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Key Recommendations

Empowering people with green skills for climate-
compatible growth: Key Recommendations for LMICs

To effectively prepare workers for a low-carbon 
transition and ensure the transition is just 
and equitable, especially those in fossil fuel 
sectors, the following measures are needed:
 
For government
1. Establish a national green skills taxonomy 

that defines and assesses green skills as 
part of national workforce planning to 
foster a well-prepared workforce.

2. Promote policies that improve job quality 
and inclusivity, ensuring wage parity, 
gender diversity, and equitable standards 
across all green jobs.

3. Reform energy education by expanding 
renewable energy programmes and 
realigning educational curricula with 
current and future labour market demands.

For researchers
4. Develop methodologies and use existing 

datasets to accurately map green skills 
needs in LMICs, addressing data gaps and 
aiding targeted policy and programme 
development.
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Grade 6 students in Tanzania using bottle 
caps to learn multiplication.

The views expressed  
in this material do  
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official policies.

5. Advance green job modelling by designing 
models that project the employment impacts 
of decarbonisation, specifically in LMICs.

6. Create region-specific training modules 
and pursue global certifications 
in renewable energy to standardise 
qualifications and enhance job mobility.

Definitions
Institutional definitions of green skills and green jobs often vary. Here, we adopt the most comprehensive definitions 
to provide readers with a general overview of green jobs and green skills:

 Green skills are the knowledge, abilities, values and attitudes needed to live in, develop and 
support a sustainable and resource-efficient society.  UNIDO, 2022 [1]

 Green Jobs are decent jobs that contribute to preserve or restore the environment, be they 
in traditional sectors such as manufacturing and construction, or in new, emerging green 
sectors such as renewable energy and energy efficiency.  ILO, 2016 [2]
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Summary
This policy brief addresses the important role 
that the formation of green skills plays for 
low- and middle-income countries (LMICs) as 
they transition to a low-carbon economy. Key 
challenges in this regard include ambiguous 
definitions for “green” skills and jobs, and a lack of 
reliable data to tally them. As a result, transition 
pathways for fossil fuel workers remain largely 
uncertain and education systems planning does 
not yet widely consider the skill demands of a 

Introduction
Transitioning to climate-compatible growth 
necessitates a skilled workforce capable of 
innovation, implementing sustainable solutions, 
and managing the complexities of green 
development across all economic sectors. However, 
there are challenges in equipping the workforce 
with the types of skills that best meet the 
changing demands of economies as they phase 
out the combustion of fossil fuels and transition to 
a low-carbon mode of production. While evidence 
of this has been scarce to date, a recent study 
estimates that, in 2023–2024, global demand for 
green-skilled workers grew twice as fast as supply. 
At this rate, half of green economy jobs would be 
at risk of remaining unfilled by 2050 [3].

This apparent deficit of skilled employees has 
prolonged recruitment timelines, delaying 
renewable energy deployment and significantly 
increasing operational and maintenance costs in 
the US, the UK, and Japan [4]. Hiring difficulties are 
intensifying: in the UK, 71% of employers reported 
recruitment challenges in 2024, up from 53% in 
2021[5]. The deficit is more prevalent in developing 
economies [6], raising concerns that the transition 
to a green economy could widen the longstanding 
gaps between high-income countries (HICs) and 
low- and middle-income countries (LMICs).

net-zero carbon future. Here, we draw from case 
studies to gain insights about best practices when 
it comes to:

1. re- and up-skilling fossil fuel workers,
2. endowing new and future entrants to the 

workforce with skillsets suitable for the green 
transition, and

3. leveraging novel data to broaden the evidence 
base for just and inclusive, pro-poor green growth.

While policies such as the ‘UK Green Jobs 
Taskforce’ [7] and the ‘European Skills Agenda’ 
[8] have outlined clear pathways for building the 
skill base required for a sustainable future in an 
HIC context, many LMICs have yet to develop 
similarly comprehensive strategies that fit their 
specific needs. Existing policies, like Kenya’s 
‘Green Economy Strategy and Implementation 
Plan [9]’ and Zambia’s ‘National Green Growth 
Strategy [10]’, acknowledge the importance of 
education, training, and skills development for 
fostering inclusive green jobs. However, they 
fall short of outlining concrete mechanisms 
for implementation. There is no clear policy 
framework detailing how green skills training 
will be integrated into national education and 
workforce development systems, nor is there an 
indication of the level of public funding allocated 
to support such initiatives. Similarly, Ghana’s 
‘National Climate Change Policy’ [11] recognises 
inadequate human resource and managerial 
skills as major challenges. However, it primarily 
focuses on community resilience and agricultural 
development and lacks emphasis on equipping 
workers with the necessary technical skills for 
the green transition. Reskilling coal workers 
and ensuring their inclusion in the labour force 
throughout and following the transition to a low-
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carbon economy have emerged as critical policy 
priorities, especially in coal dependent LMICs such 
as Vietnam, South Africa, or India.

Addressing these challenges requires examining 
the workforce requirements of the low-carbon 
transition across countries’ unique contexts. To 
this end, this policy brief addresses the question: 
What skillsets are essential for a low-carbon 
transition? We further divide the research 
question into two sub-questions:

1. How can workers currently employed in the 
fossil fuel industry be effectively re- and upskilled 
to transition them into low-carbon jobs?

2. How can new entrants to the labour market 

acquire the skills needed to meet the increasing 
demands of jobs in a low-carbon economy? 

 
To obtain a better understanding of the 
latest research regarding these questions, we 
systematically review the academic (n=188) and 
the grey literature (n=34) on the labour market's 
transition toward a low-carbon economy. This 
review enables the identification of six critical 
challenges in enabling the workforce with 
the necessary skills for the green transition. 
Building on these insights, we formulate several 
recommendations for policymakers who wish to 
address these challenges, aiming to facilitate the 
transition of skillsets to a low-carbon economy 
and promote equitable, inclusive growth.

Method
We conducted a comprehensive literature review to 
identify academic publications focusing on labour 
market transitions in the context of low-carbon 
energy. Using the Web of Science Core Collection, 
we applied targeted search terms related to 
employment and renewable energy, filtering for 
English-language articles published since January 
1, 2000. This initial search yielded 660 publications. 
Upon screening titles and abstracts, we excluded 
studies not directly addressing skill development, 
such as those focusing solely on labour impacts 
from extreme climate events. This resulted in a 
selection of 188 academic papers. As shown in 
Figure 1, the majority of papers in our academic 
sample focus on labour market transitions in HICs, 
while papers engaging with this topic in LMIC 
contexts are only recently emerging. To gain a 
more well-rounded image of the policy-shaping 
conversation regarding labour market transitions, 
we supplemented our academic literature sample 
with selected institutional reports from highly 
salient, policy-shaping entities in this topic area. 
They include the International Energy Agency (IEA, 
n=3), the International Renewable Energy Agency 

(IRENA, n=3), the World Economic Forum (n=1), the 
World Bank (n=2), and LinkedIn (n=3).  

Figure 1: Academic publication by year (grouped by 
LMICs and HICs, n=188).

We conducted a detailed review of the texts in this 
final corpus to identify key themes. For each theme, 
we examined the findings in relation to global 
trends and investigated to what extent papers 
about LMICs differ from those focused on HICs. To 
begin with, we reviewed papers addressing skillsets 
to understand the types of skills required for the 
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Challenges
The following six challenges for the transitioning 
labour market emerged from our systematic 
literature review. While the texts we analysed 
address them in some detail, they also point to 
several remaining research gaps. We outline 
them in turn, discuss their significance, and 
draw potential ways forward.

 CHALLENGE 1.  Lack of Common Definitions  
for Green Skills and Green Jobs
The absence of standardised definitions for 
both “green skills” and “green jobs” makes 
measuring, comparing, and addressing skills 
gaps very difficult. This issue underlies many of 
the other challenges (Challenge 2, Challenge 3, 
Challenge 6) mentioned below as well. 

The core meaning of “green skills” entails "the 
knowledge, abilities, values, and attitudes 
needed to live in, develop, and support a 
sustainable and resource-efficient society" [2]. 
However, interpretations as to what this does 
and does not include in practice differ widely. As 
a result, some definitions focus narrowly on skills 
related to specific low-carbon technologies, 
such as installing solar panels or managing 
energy-efficient systems [12], while others take 
a broader approach by including enabling 
skills like problem-solving and leadership 
for sustainability transitions [13]. Rather than 
prescribing a definition, a third group of studies 
aims to empirically characterise green skills 
based on job postings [12] [13], technology types, 
job and skill taxonomies [16], [17], and economic 
modelling [18].

Similarly, there is no consensus on the definition 
of green jobs. Existing definitions generally fall 
into one of four categories: output-based, process-
based, task-content-based, and skill-requirement-
based [17] [18]. The output-based approach defines 
green jobs based on the production of goods or 
services that directly benefit the environment 
or conserve natural resources (eg renewable 
energy generation, pollution control technologies, 
ecosystem restoration). For instance, the United 
Nations Environment Programme (UNEP) and 
the International Labour Organization (ILO) define 
green jobs as those employments in the production 
of environmental goods and services sector [21].

On the other hand, the process-based approach 
defines green jobs by the environmental 
sustainability of the work practices and processes 
involved, regardless of the final product. Under 
this framework, jobs are considered green if 
they incorporate sustainable practices such as 
energy-efficient operations, waste reduction, or 
the use of low-carbon technologies [12], [22]. This 
broadens the scope of green jobs to include roles 
in traditionally non-green sectors, provided they 
adopt environmentally friendly practices.

The task-content approach dissects the nature 
of occupations, their task content, and links this 
to the skills required to perform the job well if 
that information is available in a given country’s 
context. For this, green job taxonomies are used. 
The approach enables an assessment of whether 
a job has specific tasks assigned to lessen the 
environment impact of consumers and/or firms [19].

low-carbon transition, as well as any barriers that 
may hinder their development. The research on 
green jobs was analysed to explore how they are 
currently being defined, estimated, and modelled. 
To capture their broader implications for labour 

market dynamics, we also looked for assessments  
of their quality in terms of job satisfaction, wage 
levels, and gender inclusion. Finally, we examined 
studies on energy education systems, which 
ultimately reflect the (future) supply of green skills.
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Lastly, the skills requirements-based approach 
uses green skills required in job postings as a 
signal of the greening of the economy. LinkedIn, 
for example, is relying on this approach and 
defines green skills as those that enable the 
environmental sustainability of economic 
activities [3].

 CHALLENGE 2.  Lack of Statistical Measurement 
for Green Skills and Green Jobs
The lack of a common definition complicates 
efforts to gather and compare data on the 
number, trends, and needs of green jobs. For 
instance, the US Occupational Information 
Network (O*NET) provides detailed descriptions 
of occupations and associated skills, but the 
knowledge gathered is not yet extrapolated to 
countries outside the US [23]. LinkedIn’s 2022 
Global Green Skills Report, which categorises jobs 
into "shades of green," has limited coverage in 
LMICs [24]. The World Bank’s Skills Measurement 
Program (STEP), though a pioneer in assessing 
skills in LMICs, lacks any measurement of green 
skills [25]. Novel approaches to measuring 
greenness based on text analysis may help 
addressing these caveats [19].

With job postings increasingly posted online, 
research has adopted natural language 
processing to identify green jobs in data obtained 
from online platforms like BuscoJobs (Uruguay, 
[26]), Ecojob (South Korea, [27]), and Adzuna 
(Australia, [28]). However, due to the lack of a clear 
definition of green jobs (Challenge 1), it is hard 
to establish comparable frameworks to identify 
green jobs on online job posting platforms. Lists 
of “green” key words suffer from the same caveats 
as skills taxonomies in that they range from 
highly specific to generic. This makes it difficult to 
ensure comparability among datasets and raises 
concerns about data quality. Considering wide 
range of different statistical text-mining methods 
applied to these data, the comparability of results 
also needs to be questioned.

 CHALLENGE 3.  Green Skills Gap & Uncertain 
Future Demand
Despite the caveats outlined thus far, the 
literature has converged on some overarching 
findings that appear robust. For example, the 
growing demand for green jobs and skills seems 
to be outpacing the supply of adequately trained 
workers. According to LinkedIn’s 2024 Global 
Green Skills Report, global demand for green skills 
grew twice as fast as supply between 2023 and 
2024, with demand increasing by 11.6% and supply 
by only 5.6% [3]. It is projected that 61% of workers 
will require training in the next five years to meet 
this demand (Figure 2). Failure to address this 
gap risks delaying project delivery and increasing 
costs. In India, for instance, delays in servicing 
solar farms due to a lack of trained personnel 
have resulted in significant energy losses and 
increased maintenance expenses, undermining 
the economic viability of such projects [29].

Figure 2: Upskilling and reskilling outlook 2023–
2027. Figure adopted from [30]. Blue area shows 
the percentage of people needing training by 2027. 

Lack of investment in training, insufficient 
policies, and slow responses from the education 
system are often cited as potential barriers to the 
supply of green-skilled workers [3], [22].

However, the underlying lack of a clear definition 
of green skills (Challenge 1) and the limited 
availability of data (Challenge 2) to measure 
green skills—particularly in LMICs—are the two key 
factors most frequently highlighted in academic 
literature [31]. These two challenges also hinder 
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modelling efforts to predict the growth of green 
employment and identify the skillsets required 
under different scenarios. Forecasting future 
skillsets is key to guiding current training and 
education systems, ensuring they are aligned with 
the evolving needs of a sustainable economy.

Two primary types of models are currently used 
to forecast the future number of green jobs: 
industry-growth-linked models, or network 
models. The modelling approach is selected 
based on the availability of labour market data. 

For global estimates, or for countries lacking 
detailed labour market information, green jobs 
are often linked to the projected growth of low-
carbon industries. These estimates are typically 
derived using statistical models [12], [22] or input–
output models [20]. These approaches provide a 
broad overview but are limited by their reliance 
on macroeconomic data, which does not directly 
support the policymaking on skillset development. 

In countries with more granular occupation-
level data, network models are the most widely 
used tools. These models offer a more nuanced 
understanding of how labour markets adapt to 
green transitions. For example, Lankhuizen et 
al. (2023) employ an industry and geographic 
mobility model to identify potential bottlenecks 
resulting from energy transition in the 
Netherlands’ labour markets [32]. Berryman et al. 
(2023) utilise an agent-based model integrated 
with an occupational mobility model to assess 
how productivity shifts in Brazil in the context of 
green transitions [33]. Xie et al. (2023) examines 
the distributional impacts of decarbonising the 
US power sector, focusing on variations in worker 
outcomes across states by skill level and gender 
[34]. Bücker et al. (2025) further quantify the 
temporal dynamics of US labour market frictions 
during power sector decarbonisation and identify 
occupation-specific impacts and skill-mismatch 
frictions as they evolve through time [35].

While these models offer valuable insights, 
they are largely focused on HICs, where data 
are more accessible. For LMICs, where effective 
labour market policies are crucial for addressing 
unemployment, informality, and skill gaps, 
analysis often remains limited. 

 CHALLENGE 4.  Ensuring Quality, Equity, and 
Inclusion in Green Jobs
While green jobs are often associated with higher 
job satisfaction due to decent working conditions 
[36], significant challenges remain in ensuring 
their quality, equity, and inclusivity. 

Wage Disparities: Salaries in the oil and natural 
gas industry continue to outpace those in 
renewable energy sectors such as wind and 
solar, raising concerns about the economic 
attractiveness of green jobs [22]. This wage gap 
may deter skilled workers from transitioning to 
green sectors, particularly in regions where fossil 
fuel industries dominate.

Gender Inequality: Gender representation in 
green jobs remains uneven. As of 2021, women 
accounted for only 21% of the wind energy 
workforce, which is slightly lower than the 
22% representation in the oil and gas industry 
and significantly below the economy-wide 
representation of 46% (Figure 3)[37]. Furthermore, 
within the wind/solar sector, women are 
disproportionately concentrated in administrative 
roles, with significantly lower representation in 
technical and non-administrative positions[37], 
[38]. These data indicate a pronounced gender 
gap across energy sectors, suggesting systemic 
barriers to female participation.

To combat this, targeted interventions are 
essential. A notable example of an initiative 
bridging this gap is the international Solar 
Programme by Barefoot College, which focuses 
on training women, particularly from rural areas, 
to become solar panel installers. This programme 
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equips women with technical skills, while also 
offering them economic and social benefits 
through job opportunities in the renewable 
energy sector [39].

 CHALLENGE 5.  Missing Pathways on Transition-
ing Away from High Carbon to Green Jobs
The shift towards a low-carbon economy is 
generating new opportunities within the green 
sector; yet, it is also leading to the displacement 
of workers in high-carbon industries. This is 
especially pronounced in LMICs, where the 
fossil fuel sector is labour-intensive, and workers 
frequently possess skills that are not directly 
transferable to other industries [40].

Without adequate support, these workers face 
the risk of unemployment, potentially impeding 
decarbonisation efforts. Studies from the US (eg 
Appalachia), Germany, and the UK highlight the 
social impacts of coal phase-outs, with transitions 
often managed through early retirement 
schemes and financial compensation [41], [42], 
[43]. These tools, often referred to as ‘adaptation 
payments’ or ‘severance packages’, are 
highlighted as handling a significant portion of 
the transition. Box 1 provides a detailed example 
of successful reskilling in Germany [43], [44]. 

Figure 3: Women in oil and gas, renewables 
overall, wind, solar PV, and economy-wide average 
according to IRENA online survey 2021 [37]

 CHALLENGE 6.  Realigning Energy Education  
for a Decarbonised Future
The global energy education system remains 
heavily skewed toward fossil fuels, despite 
the urgent need for skills aligned with 
decarbonisation. This misalignment exacerbates 
the existing skills deficit and threatens to delay 
the transition to a green economy. 

A review of 18,400 universities across 196 
countries reveals that 68% of energy-related 
degree programmes worldwide are dedicated 
to fossil fuels, while only 32% focus on renewable 

Box 1: Germany Coal Phase Out and Its Social 
Impact 

Germany’s coal phase-out is a remarkable case of 
managing a transition from a coal-dependent economy 
to one focused on sustainability and economic 
diversification. At its peak in the 1950s, the German 
hard coal industry employed more than 600,000 people 
supporting regional economies. Over the following 
decades, employment in the sector dwindled as mining 
operations became unprofitable compared to cheaper 
imported coal and other energy sources. By the early 
2000s, only a few thousand people were still employed 
in the industry. 

The German government officially decided to phase out 
this practice when it terminated subsidies in 2007. The 
phase-out process concluded in 2018 when the last hard 
coal mines were closed. To address the social impact of 
this transition, the German government implemented 
a range of policies aimed at protecting workers. These 
included early retirement schemes, redundancy 
payments, and retraining programmes to help workers 
transition to other sectors, such as the metal industry 
in the initial phases and later the automotive and 
technology sectors. Regional policies also promoted 
education and research to support long-term economic 
diversification.

The financial responsibility for this transition was 
substantial. The government provided approximately 
€289–331 billion in subsidies between 1950 and 2008 
to support the phase-out and restructure the affected 
regions. This funding covered reskilling programmes, 
infrastructure development, and support for local 
economies. Structural adjustment policies also focused 
on enhancing regional attractiveness by improving 
infrastructure, investing in education and research 
facilities, and diversifying local industries [41].
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energy [45]. This imbalance reflects the inertia 
of education systems, which have been slow to 
adapt to the global shift toward decarbonisation 
(see Figure 4).

Recommendations
To effectively prepare individuals for a low-
carbon transition, we propose a set of actions 
for governments and researchers structured 
around three themes: (1) the identification and 
development of essential green skills, (2) the 
demand and quality of green jobs, and (3) the 
role of energy education systems in equipping 
the workforce. 
 
1. Develop standardised green skills 
frameworks [Challenges 1 and 2]
For government: With labour as a key pillar of 
economic growth, understanding a country's 
workforce skillset is essential to address 
skill gaps and support sustainable, climate-
compatible transitions. Policymakers can 
collaborate with international organisations 
to: (1) define green skills and further establish 
standardised green skills frameworks, (2)  
initiate comprehensive data collection on  
green skills, and (3) develop workforce skillsets 
aligned with national economic development 
plans. These frameworks should account for 
regional and sectoral variations, providing  
a clear foundation for training programmes  
and labour market planning. 

For research initiatives focused on LMICs: While 
significant research exists on green skills in 

Figure 4: Global share of degree programmes in 
renewable energy and fossil fuels. The dotted green 
line indicates a simplified projection of when the 
share of university degrees in renewable energy would 
reach 100% if the average rate of change from 1999 to 
2019 were to continue. Figure adopted from [45]. 

industrialised nations, LMICs lack comprehensive 
data on worker skillsets and transition pathways. 
This data gap limits the ability to design tailored 
reskilling programmes for transitioning fossil 
fuel workers. Researchers can bridge this gap 
by developing LMIC-specific methodologies 
and leveraging existing global datasets, such as 
LinkedIn’s green skills taxonomy [46] or O*NET [23], 
to expand coverage and relevance in LMIC contexts. 

2. Advance green job modelling for LMICs
[Challenge 3]
For research initiatives focused on LMICs: 
Researchers can collaborate with in-country 
analysts to enhance job integration in models 
and support the development of simulations that 
predict employment outcomes under various 
decarbonisation pathways. These models should 
account for sectoral priorities, renewable energy 
potential, and labour market structures in LMICs. 
For example, integrating geospatial data with 
employment projections can highlight regional 
labour dynamics.

3. Improve green job quality and inclusivity
[Challenge 4]
For government: While green jobs are increasing 
in number, disparities in job quality, wages, 
and gender representation persist. A range of 
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policies has proven effective in addressing these 
disparities and enhancing both job quality and 
inclusivity. Increasing wage transparency helps 
identify and reduce pay gaps between men and 
women in similar roles [47]. Monitoring female 
participation in management encourages 
greater gender diversity in leadership positions, 
creating pathways for women's advancement 
[48]. Policies such as paternity leave and free 
childcare promote a more balanced sharing of 
family responsibilities, enabling more women 
to enter and remain in the workforce [49]. 
Additionally, vocational training programmes 
targeting women ensure they have the skills 
needed for green jobs, while initiatives to align 
job opportunities specifically for women boost 
female participation in traditionally male-
dominated industries [50].

4. Develop context-specific materials and 
global certification for renewable energy 
education for LMICs [Challenges 5 and 6]
For Government: Policymakers must mandate 
and incentivise curriculum reforms that prioritise 

renewable energy education. These reforms should 
focus on expanding access to renewable energy 
programmes, particularly in under-resourced 
regions, and fostering industry–academia 
partnerships to align academic training with 
labour market demands. 

For research initiatives focused on LMICs: 
Building on collaborative efforts with partner 
countries, researchers can work alongside local 
academic institutions, industry stakeholders, 
and policymakers to develop region-specific 
training modules. These materials should 
reflect local energy resources, technologies, and 
socioeconomic conditions, ensuring that graduates 
are well-prepared to meet regional challenges. 
Given the absence of internationally recognised 
certifications for green skills, researchers can 
collaborate with global accreditation bodies to 
design certification programmes that align with 
international standards. Such certifications would 
validate technical and practical competencies 
in renewable energy, providing workers with 
globally acknowledged credentials.
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