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Skills for the Low Carbon Transition

Executive Summary
Limiting global warming to well below 2 degrees necessitates large-scale investments—which require an
appropriately skilled workforce to deliver and operate them. A workforce that lacks the right skills would
harm our chances of achieving the low-carbon transition in time.
As of today, neither the skills required nor their availability is known with certainty. As a result, the size of a
possible green skills gap is not known with certainty.
This report offers the first global quantification of the potential skills needs and gaps of four sectoral
transitions: low carbon construction, the electrification of transport, low carbon electricity generation, and
sustainable land use and forestry. These four labour intensive sectors account for over three quarters of
global abatement needed over the next two decades in most leading scenarios. 1
A focus on these four specific transformations overcomes a weakness of much prior work in this area. There
is no common definition of green skills, nor are there reliable databases that track their availability in the
workforce. This affects much of the literature on skills and the low carbon transition. To avoid this weakness,
we look at the skills required to deliver the four specific transformations at hand and identify possible
transition skills gaps: gaps in the skills currently present in the workforce, relative to the skills needed to
deliver the four transitions under investigation. In doing so, we distinguish between fundamental skills, often
acquired through general education or technical and vocational education and training (TVET) and not
specific to the transitions, and applied skills, more specific abilities, knowledge, experience and capabilities
that are often acquired through on-the-job training.2,3 Together with individuals’ own innate talents and
abilities, the two types of skills constitute a worker’s human capital.
The remainder of this executive summary presents seven key findings. It concludes by highlighting areas for
further work.
Finding 1: The global workforce already has the right fundamental skills to deliver a large proportion
of the four key transitions
More than 80% of the abatement potential of the four transformations can be unlocked with the
fundamental skills already present in the workforce today (Figure 1). That is, the fundamental skills of today’s
workforce are suitable for the type of work that needs to be done in a low carbon economy, notwithstanding
the possibility that they may lack the applied skills to do so, as further elaborated below. The remaining 17%
of the abatement requires filling gaps in fundamental skills provision: 5% can be unlocked by closing easy-toclose skill gaps; 9% require filling moderately easy-to-close gaps; and a final 3% require closing hard-to-close
gaps.4,5

1

To calculate the total global CO2 abatement needed over the next two decades, this study derives the levels of global CO2 combustion and process
emissions over 2019 – 2040 from IEA SDS of WEO 2020, while AFOLU CO2 emissions over 2020 – 2040 are compiled from the Network for Greening
the Financial System (NGFS) ‘Immediate 1.5C with CDR, Orderly’ scenario for land use & forestry.
2
Examples of fundamental skills include general capabilities like problem solving, teamwork, resource and time management, or setting up and
monitoring new systems. Examples of relevant applied skills include building insulation and heat pump installation, wind or solar power potential
estimation, flood- or heatwave-resistant farming techniques, or battery supply chain management.
3
Country case studies in this report show that some TVET programmes are starting to directly address the provision of applied skills relevant for the
green transition.
4
This assessment is based on a measure of the overlap between the skills profile of today’s labour force and the skills profile of the additional jobs
required to deliver the four transitions by 2040. Depending on the degree of overlap, a skills gap is classified as easy, moderately easy, or hard to
close.
5
The fundamental skills profile of the workforce may change in the future due to workforce turnover. If the fundamental skills of the cohorts entering
the labor market are more aligned with the needs of the transition to a low-carbon economy compared to the workers they are replacing, then the
gaps in fundamental skills will be even lower than those estimated in this report.
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Figure 1

Nearly 83% of the abatement potential of the four key transformations can be unlocked with the
fundamental skills already present in the workforce today
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The levels of global emissions are derived from IEA SDS of WEO 2020 for low carbon construction,
electrification of transport and low carbon generation over 2019 – 2040 and from the Network for
Greening the Financial System (NGFS) ‘Immediate 1.5C with CDR, Orderly’ scenario for land use & forestry
over 2020 – 2040. The four transitions together account for 22.3 GtCO2 annual abatement in 2040 relative
to 2019, around 83% of the total annual abatement required over the same period.
Vivid Economics

This relatively limited fundamental skills gap is encouraging because the transferable nature of fundamental
skills leads to market failures in their provision. Individual firms hesitate to make costly investments in the
fundamental skills of their workforce, since rival firms may later poach the upskilled workers. Workers in turn
may underinvest in them due to credit market failures and uncertainty about costs versus returns.
Finding 2: A gap in fundamental technical and engineering skills in the power sector could be a
material bottleneck
Among the overall positive picture, one potential bottleneck emerges. The skills of today’s global workforce
may not suffice to deliver the full abatement potential of low carbon generation. 3 gigatons of annual
abatement—around 10% of the required annual abatement in 2040 relative 2020 to reach net zero by
around 2050—require that skills gaps in this area are closed in time. This is mostly driven by a mismatch in
engineering and technical skills, such as the design, selection, installation, repair and operation of
mechanical and electronic equipment. The lack of these skills may also impede innovation and technology
transfer in areas where abatement cost reductions are most needed. Given the market failures associated
with investment in fundamental skills, as mentioned above, this may warrant further action by policymakers.
Finding 3: The fundamental skills required to deliver the four transitions suggests that the new
economy may bring opportunities for the vast majority of workers
This report’s analysis shows that the low carbon transition will require far greater change in technologies
and physical assets than in the fundamental skills of the workforce. The four transitions will change the
demand for jobs in many sectors, but the existing workforce already has most of the fundamental skills
needed to do those jobs. As such, a low carbon transition can be said to require a far greater turnaround in
physical capital than in the fundamental skills component of human capital. This implies that many workers
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in carbon intensive products and services as well as those in currently marginalised communities may
already have the fundamental skills needed to find decent work in the low carbon economy.
Two important caveats to this message are that fundamental skills need to be complemented with applied
skills; and that the right skills need to be available at the right place and the right time:
Finding 4: There is burgeoning evidence that there is a gap in the applied skills needed to work with
low carbon technologies and business models
Workers in many occupations will have to learn new applied skills that are specific to working with low
carbon technologies and business models. Examples include installing solar, ground and air source heat
pumps, installing building-integrated solar PVs, understanding and applying eco-design principles, carbon
accounting, and knowledge of climate policy. The need to acquire new applied skills and knowledge for the
low carbon transition presents an opportunity for learning and career growth for workers in many
occupations, as long as the training capacity and incentives exist, as we detail below.
At present, we have no systematic data on the extent of the need for such applied skills. However,
qualitative and localized reports document a shortage of some of these applied skills, in particular due to
lack of quality training and accreditation. It is thus urgent to gather further data on the supply and demand
of these applied skills.
Finding 5: Getting the right skills in the right place at the right time will likely require policy that
addresses eight key labour market and mobility challenges
The speed and scale of the low carbon transition implies that workers may need to rapidly move jobs and
potentially relocate, which is not a frictionless process. For instance, around 75% of the jobs required by the
transition to low carbon generation and by the electrification of transport will need to be filled by 2030.
Given this ambitious timeline, the mechanisms of ordinary, market-led skill provision and adjustment may
not suffice to close emerging skills gaps in time.
Policymakers can help ease this process by addressing eight key challenges:
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)

coordinating supply and demand for transition skills,
monitoring transition skills gaps at national and local levels,
increasing support and incentives for on-the-job training by enterprises,
developing training capacity in developing countries,
publicly imparting the most general of the required applied skills throughout the workforce,
planning for a just transition,
increasing the attractiveness of skilled manual occupations, and
easing within-country regional imbalances in skills supply.

If left unaddressed, these barriers can exacerbate frictions in the labour market. This risks slowing down the
delivery of emissions abatement as well as the matching of (employed and unemployed) workers to new job
openings.
Finding 6: Addressing the eight challenges requires coordination and collaboration between
governments, educational institutions, and businesses
Although details differ between developed and developing countries, tackling the eight challenges outlined
above requires the involvement of all relevant stakeholders. These include national governments, local and
regional governments, schools and universities, further education institutions, private training providers,
trade unions, employers’ associations, businesses, sectoral skills councils, NGOs, and private and public
investment banks.
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In developed countries with established education and training systems, skills agencies working closely with
private actors can help schools, universities, further education institutions and training providers adapt their
offer to meet the need for transition skills training.
In developing countries, where the education and training systems in place can be less responsive,
governments must partner with large enterprises, foreign governments, NGOs and multilateral organisations
to develop training programmes to meet specific employer needs and thereby build up their training
capacity.
In all contexts, governments need to play a central role in coordinating education and training strategies and
efforts.
Finding 7: The following policy interventions can address applied skills barriers and help to close the
transition skills gap, unlocking the full abatement- and employment potential of the low carbon
transition.
•

Governments could create a cross-ministerial strategic planning forum. This forum would be tasked
with formulating a roadmap for human resources development for a greening economy that aligns
policies across the domains of skills and education, industrial development, innovation and the
environment. Strategic coordination of this kind is both crucial and unlikely to be provided by
anyone else.

•

Statistical agencies could develop a robust framework to monitor the transition skills gap, if possible
through an international effort. Most of the other policy interventions need a consistent way of
measuring and anticipating the relevant skills demand and supply, yet we lack a consistent
framework to do so.

•

Governments could help to meet the large need for on-the-job training of applied skills by providing
targeted subsidies, an appropriate contractual framework, and by developing certifications for the
required skills. On-the-job training must play a key role to fill the fundamental skills gap that we
categorised as ‘easy to close’ and upgrade workers’ skills set with the applied skills needed to deliver
the transitions at hand.

•

Governments in developing countries with a weak training system could systematically integrate
official development aid, foreign direct investment and climate finance with skills development.
Partnerships to build training capacity to address specific employer needs can help overcome low
training capacity and build up human resources. Developed country governments should enter in
partnerships with developing country governments and large enterprises to support skills transfers.
These initiatives can leverage digital technologies to obtain economies of scale in skills training,
building on the accelerated diffusion of remote learning technology and skills following the Covid-19
crisis.

•

Schools, universities and TVET institutions could mainstream the teaching of climate, environment,
and energy issues to accelerate the diffusion of the applied skills needed to deliver the four
transformations analysed here. Basic knowledge about climate, energy and the environment should
be taught in all degrees, not just specialized climate or green degrees.

•

Local and national governments, unions, and employers could immediately start strategic
anticipatory planning to ensure a just transition. Tripartite approaches to develop local development
plans that address locally binding constraints can create new jobs and offer income support and
wage insurance to provide a safety net in areas likely to suffer job losses from the low carbon
transition. Active labour market policies are crucial to help disadvantaged and low-skill workers to
change occupations by equipping them with the relevant applied skills.
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•

Policymakers and industry leaders may ease within-country regional imbalances in the relevant skills
supply by increasing the attractiveness of certain occupations and easing barriers to labour mobility.
Ensuring the right to unionize and increasing awareness among young people of opportunities in
those sectors and their key role in fighting climate change could increase their attractiveness.
Harmonizing licensing requirements and offering incentives to move could ease frictions in spatial
mobility.

These findings suggest three immediate areas for further research to assist workers, business leaders, and
policy makers in building up the skills and skills frameworks needed for the low-carbon transition.
•

•

•

Further research is needed on labour market flexibility and local skills bottlenecks. We need a better
understanding of the relationship between labour market flexibility, workers’ propensity to move
towards new job opportunities, and the low carbon transition. A promising way forward would be to
study past skills bottlenecks in particular sectors and localities and the approaches that have been
successful in resolving these.
There is a need to develop the capacity to monitor the demand and supply for transition-relevant
skills, a ‘Transition Skills Monitor’. Such a monitor would support the development of matching
services for low-carbon transition jobs, which could be offered as a priority to workers in labour
markets with an elevated risk of job loss. Such a skills monitor would allow the design and
implementation of sub-national skills monitoring systems coupled with local decarbonisation
scenarios. This would allow actors to look ahead effectively to identify local skills gaps, or to spot
new gaps emerging in parts of low-carbon value chains. Developing such a monitor requires
additional research on the applied skills that are specific to low-carbon technologies and production
processes.
There is a need to assess the extent of public and private supply of training for transition relevant
skills, particularly in developing countries. It would be constructive to assess opportunities for
developing partnerships between countries to pool training resources, which would speed up skills
provision and training capacity transfer to developing countries.
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1

Introduction

As the pressure for climate action builds up, several countries and companies have committed to net zero
over the recent years. National net zero targets already cover over half of global GDP, 2.6 billion people and
a quarter of all carbon emissions (Energy & Climate Intelligence Unit, 2020). Since late 2019, the number of
companies committed to net zero has doubled, reaching 1,541 in September 2020 (UNFCCC, 2020). Since
January 2020, 753 more companies committed to science-based climate action, increasing the number of
companies on the Science Based Targets initiative list to 1259 as of March 2021(Science Based Targets,
2020).
Nevertheless, delivering net zero by 2050 requires significant changes in employment, technology, and
economic structures. Incremental change will not zero out emissions in time. Achieving this requires system
transformation, including in sectors ranging from energy, transport and industry to buildings, agriculture and
forestry and concerning the behaviour of economic agents ranging from governments to investors, from
firms to consumers, from trade unions to workers (Carbon Brief, 2020; PRI, 2019).
These changes in employment, technology and economic structures will require new and different skill sets
in the workforce. Three main mechanisms drive the change in skills demand: (i) within existing occupations,
the low carbon transition will require the updating of skills and qualifications to match changing task profiles;
(ii) within new occupations, emerging as the economy is transformed, new skill profiles will be demanded;
and (iii) within declining value chains, such as fossil fuels, labour shedding due to decarbonisation will require
the workers of these sectors to update their skills and qualifications to move to new occupations (OECD &
Cedefop, 2014). Various studies estimate significant jobs gains in sectors benefiting from the low carbon
transition and considerable net job impacts, ranging from around 1% decrease to 4% increase in the covered
workforce (see Appendix – Model Comparison for detail). The Committee on Climate Change for the UK
identifies significant skills gaps in various sectors ranging from buildings and agriculture to finance and
manufacturing and concludes that skills will be a key dimension to decarbonise the UK economy and ensure
its competitiveness in the global market(Committee on Climate Change, 2020). Princeton University’s Net
Zero America report highlights the need for developing skills capacity to support the transition to net zero
and ensure that it is just (Larson et al., 2020).
A transition skills gap – i.e. a lack in the workforce of the skills required to deliver the low-carbon transition –
would likely harm our chances of limiting global warming to well below 2 degrees. A mismatch between the
skills demanded by the low carbon transition and those supplied by the labour market can increase the cost
of decarbonisation significantly, slow down the transition or make it impossible to achieve, and eventually
lead to irreversible global climate and ecosystem changes.
Conversely, history suggests that an appropriately- and highly skilled workforce can catalyse major
transformations. A recent interpretation of the Industrial Revolution, for example, argues that it began in
Britain because of the specific skill profile of the British workforce(Kelly et al., 2014). While the technological
ideas behind the steam engine, cotton spinning, etc. were present in other times and places, ‘turning this
knowledge into an Industrial Revolution required skilled and capable artisans’, which were numerous in 18th
century Britain but not in other pre-industrial times and places(Kelly et al., 2014).
Whether or not a transition skills gap can be pre-empted also affects whether a just transition can be
achieved. Where a workforce lacks the skills demanded by a changing economy, labour market matching is
significantly reduced. Pockets of severe unemployment can emerge, and scarring effects can shift local
economies and labour markets towards permanently weaker equilibria, likely creating political resistance to
further progress in the low carbon transition. In contrast, where reskilling proceeds smoothly, affected
workers can relocate from shrinking towards growing industries and occupations, ensuring that the
transition is seen as just and thus continues to be politically viable. Examples of the latter are the coal mining
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closures in the Southern Netherlands during the 1950s, or the phase-out of anthracite coal in Germany’s
Ruhr and Saarland areas (Oei et al., 2020).
To help orient policy in this area, this study sets out to quantify the transition skills gap and provide
recommendations to policymakers for resolving it. As the whole system transitions to a low carbon
economy, the two main objectives of policymakers are managing the transition to green jobs and promoting
green economic growth. Both objectives require a good understanding of transition skills and how these will
evolve in the short- and long-term. In this paper, we study four near-term transitions: low carbon power
generation; electrification of transport; low carbon construction; and land use & forestry. We quantify, first,
the employment impacts and, second, the skills needs of these four transitions in 2040; in a third step, we
contrast these to the current skills supply available in the labour market, to identify the transition skills gap
likely to emerge in the absence of policy action. The analysis is both global and disaggregated, providing
results at the level of seven world regions: Africa, Asia-Pacific, Central and Latin America, Eurasia, Europe,
North America, and the Middle East. Following the quantitative analysis, we discuss qualitative frictions that
could prevent markets from delivering the required skills on time. Next, we propose a number of policy
responses to ease this transition. In conclusion, we briefly consider the impact of COVID-19 and the
associated stimulus packages on the transition skills gap.
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2

Methodology

The study develops a unique and pioneering approach to quantitatively assess the fundamental skills needs
of four low carbon transitions in seven world regions:6 low carbon construction, electrification of transport,
low carbon generation, and land use & forestry.
We chose these four transitions because they will be key in driving emissions reduction over the next two
decades. According to the IEA’s sustainable Development Scenario, the four transitions together will deliver
49% of the projected emissions reduction by 2030 and 51% of it by 2040. Moreover, the technology
pathways of the four transitions are widely studied, and technologies required to deliver them are largely
available today. This facilitates the quantification of the skill needs significantly, allowing us to avoid
speculations about future technologies and related skill needs.
We then quantified the skills gaps associated with these four transitions using the following four-step
methodology. The Methodology-Appendix provides further detail on our methodology.
1. Defining BAU and green scenarios. For each transition, we defined a BAU scenario which projects the
evolution of employment up to 2040 based on existing policies and policy announcements. For low
carbon generation and electrification of transport, we then defined green scenarios on the basis of
the IEA’s Sustainable Development Scenario (SDS)(IEA, 2020c, 2020a). The green scenario for low
carbon construction was defined on the basis of Parity Projects (2020) and National Grid UK (2020),
for land use & forestry on the basis of Business & Sustainable Development Commission (2017).
2. Calculation of employment impacts. Comparing the two scenarios for each transition for the year
2040, we determined the implied changes in employment. This difference in employment between
the scenarios was computed separately for each region and for each component of the relevant
value chain. We then mapped the sectoral employment impacts onto occupations using the 2019
sectoral occupation matrices from the U.S. Bureau of Labor Statistics (2020).7 Table 1 provides detail
on the approach used to calculate the employment impacts by transition.
3. Quantitative measurement of skill distances. To measure the scarcity or abundance of the skills
associated with each occupation, we first assigned a vector of skill scores to each occupation. To do
this, we drew on two skill databases explained in Box 1 below. Using these skill vectors, we then
computed a quantitative ‘distance’ between the skills needed for the additional employment, and
neighbouring occupations from or into which switching is considered easy. Any occupation with a
skill vector distance below this benchmark can then be considered ‘close’, those with a skill vector
distance above the benchmark are considered more distant. This was implemented via slightly
different methods for developed and developing countries, with the details explained in the
Methodology Appendix below.

6

The analysis follows the regional disaggregation of the IEA’s World Energy Outlook and considers seven world regions. Europe and North America
represent the developed countries, while Africa, Asia Pacific, Central and South America, Eurasia, and Middle East are considered as the developing
countries.
7
The U.S. Bureau of Labor Statistics provides the sectoral occupation matrices from 2019 and 2029. We used the 2019 version to avoid attribution
error and interactions with other megatrends. A comparison of the 2019 and 2029 versions of the sectoral occupation matrices for 23 sectors
assessed in this study shows that the two versions are largely similar. Out of 1,750 sector-occupation pairs, 1,313 have the same percentage share in
a sector’s total employment in 2019 and 2029, whereas 427 report less than 1% change in its share in a sector’s total employment over the same
period. This is expected. Technologies that are needed to deliver the four transitions are already available and in use. Therefore, the skills needed to
employ these technologies are already incorporated in today’s skills databases.
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Table 1

To calculate the employment impacts by transition, we built bespoke bottom-up models and based the BAU and green scenarios on widely recognised studies

Transition

Value chain

BAU scenario

Green scenario

Method of scaling up to world regions

Low carbon
construction

Construction of buildings

Current market size from
(IEA, 2020b) projected
forward according to
population growth,
assumed employment
increases proportionally

Parity Projects (2020), based on National
Grid UK (2020)): employment in the
construction sector need to double by
2040 to meet targets for retrofits and
sustainable new builds

Scaling from UK to Europe based on the
floor area of old buildings (proxy for retrofit needs). Scaling to other world regions
using current CO2 emissions as proxy for
retrofitting and new floor area for new
builds

Electrification EV manufacturing, ICE
of transport
manufacturing, battery
cells manufacturing,
wholesale and O&M of
EVs, construction and
maintenance of charging
Infrastructure

The global automotive
market size is assumed to
be the same as that of the
green scenario, but, EV
market share remains the
same as today

Used the SDS from IEA (2020b)to project
the total size of the automotive market
and the share of EVs in the market

Based on the employment factors from AIE
(2020)

Low carbon
generation

Fossil fuel extraction, plant
construction by
technology, O&M of plants
by technology, generation
equipment manufacturing

Current employment in the
value chain

Used the SDS from IEA (2020d) to
quantify the change in generation
capacity by tech and multiplied these with
technology specific employment factors
by world region

No scaling up, as IEA (2020d) provides
regional estimates

Land use &
forestry

Animal-based agriculture,
crop-based agriculture

Current employment in the
sector, projected forward
using historical growth
rates ILO (2020b)

Used BSDC(2017), based on achieving all
relevant SDG targets and a 2-degree
pathway and on the additional economic
value generated by 14 opportunities,
ranging from forest ecosystems services
to dietary switch, from technology in
smallholder farms to micro-irrigation

No scaling up, as BSDC(2017) provides net
job gain by region. To project job losses,
ILO (2020a)

Note:
Source:

BDSC: Business & Sustainable Development Commission; SDS: Sustainable Development Scenario
AIE(2020); Business & Sustainable Development Commission (2017); IEA (2020c, 2020b, 2020d); ILO (2020b, 2020a); National Grid UK (2020); Parity Projects (2020)
Vivid Economics
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Box 1

The quantitative analysis builds on the O*NET and STEPs databases

The analysis uses the US Department of Labor’s O*NET and the World Bank’s STEP databases. These two
are the most widely used data sources and typologies of fundamental skills in the literature.
The O*NET database covers the US labour market and distinguishes 161 types of skills divided under four
headings: abilities, knowledge, skills, and work activities(O*NET, 2019). It maps these skills onto 717
different occupations.
The STEP database covers 17 developing countries and records various information regarding the
occupation of survey respondents (The World Bank, 2017). Following the methodology employed by Lo
Bello et al. (2019) the data collected in the database can be used to measure five broad macro-skills: nonroutine analytical, non-routine interpersonal, routine cognitive, routine manual, and non-routine manual.
These skills are mapped onto 94 occupations.
Both data sources are limited in coverage and report ‘fundamental skills’ only. For example, according to
O*NET, the skills associated with the occupation of construction worker include installation,
troubleshooting and quality control, but not more applied, granular skills like fitting heat pumps or
estimating potential energy efficiency savings.

4. Estimating the skill gap. In a final step, these benchmarks were applied to the contemporary skill
distribution to classify skill gaps as easy, moderately easy, or hard to close. We asked: what
proportion of the labour market today is closer to the new job than the benchmark calculated in
step 3? If more than 40% of the existing labour market has a skill distance smaller than the
benchmark, the skills gap is considered ‘easy to close’; if less than 40%, but at least 20%, of the
existing labour market is closer than the benchmark, the gap is considered ‘moderately easy to
close’; if it is less than 20%, it is considered ‘hard to close’.
Focusing on the four specific transitions avoids an attribution error and teases out the incremental skills
need due to the low carbon transition alone. The shift towards a green economy coincides with many other
megatrends, including automation, and geographically shifting value chains(Autor, 2019; Energy Transitions
Commission, 2020). This makes it challenging to attribute a certain shift in skills demand to the transition to
a low carbon pathway. These four transitions offer us some certainty about their future technology pathways
and interactions with other megatrends, making it easier for us to assess their value chains and avoid
attribution error (Business & Sustainable Development Commission, 2017; Committee on Climate Change,
2020; European Commission, 2020; IEA, 2020c).
A focus on these specific transitions also helps to avoid the over-optimistic bias of general equilibrium
models. Quantifying the demand for jobs driven by the green transition is a major challenge, reflected in a
wide range of estimations. For example, the 2020 World Economic Outlook uses a computable general
equilibrium (CGE) model to estimate job gains and losses from the transition to a green economy and
concludes that the job impacts from the low carbon transition are virtually nil on balance(IMF, 2020). There
are two main drivers of these results: (i) CGE models tend to underestimate the overall employment impacts.
By design, the economy returns to a ‘natural’ level of employment in the long run, where employment gains
in some sectors are counterbalanced by employment losses in other sectors; and (ii) as top-down models,
CGE models consider within-sector dynamics poorly. For example, the 2020 World Economic Outlook
estimates a significant reduction in employment in the construction sector and a negligible increase in the
agriculture and forestry sectors. In the construction sector, cement becomes very expensive due to increases
in carbon costs, decreasing economic activity and employment. In the agriculture and forestry sectors, CGE
models cannot account for the potential impact of new innovative business and financial models on
economic activity and employment, which are the main drivers of the socioeconomic impacts in these
sectors. As a result, these projections align poorly with sector specific strategies, which we consider to be
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more reliable projections. For example, Parity Projects (2020), based on National Grid UK (2020) foresees
that employment in the construction sector need to double by 2040 to meet targets for retrofits and
sustainable new builds. Similarly, the Business and Sustainable Development Commission estimates that the
global employment in the agriculture and forestry sectors will increase by 78 million in 2030 (around 2% of
today’s labour force) thanks to new market opportunities (Business & Sustainable Development Commission,
2017). To avoid these and other inconsistencies with comparatively robust projections, our job estimates are
based on the four specific transitions mentioned above, rather than derived from a general equilibrium
model. Largely driven by this methodological choice, our job estimations fall towards the upper end of the
range collected from the literature, as shown in Table 5 in Appendix – Model comparison. Our results are
well aligned with studies that use bottom -up estimations to quantify the job impacts. McKinsey estimates
that, in 2050, the low carbon transition in Europe will create 11 million jobs while eliminating 5 million jobs
(McKinsey, 2019), close to the European estimates of this study: 9 million jobs created, and 6 million jobs
lost in 2040.8 A working paper from EIEE calculates that policy changes in energy generation that aim at
limiting the global well below 2 degrees can generate 8 million net jobs globally by 2050, well aligned with 8
million net jobs by 2040 calculated by our approach.
The transition skills gap is quantified for jobs that require occupation switching, but upskilling may also be
required within occupations. The quantitative analysis only ‘registers’ employment changes that cross
occupational boundaries. This biases our estimate of the skills gap downwards: in our projection, as in the
literature more generally, the lion’s share of the labour force will remain in their current occupations (ILO,
2011). For example, an EV will require the same chassis and wheels as an ICE vehicle; it is mainly the engine
and battery that are different from BAU vehicle production, and so it is only in those parts of the value chain
that switching between occupations is likely to occur. However, existing jobs remaining in the same
occupation and sector may still need to gain new skills, as the tasks they do are likely to change with the
transition to a low carbon economy. These reskilling needs are not visible in our quantification. They are
considered qualitatively in Section 4 as well as in the case studies offered below.
This opens the door to two different interpretations of the quantitative estimates. One way to interpret the
headline skill gap figures would be to assume that new within-occupation skills can and will be gained
through training interventions, such as on-the-job training. For example, an assembler in the automotive
sector might be able to move from assembling ICEs to assembling EVs with on-the-job training as both
involve similar underlying skills. Another way to interpret this is to read our quantification as lower bound
estimates: the actual skill gap might be larger, to the extent that within-occupation shifts in skill demands
may be significant and may not necessarily fill themselves without additional policy interventions.
Existing skills data does not permit an easy adjudication between these two interpretations. To add a
quantitative estimate of the skills gaps that might emerge from within-occupation changes, future skill
profiles would be required. This would allow a comparison between, for example, the skill profile of a
construction worker today, and the skill profile required in the same occupation in 2040. However, this skill
data does not exist: the current databases use static skill profiles, i.e., do not project changes in skills for
occupations over time.
We nevertheless believe that the first interpretation is more accurate. The four transitions considered in this
study can largely be delivered with technologies that are already available and in use. Their skills needs are
therefore likely to already be reflected in the skills sets of today’s occupations and are therefore considered
in the databases used in the analysis. While there may be additional skill gaps that emerge as occupations
themselves change, we believe that this effect will not be unusually larger tomorrow, in the four transitions
under investigation, than it has been in the recent past.

8

Compared to this study, the McKinsey report covers a wider range of transitions and a longer timeframe, justifying the difference between the
numbers of the jobs created.
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The analysis focuses on skills that are required to deliver the low carbon transition. There is no clear
definition of specifically green skills, and it remains unclear to what extent the differences between green
and other skills are measurable. To sidestep this issue, this study aims to quantify those skills that are needed
to fill the jobs created by the four transitions under investigation, rather than identifying and quantifying
‘green skills’ per se.
Within the set of skills required to perform the jobs in question, this study draws a further distinction
between fundamental skills and applied skills.
1. Fundamental skills include general capabilities like problem solving, teamwork, resource and time
management, or setting up and monitoring new systems. They are often acquired via general
education, and/or via technical and vocational education and training (TVET). Once gained, on-thejob training can be used to adapt them to new occupations and sectors. Precisely because of their
transferable nature, the provision of fundamental skills often suffers from market failures: individual
firms hesitate to make costly investments into the fundamental skills of their workforce, since rival
firms may later poach the upskilled workers. Workers in turn may underinvest in them due to credit
market failures and uncertainty about costs versus returns.
2. Applied skills include more specific abilities, knowledge, work experiences and capabilities. Examples
of applied skills required to fill some of the job openings in question here include building insulation
and heat pump installation, wind or solar power potential estimation, flood- or heatwave-resistant
farming techniques, or battery supply chain management. These, too, may suffer from market
failures in their provision, particularly if workers with the desired skills are in short supply, but a
lower degree of transferability can encourage greater private investment.
Potential gaps in the applied skills are not part of the quantification described in this section. These skills are
too fine-grained, and in some cases too new, for existing skill databases to provide accurate measurements.
Fundamental skills are arguably a better guide to a future skills gap than applied skills. Fundamental skills are
general capabilities like problem solving, team work, resource and time management, or setting up and
monitoring new systems. Because of their transferable nature, the provision of fundamental skills often
suffers from market failures: individual firms hesitate to make costly investments into the fundamental skills
of their workforce, since rival firms may later poach the upskilled workers(European Commission, 2011;
Stone, 2012). Workers in turn may underinvest in them due to credit market failures and uncertainty about
costs versus returns(Hansson, 2008). In contrast, many of the applied skills required for the transitions can
be acquired through on the job training: their frequently non-transferable nature removes some of the
market failures associated with fundamental skills. Durable skills gaps are hence more likely to emerge with
regard to fundamental skills(European Commission, 2011).
We should nonetheless bear in mind that the quantitative analysis does not fully capture the need for onthe-job training. The policy section emphasizes this by highlighting the policies needed so that incentives are
sufficient for employers to offer on-the-job training to provide some of the very specific applied skills needed
to meet the demand created by the low carbon transition. These, too, may suffer from market failures in
their provision, particularly if workers with the desired skills are in short supply, and if the skills, despite their
applied nature, are transferable.
The analysis is complemented by three country case studies – the UK, China, and Vietnam – and a wider
literature review as the level of analysis may underreport the potential skills gap in key transition regions.
Three limitations driven by data availability are likely to lead to underreporting of the skills gap: (i) lack of
sub-regional detail, (ii) focus on the fundamental skills, and (iii) the static nature of the skills data. We
therefore undertake some additional country case studies to complement this work. The case studies allow
us to elucidate the types of frictions in the labour market at the sub-national level that may result in a
transition skills gap. They also investigate historical transitions and the ways in which shifts in economic
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activity impacted on skills markets. We also review the wider literature to amend our analysis with ‘applied
transition skills’ and account for the dynamic nature of skills.
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3

Findings

The section discusses our findings on the fundamental skills gap and applied skills gap. The quantitative
analysis tackles the fundamental skills gap, whereas the evidence on the applied skills gap is based on the
qualitative analysis.

3.1

Evidence on the fundamental skills gap

First, the section describes the job impacts of the low carbon transition. Then, it presents a granular picture
of the skills gap in developed countries. Finally, it discusses the ease of addressing the identified skills gap
and maps it over the mitigation potential of the four transitions.
Job impacts of the low carbon transition
Globally, the net job impact from the four transitions is positive. In 2040, 170m jobs will be gained, while
70m jobs will be lost. 170 million jobs are considered as additional as they would not be created in the
absence of the four transitions. Overall, around 7% of the global workforce will have to change industry over
the next 15-20 years. As shown in Figure 2, sustainable land use and forestry accounts for the lion’s share of
the net job gains, around 80m, followed by low carbon construction with 11m. In the case of low carbon
generation and electrification of transport, job losses in parts of the value chains that rely on fossil fuels
counters job gains, leading to modest net job gains of 8m and 5m, respectively.
Figure 2

Land use & forestry account for the lion’s share of the net job gains, around 80m

Changes in Employment - All Transitions, in 2040
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The figure shows year-on-year changes in employment in 2040.
Vivid Economics

The employment impact of the green transition is unevenly distributed across the world regions. Around
90% of jobs created and jobs lost are in developing countries (Figure 3). Asia Pacific and Africa experience
the highest employment impacts among the regions and lead in job gains due to their high populations and
large share of the labour force employed in the agriculture sector. The share of the developed countries in
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total jobs created and lost is smaller, at around 10%, while the job impacts are largely driven by
electrification of transport, given the large share of Europe and North America in the automotive sector
(Figure 4).
Figure 3

Note:

Source:

Around 90% of jobs created and lost from the four transitions are in developing countries, led by Asia
Pacific and Africa

The analysis follows the regional disaggregation of the 2020 World Energy Outlook (IEA, 2020c) and
considers seven world regions. Europe and North America represent developed countries, while Africa,
Asia Pacific, Central and South America, Eurasia, and Middle East are considered as developing countries.
Vivid Economics
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Figure 4

Land use & forestry lead the job impacts in developing countries, whereas electrification of transport
dominates the job impacts in developed countries

Share of employment change relative to
BAU by transition

Breakdown of Employment Gains and Losses, in 2040
100%
80%
60%
40%

20%
0%
-20%
-40%
-60%
-80%
-100%
Africa

C. and S.
America
Net-Zero Construction
Land Use & Forestry

Note:

Source:

Asia Pacific

Eurasia

Europe

Middle East

North
America

Electrification of Transport
Net-Zero Generation

The analysis follows the regional disaggregation of the 2020 World Energy Outlook (IEA, 2020c) and
considers seven world regions. Europe and North America represent developed countries, while Africa,
Asia Pacific, Central and South America, Eurasia, and Middle East are considered as developing countries.
Vivid Economics

Skills needed for the low carbon transition
A granular analysis of the skills gap in developed countries shows that the four transitions have different but
partially overlapping skill needs. Figure 5 presents the 20 most sought skills by each transition in a Venn
diagram, while Box 2 introduces the skills categories from the O*NET database.
Training interventions targeting specific skills can unlock the employment potential of multiple transitions
simultaneously and can provide flexibility to the labour force. There are significant overlaps between the
skills needs of the four transitions. All four transitions require skills and experience in work activities related
to selecting, operating and maintenance of equipment and vehicles. The overlap between low carbon
generation, electrification of transport, and low carbon construction involves more sophisticated skills,
knowledge, and experience in work activities, such as building construction, telecommunications,
installation, troubleshooting and quality control. Gaining this knowledge and experience in work activities
requires training, but once gained these can be adapted to new jobs relatively easily, allowing workers to
move between occupations and sectors.
Land use & forestry increases the demand for skills that are widely available in the market and relatively easy
to adapt to land use & forestry related occupations. These include skills, knowledge, and experiences in work
activities related to agriculture – e.g. food production, production processes, and equipment selection and
maintenance – and organisation and management – e.g. human resources, personal management,
coordinating work and staffing organisations.
Box 2

The analysis for the developed countries uses 161 micro-skills provided by the O*NET database

The O*NET, the Occupational Information Network, is the US’ primary source of occupational
information and is widely used in the literature to assess the transition skills gap in the developed and
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developing countries.
Based on O*NET’s content model, the 161 micro-skills considered in the analysis can be categorised
under four groups:
● Skills: developed capacities that facilitate general tasks like learning, problem solving or teamwork.
Subcategories include basic skills, complex problem solving skills, resource management skills,
social-, systems-, and technical skills(O*NET, 2021c)
● Knowledge: organized sets of principles and facts applying in general domains(O*NET, 2021b)
● Work activities: general types of job behaviours occurring on multiple jobs. These include
information input, interacting with others, mental processes, and work output(O*NET, 2021d)
● Abilities: enduring attributes of the individual that influence performance. These include cognitive,
psychomotor, physical, and sensory abilities(O*NET, 2021a)

Figure 5

Note:

Source:

The four transitions have different but partially overlapping skill needs

The figure presents the 20 most sought skills (S), knowledge (K), and work activities (W), but not abilities,
by each transition out of 161 micro-skills reported in the O*NET database. To identify the 20 most sought
micro-skills, the approach calculates the importance score difference between the skills of the
occupations that gain from a transition and the skills of the average worker in the market. Then, the
positive differences are weighted by the number of jobs created for each occupation and sorted by
descending order.
Vivid Economics
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Ease of addressing the skills gap
We categorise jobs that need to change occupation into three groups by ease of closing the identified skills
gap: easy, moderately easy, and hard. A skills gap is ‘easy’ to close if a large share of the current labour force
has a skills set that is similar to the skills profile of the additional job. The skills gap is harder to close for
those additional jobs for which a smaller number of workers in the current labour market can offer the skill
set required.9
Globally, around 60% of incremental jobs created by the green transition have an ‘easy to close’ skills gap.
Figure 6 shows the ease of closing the skills gap by transition for incremental jobs. When existing jobs that
remain in the same occupation but still may need to gain specific applied skills are considered, the share of
jobs that have an ‘easy to close’ skills gap increases to 97%. However, it is important to keep in mind that
these results are based on ‘fundamental skills’. When accounted for the specific applied skills needed to
deliver the transitions, training needs to close the skills gap may increase.
The findings are largely in line with the literature. (Bowen et al., 2018) conclude that skill differences within
green jobs and between green and non-green jobs are not large, and re-training needs in the short- and
long-run are not major. According to (ILO, 2019), new occupations emerging due to the green transition may
share the same skills as existing occupations, and most of the employees losing their jobs are likely to find
jobs in the same occupation. In the construction, agriculture and forestry sectors, existing occupations will
adapt new skills, whereas new occupations in the renewable sector will be closely related to existing
occupations. Similarly, GGSD (2018) reports that most green jobs will require the topping-up of existing skills
sets. Cedefop (2019), a study of six European countries, concludes that traditional generic skills will account
for a significant portion of the low carbon skills set, and skills set of high carbon industries are transferable
and adaptable to low carbon sectors with appropriate training programmes. The same conclusions are also
supported by other studies (CBI, 2012; HM Government, 2016; IRENA, 2017; Louie & Pearce, 2016).
Around 70% of incremental jobs created by the shift to sustainable land use and forestry practices involve
occupations with an ‘easy to close’ skills gap. As shown in Table 2, the occupations include farmworkers and
labourers, pesticide handlers and sprayers, and supervisors of farming, fishing, and forestry workers. They
demand manual skills that are not occupation specific and are widely available in the labour market.
However, accounting for market frictions, especially in developing countries, can widen this skills gap.
Agriculture training is chronically underfunded (FAO, 2018), and people who need climate smart agriculture
skills are often dispersed geographically in rural and remote areas that may be hard to access (FARA, 2015;
Long et al., 2016), have limited levels of education that make it difficult for them to learn new skills(FAO,
2018; Harvey et al., 2014), and are cash and credit constrained or lack financial literacy, limiting their ability
to invest upfront in skills training (World Bank, 2016). Farming practices can also have an important cultural
component, requiring effort and time to get farmers to change practices (Long et al., 2016; World Bank,
2016). Moreover, increasing employment in sustainable land use and forestry goes against the structural
economic change in many developing countries where people migrate from rural to urban areas,
exacerbating the potential frictions listed above (IOM, 2016; UNCTAD, 2015). The rest of the jobs created,
around 30%, have a skills gap that is harder to close. These jobs are mostly in manager- or operator-type
occupations, such as agricultural managers and agricultural equipment operators, that require sectorspecific skills, knowledge, and experience. These skills are available in the labour market but need to be
adapted to land use and forestry occupations.
Low carbon generation, low carbon construction, and electrification of transport drive the skills gap and
training demand among the incremental jobs in the green scenarios. Compared to land use and forestry,
these three transitions demand more sophisticated skills, knowledge, and experience in sector related work
activities. Occupations falling under ‘easy to close’ skills gap are construction labourers, electrical power line
and telecommunication line installers, and operators of construction and agricultural equipment.
9

See Section 2 above for an overview of the methodology, or the Methodology Appendix for a detailed description.
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Occupations falling under ‘hard to close’ skills gap demand more sophisticated and occupation-specific skills.
Construction managers, electricians, operations managers, engineers, and power plant operators are some
of the more important occupations in this group.
Figure 6

Around 60% of incremental jobs created by the green transition have an ‘easy to close’ skills gap

Job gains relative to the BAU in 2040
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The total job numbers are lower than the ones presented in Figure 2 because the analysis of the
incremental job gains considers only jobs that require a change in occupation. Jobs that do not change
occupations are not shown in the figure.
Vivid Economics
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Table 2

The occupations gaining from the four transitions have varying skills gaps and training needs
Occupations gaining the most from the four transitions

Ease of
Transition

Easy to close
skills gap

Developed Countries

Developing Countries

Farmworkers and Labourers, Crop, Nursery, and Greenhouse
Sales Representatives, Wholesale and Manufacturing, Except
Technical and Scientific Products (53k)
First-Line Supervisors of Farming, Fishing, and Forestry Workers
(50k)
Customer Service Representatives (32k)
Shipping, Receiving, and Traffic Clerks (22k)

Agricultural Workers (45.3m)
Other Installation, Maintenance, and Repair Occupations (5.5m)

Computer User Support Specialists (19k)
Pesticide Handlers, Sprayers, and Applicators, Vegetation (18k)
Production, Planning, and Expediting Clerks (18k)

Moderately
easy to close
skills gap

Stock Clerks and Order Fillers (18k)
Light Truck or Delivery Services Drivers (16k)
Construction Labourers (0.6m)
Electrical Power-Line Installers and Repairers (0.6m)
Farmers, Ranchers, and Other Agricultural Managers (0.4m)
Telecommunications Line Installers and Repairers (0.3m)
First-Line Supervisors of Construction Trades and Extraction
Workers (0.2m)
Operating Engineers and Other Construction Equipment
Operators (0.2m)
First-Line Supervisors of Mechanics, Installers, and Repairers
(0.2m)
Solar Photovoltaic Installers (0.1m)
Office Clerks, General (0.1m)
Agricultural Equipment Operators (0.1m)
Construction Managers (0.1m)
General and Operations Managers (0.1m)
Electricians (0.1m)
Electrical Engineers (89k)
Bookkeeping, Accounting, and Auditing Clerks (70k)

Hard to close
skills gap

Telecommunications Equipment Installers and Repairers, Except
Line Installers (56k)
Radio, Cellular, and Tower Equipment Installers and Repairers
(50k)
Medical Equipment Repairers (42k)
Power Plant Operators (33k)

Note:

Source:

Grounds Maintenance Workers (1.9m)
Sales Representatives, Wholesale and Manufacturing (1.4m)
Material Recording, Scheduling, Dispatching, and Distributing
Workers (1.1m)
Other Production Occupations (1.0m)
Other Office and Administrative Support Workers (0.9m)
Supervisors of Installation, Maintenance, and Repair Workers
(0.8m)
Material Moving Workers (0.6m)
Building Cleaning and Pest Control Workers (0.5m)
Other Management Occupations (15m)
Construction Trades Workers (6m)
Supervisors of Farming, Fishing, and Forestry Workers (2m)
Top Executives (1.7m)
Financial Specialists (1.6m)
Financial Clerks (1.6m)
Plant and System Operators (1.0m)
Motor Vehicle Operators (0.9m)
Supervisors of Construction and Extraction Workers (0.7m)
Secretaries and Administrative Assistants (0.7m)
Engineers (2.0m)
Electrical and Electronic Equipment Mechanics, Installers, and
Repairers (1.4m)
Operations Specialities Managers (0.9m)
Computer Occupations (0.6m)
Drafters, Engineering Technicians, and Mapping Technicians
(0.4m)
Advertising, Marketing, Promotions, Public Relations, and Sales
Managers (0.4m)
Life Scientists (0.2m)
Vehicle and Mobile Equipment Mechanics, Installers, and
Repairers (0.2m)
Physical Scientists (0.2m)

The table presents in each cell up to 10 occupations that gain the most from the four transitions.
The occupation names are not consistent for developed and developing countries. The occupations are at
the 6-digit SOC code level for developed countries and at the 3-digit SOC code level for developing
countries.
Vivid Economics

The ease of closing the skills gap differs across the regions, reflecting structural economic differences
between them (Figure 7).
1. In Europe and North America, the skills gap is in percentage terms larger compared to the rest of the
world. Low carbon generation, electrification of transport, and low carbon construction drive the
skills gap. Around 60% of jobs created by these transitions fall under the ‘moderately easy to close’
skills gap category, whereas 20% of the jobs created here could have even higher training demand,
due to their ‘hard to close’ skills gap. There are two drivers: (i) The two continents host a relatively
low number of workers with manual skills. Especially the construction sector and low carbon
generation will demand a larger workforce trained in sector specific skills. (ii) A relatively large share
of the labour force works in occupations that demand sophisticated and specialised skills,

23

Skills for the Low Carbon Transition

knowledge, and experience. Moving these workers to occupations in new value chains may require
training as adapting skills and knowledge and gaining experience in new work activities are
necessary.
2. In the regions with large populations employed in the agriculture sector, such as Asia Pacific and the
aggregate of Africa, Latin America and Eurasia, the skills gap is relatively easy to close as the
employment impact of land use & forestry dominates. For around 60% of the jobs created, the
manual skills in demand are already widely available in the labour market and are not occupation
specific, suggesting that the skills gap can be closed ‘easily’. Around 40% of the jobs created – these
involve occupations like engineers, managers, and operators – require more sophisticated skills,
knowledge, and sector experience. Therefore, their skills gap is harder to close.
3. The Middle East is the only region, where training needs of low carbon generation and low carbon
construction are concentrated in the ‘easy to close’ and ‘moderately easy to close’ skills gap
categories. Phasing out of fossil fuels leads to significant job losses in the region, but these workers
can be employed in the construction and renewable energy value chains as jobs lost and jobs
created require similar skills.
Figure 7

Note:

Source:

Training needs differ across the regions, reflecting structural economic differences between them

The total job numbers are lower than the ones presented in Figure 4 because the analysis of the
incremental job gains considers only jobs that require a change in occupation. Jobs that do not change
occupations are not shown in the figure.
Vivid Economics

The mapping of training needs onto emissions mitigation potential of the four transitions over 2019 – 2040
shows that existing skills in today’s labour market can unlock around 83% of the total annual abatement
potential (Figure 8). The four transitions together account for 22.3 GtCO2 annual abatement in 2040 relative
to 2019, around 83% of the total annual abatement required over the same period to reach net zero around
2050. Low carbon generation accounts for around half of the emissions mitigation, followed by land use &
forestry accounting for a third. Low carbon generation has the highest training need by emissions mitigation
among the four transitions: around a quarter of its emissions mitigation potential requires an increase in skill
supply. In contrast, existing skills in the labour market can unlock 92% of land use and forestry’s emissions
mitigation potential.

24

Skills for the Low Carbon Transition

Figure 8

Nearly 83% of the abatement potential of the four key transformations can be unlocked with the
fundamental skills already present in the workforce today

Annual emissions abatement in 2040 relative to 2020, by transition
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The levels of global emissions are derived from IEA SDS of WEO 2020 for low carbon construction,
electrification transport and low carbon generation over 2019 – 2040 and from the Network for Greening
the Financial System (NGFS) Immediate 1.5C with CDR, Orderly” scenario for land use & forestry over
2020 – 2040. The four transitions together account for 22.3 GtCO2 annual abatement in 2040 relative to
2019, around 83% of the total annual abatement required over the same period.
The decline in emission is divided among the four transitions based on the contribution to global CO2
emissions of the associated economic sectors. For each transition, the emission mitigation is divided into
easy, moderately easy, and hard to close based on the share of jobs supported by each transition which
will be easy, moderately easy, and hard for the labour market to provide.
Vivid Economics

Evidence of an applied skills gap

The ‘fundamental’ skills gap from the quantitative analysis needs to be complemented with a qualitative
account of the specific ‘applied skills’ necessary to deliver the relevant transitions. As detailed in Section 2,
potential gaps in the applied skills are not part of the quantitative analysis because these are too finegrained and, in some cases, too new to be captured in existing skill databases. A review of the existing
literature shows that an applied skills gap could nevertheless be a serious issue:
1. Low carbon construction requires specific applied skills that are poorly supplied by the current
labour market and demand training interventions. These include the surveying of building fabric
performance in relation to estimated energy and costs savings, the identification of the most
effective solution for different building fabrics and ages, the installation of solar, ground and air
source heat pumps, of biomass heating systems, of ventilation and insulation of all types, the
maintenance of energy efficiency measures once installed, and the use of software required in
property assessment and the estimation of cost and energy savings (Cedefop, 2018c; CITB, 2020;
Committee on Climate Change, 2020).
2. Regarding the electrification of transport, while low skill occupations such as welders may learn
green applied skills on the job, high skill occupations such as engineers and designers will need
additional training. Engineers, designers, and craftspeople need to learn the principles of eco-design
to incorporate them into their work. Car mechanics will need to specialise in mechatronics and to
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develop high-level problem-solving skills and technical diagnostic skills to work on EVs (Cedefop,
2010; ILO, 2011).
3. Low carbon generation requires the adaptation of fundamental skills to applied needs. Specific to
the value chain, these skills are likely to increase training demand. Regarding solar, green applied
skills include a knowledge of advanced technologies such as wafers and semiconductors, practical
skills in installing building-integrated PV, assembling PV modules, troubleshooting solar PV circuits,
and techno-commercial marketing skills. Wind turbines demand skills in the manufacturing of highcapacity turbine gearboxes, the fabrication of wind-turbine blades of complex design, the installation
of high-capacity wind turbines, and failure analyses of gearboxes (ILO, 2019).
4. The transition to sustainable agriculture and forestry, especially in developing countries, will
increase the need for training supply and technical assistance as the specific applied skills in demand
are scarce. Sustainable agriculture in general will require training in new farming practices, organic
farming, crop diversification, and biofuel production (ILO, 2011). More specifically, small-scale
farmers will need to develop the skills necessary to change from traditional to new crops, if and
when climate change alters local crop viability, or animal husbandry practices (ILO, 2011). Forestry
will increase the demand for skills such as cost and process analysis of forest exploitation, forest
certification, forestry related legislation, and topography (Cedefop, 2018b).
Besides the specific applied skills associated with a particular sector and technology, there is likely a need for
cross-cutting applied skills. A large survey of skills needs undertaken by the ILO found that workers in most
occupations, including technical occupations, need to increase their capacity for interdisciplinary analytical
problem-solving and need basic fluency and literacy in understanding the environmental and climate change
challenge (ILO, 2011). A survey in the UK carried out in 2010 found that 70% of surveyed businesses thought
a shortage of sustainable business leadership skills was the biggest obstacle they faced in developing lowcarbon business models (BITC, 2010).
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4

Policy interventions

The quantitative analysis presented in section 3.1 indicated a small but significant gap in the fundamental
skills required to deliver the four transitions at stake. This is particularly the case for low carbon generation
where this gap is deemed hard to close, and for land-use where the gap is easy to close but concerns a large
number of workers. The qualitative analysis of section 3.2 suggested that this gap in fundamental skills will
be amplified by a gap in the applied skills required to deliver these transitions, affecting a larger share of
workers. In this section, we consider the different institutions and actors who can fill these skills gaps (4.1) as
well as eight specific challenges that require policy interventions due to market failures and to the scale and
speed at which these skills need to be delivered (4.2).

4.1

Where the transition skills we need will come from

Our analysis shows that the demand for transition skills can be fulfilled by workers from the general labour
market, coming from a large range of sectors, not necessarily sunset sectors. Several organizations and
governments are interested in the possibility that the 70million workers whose job is projected to be lost in
the sunset sectors of these transitions could transition to employment in sectors benefitting from the
transition. This has already occurred in a few labour markets (see Intervention 7 in Section 4.2 for some
examples), but we expect that this opportunity will vary greatly depending on the local context, such as the
availability of skills, the presence of complementary assets, and natural resources. The current data does not
allow us to analyse this issue at a granular spatial scale. Doing so would be an important analysis to carry out
in the near future, which would lay the groundwork for developing anticipatory transition skills audits at the
local scale (see Intervention 2 in Section 4.2).
Countries build their human capital through a multitude of institutions, which each have a role to play in
addressing the identified skills gaps. Table 3 shows the role that each type of educational institution might
play in addressing the small but critical fundamental skills gap and the large applied skills gap we have
identified. All institutions are important. On-the-job training will play a pivotal role in imparting applied skills
in the near-term. Active labour market policies are critical to ensure a just transition for those whose
occupation will have to change due to the transition. The general education and the pre-employment
technical and vocational education and training system (TVET) are key to train scientists, engineers and
skilled tradespeople while imparting general applied skills relevant to the transition. Agricultural extension
services are essential to provide the needed training in applied skills for the land-use and forestry transition.
Table 3: Role that each type of educational institution can play in addressing the identified skills gaps and assisting
occupational shifts.

Type of training

Skills gap targeted

What it can do

Description

General education
system (schools and
universities)

• hard to close
fundamental skills gap
(low carbon
generation and
electrification of
transport transitions)
• applied skills gap

• train engineers and
scientists
• impart general and
transferable applied
knowledge and skills
relevant to the
transition

Technical and vocational
education and training
system (TVET)

• easy to moderately
easy fundamental
skills gaps in non-

• pre-employment
training for young
people to enter

• public and private
learning institutions
educating young
people
• curriculum
development can be
guided by policy
• universities can offer
continuing education
courses
• TVET institutions are
generally publicly
funded

27

Skills for the Low Carbon Transition

routine manual and
technical skills

occupations like
electrician, carpenter,
or power plant
operators

On-the-job training
(OTJ)

• applied skills gap
• easy to moderately
easy fundamental
skills gap

• upgrade skillset of
those remaining in
occupations with
relevant applied skills
• allow individuals to
move into an
occupation with
similar skillset that
grains from the
transition

Active labour market
policies (ALMPs)

• easy to moderately
easy fundamental
skills gap for those
changing occupation
due to the transition
• equality of
opportunity

Agricultural extension
services

• applied skills in
sustainable agriculture

• expand opportunities
and increase the
quality of work for
low-skill individuals,
for informal workers,
for individuals who
have dropped out of
the labour market,
and for communities
that have suffered
from previous waves
of deindustrialization
• train farmers in use of
particular techniques
and crops
• use a ‘train the
trainers’ model,
training only a subset
of farmers who are
then expected to
spread practices to
peers

• sometimes private or
sponsored by the
private sector,
especially in
developing countries
• organized by
employers
• privately funded,
often supported by
targeted subsidies
• OTJ can happen onsite or in training
centres
• skill agencies and
ministries involved to
regulate, certify and
incentivize OTJ
• targets individuals
who cannot access
TVET and OTJ
• publicly funded
• can leverage public
employment
programmes, as well
as TVET and private
training centres and
OTJ through publicprivate partnerships
• provides information
to farmers and spread
new ideas and
innovations
developed by
agricultural research
stations
• generally publicly
funded, or mix of
private and public
• close involvement of
universities

Sources: Almeida et al. (2012); Anderson & Feder (2007); ILO (2011)
For the institutions discussed above to function effectively and coherently in pre-empting and closing the
skills gaps identified here, an overall policy framework is required to guide them. Such a policy framework is
needed to promote equity of access to training and to address the main market failures that hamper skills
development by market forces alone. These are coordination failures, credit and information constraints, the
risk of poaching of skilled workers by other firms, and cognitive and psychological limitations (Almeida et al.
(2012) provide a succinct overview).
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The right policy framework, as well as the right expectations to bring to different institutions, depend on
country-specific contexts. In the next section, we propose policy interventions to address the eight
challenges that loom largest in the context of the low carbon transition. But these interventions must build
on the policy frameworks for skills development that pre-exist in each country, and should hence be adapted
and prioritised accordingly.
In high income countries, the highest priority is likely to be the adaptation of existing institutions towards
pre-empting and filling emerging skills gaps. Here, the institutions described above are usually linked in a
skills development system that is responsive to market needs. In such a system, local governments and
national institutions work closely with the private sector and provide incentives for training, coordination
and accountability for the quality and market relevance of training programmes, and ensure integration with
public employment services and with local and national economic development policy. In these settings, the
key challenge is to adapt these networks of institutions to fill the transition skills gaps.
In low-income countries, optimal frameworks and high-priority interventions will vary from context to
context. In developing countries, the institutions listed above are often weak and build on a low skill base. In
this context, governments, NGOs, investment banks, large domestic firms and MNEs can partner to
opportunistically build ad hoc training capacity to address very specific skills needs for particular investments
(Ansu & Tan, 2012), including for the low carbon transition. Over time, such a strategy can gradually allow
governments to build up a stronger training system; but the initial challenge is likely to lie less in adapting
what already exists, and more in establishing skill-building institutions where the needs are highest and the
opportunities greatest.
An overarching priority in both contexts is to coordinate a complex ecosystem. Many stakeholders are
involved in the provision of skills in an economy: national governments, local and regional governments,
schools and universities, further education institutions and private training providers, trade unions,
employers’ associations, businesses, sectoral skills councils, NGOs, private and public investment banks. All
have key roles to play to fill the skills gap. Yet, the boundaries between these roles are not rigid. The
challenges we highlight in the next section require collaboration and innovative approaches. In this context,
it is important to ensure productive coordination between the key actors, to ensure that the needed
innovation and collaboration is brought about.

4.2

Eight policy interventions to address the challenges of transition skills provision

The scale and speed at which the low carbon transition needs to occur warrants strong interventions to
ensure that the skills are available at the right time and place. Labour markets and the market for training
can often respond to changes in demand for skills, especially where there are strong institutional systems for
training and education, but they do so imperfectly and slowly due to a variety of market failures. Without
intervention, skills gaps can endure. Here we discuss eight interventions we believe are necessary to achieve
the transition. They are organized according to four themes: 1) interventions to strategically coordinate the
supply and demand for skills, 2) interventions to scale up training, 3) interventions to support developing
countries, and 4) interventions to respond to local impacts and needs.
4.2.1 Strategic coordination
Intervention 1: Create a cross-ministerial strategic planning forum to formulate a roadmap for human
resources development for a greening economy.
Being able to coordinate the supply and the demand for skills is the lynchpin of any responsive skill provision
system. A sector or whole economy can get stuck in a low-skill equilibrium (Hoff & Stiglitz, 2001). In a lowskill equilibrium, firms do not invest in projects that require certain skills due to lack of skills in the labour
market, while workers do not invest in those skills due to lack of job openings. In a mature skills training
system, this collective action problem can be overcome by adequate signalling and communication between
skills agencies, employers, employees, and training providers.
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In the context of the low carbon transition, we face the same coordination problem but on a far broader
scale. This is for two reasons. First, the transition will drive shifts through entire value chains, requiring skills
that cut across multiple sectors (ILO, 2011). It therefore calls for cross-sectoral coordination. Second, the
demand for transition skills is itself driven by a host of policies: climate policy of course, but also innovation,
industrial and agricultural policy. Transition skills provision therefore requires tight coordination between the
policies which govern the demand for transition skills (environmental, industrial, innovation, agriculture) and
those which govern the supply of transition skills (education, skills, labour policies, as well as budgetary).
Only with such coordination will firms and individuals have clarity and confidence about the value of
investing in specific transition skills (see Intervention 3).
The low carbon transition requires a comprehensive national strategy for transition skills, aligned across
ministries and articulated at the local scale. This should be institutionalized via systematic channels of
communication between the ministries and agencies responsible for environmental, energy and agricultural
policy and those responsible for skills and education policy. It also needs to be articulated at the local scale
by institutions that can coordinate the many relevant stakeholders (local authorities, local businesses,
training centres and unions). For example, France in 2010, following stakeholder consultation, developed a
Mobilisation Plan for Green Jobs and created a National Observatory for Jobs and Occupations of the Green
Economy (Cedefop, 2018a). This has made the anticipation of green skill requirements more systematic. The
United States offers an example of local institutions at play. There are 593 Workforce Investment Boards
(WIBs) and 53 State and territorial WIBs tasked with convening the stakeholders and developing local
partnerships while disbursing central training funds. These boards were able to ensure that the funding for
transition skills in the 2008 recovery plan was attuned to local conditions and state-specific energy policies.
Box 3

Coordination failures in green re-skilling: the case of the UK building sector

The construction sector is likely to create significant employment opportunities in the context of a UK low
carbon transition, particularly due to the need to retro-fit much of the existing building stock (Parity
Projects, 2020). To fill the job openings associated with this endeavour, its labour force requires significant
re-training to acquire new job-specific skills, as acknowledged by the vast majority of industry members
(CITB, 2020).
However, there are indications that the British construction sector is stuck in a low-skill equilibrium, and is
thus not yet low carbon ready. Different structural factors depress both the demand and supply of
transition skills training. On the demand side, companies are affected by ‘short-termism’: as the skills
required for the transition are not immediately needed, companies are unwilling to invest in them (CITB,
2020). On the supply side, training appears focused on providing lower-level abilities rather than on upskilling. For instance, among individuals attending further education programmes in ‘Construction and
Built Environment’, the satisfaction level with the instruction offered declines as the level of study
increases (CITB, 2017). Overall, construction companies have expressed dissatisfaction with the quality of
the ‘transition skills’ training on offer (Cedefop, 2012). Entrenching this situation, due to the low demand
for transition skills, high-quality training courses are not developed nor offered, which further depresses
demand for training.
Government intervention in this field is limited, following an assumption according to which vocational
education and training provision should be ‘demand-led’ and devolved to private and local actors, with
‘businesses articulating their skills needs, training providers responding to them, and prospective trainees
making informed choices about what to learn’ (Cedefop, 2018c). The low-skill equilibrium of the
construction sector shows that such ‘demand-led' approach may be insufficient to deal with the re-skilling
needs of the green transition.
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Intervention 2: Monitor skills supply and demand
Detailed and up-to-date information to identify and anticipate skills gaps, at both national and local levels, is
vital to guide both private choices and public interventions. A lack of information is one of the key market
failures in skills provision that governments need to remedy (Almeida et al., 2012; European Training
Foundation, 2013). Further, mismatches of skill supply and demand often play out at a sub-national level
(see Interventions 7 and 8), making monitoring at a granular geographical scale important. To gather this
information, skills agencies conduct regular surveys of businesses, relying on common taxonomies of skills,
which need to be extended to include the skills required to deliver the low carbon transition.
The global community lacks a robust framework to monitor the transition skills gap. Measuring transition
skills is difficult because skills are not inherently specific to the low carbon transition, so they are difficult to
define. They also cut across sectors, so that sector-specific initiatives provide a fragmented picture (ILO,
2011). This report has identified that current taxonomies are insufficient to capture a large range of applied
skills relevant to the low carbon transition, and at a sufficient level of spatial granularity. We therefore need
to develop a robust framework for anticipatory skills audits, which is essential to help workers, SMEs and
local authorities identify their training needs (see Intervention 3, 7 and 8), or to evaluate the success of
existing training initiatives. Furthermore, we lack information about which transition skills in demand are job
specific and which are more general and transferable. This matters since transferable transition skills need to
be provided by the educational system (see Intervention 4), or, if best provided by on-the-job training, they
often require subsidies (see Intervention 3).
Multilateral organizations should develop a common and adaptable framework for the monitoring of
transition skills. Such a project can build on the early effort already deployed by some countries to develop a
taxonomy and monitoring framework (e.g. France, USA), but should integrate recent innovations, such as
screening new skills from large datasets of job advertisements. An international project would avoid the
duplicate effort that would result, were each country to start from scratch. Such a project could also
contribute to capacity transfer to developing countries (see Intervention 6). It would provide a common yet
adaptable framework for the monitoring of transition skills and assist in the design of skills surveys. It would
also spread best practices for the development of Anticipatory Transition skills Audits and evaluation plans
for skills training.
4.2.2 Interventions to scale up training
Intervention 3: Support the large need for on-the-job training of applied transition skills by providing targeted
subsidies, an appropriate contractual framework, and by developing certifications for transition skills.
We have identified a large need for on-the-job training for applied transition skills, but several market
failures must be addressed to ensure that firms and employees have the capacity and incentives to train.
One key market failure is that many applied skills are transferable to other firms. In this case, firms have low
incentives to invest in training if they fear that other firms will poach their skilled workers (European Training
Foundation, 2013). Another market failure is the under-provision of credit for training, particularly for
workers. Third is the lack of information for workers and other firms about the quality of training. The
coordination problem addressed by Intervention 1 and the capacity to monitor transition skills addressed in
Intervention 2 are also key to encourage on-the-job-training. Finally, SMEs often lack the organizational and
human resource capacity to train.
Carefully targeted subsidies are needed to encourage on-the-job training in developed and developing
countries. SMEs and low-skill workers may face credit constraints or may be stuck in a low productivity trap
as discussed earlier. In those cases, there is a rationale for subsidising on-the-job training. Large firms, in
contrast, enjoy sufficiently high returns from training and have sufficient capacity to be able to invest in it
themselves and so subsidies should be used sparingly in the case of large firms. There are many examples,
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especially in developing countries, where large firms with market power single-handedly establish new
training centres to increase their talent pipeline. One example is InfoSys, a large tech company in India which
built a training campus. Development agencies and governments can co-invest and leverage such companyaffiliated training centres to expand them into a joint training programme that benefits smaller companies
through an industry cluster, as Singapore did in the 1980s (Ansu & Tan, 2012). Funds for training subsidies
can come from general tax-revenue, donor funds or payroll levies. The better systems, such as the National
Service for Industrial Training (SENAI) in Brazil or the Malaysian Human Resource Development Fund
consolidate all these funds and leave autonomy to service providers and give control to businesses over the
services that are contracted.
Governments must strengthen the contractual framework around apprenticeships and qualifications. In
most countries and sectors, poaching externalities are serious, so firms only invest in skills that are job-or at
least firm-specific and underinvest in more transferable skills. Some policies can encourage investment in
general skills by firms. For example, with payback contracts, workers commit to stay with a firm over a period
of time. Apprenticeship contracts, common across the developing world, establish a contract whereby
trainees are paid below market rate with an expectation that they will rise afterward. To ensure workers get
sufficient training through apprenticeships, some regulation is necessary, such as enforcing an adequate
length of training and establishing a quality standard and certification (Windapo, 2016).
Partnerships can increase SMEs’ capacity to train. Even in the presence of subsidy programmes, SMEs may
not have the organizational and human resource capacity to train. One approach to solving this problem is to
establish consortia of SMEs who can then achieve economies of scale by jointly contracting for training
programmes, possibly in partnership with larger firms (Lee, 2009).
Intervention 4: Schools, universities and TVET institutions should mainstream the teaching of climate,
environment, and energy issues
The low carbon transition calls for some new applied transition skills that are general and transferable.
Examples of general and transferable applied transition skills include low carbon construction architectural
principles, principles of eco-design, or a basic knowledge of climate policy. More generally, many sectors
report that environmental management, eco-design and green technologies require a more interdisciplinary
skillset and the ability to think analytically about a system. Additionally, to create a demand for green
products and therefore for green jobs, customers also need to be educated about climate issues. This
creates an additional need for the broad diffusion of climate related knowledge and skills, complementing
Intervention 1 in the key problem of coordinating green skill demand and supply.
These general skills relevant to the transition are unlikely to be provided by private firms, so public
institutions have a key role in providing them. Schools, universities, and vocational training institutions need
to mainstream teaching about climate and environmental change and the green economy. Such
mainstreaming has started to take place, especially in schools. For example, the Finnish National Curriculum
2016 is a binding framework for the whole educational system, which aims to educate all young people to
become sustainable citizens (Lähdemäki, 2019). It emphasizes systems thinking, phenomena-based learning
(to break down the silos of disciplinary teaching), ethics and civic skills. However, few universities have so far
mainstreamed teaching about climate, energy and the environment. The Shift Project shows that in France,
for example, only 11% of degrees offer at least one mandatory course on climate-energy issues. TVET is at
least as crucial, because workers with vocational skills will be regularly introducing new innovations,
engaging with eco-design, circular waste management, and implementing policies and regulations in various
green and greening industries.
The acquisition of general applied transition skills can also be accelerated by subsidizing short courses to be
provided by training providers. Training providers can also increase their offer of short courses on climate
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change, clean energy, climate policy or similar topics. The uptake of such courses should be encouraged by
training subsidies, since they will impart general and transferable skills, which firms tend to underinvest in.
4.2.3 Interventions to support training capacity in developing countries
Intervention 5: Governments in developing countries with a weak training system need to systematically
integrate official development aid, foreign direct investment and climate finance with transition skills
development.
All countries need to embark on a low-carbon growth path, yet not all countries have the capacity required
to develop adequate training programmes. In some countries, there may be too few professionals with the
adequate skills to be able to teach and spread the skills required to implement the low carbon transition.
With proper planning, projects financed by ODA, FDI and climate finance can be a vehicle for human
resource development, and in particular for the provision of transition skills.
To remedy this, developing countries should focus on developing specific training centres or programmes to
respond to specific employer needs in the context of foreign direct investments, green growth aid
investments and climate finance. The idea behind this strategy is to bootstrap the training capacity of a
country by focusing on projects with immediate returns in partnership with external actors. As in
Intervention 1, this requires a cross-ministerial planning effort that associates Education Ministries with
Development and Industry Ministries. A good example of this strategy is Malaysia’s Penang Skills
Development Centre, which was set up 30 years ago as a tripartite collaboration between industry,
government and the university to respond to the skills need of the growing manufacturing sector in the state
of Penang(Ansu & Tan, 2012).
Box 4

Developing human capital for the green transition: international technical assistance in Viet Nam

Since the Doi Moi reforms in 1986, Viet Nam has experienced rapid economic and social development,
drastically reducing extreme poverty, child mortality, and establishing universal primary education.
However, this increase in prosperity could threaten environmental sustainability: while greenhouse
emissions are still relatively low, they are projected to increase drastically in the next decades (Korea
Environment Institute, 2017).
While multiple initiatives aiming at ensuring long-term environmental sustainability have been
undertaken, both policymakers and members of the labour force lack the skills required to ensure their
success. Human capital shortcomings are significant and diverse. These include, for instance, a lack of the
technical skills required to install renewable generation equipment (Korea Environment Institute, 2017), a
lack of urban planning capabilities (UNDP, 2013), and insufficient financial know-how to obtain the
investment capital needed for the green economy (GGI, 2016). Thus, a large investment in human capital
development is urgently required.
However, a significant obstacle to this endeavour is the lack of well-trained teachers and instructors able
to provide the required upskilling. To overcome this issue, international programmes of technical
assistance have been organised. In particular, the Deutsche Gesellschaft für Internationale
Zusammenarbeit (GIZ) has played a prominent role. First, the GIZ has striven to reduce the ‘knowledge
gaps’ hindering the green transition, helping stakeholders embrace sustainable development by carrying
out market studies, performing resource audits, and facilitating communication between firms and public
institutions. It has also directly supported the development of transition skills among the workforce,
identifying professional profiles required for the green transition (such as ‘sewage engineering
technicians’) and organising training courses for TVET instructors. This has allowed pilot training
programmes to be launched in multiple Vietnamese TVET centres (GIZ, 2016).
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Intervention 6: Developed countries should enter in partnerships with developing country governments and
large enterprises to support transition skills transfer and leverage digital technologies to develop economies
of scale.
Businesses and governments from developed countries should partner with developing countries to support
their efforts under Intervention 4. Key resources for the success of Intervention 4 depend on the
cooperation of foreign businesses and governments. The businesses enter a partnership to invest, take on
apprentices and employ the newly skilled workforce, as well as send local trainers to overseas plants. Foreign
governments can provide funding and help upgrade equipment. An interesting on-going initiative is the
PASET programme, a partnership between 5 African countries (Sénégal, Côte d’Ivoire, Rwanda, Ethiopia and
Kenya), the World Bank and China, India and Korea (The World Bank, 2020). Its objective is to catalyse
investment in key sectors while at the same time investing in the capacity of universities, research centres
and TVET centres to build up skilled workforces in science and engineering. PASET could itself be a platform
for the transfer of transition skills. Similar partnerships could be created specifically for the sectors relevant
to the low-carbon transition.
Digital skills and technologies can achieve economies of scale in the provision of transition skills training. For
example, an international multi-lingual online resource to share curricula would help build capacity. Given
that all countries are embarking on a similar path of transition skills upgrading and that many sectors will be
involved, there is scope to share teaching approaches and curricula to avoid a situation in which each
ministry, university, college or training centre has to start from scratch. Training providers in developed and
developing countries can partner to leverage the new skills in remote learning, acquired during the Covid
crisis, to facilitate transition skills transfer. According to a recent ILO global survey of TVET centres, the
switch to remote learning during the Covid crisis has been a process of learning by doing, leading to
innovative approaches (ILO, 2021). For example, some countries have used national television channels to
teach practical skills (e.g. the Democratic Republic of the Congo, Madagascar and Pakistan), while others
have developed self-paced learning guides combined with virtual skills assessments. Scaling up the work of
agricultural extension services is particularly challenging in developing countries. Here too, ICT technologies
have proven helpful, so programmes for sustainable farming practices can build on these advances,
especially if donors and governments invest in bridging the digital divide (Nakasone et al., 2014). Thus
investment in bridging the digital divide is a key lever to facilitate the diffusion of skills (McKinsey, 2021).
4.2.4 Interventions to address local impacts and needs
Intervention 7: Governments, local authorities, unions and employers should start strategic anticipatory
planning to ensure a just transition.
It is essential to anticipate and plan ahead for alternative employment for the 70m workers whose jobs will
be lost. Many stakeholders are anxious about the negative impacts of the low carbon transition on certain
labour markets and communities, especially given that several past energy and industrial transitions caused
long-lasting economic damage in local communities (Beatty & Fothergill, 2020). There are many historical
examples which show that well-planned retraining programmes can effectively allow workers to adapt to
structural change. Evaluation of large-scale retraining of workers in Eastern Europe following the fall of the
communist bloc shows that these programmes were effective (Betcherman et al., 2004; Card et al., 2010).
However, anticipation is essential to allow workers and other local stakeholders enough time to search for
alternatives and gain the appropriate training without losing income. In turn they will be more likely to
support the low carbon transition.
Active labour market policies are essential to help impacted workers anticipate this change. An example
from Denmark illustrates the role of ALMPs and public employment services, as well as the importance of
anticipation. In the context of a shrinking shipbuilding sector, economic actors around the Lindoe shipyard
decided to anticipate closure of the shipyard by diversifying into offshore renewable energy. Existing
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employees had many skills transferable to this new sector, such as welding, surface treatment and outfitting.
Public employment services identified further skills needs and worked with the Lindoe Offshore Renewable
Centre (established by private energy firms) to develop the needed retraining. This example shows how
institutions delivering ALMPs locally can serve as a bridge between workers and other economic actors to
facilitate specific occupational shifts.
Retraining programmes can be funded by ex-employers, future employers, local authorities or national
governments, or a combination of these. For example, the Brazilian Sugarcane Industry Association created
the Renovação programme to retrain several thousand sugar cane growers whose numbers have been
declining due to automation and environmental regulations, allowing them to enter a variety of occupations
including drivers, farm machine operators, beekeepers and reforestation work.
Income support or wage insurance may be necessary to support workers through the transition. Workers
impacted by economic restructuring may be at risk of falling into poverty. In countries with a generous safety
net, some may prefer to withdraw from the labour market rather than engage in a retraining programme
with uncertain returns. Temporary income support or wage insurance may be necessary to support workers
through the transition (McKinsey, 2021).
When job losses are geographically concentrated, local economic development policy is a necessary
complement to retraining policies. For example, in India, 30% of all coal mining jobs are concentrated in the
district of Dhanbad in the state of Jharkhand and the district of Korba in the state of Chhattisgarh (Pai &
Zerriffi, 2021). If the employment loss is left unaddressed, it will translate into a negative shock to the local
economy, which can reverberate far beyond the impacted workers. Additional supportive policies are
needed to deal with this disruption to local economies.
To address regionally concentrated impacts, a pre-emptive comprehensive strategic vision for economic
diversification is needed to create new jobs, which requires public investments by governments or
investment banks to attract new businesses. Such strategies should be developed through intensive
stakeholder engagement with local authorities, firms, universities and training centres, unions and skills
councils, with the support of the national government and donors. Intensive evaluation of the EU’s Cohesion
Policy shows that investments need to target all locally binding constraints (areas in which the locality is
weak relative to others) to be conducive to local growth. Overly narrow investments (targeting only one area
of need) or investments targeting local strengths instead are not effective. Soft location factors, such as
cultural, leisure and environmental assets, should not be neglected. Investments in human capital and skills
are crucial as well. For example, the Ruhr, in its strategy to launch the local economy on a new path after the
closing of hard coal mines, opened 22 universities, most of which offer TVET programmes and
apprenticeships. Businesses settling in the Ruhr are able to forge partnerships with these institutions and
become more stably embedded in the local economy (Oei et al., 2020).
Box 5

Supporting the transition between sectors – the case of coal workers in China

China is currently facing the challenge of providing support to millions of workers who have been laid off
in energy-intensive industries, such as steel production and coal mining. It is estimated that between 2016
and 2018 around 1.8 million individuals employed in these two sectors lost their job – a number
equivalent to around 15% of the total sectoral workforce. Many of them are 40 to 50 years old, and face
serious difficulties in finding re-employment (ILO, 2018). Public authorities have offered income support
to the jobless: for instance, the Shanxi provincial government has developed a programme of early
retirement (GSI, 2017). However, both to minimise the social impact of this transition and to ensure that a
sufficiently large labour force is available to deliver transition to a low carbon economy, early retirement
cannot be the only solution.
In theory, ensuring the employability of coal workers in other sectors is not an insurmountable task; for
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instance, ‘relatively minor investment in retraining would allow the vast majority of coal workers to switch
to PV-related positions’(GGSD, 2018). However, the training system must be able to provide the required
re-skilling. The ILO has studied the effectiveness of re-training programmes adopted in different Chinese
cities, and has identified two factors associated with better outcomes: first, high diversification of training
providers; second, close interaction with local employers(ILO, 2016).
To ensure that training systems satisfy these conditions, the Chinese government has identified the
emerging private sector as a key contributor in supporting labour mobility. Compared to the TVET system
and to the enterprise-based training offered by state-owned companies, private sector providers have
flexible structures, and can modify their teaching methods and curricula to adapt to training demand, via
better interaction with potential employers (ILO, 2018). Therefore, these entities should play an important
role in supporting the re-employment of coal miners. However, uncertainty about the quality of the
instruction offered by private training providers could discourage investment in retraining, creating the
need for public sector and large employer vetting and certification of private training providers.

Intervention 8: Policymakers and industry leaders must ease within-country regional imbalances in transition
skills supply by increasing the attractiveness of certain occupations and easing barriers to labour mobility.
The low attractiveness of certain occupations and frictions limiting regional mobility and labour supply may
cause high regional skills gaps. This concerns in particular skilled tradespeople, as well as engineers and
scientists, which we have identified as a key skills gap for low carbon generation and low carbon construction
transitions. For example, although the annual income of plumbers in Seattle is at six figure levels, the city
struggles to attract enough plumbers. In Atlanta, some plumbers earn incomes 70% higher than the region’s
average. A major reason for the low labour supply is the poor perception of manual middle-skill occupations
by career starters as dirty and wearing. Young people tend to prefer occupations requiring bachelor’s
degrees that have a better reputation and may promise higher return in the long run compared to manual
middle-skill occupations, leading to a mismatch between labour supply and demand. Another reason is
different licensing needs across regions, limiting regional mobility of labour supply (Bloomberg, 2019; PBS,
2021). Lastly, high housing costs in urban areas could limit labour mobility further, pushing salaries of
manual middle-skill occupations higher.
Policymakers, educators and industry leaders can work to increase the attractiveness of skilled manual
occupations such as electrician, plumber and construction worker. To do so, it is necessary to start by
understanding the causes of the labour shortage. In some countries and sectors this may be because of legal
barriers to unionization and short-term subcontracting, leading to low pay and poor working conditions (ILO,
2001). Regulations must guarantee workers’ rights to safe conditions and to unionize, levels of social
protection and access to training, including for independent and contracted workers, that meet the
expectations of international labour standards and of young people who are choosing amongst competing
sectors. In some cases, the shortage persists despite high pay and good working conditions, and seems due
instead to a lack of awareness among young people about the economic opportunities in those occupations
(Forbes, 2019). The key in this case is for secondary school career counsellors to raise awareness about these
occupations and their key role in fighting climate change. Some sectors, such as construction, have a poor
image and may also be perceived as insufficiently innovative (ILO, 2001). By investing in clean technologies
and raising its innovation ambition, it may be able to attract more young workers (Forbes, 2019).
There also exists a recruitment bottleneck for STEM occupations in some countries. Recruitment in STEM
degrees can be improved by exposing high ability students to more science in secondary school (De Philippis,
2017). The green transition can also be used as a hook to draw young people into STEM degrees and
occupations.
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To facilitate local labour mobility, policymakers can harmonize licensing requirements, provide relocation
incentives and monetary support for housing in cities with high housing costs. Local licensing requirements
are a barrier to labour mobility (Cascino et al., 2020), hence harmonizing them over larger markets is a
simple way of increasing geographic mobility. Subsidizing a move to a more distant region for the
unemployed is an active labour market policy that has been shown to improve the job match and thereby
increase wage and work stability in Germany (Caliendo et al., 2017) and could be expanded to address
regional frictions in the provision of green sills.
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5

Impact of COVID-19 on the transition skills gap

Many countries have announced stimulus packages to help their economies to bounce back green from the
economic downturn caused by COVID-19. As of February 2021, the stimulus packages add up to $14.9
trillion globally (Vivid Economics, 2021).10 The U.S. has alone announced three major stimulus packages
worth $3.9 trillion to give the economy another boost following the second lockdown in the end of 2020.
$40 bn from the US stimulus packages are expected to finance green projects, helping the country to build a
green infrastructure and transition to a low carbon economy. In Europe, the share of the green measures in
the total stimulus packages is much larger. The EU and its member states as a whole committed $238 billion
in green measures, out of a package of around $1.6 trillion (Vivid Economics, 2021).
A green stimulus package should consider availability of transition skills. Failing to do so may have
unintended consequences, such as delaying the job impact of the stimulus. If transition skills are in short
supply, a stimulus package may fail to restart the economy quickly and create much needed jobs in short
term. Vona et al., (2018) suggest that green stimulus packages are better suited to reshaping the economy in
mid and long run and put it on a green path. The authors studied the 2008 American Recovery and
Reinvestment Act (ARRA), a stimulus package announced in the US during the 2008 Global Crisis, and found
that green ARRA investments had a large impact on job creation, but nearly all the jobs were created in the
long run. The green stimulus was most effective in communities that had already possessed skills demanded
by green investments.
If transition skills are not widely available, a green stimulus package may even undermine the economic
growth. The sharp increase in green investments can inflate the demand for transition skills, increasing
wages and leading to an inflationary pressure in the economy. The inflationary pressure may require an
increase in interest rates, stalling the economic growth and counteracting the very first objective of a
stimulus package.
A green stimulus package well-designed to account for transition skills supply can help an economy to close
the skills gap and facilitate the transition to the green economy in the coming decades. Carefully selected
infrastructure investments such as transport electrification, recycling equipment and power infrastructure
can simulate transition skills supply, job creation and growth in mid-term, whereas investments in green R&D
can support the economic growth in long term. A well-planned program supporting the transition skills
supply also can help with just transition of workers from sectors that will shrink in post-Covid era, such as air
travel and retail, to sectors benefiting from the low carbon transition (Popp et al., 2020).

10

This amount includes the stimulus packages of the G20 countries, in addition to those of 10 other countries: Colombia, Denmark, Finland, Iceland,
Norway, Switzerland, Spain, Singapore, Sweden and the Philippines.
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Appendix - Methodology
5.1

Introduction

The present appendix details the methodology followed in our analysis. It can be divided in three main steps:
1. We identify four green transitions which will have significant effects on global employment: low
carbon construction, electrification of transport, low carbon generation, and land use & forestry. For
each of the four transitions, we determine the change in employment for all occupations in the
affected value chains.
2. For each occupation impacted by the transitions, we compute the skill distance with all other
occupations in the labour market.
3. We determine what occupational skill gaps will be easy, moderately easy, or hard to close, based on
the prevalence of different skill profiles in the labour force.

5.2

Modelling of the employment impacts

The occupational shifts determined by each of the four green transitions are studied separately for seven
macro regions: North America, Europe, Asia Pacific, Central and South America, Africa, Middle East, and
Eurasia. These are the macro-regions considered in the2020 World Energy Outlook(IEA, 2020c). The
timeframe considered is 2019-2040.
Each of the four transitions is associated with a specific value chain. For each transition, the final output is
the difference between the employment in 2040 under the ‘green’ scenario and the employment in 2040
under a ‘business as usual scenario’. This difference in employment is computed separately for each region
and for each component of the relevant value chain.
•

•

The ‘business as usual’ (BAU) scenario projects the evolution of employment up to 2040 assuming
that no further progress will be made in ‘greening’ the economy after 2019. Each transition has its
own BAU scenario.
The ‘green’ scenario is based on the ‘Sustainable Development Scenario’ of the 2020 World Energy
Outlook.

Below we provide some additional details on the modelling of each transition:
1. Low carbon Construction: The BAU employment in the construction sector is estimated by assuming
that its current size11 will grow at the same rate as that of the population in each macro-region.12 To
compute the change in employment due to the green transition, we first consider the estimated
number of jobs generated in UK due to the need to increase the energy efficiency of the building
stock.13 We find the number of jobs created in all of Europe by benchmarking this estimate, using the
total surface of pre-1970 buildings to quantify the retrofit-related employment,14,15 and using the
projected future increase in building floor area to estimate the new builds-related employment.16 We
derive corresponding estimates for the other world regions by using the current CO2 emissions from

11

Provided by(IEA, 2020b).
Projections for population growth are provided by the 2020 World Energy Outlook(IEA, 2020c).
13
Parity Projects, (2020).
14
BPIE (2011); European Commission (n.d.-a).
15
This date is significant because pre-1970 buildings predate the first EU thermal regulations (European Commission, n.d.-b)
16
Global Alliance for Buildings and Construction (2016).
12
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buildings to estimate employment from retro-fitting17 and the projected future increase in building
floor area to estimate employment associated with new builds.18
2. Electrification of Transport: The transition considers the transition from internal combustion engine
(ICE) vehicles to electric vehicles (EV) and does not include development of public transport,
shipping, and air transport. We first project the future growth of the global automotive market until
2040.19 We assume that the overall automotive market size will be the same in BAU and green
scenarios.20 In the ‘business as usual’ scenario, we assume that the EV share of the automotive
market will remain constant. In the ‘green’ scenario, we assume that the EV share of the market will
grow as projected in the 2020 Global EV Outlook (IEA, 2020a). The automotive value chain comprises
EV manufacturing, ICE manufacturing, battery cells manufacturing, wholesale and O&M of EVs, and
construction of EV infrastructure. In both scenarios, we model the employment across the
components of the automotive value chain using employment factors provided by AIE (2020). By
comparing the two estimates we derive the changes in employment across the automotive value
chain caused by the electrification of transport.
3. Low carbon Generation: Differently from the other models, for low carbon generation we assume
that the main driver for changes in employment will be the green transition itself. As a consequence,
we use the current employment in the industry as the counterfactual BAU employment level. We
project the changes in employment in both renewable and fossil-fuel energy generation due to the
green transition based on two main inputs: the projected change in generation capacity for each
technology until 2040,21 and technology-specific employment factors. These factors provide, for each
MW of capacity added for each generation technology, the associated number of jobs created in
construction of plants, management of plants, and manufacturing of generation equipment.22
4. Land Use & Forestry: We rely on a report by the Business & Sustainable Development Commission to
obtain region-specific estimates for the net job creation caused by the green transition in land use
and forestry.23 The BSDC first estimates the economic value generated in the sector in a ‘business as
usual’ scenario, derived from existing policies and policy announcements. Then, it considered a
‘sustainable’ scenario, which is based on achieving sustainable development goals while limiting
global warming to 2 degrees. Relying on stakeholder interviews and considering only existing
technologies, the BSDC then identified 14 market opportunities associated with achieving
sustainability: these are reducing food waste in value chain, forest ecosystem services, low-income
food markets, reducing consumer food waste, product reformulation, technology in large-scale
farms, dietary switch, sustainable aquaculture, technology in smallholder farms, micro-irrigation,
restoring degraded land, reducing packaging waste, cattle intensification, and urban agriculture. The
BDSC computed the incremental economic value generated by these opportunities compared to the
BAU scenario; it then estimated the jobs generated by this additional economic value.24 To project
the job losses, we rely on the ratio of jobs created in crop-based agriculture and jobs lost in animalbased agriculture due to the green transition in land use and forestry from a report by the ILO.25
After obtaining the overall change in employment in 2040 for each region and component of the value
chains, i.e. NAICS industry, we assign to each value chain component an employment matrix from the U.S.
Bureau of Labor Statistics (2020). Each matrix provides the employment structure of a sector of the
17

IEA (2019).
Global Alliance for Buildings and Construction (2016).
19
(IEA, 2020a).
20
We use the SDS estimates to compute the overall automotive market size.
21
Provided by the 2020 World Energy Outlook(IEA, 2020c).
22
Provided by Rutovitz et al. (2015).
23
Business & Sustainable Development Commission(2017).
24
In a sense, this is a lower bound, as speculative technologies and externalities may increase the revenues generated by the 14 opportunities, and
hence employment.
25
ILO (2020).
18
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economy, detailing what occupations are part of it and what share of the overall sectoral labour force they
represent. Thanks to these employment matrices, we can map the changes in employment caused by the
four transitions to the occupations. The employment matrices have their limitations as they apply the U.S.
centric economic structure to all regions. Given the lack of the other available data, we adjust the
employment matrices to correct them for this bias, as described in Section 5.4.

5.3

Measuring the skill distance

To measure the scarcity or abundance of the skills associated with each occupation, we first need to assign
to each occupation in the labour market a vector of skill scores. We use different methodologies for
developed and developing countries:
1. For developed countries, we rely on the O*NET database.26 This database, sponsored by the US
Department of Labour and launched in 1998, collects detailed information on the characteristics of
the occupations of the US labour market. The primary purpose of the database is providing support
for career guidance, reemployment counselling, workforce development and human resource
management. However, it has also been relied upon for economic research studying the skill
composition of the workforce. While the database is based on data regarding specifically US
workers, we believe that it can be reasonably used as a tool to study the skill profile of the workforce
in all developed countries. We rely on version 24.1 of the database, published in November 2019.
For each occupation, we collect scores measuring the importance of 161 abilities, knowledge
fields, skills, and work activities.27
2. For developing countries, we rely on the World Bank STEP surveys (The World Bank, 2017). The
World Bank performed these surveys in 17 low- and mid-income countries between 2011 and 2017,
in four different waves. We consider surveys from 4 countries: China, Colombia, Kenya and Viet
Nam. The surveys include multiple questions regarding the characteristics of the job performed by
the local workforce. Following the methodology of Lo Bello et al. (2019), it is possible to use selected
survey answers to build occupation-specific scores for 5 macro-skills: non-routine analytical, nonroutine interpersonal, non-routine manual, routine cognitive, routine manual.28
All skill scores are normalised: this means that a score of 0 corresponds to the ‘average’ importance level of a
specific skill. In other words, if a worker has a positive score for a given skill, that skill is more important for
them compared to the average worker. Similarly, a negative score implies that the skill under consideration
is less important for them compared to the average worker.
We can measure the skill distance between any two occupations using a three-steps procedure based on the
approach by Bowen et al. (2018).
1. For each skill, we find the absolute value of the difference in score for the two occupations.
2. We add up all the absolute values of the differences.
3. We divide this number by the total number of skills. The resulting value provides an estimate of how
different the skill profiles of two occupations are.

5.4

Estimating the skill gap

The approach categorises occupations into three groups by ease of closing the identified skills gap: easy,
moderately easy, and hard. The extent to which there is a skills gap is measured by understanding how much
overlap there is between the skills profile of an average worker in today’s economy to the skills profile of an
26

The version we rely upon is version 24.1, published in November 2019 (O*NET, 2019).
These 161 categories have been used, for instance, by Xu et al. (n.d.) to create a skill taxonomy of the labour force of China.
28
For a detailed explanation of the methodology, see Section 4 of Lo Bello et al. (2019).
27
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additional job required to deliver the four transitions in 2040. To determine which occupational skill gaps we
use the following methodology:
4. For each occupation, we compute the skill distance with the occupations with which the transition
could take place most easily. The pairs of occupations between which it is easy to move is provided
by the ‘Career Changers’ dataset of O*NET. O*NET states that between the listed occupations a
transition can happen 'with minimal additional preparation'. These similar occupations are called
‘related occupations’. For instance, for ’Plumbers‘ the related occupations are: Pipe Fitters and
Steamfitters; Maintenance and Repair Workers (General); Heating and Air Conditioning Mechanics
and Installers; Millwrights; Boilermakers; Commercial Divers; Electrical Power-Line Installers and
Repairers; Sheet Metal Workers; Refrigeration Mechanics and Installers; Control and Valve Installers
and Repairers (Except Mechanical Door).
5. We use this value as a benchmark to distinguish between occupations which are ‘close’ or not in
terms of skill profile.29 We then compute, for each occupation affected by the green transition, the
share of the labour market which is ‘close’ to it in terms of skills. The share the labour market
associated with each occupation is provided by the US Bureau of Labour Statistics. However, we
perform an adjustment when applying US BLS data to developing countries, to account for the
different prevalence of primary, secondary and tertiary sectors. First, we assign each occupation
listed by the US BLS to one of the three sectors. Second, for each of the three sectors, we compute
the ratio between the sector size in the USA and that in China - the former is representative for
developed countries, the latter for developing countries. Third, we multiply the US market share of
each occupation by the China/USA ratio corresponding to their assigned sector. This allows us to find
an estimate of the labour market share of the occupation under consideration in developing
countries.
We define an occupational skill gap ‘easy to close’ if at least 40% of the total labour market is close to the
occupation under consideration, i.e. if at least 40% of the labour market has a skill profile similar to that of
the occupation under consideration. We define an occupational skill gap ‘moderately easy to close’ if less
than 40%, but at least 20%, of the total labour market is close to the occupation under consideration. We
define an occupational skill gap ‘hard to close’ if less than 20% of the total labour market is close to the
occupation under consideration.

29

More precisely, we define two occupations as 'close' if the distance between them is equal to or lower than 1.5 times the skill distance between
related occupations. This was judged to be a reasonable threshold given the overall distribution of skill distances in the labour market.
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Appendix –Skills in demand
The analysis based on the five broad macro-skills shows that all four transitions increase the demand for
manual skills in developed as well as developing countries.30 Box 6 presents the five broad macro-skills used
in the analysis, and Table 3 and Table 4 contrasts the skills demanded by each transition to the skills of the
average worker in the current labour market in developed and developing countries, respectively. Delivering
the four transitions require significant number of jobs that involve manual skills, such as farmworkers,
construction labourers, electrical power and telecommunication line installers and repairers, and solar
photovoltaic installers.
The four transitions also demand non-routine analytical and interpersonal skills. These skills are more
sophisticated and need higher education compared to manual skills. In developed countries, these skills are
already present in the current labour market. In developing countries, low carbon generation and
electrification of transport demand non-routine skills for occupations such as management occupations, top
executives, engineers, and computer occupations. Land use & forestry requires routine cognitive skills driven
by the need for more agriculture workers and supervisors of farming, fishing, and forestry workers.
Box 6 The analysis uses five macro-skill categories to combine insights from the O*NET database and
the World Bank STEP survey
The World Bank’s STEP Skills Measurement Program measures skills in low-income and middle-income
countries through household-based and employer-based surveys. Lo Bello et al. (2019) and Dicarlo et al.
(2016) link questions from these surveys to five macro skill brackets that are widely used in the transition
skills literature. These are:
● Non-routine analytical: Work activities are defined as ‘non-routine’ if they involve flexibility of
mind, creativity, generalised problem-solving, and complex communications. The non-routine
analytical skill refers to complex reasoning skills, which are required, for instance, to solve novel
problems or draw inferences from models. It is important for intellectually demanding jobs, such
as engineers or computer scientists.
● Non-routine interpersonal: Interactive, communication and managerial skills; required for any
client-facing activity (e.g., salespeople), as well as for managing subordinates. For instance,
forming persuasive arguments is an activity which requires a high non-routine interpersonal skill.
● Routine cognitive: An activity is defined as ‘routine’ if it can be accomplished by following an
explicit set of rules, and thus involves the repetition of a given procedure. The ‘routine cognitive’
ability measures the adaptability to work requiring limits, tolerances, or standards. It is important
for simple/repetitive non-factory jobs (e.g., food service workers, financial clerks), but is also
relevant for some manufacturing occupations: for instance, monitoring the temperature of a steel
finishing line is an activity requiring high routine cognitive skill.
● Routine manual: Repetitive physical movements; mostly required for factory jobs. For instance,
moving a windshield into place on an assembly line is a routine manual activity.
● Non-routine manual: Physical movements requiring adaptability and dexterity; for instance,
repairing equipment and driving vehicles are sets of activities for which this skill is important. Thus,
it is mostly required for non-factory manual jobs, such as plumbers and heat pump installers.
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Sources: Autor et al. (2003); Dicarlo et al. (2016); Lo Bello et al. (2019)

Table 3

In developed countries, manual skills will be in demand across all four transitions
Skill requirement of the transitions relative to an average worker in the market - Developed countries

Jobs Needed (Millions)
Non-Routine Analytical
Macro-Skills Required Non-Routine Interpersonal
(Skills distance relative
Routine Cognitive
to the average worker in
today's labour market) Routine Manual
Non-Routine Manual

Note:

Source:
Table 4

Net-Zero
Generation

Net-Zero
Construction

Electrification
of Transport

Land Use &
Forestry

0.4

3.1

0.6

2.0

-

-

0.1

-

-

-

-

-

-

-

0.4

-

0.6

0.6

0.1

0.1

0.6

0.9

0.3

0.3

The colour formatted cells contrast the skills of the average job created by a transition to the skills of the
average worker in the current labour market. The greener a cell is, the higher is the demand for that skill
by the transition.
A transition can decrease the demand for a skill too. These are left empty in the table because the focus is
on the skills that will be in demand.
Vivid Economics
In developing countries, manual skills will be in demand across all four transitions
Skill requirement of the transitions relative to an average worker in the market - Developing countries

Jobs Needed (Millions)
Non-Routine Analytical
Macro-Skills Required Non-Routine Interpersonal
(Skills distance relative
Routine Cognitive
to the average worker in
today's labour market) Routine Manual
Non-Routine Manual

Note:

Source:

Net-Zero
Generation

Net-Zero
Construction

Electrification
of Transport

Land Use &
Forestry

12.6

8.3

4.8

77.3

0.4

-

0.1

-

0.3

-

-

-

-

0.1

0.1

0.8

0.9

1.4

0.6

0.3

0.2

0.1

0.6

-

The colour formatted cells contrast the skills of the average job created by a transition to the skills of the
average worker in today’s labour market. The greener a cell is, the higher is the demand for that skill by
the transition.
A transition can decrease the demand for a skill too. These are left empty in the table because the focus is
on the skills that will be in demand.
Vivid Economics
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Appendix –Model comparison
Table 5

Comparison of Models Estimating the Impact of the Green Transition

European
Commission
Report
Title

Committee on
Climate Change

IMF

Stepping up
The Sixth Carbon World Economic Jobs in a Net zero
Europe’s 2030
Budget
Outlook
Emissions Future
climate ambition
in Latin America
and the
Caribbean

2020
2020
2020
Report
Year
Global
Geograph European Union United Kingdom
ic Area
2030
2050
2050
Time
Horizon
Economic Entire economy Entire economy Entire economy
Sectors

Methodology

ILO, IDB

General
equilibrium
model (JRC-GEME3). Wages are
fully flexible, but
there are labour
market
imperfections

IRENA

Princeton
University

EIEE

McKinsey

Global
Renewables
Outlook

Net Zero America

2020

2020

2020

2021 [Draft]

2019

2021

Latin America
and Caribbean

Global

USA

Global

European Union

Global

2030

2050

2050

2050

2050

2040

Entire economy

Entire economy;
agriculture not
modelled

Energy Sector

Energy Sector

Entire Economy

E3ME model:
General
Input-output
E3ME model:
similar in scope
equilibrium
analysis based on similar in scope
to CGE models, model (G-Cubed).
the GTAP
to CGE models,
but not assuming
It which
database.
but not assuming
optimal
incorporates
Relative prices
optimal
behaviour of
nominal and real are assumed to
behaviour of
economic agents,
rigidities
be constant
economic agents,
nor full utilisation
nor full utilisation
of resources
of resources

Energy Sector Net Zero Europe
Jobs under wellbelow 2 degree
target scenarios
[Draft Report]

Vivid
Economics
Skills for Green
Transition

Transport,
construction,
generation, land
use value chains
Energy demand
Employment
Optimization
Employment
scenarios
factors applied to models finding factors applied to
modelled with projected size of the lowest-cost changed in size of
specialised
energy subpaths to net
value chain
software (Energy
sectors,
zero.For jobs
components
Pathways).
considering 11
estimation,
Employment
generation
employment
projections
technologies
multipliers were
derived using
applied to the
employment
change in supply
factors and
of goods and
labour
services in the
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productivity
estimates

Estimating the
impact of the
'recommended
pathway' of the
Carbon Budget
on the British
economy. It
would allow
Britain to achieve
60% of the
emission
reductions
required to reach
net zero in 2050
in the next 15
years
Employment
Employment
Main
Employm reduced by 0.26% increased by 1%

Model
Objective

ent
Outcome

Note:
Source:

Estimating the
impact on the
economy of an
increase in the
GHG reduction
targets for 2030:
instead of a
reduction of 40%
compared to
1990, a reduction
of 50% should be
achieved

green scenario,
compared to the
baseline

Estimating the
Estimating the
Estimating the
Estimating the
impact of policies impact of policies
impact of
impact on the
allowing to reach allowing to reach environmental energy sector of
net zero
net zero
policies which
supply-side
emissions by
emissions by could keep global
policies and
2050
2050
warming 'well
infrastructural
below' 2 degrees
investments
Celsius during needed to reach
this century
net zero by 2050,
while also
satisfying the
national demand
for energy

Estimating the
Estimating the
Estimating the
impact on policy impact of policies
impact on
changes in
allowing to reach employment of
energy
net zero
four green
generation,
emissions by
transitions,
aiming at limiting
2050
modelled on the
global warming
'sustainable
‘well below’ 2
development'
degrees Celsius
policies of the
World Energy
Outlook

Small oscillations 15 million net
in employment jobs created (4%
(<1%) between
of total
2020 and 2050; employment in
no significant
the region)
impact on
employment by
2050

c. 8 million net
c. 5 million net
jobs created
jobs created (c.
globally,
2% of the current
equivalent to c.
workforce)
50% of the
current
workforce in the
sector

6.5 million net
jobs created
(0.15% of the
workforce)

c. 2.5 million net
jobs created,
doubling the
current
workforce in the
sector

c. 100 million net
jobs created
globally (c. 7% of
the total
employment in
the value chains
considered; c. 3%
of current global
workforce)

Based on Committee on Climate Change (2020); European Commission (2020); European Institute on Economics and the Environment (2021); ILO (2020a); IMF (2020);
IRENA (2020); Larson et al. (2020); McKinsey (2019)
Vivid Economics
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