moving the existing construction and engineering work force up the value chain with the fillip 
of making it more productive. 

• utilising underemployed labour i.e. getting more of the unemployed or more of those at risk 
of being unemployed (school leavers in deprived communities) into construction and 
engineering; and 

• switching workers currently employed in low value-added sectors (e.g. retail) into higher 
value-added construction and engineering jobs. 

 

In other words, the effect on UK PLC is more likely to be felt in terms of higher GVA per job (higher 
productivity) and thus higher average wages, and less likely in terms of a growth in the number of 
jobs in the UK economy should current macroeconomic conditions pervade. 
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2. CAPEX to Decarbonise Industry  

2.1 Establishing the Scale of the UK Decarbonisation Programme 

 

To establish what skills will be needed to decarbonise the UK industry we need to understand, and 
quantify, what programmes, projects and infrastructure required to achieve this. Informed by the 
UK Industrial Decarbonisation Strategy, we separated the programme into three parts, figure 14: 

 

• The industrial clusters shared benefit and deployment infrastructure: 

o Development of new shared benefit and deployment infrastructure, primarily carbon 
capture and hydrogen supply networks to enable industrial decarbonisation. 

o Transformation of existing infrastructure, primarily power generation  

o Development of new renewable power generation meet increasing demand for 
industry and the wider economy.  

• Dispersed industrial areas outside of the industrial clusters: 

o Transformation of existing infrastructure, primarily power generation  

o Development of new renewable power generation capacity to meet increasing 
demand for industry and the wider economy 

o Development of new carbon capture and hydrogen supply solutions for dispersed 
industrial sites 

• Industrial sites in multiple sectors located within the clusters and dispersed across the UK. 

 
 
Figure 13: Components of UK Industrial Decarbonisation Strategy 
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Figure 14: Indicative timeline for the UK Industrial Decarbonisation Strategy 

Given the uncertainty with respect to these industrial decarbonisation interventions, in particular 
surrounding when they will be delivered, we will use the UK Industrial Decarbonisation Strategy, 
engagement with the industrial cluster stakeholders, industrial cluster plans and industry research 
to guide us in establishing a timeline for industrial decarbonisation to 2050. The figure above is 
adapted from the UK Decarbonisation Strategy “Overview of technology strategy for the next three 
decades” and illustrates key dimensions to delivering industrial decarbonisation over the coming 
decades.  

Within the UK Decarbonisation Strategy, an overview of the technologies to be implemented and 
the timing of this is given, between now and 2050. The strategy outlines that between now and 
2030, the implementation of ‘low regret’ actions will be critical to start deploying low carbon 
technologies at scale and building the necessary infrastructure. Large scale infrastructure projects 
have long lead times and require co-ordination across multiple parties, which is why it is important 
to commence their implementation today. The second part, from 2030 onwards, outlines the 
strategic choices for government and industry. As part of the low regret actions in the 2050’s is the 
deployment of track 1 and track 2 clusters, which enable the critical CCUS infrastructure needed 
to decarbonise concentrations of industry.  

The decisions about infrastructure networks for CCUS and low carbon hydrogen will shape the 
route to net zero, including whether low carbon hydrogen or electricity becomes the dominant low 
carbon fuel. The UK Industrial Decarbonisation Strategy models the pathway for the Industrial 
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Clusters towards Net Zero. It outlines those decisions about infrastructure networks for CCUS and 
low carbon hydrogen that will shape the route taken, including whether low carbon hydrogen or 
electricity becomes the dominant low carbon fuel.  

2.2 Summary of CAPEX to 2050 

Using the NAEI 2019 emissions data as proxy for scale and our starting point, the North West 
cluster given its maturity relative to other industrial cluster, we calculate the total capital required 
to deliver industrial decarbonisation to be c. £515bn to 2050, 

Table 6: Summary of estimated CAPEX to 2050 

Industrial Cluster 
Emissions 

MtCO2 
(NAEI 2019) 

£bn 

CAPEX 
£515bn 

to

2050

North West 2.1 31.8 

East Coast - Humber 5.4 46 

East Coast - Teesside 1.3 30 

Grangemouth 1.5 35 

South Wales 2.7 24.3 

Southampton 1.4 16.5 

Black Country 0.1 2 

Total Cluster shared & deployment infrastructure 14.5 185.6 

Dispersed shared & deployment infrastructure 22.6 286.2 

Total UK deployment infrastructure 37.1 471.8 

Total Sector Sites 43.2 

Total UK 515.0 

Figure 15: Mix of estimated CAPEX 

We know that the £515bn of CAPEX will not be utilised evenly across the delivery timeline, using 
the timelines we have outlined to inform us we have distributed the capital normally to reflect this. 
The parameters described below, which reflect the characteristics of the industrial clusters and the 
technologies deployed to decarbonise industrial sites, shape the normal distribution to illustrate the 
capital requirements over time. These parameters have been named the ‘levers’ that can be altered 
depending on predefined variables to represent the real-life characteristics / readiness of the 
clusters, this is laid out in detail below. 

£185.6bn £286.2bn £43.2bn

0 50 100 150 200 250 300 350 400 450 500

Total Cluster shared & deployment infrastructure Dispersed shared & deployment infrastructure

Industrial Sector Sites
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Table 7: CAPEX Model variables 

Lever Change / Variables Representation 

Standard 
Deviation 

Concentration of peak 

Options (δ = 1,2,4,8) 

The rate at which the cluster deploys the 
technologies and projects needed to 
decarbonise. This lever will determine 
whether much of the decarbonisation will 
happen within a small amount of time or 
whether it will be evenly distributed 
between the specified start and end dates. 

Start / End 
Date 

Beginning / end of transition / job requirements 

2025, 2030 / 2040, 2045, 2050 

Start date is determined by the readiness of 
the clusters. I.e., Track 1 cluster has 2025 
start date whilst Track 2 has 2030 start date 

Midpoint 
of Peak 

Year of max (max amplitude) (skewing of the graph). 

Options: 1/3rd , ½ , 2/3rds 

This is determined by the year of maximum 
deployment of the decarbonisation 
objectives. 

Figure 16: CAPEX required over time to 2050 

2.3 Benchmarking against Net Zero North West (NZNW) Cluster 

This study uses the Track 1 North West Cluster as a benchmark to develop CAPEX figures, due 
to the advancement of the investment strategy and details contained within it.  

NZNW breaks down total CAPEX by project category, which indicates the relative contribution 
required by each of the ‘interconnectors’ that make up the systematic approach to the cluster 
decarbonisation road map. The investment strategy identifies circa 47 projects and programmes 
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with a combined capital value of £26bn. This figure will be used to benchmark the remaining 
clusters against, based on carbon emissions. See figure 17 for detail on CAPEX and technologies. 

Figure 17: North West Cluster CAPEX by Industrial Infrastructure 

2.4 The Industrial Clusters Shared and Deployment Infrastructure 

The UK’s Pathway to Net Zero categorises shared benefit infrastructure into ‘Fuel supply’, 
‘Electricity Supply’ and ‘Networks’: 

• Electricity Supply - The additional capital investment reflects the upfront cost of building
capital-intensive low-carbon capacity such as wind farms and tidal as well as the need to at
least double the size of the electricity sector by 2050.

• Fuel supply - Covers the investment to build production and storage facilities for a low-carbon
hydrogen supply.

• Networks - Refer to the infrastructure investment (i.e. ‘pipes and wires’) required to enable
the pathways, including investment in electricity transmission and distribution networks and
development of Carbon Capture and Storage (CCS) infrastructure.

Shared benefit infrastructure can be further understood through the following categories: 

• Power Sector Decarbonisation

• Industrial CCUS

• Electrolytic Hydrogen

• BECCS

• Energy Efficiencies

• Port Infrastructure
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These categories are used to inform a ‘Shared Benefit Infrastructure’ CAPEX across the clusters, 
when benchmarked against CAPEX established in the North West. The CAPEX for shared benefit 
infrastructure for the other six clusters is calculated using the cluster plans respective 
decarbonisation projects and the scale of emissions from each cluster.  

Table 8: Industrial Cluster CAPEX Summary by Decarbonisation Infrastructure 
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North West 16.2 5.6 4 1 3 2 31.8 
East Coast - Humber 30 3 5 2 4 2 46 
East Coast - Teesside 15 3 5 1 3 2 30 
Grangemouth 16 5 6 2 4 2 35 
South Wales 15 1 3 0.5 2.8 2 24.3 

Southampton 8 0 5 0 1.5 2 16.5 
Black Country 0 0 1 0 1 0 2 

Total Cluster shared & 
deployment infrastructure 

185.6 

Figure 18: Track 1, potential Track 2 and Dispersed Sites Emissions (MtCO2) 

Figure 19: Seven Industrial Clusters and Dispersed Site Emissions (MtCO2) 
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Given the structuring of the industrial clusters around first and second tracks, North West, East 
Coast Humber, and East Coast Teesside will require investment earlier than the other clusters 
which will follow later in the delivery timeline. Furthermore, Cluster Investment will likely lead the 
investment into that outside of the clusters 

Figure 20: Industrial Cluster CAPEX £bn to 2050 

Figure 21: Reduction in CO2 Emissions to 2050 
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Shared benefit and deployment infrastructure is critical to achieving Net Zero attracting investment 
and driving innovation. The infrastructure required to decarbonise is predominantly made up of the 
following:  

 

• Green energy generation for direct use via the National Grid or private wire (Wind, solar, tidal, 
biomass, geothermal, nuclear) 

• Energy generation as feed stock for electrolytic hydrogen production 

• Hydrogen production (primarily green, blue, purple) 

• Hydrogen transportation and storage (Via new pipelines and natural underground storage 
caverns) 

• Carbon capture, utilisation, and storage  

• Retrofitting and interventions to increase production and asset efficiency 

 

Cluster projects cannot function as standalone projects and form part of a wider system. Therefore, 
the Industrial Decarbonisation of the clusters contains projects and programmes that touch all 
aspects of the system, not only industrial efficiency schemes. To this end, no project can be 
considered in isolation but must be appraised on the extent to which it is dependent upon or 
enables another part of the system to succeed. 

 

Cluster projects leading the way 
 

There are several planned and ongoing projects led by industry across the UK which are targeting 
the commercialisation of decarbonisation technologies and programmes.  

HyNet - A first of a kind wide scale project looking at producing hydrogen at scale, the conversion 
of gas networks to hydrogen for both commercial, domestic and industrial use whilst deploying at 
scale CCS infrastructure. HyNet project partners are: Progressive Energy, Cadent Gas, University 
of Chester, ENI UK, ESSAR oil, Hanson Cement, Inovyn 

The Zero Carbon Humber Partnership - Led by Equinor, Drax and National Grid Ventures, aims 
to build the world's first zero carbon industrial cluster and decarbonise the North of England. The 
Drax power station is already one of the biggest clean energy power stations in the UK, relying on 
negative emissions biomass for electricity generation. The Northern Endurance partnership will 
enable the East Coast Cluster decarbonisation programme by developing the common 
infrastructure needed to transport CO2 from emitters across the Humber and Teesside to secure 
offshore storage in the Endurance. The project aims to deploy CCS at scale, delivering negative 
emissions from Drax station by combining carbon capture with Biomass (BECCS), and 
decarbonising local industry though hydrogen and CCS.  

 

Project Acorn - Aiming to develop a CCUS supply chain in Aberdeen, which is centred at St. 
Fergus gas terminal. The project aims to utilise existing oil and gas assets in deploying carbon 
capture technologies in natural gas and hydrogen production. Project Acorn is also forming a 
partnership with the Thames Estuary as it looks to import CO2 as part of aiding other parts of the 
UK to decarbonise.  
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Table 9: Pipeline of key cluster projects (see appendix xxx for descriptions of each project) 

North West 

HyNet 
Industrial CCUS - enabled H2 & 
fossil fuel 

Stanlow & Rocksavage Power Producers Power sector decarbonisation 

Fulcrum Sustainable Aviation Fuel and Solar 
Bio- energy carbon capture and 
storage (BECCS) 

Protos CCUS Shared Infrastructure Industrial CCUS fossil fuel 

Project HySecure Industrial electrolytic H2 

East Coast - 
Humber 

VPI Immingham, Major Power Producer 916,830t. – 
DRAX Negative emissions project  

Bio- energy carbon capture and 
storage (BECCS)  

Saltend 756,000t - Saltend Chemicals Park Fuel switch to hydrogen 

Green Hydrogen for Humberside Industrial electrolytic H2 

The Humber Low Carbon Pipelines project Industrial CCUS fossil fuel 

H2H Saltend Power sector decarbonisation 

SSE Thermal - CCGT Keadby Hydrogen Power Station Industrial CCUS fossil fuel 

Project GIGASTACK Industrial electrolytic H2 

East Coast - 
Teesside 

Seal Sands, North Tees and Billingham Industrial CCUS fossil fuel 

H2 Teesside Industrial CCUS - enabled H2 

Kellas Midstream Blue Hydrogen Industrial CCUS - enabled H2 

Net Zero Teesside Power (NZT Power) CCGT & CCUS Power sector decarbonisation 

South Wales 

Tata Steel - Port Talbot Neath CCUS & hydrogen 

The Production and Distribution of Hydrogen Industrial CCUS - enabled H2 

South Wales Industrial Cluster (SWIC) Critical enabling infrastructure 

Future Ports: Port Talbot Critical enabling infrastructure 

Southampton 

Fawley Refinery – 720,000t Power sector decarbonisation 

Marchwood Power Station – 426,000t Power sector decarbonisation 

H2 Green - Shorehham Ammonia Importation Facility Industrial electrolytic H2 

Hydrogen and Port Ecosystems UK (SHAPE UK) project Critical enabling infrastructure 

Black 
Country 

Circular Economy Scope 1 energy efficiency 

Zero Carbon Hubs Scope 1 energy efficiency 

Grangemouth 

Project Acorn CCUS & hydrogen 

The ERM Dolphyn (Deepwater Offshore H2 Production) Industrial electrolytic H2 

INEOS Infrastructure Grangemouth Ltd Electricity energy efficiency 

INEOS Olefins & Polymers NEXTLOOPP project Scope 1 energy efficiency 
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Key Technologies Deployed in the Clusters 
 
Figure 22: Technologies by Industrial Cluster 
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Power Sector Decarbonisation - The above predictions have been made on a comparative basis 
to the North West Industrialisation CAPEX figures for the following reasons. Both Humberside and 
Teesside will have substantial offshore windfarm developments through the Crown Estate Round 
4 programme rollout, which can be compared to the roll out of the North West offshore windfarms 
in the Irish Sea. Humberside has approximately double the Major and Minor power producers within 
the cluster than the North West, whilst Teesside, Grangemouth and South Wales is relatively even.  

Industrial CCUS - Humberside and Teesside will share a joint CCUS programme through project 
Endurance with a joint CAPEX of £6Bn. Grangemouth, through Project Acorn, is predicted to have 
a CCUS CAPEX of £5Bn. Whereas, south Wales aim to rollout CCUS infrastructure to export CO2 
by ship at Port Talbot. Both Southampton and Black Country have no plans for CCUS 
infrastructure.  

Electrolytic Hydrogen - Humberside and Teesside aim to have a relatively similar Electrolytic 
Hydrogen rollout through projects such as Gigastack, both slightly greater than the expected rollout 
within the North West cluster. Grangemouth have extensive plans for electrolytic hydrogen through 
projects such as ERM Dolphyn (wind to hydrogen). Within the cluster plans, South Wales aims to 
setup electrolysers for ‘green gas for renewables’, whilst Southampton also aim to rollout extensive 
electrolytic hydrogen through the cluster’ Hydrogen and Port Ecosystems UK (SHAPE UK) project.  



ENABLING SKILLS FOR THE INDUSTRIAL 

DECARBONISATION SUPPLY CHAIN 

October 2022 | Page 42 

BECCS - Humberside and Teesside have large ambitions for BECCS through the Drax negative 
emissions project, whilst both Grangemouth and South Wales have similar plans. Due to no CCUS 
infrastructure in Southampton and Black Country, BECCS was not featured in the respective 
cluster plans.  

Energy Efficiencies - Based on the number of sites within each cluster, Teesside, and South 
Wales both have similar CAPEX values associated with NZNW, whilst Humberside and 
Grangemouth, both have greater energy efficiency costs. Through circular economy initiatives as 
well as efficiencies throughout the manufacturing process, the Black Country will see most CAPEX 
associated with energy efficiencies.  

Port Infrastructure - Through the Freeports Programme and CO2 / Hydrogen and Ammonia future 
export opportunities, all cluster plans envision significant port infrastructure needed to enable this. 

2.5 Dispersed Sites Shared and Deployment Infrastructure 

Dispersed sites (those outside the clusters) are highly diverse in terms of energy-intensive 
processes such as cement production, glass manufacturing and lime, and less energy-intensive 
processes such as food and drink manufacturing.  

Emissions reductions in dispersed sites will be largely driven by energy efficiency in the early 
2020s. Low temperature electrification technologies, such as heat pumps, which are already 
commercially available, could present options for early fuel switching in dispersed sites. Fuel 
switching in later decades will be influenced by access to infrastructure and wider system changes, 
such as the possibility of repurposing the gas grid for low carbon hydrogen.  

Under the Hydrogen Grid R&D programme, the government is supporting a range of research, 
development and testing projects designed to help determine the safety, feasibility, costs, and 
benefits of converting the natural gas grid to carry 100% low carbon hydrogen across the dispersed 
sites.  

The role for CCUS in dispersed sites is less certain. Although it is technically possible that CCUS 
could be applied to glass manufacturing or even a large food and drink site, this would only be 
economical if technology costs for CCUS reduced substantially and if there was an extensive 
carbon dioxide pipeline network. CCUS could be applicable for large, dispersed sites but will again 
depend on there being viable options for transporting carbon dioxide to the nearest storage site. 
Some sites are in protected areas, which could limit options. 

Due to lack of access to infrastructure, it is expected that the deeper decarbonisation potential of 
these sites will only be realised in the 2030s onwards. At this point, uptake in dispersed sites will 
need to be rapid. Dispersed sites will benefit from the technology demonstrations and associated 
lessons in the clusters, but it is still critical that sites are preparing now for the action they will need 
to take in the future.  

Power generation, both transforming existing infrastructure and developing new renewable 
provision accounts for a significant amount of CAPEX. 
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Table 10: Dispersed Shared & Deployment Infrastructure CAPEX Summary by Decarbonisation Infrastructure 
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Grid Scale Low Carbon Dispatchable Power Generation  
 

The major and minor power producers sector includes the main sources of electricity production in 
the UK. The companies holding the largest market share in the Electricity Production in the UK 
industry include EDF Energy Holdings Ltd, Drax Power Limited, SSE plc and RWE AG (NAEI, 
2019) 

 
Figure 23: UK Top Emitting Power Producers 

 
 

 

Much of this required decarbonisation is likely to be achieved via greater penetration of renewables. 
To maintain security of supply, low carbon dispatchable power is shown to be required throughout 
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the NetZero roadmap to 2050. From a broader perspective, low carbon power production is critical 
to many of the decarbonisation options across the clusters and sectors through electrification. As 
such, power producers are different to other sectors as in many cases the cost to decarbonise the 
sites within the clusters is captured within the shared infrastructure CAPEX.  

 

As seen in figure 24, most sector emissions originate from the Major and Minor power producers 
and therefore the pathway to net zero is largely dependent upon the requirements of the electricity 
sector. All the top 10 emitters within the UK are Power Producers, producing combined CO2 
emissions accounting for 20% of the overall NAEI Industrial emissions.  

 

The challenge of decarbonising power producers across dispersed vs cluster power sites stems 
from the CCUS / H2 enabling infrastructure required to decarbonise conventional CCGT producers. 

  

Industry research forecasts suggest Hydrogen Turbines and Natural Gas Turbines with Carbon 
Capture will be the most likely technologies to provide a significant portion of the required low 
carbon dispatchable power. The exact mix, capacity and generation is open to significant variation 
across future projections which have been modelled by the 2020 Future Energy Scenarios (FES). 
These forecasts predict the following:  

 

• In general, all forecasts see an increase in total electricity demand to 2050, with the 
‘Widespread Innovation’ scenario detailed by the CCC suggesting a 3 fold increase in annual 
electricity demand if including demand for electrolysis. 

• It is detailed by the National Grid in their ‘Consumer Transformation’ scenario that up to 2.8 
times more generating capacity may be required in 2050 compared to today. 

• The Consumer Transformation scenario forecast a Big Electric or Big Hydrogen scenario 
depending on the relative uptake of each. This will be dependent on the relative business 
models, price competitiveness and the development of hydrogen ecosystems  

 

This is important as it will dictate the relative demand and makeup for potential enabling ‘shared 
benefit infrastructure’. With ‘The Big Hydrogen’ scenario requiring significantly more CCUS & 
hydrogen distribution networks, in comparison to a Big Electric which would require upgrades to 
grid distribution networks and increases in Renewable Energy generation.  
 
Significant challenges must be overcome to determine to what extent the impact of ‘shared benefit 
infrastructure’ will have on the Power producing sectors, including: 
 

• Proof of technological capability at scale is required for both Hydrogen Gas Turbines and 
Natural Gas Turbines with CC 

• Suitable business models and regulatory frameworks are required to ensure investor 
confidence.  

• Suitable and sufficient infrastructure developments will be required on Hydrogen, Carbon 
Dioxide and power networks 
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With the 3-fold increase in electricity requirement forecasts, there will also be a need to significantly 
increase electricity production.  
 
Figure 24: Major and Minor Power Producers as a Share of Emissions 

 
 

This is dependent on the location and the enabling infrastructure needed to decarbonize. Within 
the clusters the power producing sites are more likely to have access to CCUS and Hydrogen 
supply infrastructure, whereas for the dispersed sites this is less likely to be the case and therefore 
different forms of decarbonization technologies are likely to be implemented. However, for the case 
of our modelling, we have used the same CAPEX figure for decarbonization. Minor and major 
power producers within the clusters are accounted for in the cluster shared benefit infrastructure. 
 

2.6 Decarbonisation of Industrial Sectors 

 

Industry is made up of many sites which fall into sectors. These sites are distributed across the UK 
and fall both within the clusters but also dispersed across the country. The clusters are 
characterised by a high concentration of sites within a defined geographical area. 

 

Beyond considering the individual clusters and the associated shared benefit infrastructure, it is 
important to consider the relative make up of each cluster on a sector basis. Each sector faces 
unique barriers and challenges on the individual pathways to achieve Net Zero. Our analysis aims 
to profile each of these sectors based on desktop research on trends and insights provided by 
industry. The analysis aims to attribute a Cost Per Ton of CO2 emissions to justify a CAPEX figure 
needed to reach net zero. It then aims to assess the barriers and enablers to provide an overview 
of each sectors unique pathway to net zero. For purposes of this study, only industrial sites emitting 
above 100t are considered. 

  

The sectors have been divided into the following 8 groups, Major and Minor Power producers are 
evaluated separately given their function and that they are akin to shared benefit infrastructure: 

 

• Chemical  

• Cement 

• Iron & Steel 

• Food, Drink and Tobacco 

• Other Mineral Industries 

• Oil & Gas 

• Paper, Printing, and Publishing 

• Other Industries

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5

Track 2 Clusters

Track 1 Clusters

Dispersed

Major and Minor Power Producers Remaining Industrial Sectors
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Figure 25: NAEI 2019 Industrial Sector Sites CO2 Emissions > 100tCO2 
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The study region for the clusters have been analysed on a local authority basis. By using a 
geospatial analysis software, the industrial sites have been mapped, with the colour 
representing the sector and the radius of the circle related to the emissions, as per the key. 
This reinforces the logic of clusters but also highlights how power producers in many cases 
fall outside the clusters. 
 
Figure 26: Industrial Sector Site Emissions MtCO2 (NAEI 2019 

 

 
Figure 27: Industrial Sector Site Emissions by Cluster MtCO2 (NAEI 2019) 

 

 
 

Business as Usual, Intermediate and Maximum Technology Scenarios 
 

Three alternative decarbonisation scenarios were created and compared against the 2019 baseline 
year for which the NAEI Emissions data. This was used to determine the range of additional 
decarbonisation possible with varying levels of investment in low-carbon technologies.  
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Table 11: Cost Per Ton of CO2 emissions abated 

Scenarios Characteristics 

Sector 
MtCO2 
(NAEI 
2019) 

MtCO2 
Abated 

Avg.  £bn 
/ MtCO2  

CAPEX 
£bn 

Business as 
Usual (BAU) 
(25%)   

Industry continues incremental 
transition to established low carbon 
technologies along current trends. 

22.0 

5.5 0.88 4.9 

Intermediate 
Pathways 
(50%) 

Industry makes concerted effort to 
accelerate decarbonisation through 
widespread adoption of established 

low-carbon technologies. 

11.0 1.57 17.3 

Maximum 
Technology 
(100%) 

Industry pursues maximum carbon 
reductions, adopting established 

low-carbon technologies and those 
with longer term financial viability, 

as well as significant process 
changes. 

22.0 1.96 43.2 

 

 

Adopting a Net Zero by 2050 Scenario approach, based off the pathways laid out by the 
International Energy Agency.   

• The energy system moves almost entirely from the existing, high-carbon fuel sources to low-
carbon alternatives with fossil fuels largely phased out.  

• Demand falls significantly to 2050 for oil and natural gas as the energy system makes the 
transition to Net Zero. Petroleum use is mainly restricted to the aviation sector, while natural 
gas use is limited to combustion with CCS for power generation and industrial processes and 
phased out of use in buildings.  

• Opportunities for high-efficiency electrification mean that demand for oil and gas falls more 
rapidly than the increase in electricity demand.  

• Low-carbon electricity becomes the dominant energy vector for the UK, with output increasing 
to more than double current levels by 2050. This rapid expansion in low-carbon electricity is 
used to transform other sectors. 

• Hydrogen. From the 2030s onwards a hydrogen economy develops from virtually zero use in 
the energy system today, to a scale that is comparable to existing electricity use by 2050.  

• Bioenergy and waste use is expected to grow modestly by 30% to 2050. Resources are 
increasingly diverted to the most carbon efficient uses, including with carbon capture and 
storage (BECCS) which uses 85% of bioenergy supplies by 2050. 

 

Each of these scenarios includes the same industrial output and grid decarbonisation parameters, 
as well as a particular low-carbon technology mix and deployment timeline. This results in varying 
investment costs and degrees of decarbonisation. 
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Table 12: Industrial Sector Sites CAPEX Summary 

Industrial Sector 
Emissions 

MtCO2 
(NAEI 2019) 

Max Tech 
£bn / MtCO2 

£bn 

Chemical  2.8 1.75 4.9 

Cement 1.8 2.5 4.5 

Iron & Steel 3.3 2.25 7.4 

Food, Drink and Tobacco 0.9 1.25 1.2 

Other Mineral Industries 1.0 2 2.0 

Oil & Gas 8.5 2 17.1 

Paper, Printing, and Publishing 0.5 1.25 0.6 

Other  3.2 1.75 5.6 

Total  22.0 1.96 43.2 

Major and Minor Power Producers (included in 
share & deployment infrastructure 

15.1     

Total UK 37.1     

 

 
Figure 28: Industrial Cluster CAPEX £bn to 2050 
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Figure 29: Reduction in CO2 Emissions to 2050 

 

 

As well as analysing the sectors based on a cumulative emissions basis, it is important to place 
further emphasis on the relative number of sites that make up the emissions. Thereby, considering 
both cumulative emissions per sector and emissions per site to derive a CAPEX figure to achieve 
Net Zero.  

 
 
Figure 30: CO2 per sector site and number of sites per sector 

 

 

Another useful way of assessing emissions by sector is to consider the relative CO2 emissions per 
£ revenue. The largest emitters (excluding Major & Minor Power Producers) are cement, chemical, 
iron and steel, and Oil and Gas sectors. The cement industry generates the most emissions per £ 
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revenue, followed by Iron and Steel and then Oil and Gas.  This portrays the relative carbon 
producing intensity of the industries and thereby the impact that CO2 reduction may have to the 
industry.  

 
Figure 31: Comparison of CO2 Emissions per £ Revenue Generation (McKinsey & Company) 
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S E C T I O N  3  

 

S U P P L Y  C H A I N :  
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3 Supply Chain: Jobs to Decarbonise Industry  

3.1 Economic impacts - GVA and Jobs demand 

 

The economic impacts of decarbonising the UK’s seven industrial clusters are estimated using an 
economic model developed by Mace for the University of Chester for research into the economic 
impact of Hynet North West. The same modelling has subsequently been used to consider the 
economic impact of realising Net Zero North West (NZNW) for selected decarbonisation pathways 
for the NZNW Cluster Plan. 

 

Economic impacts are traditionally measured by Gross Value Added (GVA) and jobs. In national 
accounting terms, GVA is almost identical to Gross Domestic Product (GDP). Whereas GVA (and 
GDP) ascribe monetary values, jobs are usually more meaningful with greater political salience. 

 

GVA and jobs are two sides of the same coin. In economic production, ‘value added’ comes from 
turning inputs into outputs using capital and labour (jobs). The ‘value added’ is the difference 
between the value of the outputs and the value of the inputs. For example, using ammonia and 
energy to produce hydrogen in a hydrogen production plant (the capital) manned by a team of 
operatives (the labour) creates a ‘value-added’ of hydrogen from ammonia. ‘Gross Value Added’ 
simply aggregates up all the ‘value added(s)’ of all the firms across the economy. 

 

The example of the hydrogen production plant, above, is a ‘direct’ economic impact.  But there are 
also indirect and induced impacts to consider. These refer to how the ‘direct’ impacts of an 
economic activity – another example being a construction firm constructing a piece of 
decarbonising infrastructure - propagate through the supply chains of that firm and beyond through 
to the broader economy: 

 

1. Direct impacts are the jobs and GVA supported directly by the economy activities of the 
firm (e.g., hydrogen production plant, construction firm) concerned 

2. Indirect impacts are the GVA, and jobs supported through the supply chain to the firm 
(e.g., H2 plant) concerned 

3. Induced impacts traditionally, are the GVA and jobs supported because of employees of 
the firm (e.g., H2 plant) and its suppliers spending their money on domestic goods and 
services, for example, in the shops 

 

Induced effects are not quantified in this analysis, because their use is discouraged in certain 
official quarters, including by HM Treasury. The UK Office for National Statistics (ONS) does not 
publish induced multipliers for use (though it is noted that the Scottish Government does).1  

 
1 It is further observed that the induced effects in the BEIS Phases 1 / 2 CCUS Cluster Sequencing Processes have a very 

different meaning to the traditional induced impacts described; for BEIS they are about induced congregations – namely 

catalysation of SuperPlaces and economic agglomeration. This is not relevant to this analysis which is looking purely at the 

economic impact associated with construction of infrastructure to decarbonise industry across the UK, rather than beyond. 
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In this analysis, the GVA and jobs demand modelling starts with CAPEX estimates for each of the 
seven industrial clusters and splits these into ‘design’, ‘construction’ and ‘manufacturing’ sector 
item CAPEX. These sectoral estimates are then entered into the economic model introduced 
earlier. This model contains, amongst other things: ONS sectoral data that enable us to convert 
the CAPEX (or, equivalently, contractor turnover) into GVA; and ONS sectoral labour productivity 
estimates to convert GVA into jobs. 

 

This first stage of modelling allows us to estimate the direct GVA and jobs demand. The model 
then applies ONS sectoral GVA and job indirect multipliers to estimate the indirect GVA and jobs 
demand impacts.  The direct plus indirect GVA and jobs demand impacts represent the totality of 
the demand impacts across the economy modelled, at the national level.  These GVA and jobs 
demand impacts are modelled across the CAPEX phase only. The assumed duration of the CAPEX 
phase across all the clusters is 15 years; illustratively 2025 to 2040. 

 

Through this approach is found that creating the infrastructure required to get the industrial clusters 
and UK industry more broadly to net zero will generate total GVA demand just shy of £300 billion, 
or £20 billion a year on average (just under 15% and 1% of the UK’s annual GDP respectively). It 
will create demand for 5.2 million ‘job years’ or, equivalently, for an average 345,000 jobs during 
the construction phase.  

 

The modelling results, by industrial cluster and industrial sector, are set out below: 

 

Table 13: GVA and jobs required to fully decarbonise industrial clusters, whole economy 

 CAPEX 
GVA 

demand 
‘Job years’ 

demand 

Jobs 
demand 

(2025-40) 

North West 31.8 18.0  320,671   21,378  

East Coast - Humber 46 26.1  463,864   30,924  

East Coast - Teesside 30 17.0  302,520   20,168  

Grangemouth 35 19.8  352,940   23,529  

South Wales 24.3 13.8  245,041   16,336  

Southampton 16.5 9.4  166,386   11,092  

Black Country 2 1.1  20,168   1,345  

Total Clusters shared & deployment 
infrastructure 

185.6 105.2  1,871,590   124,773  

Dispersed shared & deployment infrastructure 286.2 162.3  2,886,041   192,403  

Total Sectors 43.2 24.5  435,629   29,042  

Total UK 515 291.7  5,189,226   345,948  
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Table 14: GVA and jobs required to fully decarbonise industrial sectors, whole economy 

 
CAPEX 

GVA 
demand 

‘Job years’ 
demand 

Jobs 
demand 

Chemical 4.9 2.8  49,412   3,294  

Cement 4.5 2.6  45,378   3,025  

Iron & Steel 7.4 4.2  74,622   4,975  

Food, Drink and Tobacco 1.2 0.7  12,101   807  

Other Mineral Industries 2 1.1  20,168   1,345  

Oil & Gas 17.1 9.7  172,436   11,496  

Paper, Printing, and Publishing 0.6 0.3  6,050   403  

Other 5.6 3.2  56,470   3,765  

Total (Excl. Major & Minor power Producers  43.2 24.5  435,629   29,042  

 

Demand for around 193,000 of the 345,000 jobs will be in construction and civil engineering. The 

full results for this sector are: 

 
Table 15: GVA and jobs required to fully decarbonise industrial clusters, construction/civil engineering only 

 CAPEX 
GVA 

demand 
‘Job years’ 

demand 

Jobs 
demand 

(2025-40) 

North West  12.7   9.1   178,964   11,931  

East Coast - Humber  18.4   13.2   258,879   17,259  

East Coast - Teesside  12.0   8.6   168,834   11,256  

Grangemouth  14.0   10.0   196,973   13,132  

South Wales  9.7   7.0   136,756   9,117  

Southampton  6.6   4.7   92,859   6,191  

Black Country  0.8   0.6   11,256   750  

Total Clusters shared & deployment 
infrastructure 

 74.2   53.1   1,044,520   69,635  

Dispersed shared & deployment infrastructure  114.5   81.9   1,610,677   107,378  

Total Sectors  17.3   12.4   243,121   16,208  

Total UK  205.8   147.3   2,896,068   193,071  
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Table 16: GVA and jobs required to fully decarbonise industrial sectors, construction/civil engineering only 

 CAPEX 
GVA 

demand 
‘Job years’ 

demand 
Jobs 

demand 

Chemical  2.0   1.4   27,576   1,838  

Cement  1.8   1.3   25,325   1,688  

Iron & Steel  3.0   2.1   41,646   2,776  

Food, Drink & Tobacco  0.5   0.3   6,753   450  

Other Mineral Industries  0.8   0.6   11,256   750  

Oil & Gas  6.8   4.9   96,235   6,416  

Paper, Printing & Publishing  0.2   0.2   3,377   225  

Other  2.2   1.6   31,516   2,101  

Total (Excl. Major & Minor power Producers   17.3   12.4   243,121   16,208  

 

This scale of demand for construction workers and civil engineers represents a significant 
challenge for industrial decarbonisation, given the current labour market tightness in the UK 
economy generally and in construction and civil engineering especially. There are currently 
insufficient workers in the sector to meet this extra demand, which unless acted upon through 
labour supply measures to increase the supply of workers and their skills will harm the prospects 
of decarbonisation and for the UK economy.  

 

Not addressing this issue would mean that building out the decarbonisation infrastructure 
nationwide (and maintaining it) creates demand for jobs, but because of a limited pool of 
construction workers, these would simply be taken from other construction projects, either delaying 
those projects or preventing them from going ahead. This is an example of what economists mean 
by displacement, otherwise known as crowding out. In the recent BEIS Phase 1 /2 Cluster 
Sequencing Processes, applicants were requested to treat all construction jobs over the period 
2021 to 2030 as 100% displaced (i.e., all workers taken from other projects / with zero impact on 
the economy).  This illustrates the necessity of the UK Industrial Decarbonisation Workforce 
Planning Study not only to realise the UK’s net zero ambitions but also to maximise the economic 
benefit of the decarbonisation process during the next 15-20 years.  

 
Box 1: Main modelling assumptions & inputs 

 
­ Sectoral split of CAPEX of 20% FEED (Front End Engineering & Design), 40% construction including civil 

engineering, 40% manufacturing uniformly across all projects 

­ Sectoral domestic content of 90% FEED, 95% construction including civil engineering, 50% manufacturing 

­ Sectoral UK GVA per head of £54,100 FEED, £57,700 construction including civil engineering, £73,100 
manufacturing per FTE (sourced from ONS) 

­ Sectoral indirect multipliers of 1.779 FEED, 2.495 construction, 1.751 manufacturing  

­ CAPEX phase starting in 2025 and completing in 2040 inclusive (15 years), though these have not been profiled 
over the period to date 
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3.2 Jobs to Deliver UK Industrial Decarbonisation  

 

Whether shared benefit infrastructure, clustered / dispersed industrial sites, or power generation 
both new and existing; transforming industry in the UK and delivering on the ambitious industrial 
decarbonisation goals will require a significant workforce. To understand the profile and quantum 
of skilled people needed achieve NetZero industry, the £515bn CAPEX established in Section 2 is 
our departure point.   

 

Each project will, in simple terms, have a pre-construction, construction and operation phase, each 
phase will draw on different skills and competencies from the labour market. Across these three 
phases existing professionals and technical trades people along with new entrants into the job 
market, some will be able to use their existing skills and competencies where others may need 
additional training or specialist training. There will be a spectrum of additional training needed 
depending on the job with more specialist, or newly developed roles, likely to require the most 
additional training.  

 

Figure 32: Calculating jobs demand 
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Figure 33: Relationship between skills and competencies and demand and supply 

 

 

Each type of role will also require different levels of experience, from new entrants to leadership.  

 

• Professional jobs we have accounted for four cohorts: Graduates, intermediate, experienced 
/ advanced and expert, levels 1,2, 3 / 4 and 5, respectively.     

• Technical trade jobs we have accounted for three cohorts: Apprentice, Worker and 
Supervisor, levels 1,2 and 3, respectively.  

 

We recognise that this is a simplified view of work experience as some technical trades people 
may progress to professional positions and apprenticeships also cater to professional graduates 
at different points in their career.  

 
Table 17: Percentage of workforce by level 

Graduate L1 Intermediate L2 
Experienced L3 / 

Advanced L4 
Expert L4 

10% 60% 25% 5% 

        

Apprentice L1 Worker L2 Supervisor L3   

10% 80% 10%   

 

3.3 Jobs Demand and the Skills and Competencies required for decarbonisation   

 
Figure 34: Estimated jobs needed to deliver industrial decarbonisation based on estimated CAPEX 

£515bn 

CAPEX to 2050 

= 353,155 
jobs per year to deliver industrial 

decarbonisation 
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Across the three stages of preconstruction, construction, and operation a workforce of circa 350000 
will be needed to deliver the estimated £515bn of development to 2050. This is of course not an 
exact number however is indicative of the challenge ahead in delivering on the ambitious industrial 
decarbonisation goals 

 
Table 18: Number of estimated jobs required per stage 

    Professional  Technical 

Pre-construction 

Specialist Advisory 1159   

Strategic Client 3035   

Pre-construction 20021   

Construction 

Construction Professionals 61506   

Construction Trades People   241372 

Administrative Support Professionals 4551   

Cleaning & Security   1766 

Operation 
Operation Professionals 3531   

Operation Technical    9215 

Skills Development Education & Training 3500 3500 

Sub Total  97302 255853 

Total 353155 
 

 

Figure 35: Estimated proportion of professional to technical jobs needed 

 

 

Figure 36: Percentage of estimated jobs by industrial cluster 

 
 
 

 

28% 72%

Professional Technical
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3.4 The UK Labour Market Now 

 

There is currently a UK wide skills shortage. Recruitment organisation Manpower Group recently 
reported that the boom in hiring means the UK is now facing an acute talent shortage in many skill 
sets. Pre-Covid there was already a skills shortage which has now been exacerbated. Demand is 
surging in niche skills such as nuclear engineering and construction. Challenges for the 
construction sector are outlined in the introduction as being acute. The existing workforce as set 
out above could represent some opportunity, for example those currently in other sectors where 
opportunities are declining may move to the sector. Harnessing transferable skills will be important. 

 

In June 2021, the Construction Industry Training board (CITB) Construction Skills network 
estimated that the UK construction skills gap is over 200,000 workers. 

 

Skills in the North West 
 

The most recent statistics in terms of recruitment requirement for the North West are set out in the 
Construction Industry Training board (CITB) Construction Skills network report (2021). 
 
The North West had the steepest regional decline in annual output between 2019 and 2020, by 
around 16%. CITB expect to see a steady recovery in output from 2021, although this depended 
on the success in controlling Covid-19. 
 
In the North West, works across the forecast period include a £1.5bn mixed-use brownfield 
development led by U&I that will provide 1,500 homes, a 300-bed hotel and 2.3 million square feet 
of office space by 2022. The Mersey Tidal Power project is set to move into its next phases of 
planning, with the project proposed to start in 2022. This will present an upside risk to the forecast, 
given the project is expected to be multi-billion-pound territory. Proceeding with this timeline, the 
medium to long-term outlook will see a boost from this project. 
 
Furthermore, construction has started on the £207m Preston Western Distributor and associated 
link roads for completion in 2023. The full plans for the £365m Cotton Quay Scheme development 
in Salford have been submitted. The plans seek permission for the construction of buildings of 37 
and 48 storeys, respectively, housing 25,000 square feet of retail and, or commercial space, as 
well as 491 homes in the public non-housing sector. 
 
The North West was one of few regions not to experience a decline in its construction workforce 
during 2020 when the wider industry was impacted by Covid-19. The reasons for this include: • 
The Coronavirus Job Retention Scheme and the Self-Employment Income Support Scheme 
measures helped mitigate job losses that would have occurred in their absence 
 
The estimated workforce in the North West of 283,500 at the end of 2020 is set to increase to 
295,300 by the end of 2025, which exceeds its 2019 levels by 6.3%. 
 

Type of Skills Required 
 

The North West is marginally above the UK on the level of annual average recruitment requirement 
based on 2020 workforce levels, at 1.7% per year. This means the North West construction industry 
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would have to increase current recruitment by 4,700 new workers each year to deliver the expected 
work between the end periods of 2020 and 2025.The following occupations have some of the 
strongest recruitment requirement levels: 

 

• Non-construction professional, technical, IT, and other office-based staff (1,150 per year). 

• Wood trades and interior fit-out (800 per year). 

 

In terms of the employment the CITB Skills forecasts of recruitments requirements are set out 
below. These cover “business as usual” without the impact of a major high impact new construction 
initiative. The trades most relevant to decarbonisation projects are highlighted in yellow:

The key construction skills supply issues envisaged on the construction projects are: 

 

• There is already a shortage of skills to deliver current business. 

• The number of Immigrant workers may have left the UK to the pandemic and/or Brexit. 

• There are different immigrations controls in place. 

• FE colleges are not producing sufficient new workers in the North West to replace those who 
have left the industry or relocated.  

• There is significant competition for key skills amongst construction companies and their 
supply chain partners.  

 

Engagement With Companies on Skills Supply 
 

Engenda is a medium sized engineering company operating from Daresbury in the North West. It 
works for many clients across the UK in the oil, gas, and chemical industries, providing project 
management, design, manufacture and installation work to new and existing plants and factories. 

It has successfully grown and developed the business and strives to source and appoint 
engineering and technical staff in an environment which such resources are scarce. Mace have 
engaged with their recruitment personnel to discuss their experienced of securing people for their 
business. When driving for higher recruitment the organisation has utilised extra efforts such as: 

• Advertising via LinkedIn 

• Increasing their web presence.  

• Delivery talks to young people in secondary schools.  

• Utilising the Engineering Construction Industry Training Board (ECITB). 

However, a disproportionate number of new people who enter the industry are referred by family 
and friends; this style of recruitment can be impacted by personal and professional biases.  

The organisation also noted that there are significant barriers to attracting and recruiting 
underrepresented and minority groups such as women and black and ethnic minorities (BAME). 
Despite a rise in females pursing higher education STEM courses, many are opting to pursue non-
engineering related career paths following this. Engenda believe that more representation in a 
company for women and black and ethnic minorities would help to attract more such as a gender 
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balanced Executive Board, peer support, role models at all levels of the organisation. Engenda 
have also engaged secondary school students to highlight the engineering agenda, however by 
the ages of 11-14 it was found that students seem to have lost interest in pursing this career path. 
This may be attributed to conceptions and stereotypes linked not only to the industry but to gender, 
ethnicity and class that have already been formed prior to secondary school. 

Travel and work-life balance has been highlighted as a key issue when attracting and recruiting. 
There are stereotypes and perceptions identified by young people that the industry often treats 
employees poorly and heightened mental health and safety issues related to the industry. 
Consistent communications are fundamental in breaking down these barriers and altering 
perspectives. 

The organisation also utilised the Social Mobility Fund which provides opportunities for those from 
deprived backgrounds to fulfil their potential, regardless of the circumstances of their birth.  
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4. Supply of Skills & Competencies to deliver Industrial Decarbonisation 

 

4.1 The workforce now  

 

To decarbonise industry will require a significant workforce made up of a diverse mix of jobs and 
roles, some at a professional level creating strategies, designing, planning, and managing delivery, 
others more technical and trade focused responsible for physically delivering projects.  

 

Though the technologies to realise a net zero future are not yet all fully developed, and that ongoing 
research, development, and innovation are critical to success: the key technologies available now 
to deploy, including amongst others CCUS and replacing natural gas with hydrogen, draw on the 
same skills and competencies used to deliver large scale industrial infrastructure today. The 
workforce in the existing oil and gas and energy sectors will likely find themselves well placed to 
be part of the transition to a decarbonised UK. Likewise, for the construction industry, the skills 
exist to build what is needed, the challenge being the competition for professionals and workers in 
a constrained labour market.  

 

Of the approximately 32 million UK workforce c. 9 million are in occupations that may support 
industrial decarbonisation (see figure 37) however this workforce in under pressure to deliver 
existing projects across multiple sectors. There is currently c. 1 million people in Higher Education 
(HE), Further Education (FE) and apprenticeships in courses that may support industrial 
decarbonisation (see figure 38).    

 
Figure 37: Construction, industrial, manufacturing and research & development workforce 2021 NOMIS 

 

 
Figure 38: HE Students 2021/22 (HESA), FE Students 2021/22 (ONS) and Apprenticeship starters 2022 (ONS) that may relate to 

industrial decarbonisation 

 

3,845,600 552,100 3,914,700 584,500

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Construction - Men Construction - Women

Other Industrial / Manufacturing / R&D - Men Other Industrial / Manufacturing / R&D - Women

548,345 402,900 66,000

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Higher Education Further Education Apprenticeships
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To ensure that the needs of industry are met, and that the UK can fully realise the opportunity that 
industrial decarbonisation presents, the UK education system needs to develop enough workers 
with the right skills and competencies. A perfect system would see every child follow an education 
pathway that aligns their interests, abilities, and ambitions to be able to work in a fulfilling job. We 
of course know that the system is not perfect, significant challenges are faced by many, especially 
in more deprived communities. See figure 39 as a high-level illustration of available education 
pathways. England, Wales, and Northern Ireland all use A-Levels (with some minor regional 
differences), Scotland does not have A-Levels or T-Levels (only England) with Scottish Highers 
being the precursor to higher and further education.  

 
Figure 39: UK education pathways 

 

 

The skills and capabilities that people develop have a material impact on how much they can earn, 
the opportunities they can access and how they participate in the economy. The UK national 
minimum wage is determined by age, as of the 1st April 2022, the respective minimum wages are: 

https://www.gov.uk/national-minimum-wage-rates
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• £4.81 (under 18 and apprenticeships) 

• £6.83 (18–20-year-olds) 

• £9.18 (21–22-year-olds) 

• £9.50 (23+ year olds – also known as National Living Wage) 

 

By law under 18-year-olds can work up to 40 hours a week equating to maximum weekly wages of 
£192.4, over 18-year-olds can work up to 48 hours equating to a maximum weekly wage of 
£327.84, £440.64, and £456.00 respectively. Though entering the job market with A-levels, B-Tech, 
technical qualification, T-levels, or apprenticeship level 2 or 3 is likely to start at close to minimum 
wage, these basic qualifications will not only contribute to employability bit also more opportunities 
for progression. Typical jobs at this level include construction, health and beauty, administration 
support, technicians, and paramedics. 

 

Degree level or apprenticeship levels 4-7 see an increase in average weekly earnings to c. £700, 
typical roles include professional (nursing, law), education, business/marketing, logistics, 
engineering, and finance. Pay of course increases with progression from undergraduate level to 
higher qualifications (levels 7 & 8), academia/research, business execs, industry experts etc.  

 

Comparing the highest paying industries in the UK (average annual salary) which that include paid 
holiday time and other benefits with minimum wage, £23,712 per annum working 48 hours a week 
for 52 weeks, illustrates the gap in earning potential. The highest paying industries (as average 
salaries) are: 

 

1. Finance & insurance £43,821 

2. Electricity, gas, and steam £42,480 

3. Mining & quarrying £42,386 

4. ICT £42,267 

5. Professional, scientific & technical £37,484 

 

Though primary school and secondary school play an important role in setting people up for 
success, FE, HE, and apprenticeships are where requisite skills and competencies are developed 
to succeed in the jobs on offer from industry.  

 

Education in the UK is available to anyone up to the age of 19, Further education starts post GCSEs 
at age 16, depending on ability options include A-Levels, the newly introduced T-Levels, in Scotland 
the Scottish Highers, technical and vocational qualifications, and apprenticeships. From 19 years 
onward options include progressing to additional FE options, more advanced apprenticeships, and 
HE. Though the UK Government supports both students (in the form of loans) and learning 
institutions these differ between FE and HE however, after 19 years there are fees for study.  
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Figure 40: Number of Higher Education and Further Education Institutions by Region 

 

Figure 41: Geographical location of Higher Education and Further Education Institutions 
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Figure 42: Population 16- to 24-Year-Olds per HE/FE Institution 2021 (ONS) 

 

4.2 Science, Technology, Engineering & Mathematics (STEM) 

 

Demand 
 

The demand for STEM (science, technology, engineering, and mathematics; and any subject or 
discipline that falls under these) skilled employees by the UK market, and moreover by the 
decarbonisation industry, is high due to: 
 

• The UK’s shortage of international STEM skilled talent caused by Brexit, 

• The limited supply of STEM educated and trained talent through higher education, 

• The increasing demand of STEM skilled talent from several traditional and newly created 
industries, leading to an increased competition of talent attraction between them, 

• The diverse range of new specialisations (technical and non-technical) blooming out of this 
large area of science, 

• An ageing workforce of thousands of STEM skilled technicians, researchers, academics, 
and professional engineers reaching the point when they will need to be replaced in the next 
decade. 

 

There is increasing demand of the decarbonisation industry in STEM-related skills. What is 
interesting is that the decarbonisation industry is not merely looking at talent with a specialised or 
necessarily innovative skillset, but at a much broader pool of individuals with sector-relevant but 
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also, transferrable skills. The substantial growth, change and development of the ‘green economy’ 
sphere, and the UK’s ambitions to achieve net zero carbon emissions by 2050, lead to a clear 
requirement -as well as challenge- for higher education and the supply chain to hit the spot on not 
just quantity of talent, but also quality, complexity, and scale; and all this, within a relatively short 
time frame. 
 

The recent report ‘Foresighting Skills for Net Zero’ by the Net Zero Innovation Centre ‘Energy 
Systems Catapult’ (funded by the Gatsby Foundation), supports that the UK education systems, 
as well as the wider sector, are simply “underprepared for this retrofit revolution”. A key reason 
identified for that was that Higher Education and Further Education curricula focus almost entirely 
on some specific, more traditional technologies, instead of adapting to new retrofit and low carbon 
technologies.  

 
To address all the above-mentioned challenges (and many more), Higher Education and the 
supplier industry should act collaboratively and investigate building on existing best practice, 
identifying gaps and bringing together different elements of the supply chain to create joined up 
solutions that will work for customers and businesses alike. 
 

Below, we dig more into the specifics of STEM supply, and explore some potential solutions to the 
issues of:  

 

• increasing supply needs  

• attracting more and more diverse talent and  

• retaining talent during their time within HE but also professionally afterwards 

 

Supply  
 
Mainly, the supply of STEM skills equates to the number of graduates from degree-level STEM 
programmes (HE or FE) and the stock of STEM skills relates to the existing number of STEM 
degree-holders in the workforce. 
 
In the last decade alone there were numerous studies and reviews that clearly demonstrate the 
fact that there is a skills shortage in STEM occupations. In 2017, this issue was raised in the 
Government’s Industrial Strategy (BEIS (2017), ‘Building our Industrial Strategy’ Green Paper 
https://www.gov.uk/government/consultations/building-our-industrial-strategy), which quoted a CBI 
survey showing that 40% of employers reported a shortage of STEM graduates as being a key 
barrier in recruiting appropriate staff. Later research by STEM Learning also found that out of 400 
HR directors and decision makers in businesses that rely on staff with STEM skills, 7 out of 10 
reported major difficulty in recruitment, and 48% had to look abroad to find the right skills. 

 
The same research by STEM Learning also estimated that the issue of STEM skills shortage is 
costing businesses more than £1.5 billion a year in recruitment, temporary staffing, inflated 
salaries, and additional training costs. 
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STEM related degrees and education are now more than ever characterised as one of the best, 
highest paying, and “trendiest” educational paths. In fact, the Education Hub by the British 
Government Department for Education reported in February 2021 that STEM subjects are being 
chosen by more young people than ever (UCAS, 2021) and that UK graduates from STEM degrees 
are typically able to access a higher starting wage. Research shows that achieving 2 or more A 
Levels in STEM subjects adds more than 7.8% to earnings potential when compared to just gaining 
GCSE level qualifications.  

 
However, despite the popularity of STEM courses: 

 

• There is still a serious shortage of STEM graduates who decide to work on a STEM related 
occupation after their degree.  

• There is still a significant shortage of women going into STEM.  

• 89% of STEM employers report that the recruitment process is taking much longer than usual, 
forcing many companies to resort to expensive solutions, which signals back to the supply 
market that there is limited acceptance rate for new talent. 

• Over 76% of employers are being forced to inflate salaries to attract appropriately skilled 
workers, while nearly half (48%) are having to look abroad to adequately fill positions. 
 

Some key reasons found in STEM higher and further education that seem to add to the problem 
are: 

 

• Shortage of teachers and teacher professional development  

• Under-representation of specific groups  

• Lack of true socioeconomic diversity  

• Careers advice and guidance, curriculum enhancement and employer engagement 

• Curricula, qualifications, assessment, and accountability measures  

• Parity of esteem for vocational pathways to progression  

• Investment in facilities and capacity in further education (FE) and higher education (HE) 

• STEM educational outreach is not effective enough 

• Perceptions of young people, their parents/carers and other influencers, and attitudes 
towards STEM related occupations  

 

Looking at the example of engineers alone, see figure 43, only a small percentage, c. 1.3% of 
students taking GCSEs go on to professional engineering careers. Furthermore, only 53% of those 
starting an engineering degree enter the profession as engineers. There is the opportunity to 
bolster elements of the education system and in so doing develop more future engineers. 
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Figure 43: Engineering Skills Supply 

 

 

Figure 44: FE (gov.uk) and HE (HESA) students aligned with industrial decarbonisation 2021/22 

 
 
Figure 45: A comprehensive STEM educational outreach exists. The UK STEM education landscape, © Royal Academy of 
Engineering 2016 
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In the past, STEM subjects have been harder to access for children, young people, women, and 
students from disadvantaged backgrounds. Between 2010 and 2020, the number of women 
accepted into full-time STEM undergraduate courses increased by 49%. In the same 10-year span, 
the number of UK 18-year-olds from disadvantaged backgrounds accepted into full time 
undergraduate STEM courses increased by 79% (from 7,265 in 2010 to 13,040 in 2020).  

 
Then, recent forecasts have suggested that increasing the number of women working in STEM 
sectors can increase the UK’s labour value by at least £2bn.  

 
All these new results and development in the STEM field suggest that young people are benefiting 
from increased support in these subjects, as well as from the increased demand of the market, and 
the socioeconomic developments of society and education. Gender, race, class, religion, and 
status are becoming more and more scarce among the list of potential barriers to STEM education.  
 

However, there is still a long way to go. 

 

Giving women equal opportunities to pursue — and thrive in — STEM careers help narrow the 
gender pay gap, enhances women’s economic security, ensures a diverse and talented STEM 
workforce, and prevents biases in these fields and the products and services they produce. 

  

A typical STEM worker earns two-thirds more than those employed in other fields, according to 
Pew Research Centre. Some of the highest-earning STEM occupations, such as computer science 
and engineering, have the lowest percentages of women workers. 

  

Key factors perpetuating gender STEM gaps: 

  

• Gender Stereotypes: STEM fields are often viewed as masculine, and teachers and parents 
often underestimate girls’ math abilities starting as early as preschool. 

• Male-Dominated Cultures: Because fewer women study and work in STEM, these fields tend 
to perpetuate inflexible, exclusionary, male-dominated cultures that are not supportive of or 
attractive to women and minorities. 

• Fewer Role Models: girls have fewer role models to inspire their interest in these fields, seeing 
limited examples of female scientists and engineers in books, media, and popular culture. 
There are even fewer Black women role models in math and science. 

• Math Anxiety: Teachers, who are predominantly women, often have math anxiety they pass 
onto girls, and they often grade girls harder for the same work, and assume girls need to work 
harder to achieve the same level as boys. 

  

The STEM skills shortage issue is not present uniformly across the UK, as different areas often 
have very different needs. There are some places in the UK that have a very low demand for STEM 
jobs, hence the demand for such skills in these areas will reflect this. Places such as Westminster, 
Islington, the Northwest of England, and London are among the top ten local authorities in the 
country for STEM jobs. On closer inspection, the disparity between areas becomes even clearer, 
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as a gap of 47,000 STEM jobs exists even between Westminster and Islington alone. This 
showcases the importance of basing solutions to the UK's STEM skills shortage on knowledge of 
local (and national) demand, rather than broad assumptions. 

 

Focusing on areas of the country where STEM jobs are crucial to their local economy further 
demonstrates this. Localities with a regional specialism in STEM related jobs such as Cambridge 
and South Cambridgeshire should not be targeted with the same solutions as places where no 
such specialism exists. Instead, they should be targeted in a way that specifically addresses the 
needs of STEM industries in that area, as it is likely that the skills required in one place will not be 
the same as another based on the composition of STEM jobs in that location. The same philosophy 
should be applied on a national level too. 

 

Further Education (FE) Provision 
 

The UK government describes FE as including any study after secondary education that is not part 
of HE, thus not taken as part of an undergraduate or graduate degree.  

 

As an alternative to A-Levels and unique to England, England introduced the more technical 
focused T-Levels in 2020. T-Levels is a post GCSE education pathway that is intended to prepare 
students for entry into skilled employment, an apprenticeship or related technical study through 
further or higher education. The courses are available at selected colleges, schools, and other 
providers across England (see table 19). 

 
Table 19: T-level courses offered 
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East Midlands 4 3 2 2 4 3 3 0 

East of England 10 1 5 3 6 7 7 2 

London 7 4 2 4 6 3 5 1 

North East 4 3 3 2 2 3 3 1 

North West 25 12 9 9 19 16 18 5 

South East 16 7 7 4 9 10 9 3 

South West 13 7 7 7 11 11 10 2 

West Midlands 12 6 6 5 8 8 7 1 

Yorkshire and Humber 11 5 4 6 8 7 9 2 

England 102 48 45 42 73 68 71 17 
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Construction and engineering & manufacturing are available courses at some of the institutions. 
Key dimensions of T-Levels as described by HM Government include: 

 

• Alternative to A levels, apprenticeships and other 16 to 19 courses. Equivalent to 3 A levels, 
focus on vocational skills and pathway skilled employment, higher study, or apprenticeships. 

• Includes an in-depth industry placement that lasts at least 45 days. Students get valuable 
experience in the workplace; employers get early sight of the new talent in their industry. 

• 80% of the course in their learning environment, gaining the skills that employers need. The 
other 20% is a meaningful industry placement, where they put these skills into action. 

 

University Technical Colleges (UTC) were introduced in 2010 as STEM focused education 
pathway. UTC’s are unique in that they all have a university as a lead sponsor, they may further 
attract sponsorship from further education colleges, charitable organisations and the private sector. 
UTC’s accept pupils aged 14 to 19. Since launching, several UTC’s have closed, criticism of UTC’s 
is that they further fragment the age 16-19 educations provision, may divert funds from other further 
education colleges and that age 14 is too young for specialist education. UTC’s are a part of a mix 
of further education facilities: 

 

• Sixth Form College (SFC) 

• General Further Education College 
(GFEC) 

• Further Education (FE) 

• University Technical College (UTC) 

• Agriculture & Horticulture College 
(AHC) 

• Specialist Dedicated College (SDC) 

• Art, Design and Performing Arts 
College (ADPAC) 

 
Table 20: UK Further Education by Region 

 SFC 
GFEC & 

FE 
AHC ADPAC UTC Total 

North East 1 12  1 2 16 

North West 11 28 2  5 46 

Yorkshire and The Humber 8 15   7 30 

West Midlands 2 20  1 7 30 

East Midlands 1 10 2  3 16 

East of England 4 18   6 28 

Greater London 8 17 1  7 33 

South East 8 24 2  7 41 

South West 2 19 1  5 27 

England 45 163 8 2 49 267 

Scotland  26    26 

Wales 2 12    14 

Northern Ireland  6    6 

Total  47 207 8 2 49 313 
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Though A-Levels (Advanced level qualifications) are the most common post GCSE pathway in 
England, Wales, and Northern Ireland for those wanting to attend university and other FE options, 
there are alternatives; in Scotland pupils complete Scottish Highers, part of Scottish secondary 
school education, there are also the International Baccalaureate (IB) and Cambridge Pre-U which 
offer a pathway to university both in the UK and abroad.   

 

Available FE subject can be organised into 16 high level categories, of these 16 subject categories 
the most relevant to developing the skills and competencies for delivering industrial 
decarbonisation are: Engineering & manufacturing technologies and construction, planning and the 
built environment. Enrolments into these two subject areas for 2021/22 is c. 400,000 across all 
levels with achievements close to 90,000, 11.9% and 8.9% of all enrolments and achievements 
respectively.  

 
Figure 46: FE subjects taken 2021/22 gov.uk statistics 
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Figure 47: Percentage FE subjects relevant to industrial decarbonisation 2021/22 gov.uk statistics 

 
 

Higher Education (HE) Provision 
  

The Higher Education Statistics Agency (HESA) collect, assure, and disseminate data about HE in 
the UK. HESA has organised 231 subjects into 22 categories: 12 STEM and 10 non-STEM. The 
following 6 categories are most relevant with respect to developing specialist skills and 
competencies to deliver industrial decarbonisation. Other areas including business & management 
and law will also be vital to delivering industrial decarbonisation however are more generalist or 
transferable between sectors.  

 

The following subject categories are the most relevant to developing the skills and competencies 
needed for industrial decarbonisation. At more than 500,000 student numbers, these make up 17% 
of HE students see figure 49 and 50 for more details.   

• Engineering and technology 

• Computing 

• Physical Sciences 

• Architecture, building and planning 

• Mathematical sciences 

• Geography, earth, and environmental studies 

 
 
Figure 48: HE STEM students aligned with industrial decarbonisation 2021/22 (HESA) 
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Figure 49: HE STEM students aligned with industrial decarbonisation by level 2021/22 (HESA) 

 
 

See figure 50 below, showing all HE subject categories which highlights the challenges with respect 
to gender balance of engineering and technology, computing and to a lesser extent architecture, 
building and planning. 

 
Figure 50: Number of HE students by subject and gender 2021/22 (HESA) 
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As expected, the bulk of enrolled students, in these 6 subject areas, are doing undergraduate 
degrees, followed by post graduate coursework degrees and lastly research focused post graduate 
degrees, 74%, 19% and 7% percent respectively (see figure 51 below). 

 
Figure 51: HE STEM students aligned with industrial decarbonisation by level 2021/22 (HESA) 

 
 

The outcomes for STEM graduates are favourable, especially for engineering disciplines, which 
attract above average income. 

 

4.3 Apprenticeships  

 

Apprenticeships will have to play an important role in training a workforce with the requisite skills 
and competencies to deliver industrial decarbonisation in the UK. Apprenticeships allow the private 
sector, with the public sector, to contribute to developing people for industry both with financial 
support and though imparting practical knowledge; apprenticeships often work best when aligned 
with other forms of FE and HE.  

 

Apprenticeships cover a wide range of ages and skill levels from younger school leavers through 
to university graduates as well as multiple subjects. There are 11 high level subject categories of 
which Engineering and Manufacturing Technologies, and Construction, Planning and Technology 
are the most aligned to industrial decarbonisation, these apprenticeships are marginally more that 
20% of apprenticeship starts in 2022. There are regional differences in apprenticeships, see table 
22 for more detail. 

 
Figure 52: Number of apprenticeships starts 2022 (ONS) 
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Table 21: UK apprenticeship programmes and levels 

England Wales Scotland Norther Ireland 

Intermediate 
apprenticeships (Level 2) 
are equivalent to GCSE 
standard for 16+ 

Foundation 
Apprenticeship - NVQ 
level 2 with 5 good GCSE 
passes 

Foundation 
apprenticeships - can 
take foundation 
apprenticeships alongside 
Highers and National 5s, 
usually starting in 5th year 
at school (S5) 

Level 2 - entry level 
apprenticeship 

Advanced 
apprenticeships (Level 
3) considered to be 
equivalent to two A level 
passes 

Apprenticeship - NVQ 
level 3 with 2 A-level 
passes 

Modern apprenticeships: 
There are four different 
levels of modern 
apprenticeship 
modern apprenticeships 
at SCQF 5 (SVQ 2) 
modern apprenticeships 
at SCQF 6/7 (SVQ 3) 
technical apprenticeships 
at SCQF 8/9 
professional 
apprenticeships at SCQF 
10 (SVQ 5) 

Level 3 - progression from 
Level 2 or can be 
accessed directly 
depending on existing 
experience / qualifications 

Higher apprenticeships go 
from level 4 to 7 and are 
equivalent to a foundation 
degree and above.  

Higher Apprenticeship - 
NVQ level 4 or above wit 
HNC, HND or foundation 
degree and above 

Higher level 
apprenticeships - 
qualifications from Level 4 
to Level 7 (Masters 
degree). The majority are 
at Level 5 (Foundation 
degree or equivalent). 
 
The length of a Higher 
Level Apprenticeship will 
vary depending on the 
programme you chose, 
but will be a minimum of 
two years. 

Degree apprenticeships 
are available at levels 6 
and 7 and are equivalent 
to a full bachelor’s and 
Master’s. 

Degree Apprenticeship -  
NVQ level 6 combines 
work with part-time study 
at a university or college 
to gain a full bachelor's 
degree 

Graduate level 
apprenticeships - a 
degree or related Level 8 
qualification through work, 
whilst in paid 
employment.  

 
Figure 53: Number of apprenticeships starts 2022 (ONS) 
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Figure 54: Apprenticeship levels in Engineering & Manufacturing Technology and Construction, Planning and the Built 
Environment 2022 (ONS) 
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4.5 Attracting, retaining, and directing talent 

 

First, to address the engineering skills challenge, we need to change public perception as to what 
engineering, STEM occupation and STEM careers really mean. STEM related occupations are: 

 

• Creative problem solving 

• Saving lives 

• Securing the future 

• Supporting communities 

• Accessible to all genders, socioeconomic backgrounds, and different types of learners 

 

However, changing perceptions is not enough. 

 
Demand for STEM skills is quite difficult to define and quantify as employers would often seek 
generic skills associated with STEM qualifications (IT skills, logical thinking, numerical skills, 
accountability etc) or more specific competencies, such as data analysis or construction 
engineering. To make things more complicated, looking for this skillset does not necessarily mean 
that employers will look only to HE (or even FE) educated individuals. Then, STEM occupations 
cannot be simply defined by sector, as many people working in STEM sectors will not be in STEM 
occupations, and vice versa (e.g. a Business Development Manager in an engineering firm is not 
a STEM occupation, whereas an IT specialist in an advertising company is). 
 

Looking at the demand of the industry, it looks like more than 250,000 FTE workers will be needed 
by 2028 in the construction industry alone to reduce energy demand (data by Climate Change 
Committee, 2021). That represents an increase of around 13% on the current size of the workforce 
within this sector. Evidently, this has the potential to give thousands of people a valuable new 
career opportunity, but at the same time it represents a proper challenge for the supplier (e.g. UK 
education system) to ensure they attract not only as much talent as possible, but also the best 
talent possible. Most importantly, the focus should be on bringing in more women, people with 
disabilities, workers from BAME communities, and more underrepresented groups.  
 

To do that and to create new pathways into STEM education, and eventually into decarbonisation, 
we must: 

 

• Ensure the provision of lifelong learning and necessary training in new developments and 
technologies, so that the currently available talent is fully utilised, with its potential being 
maximised, 

• Not just train, but “train to train”, “coach to coach”, “teach to teach”, 

• Identify the key skills needs of the industry and where the most significant gaps will be over 
the forthcoming years, 
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• Design new qualifications, training courses and CPD in a way that they can fill these gaps 
and deliver efficiently a supply of appropriate talent resource, 

• As the training sector is mostly demand-led, not just focus on the short-term requirements, 
but investigate the need for a rapid increase of low-carbon skills in the long term and 
mobilise the supply sector immediately to start developing high quality training as soon as 
possible, 

• Look into the opportunity to work alongside other sectors and collaborate in a way that the 
supply chain will receive a clear signal of need for future pipelines of highly skilled STEM 
workers who will be utilised by all sectors, 

• Provide opportunities of guidance and support apart from just training, 

• Ensure that the regulatory, investment and market approaches adopted by governments 
create a pipeline 

• Not be innovative for the sake of innovation, but truly embrace the need for forward thinking 
whilst holding on to the past’s best-practice and lessons learnt, 

• Tap into talent at a Further Education (FE) level, which has often been underutilised, and 
ensure collaboration between HE and FE to design appropriate courses that will facilitate 
the development of a high-level STEM skillset and the absorption by the labour market. 

  

It is evident that urgent action is needed to ensure the education (HE or FE) and training 
infrastructure is responsive to emerging skills requirements and to the future training needs of 
employers. Attraction is as key as retention of talent. 

 
A recent report by Gatsby answers the question “what does practical science look like when it’s 
good?”. This, along with the aforementioned points, is a great reference point to look into how we 
make practical science and STEM more attractive to talent. Best practice is not just about rules 
and strict boundaries; it is also about ensuring that the next generation of STEM professionals will 
be able to receive a sector that operates at its best behaviour, and therefore feel ethically and 
practically inclined to work there. 

 

4.6 Primary and Secondary Education 

 

Primary school is the first opportunity to introduce children to the causes and impacts of climate 
change along with some of the solutions and secondary school is where pupils start to make 
choices that will shape their future.  

 

To better understand how to fill the skills gaps that have been identified we wanted to hear from 
school pupils to see where their ambitions are and what they understand about their post-16 
education options. Figure 55 shows the method used to develop a survey for 11-13-year-olds. 
Although the sample was small, it gave a good insight into emerging themes surrounding gender 
and deprivation. The results leave room for further research into the ambitions of young people in 
relation to future careers in industrial decarbonisation roles.  
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Figure 55: Survey Methodology 

 

Design questions around 
school pupil ambitions in 
relation to post-16 
education 

Aimed survey at 11- to 13-
year-olds to understand 
attitudes before choosing 
GCSE options.  
Targeted schools in 
different areas of 
deprivation: high, medium 
and low. 

A short timeframe meant 
that responses were low 
but gave enough to 
identify initial themes 
Gender and deprivation 
showed different themes 
with respect to ambition 

We triangulated our 
results with the 
Engineering UK, 
Engineering Brand 
Monitoring Report 2021. 
Our results supported 
findings in the brand 
monitoring report 

 
 
Table 22: Key questions from the survey 

Survey Questions 

1 What do you feel is the best way to get a good job when you finish school? 

2 Which opportunities listed about do you believe you will be able to do? [tick all that apply] 

3 Which opportunities listed above do you believe will offer you (a) the most exciting career and (b) 
the best pay? [tick one] 

4 Have you had any careers advice from: teachers, parents/guardians, other family or specialist 
career advisers? [tick those that apply] 

5 Which of the opportunities listed above have you been most-strongly advised to follow? [tick one] 

6 Do you know what climate change is? 

7 Whether it is in construction or something else, would you like a career that involves tackling 
climate change? 

 

Encouragingly over 75% of the respondents believed they knew what climate change was, and 
almost 75% of respondents answered ‘yes’ or ‘maybe’ to wanting a career that helps to tackle 
climate change, demonstrating young people have an interest in the climate crisis. This highlights 
the question of whether young people and their teachers and guardians understand all the options 
that are available to them, and the opportunities that afford those options. When asked Q3 (figure 
xxx), pupils responded as expected with ‘University’ being the most popular way that they perceive 
to get a good job, however when asked what they believed they could do in relation to the options 
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shown, male and female students all largely believed they could do any of the options. When that 
data is broken down into deprivation area however, we see some differences between gender. 

 
Figure 56: What pupils believe they can access, by gender 

 
 
Figure 57: High deprivation area pupil ambitions 

 
 
Figure 58: Medium deprivation area pupil ambition 
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In figure 58 it’s evident that females in high deprivation areas believe that apprenticeships are not 
for them, but technical college is more accessible for them, which is opposite for females in medium 
deprivation areas. What is clear is that most pupils of any gender mostly believe that University is 
the most accessible for them. Male pupils in high deprivation areas believe university and getting 
a job straight from school are for them, which demonstrates a need to understand whether pupils 
are getting informed post-16 advice. The Engineering Brand Monitoring Report 2021 found 63% of 
males vs 39% females were interested in a career in engineering, and that younger children are 
more interested than aged 16+ pupils. This research could be further investigated to identify where 
that bottleneck occurs with females and with young people more generally turning away from 
engineering. When thinking about that perceived bottleneck we looked at what opportunity young 
people were most strongly advised to follow by parents and teachers and compared that data to 
findings in the Engineering Brand Monitoring Report of young people’s understanding of 
apprenticeships and T-levels. Figure 59 shows how the young people in our study are influenced 
and figure 60 is data taken from the Engineering UK Report.  

 
Figure 59: Pupils most strongly advised to follow 

 

 
 
 
Figure 60: Young people’s knowledge about apprenticeships. Data taken from Engineering UK, Engineering Brand Monitoring 
Report 2021 
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With pupils being most strongly advised to go to university, it is unsurprising that the Brand 
Monitoring data (figure 61) shows that over 50% of young people either have no or little knowledge 
of apprenticeships, and only 34% have heard of T-levels. From the data, there is an evident lack 
of knowledge of post-16 opportunities in young people with most thinking university offers the most 
rewarding career opportunities. To encourage more young people into climate roles to tackle the 
decarbonisation challenge they must be aware of the benefits of all opportunities, and there is 
clearly work to be done to with knowledge of apprenticeships, technical college and T-levels in the 
general public, and with parents and teachers, to ensure that young people are fully informed.  

 
It is promising that most young people would like a career in a climate tackling role, but many may 
not know what that could look like. Industry needs to work with schools to inform young people of 
the job roles they offer and how they can tackle the climate emergency. The government needs to 
enable and support these industry-education relationships if nationwide decarbonisation is to 
happen to reach net zero by 2050.  
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5. Preparing for UK Industrial Decarbonisation  

5.1 Skills Delivery Plan 

 

A substantial workforce is required to deliver industrial decarbonisation at the scale and timeline 
proposed by the UK Government. There are numerous options as to how to achieve effective 
workforce capability and capacity. As employers and industries begin to recognise their age-
diverse workforces, they must seek to understand how older employees can be reskilled to fulfil 
roles as well as appropriately skilling younger generations. The commonality between the two is 
the need for effective education and skills training, be it through practical experience, further 
education, or a hybrid approach.  

 

The skills delivery plan will require, at its centre, an ESIDS National Delivery Board. This 
governance structure is the conduit for the UK Government and their respective industrial 
decarbonisation strategy, industry, the supply chain, research and innovation programmes and 
educational institutions down to the regional governance structures. It is vital that strategy, policy, 
legislation, the public sector and the private align to support necessary reforms to skills 
development at both a national and regional level.  

 
Figure 61: ESIDS Illustrative structure 
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5.2 Preparing the Supply Chain 

 

The procurement approach utilised to decarbonise will be fundamental in the method of preparing 
and engaging with the supply chain to deliver the programme of decarbonisation projects across 
the UK. 

 

The diagram below represents an illustrative regional supply chain strategy that may be adopted. 

 
Figure 62: ESIDS Illustrative Supply Chain Diagram 

 

 
 

Tier 1 Management or Principal Contractors 
 

These contractors will have the primary contract with the client.  The role of these companies will 
be to project manage the decarbonisation project and procure, appoint, and manage a delivery 
supply chain.  They may also have a limited delivery role in terms of a direct trade workforce, 
depending on the core skills of the company. Core skills required by the Management or Principal 
Contractors on the overall scheme will include: 

• Project Management 

• Site Supervision 

• Health and Safety Management  

• Site Security 

• Procurement of consultancy, Tier 2 
construction, and materials 

• Consultancy and Tier 2 construction 
Supply Chain Management 

• Quantity Surveying/Cost management 

• Plant and Equipment ordering and 
maintenance  

• Social Value 

• Contract Administration, finance etc. 
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Tier 2 and Tier 3 Delivery Supply Chain 
 

These contractors will have a contractual relationship with either the Management or Principal 
Contractor or the Tier 1 contractor. Core skills required by will include:

• Project Management of their core 
delivery element 

• Site Supervision of their core delivery 
element 

• A construction workforce for their core 
delivery element 

• Health and Safety Management of their 
core delivery element 

• Procurement of Tier 3 construction 
supply chain and materials 

• Supply Chain Management of Tier 3 
contractors  

• Cost management of their core delivery 
element 

• Plant and Equipment ordering and 
maintenance  

• Social Value of their core delivery 
element 

• Contract Administration, finance etc. of 
their core delivery element 

 

Materials Manufacture and Supply 
 

It is envisaged that local and regional manufacturers will be used on the decarbonisation projects 
wherever possible. They will work with the Delivery Board to consider the range of decarbonisation 
components or materials to be used on the projects and review information on the forecast pipeline 
of work to enable them to plan for the work and acquire or develop the appropriate manufacturing 
workforce. Core skills required by the manufacturers will include:  

 

• A manufacturing workforce for their 
core delivery element 

• Project Management of their core 
delivery element 

• Health and Safety Management of their 
core delivery element 

• Procurement of component supply 
chain and materials 

• Materials ordering 

• Cost management of their core delivery 
element 

• Plant and Equipment ordering and 
maintenance  

• Administration, finance etc. of their core 
delivery element 

 

We would advise that the Supply Chain strategy is determined as soon as possible. This will enable 
effective engagement with the potential regional Tier 1, Tier 2 and Tier 3 supply chain companies 
to be undertaken at the earliest possible stage. 

 

If the Supply Chain strategy involves the appointment of a Tier 1 Management contractor(s) would 
advise that procurement activity for this role is undertaken as quickly as possible. This is because, 
once the Tier 1 Management contractor(s) is appointed Meet the Buyer events can be held which 
would assist the Tier 2 and 3 supply chains to understand: 
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• The scale of the pipeline and likely timescales  

• The procurement approach to be used by Tier 1 Management contractor(s) 

• Likely labour and materials resource requirements and when they will be required. This will 
enable them to prepare for capacity building. 

• How they can prepare to engage with others (e.g. educational and training establishment) to 
acquire the additional labour resources including appointing apprentices) 

 

5.3 Interventions to Schooling, Apprenticeships, Further Education and Higher 
Education  

 

Three components to education in the UK that cut across each stage of the skills development 
system: funding (individuals and institutions), provision (available places and courses), and the 
location of educational facilities. Viewing the education through this lens is helpful in identifying and 
organising necessary changes for each stage.   

 

• Who is paying and how much does it cost? 

• What is provided for and for how many? 

• Where is it provided?  

 
Figure 63: Funding, provision, and location across stages of education 

 
 

Funding  
 

The government fully funds pupils through primary, secondary school and FE up to 19 years. For 
students over the age of 19 years irrespective of the chosen pathway funding is a combination of 
fees paid by students and government funding some institutions. With respect to the funding of 
education institutions and programmes, recommended changes are as follows: 
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Further 
Education 16-
19 

Fully funded by the government thus opportunity to review whether funding is 
equitable and is allocated to best prepare pupils for the next stage of their 
education 

Further 
Education 19+ 

Government Funding:  

FE is the key education pathway for the technical workforce needed to deliver the 
UK Industrial Decarbonisation Strategy. Given the significant workforce gap an 
increase of the number of FE students in Engineering and Manufacturing 
Technologies and Construction, Planning and the Built Environment is required. 
This increase in students will need to happen both within existing further 
education institutions thus increasing student funding (calculated per student) and 
capital to develop new specialist facilities that are strategically located. 

 Student Loans and fees:  

Access to student loans for FE is currently far more complicated and more 
expensive than for HE. The governments Lifetime Skills Guarantee is intended to 
address the issues with funding FE studies however discrepancies between how 
HE and FE persist and parity between access to student loans for HE and FE 
should be sought. 

Higher 
Education 

Current funding models serve HE well however to encourage further research in 
subjects that support industrial decarbonisation and drive innovation additional 
research any increases in research funding would be beneficial 

Apprenticeship A review of the Apprenticeship Levy and the behavior it drives needs to be 
concluded. The funding from the apprenticeship levy is not serving its purpose 
and not creating sufficient new opportunities with funds being deployed more for 
internal training opportunities.  

Funding solutions need to be found to bridge the gap between classroom based 
learning and appropriate on site practical and technical skills especially in higher 
risk areas often encountered in the industrial sector.  

 

Provision  
 

The provision relates to the courses and programmes on offer, the number of students and pupils 
institutions, facilities and business can accommodate and whether there are sufficient of the 
appropriate institutions and facilities available to students and pupils.  

 
 

Primary & 
Secondary 
School 

Primary school:  

Concepts relating to climate change and the environment need to be embedded 
into the curriculum so that children are aware of the issues from an early age. 

Though social attitudes to gender are difficult to shift in the broader community 
the school environment can to an extent control the narrative around gender and 
the stereotypes related acceptable activities / occupations. 
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 Secondary school: 

The curriculum must include climate change, the environment, biodiversity, and 
net zero across etc. giving all students not only those taking STEM at least a 
basic understanding of the challenge.  

For those pursuing STEM subjects, it is important that an understanding of the 
HE/FE opportunities and potential careers is clear as this is a critical time with 
respect to choosing future pathways. 

Counselling pupils to align their ambitions, interests, and abilities to the best 
educational pathway. More needs to be done to better promote the opportunities 
in following a more technical career path and that it has as much esteem as HE  

Further 
Education 16-
19 

Engineering and Manufacturing Technologies and Construction, Planning and the 
Built Environment are available to students, the curriculum should reflect the 
challenges associated with climate change and the opportunities to follow a 
career in industrial decarbonisation. 

Further 
Education 19+ 

FE is the primary education path for much needed trade and technical skills. 
Given that there is an acute shortage of skills to meet current demand in 
construction and to deliver industrial infrastructure an increase in number of 
students studying subjects aligned to industrial decarbonisation, in particular 
Engineering and Manufacturing Technologies and Construction, Planning and the 
Built Environment is required. Thus, the capacity to teach these subjects needs to 
be increased both through increasing available places at existing institutions and 
developing new ones. 

Though the skills and competencies being taught for the most part meet the 
needs of industry, especially given that much of the same skills and competencies 
are used to deliver large scale industrial infrastructure today, it is important that 
FE curriculums reflect the current industry best practices and technologies.  

There is a gap between classroom based learning and practical technical on-site 
learning remains a challenge especially though not limited to more specialised 
skills that may include safety implications. Apprenticeships play a role however 
more specialised facilities like the Catch £12 million training facility in North East 
Lincolnshire, that offers industry authentic training and assessment without the 
risks associated with processing hazardous materials, should be developed.  

Inclusion and diversity within the industry remains a challenge, the learning 
environment and culture needs to accommodate a wider range of people from 
different backgrounds and genders.  

Higher 
Education 

Though there are still challenges with the number of HE graduates, for industrial 
decarbonisation, industry has proven to be able to reasonably adapt to these 
challenges. Thus, the quantum of graduates is adequate, and any additional 
growth should be within existing universities 

As with FE, given that much of the same skills and competencies are used to 
deliver large scale industrial infrastructure today, the courses being taught at 
university meet the needs of industry and will evolve organically as technology 
changes. 



ENABLING SKILLS FOR THE INDUSTRIAL 

DECARBONISATION SUPPLY CHAIN 
 

 
 

 

October 2022 | Page 94 

There should be a focus on improving diversity and inclusion, especially attracting 
women to the sector, and ensuring that students from more deprived areas are 
able to access opportunities and thrive. 

HE will give graduates a foundation on which to build throughout their career, as 
such the CPD courses will play a role in developing skills and competencies as 
technology develops for industrial decarbonisation. 

Apprenticeship Apprenticeships are a relatively small part of the mix of post schooling skills and 
competency development (HE, FE, and apprenticeships) and because of the 
apprenticeship levy has shifted to higher levels and older participants. 
Apprenticeships will need to play an important role in developing much technical 
and practical skills and competencies for industrial decarbonisation. Engagement 
with the private sector to increase the number of available apprenticeships at 
more entry levels and to bridge the gap between classroom learning and on site.  

 

Location 
 

The location of educational institutions and facilities and the industries where apprenticeships are 
offered influences who can access such resources. To this end how these resources are distributed 
will not only shape how the industrial decarbonisation programme unfolds but also the inclusion 
and diversity of those who benefit from the opportunities that the programme will unlock.  

 

Further 
Education 16-
19 

Students aged 16-19 are not mobile thus it is important to ensure that suitable 
post GCSE options are accessible to all communities especially in more deprived 
areas. 

Further 
Education 19+ 

FE students are less mobile and current student loans are less suited to funding 
living costs than HE. Given the challenge of increasing the number of technical 
graduates needed to support the delivery of the industrial decarbonisation the 
number and location of facilities is critical. There is an opportunity to align new 
leaning facilities strategically close to industry and the centres of industrial 
decarbonisation.  

New facilities could further serve to uplift more deprived areas and provide 
opportunities for people to develop skills and competencies that prepare them for 
exciting and fulfilling jobs in the sector. 

Ideally these facilities should be developed with industry so as to ensure the best 
alignment and facilitate apprenticeship programmes 

Higher 
Education 

HE students are more mobile than those following an FE path, both when 
studying and when working after completing their studies. Thus, the number and 
location of UK universities meets the needs of students. Furthermore, student 
finance allows for student to fund living costs. There is an advantage for 
universities to align with the industry and the clusters and develop relationships 
that leverage their respective knowledge and expertise. This will not only better 
prepare graduates for job but also foster research, development, and innovation. 



ENABLING SKILLS FOR THE INDUSTRIAL 

DECARBONISATION SUPPLY CHAIN 
 

 
 

 

October 2022 | Page 95 

Apprenticeship As with FE, those participating in apprenticeships are less mobile than those at 
university. As such apprenticeships need to be sensitive to location of course this 
is somewhat limited by the companies’ offering apprenticeships.  

Close collaboration with industry in key locations, especially those in the industrial 
clusters, to unlock apprenticeship opportunities that align with the needs of 
communities and the system of HE and FE both new and existing.  

 

Multidimensional educational equity is imperative to skills development; this equity should focus on 
fairness and inclusion, to ensure that personal or social circumstances do not dictate a student in 
reaching their educational potential. We must prohibit discrimination based on ethnicity, gender, 
age, and socioeconomic status. Inclusion should ensure that there is a minimum standard of 
education for all and that if students need more support, they should receive this.  

 

This is necessary for both social and economic mobility, to bridge achievement gaps between 
groups in society. However, standing in the way of equity are numerous barriers of differing severity 
and scope. The main barriers and constraints relate to transport, poverty, finance and lack of 
knowledge and awareness of the options available following secondary school. Some of these 
barriers are acute in relation to subgroups i.e., teenage parents, those with special educational 
needs, mental health concerns, food insecurity, deprivation, and poverty. It should be noted that 
numerous barriers can be directly connected; ethnic minorities living in non-English speaking 
families are likely to be below the poverty line in comparison to their white peers. Similarity for 
those living in poverty or coming from socially deprived households, are more likely to experience 
food insecurity and often mental health concerns.  

 

The Organisation for Economic Cooperation and Development (OECD) note that there is a 
socioeconomic resilience amongst many disadvantaged students. This group of students often 
perform well and excel throughout education to break down barriers and tend to continue into 
higher education and skilled employment. However, without policies and practices that support 
disadvantaged students the socioeconomic gaps cannot be narrowed, and social mobility cannot 
be enhanced.  

 

Looking at the demand of the industry, it looks like more than 250,000 FTE workers will be needed 
by 2028 in the construction industry alone to reduce energy demand (data by Climate Change 
Committee, 2021). That represents an increase of around 13% on the current size of the workforce 
within this sector. Evidently, this has the potential to give thousands of people a valuable new 
career opportunity, but at the same time it represents a proper challenge for the supplier 
(Educational System) to ensure they attract not only as much talent as possible, but also the best 
talent possible. Most importantly, the focus should be on bringing in more women, people with 
disabilities, workers from BAME communities, and more underrepresented groups.  
 

Within some political discourse there is the narrative that; firstly, there are too many university 
graduates, and secondly that there are too many graduates in fields with lower paying jobs. For the 
latter being the implication that Humanities, Arts and Literature hold less value than Science, 
Technology, Engineering and Mathematics. To achieve net zero more people in STEM related 
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careers is needed however this should certainly not be at the expense of the creative sectors of 
the economy. With respect to the balance between university graduates and those progressing 
though the FE system; the UK can just about manage with the number of STEM professional 
graduates however significantly more technical graduates are required. There is also = a belief that 
resources be directed to elevate exceptional students, especially as means to uplift those from 
more deprived areas. Those that are exceptional should absolutely be given the opportunities to 
meet their potential irrespective of their background, however it is also important to recognise that 
it is not only a handful of talented individuals that will enable the delivery of industrial 
decarbonisation. The UK needs a workforce that is diverse, competent, motivated, and paid fairly. 

 

It is evident that urgent action is needed to ensure the education (HE or FE) and training 
infrastructure is responsive to emerging skills requirements and to the future training needs of 
employers. Attraction is as key as retention of talent. 
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6. Appendices 

6.1 Key Technologies Employed to Deliver Industrial Decarbonisation 

 

CCUS / CCS 
Carbon capture and storage (CCS) is a 
climate change mitigation technology where 
CO2 is captured from power plants and other 
industrial processes instead of being emitted 
to the atmosphere. The captured CO2 is then 
stored in the subsurface with the goal of 
keeping it out of the atmosphere indefinitely.  
 
Heat Exchange / Heat Pumps  
A heat exchanger is a system used to transfer 
heat between two or more fluids. Heat 
exchangers are used in both cooling and 
heating processes. The fluids may be 
separated by a solid wall to prevent mixing, or 
they may be in direct contact. Heat pump (HP) 
technology utilises energy from a source and 
transfers it to a sink. The source could be air 
or a large body of water, and the sink would 
be a heating process or space heating 
system. This is achieved by the transfer of 
energy through an intermediate system using 
a compression and expansion cycle. This is 
the same process as a domestic freezer only 
for heating applications, a HP would operate 
in reverse, providing heat rather than cooling. 
This cycle requires the input of electrical 
energy, with the ratio of temperature input to 
output being measured as a Coefficient of 
Performance (COP). 
 
Hydrogen Fuel Switching 
Once produced, hydrogen can be used in a 
similar way as natural gas. Hydrogen is one of 
the most abundant elements throughout the 
universe and is one of the most common on 
Earth due to being part of the bond with 
oxygen present as water. One of the 
significant benefits from utilising hydrogen is 
that it produces no carbon emissions during 
the process of combustion due to no 
hydrocarbons being present in the fuel. It can 
be delivered to fuel cells to generate electricity 
and heat, it can be used in a combined cycle 

gas turbine to produce larger quantities of 
centrally produced electricity or burned to run 
a combustion engine. Manufacturers of 
equipment such as boilers and gas fired CHP 
systems have published figures around 25-
30% blend of hydrogen with no change to 
existing equipment. This would include boiler 
burners or gas engine ignition systems, 
beyond this proportion, new technologies will 
have to be developed and implemented to run 
off pure hydrogen.   
 
Bioenergy With Carbon Capture and 
Storage (BECCS) 
Bioenergy with carbon capture and storage 
(BECCS) is the process of capturing and 
permanently storing carbon dioxide from 
biomass / organic matter (organic matter) to 
produce energy. Sustainably sourced 
bioenergy can be carbon neutral, as plants 
absorb CO2 from the atmosphere as they 
grow. This, in turn, offsets CO2 emissions 
released when the biomass is combusted as 
fuel. When sustainable bioenergy is paired 
with carbon capture and storage it becomes a 
source of negative emissions, as CO2 is 
permanently removed from the carbon cycle. 
 
Circular Economy 
The circular economy is a model of production 
and consumption, which involves sharing, 
leasing, reusing, repairing, refurbishing, and 
recycling existing materials and products as 
long as possible. In this way, the life cycle of 
products is extended. In practice, it implies 
reducing waste to a minimum. 
 
Transport of CO2 by Ship 
CO2 can be transported by ship as a 
pressurized cryogenic liquid using 
conventional technology, as used for LPG. 
The cost of transport would be £12/ton of CO2 
for 200 km, rising to £50/t for 12,000 km, 
based on 50,000-ton ships travelling at 15 
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knots and CO2 supplied to the liquefaction 
plant at 10 MPa. 
 
Zero Carbon Electrification  
Electrification is the process of moving from 
fossil fuel-based energy sources such as 
natural gas and replacing that with low-carbon 
sources of electricity, such as electricity 
generated via a wind turbine. One example of 
a market where electrification is prevalent is in 
transportation. There are already various low 
temperature electrification technologies which 
are commercially ready and research by 
McKinsey has shown that it is it is technically 
possible to electrify up to half of present 
industrial fuel consumption globally. 
Electrification will become more viable for 
industry as technologies emerge and 
renewable energy prices drop.  
 
Smart Technologies / Metering / Targeting 
systems  
Smart technologies, such as storage and 
demand-side response, can also provide 
flexibility to the electricity system, helping 
industrial consumers use energy when it is 
cheapest and cleanest. The implementation 
involves a systematic approach that is 
specifically designed to measure energy 
consumption, record, and distribute metered 
energy data, and analyse and report on 
energy consumption. This enables 
organisations to identify ways to reduce 
energy costs, identify wastage, and to be 
made aware of instances of exceptionally high 
energy consumption, and therefore 
implement robust and long-term energy 
management practices. 

Scope 1 Energy Efficiency 
Scope 1 covers emissions from sources that 
an organisation owns or controls directly such 
as from burning fuel in our fleet of vehicles. 
Scope 1 energy efficiency, therefore, is the 
implementation of technologies and process 
efficacies to reduce the CO2 emissions 
released from burning the fuel that they 
consume.  

 
District Heating Networks 
Currently, district heating meets 2% of the 
heating demand of buildings in the UK and the 
UK government aims to reach 18% by 2050. 
This ambitious target can only be achieved by 
unlocking access to waste heat opportunities 
from industrial process, data centres and 
geothermal heat. Majority of waste heat from 
industry is available between 100°C - 200°C 
excluding metallic, mineral, and chemical 
sectors. 
 
Zero Carbon Electrification Fuel Switching  
Fuel switching involves replacing a fossil fuel 
with a low carbon alternative. Electrification is 
one of the main drives towards NetZero 2050. 
Electrification is the process of moving from 
fossil fuel-based energy sources such as 
natural gas and replacing that with low-carbon 
sources of electricity, such as electricity 
generated via a wind turbine. 
 
Power Sector Decarbonisation 
The main source of dispatchable power 
generation today is natural gas-fired 
combined cycle gas turbine (CCGT) plant, 
however there are several potential 
technologies available for decarbonised grid-
scale power generation in the future. Some of 
these are inherently carbon-free, or ‘green’ 
(such as use of hydrogen generated from 
renewable electricity) whilst others are 
decarbonised (such as plants employing post-
combustion carbon capture). These new 
technologies are currently at varying 
readiness to be deployed.  
 
Industrial CCUS Enabled H2 
Hydrogen, unlike fossil fuels, it is not presently 
available within nature as a usable form. 
Therefore, usable hydrogen requires the 
process of extracting hydrogen from oxygen 
or carbon which is achieved from a series of 
different processes such as steam reforming 
or electrolysis. Industrial CCUS enabled H2, 
also known as blue hydrogen, is hydrogen 
produced from reacting methane with steam 
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to produce hydrogen, with the CO2 emissions 
captured and stored through CCUS 
infrastructure / pipelines.  
 

Industrial Electrolytic H2 
The process of green hydrogen production 
centres around the application of electrolysis, 
classified as an entirely carbon free process. 
There are a range of different methods of 
electrolysis systems used with the most 
common being Proton Exchange Membrane 
(PEM) which does not require additional 
electrolytic solution. This is due to the polymer 
electrolyte membrane being the catalyst for 
ion transfer. The power used for the 

electrolysis is required to be sourced from 
entirely renewable energy sources.  
 

Industrial CCUS Fossil Fuel 
For some industrial and fuel transformation 
processes, CCUS is one of the most cost-
effective solutions available for large-scale 
emissions reductions. CCUS infrastructure 
enables the capture of carbon from processes 
and power producers which are hard to 
decarbonise using other means. This allows 
fossil fuels to still be used but the carbon 
emission that are released to be captured. For 
industries such as Iron and Steel, where 
emissions are an inherent part of the process, 
CCUS can provide a means to decarbonise. 
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6.2 Industrial Sector Profiles 

 

Chemical Industry  

The UK chemicals sector is highly diverse, 
including the manufacture of commodity/bulk 
chemicals, speciality chemicals, polymers 
(plastics) and consumer chemicals (e.g., 
personal care and cleaning products). It is 
comprised of approximately 2,500 Small and 
Medium Enterprises and microbusinesses, 
with a handful of large multinational 
companies comprising only 3%.  

Today’s chemical industry is built on 
hydrocarbons, which are used both as a 
feedstock and as a source of energy. The 
chemical sector is the largest industrial 
consumer of both oil and gas. This is largely 
why the sector is known as being hard to 
decarbonise. Half of the sector’s energy input 
is consumed as feedstock, the emissions of 
which are released downstream in other 
sectors. There are nine key chemical building 

blocks (chlorine, ammonia/urea, methanol, 
ethylene / propylene, benzene / toluene / 
xylenes) that make up more than half of the 
chemical industry’s CO2-emissions (powerto-
products). Chemical sites will be similar to 
refineries in having a combination of flue 
gases arising from heating duties and process 
derived CO2 emissions. Decarbonisation of 
waste streams is likely to be with amine or 
other solvent type processes plus 
electrification and fuel switching to hydrogen. 

New technologies are making it possible to 
use CO2 as a feedstock for plastics and 
chemicals. Waste-to-hydrogen plants are 
being built and renewable electricity is rapidly 
descending in price. This suggests the E&R 
industry is on the edge of a paradigm shift that 
could transform waste from a problem to a 
solution. 

 

Pathways Climate-neutral hydrogen is key to decarbonization because it enables the production of 
syngas/methanol and ammonia 

Improving resource and energy efficiency to produce chemicals and materials. 

Using sustainable waste or bio-based feedstocks, such as plant or animal fats, sugar, 
lignin, hemicellulose, starch, corn or algae 

Avoiding production of virgin materials, like polymers, rubbers, batteries, packaging 
materials, solvents, heat transfer fluids, lubricants, etc 

Enablers  A key enabler is the emergence of a low-carbon, circular economy, enabled by 
governments and regulators support towards adoption.  

Barriers Given sustainably produced hydrogen would likely come from green hydrogen, a main 
barrier would be the green hydrogen enabling infrastructure and the associated renewable 
energy resources.    

 
 

Cement Industry  

Cement acts as the binder between 
aggregates (fine and coarse rocks) in the 
formation of concrete. While cement makes 
up only a small percentage of the mix 
(approximately 12 percent by volume), it is 
almost exclusively responsible for the 

resulting CO2 emissions. In the cement-
manufacturing process, raw materials are 
heated to high temperatures in a kiln in a fuel-
intensive process known as pyroprocessing 
(Exhibit 2). This results in clinker, small lumps 
of stony residue that are ground to a powder 
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and combined with other ingredients to 
produce cement. Cement – 

The primary flue gas stream for cement 
production is the exhaust gas from the kilns. 
Waste/biomass fuel is already widely used but 
the underlying chemical process releases 
CO2 and this process-derived CO2 forms over 
60% of the emissions, so full abatement is 
impossible without CCS. The main options for 
decarbonization in the cement industry are: 

• Switching to a low-carbon fuel to mitigate 
CO2 emissions from fuel combustion. 

• Applying CCS to the exhaust gases of 
cement kilns to prevent CO2 emissions 
resulting from both fuel combustion and 
limestone calcination. CCS is the most 
important technology to decarbonise cement 
manufacture, as 70% of CO2 emissions in the 
sector come from the chemical process of 
calcining calcium carbonate. 

• Replacing limestone or clinker with other 
minerals, which could help reduce process 
emissions. Reducing the clinker-to-cement 
ratio is the other main alternative by including 
through greater uptake of blended cements 
and deploying innovative technologies 

 

Pathways The use of cementitious materials to substitute clinker in cement manufacture could 
achieve between 150,000 – 180,000 tCO2 reduction by 2050, while the deployment of non-
Portland novel cements is estimated to have the potential to save around 150,000 tCO2 by 
2050.  
The deployment of non-Portland novel cements is estimated to have the potential to save 
around 150,000 tCO2 by 2050. 

Energy efficient technologies have long payback periods and are technical complex and 
capital intensive, however under current trends these could deliver between 8000 and 
280,000t of CO2 reduction by 2050.  

Avoiding production of virgin materials, like polymers, rubbers, batteries, packaging 
materials, solvents, heat transfer fluids, lubricants, etc 

Enablers  Governments can stimulate investment and innovation in these areas by funding R&D and 
demonstration and adopting mandatory CO2 emissions reduction policies. 

Barriers Given sustainably produced hydrogen would likely come from green hydrogen, a main 
barrier would be the green hydrogen enabling infrastructure and the associated renewable 
energy resources.    

 
 

Iron & Steel Industries  

Iron and steel are a mineral-based industry, 
using mineral ores as their raw materials. The 
products of these industries feed other 
industries. 

The industry is heavily reliant upon coal to 
produce coke as a reducing agent in blast 
furnaces and to provide heat and electricity, 
and as such around 1.8 tonnes of CO2 are 
released per tonne of steel produced. The iron 
and steel industry are one of the world’s 
largest industrial emitters of greenhouse 
gases.  

There is a range of possible approaches to 
decarbonising the iron and steel industry, 
varying in their technological maturity and 
greenhouse gas abatement potential. The 
main options are: 

• Substitution of coal and coke with 

biomass in blast furnaces and basic 

oxygen furnaces. 

• Direct reduction of iron using natural 

gas, biogas, or hydrogen. 
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• Carbon capture, utilisation, and 

storage (CCUS). 

• Increased electrification and use of low 

carbon electricity generation through 

Electric arc Furnace steelmaking. 

• Increased steel reuse and recycling.  

• Implementation of other energy 

efficiency improvements such as the 

HIsarna process. 

• Blast furnace top gas recycling. 

Of these options, only those involving 
bioenergy, CCUS, hydrogen, or electrification 
could achieve zero or near-zero net 
greenhouse gas emissions. 

 

Pathways Power supply. Green hydrogen-based steel creates a need for a significant capacity 
increase in electricity derived from renewables. 

Hydrogen-supply security. The future shift to hydrogen-based steel relies heavily on the 
broad availability of green hydrogen on an industrial scale.  

Raw material. To switch production from BF/BOF to DRI/EAF using hydrogen, raw material 
changes are necessary and will especially increase demand for DR pellets 

Optimize DRI and EAF. This requires boosting usage of DRI in combination with EAF. DRI-
based reduction emits less carbon dioxide than the integrated method and enables the 
production of high-quality products in the EAF. 

 Biomass reductants. This process uses biomass, such as heated and dried sugar, energy 
cane, or pyrolyzed eucalyptus, as an alternative reductant or fuel. 

Enablers  Willingness to pay. Considering steel’s vital role in the global economy, customer support, 
acceptance, and eventually demand are required for the success of green hydrogen-based 
steel.  

Barriers Regulation. The economics of increasing the share of hydrogen-based steel are dependent 
on continuing political momentum for decarbonization via measures such as carbon dioxide 
pricing and carbon border tax to avoid carbon leakage.  

 

Food, Drink & Tobacco Industries  

The UK food and drink industry has an annual 
turnover of around £90 billion. The sector is 
very heterogeneous, manufacturing a highly 
diverse range of food and drink products but 
with identifiable sub sectors such as baking, 
ready meals, brewing, dairy etc that show a 
degree of commonality in their manufacturing 
processes. It directly employs ~400,000 
people in over 7,000 companies and is 
dominated by Small to Medium sized 
Enterprises (SMEs).  

The industry consumes 24.6TWh of energy 
and emitted approximately 9.1MteCO2, just 
over 1% of total UK CO₂ emissions. Direct 
emissions originate from heat demand of 
various processes, such as drying, 
evaporation, and baking ovens. Indirect 

emissions result from electricity being used 
from the grid used to power equipment for a 
range of uses, such as refrigeration, mixing, 
and grinding.  

The fuel use in the sector is dominated by 
natural gas (about two-thirds), followed by 
electricity, and a minor amount of oil and coal, 
particularly in rural areas which are off the gas 
grid. Electrification of heat is one of the most 
important options for decarbonising the food 
and drink sector. Grid decarbonisation will 
play an important part in the long-term 
delivery of emissions reduction in the sector.  

Technologies / changes to be implemented:  
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• Deliver more low carbon innovation 

and increase competitiveness of the 

sector. 

• Energy management and optimisation 

of processes. 

• Deployment of local anaerobic 

digestors producing biogas from 

process residues. 

• Fuel switching to hydrogen. 

• Heat pump for hot water generation 

(sanitary, heating, water tracing, 

cleaning, etc). 

• Replacement/New unit with higher 

Energy efficient bio-based fuels. 

• Novel Anaerobic digestion features for 

Biogas generation from wastewater.

 

Pathways Energy Efficiency: Energy audits, energy management systems, efficiency upgrades of 
equipment, increased awareness and changes in practices 

Fuel Switching: Substituting coal and oil with renewables or natural gas  

Thermal management and process optimization Better process management, optimization 
and recovery of combustion gases, preheating systems, condensers, heat exchangers, 
steam and drying systems 

Low-temperature heat and steam recovery: Efficiency upgrades to boilers, electrifying 
sources of heat, substituting fossil fuels with biomass, biogas, natural gas or hydrogen, 
flue-gas heat recovery, variable speed drive motors 

Enablers  To enable synergies that arise by the nature of coupling and layering between the food and 
beverage system and other systems such as energy, transport, or plastics and the adoption 
of multi-scalar solutions. 

Review and collate information on all relevant processes and materials used by the sector 
to help with decision making  

Barriers Consumer preference and behaviour across financial and economic ecosystems, 
organizational and managerial processes and consumer preference towards low carbon 
food production.  

An unstable policy environment in conflict with long company investment cycles (to 
depreciate assets). As well as challenges for SMEs in accessing capital and technology 
information as well as attracting qualified professionals to drive decision making on energy 
or emission matters. 

High Capex or Opex costs for some decarbonisation measures. 

Most plants are existing and will require retrofit (often more complex than green field). 

 

Other Mineral Industries  

Minerals directly contribute to the UK 
economy by generating £235bn in gross value 
added, representing 16% of the total UK. 
Mineral extraction includes Coal, Sand & 
gravel, Potash Limestone, dolomite & chalk, 
Silica sand Clay & shale China & ball clay, 
Igneous rock, Sandstone Salt, and Other 
minerals. Excluding oil and gas, mineral 
extraction employs 34,000 people and is 2.5 
times more productive than the UK average. 

It also contributes directly as a key input to 
other highly productive sectors further down 
the supply chain, such as real estate activities 
via its contribution to construction activities 
and the manufacturing sector. The industry 
includes all glass and ceramic manufacturers 
where 80 to 90% of site CO2 emissions arise 
from heating of kilns using natural gas. 
Capture may be possible with amine type 
processes but there are challenges due to 
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aggressive components in the flue gas. The 
glass industry is considering use of hydrogen 
but is also looking at electrification. Switching 
from natural gas to hydrogen may allow the 
use of existing furnaces and avoid major 
rebuilds, but all of this will be dependent on 
fuel costs. 

Key strategies / technology implementations:  

• Electrification of mining equipment and 

heavy goods vehicles  

• Renewable and corporate Power 

Purchase Agreements  

• Carbon offsetting and carbon removal  

• Energy emissions data management 

systems implementation  

• Material and energy efficiencies across 

the mining and processing of minerals 

  

Pathways Decarbonised electricity, decarbonised transport, fuel switching away from fossil fuels, 
carbon capture, usage and storage (CCUS), carbonation and thermal mass. 

CCs is the most important technology for abating process emissions, inherent to the 
processing of minerals, with the option for biomass fuel switching to provide further 
negative emissions reduction options 
 
Thermal management and process optimization better process management, optimization 
and recovery of combustion gases, preheating systems, condensers, heat exchangers, 
steam and drying systems 

The lime sector could switch to hydrogen kilns, switching away from natural gas, together 
with CCS and BECCS 

The glass sector also follows this by switching to biomass fuel and BECCS technologies, 
along with synergies with CCS on process emissions 

The ceramics sector will most likely follow fuel switching of its dryers/kilns to electricity and 
hydrogen  

Enablers  Customer, employee, and community demands along with increased investor pressure.  

Policy and government targets and technology and operational cost reduction 

Barriers Consumer preference and behaviour across financial and economic ecosystems, 
organizational and managerial processes and consumer preference towards low carbon 
mineral extraction and processing   

Companies must bring about permanent change into all their processes; they must 
consider how they source and use materials, as well as how they power their operations 
and transportation. They must also consider how they engage with stakeholders. 

High Capex or Opex costs for some decarbonisation measures. 

 

Paper, Printing & Publishing  

The manufacture of paper is predominantly 
based on cellulose fibres, principally derived 
from managed forests - a renewable, 
recyclable, and sustainable resource, at the 
heart of a growing bio-fibre based and low 
carbon economy. Resource efficiency is key 

to decarbonise, both through the support of 
forest management and by recycling paper 
back into new products. The sector 
continually invests in energy efficiency 
measures and contains many on-site power 
generation sets, that together with demand-



ENABLING SKILLS FOR THE INDUSTRIAL 

DECARBONISATION SUPPLY CHAIN 
 

 
 

 

October 2022 | Page 106 

side management, already make a substantial 
contribution towards decarbonisation and 
balancing the national electrical grid. 

UK papermaking acts as the foundation for a 
paper-based sector representing a collective 
turnover of £11.5 billion per annum and 
directly employing 56,000 people an 
additional 232,000 jobs are supported through 
the wider supply chain. The paper-based 

industries are widely spread throughout the 
UK, but with concentrations in the North West 
& far South East of England, Wales, and 
Scotland. In 2016, the UK produced 3.7 
million tonnes of paper and board, down from 
a peak of 6.6 million tonnes in 2000. 

Raising the energy efficiency of pulp and 
paper production is one of the key strategies 
to decarbonise the sector.  

 

Pathways Increase in recycling of paper as recycled production requires considerably less energy. 
Using a higher share of bioenergy and adopting waste heat recovery technologies will also 
be important to align with the Net Zero Emissions by 2050 trajectory.  
Increasing the share of production from recovered fibre could considerably reduce energy 
use.   
Energy efficiency can be improved through higher on-site waste heat recovery and 
co‑generation.  

Improving recycling channels can help increase the collection of paper products for 
recycling. Governments can also implement landfill and waste collection fees that 
encourage greater recycling of household and commercial paper waste.  

Enablers  The speed and scale of deploying these technologies can be raised through collaborative 
efforts by industry, public sector and research partners to share best practices on state-of-
the-art technologies and develop plant-level action plans. 

Industry and government will collaborate on tasks that bolster financial incentives and 
address barriers to increase investment in energy efficiency and decarbonisation related 
projects 

Short-term tasks include raising awareness of, and training in, investment options and 
business case development, and addressing the underwriting of specific project risks. 

Barriers Consumer preference and behaviour across financial and economic ecosystems, 
organizational and managerial processes and consumer preference towards low carbon 
mineral extraction and processing   

Companies must bring about permanent change into all their processes; they must 
consider how they source and use materials, as well as how they power their operations 
and transportation. They must also consider how they engage with stakeholders. 

High Capex or Opex costs for some decarbonisation measures. 

 
 

Oil & Gas  

This sector comprises all of Oil and gas 
exploration and production and the 
processing and distribution of natural gas, 
Processing & distribution of petroleum 
products. Oil and gas account for more than 
three-quarters of the UK's total primary 
energy needs.  The oil and gas industry 
generates significant economic benefits for 
the UK, with 280,000 jobs in the UK are 
supported by oil and gas production. The UK 

oil and gas supply chain services domestic 
activities and exports about £12 billion of 
goods and services to the rest of the world. As 
of 2012 there were 15,729 kilometres (9,774 
mi) of pipelines linking 113 oil installations and 
189 gas installations. In 2014 the industry 
spent £1.1bn on exploration, £14.8bn on 
capital investment and £9.6bn on operating 
costs 
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Scope 1 and 2 emissions, those that are 
produced during operations, are largely under 
an oil and gas company’s control. 

Accordingly, common mitigation strategies 
focus on lowering the carbon intensity of the 
value chain.  

 

Pathways 

 
 

Reducing fugitive emissions. Companies can cut emissions of methane, a powerful GHG, 
by improving leak detection and repair (LDAR), installing vapor-recovery units (VRU), or 
applying the best available technology (such as double mechanical seals on pumps, dry 
gas seals on compressors, and carbon packing ring sets on valve stems) 

Electrifying equipment and Changing power sources. One oil and gas company is using on-
site renewable-power generation to provide a cost-effective alternative to diesel fuel.  
 

Reducing routine flaring through improved additional gas processing and infrastructure.  
 
Increasing carbon capture, use, and storage (CCUS). While this technology is projected to 
play only a minor role in the sector’s overall decarbonization, O&G players can still 
significantly influence its adoption and development. 
 
Energy efficiency. Efficiency is a factor in every part of the industry, of course, but new 
downstream-specific technologies can make a big difference. Waste-heat-recovery 
technology and medium-temperature heat pumps in refineries, for example, reduce the 
amount of primary energy used in distillation.  

Green hydrogen. Hydrogen production through electrolysis has become both more 
technically advanced and less expensive.  

Rebalancing portfolios. Operators are starting to take a close look at their upstream 
portfolio choices. High-temperature electric cracking. In refining, several pilot projects use 
electric coils (instead of fuel gas) to provide heat. 

Greener feedstocks. Replacing some conventional-oil feedstocks in refineries with 
biobased feedstocks or recycled-plastic materials (initially, through pyrolysis or gasification) 
would also reduce emissions and adopting low or no emission fuels such as hydrogen, 
efuels/synthetic fuels, biofuels, and ammonia. 

Enablers  Supportive incentives to invest in renewables and bring down the price of technology and 
make commitments from large commercial and industrial customers such as those in the 
RE100 initiative to source 100% of their power from renewable sources 

Have the big Oil and Gas companies developed initial investment plans to diversify their 
businesses and have set long term energy intensity targets to reduce emissions. Pressure 
from company boards towards moving green.  

Barriers Differences in finance models are a barrier, upstream businesses have historically 
generated higher margins than renewables, although the recent oil price reductions have 
helped to close that gap.  

 
 

Other Industries 

The other sectors specified by the NAEI Emissions data more broadly fall into an additional 14 
sectors. Each of these are listed in figure x below. The cumulative emissions of the other industries 
total 3,039,970t of CO2 emissions, across a further 14 additional industries. Only few of these 
contribute notable CO2 emissions. These are; Waste collection, treatment and disposal at 53%, 
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Public administration at 15% and lime at 13%.  Beyond this study’s analysis, therefore, it may well 
be also important to consider the decarbonisation activities associated with these industries.   

 

 

0.5 0.4 0.5 1.6

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Remaining 11 Lime Public administration Waste collection, treatment & disposal
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6.3 Cluster Engagement Summaries 

TRACK 1 Challenges & Opportunities Jobs & Skills 

Net Zero North 
West 
Progressive 
Energy 
30/05/2022 

4 Bucket of risks 

• Political will into policy 

• Technical risk is not an issue 

• Programme delivery and regulatory 

environment - will it keep up with the 

pace needed. Timing thing not a 

political will thing 

• Bridging political ambition to policy and 

frameworks for investments  

• Low carbon hydrogen and CCUS a 

necessity not an option 

• CCUS / Hydrogen transferred to 

chunks  

Skills and supply chain 

• Globally supply chain can meet what 

we want to do 

• Not enough of this value will be 

delivered to the UK 

Huge demand for skills / engineers  

Cluster Pipeline 

 
Geoenergy observatory, Cheshire  
HyNet North West  
Lancaster Hydrogen Hub - H2 R&D partnership  
Project HySecure 
Mersey Tidal Barrage 
The Crown Estate Round 4 build out in the North West of 3.5 GW offshore 
Igas Geothermal Heat Source Systems. 3 Primary Systems taken forward  
Development of 1000 Community renewable energy schemes 
Rocksavage CCGT  
UK National Thermal Hydraulics Facility (R&D) Menai Science Park on the isle of Anglesey 
Energy Innovation District - PROJECTS CAPTURED AS INDIVIDUALS  
North West Energy Hub  
Protos CCUS Shared Infrastructure Project 
Tata Chemicals Europe Carbon Capture and Utilisation Project  
Progressive Energy BioSNG / biogas to grid 
Covanta Energy From Waste 
Mine water heat from ‘closed’ coalfields scheme  
Advanced nuclear technology sites promotion - Trawsfynydd, Sellafield & Moorside, 
Springfields and Capenhurst, Heysham 
Distributed Onshore Wind Portfolio up to 200MW  
Distributed Solar PV Portfolio 
Mine water heat network at Whitehaven  
Northern Tidal Power Gateways - Morecambe Bay  
Alderley Park low carbon heat and electricity network  
Peel Plastics - to Hydrogen 
St Helens ESG Greengate Energy Recovery Facility (Pilkingtons) 
Trafford Green HTrafford Green Hydrogen Project Hydrogen Project 
Wastewater Circular Economy Project 
H2Go 
Port Hydrogen (Halton Power)  
EDF Energy Hydrogen to Heysham - Hydrogen supply programme 
Agricultural Waste AD Portfolio 
Ellesmere Port Heat Network  
Fitting-out 31 industrial parks and over 5,900 public sector asset sites across the North West 
renewable generation and storage 
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Knowsley Business Park  
Manchester Science Park 
Speke industrial area and business park 
Trafford Park area: Energy opportunities 
Weston Point 
Red Marsh and ICI Fleetwood 
Sealand and Deeside 
Wirral Waters to Port Sunlight: Site overview 
Connagh's Quay CCGT  
Carrington CCGT  
Private wire network  
SPEN network investment  
Non pipe distribution - transportable H2  
Hydrogen refuelling station network  
£2bn spend required on efficiency schemes to achieve 22% carbon reduction across the region 
 

East Coast 
Cluster - 
Humber 
Catch UK 
21/03/2022 

  

Cluster Pipeline 

 
 Drax - Negative emissions 
Brittish Steel Production 
equinor - Blue Hydrogen (Same as H2H Saltend) 
Uniper - Blue and Green Hydrogen Killingholme 
VELOCYS Waste to jet fuel  
SSE Thermal - CCGT Keadby Hydrogen Power Station  
H2H SALTEND 
 Yorkshire and Humber CCS Transportation and Storage Project  
Aldborough SSE Thermal and equinor Hydrogen Storage 
Wilton International (Energy / Space / Plug and Play  
Lackenby Electric Air Furnace and Hydrail - Brittish Steel  
VPI Immingham Combined Heat and Power Plant  
Green Hydrogen for Humberside - Immingham  
Triton Power (CGGT) Saltend (Hydrogen from H2H Usage) 
VNZ CO2 Transportation & Storage 
Gigastack 
Green Hydrogen for the Humber 
Humber Zero 
Zero Carbon Humber  
Humber Industrial Decarbonisation Deployment Project (Humber-DP) 
"Hydrogen production hubs near the Drax 
site and in Immingham. " 
Brittish Steel  
Offshore Wind Manurfacturing of blades 
Immingham Biomass Plant  
Biofuel; Greenergy's Immingam Plant 
Siemens Gamesa’s blade factory in Hul 
Energy from Waste  Spencer Group’s Energy Works 
Altalto Waste to Jet Fuel Immingham 
Delivery of bulk, low-cost and zero-carbon hydrogen through electrolysis 
Providing grid-scale battery storageclose to offshore generation 
Phillips 66 Humber Refinery petrolium graphite coke  
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INEOS inyl Acetate Monomer plant at its Saltend Chemicals Park 
Phillips 66 development of an electric vehicle value chain 
Yorkshire Energy Park On site power generation  
Cemex, Ineos and Omya EPOS Project 
Yorkshire Greens & GWE Biogas 
Glasshouse heating switch to hydrogen  
Aura Centre 
BioYork Developing a low carbon bio innovation corridor 
Ark – National Flood Resilience Centre 
Humberside Engineering Training Association (HETA) 
Green Port Hull 
KEADBY 3 CARBON CAPTURE POWER STATION 
ABP's Port of Hull Offshore Manufacturing  
£500M ABLE Marine Energy Park New Port Development 
Singleton Birch Anaerobic Digestion Facility 
PRAX Lindsey Oil Refinary Killingholme 
Tricoya Ventures Wood Elements Manufacturing 
Vivergo Fuels Plant Bioethanol Manufacturing 
Eggborough Power Station CCS  
Ferrybridge Power Station CCS 
Saltend Cogan Power station CCS 
South Humber Bank Power Station CCS  
Don Valley Power Project (DVPP) Hatfiled Power Station to Gasification  
Saltend Chemical Park (Hydoregn from H2H) 
VPI Humber Zero (Power CCUS) 
Whitetail Clean Energy (Power CCUS) 
C.GEN Killingholme 
H2NORTHEAST 
Uniper Humber Hub Blue Project 

East Coast 
Cluster - 
Teesside 
Tees Valley 
Combined 
Authority 
13/04/2022 

Important to note both the east coast 
clusters are 1 entity – through Project 
Endurance CCUS Programme  
A large amount of the projects and 
industries that are within the clusters 
are private entities  
The CCUS programme aims to be up 
and running by the end of 2026 
The cluster views Blue Hydrogen 
Infrastructure as a stepping stone to 
green hydrogen  
8.8MtCO2/Year with existing 
operational and projects in 
development  
66 companies within a 5 mile radius  

The consortium have yet to complete a supply chain 
strategy 
25,000+ jobs annually expected  
41,000 peak jobs demand  
£2Bn GVA by 2050 
42 different projects currently identified  

 

  

Cluster Pipeline 
 
Net Zero Teesside Power (NZT Power) CCGT & Carbon Capture 
The Northern Endurance Partnership 
East Coast Cluster CCUS Project 
The Humber Low Carbon Pipelines project 
Kellas - Blue Hydrogen  
BOC - Hydrogen Production Huntsman's North Tees site (Completed) 
CF - Nitrogen Fertilizers 
SUES - Energy from Waste 
TV ERF - Energy From Waste (Completed) 
8RIVERS - Oxyfuel Combustion 
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bp H2T - Blue Hydrogen  
The Foundry Net Zero Teesside and Redcar Bulk Terminal 
Long Acres 2,000,000ft² for offices, manufacturing, logistics  
Dorman Point Teesside Energy From Waste  
South Bank Teesside - 508 acres redeveloped 
GE Renewable Energy’s wind turbine blade factory on Teesside 
Alfanar CCGT Teesside 
Tees Valley Energy Recovery Facility Project (TVERF) 
Teesside Hydrogen CO2 Capture 
Teesside Green Energy Park Limited 
North Lincolnshire Green Energy 

 

POTENTIAL 
TRACK 2 

Cluster Pipeline 
Challenges & Opportunities 

Jobs & Skills 

South Wales 
University of 
South Wales 
Hydrogen R&D 
Centre 
23/03/2022 

  
 • Currently the South Wales 
cluster is informal but in process of 
being formalised  
• Tata Steel is a key 
component of the cluster  
• key strengths is the ports - 
key dynamic to the gateway of UK 
energy needs. Important for import 
and export markets  
• No geology for CCS and so 
for carbon storage, exporting CO2 
is needed - important about who's 
going to run this dynamic  
• Market places - hydrogen 
and CO2 side, what does the 
market place look like? What are 
the dynamics?  
• Offshore companies 
invested, relationship between 
offshore and the UK  

 • Indian / Dutch immigrants filling skills gaps  
• Universities like the idea of higher level academic 
ambitions  
• Idea around specialist skills and outsourcing these 
areas where there's limited capabilities and therefore the 
importance of relying on external providers for this  
• Good relationship with FE providers but what is 
being sent out is a classroom apprentice but not used to 
the site or tools  
• Political element, Welsh Government (devolved) 
and the UK Government - what's the relationship between 
these 2 governments  
• Need to encourage operators to make the switch 
towards sustainable technology, what are the levers to 
encourage this? What are the business models and price 
discovery mechanisms?  
• Cardiff and Swansea have a great R&D 
programme  
• There is a theoretical part you need to understand 
but the issue is a transitional part before going onto site 

Cluster Pipeline 
 
Port Talbot steelworks 
South Wales Industrial Cluster (SWIC) 
700MW Offshore Wind Projects Celtic Sea 
The production and distribution of hydrogen from both renewable energy and imported LNG 
which is distributed by repurposing the existing gas network 
 

Southampton 
SGN Energy 
Futures 
Southampton 
University  
Academic input 
to Solent 
Industrial 
Decarbonisation 
Cluster 
16/05/2022 

   
  

Cluster Pipeline 
 
 Hydrogen and Port Ecosystems UK (SHAPE UK) project. 
Cox Powertrain to convert a diesel engine to dual fuel hydrogen 
Shorehham Ammonia Importation Facility 
Hydrogen Sussex 
Uni Of Southampton centre for research and innovation 
Low Carbon Solent 
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Blackcountry 
(West 
Midlands) 
Camirus 
Black Country 
Consortium 
25/03/2022 

  

 Loughborough – researching 
the circular economy  
Birmingham – looking at the 
national context and how best to 
monitor the carbon emissions  
observatory  
Black country is Warsaw, 
Dudley, Wolverhampton and 
Sandwell  
Around 3500 companies in the 
black country – 7.8Bn per 
annumn turnover 
65,000 jobs  
Construction products and 
metal sector - £1.3Bn Turnover, 
100 companies and 1500 
employees 
Companies range in size from 
100-1,500 employees 
Large automotive and airspace 
and defense firms  
This is a strategic subsector  
 
Business base is primarily 
SME’s  
Key to the supply chains for 
most of the strategic sectors 
 
Scope 3 Emissions  
Need to take account of Scope 
3 Emissions to make a 
difference (Embodied 
emissions)  
Scope 3 emissions are the 
result of activities from assets 
not owned or controlled by the 
reporting organization, but that 
the organization indirectly 
impacts in its value chain. 
Bring more processes and 
manufacturing locally  
On sourcing supply chains  
Circular economy has a part to 
play in this 
Tier 4 – vertical integration  
WMG research looking at this 
as one of the work packages for 
the consortium. Led by 
Professor Jan Godsale 
(Warwick Manufacturing Group)  
  

 Vacancies at an all-time high but also 16,000 
people seeking work  
Whats causing this… greenification of jobs  
Reskilling is key 
There is enough people in the labour market  
 
Black country is a very low skills area 
Twice national average of no qualifications  
15-20% Level 4 Skills behind the national average  
Skills upskilling and retraining needs to be the way 
forward  

 
Approach to decarbonisation - 0 Carbon Hubs  
0 carbon Hubs – identify anchor companies and try 
collaborating with wider companies. Look to reduce 
energy consumption and resource consumption  
Developing masterplans and outline business cases  
Attract private sector and public sector investments  
Don’t have the CCS elements  

 
Biggest Risks  
Companies may decide to leave the region  
Need to make sure there’s no unintended 
consequences of the approach  
What types of business have we got  
How can existing skills be repurposed?  

 
Advanced manufacturing and training routes  
Struggling to get new people into apprentices  
Study looking into this – potential problem for 4£ an 
hour labour  
LEP Looking to increase starts to 23,000 a year, 
currently at 8,000  
Working with employees and the CEC’s and CA to 
improve this  
CA – West Midlands combined authority  
CEC – Careers and Enterprise company - 
apprentices programme… look this up  
Intermediate apprentices have seen the biggest fall, 
high skills is okay 
The pathway from school to apprentices is being lost, 
this is key 
Vacancies and capacity is there just cannot fill….  
Issues of students not going into apprentices after 
college  
Going to be a massive increase in demand for people 
with prerequisite skills  
Large companies have successfully trained new 
workforce through apprenticeships  
This brings a large amount of power to these 
companies and industry in general  
Companies range in size from 100-1,500 employees 
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How to dispose of carbon in the black country is still a 
big dilemma  
Rolls Royce looking at setting up a factory to 
manufacture SMR’s – Black country is well placed  

Cluster Pipeline 
 
Birmingham’s Tyseley Energy Park  
Fenix’s battery recycling centre in Walsall 
UK Battery Industrialisation Centre in Coventry and a site for a UK Gigafactory 
National Centre for Decarbonisation of Heat (NCDH) 
full electric bus fleet Coventry  
London Electric Vehicle Company and Jaguar Land Rover electric conversion 
Centre for Hydrogen & Fuel Cell Research  
Centre of Excellence in Rail Decarbonisation 
Centre for Advanced Low Carbon Propulsion Systems. 
Ambitious programme to retrofit 50,000 homes by the end of 2022  
Brownfield fund to clean up ex-industrial sites 
"Advanced Manufacturing Training Centre (AMTC)  at the Manufacturing  
Technology Centre in Ansty Park,  Warwickshire" 
 

Grangemouth 
Neccus 
24/03/2022 

 The consortium aims to create a 
proposal as to how the CCUS gas 
pipeline will connect up to existing 
industry  
Feeder 10 forms the basis of how 
this will be done, feeder 12 is also an 
option 
 
Large opportunities for importing 
CO2 through Project Acorn from 
other parts of the UK such as 
Thames Estuary  
Challenge of assuring the larger 
emitters on CCUS systems to 
capture the CO2 emitted in terms of 
policy / support / cost security of 
schemes 
 
Neccus are completing a tender 
exercise to identify mechanisms for 
moving forward.  
 
Petershead PowerStation good first 
projects for Project Acorn 
  

 The main issue is on capacity to deliver – the skills are 
there  
Projects need to be time framed properly to effectively 
manage capacity to deliver  
Eg 1They have an engagement exercise with the clusters  
Where are they with their timelines, skills, etc  
Eg 2 Cross sector analysis of groupings and linking 
interdependencies 
 
There’s diverse types of manufacturing  
Create and protect approach to jobs. There’s not a huge 
amount of work being done on new jobs specifically… its 
more about maintaining what we have got.  
Inclusion and Diversity perspective have yet to be 
incorporated into jobs and skills strategy  

 

Cluster Pipeline 
  
Acorn CCS Project  
Acorn Hydrogen  
The ERM Dolphyn (Deepwater Offshore Local Production of Hydrogen)  
Peterhead Power Station 
RWE Markinch Ltd 
Mossmorran Chemical Plant  
Petroineos Manurfacturing Refinery  
INEOS Chemicals Grangemouth Ltd  
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INEOS Infrastructure Grangemouth Ltd  
Grangemouth CHP Boness Road 
INEOS Kinnell Terminal  
Stevens Croft Power Station  
Tarmac Ltd Dunbar Plant  
MSIP Dundee 
Carbon Engineering  
Orion 
EMEC Hydrogen 
Hydrogen heating at Kirkwall Airport 
SGN’s H100 Fife project 
Acorn CO2 SAPLING43 Infrastructure Project 
The Grangemouth industrial cluster 
INEOS Grangemouth Refinery  
 Combined Heat and Power Plant, the KG Ethylene Plant 
INEOS Olefins & Polymers NEXTLOOPP project 
INEOS Olefins & Polymers Europe and Plastic Energy 
INEOS FPS AI Driven optimisation technology - Kinneil 
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6.4 Cluster Project and Technology Summaries 

 

TRACK 1 

NORTH WEST  

HyNet 
 

HyNet North West Cluster and H21 in the North of England are 
examples of first of a kind – wide scale projects looking at producing at 
scale hydrogen production, the conversion of gas networks to 
hydrogen for both commercial, domestic and industrial use whilst 
deploying at scale CCS infrastructure. This is being led by key players 
including Cadent, Progressive Energy, Equinor  

INDUSTRIAL CCUS- 
ENABLED H2 
 
INDUSTRIAL CCUS 
FOSSIL FUEL 
 

Stanlow and Rocksavage Power Producers  
 

Both power stations to be converted to hydrogen fuel source as part of 
the initial hydrogen demand side of the HyNet project, with 
Rocksavage converting to a 800MW Intergen H2 gas fired power 
station.  

POWER SECTOR 
DECARBONISATION 
 

Fulcrum Sustainable Aviation Fuel and Solar 
 

Fulcrum BioEnergy Limited's new bio-refinery facility in Ellesmere Port, 
their first project in the UK, will convert non-recyclable household waste 
into sustainable aviation fuel (“SAF”) for use by airlines operating at UK 
airports. As part of delivering their NetZero ambitions, Fulcrum are 
considering a private wire power solution by connecting to nearby solar 
and wind plants being developed as part of Invest Net Zero Cheshire. 

BIO- ENERGY 
CARBON CAPTURE 
AND STORAGE 
(BECCS)  
 

Protos CCUS Shared Infrastructure  
 

The project enables the sequestration of approximately 8.6 million 
tonnes of CO2 by 2050, with potential for a further 10 million tonnes of 
CO2 by 2050 if expansion plans are fully realised, considering scope 1 
emissions only. The project makes up a key component of the HyNet 
CCUS. 

INDUSTRIAL CCUS 
FOSSIL FUEL 
 

Project HySecure  
 

The project aims to examine grid scale hydrogen storage in salt 
caverns. It is estimated that the facility will be able to store over 1,000 
tonnes of hydrogen with corresponding costs around £10 per kg of 
stored hydrogen.  It will support various projects across the North West 
such as the use of stored hydrogen in buses in Liverpool and 
Manchester. 

INDUSTRIAL 
ELECTROLYTIC H2 
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EAST COAST - HUMBER  

VPI Immingham, Major Power Producer 916,830t. – DRAX Negative 
emissions project  
 

 

Drax aims to deploy BECCS on two of its biomass generating units by 
2030 capturing and permanently storing up to eight million tonnes of 
CO2 a year, more than the 5Mt the government has said will be 
required 2030 in its recently published Net Zero Strategy. The project 
aims to scale up the BECCS pilot project already in operation to create 
negative emissions at the site in the 2020s and to examine the 
potential to develop large scale hydrogen production at the Drax site 
before 2030. 

BIO- ENERGY 
CARBON CAPTURE 
AND STORAGE 
(BECCS)  
 

Saltend 756,000t - Saltend Chemicals Park 
 

 

Saltend Chemicals Park is a 370 acre site and one of the UK’s most 
important multi-user manufacturing locations comprising of chemical, 
process and energy intensive facilities. In close proximity to Humber’s 
H2H Saltend project, the site will provide options to switch to hydrogen 
fuelled energy with the potential to cut emissions by 900,000 tonnes of 
CO2 a year. It makes up a key element of the Zero Carbon Humber 
project.  The site boasts a plug and play approach through the 
interconnected networks of chemical producers and industrial 
manufactures, allowing partners onsite to prosper from the integration 
of feedstock products and utilities. 

FUEL SWITCH TO 
HYDROGEN 

Green Hydrogen for Humberside  
 

 

The project will work with customers in the region to establish the 
feasibility of switching to renewable hydrogen and justify a number of 
100MW deployments of electrolysers. The project will cost the supply 
of hydrogen to these end users. This includes the electricity supply to 
the electrolyser, the hydrogen production facility, hydrogen distribution 
across the Humber and conversion of existing processes to use 
renewable hydrogen. 

INDUSTRIAL 
ELECTROLYTIC H2 
 

The Humber Low Carbon Pipelines project 
 

 

The project will involve two new regional pipelines to transport low 
carbon hydrogen and carbon dioxide captured through the carbon 
capture, usage and storage (CCUS) process to a landfall point on the 
Holderness coast before continuing offshore. It will connect major 
emitters including Drax, Keadby, British Steel, Killingholme and Saltend 
near Hull. The proposed plans for the network form part of the Zero 
Carbon Humber partnership. The Onshore Scheme requires a new 
buried high pressure Cross Country Pipeline of approximately 67km in 
length for the transportation of Carbon Dioxide in liquid form to a 
location on the Holderness coast. 

INDUSTRIAL CCUS 
FOSSIL FUEL 
 

H2H SALTEND  
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Saltend Chemicals Park is home to Zero Carbon Humber partners and 
Triton Power, and has been confirmed as the location of the Equinor-
led H2H Saltend project which uses low carbon hydrogen to fuel switch 
the on-site power station and lower carbon emissions at the park by 
nearly one million tonnes per year. INEOS has also recently been 
announced as one of six companies to sign cooperation agreements to 
explore the potential use of H2H Saltend’s hydrogen in their processes. 

POWER SECTOR 
DECARBONISATION 

SSE Thermal - CCGT Keadby Hydrogen Power Station  

Two new Keadby power stations will be connected to parallel hydrogen 
and CO2 pipeline infrastructure to be developed as part of the Zero 
Carbon Humber project. The Keadby Hydrogen power station is a 
proposed 100% hydrogen-fuelled power station, which will have a peak 
demand for 1,800MW of hydrogen. SSE Thermal and Equinor are 
actively developing Keadby 3, which could become the UK’s first power 
station equipped with carbon capture technology by the mid-2020s. In 
line with a vision for a net-zero future, SSE Thermal has committed to 
only build power stations with a clear route to decarbonisation. With an 
electrical output of up to 910MW. Keadby 3 will be a 900MW natural 
gas-fired power station equipped with CCS technology to capture 1.5 
million tonnes (Mt) of CO2 a year. 

POWER SECTOR 
DECARBONISATION 
 
 
 
INDUSTRIAL CCUS 
FOSSIL FUEL 

 

Project GIGASTACK  

This project will use Gigastack as an anchor and expand the supply of 
renewable hydrogen to other local users. Thus, renewable hydrogen 
will be increasingly used as a new fuel supply for these customers, 
using electrolysers deployed in incremental modules of increasing size 
towards 2030. 

INDUSTRIAL 
ELECTROLYTIC H2 

 

 
 

TEESSIDE 

Seal Sands, North Tees and Billingham  
 

 

Seal Sands, North Tees and Billingham The industrial areas around 
are home to a number of major chemical and energy firms, such as 
pharmaceutical firm Lianhetech, CF Industries, producing nitrogen 
fertilisers, and Mitsubishi Chemical’s acrylics manufacturing plant. 
Connected through pipeline corridors, these sites form an integrated 
complex with Wilton International, allowing the efficient flow of bulk 
feedstock between plants, as well as the future potential for CCUS. 

INDUSTRIAL CCUS 
FOSSIL FUEL 
 

H2 Teesside 
 

 

Current producers of hydrogen in the Tees Valley include SABIC, BOC 
and CF Industries. BOC at North Tees runs the largest hydrogen plant 
in the UK. bp is planning to create the UK’s largest “blue” hydrogen 
production facility in the Tees Valley with its H2Teesside project. bp 

INDUSTRIAL CCUS- 
ENABLED H2 
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aims to begin production of 500MW of blue hydrogen in 2027 and is 
targeting 1GW production by 2030 based on growing demand. 

Kellas Midstream Blue Hydrogen  
 

 

Kellas Midstream, owners of the CATS Terminal that has capacity to 
process 34million standard m³ of gas per day, is also developing ‘blue’ 
hydrogen proposals on Teesside. The Tees Valley’s blue hydrogen 
plans are, in part, enabled by the East Coast Cluster collaboration 
between Northern Endurance Partnership (NEP), Net Zero Teesside 
and Zero Carbon Humber. The East Coast Cluster has the potential to 
capture, transport and store up to 27million tonnes of CO₂ emissions a 
year by 2030. 

INDUSTRIAL CCUS- 
ENABLED H2 
 

Net Zero Teesside Power (NZT Power) CCGT & Carbon Capture 
 

 

NZT Power’s proposed combined cycle gas turbine electricity 
generating station will have an electrical output of up to 860 megawatts 
(MW) of low carbon electricity, enough to power up to 1.3m homes per 
year. 

POWER SECTOR 
DECARBONISATION 
 

 

POTENTIAL TRACK 2 

SOUTH WALES 

Tata Steel - Port Talbot Neath  
 

The single biggest emitter within the UK is comprised of the Tata Steel - 
Port Tablot Neath area, with combined emissions of 2,163,000t in 2019. 
Estimated at £2Bn CAPEX to decarbonise (add reference). Tata Steel 
are in partnership with the SWIC partners to identify how to access the 
necessary external infrastructure for decarbonisation such as CO2 
transport and storage, low carbon electricity and hydrogen. 

CCUS & 
HYDROGEN 

The Production and Distribution of Hydrogen  
 

 

The network aims to create both renewable energy and imported LNG 
which is distributed by repurposing the existing gas network. The project 
will use local gas distribution network owned by Wales & West Utilities 
to set out how it planned to invest a total of £56m in hydrogen-related 
innovation projects, potentially creating more than 300 cutting edge, 
high-tech gas network and related supply chain green jobs across 
Wales and south-west England over the next ten years. 

INDUSTRIAL 
CCUS- ENABLED 
H2 
 

South Wales Industrial Cluster (SWIC) 
 

The overarching project to support regional hydrogen deployment and to 
develop CCUS as an interim measure. The project also aims to provide 
the UK with lower carbon steel and reduced carbon cement products 
that form the backbone of the wider UK Infrastructure Industry. 

CRITICAL 
ENABLING 
INFRASTUCTRUE  
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Future Ports: Port Talbot  
 

 

Port Talbot is a strategic national asset with access for some of the 
largest dry cargo ships in the world, along with the large-scale 
development land, infrastructure connections, and skilled labour force 
needed to make an impact. The project aims to aid South Wales to 
move towards net zero by 2050 by allowing a shift in the 
decarbonisation effort towards a zero carbon system that integrates 
energy and industrial elements into a single hub. This includes wind 
turbine manufacturing for floating offshore windfarms, a heavy lift facility 
supporting early project construction and export infrastructure for CCUS. 

CRITICAL 
ENABLING 
INFRASTUCTRURE  
 

 
 

SOUTHAMPTON  

Fawley Refinery and Marchwood Power Station – 720,000t & 
426,000t respectively  
 

 

Conversion from CCGT to CCGT with CCS network.  POWER SECTOR 
DECARBONISATION 

H2 Green - Shorehham Ammonia Importation Facility 
 

 

H2 Green, a Getech business, has signed a deal with Shoreham Port to 
develop a renewable energy hub that will remove emissions from its 
fleet of trucks and HGVs and be a catalyst for the wider region’s 
transport decarbonization. The development will include the creation of 
a hydrogen hub integrated with onshore wind and solar power 
generation. 

INDUSTRIAL 
ELECTROLYTIC H2 
 

Hydrogen and Port Ecosystems UK (SHAPE UK) project. 
 

 

The 'Shipping, Hydrogen & Ports Ecosystems UK' (SHAPE UK) project 
aims to demonstrate an achievable modular green hydrogen 
generation system within Portsmouth International Port delivering a 
decision support tool that will enable port managers to determine the 
environmental and economic use cases for hydrogen generation and 
utilisation. This project will be a catalyst and early foundation 
programme for the Solent Freeport innovation hub to build upon. It will 
address the barriers to installing Hydrogen (H2) generators within the 
maritime landscape. 

CRITICAL 
ENABLING 
INFRASTUCTRUE  
 

 
 

BLACK COUNTRY  

Circular Economy  
 

 

Large emphasis on the circular economy as a way of reducing Scope 3 
emissions. Involves finding new processes and supply chains to 
reduce consumption of raw materials.  
 

SCOPE 1 ENERGY 
EFFICIENCY 
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Zero Carbon Hubs  
 

 

Zero Carbon Hubs aim to identify anchor companies and attempt to 
collaborate with wider sphere of companies. The hubs look to reduce 
energy consumption and resource consumption. The project aims to 
develop masterplans and outline business cases, and attract private 
sector and public sector investments. 

SCOPE 1 ENERGY 
EFFICIENCY 
 

 

GRANGEMOUTH  

Project Acorn  
 

 

Based at the St Fergus gas terminal in North East Scotland, Acorn CCS can 
repurpose existing gas pipelines to take CO2 directly to the Acorn CO2 
Storage Site. The second stream plans the reformation of North Sea natural 
gas into clean hydrogen, with CO2 emissions safely captured and stored 
through the Acorn CCS infrastructure. Hydrogen would then be used in 
transport applications and in the gas grid, through which some industrial 
sites could benefit. 

CCUS & 
HYDROGEN 

The ERM Dolphyn (Deepwater Offshore Local Production of Hydrogen)  
 

 

ERM’s Dolphyn project, a first of kind, combines all of the technologies 
required to bring the latest floating wind and hydrogen production 
technologies together to enable offshore wind resources to contribute 
toward hydrogen production at scale. A single 10MW unit will produce in 
excess of 800 Te of hydrogen per year, exported back to shore via a 
pipeline. The ERM Dolphyn system is designed such that it can be deployed 
in stand-alone mode or as multiple connected units to form an offshore 
hydrogen wind farm. 

INDUSTRIAL 
ELECTROLYTIC 
H2 
 

INEOS Infrastructure Grangemouth Ltd   
 

Investment in a New Energy Plant which will deploy highly efficient 
technology to supply energy to all site operations and drive down emissions 
by at least 150,000 tonnes of CO2 per annum. This new power plant will 
then be converted to run on hydrogen which will further reduce CO2 
emissions. Access to locally produced hydrogen will have further benefits 
for other assets at the Grangemouth Site, fuelling the existing Combined 
Heat and Power Plant, the KG Ethylene Plant and assets in the Petroineos 
Refinery. 

ELECTRICITY 
ENERGY 
EFFICIENCY 
 

INEOS Olefins & Polymers NEXTLOOPP project  

INEOS Olefins & Polymers have today announced it has joined the 
NEXTLOOPP project, an exciting UK collaboration to create circular food-
grade recycled polypropylene from Post-Consumer Recycled (PCR) 
packaging. INEOS will be at the centre of an important two-year project that 
will inform the building of a demonstration plant in the UK to produce 10,000 
tonnes per year of food-grade recycled polypropylene. 

SCOPE 1 
ENERGY 
EFFICIENCY 
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6.5 Job profiles and numbers for model 

 

Specialist Advisory 

 

These technical roles will all require specialist skills.  Individuals with good technical knowledge of 
that industry or decarbonisation or with emerging energy expertise may be re- skilled from their 
existing roles undertaking specialist training (highlighted). 

 

Specialist Advisory: Energy experts applying their expertise to each sector - 63 Jobs per 
£bn 

Jobs per 
year 

Total  1159 

Major & Minor Power Producers 40.7% 471 

Oil & Gas processing and distribution 23.0% 267 

Iron & Steel 8.8% 102 

Other 8.6% 100 

Chemicals 7.5% 87 

Cement 4.9% 56 

Other minerals 2.8% 32 

Food, drink & tobacco 2.5% 29 

Paper, printing, and publishing 1.3% 15 

 

Strategic Client 

 

These roles do not require specialist skills. 

 

Strategic Client 
Jobs per 
£bn 

Total 
Jobs 
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Total    3035 303 1821 759 152 

Strategic management 33 607 61 364 152 30 

Programme Management 33 607 61 364 152 30 

Risk management  33 607 61 364 152 30 

Finance 33 607 61 364 152 30 

Procurement  33 607 61 364 152 30 

 

Pre- Construction 

 

Most of these roles do not require specialist skills. Some (highlighted) may require additional 
training in working on plants or with components that operate with emerging energy sources. 
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 Jobs per 
£bn 

Total 
Jobs 
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Total    20021 2002 12012 5005 1001 

Planners 33 607 61 364 152 30 

Project Management/ Risk 
Management 

63 1159 116 695 290 58 

Mechanical and electrical engineers  125 2299 230 1379 575 115 

Structural engineers,  125 2299 230 1379 575 115 

Civil engineers  125 2299 230 1379 575 115 

Plant and equipment design,  63 1159 116 695 290 58 

Drainage, engineers 63 1159 116 695 290 58 

Highways engineers 63 1159 116 695 290 58 

geotechnical surveying engineers  63 1159 116 695 290 58 

Architects 125 2299 230 1379 575 115 

Landscape architects 33 607 61 364 152 30 

QS 63 1159 116 695 290 58 

Logistics 33 607 61 364 152 30 

Finance 33 607 61 364 152 30 

Legal 33 607 61 364 152 30 

Marketing and Communications 12.5 230 23 138 57 11 

Admin 33 607 61 364 152 30 

 

Construction 

 

Most of these roles do not require specialist skills. Some (highlighted) may require additional 
training in working on plants or with components that operate with emerging energy sources. 

 

Construction Professionals 
Jobs per 
£bn 

Total 
Jobs 
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Total    61506 6151 36903 15376 3075 

Construction Managers/ Site Supervisors 1480 27221 2722 16333 6805 1361 

Architects,  125 2299 230 1379 575 115 

Mechanical and electrical engineers  125 2299 230 1379 575 115 

Structural engineers,  125 2299 230 1379 575 115 

Civil engineers  125 2299 230 1379 575 115 

Plant and equipment design,  63 1159 116 695 290 58 

Landscape design,  63 1159 116 695 290 58 

Planners,  33 607 61 364 152 30 

Site management,  976 17951 1795 10771 4488 898 

QS,  63 1159 116 695 290 58 

Logistics.  66 1214 121 728 303 61 



ENABLING SKILLS FOR THE INDUSTRIAL 

DECARBONISATION SUPPLY CHAIN 
 

 
 

 

October 2022 | Page 124 

Administrative Support Professionals 
Jobs 
per 
£bn 

Total 
Jobs 
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Total   4571 457 2985 961 168 

Marketing and Communications 12.5 230 23 138 57 11 

Legal 33 607 61 364 152 30 

Accountancy 33 607 61 364 152 30 

HR 8 147 15 88 37 7 

Procurement and Supply Chain Management 63 1159 116 695 290 58 

Health and Safety Management 33 607 61 486 61   

Social Value 33 607 61 486 61   

Administration  33 607 61 364 152 30 

 

Construction Trades People 
Jobs per 
£bn 

Total 
Jobs 
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Total    241372 23419 187346 23419   

Welding /high pressure welding 976 17951 1795 14361 1795   

Demolition 976 17951 1795 14361 1795   

Joiners,  976 17951 1795 14361 1795   

Carpenters,  976 17951 1795 14361 1795   

Bricklayers,  976 17951 1795 14361 1795   

Painters and decorators,  976 17951 1795 14361 1795   

Floor layers,   976 17951 1795 14361 1795   

Plumbers,  976 17951 1795 14361 1795   

Scaffolders, 976 17951 1795 14361 1795   

Labourers, 976 17951 1795 14361 1795   

Roofers,  976 17951 1795 14361 1795   

Security,  63 1159 116 927 116   

Drivers, 63 1159 116 927 116   

Plant and Equipment operators 40 736 74 589 74   

Landscapers,   166 3053 305 2443 305   

Cleaning etc. 33 607 61 486 61   

Plasterers  500 9196 804 6428 804   

Steel Erectors 125 2009 201 1607 201   

Glaziers  500 8036 201 1607 201   

Manufacturing equipment and 
components 

976 17951 1795 14361 1795 
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Cleaning & Security 
Jobs per 
£bn 

Total 
Jobs 
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Total   1766 116 1534 116   

Cleaning 33 607   607     

Security 63 1159 116 927 116   

 

Operation 

 

The following roles require specialist training in working on plants or with components that operate 
with emerging energy sources. 

 

Operation Professionals 
Jobs per 
£bn 

Total 
Jobs 
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Total    3531 353 2351 709 119 

IT monitoring maintenance through IT 
and data management 

63 1159 116 695 290 58 

Safety management, advice, and 
audit 

63 1159 116 927 116   

Accountancy 33 607 61 364 152 30 

Logistics 33 607 61 364 152 30 

 

Operation Technical  
Jobs per 
£bn 

Total 
Jobs 
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Total    9215 921 7372 921   

Facilities management workers/ 
maintenance staff 

375 6897 690 5518 690 
  

Plant operation and maintenance 63 1159 116 927 116   

Hydrogen storage and distribution 63 1159 116 927 116   

 

Education and Training 

 

These teaching roles will all require specialist skills.  Individuals with good technical knowledge of 
an industry or decarbonisation or with emerging energy expertise may be re- skilled from their 
existing roles undertaking specialist training (highlighted). 

 

Developing Skills and Competencies Jobs per £bn Total Jobs 

Total    7357 

Teachers and lecturers 200 3679 

Trainers 200 3679 
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6.6 Where the Supply Chain jobs will be 

 

Job types that are programme wide, Regional Strategic Client In House: 

 

• Strategic management 

• Programme management 

• Risk management 

• Finance 

• Procurement 

 

Pre-Construction job types, Tier 1 Management Contractor In House: 

 

• Project management 

• Programme management 

• Risk management 

 

Pre-Construction job types, Tech. Consultancy Appointment by Industry client / Tier 1 Mgmt. 
Contractor: 

 

• Planners 

• Mechanical engineer 

• Electrical engineer 

• Civil engineer 

• Plant and equipment design 

• Drainage engineer 

• Highways engineer 

• Geotechnical surveying engineer 

• Architect 

• Landscape architect 

 

Pre-Construction job types, Tier 1 Management Contractor In House / Tech. Consultancy 
Appointment by Industry client / Tier 1 Mgmt. Contractor: 

 

• QS / Procurement 

• Logistics 

• Finance 

• Legal 

• Marketing and Communications 

• Admin 

 

Construction professionals’ jobs, Tier 1 Management Contractor: 

 

• Construction managers 

• Site supervisors 

• Health & safety management 

• QS / Procurement 

• Logistics 

 

Construction professionals’ jobs, Tier 2/3 Sub-Contractor/Supplier: 

 

• Architect 

• Mechanical design 

• Electrical design 

• Structural engineering design 
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• Civil engineering design 

• Plant and equipment design 

• Landscape design  

 

Construction trades people jobs, Tier 2/3 Sub-Contractor/Supplier: 

 

• Welding /high pressure welding 

• Mechanical and electrical contractors 

• Demolition 

• Joiners 

• Carpenters 

• Bricklayers 

• Painters and decorators 

• Floor layers 

• Plumbers 

• Scaffolders 

• Labourers 

• Roofers 

• Security  

• Drivers 

• Plant and equipment installers 

• Landscapers 

• Cleaning etc. 

• Plasterers  

• Steel erectors 

• Glaziers  

• Manufacturing equipment and 
components

Operation jobs, Industry Client In-House: 

 

• IT monitoring maintenance through IT 
and data management 

• Safety management, advice, and audit 

• Accountancy 

• Logistics 
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6.7 Risks to the Industrial Decarbonisation Programme 

 

Risk  
(I: Issue, R: 

Risk) 
Impact 

Severity 
(Before 

mitigation) 
Mitigations Severity 

POLICY & LEGISLATION 

(I) Onerous 
new industry 

training 
standards will 

increase 
costs 

Upfront financial impact 
on small and medium 
enterprises where it will 
take longer to realise 
benefit and return on 
investment.  

MEDIUM 

Training providers should set 
out a clear return on 
investment expectation, so 
contractors and supply chain 
know the benefit of the return 
outweighs the increased costs.  

MEDIUM 

CAPITAL 

(I) Loss of govt 
funding 

assistance due 
to revised 
political 
priorities 
following 

COVID and 
recession 

Reduced subsidies 
leading to increased 
private funding of 
projects 

 

 

MEDIUM 

(R) Reduction 
of component 
availability due 
to global 
shortages of 
key 
components 

Reduction of 
component availability 
leading to increased 
unit costs and reduced 
availability leading to 
increased delivery 
times. 

 

Contractors and supply chain 
should implement procurement 
strategies to ensure awareness 
of issues that could impact 
availability of components / 
resources whilst also ensuring 
risk due to inflation are taken 
account of.  

MEDIUM 

DELIVERY (JOBS) 

(I) Lack of 
investment in 

FE&HE 
establishments 
resulting in a 
shortage of 

training 
opportunities 
for key roles. 

Lack of resource 
(Persons) resulting in 
lack or availability of 
key capabilities, 
increased costs, 
programme delays. 

HIGH 

1) Increase investment in key 
training routes to increase 
resource availability. As 
already an issue, will be a 
delay between treatment and 
resource availability. 
2) Support mobilisation of 
workforce nationally and 
internationally, seek govt 
support for international 
workforce recruitment. 
3) Prioritise key work streams 
to minimise impact to project 
goals. 

MEDIUM 
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(I) Not enough 
resource 

(personnel) 
within the 

industry in the 
correct roles. 

Lack of resource to 
deliver projects, 
competition between 
projects to secure 
resource, increasing 
costs and resulting in 
delays, potential to 
impact quality.  

HIGH 

1) Forecast priority projects 
and drive resource to the key 
deliverables. 
2) Increase investment in key 
training routes to increase 
resource production. 
3) Increase recruitment through 
promotion and incentivization 
of key roles. 
4) Seek to incentivise 
employees to remain in roles 
and reduce departure from the 
key industries. 
5) Local governments and 
policy should aim to reflect 
Industrial Decarbonisation 
Workforce Planning Studies 
6) Attraction and recruitment 
drives for post-16 students and 
those entering HE/FE. 

MEDIUM 

(I) Lack of 
availability of 
STEM trained 
workforce due 
to reduction of 

STEM 
graduates who 
decide to work 

in STEM / 
decarbonisatio
n occupation  

The increasing demand 
of STEM skilled talent 
from several traditional 
and newly created 
industries is leading to 
an increased 
competition of talent 
attraction between 
them.  
The issue of STEM 
skills shortage is 
costing businesses 
more than £1.5 billion a 
year in recruitment, 
temporary staffing, 
inflated salaries, and 
additional training 
costs.  
40% of employers 
reported a shortage of 
STEM graduates as 
being a key barrier in 
recruiting appropriate 
staff. 

HIGH 

1) Introduce Policy to retain 
international students in the 
UK, encourage more post 16 
students into STEM jobs. 
2) It is important to base 
solutions to the UK's STEM 
skills shortage on knowledge of 
local (and national) demand, 
rather than broad assumptions. 
3) Create new pathways into 
STEM education, and 
eventually into decarbonisation 
to increase the supply of STEM 
educated workers. 

MEDIUM 

(I) Net 
reduction of 
workforce 
through 

emigration 
resulting in 

demand 
shortfall 

There are not enough 
workers needed to 
complete infrastructure 
projects leading to 
workers price inflation 
and delay of projects.  

HIGH 

1) Recruitment personnel 
should make extra efforts to 
recruit using LinkedIn, Online, 
talks in secondary schools, 
ECITB, PR.  
 
2) Introduce new immigration 
policies that allows immigrant 

MEDIUM 
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workers to fill gaps in the 
workforce.  

(R) Incoming 
major 

programmes 
pose problems 
with demand 
outstripping 

supply of 
workers. 

Most sectors are 
competing for scarce 
resources, projects will 
not be able to be 
completed if current 
trends remain the same 
as well as increasing 
costs of labour / 
workers.  

 

HIGH 

1) Those currently in other sectors 
where opportunities are 
declining should be 
encouraged to move to the 
sector.  
2) Harnessing transferable skills 
to allow workers to smoothly 
transition between sectors.  
3) Future projects should 
undertake workforce planning 
studies upfront to foresee 
workforce availability risks  

MEDIUM 

(R) The 
successful 
delivery of 
projects is 

prevented due 
to limited 

provisions of 
specialist 
business 
advisors / 
technical 

support on low 
carbon 

production & 
operations 

This network of 
specialists is currently 
very limited. Without 
this advice businesses 
may not have the 
confidence to change 
to decarbonised 
operations, halting the 
completion of projects 
and pipeline.   

HIGH 

1) A programme for building 
the network of advisers is 
required to reduce this.  
 
2) This should be implemented 
on a locational basis to help 
mitigate future issues.  

MEDIUM 

(R) Impact of 
poor 

succession 
planning by 
supply chain 

and contractor 
organisations 

results in 
capacity and 

capability 
pipeline issues 

Capacity of 
decarbonisation supply 
chain will reduce over 
time. This is 
compounded by 
potential increase of 
requirements overtime. 
Both will have 
implications on the 
ability of supply chains 
to effectively deploy 
limited workforce 
effectively  

MEDIUM 

1) Supply chain and 
contractors should aim to 
produce:  
1. A Procurement Strategy 
2. A continually updated work 
pipeline. 
3. Effective Supply Chain 
engagement. 
 
2) Ensure that the regulatory, 
investment and market 
approaches adopted by 
governments create a pipeline.  

LOW 

(I) Parity of 
esteem for 
vocational 

pathways to 
progression 

leads to 

There are large gaps in 
the supply of workers 
who could have been 
educated through 
vocational pathways to 
fill those positions.  

MEDIUM 

1) Careers advice and 
guidance, curriculum 
enhancement and employer 
engagement starting from a 
young age at school before 

LOW 
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undersupply of 
vocationally 

educated 
workforce  

This leads to sections 
of the workforce having 
to be retrained and is a 
key barrier to filling the 
remining demand.  

students deice to pick their FE 
pathways. 
2) Campaigns amongst among 
parents as to the options for 
vocational pathways and the 
benefits of apprenticeships.  

(I) Long 

recruitment 

process and 

limited 

acceptance 

rate of new 

talent due to 

bias when 

attracting and 

recruiting new 

talent 

 

1) There is a limited 
acceptance rate of new 
talent. Many issues 
surrounding filling 
demand cannot be 
fulfilled due to the 
systemic issues within 
recruitment.  
2) 89% STEM 
employers report that 
the recruitment process 
is taking much longer 
than usual, forcing 
many companies to 
resort to expensive 
solutions. 

MEDIUM 

1) Utilisation of tools to 
ensure bias-free 
advertisements when 
seeking new employees.  
2) Promotion of range of 
‘role models’ to highlight 
diversity to new talent.  
3) Use STEM ambassadors 
and outreach programmes, 
as well as careers fairs to 
target secondary school 
students.  
4) Employers commit to 
mixed-sex, diverse interview 
panels to eradicate potential 
bias.   

LOW 

(I) STEM 
educational 

outreach is not 
effective 
enough. 

As this is not often 
beginning until 
secondary school, 
stereotypes have 
already impacted 
certain groups being 
attracted to STEM 
careers, meaning lost 
opportunities for those 
students that may have 
otherwise chosen this 
route at an earlier stage 
in their education.   

MEDIUM 

1) Target primary schools as 
well secondary schools to 
highlight the importance of 
STEM pathways from a young 
age.  
 
2) Create new pathways into 
STEM education, and 
eventually into decarbonisation 
by:  
Not just train, but “train to 
train”, “coach to coach”, “teach 
to teach”, 
 

LOW 

SKILLS & COMPETENCIES 

(I) FE 
provisions not 
fit for purpose  

Current FE do not 
teach the required skills 
needed to deliver 
decarbonisation 
projects and 
technologies leading to 
skills shortages which 
in turn leads workers 
price inflation and delay 
of projects. 

HIGH 

1) More targeted course by FE 
providers focused on industrial 
decarbonisation. 
 
2) Implement a review of FE 
Providers  MEDIUM 
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(I) HE 
provisions not 
fit for purpose 

This causes there to be 
a skills demand 
shortage across low 
carbon technologies 
and decarbonisation 
infrastructure. 

Current Focus almost 
entirely on some 
specific, more 
traditional technologies, 
instead of adapting to 
new retrofit and low 
carbon technologies.  

MEDIUM 

1) Higher Education and the 
supplier industry should act 
collaboratively and investigate 
building on existing best 
practice, identifying gaps and 
bringing together different 
elements of the supply chain to 
create joined up solutions that 
will work for customers and 
businesses alike. 

LOW 

(I) Acute UK-
wide talent 

shortage across 
many skills 

requirements 

The UK in many skills 
sets, is now facing an 
acute talent shortage. 
Estimated skills gap for 
over 200,000 workers 
causing the delay and 
cancellation of 
numerous projects that 
could have otherwise 
been achieved.  

HIGH 

1) Harnessing transferable 
skills and those workers only in 
other sectors where 
opportunities are declining 
should be encouraged to move 
to the sector.  
 
2) Design new qualifications, 
training courses and CPD in a 
way that they can fill these 
gaps and deliver efficiently a 
supply of appropriate talent 
resource.   

MEDIUM 

(R) Increased 

diversity of 

skills and 

specialisations 

required for 

decarbonisatio

n 

The demand from a 
diverse range of new 
specialisations 
(technical and non-
technical) blooming out 
of this large area of 
science that is 
emerging within 
decarbonisation cannot 
be met 

HIGH 

1) Careers advice and 
guidance, curriculum 
enhancement and employer 
engagement. 

MEDIUM 

DIVERSITY & INCLUSION 

(I) Gender, 
BAME & age 
imbalance 

within industry  

It will remain hard to 
recruit women and 
people from 
underrepresented 
groups. 

There are large 
populations of the 
workforce who are not 
currently working / 
could be trained to fill 

HIGH 

1) Campaigns and education 
attempting to correct that view. 
 
2) Encouraging young and 
relatable woman / BAME 
groups that work in this area to 
acts as role models for younger 
students.   
 
3) Introduction of quotas within 
industry to increase attraction 

MEDIUM 
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the gaps in skills and 
jobs demand. 

and recruitment of minority 
groups.  

(I) Perception 
of poor 
working 

conditions 
industry 

There are large 
populations of the 
workforce who are not 
currently working / 
could be trained to fill 
the gaps in skills and 
jobs demand. 

MEDIUM 

1) Campaigns and education 
attempting to correct that view. 

LOW 

(I) Social and 
economic 
mobility is 

impacted due 
to lack of 

educational 
equity across 
the education 

system. 

There are large 
populations of the 
workforce who are not 
currently working / 
could be trained to fill 
the gaps in skills and 
jobs demand. Many 
deprived areas of the 
UK are missing on 
opportunities due to the 
lack of educational 
provisions.  

MEDIUM 

1) It is important to 
demonstrate whether pupils are 
getting informed post-16 
advice. The government needs 
to enable and support these 
industry-education 
relationships. LOW 

(I) Not enough 
students are 
aware of the 

benefit of 
alternative 

post-16 
pathways than 

university 
pathways  

 

There are not enough 
people to deliver 
construction projects.  

There are large 
populations of the 
workforce who are not 
currently working / 
could be trained to fill 
the gaps in skills and 
jobs demand. 

MEDIUM 

1) To encourage more young 
people into climate roles they 
must be aware of the benefits 
of all opportunities. There is 
clearly work to be done with 
knowledge of apprenticeships, 
technical college, and T-levels 
in the public, and with parents 
and teachers, to ensure that 
young people are fully 
informed.  
2) Further opportunities with 
incentivising students down 
different pathways.  

LOW 
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S E C T I O N  7  
 

G L O S S A R Y  
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7. Glossary 

 

A-Levels: A-levels are the traditional qualifications that are offered by schools and colleges for 
students aged between 16 and 19. Short for Advanced Level, A-levels come after GCSEs. 

Apprenticeship Levy: The apprenticeship levy is a form of taxation designed to help companies 
offer more apprenticeships. It was introduced to benefit businesses by boosting essential training 
and developing apprenticeship programmes. The government apprenticeship levy is a tax paid by 
employers. 

CAPEX: Capital Expenditure 

CCGT Power Station: Combined Cycle Gas Turbine Power Station. 

CCUS: Carbon Capture Utilisation and Storage 

CITB: Construction Industry Training Board. 

Cluster Sites: Sites which fall within the enabling infrastructure associated with that cluster. 

Direct Impacts: The jobs and GVA supported directly by the economy activities of the firm (e.g. 
hydrogen production plant, construction firm) concerned. 

Dispersed Sites: Sites which geographically fall outside the clusters. 

Displacement: otherwise known as ‘crowding out’, is the extent to which an increase in 
economic activity is offset by reductions in economic activity in the area under consideration or in 
areas close by. 

ECITB: Engineering Construction Industry Training Board. 

Engineering Apprenticeship Levy: As above for engineering 

EUTS: The EU ETS is a cornerstone of the EU's policy to combat climate change and its key tool 
for reducing greenhouse gas emissions cost-effectively. It is the world's first major carbon market 
and remains the biggest one. 

FE:  Further Education (a 3rd level of education completed after secondary school generally at a 
college and leading to a non-degree qualification) 

GHG Protocol: Green House Gas Protocol, the world's most widely used greenhouse gas 
accounting standards. 

Gross Domestic Product (GDP): the total monetary or market value of all the finished goods 
and services produced within a country’s borders in a specific time period. As a broad measure of 
overall domestic production, it functions as a comprehensive scorecard of a given country’s 
economic health. 

Gross value added (GVA): is an economic productivity metric that measures the contribution of 
a corporate subsidiary, company, or municipality to an economy, producer, sector, or region. 

HE: Higher Education (a 3rd stage of education completed after secondary school generally at a 
university and leading to a degree qualification) 

IDRIC: UK Industrial Decarbonisation Research and Innovation Centre. 

IMD: Index Of Multiple Deprivation 
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Indirect impacts:  The GVA and jobs supported through the supply chain to the firm (e.g. H2 
plant) concerned. 

Induced impacts: The GVA and jobs supported as a result of employees of the firm (e.g. H2 
plant) and its suppliers spending their money on domestic goods and services, for example, in 
the shops. 

Leakage: the extent to which [intervention] effects “leak out” of a target area into others. For an 
intervention designed to increase employment in a particular area, leakage could take the form of 
increased employment in neighbouring areas. 

NAEI Data: National Atmospheric Emissions Index  

OPEX: Operational Expenditure (Typically 5% of CAPEX) 

Scope 1 Emissions: Covers emissions from sources that an organisation owns or controls 
directly – for example from burning fuel in our fleet of vehicles (if they’re not electrically-powered). 

Scope 2 Emissions: Are emissions that a company causes indirectly when the energy it 
purchases, and uses is produced. For example, for our electric fleet vehicles the emissions from 
the generation of the electricity they're powered by would fall into this category. 

Scope 3 Emissions: Encompasses emissions that are not produced by the company itself, and 
not the result of activities from assets owned or controlled by them, but by those that it’s indirectly 
responsible for, up and down its value chain. 

STEM: Science, technology, engineering, and mathematics 

Substitution: where firms substitute one type of labour for another to benefit from an intervention 
but do not increase employment or output. 

T-Levels: T Levels are an alternative to A levels, apprenticeships and other 16 to 19 courses. 
Equivalent in size to 3 A levels, a T Level focuses on vocational skills and can help students into 
skilled employment, higher study or apprenticeships. 

Track 1 Clusters: Government scheme that has a commitment to deploy CCUS by mid 2020’s 

Track 2 Cluster: Government scheme with a commitment to deploy CCUS by 2030 

UKRI: UK Research Institute.
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