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Abstract
Worldwide, the energy sector is one of the main sources of CO2 emissions. The con-
sequences of climate change and growing social injustice are making increasingly clear 
that there is an urgent need to limit climate change, promote sustainable growth, and 
improve access to clean, modern energy for all. This will require a global energy tran-
sition that will phase out power generation associated with CO2 emissions and move 
towards a carbon-neutral energy supply.

In African and Asian states, rapid economic and pop-
ulation growth has pushed up demand for energy in 
recent years. Rolling out the use of renewable ener-
gies is thus key to achieving many of the Sustainable 
Development Goals set out in the 2030 Agenda in 
the partner countries of German development coop-
eration. Renewable energies are vital for climate 
change mitigation. In developing countries, they 
are also pivotal in providing access to modern 
energy for sustainable economic development, 
and thus reducing poverty. However, a just ener-
gy transition can only succeed if enough skilled 
workers are available. Labour-market-oriented in-
itial and continuing technical and vocational edu-
cation and training (TVET) are needed to ensure 
work on energy technology systems is conducted 
professionally. 

This is one of five studies exploring Skills for a Just 
Transition to a green future, published by the Sector 
Project TVET of the Deutsche Gesellschaft für In-
ternationale Zusammenarbeit (GIZ) GmbH on be-
half of the German Federal Ministry for Economic 
Cooperation and Development (BMZ). It explores 
how German development cooperation can help 
partner countries align TVET with the impera-
tives of a just energy transition. Substantial chang-
es, such as technological developments in the energy 
sector, are examined for their relevance to the con-
tent of initial and continuing TVET. This is then 
distilled into recommendations for action that 
address those responsible for planning and imple-
menting development projects. The study is based on an analysis of data and literature 
and on interviews with representatives of government institutions and development 
projects in selected partner countries, India, Brazil, Vietnam, Kenya, Nigeria, Uganda 
and South Africa.

Wind farm in the Atacama Desert, Chile. © GIZ/Thomas Imo
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The greatest potential is offered by wind and solar energy, with geothermal energy and 
modern biomass contributing to some extent. Existing cooperation arrangements to 
produce green hydrogen could also be valuable for some partner countries. In rural 
regions not yet connected to the national power grid, small photovoltaic systems and 
mini-grids must be rolled out, along with clean cooking technologies. Grid-connected 
photovoltaic (PV) systems and wind turbines are increasingly being installed in many 
countries. The electricity generated from renewables must be safely and flexibly fed into 
power grids and distributed. Smart technologies should thus help these partner coun-
tries expand their electricity grids and achieve greater flexibility. 

Future projects should always be planned under the broader guiding principle of a just 
energy transition rather than targeting only the energy sector. When planning future 
projects, the author recommends that technology activities always be linked with 
measures to promote employment and TVET. In this way, skilled workers can be 
trained at an early stage. Their professional work can promote innovation, ensure qual-
ity, minimise risks and thus help develop the sector. Two conceptual approaches can 
be pursued: (1) cross-sectoral, integrated project designs that directly link TVET 
components to technology promotion measures; (2) connected project designs with 
organisational or work units acting jointly, thus enabling projects that would normally 
be separate to share staff and content.

In order to promote the involvement of and cooperation with the private sector, the 
study suggests organising sectoral committees for green employment. These institu-
tions should identify the demand for skilled labour and qualifications, and be involved 
in the development of occupational profiles, professional standards, curricula and the 
regulation of examinations and certifications. 

The study proposes three measures for the design of TVET. Green occupational pro-
files and curricula should be developed for existing and new regulated occupa-
tions. In ongoing vocational training projects, the existing conventional occupations 
in construction, electrical, metal and supply engineering should be reviewed and 
adapted accordingly. In future projects, relevant occupations for renewable energies 
should be identified and developed from the outset on the basis of needs analyses. 
It is also recommended that future projects to support green TVET centres should 
take a holistic approach. When they are designed, the buildings themselves and the 
technical energy systems should be planned to factor in use for pedagogical and didactic 
purposes.

The author emphasises the importance of teaching and learning processes in the acquisi-
tion of practical vocational skills and in generating awareness of the need to act sustain-
ably. He recommends the use of action-oriented learning concepts. Teachers should 
be prepared and trained to design action-oriented learning environments. 
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1 Introduction
Climate change, biodiversity loss and rising social inequality pose threats to the stability 
of our economy, society and governance and to our very existence. To conserve resourc-
es and reduce CO2 emissions, we urgently need to transform our economic model into 
a Green Economy. This endeavour will take tremendous efforts that transcend all na-
tional borders. The transition to a Green Economy will do more than simply benefit the 
climate; it will also create many new jobs in Green Sectors and in industry as a whole. 
For instance, it is estimated that 25 million new jobs in renewables will be created by 
the year 2030. 

German development cooperation (DC) is committed to a Just Transition to a Green 
Economy that takes account of the needs of everyone involved. But how can we shape 
this Just Transition? This exact question is currently at the heart of development de-
bates. After all, not everyone will be a winner under this transition. Industrial sectors 
that harm the climate will no longer be needed. Many people will lose their jobs and 
have to find a new job in a different line of work. These people must not be left behind 
(in keeping with the leave no one behind (LNOB) principle). In fact, everyone must be 
given the opportunity to take part in and benefit from the transition, especially those 
who did not have this opportunity in the past or who will lose their job as part of the 
transition. Therefore, decent jobs must quickly be created in the new Green Sectors to 
provide new income opportunities for as many people as possible and avoid leaving 
people behind. 

Policy-makers have the task of designing the foundation for a Just Transition early on. 
This work includes the legislative framework and labour market policy instruments, 
such as financial incentives for companies, along with accompanying social benefits. 
Technical and vocational education and training (TVET) plays a vital role here because 
it will be the vehicle through which new skilled workers will be trained to perform green 
jobs. TVET ensures that people remain employable in the Green Economy and can 
actively advance the transition with their skills. 

Therefore, the Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH 
Sector Project TVET is publishing five studies on Skills for a Just Transition to a Green 
Future on behalf of the German Federal Ministry for Economic Cooperation and Devel-
opment (BMZ). The first study developed theses and recommendations for the design 
of DC interventions related to Green Skills. They include supporting partner countries  
in aligning TVET with a Just Transition (GIZ, 2022a). The three practical studies, ad-
dressing the renewable energy, green construction, and sustainable mobility sectors, are 
primarily geared towards project planners and implementers in development cooper
ation. The studies offer action-oriented recommendations on ways that Green TVET 
can support the Just Transition to a Green Economy in partner countries. The policy 

https://www.giz.de/fachexpertise/downloads/27_giz2022-0387en-just-transition-green-future.pdf
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vision paper focuses on the development of the future economy and illustrates how 
TVET  in partner countries must be adapted to meet new training needs. In doing so, 
it draws on the combined findings of the three sectoral studies. 

This study, one of the three sectoral studies, addresses the renewable energy sector. It 
analyses technological developments and employment in the renewable energy sector 
in developing countries and emerging economies in Africa and Asia. The demand for 
green occupations and skills is identified in this context. The study then goes on to 
explore strategies, measures and experiences in TVET projects in the renewable energy 
sector. Based on the outcome of these analyses, recommendations are set out for TVET 
experts involved in the planning and implementation of future projects (at both the 
political level and the implementation level) regarding Green TVET in the renewable 
energy sector as part of development cooperation. These recommendations for action 
are translated into more detail in the form of exemplary measures for green vocation-
al training projects. The study thus contributes to the further development of Green 
TVET projects with cross-sectoral links (in line with the BMZ 2030 reform process; 
BMZ, 2022a). 

In the 2030 Agenda, the international community adopted 17 Sustainable Develop-
ment Goals (SDGs) for socially, economically and environmentally sustainable devel-
opment. These goals form the basis for cooperation between countries. SDG 7 is to en-
sure access to affordable, reliable, sustainable and modern energy for all – an important 
agreement for the energy sector. In conjunction with the Paris Agreement on climate 
change, this SDG can support the transition to low-emission and resource-efficient 
economies and lifestyles.

The need to limit climate change, foster sustainable growth and improve access to clean, 
modern energy for all people is driving the global energy transition, which aims to 
phase out all forms of power generation that entail CO2 emissions, and to move to 
a carbon-neutral energy supply. Renewable energies do much to mitigate climate 
change and promote sustainable social and economic development. Furthermore, 
improving access to affordable and sustainable energy in developing countries and 
emerging economies is key to reducing poverty and thus a central goal of development 
cooperation. The 2030 Agenda explicitly calls for a focus on the weakest and most vul-
nerable members of society and demands that no one is left behind (LNOB) (BMZ, 
2022b; BMZ, 2022c).

Renewable energy sources and technology can be used in many different contexts and 
cover a wide spectrum in terms of output. They are used to generate electricity, and pro-
vide energy for heating and cooling, such as heating water or buildings and providing 
process heat in industry. Furthermore, fuels can be produced for the mobility sector. 
Replacing fossil fuels with renewables in different areas such as buildings, industry and 
transport helps decarbonise energy consumption in these sectors. This study mainly 
looks at generating electricity from renewables and the related occupations and employ-
ment. Other applications are considered in the other two sectoral studies. 

https://www.bmz.de/de/entwicklungspolitik/reformkonzept-bmz-2030
https://sdgs.un.org/goals/goal7
https://www.bmz.de/de/agenda-2030
https://www.bmz.de/de/themen/klimawandel-und-entwicklung/energie-und-klima
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2 The relevance of the 
renewable energy sector in 
the context of sustainability 

International agreements such as the Paris Agreement, the 2030 Agenda with its Sus-
tainable Development Goals, political agreements (e.g. the European Green Deal and 
the package of political Team Europe Initiatives (TEI)) as well as other national policies 
around the world have initiated the green transition in many countries. In the 2015 
Paris Agreement, almost all countries in the world committed to limit the global tem-
perature increase to well below two degrees Celsius, preferably to 1.5 degrees Celsius, 
and to adapt to the consequences of climate change (BMZ, 2022d).

Since the Rio+20 Conference in 2012, if not before, the vision of a Green Economy 
has become generally accepted, in conjunction with sustainable development (OECD, 
2011; UBA, 2016). The United Nations Environment Programme (UNEP) defines the 
Green Economy as ‘one that results in improved human well-being and social equity, 
while significantly reducing environmental risks and resource scarcity.’ The German 
Federal Ministry for the Environment and the German Environment Agency see the 
Green Economy as an innovation-oriented national economy that is in harmony with 
nature and the environment. In this economy, harmful emissions and pollutants are 
avoided in all ecosystems and the use of non-renewable resources is reduced, especially 
by making more efficient use of energy and raw materials. Non-renewable resources 
are replaced by sustainable renewable resources in order to achieve an energy supply 
based exclusively on renewable energies in the long term (BMU, 2012; UBA, 2016). 
This illustrates the key role played by the green energy transition in the move towards a 
low-carbon and low-emission economy.

In the international discourse, this broad guiding concept is termed Just Transition. 
The International Labour Organization (ILO) believes that a ‘Just Transition means 
greening the economy in a way that is as fair and inclusive as possible to everyone con-
cerned, creating decent work opportunities and leaving no one behind.’ (ILO, 2022) 
A Just Transition is thus a socially acceptable shift to a sustainable economy and 
to coping with anthropogenic climate change, which can only be managed with a 
global energy transition. This is where the guiding concept of the just energy transi-
tion comes in. The energy supply of the future must be fair and climate-neutral for all 
people (BMZ, 2022e).

The 2030 Agenda’s SDG 7 states that by 2030 all people are to have access to affordable, 
reliable and modern energy and that the percentage of the global energy mix account-
ed for by renewable energy is to be significantly increased. The targets make specific 
mention of developing countries and least developed countries. In these countries, in-
frastructure is to be expanded and technologies modernised in order to provide clean 
energy for all. To achieve this goal and attain the 1.5 degree target, renewable energy 
will have to be rolled out much faster and used to a much greater extent across all ap-

https://www.bmz.de/de/service/lexikon/klimaabkommen-von-paris-14602
https://www.oecd-ilibrary.org/environment/towards-green-growth_9789264111318-en
https://www.umweltbundesamt.de/sites/default/files/medien/1/publikationen/9-1qendige_strukturelle_vere4nderungen_u_nd_erfolgsbedingungen_fur_deren_tragfahige_umsetzung_in_deutschland.pdf
https://www.unep.org/regions/latin-america-and-caribbean/regional-initiatives/promoting-resource-efficiency/green
https://www.umweltbundesamt.de/sites/default/files/medien/1/publikationen/9-1qendige_strukturelle_vere4nderungen_u_nd_erfolgsbedingungen_fur_deren_tragfahige_umsetzung_in_deutschland.pdf
https://www.ilo.org/global/topics/green-jobs/WCMS_824102/lang--en/index.htm
https://www.bmz.de/de/themen/energie/hintergrund-energiewende-erfordelich
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plications in industry, commerce, trade, households, agriculture and transport. Like 
the African Union (AU) in its Agenda 2063: The Africa We Want, many countries and 
regional associations have translated this goal into regional and national strategies and 
taken the first steps towards a green energy transition. 

The situation in terms of access to energy and security of energy supply varies enor-
mously in different African and Asian states. Africa’s share of global energy consump-
tion is around 6% while it is responsible for only 3% of global electricity consumption. 
Africa is the continent with the lowest level of electrification. Sub-Saharan Africa in 
particular suffers from severe energy poverty. In these countries, around 600 million 
people have no access to electricity (IEA, 2022a). The energy supply is often unreliable, 
there are supply failures and energy costs are high. It is estimated that two-thirds of the 
electricity grids in sub-Saharan Africa (excluding South Africa) are inefficient (PwC, 
2021). The North African countries and South Africa are exceptions, with a substan-
tially higher degree of electrification and total energy consumption. Population growth 
and rising living standards mean that energy demand in Africa is expected to double by 
2040. Energy poverty and inefficient electricity supply impact adversely on economic 
and social development in sub-Saharan Africa. They hinder productivity and limit edu-
cational opportunities and health care. Many households and schools have no electricity 
supply. Here, the interconnectedness of different development goals becomes apparent, 
such as between SDG 7 and SDG 4 (ensure inclusive and equitable quality education). 
In sub-Saharan Africa, almost 70% of primary schools do not have access to electricity 
(UN, 2021). This makes electrification and improving access to energy priority devel-
opment goals in many African countries. Sustainable development, energy and climate 
policy, education and poverty reduction are thus directly interlinked (BMZ, 2022c; 
GIZ, 2022b).

In recent years, rapid economic and population growth, along with increasing urbani-
sation in member states of the Association of Southeast Asian Nations (ASEAN) have 

Commissioning of solar mini grids in Northern Uganda. © GIZ Uganda/Energy and Climate Cluster 

https://au.int/en/agenda2063/overview
https://iea.blob.core.windows.net/assets/6fa5a6c0-ca73-4a7f-a243-fb5e83ecfb94/AfricaEnergyOutlook2022.pdf
https://www.pwc.com/ng/en/assets/pdf/africa-energy-review-2021.pdf
https://sdgs.un.org/goals/goal7
https://sdgs.un.org/goals/goal4
https://sdgs.un.org/sites/default/files/2021-06/2021-UN_POLICY%20BRIEFS-063021.pdf
https://www.bmz.de/de/themen/klimawandel-und-entwicklung/energie-und-klima
https://www.giz.de/expertise/html/60161.html
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significantly pushed up demand for energy in a region already badly affected by climate 
change. Energy consumption has increased by more than 80% in the last 20 years and is 
expected to increase by another 60% by 2040, representing 12% of the global increase 
in energy consumption. Currently, ASEAN member states generate most of their ener-
gy from fossil fuels, which account for about 80% of the region’s energy supply (ACE, 
2020a). In their Plan of Action for Energy Cooperation (APAEC), ASEAN member 
states set out the aspirational target of increasing to 23% the share of renewable energies 
in the ASEAN energy mix and raising the share in electricity production to 35% by 
2025 (ACE, 2020b). The individual countries are taking very different paths towards 
this goal, with different technological focuses.

Text box 1: Renewable energy expansion potential in Africa 
and Asia 

Africa’s climate and geography gives it enormous potential for harnessing 
renewable energies. If the continent makes greater use of biomass, geother-
mal energy, solar energy, hydropower and wind energy, it can play a stronger 
role in the global energy economy (KfW, GIZ & IRENA, 2020). The International 
Renewable Energy Agency (IRENA) estimates that Africa could meet almost a 
quarter of its energy needs and almost half of its electricity needs from local 
renewable energy sources by 2030, provided that plants with an installed ca-
pacity of 310 gigawatt (GW) are put in place. This would require investments 
of 70 billion US dollars every year until 2030 (IRENA, 2021). 

India is currently overtaking China and has become the most populous coun-
try. For further economic development, not only sufficient jobs for young 
people must be created, but the energy supply must also be expanded. The 
International Energy Agency (IEA) forecasts that electricity demand in India 
will increase by 50% by 2030 (IEA, 2021a). India is already the third largest 
consumer of electricity (and the third largest emitter of greenhouse gases) 
in the world. India has passed several laws and regulations on sustainability 
and renewable energy. The power generation capacity from non-fossil ener-
gy sources is to be expanded to cover 40% of the country’s energy mix by 
2030 and the capacity is to be increased to 500 GW (MNRE, 2022). Some 400 
renewable energy projects with an investment volume of almost 200 billion 
US dollars are currently being implemented across the country (GTAI, 2021). 
Moves to drive the development of renewable energy in India are pursuing 
several different technologies, including rooftop and ground-mounted photo-
voltaic (PV) systems, floating PV systems, wind farms and wind-solar hybrid 
parks (GIZ, GTAI & AHK, 2021). In addition, old coal-fired power plants are 
being retrofitted and new coal- and gas-fired power plants are being built 
(over 100 projects, volume approx. 100 billion US dollars). The power grid is 
being modernised and expanded (GTAI, 2021). 

https://asean.org/book/the-6th-asean-energy-outlook-2017-2040/
https://accept.aseanenergy.org/asean-plan-of-action-for-energy-cooperation-apaec-phase-ii-2021-2025/
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/March/Renewable_Energy_Transition_Africa_2021_DE.pdf?la=en&hash=187BB0E787B4AE63B881590B3571AEDE6FE0E19F
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Oct/IRENA_RE_Jobs_2021.pdf
https://iea.blob.core.windows.net/assets/1de6d91e-e23f-4e02-b1fb-51fdd6283b22/India_Energy_Outlook_2021.pdf
https://mnre.gov.in/img/documents/uploads/file_f-1671012052530.pdf
https://www.gtai.de/de/trade/indien/branchen/indien-treibt-ausbau-der-erneuerbaren-energien-voran-637284
https://www.giz.de/de/downloads/giz2022-de-neue-m%C3%A4rkte-indien-barrierearm.pdf
https://www.gtai.de/de/trade/indien/branchen/indien-treibt-ausbau-der-erneuerbaren-energien-voran-637284
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3 Technological developments 
in the renewable energy 
sector and their relevance 
in the context of DC

Use of renewable energies

Renewable energies include solar energy (e.g. photovoltaics and solar thermal energy), 
wind energy (onshore and offshore wind turbines), hydropower (hydroelectric power 
plants), biomass (e.g. biogas, biofuels, wood and other solid fuels) and geothermal en-
ergy. Renewable energies have many uses and are used to generate electricity, supply 
heating and cooling, in transport, industry, agriculture and many other areas.

Figure 1: Renewable energies and applications
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The energy-consuming sectors used e.g. in energy balances, are industry, private house-
holds, trade, commerce and services, and transport. International statistics show the 
buildings sector (households, etc.) separately. In 2019, global final energy consumption 
(cf. figure 2) was broken down by sector as follows (REN21, 2022): buildings 33% 
(77% heating and cooling), industry 29%, agriculture 2% and transport 32% (of which 
74% was accounted for by road transport).

Worldwide, most electricity (63% of the total) is generated in fossil-fuel-fired thermal 
power plants. Renewable energies account for some 28% of the global electricity mix 
(REN21, 2022). Renewable energies in fact accounted for only 12.6% of final ener-
gy consumption in 2020. Hydropower has the highest share of electricity generation 
from renewable energies, at about 40%. This is followed by PV solar energy with almost 
28% and wind energy with just under 27% (IRENA, 2022a). To meet the 1.5 degree 
target, the share of renewables would have to be increased to at least 65% by 2030, 
which would require an additional capacity of 8,000 GW. The total capacity of PV 
plants would have to be increased to 5,200 GW, of wind turbines to 3,000 GW and of 
hydropower plants to 1,500 GW (IRENA, 2022b). 

Figure 2: Global final energy consumption by sector (2019) and renewable 
electricity generation by energy type and region (2021) (based on 
IRENA, 2022a and REN21, 2022)

Worldwide final energy consumption: 
broken down by sectorWorldwide final energy consumption broken down by sector

Other areas 4.0%
Agriculture 2.0% (Percentage renewable energies 9%)

Transport 32.0%

Road 74%
Air 12%
Water 9.4%
Rail 2%

Buildings 33.0%

Heating and cooling 77%
Electricity 23%

(Percentage renewable energies 14.7%)

Industry 29.0%

Iron and steel industry 17%
Chemical industry 15%

(Percentage renewable energies 16.1%)

https://www.ren21.net/wp-content/uploads/2019/05/GSR2022_Full_Report.pdf
https://www.ren21.net/wp-content/uploads/2019/05/GSR2022_Full_Report.pdf
https://www.irena.org/statistics
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Mar/IRENA_World_Energy_Transitions_Outlook_2022.pdf?rev=6ff451981b0948c6894546661c6658a1
https://www.irena.org/statistics
https://www.ren21.net/wp-content/uploads/2019/05/GSR2022_Full_Report.pdf
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Electricity generated from renewable energies: 
�broken down by type of energy and technology

Electricity generated from renewable energies: 
broken down by installed capacity by region

Photovoltaics: 
 distribution of installed capacity

Total  
installed 
capacity
848 GW 

Asia 57.2%

Africa 1.2%
Other regions 5.2%

South America 2.3%

Europe 21.8%

North America 12.3%

Total  
installed 
capacity

3,068.3 GW 

Asia 47.3%

Africa 1.8%
Other regions 6.7%

South America 8.0%

Europe 21.2%

North America 15.0%

Geothermal energy 0.5%

Bioenergy 4.7%

Hydropower 40.1%
Wind energy 26.8%

Electricity generated from renewables –  
broken down by type of energy and technology

Photovoltaics 27.7%

Concentrated solar power 0.2%

Total  
installed 
capacity

3,068.3 GW 
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Wind energy: 
 distribution of installed capacity

Total  
installed 
capacity
823.5 GW 

Asia 46.8%

Africa 0.9%
Other regions 3.1%

South America 3.6%

Europe 26.8%

North America 18.8%

Hydropower: 
distribution of installed capacity

Total  
installed 
capacity

1,360.5 GW 

Asia 43.7%

Africa 2.8%
Other regions 9.4%

South America 13.1%

Europe 16.5%

North America 14.6%

Bioenergy:  
distribution of installed capacity

Geothermal energy: 
 �distribution of installed capacity

Total  
installed 
capacity
15.96 GW 

Asia 29.5%

Africa 5.5%

Other regions 23.9%

South America 0.3%

Europe 10.1%North America 30.8%

Total  
installed 
capacity
143.3 GW 

Asia 39.8%

Africa 1.3%

Other regions 5.1%

South America 12.9%

Europe 29.1%

North America 11.9%
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Solar energy

Photovoltaic (PV) systems and solar thermal systems use solar radiation to generate 
power. PV systems use solar cells (combined to form modules) to convert the sun’s en-
ergy into electrical energy. Solar thermal systems convert the sun’s energy into thermal 
energy. They are used to generate heat (e.g. for hot water or space heating), steam and 
cooling.

Concentrated solar power (CSP) systems use solar energy to generate electricity. They 
collect and concentrate sunlight, to heat a transfer medium (e.g. thermal oil or steam). 
The steam is converted into mechanical energy in a turbine which powers a generator 
to produce electricity. CSP plants worldwide have a total installed capacity of 6.4GW, 
of which 1.1 GW are installed in Africa (South Africa and Morocco approx. 0.5 GW 
each) and 0.92 GW in Asia (India 0.34 GW). CSP systems are found less frequently 
in developing countries due to high investment costs.

PV systems for power generation can broadly be divided into two types: off-grid and 
on-grid (or grid-connected) systems. Stand-alone systems are available for very many 
applications involving a wide range of output. One important application is low-cost 
pico PV kits (small solar systems with a maximum output of 10 W), which are used to 
power small devices (e.g. lighting or mobile phone chargers). Another technology for 
households in regions not served by the national grid, especially in sub-Saharan Africa, 
are solar home systems (SHS). Solar home systems are small, stand-alone photovoltaic 
systems that provide a basic power supply, e.g. for simple huts.

Decentralised, off-grid PV systems supply electricity to a larger number of consumers 
(e.g. small villages) via stand-alone grids (mini-grids). A solar mini-grid is usually an 
integrated system that includes energy generation, storage, conversion and distribu-
tion. This technology is important in many green energy development projects, 
including the Green People’s Energy for Africa initiative, to provide electricity to 
households, small businesses and other facilities in rural areas (GIZ, 2022b; GIZ, 
2021b). Hybrid systems, which often include energy systems like diesel generators, are 
commonly deployed.

Grid-connected systems are integrated into the public electricity grid. These can be 
divided into residential rooftop PV systems (approx. 1-50 kWp), commercial or indus-
trial rooftop PV systems (> 40 kWp) and ground-mounted PV systems (> 1 MWp). In 
some countries in Africa and Asia, more grid-connected systems are now being installed. 

In 2021 the global installed capacity of PV systems was around 848 GW (cf. figure 2, 
Photovoltaics). About half of the capacity (486 GW) is in Asia (China 307 GW, In-
dia 49.3 GW) (IRENA, 2022a). Vietnam’s progress in adding capacity should also be 
mentioned. It increased its renewable energy capacity from 18.7 GW in 2018 to 42.7 
GW in 2021. The expansion was financed through projects implemented by interna-
tional organisations and encouraged by high feed-in tariffs for an interim period (GIZ, 
2020a). Vietnam has also launched the Rooftop Solar Promotion Programme with the 
aim of installing 100,000 rooftop solar systems (or 1,000 MWp) (GIZ, 2021a).

https://gruene-buergerenergie.org/de/initiative/
https://www.giz.de/expertise/html/60161.html
https://www.giz.de/de/downloads/giz2021_NESPII_Factsheet.pdf
https://www.irena.org/Data
https://www.giz.de/fachexpertise/downloads/giz2020_de_Erneuerbare%20Energien_TOPIC.pdf
https://www.giz.de/en/worldwide/103673.html
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In 2021, PV plants in Africa had an installed capacity of 10.3 GW, equivalent to 1.2 % 
of the globally installed PV capacity. South Africa and Egypt have the greatest installed 
capacity at 5.7 GW and 1.7 GW respectively. Solar installations are spread across the 
entire African continent, from the savannahs of sub-Saharan Africa to the densely popu-
lated West African states and the Sahara Desert (KfW, GIZ & IRENA, 2020). With an 
installed capacity of 1.5 GW, Egypt’s Benban solar park is the largest PV plant in Africa. 
Morocco is home to the Ouarzazate and Midelt solar complexes, which consist of three 
CSP power plants and one PV plant with a total capacity of 580 MW. Two more CSP/
PV hybrid power plants are to provide a capacity of 800 MW (IRENA, 2021).1

Wind energy

Wind turbines for electricity generation are very common, operating in over 100 coun-
tries. The turbines can be located on land (onshore) or in the sea (offshore). These plants 
account for about 6% of electricity generation worldwide. In 2021, the total capacity 
was around 823 GW (cf. figure 2, wind energy), of which some 385 GW was installed 
in Asia (China 329 GW, India 40 GW, Vietnam 4.1 GW) and 7.3 GW in Africa (South 
Africa 3 GW, Egypt 1.6 GW, Morocco 1.4 GW). The total capacity of all onshore 
plants is 769 GW, while a small share of around 54 GW is installed offshore (IRENA, 
2022a). In 2021, almost 94 GW of capacity was added worldwide, of which around 
20 GW was offshore (GWEC, 2022).

Hydropower

Hydroelectric power generation has a long history and is used in many countries. World-
wide, most electricity generated from renewable energies comes from hydropower. 
It accounts for 40% of electricity generated from renewables and 16% of all electricity 
generated (IEA, 2022b; REN21, 2022). In 2021, the total capacity was 1,360 GW 
(conventional and renewable, see figure 2, hydropower), of which 594 GW are installed 
in Asia (India 51.6 GW, Vietnam 73.5 GW) and 37.7 GW in Africa (Ethiopia 4.1 GW, 
Angola 3.7 GW, South Africa 3.5 GW) (IRENA, 2022b). 

Africa has a vast potential for generating electricity from hydropower, with less than 
10% of that potential deduced so far. Most hydropower plants (about 40%) are located 
in Central Africa, followed by East Africa with about 28%. The total electricity that 
could theoretically be generated by hydropower plants is put at just under 1,500 tera-
watt hours (TWh) per year (KfW, GIZ & IRENA, 2020).

1   Some large solar projects are planned in some African countries, such as Algeria (4 GW by 2024), Zimbabwe (4 GW), South 
Africa (3 GW) and Ethiopia (3 GW). Nigeria launched the Solar Power Naija project in 2020 as part of its national development 
plan. The project aims to expand energy access for 25 million people by installing five million new household connections in 
rural areas in the form of solar home systems (SHS) and stand-alone PV systems (IRENA, 2021).

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/March/Renewable_Energy_Transition_Africa_2021_DE.pdf?la=en&hash=187BB0E787B4AE63B881590B3571AEDE6FE0E19F
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Oct/IRENA_RE_Jobs_2021.pdf
https://www.irena.org/statistics
https://gwec.net/wp-content/uploads/2022/03/GWEC-GLOBAL-WIND-REPORT-2022.pdf
https://www.iea.org/data-and-statistics
https://www.ren21.net/wp-content/uploads/2019/05/GSR2022_Full_Report.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Mar/IRENA_World_Energy_Transitions_Outlook_2022.pdf?rev=6ff451981b0948c6894546661c6658a1
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/March/Renewable_Energy_Transition_Africa_2021_DE.pdf?la=en&hash=187BB0E787B4AE63B881590B3571AEDE6FE0E19F
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Oct/IRENA_RE_Jobs_2021.pdf
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Geothermal energy

Geothermal plants use the geothermal energy stored in the accessible part of the Earth’s 
crust. The geothermal heat can be used directly or to generate electricity. This can be re-
alised technologically through near-surface geothermal energy (up to 400 m depth) and 
deep geothermal energy. Here, either the heat of the thermal water present underground 
or the heat from the deep rock is used.

In 2021, the total capacity of geothermal plants was 16 GW (see figure 2, geothermal 
energy), of which Asia has a share of 4.7 GW (Indonesia 2.3 GW and Philippines  
1.9 GW). In Africa, geothermal plants are found only in Kenya (0.86 GW) and Ethi-
opia (7 MW). In the Great Rift Valley, which runs through East Africa from Mozam-
bique to Djibouti, a total potential of about 15 GW is available, which has not yet been 
harnessed (KfW, GIZ & IRENA, 2020).

Bioenergy

Biomass can be used to produce solid, liquid and gaseous fuels. Typical examples of sol-
id bioenergy are wood fuels (e.g. wood chips, wood pellets). Liquid bioenergy sources 
are biofuels such as biodiesel or bioethanol. Biomass has multiple uses in many different 
areas (in the form of solid fuels for heating, biofuels for vehicles, and biogas for elec-
tricity generation).

The use of solid biomass can be divided into traditional and modern use. In tradi-
tional use, wood, charcoal, agricultural and forestry residues are used for cooking and 
heating (BMWi, 2020). Globally, the traditional use of biomass still accounted for a 
larger percentage of final energy consumption (6.5%) in 2019 than modern biomass 
use (5.1%) (REN21, 2022). The International Energy Agency (IEA) estimates that 
around 2.7 billion people use traditional biomass such as charcoal and firewood 
for cooking and heating. In most African countries, around 90% of households use 
biomass to meet their daily energy needs, because biomass tends to be the only avail-
able energy source. Cooking on traditional fireplaces or with inefficient cookers 
leads to extreme smoke pollution with harmful effects on human health and the 
environment. Another negative aspect is the irreversible deforestation (KfW, GIZ 
& IRENA, 2020; REN21, 2022). The second largest contiguous tropical forest in the 
world lies in Central Africa. The forests of the Congo Basin account for around 25% 
of the CO₂ storage capacity of tropical forests worldwide and are therefore the second 
most important green lung of our planet.  However, due to the loss and degradation of 
forests, primarily caused by the land and fuelwood requirements of the growing pop-
ulation, this CO₂ storage capacity is declining (GIZ, 2020b). Alongside ensuring the 
supply of electricity, an important goal of development cooperation in rural regions is 
thus to provide clean cooking technologies.

In 2021, the global bioenergy capacity for electricity generation was around 143 GW 
(cf. figure 2, Bioenergy). Asia has an installed capacity of 57 GW (India 10.6 GW), 
while the figure for Africa is 1.8 GW (Ethiopia 0.34 GW, South Africa 0.27 GW) 
(IRENA, 2022a). The scale of electricity generation from biomass in Africa is still 
low, but Central Africa in particular offers considerable potential.

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/March/Renewable_Energy_Transition_Africa_2021_DE.pdf?la=en&hash=187BB0E787B4AE63B881590B3571AEDE6FE0E19F
https://www.bmwk.de/Redaktion/DE/Publikationen/Studien/analyse-weltweiter-energiemaerkte-2020.pdf?__blob=publicationFile&v=10
https://www.ren21.net/wp-content/uploads/2019/05/GSR2022_Full_Report.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/March/Renewable_Energy_Transition_Africa_2021_DE.pdf?la=en&hash=187BB0E787B4AE63B881590B3571AEDE6FE0E19F
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/March/Renewable_Energy_Transition_Africa_2021_DE.pdf?la=en&hash=187BB0E787B4AE63B881590B3571AEDE6FE0E19F
https://www.ren21.net/wp-content/uploads/2019/05/GSR2022_Full_Report.pdf
https://www.giz.de/de/downloads/giz2020_de_CBFP_Factsheet.pdf
https://www.irena.org/statistics
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Green hydrogen

Global demand for hydrogen was around 87 million tonnes (MT) in 2020 and the 
World Bank expects demand to rise to 500-680 MT by 2050 (IEA, 2019). Currently, 
more than 95% of hydrogen production relies on the use of fossil fuels. Green hydro-
gen, produced by electrolysis with  renewable energy, still accounts for only a tiny per-
centage of the total (IEA, 2021b). Given the falling costs of solar and wind energy 
plants, the use of electrolysers (devices that split water into hydrogen and oxygen 
using electricity) at locations with suitable conditions for renewable energies could 
become a cost-effective option for producing hydrogen. 

Green hydrogen and sector coupling (see below) are also deemed to have the potential 
to foster sustainable development and socially and environmentally sound ecological 
economic transformation in developing countries. The creation of a hydrogen market in 
partner countries opens up opportunities for local value creation, job creation, and ed-
ucation and training. In development cooperation, advisory services, cooperation and 
export earnings offer great opportunities for partner countries in this context. Provided 
that green hydrogen is used appropriately on the ground, it can contribute to energy se-
curity, decarbonisation and the achievement of climate goals in partner countries, while 
at the same time promoting the expansion of renewable energies. The development of a 
local hydrogen market with corresponding value creation can thus make an important 
contribution to achieving the Sustainable Development Goals and a Just Transition 
(BMBF, 2022). This potential is already being taken up in several partner countries of 
German development cooperation. India, for example, has set mandatory quotas for 
the use of green hydrogen in refineries (10% as of 2023/24, increasing to 25% in the 
following five years) and for fertiliser production (5% as of 2023/24, increasing to 20% 
in the following five years). In the near future, green hydrogen is also to be used in the 
steel industry in India (IEA, 2021b). Brazil is currently planning the world’s largest 
production facility for green hydrogen. As of the end of 2023, it is to produce 10,000 
tonnes of hydrogen per year using renewable energies (Araujo, 2022).

System integration

The electricity increasingly generated by solar and wind power plants as well as other 
decentralised energy plants must be integrated into the electricity grids in a stable and 
reliable manner. The feed-in is subject to weather-related and local fluctuations. The 
high and variable percentage of electricity generation from renewable energies requires 
enormous flexibility on the parts of power plants and energy grids. Grid integration 
requires smart grids that can flexibly manage the generation, transport, distribution, 
consumption and storage of electricity. Expanded and reinforced electricity grids and 
a high-performance telecommunications infrastructure (broadband) are needed, 
that can ensure the optimal exchange of energy and data and compensate for fluc-
tuations in electricity generation.

The integration of renewable energy systems thus increases the complexity of the energy 
system. Instead of a few centralised power plants, many decentralised, mostly weath-
er-dependent plants are powered by renewable energies, while consumption sectors are 
becoming more interconnected. Consequently, systems must be networked, processes 

https://iea.blob.core.windows.net/assets/9e3a3493-b9a6-4b7d-b499-7ca48e357561/The_Future_of_Hydrogen.pdf
https://iea.blob.core.windows.net/assets/5bd46d7b-906a-4429-abda-e9c507a62341/GlobalHydrogenReview2021.pdf
https://www.bmbf.de/bmbf/de/forschung/energiewende-und-nachhaltiges-wirtschaften/nationale-wasserstoffstrategie/nationale-wasserstoffstrategie_node.html
https://iea.blob.core.windows.net/assets/5bd46d7b-906a-4429-abda-e9c507a62341/GlobalHydrogenReview2021.pdf
https://www.reuters.com/business/sustainable-business/brazils-unigel-build-green-hydrogen-plant-with-120-mln-investment-2022-07-25/
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securely automated to a greater degree, and communication and coordination between 
different actors and plants improved. This transformation of the energy system will 
only be possible with digital technologies such as communication technologies, internet 
technologies, artificial intelligence and smart metering. The energy sector faces the chal-
lenge of managing large data streams from feed-in and grid operation in order to guar-
antee efficient, automated and secure processes. This is making the analysis of large vol-
umes of data (big data), and the security of data and IT systems increasingly important, 
as well as the smart market, in which boundaries between sectors are blurring (BDEW, 
2016; GSGwS, 2023). Digitalisation thus encompasses the networking of systems, IT 
innovations, handling big data and internet-based platforms in the energy sector.

Digitalisation will modify the processes and requirements in place in many companies 
and work areas along the value chain. The current activities of employees in the energy 
sector and other relevant sectors will undergo profound changes, which will open up new 
potentials, but also entail challenges. Not only will new tasks arise, but some activities will 
be taken over by digital technologies and artificial intelligence. Digital skills are therefore a 
necessary component of professional profiles and education and training in the energy sector.2 

 The digitalisation and smart networking of systems are important for a successful green 
energy transition, which can only be achieved if an appropriately trained and highly mo-
tivated workforce is available. TVET in the renewable energy sector thus has a crucial role 
to play in ensuring that the required skilled workers are available.

In addition to technical measures to integrate renewable energy systems, the expansion 
and restructuring of energy networks also requires an enabling political and regulatory 
framework. Both fields of action are a challenge for many developing countries and 
must be taken into account when planning development projects.

Grid expansion and adaptation calls for both technical measures and an appropri-
ate regulatory framework. In many countries this will require a fundamental expan-
sion and restructuring of the energy supply system. Ensuring a reliable, environmentally 
sound and economically efficient power supply is one of the major challenges of the 
energy transition. 

Sector coupling

The energy system of the future will involve flexibly linking industry, and the electricity, 
heat and transport sectors. Various sector coupling technologies can be used for this, 
such as power-to-X (PtX) technologies, cogeneration3, fuel cells and electric vehicles. 
Power-to-X refers to the conversion of surplus electricity generated from renewable 
energies into another energy carrier such as heat, climate-neutral fuels, raw materials 
and fuel gases (cf. figure 4). The technologies are power-to-heat, power-to-gas (e.g. 
power-to-hydrogen), power-to-liquid (liquid fuels) and power-to-fuel (synthetic fuel, 
e.g. for mobility sector). Other types are power-to-chemicals and power-to-mobility. 

2   In a study, BDEW gives two examples of new requirements: Technicians in network control centres now need more software 
and programming skills, and service staff need skills in augmented reality and the use of drones and robots for the maintenance 
of energy and industrial plants (BDEW, 2016).

3   Cogeneration is the simultaneous conversion of energy into mechanical or electrical energy and usable heat within a 
thermodynamic process. The heat produced parallel to electricity generation is used for heating and hot water provision or 
for production processes. The use of combined heat and power (CHP) reduces energy consumption and the resulting carbon 
dioxide emissions (UBA, 2022)

https://www.bdew.de/media/documents/Pub_20160501_Digitale-Energiewirtschaft.pdf
https://www.bmwk.de/Redaktion/DE/Infografiken/Schlaglichter-der-Wirtschaftspolitik/2023/06/08-digitalisierung.pdf?__blob=publicationFile&v=4
https://www.bdew.de/media/documents/Pub_20160501_Digitale-Energiewirtschaft.pdf
https://www.umweltbundesamt.de/daten/energie/kraft-waerme-kopplung-kwk#kwk-stromerzeugung 
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The overarching goal of coupling the individual energy and consumption sectors is 
to ensure that energy can be supplied and used on a climate-neutral basis. For this, 
however, energy supplies must be secure and cost-effective.

With sector coupling, green electricity can be converted into PtX downstream products 
that are used or stored in other application areas and replace fossil fuels. Energy can be 
stored in various forms, such that energy storage outside the power sector can be used to 
compensate for fluctuations in power generation from renewable energies. Through the 
smart coupling of sectors with the help of PtX technologies, energy and resources can be 
used more efficiently and greenhouse gas emissions significantly reduced. Smart sector 
coupling with digital technologies is a key technology for future energy systems and for 
the green energy transition, because without PtX technologies, it will be practically 
impossible to achieve a greater decarbonisation of the heating and transport sectors 
as well as industry (e.g. the energy-intensive steel and chemical industries). 

So far, however, there is no example in the world that fully couples the electricity, heat-
ing, transport and industry sectors with renewable energies (REN21, 2022). In indi-
vidual countries, sectors such as electricity and heat are more strongly coupled4. There 
tends to be little coupling of the electricity and transport sectors, which is an obstacle 
for the green mobility transition. Currently, there is a focus on PtX technologies, which 
convert green electricity into green hydrogen (or synthetic natural gas). Green hydrogen 
is versatile; it can be used directly instead of fossil fuels to supply heat or generate power, 
or converted again into climate-neutral fuel gases or fuels.

The increasingly smart networking of sectors and digitalisation are changing work and 
professions. Professionals will have to deal with new digital and conventional technol-
ogies in energy technology and work across traditional trades boundaries. Thus, new 
tasks and requirements will arise that have hardly been explored so far. For develop-
ment cooperation in the field of renewable energies, sector coupling will be an 
important field of action in the future with great employment potential. TVET in 
development cooperation can help shape this field of action in a forward-looking way.

4  A classic example is combined heat and power (or use of waste heat) because it uses more energy that would otherwise be 
lost.

Solar panels installed at the Kilaguni Serena Safari Lodge, Kenia. © GIZ/James Ochweri

https://www.ren21.net/wp-content/uploads/2019/05/GSR2022_Full_Report.pdf
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Figure 3: Sector coupling and power-to-X technologies (adapted from  
Heinrich Böll Foundation, 2019)

Relevance of renewable energies for development 
cooperation

In summary, it can be said that the expansion of renewable energies is a 
priority goal of German development cooperation. For developing countries in 
particular, renewable energies are key to obtaining access to modern energy 
and hence reducing poverty. They thus make a significant contribution to so-
cial and economic development. The greatest potential is in wind and solar 
energy. But geothermal energy (e.g. in Africa) and the use of modern biomass 
are also relevant. To promote the use of renewable energies, technical mea-
sures are needed along with enabling political and legal frameworks. Rural 
regions that have not yet been electrified still need more small-scale PV 
systems and mini-grids as well as clean cooking technologies. Grid-connect-
ed PV systems and wind turbines are increasingly being installed in many 
countries. For this, it will be important to provide support to expand and 
convert electricity grids so that they are sufficiently flexible and stable to 
integrate renewable energies. 

Electric power 
storage

Sector coupling and power-to-X technologies

Utilisation and coupling of renewable energy sources for different applications

Electric 
power sector

Fuel storage Transport 
sector

Heat storage

Gas storage

Power-to-Heat (PtH)

Power-to-Liquid (PtL) Power-to-Gas (PtG)
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Utilisation of ‘surplus 
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to charge electric vehicles 
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Utilisation of gas as fuel 
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generation)

Diagram: Bartz & Stockmar (M), CC BY 4.0, adapted by author

Manufacture of fuels from 
‘surplus electricity’

Sector coupling and power-to-X technologies 
Utilization and coupling of renewable energy sources for different applications

https://www.boell.de/sites/default/files/energieatlas2018_kommentierbar.pdf


25

TVET for Renewable Energies | Sectoral Study

4 Demand for skilled workers 
and Green Skills in the 
renewable energy sector

Employment in the renewable energy sector5

In 2017, almost 58 million people were employed in the energy sector (conventional 
and renewable energy, energy efficiency and grid infrastructure) worldwide (IRENA, 
2020). In 2021 the International Renewable Energy Agency (IRENA) put the number 
of worldwide jobs in the renewable energy sector at 12.7 million, of which 4.29 million 
were in photovoltaics, 2.37 million in hydropower, 1.37 million in wind power, 3.44 
million in bioenergy, of which 340,000 in biogas, 770,000 in solar heating and cooling, 
and 196,000 in geothermal energy (IRENA, 2022d). Almost two-thirds of all jobs are 
in Asia, mainly in China (42%). The European Union (EU) and Brazil each account for 
10% of the workforce; the United States and India each account for 7%.

Figure 4: Employment in the renewable energy sector  
(based on IRENA, 2022d)

5   In the energy industry, economic structures and activities for the extraction and provision of energy are categorised. This 
section looks not only at employment and occupations in the energy sector in the strictest sense, but also at occupations in 
branches along the entire value chain from the extraction of energy to the production and operation of energy plants (cf. fig-
ure 5). This includes, for example, employees in companies that manufacture renewable energy components, systems and plants 
and those that install and maintain energy plants as well as delivering other energy services.

Distribution of employment in the renewable energy sector (in millions) 
�(Total employment 2021: 12.7 million jobs)

Solar energy 4.29

Other (geothermal power, CSP, heat pumps (soil), 
waste and tidal/wave/current) 0.43Solar thermal (heating and cooling) 0.77

Wind power 1.37

Hydropower 2.37

Bioenergy 3.44

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Apr/IRENA_Global_Renewables_Outlook_2020.pdf?rev=1f416406e50d447cbb2247de30d1d1d0
https://www.irena.org/publications/2022/Sep/Renewable-Energy-and-Jobs-Annual-Review-2022
https://www.irena.org/publications/2022/Sep/Renewable-Energy-and-Jobs-Annual-Review-2022
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In the photovoltaic sector, 79% of global jobs are in Asia. Ten countries together ac-
count for 87% of the jobs. Besides China (63% of worldwide employment), there 
are high employment figures in India (217,000), Bangladesh (110,000) and Vietnam 
(32,000) (IRENA, 2022d).

These figures also include the manufacturers of PV solar modules and PV components 
in the solar industry. China is the world market leader in the solar industry. In Southeast 
Asia, PV modules are produced in Thailand, Vietnam and Malaysia, mostly by foreign 
companies. Otherwise, few companies produce PV components in the countries on the 
continents we are looking at here. In Burkina Faso, one company has been producing 
PV modules since 2020 (30 MW factory in Ouagadougou). The country has more than 
doubled the capacity of grid-connected PV systems since 2019 (IRENA, 2021). Solar 
equipment is also produced in South Africa. The Solar Power Naija project in Nigeria 
aims to increase the percentage of solar components produced and assembled locally, 
creating 250,000 new jobs in the process (UN, 2021). 

In 2021, the wind energy sector (onshore and offshore) provided jobs for 1.4 million 
people (IRENA, 2022d). Most wind power jobs are concentrated in a relatively small 
number of countries. Asia accounts for around 57% of global jobs (China 48%), Eu-
rope 25%, the Americas 16% and Africa and Oceania together around 2%. In some 
countries, many wind turbines were installed in 2021, which led to an increase in em-
ployment. Vietnam is one example. Wind power projects are expected to install a ca-
pacity of about 4 GW in Vietnam, which could create about 21,000 jobs (GWO & 
GWEC, 2021).

IRENA puts the number of jobs in hydropower at around 2.37 million. In this sector 
too, most jobs are in China (37%). In Asia, India accounts for 17.6% and Vietnam for 
5.2% of worldwide jobs. In some countries in Africa, there are major hydropower con-
struction projects that will increase both capacity and employment (IRENA & AfDB, 
2022). For example, in 2021 Ethiopia was in the top ten in terms of job numbers in this 
sector (1.7% of worldwide jobs) (IRENA, 2022b).

Employment potential

In a positive energy transition scenario (in which the 1.5 degree target is attained), 
and with sufficient investments, IRENA estimates that employment in the energy 
sector could increase to 139 million by 2030, with 38 million of these jobs in the 
renewable energy sector (IRENA, 2022d). By 2050 it forecasts that 43 million people 
will be employed in the renewable energy sector: 20 million in solar power, 13.7 million 
in bioenergy, 5.5 million in wind power and 3.7 million in hydropower (IRENA, 2021).

African states are estimated to have very positive employment potential in the renewa-
ble energy sector. By 2030, the expansion of PV, wind power, hydropower and biomass 
plants in Africa could generate some 4.8 million short-term jobs and 370,000 medium- 
to long-term jobs (PwC, 2021). In India, the installation of 238 GW of solar and 101 
GW of wind power plants to reach the target of 500 GW installed capacity free of fossil 
fuels by 2030, is forecast to have the potential to create about 3.4 million jobs (short 
and long term) (Tyagi et al., 2022).

https://www.irena.org/publications/2022/Sep/Renewable-Energy-and-Jobs-Annual-Review-2022
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Oct/IRENA_RE_Jobs_2021.pdf
https://nep.rea.gov.ng/federal-governments-5milion-solar-connections-program/
https://sdgs.un.org/sites/default/files/2021-06/2021-UN_POLICY%20BRIEFS-063021.pdf
https://www.irena.org/publications/2022/Sep/Renewable-Energy-and-Jobs-Annual-Review-2022
https://gwec.net/wp-content/uploads/2021/06/Global-Wind-Workforce-Outlook-2021-2025.pdf
https://gwec.net/wp-content/uploads/2021/06/Global-Wind-Workforce-Outlook-2021-2025.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jan/IRENA_Market_Africa_2022.pdf?rev=bb73e285a0974bc996a1f942635ca556
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Mar/IRENA_World_Energy_Transitions_Outlook_2022.pdf?rev=6ff451981b0948c6894546661c6658a1
https://www.irena.org/publications/2022/Sep/Renewable-Energy-and-Jobs-Annual-Review-2022
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Oct/IRENA_RE_Jobs_2021.pdf
https://www.pwc.com/ng/en/assets/pdf/africa-energy-review-2021.pdf
https://www.nrdc.org/sites/default/files/indias-clean-energy-workforce-450-gw-target-report.pdf
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IRENA estimates that investments in electrolysers and other green hydrogen infrastruc-
ture could create around 2 million jobs worldwide between 2030 and 2050 (IRENA, 
2022d). The EU’s Hydrogen Roadmap Europe assumes the creation of one million direct 
new jobs across the entire hydrogen sector by 2030 (not only green hydrogen). Of these, 
about 500,000 jobs would be in the manufacture of hydrogen production and distribu-
tion equipment and the development of end-use infrastructure. The jobs in these areas 
require mainly highly skilled workers, technical skills and knowledge. Other jobs are 
attributed to the value chains for fuel cells, specialised components and end-use appli-
cations, such as the production of fuel cell-powered vehicles or retrofitting of industrial 
heating equipment (Fuel Cells and Hydrogen 2 Joint Undertaking, 2016). The esti-
mates are derived from employment factors based on capacity increases or investment 
volumes. The German Federal Institute for Vocational Education and Training (BIBB, 
2023) states that existing vocational training occupations (Ausbildungsberufe) in Ger-
many largely cover necessary qualification requirements for skilled workers. According 
to Krichewsky-Wegener et al. (2020) there is still a lack of ‘scientifically sound forecasts 
and detailed studies on the actual employment potential and skills requirements for the 
development of a hydrogen-based economy’. For developing countries, estimates of the 
employment potential offered by green hydrogen are only available at project level. For 
example, the construction and operation of the Prieska Power Reserve production facil-
ity in South Africa (planned production capacity 12,900 tonnes of green hydrogen per 
year) is expected to create 22,000 jobs in the region (Mere, 2022).

Employment situation of girls and women 

Girls and women still face many legal barriers and social prejudices worldwide. Gender 
inequality is found on labour markets6 around the globe, especially in terms of skills, 
access to employment, job opportunities and remuneration (GIZ, 2021c). This is also 
true in the renewable energy sector. 

To ensure that they actively participate in the labour market and pave the way for a Just 
Transition, women need to be trained in green occupational fields. In practice, the main 
challenges are the difficulties they face accessing TVET and hence their lack of TVET 
qualifications, and the limited access women have to jobs in the renewable energy sec-
tor. (BMWK, 2023) Women tend to find it difficult to access professions that have 
traditionally been male-dominated, whereas the reverse is less true. They also face the 
problems of reconciling family and professional commitments and gender-based dis-
parities in terms of qualifications and working conditions. In all development projects, 
the concerns of women and girls must be taken into account appropriately through the 
gender-differentiated planning and implementation of German bilateral development 
cooperation. In line with the BMZ’s feminist development policy, the anchoring 
of gender-transformative and intersectional approaches and the participation of 
local actors and target groups should be strengthened throughout the project cycle 
(BMZ, 2023). 

6   The ILO’s Women at Work Report provides the most up-to-date data on the position of women on the labour market. It 
examines the factors behind the trends and explores the driving (political) forces behind the changes (ILO, 2016).

https://www.irena.org/publications/2022/Sep/Renewable-Energy-and-Jobs-Annual-Review-2022
https://op.europa.eu/en/publication-detail/-/publication/0817d60d-332f-11e9-8d04-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/0817d60d-332f-11e9-8d04-01aa75ed71a1/language-en
https://datapool-bibb.bibb.de/htmlpages/780958.html
https://www.iit-berlin.de/wp-content/uploads/2021/01/2020_11_iit-perspektive_Hydrogen-Economies.pdf
https://www.pressreader.com/south-africa/diamond-fields-advertiser/20220617/281539409621001
https://mia.giz.de/qlink/ID=248444000

https://www.bmwk.de/Navigation/EN/Home/home.html
https://www.bmz.de/resource/blob/153806/bmz-strategy-feminist-development-policy.pdf
https://www.ilo.org/wcmsp5/groups/public/---dgreports/---dcomm/---publ/documents/publication/wcms_457317.pdf
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Girls and women are currently underrepresented in energy-related professions world-
wide. Analyses and data from the IEA and IRENA indicate an acute need for action in 
the energy sector to achieve equal participation and pay (IRENA, 2022e). Currently, 
the percentage of global energy-sector jobs held by women is below the 46% of jobs 
they hold in the economy as a whole. While the figure is slightly higher in the re-
newable energy sector (32%) than in the conventional oil and gas industry (22%), 
even here there is a huge untapped potential. Moreover, less than 5% of top positions 
and fewer than 14% of senior positions in the energy sector are held by women (IEA, 
2021c). The persistent gender inequalities in the energy sector are often due to 
prejudices embedded in society. For example, physically demanding jobs and techni-
cal professions are often seen as male-dominated and thus unusual and unsuitable for 
women (IRC, 2022). The IRENA survey also shows that cultural and social norms, the 
lack of gender-sensitive programmes and policies, and insufficient knowledge and train-
ing opportunities are further barriers that prevent women finding work in the renewable 
energy sector. 

In order to make better use of women’s potential in the renewable energy sector, BMZ 
is committed to overcoming gender bias and social norms in TVET and on the labour 
market, as well as to ensuring that girls and women can, in fact, participate in techni-
cal training courses (BMZ, 2023). Developing women’s networks and platforms in 
male-dominated sectors, and drawing up political strategies and action plans with 
a view to eliminating structural barriers that prevent women accessing green jobs 
(VET Toolbox, 2023) are also extremely important. High-profile female role models 
play a major role. This can include cooperating with companies that already employ 
women in the renewable energy sector and spotlighting them as role models. As change 
agents, women can help drive a just green transition. Their own professional activi-
ties in the renewable energy sector make them role models. In order to promote gen-
der-transformative approaches, BMZ promotes educational work, e.g. awareness and 
dialogue activities that target different levels and involve families, the local community, 
the private sector and institutional actors (e.g. vocational schools).7 

Occupations and qualification levels in the renewable 
energy sector

The renewable energy sector employs people in numerous professions at all skill levels. 
IRENA’s analysis of human resource needs for the solar and wind industries (IRENA, 
2021) shows that over 60% of the workforce requires a minimum formal education. 
The need for qualified people with Science, technology, engineering and mathematics 
(STEM) degrees is estimated to be lower at around 30%. About 5% of the workforce is 
made up of highly qualified non-STEM professionals (e.g. lawyers, logistics experts, mar-
keting specialists or experts in regulation and standardisation). Administrative staff account 
for only 1% of the total workforce (IRENA, 2021).

In its scenario, the International Labour Organization (ILO) assumes that the green 
energy transition can create 25 million jobs by 2030 (ILO, 2019). A large number of 
the jobs will be in construction (6.5 million), the manufacture of electrical machinery 
and equipment (2.5 million) and the mining of copper ores (1.2 million). Employment 

7   Examples of the promotion of women can be found in this study on pp. 40-41.

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Sep/IRENA_Solar_PV_Gender_perspective_2022.pdf
https://www.iea.org/commentaries/women-in-senior-management-roles-at-energy-firms-remains-stubbornly-low-but-efforts-to-improve-gender-diversity-are-moving-apace
https://www.rescue.org/de/artikel/frauen-im-sektor-erneuerbare-energien-chancen-und-herausforderungen
https://www.bmz.de/resource/blob/153806/bmz-strategy-feminist-development-policy.pdf
https://vettoolbox.eu/wp-content/uploads/2023/01/S4GT_Toolkit.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Oct/IRENA_RE_Jobs_2021.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Oct/IRENA_RE_Jobs_2021.pdf
https://www.ilo.org/wcmsp5/groups/public/---dgreports/---dcomm/---publ/documents/publication/wcms_159585.pdf
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figures in hydropower and photovoltaics are put at around 0.8 million each. In terms of 
occupational sectors (in line with International Standard Classification of Occupations 
(ISCO)), demand is greatest in the main group of building and related trades workers 
(excluding electricians) with about 4 million jobs, followed by the group of labourers in 
mining, construction, manufacturing and transport with about 3 million, the group of 
metal, machinery and related trades workers with about 1.1 million, and the group of 
electrical and electronic trades workers with about 1 million jobs. 

In the field of green hydrogen and for its production relevant PtX technologies, most 
jobs require a higher education level, primarily in technical fields, mainly because the 
sector is still at an early stage of development. In developing countries, there are often 
not enough training opportunities for engineers and technicians. Employers also criti-
cise the quality and practical relevance of the training that is available. In South Africa, 
for example, there is a shortage of electrical and chemical engineers as well as process 
technicians, who are particularly relevant for the development of a hydrogen sector 
(Krichewsky-Wegener et al., 2020). 

The ILO predicts that almost 7 million jobs will be lost, mainly in oil production and 
refining, coal mining and coal-fired power generation. About 5 million of the workers 
who lose their jobs will be able to find a new job in the same occupation in a different 
industry. This is particularly relevant for countries undergoing structural change, such 
as phasing out the use of coal, and should be taken into account in labour market 
measures. In the spirit of a Just Transition, people must therefore be given support, 
in the form of access to skills and qualifications as well as complementary labour 
market services and welfare benefits, so that they can benefit from the new income 
opportunities that are emerging (see also GIZ, 2022a).

Many studies predict that the energy transition will impact employment positively, with 
more jobs created than lost. The manufacture of products and the provision of services 
for low-emission applications that make efficient use of resources as part of the energy 
transition are changing the work to be performed and the qualifications required. The 
green transformation of the increasingly digitalised economy will create new occupa-
tions, existing occupations will change and some occupations will see their importance 
dwindle until they disappear altogether (Graf & Reuter, 2017). This can simultane-
ously create both unemployment and a shortage of skilled workers (Brehm, 2021). 
Overall, however, most international organisations believe there is a risk that the short-
age of skilled workers could be an obstacle to the energy transition and the transition 
to a Green Economy.

The requirements and developments in relation to green occupations vary for 
different skill levels. The ILO sees the most important changes at medium 
and high skill levels. New occupations tend to emerge at higher skill levels, 
while less skilled professionals usually only need to strengthen their envi-
ronmental awareness and adapt to changing tasks. Some studies thus state 
that for the transition to the green economy, no new occupations are needed 
at the middle and lower skill levels, but existing occupational profiles and 
skill standards should simply be enhanced. It is more important to enhance 
existing vocational skills to meet the needs of the green economy than to create 
distinct green occupations (Brehm, 2021; CEDEFOP, 2019; Helmrich et al., 2016).

https://www.iit-berlin.de/wp-content/uploads/2021/01/2020_11_iit-perspektive_Hydrogen-Economies.pdf
https://www.giz.de/fachexpertise/downloads/27_giz2022-0387en-just-transition-green-future.pdf
https://www.gruene-arbeitswelt.de/images/PDFs/Studie_Greening-der-Berufe.pdf
https://energie-fr-de.eu/de/gesellschaft-umwelt-wirtschaft/aktuelles/leser/hintergrundpapier-zu-den-beschaeftigungseffekten-der-energiewende.html
https://energie-fr-de.eu/de/gesellschaft-umwelt-wirtschaft/aktuelles/leser/hintergrundpapier-zu-den-beschaeftigungseffekten-der-energiewende.html
https://www.cedefop.europa.eu/files/3078_en.pdf
https://lit.bibb.de/vufind/Record/DS-175371
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To analyse employment areas and changes in qualification requirements, we must look 
at the consideration of the main fields of work in the energy sector. To this end we can 
use the value chain, which follows an energy carrier (all types including coal, natural gas, 
oil, renewable energy) from extraction to delivery to the end user (Böhmer et al., 2015). 
It comprises the following steps: extraction and procurement of primary energy sources, 
production or conversion of primary energy into secondary or useful energy (e.g. in 
power plants), and distribution and transport to the consumer (using grids, pipelines 
or pipes for instance). In the case of energy suppliers, there is also trading, sales and 
customer management. Energy supply companies are responsible for the construction, 
operation and maintenance of energy and supply plants and systems. In liberalised sys-
tems, grid operation and energy supply are separated. Employment in the entire energy 
sector, in the generation, distribution and use of renewable and conventional energies, 
thus encompasses a wide range of occupations and activities in technical, economic and 
other fields (Brehm, 2021). 

Figure 5: Value chains in the energy industry (based on Böhmer et al., 2015 
and Brehm, 2021).

Value chain by energy source

Another look at value chains follows the processes of manufacturing energy systems 
through to project development for the construction and installation of these systems. 
In this value chain, manufacturing industry and many economic sectors are relevant. 
Suppliers provide raw materials, inputs and other materials for manufacturing compa-
nies. Companies in mechanical engineering, metal construction, the electrical industry, 
the solar industry and other sectors produce components for energy systems. In addi-
tion, there are technical trades that assemble, install, commission, maintain and repair 
such systems and components, or offer other energy services. In the manufacturing 
sector, a range of different company structures, business and work processes, products 
and services are found. This also applies to the manufacture of technical systems for 
renewable energies. Large amounts of energy and resources are often needed to man-
ufacture products for environmentally friendly applications (e.g. PV modules, rotor 
blades, generators, turbines, storage). These production processes can then have adverse 
environmental impacts (GIZ, 2013). Production and work processes are therefore not 
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https://www.prognos.com/sites/default/files/2021-01/1506_prognos_schlussbericht_wertschoepfungs_und_beschaeftigungseffekte_der_energiewirtschaft.pdf
https://energie-fr-de.eu/de/gesellschaft-umwelt-wirtschaft/aktuelles/leser/hintergrundpapier-zu-den-beschaeftigungseffekten-der-energiewende.html
https://www.prognos.com/sites/default/files/2021-01/1506_prognos_schlussbericht_wertschoepfungs_und_beschaeftigungseffekte_der_energiewirtschaft.pdf
https://energie-fr-de.eu/de/gesellschaft-umwelt-wirtschaft/aktuelles/leser/hintergrundpapier-zu-den-beschaeftigungseffekten-der-energiewende.html
https://www.enterprise-development.org/wp-content/uploads/TVET_Green_Economy.pdf
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necessarily green in themselves, but can contribute to the green energy transition. This 
is true of numerous traditional occupations in construction, electrical, metal and supply 
engineering. Furthermore, in the context of resource- and energy-efficient production 
standards, energy management (ISO 50001) and energy audits are relevant for compa-
nies and should be given greater consideration in international cooperation.

This suggests that in the field of renewable energies, it is not only occupations and 
work tasks that differ in the energy industry, in the extraction of raw materials, 
in manufacturing, installation and in services. The ‘green percentage’ also varies. 
There are then different types of green occupations, which affects their categorisation. 
Numerous international studies indicate that there is no generally accepted understand-
ing of green jobs and occupations. 

In some classification systems, such as the Occupational Information Network database 
(O*NET) in the USA, a distinction is made between three types of green occupations: 

1.) New green occupations, which involve a whole series of new tasks. 

2.) �Green occupations, i.e. established occupations that have been further developed 
to take environmental factors into account, and incorporate supplementary green 
tasks.

3.) �Occupations that do not have green components and are unchanged, but neverthe-
less support the Green Economy.

Another example is the European Skills, Competences, Qualifications and Occupations 
(ESCO) classification that takes account of green competences. ESCO lists 381 skills, 
185 knowledge concepts and 5 transversal skills that are significant for a green labour 
market. Green Skills include conducting energy audits and training staff in recycling.

Development of professions and training standards

Career development in the context of a Just Transition takes the following approaches8:

•	 Further development of existing occupations to integrate and add supplementary 
new tasks and Green Skills. One example is incorporating qualifications for handling 
decentralised energy systems, such as PV systems, in conventional occupational pro-
files for electricians or electric engineers and technicians. Further training in the new 
fields (skills, knowledge, technologies, tools, equipment, etc.) can be offered to fully 
trained skilled workers. 

•	 Developing new green occupations for a range of new tasks. In some countries, typ-
ical examples are solar installer, wind turbine technician or energy consultant. There 
can also be hybrid occupations which create new occupational profiles by linking 
existing occupations, e.g. mechatronics technician. 

•	 A third strategy primarily concerns countries that are going through phases of struc-
tural change, such as phasing out fossil fuel extraction or ending the operation  

8   Higher (in some cases tertiary) TVET (technician, technologist) right up to university education is also required  
(cf. Section 5).
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of thermal power plants that run on fossil fuels. In line with the Just Transition 
philosophy, comprehensive retraining and further training measures are required for 
affected employee groups to prepare them for new jobs in the energy sector or in 
other industries. 

•	 Another pragmatic approach often used in cooperation projects is the adaptation 
of international occupational and training standards and curricula in the partner 
country. The German regulated occupations of electronics technician for energy and 
building technology and plant mechanic for sanitary, heating and air conditioning 
systems, are typical for this approach. They have been introduced in Vietnam, for 
instance, by the GIZ Reform of TVET in Viet Nam project. 

Overall, it can be stated that for the development of green occupations and 
Green Skills, various measures are needed at all skill levels. These cover the 
entire education and qualification spectrum and range from on-the-job train-
ing, to retraining for employment, initial vocational training programmes for 
the recruitment of future renewable energy specialists, vocational training 
for new technologies and tasks for skilled workers, to higher vocational 
education for planning, project and management responsibilities in the re-
newable energy sector. Business start-up activities and entrepreneurship 
training are also required for new technologies.

Green Skills and competences

The discussion of Green Skills and competences is anything but consensual. It is dom-
inated by concepts of general Green Skills that are designed to apply to all people, 
educational modalities and professions, dominate. The EU’s reference framework for 
sustainability competence (GreenComp) (Bianchi et al, 2022), for example, consists of 
four competence areas with twelve generic competences (e.g. systems thinking and crit-
ical thinking). In country studies on green jobs, the ILO has identified eleven core green 
competences including environmental awareness, willingness to learn about sustainable 
development, adaptability and transferability, that are needed to learn and apply the 
new technologies and procedures required for green jobs (ILO, 2015).

On the one hand, models like these can be used as a universal framework to integrate 
transversal green competences in all TVET (and in any education), thus making the 
idea of greening occupations part of the curriculum. The aim is to raise awareness for 
sustainable development and to enable young people to live and work in an environ-
mentally friendly, climate-friendly and resource-conserving way. On the other hand, be-
fore specific occupational profiles and curricula can be developed, the green competenc-
es required, for instance to manufacture and use green technologies, must be detailed 
for each domain and task. This means that in cooperation projects new or changed tasks 
and hence the requirements and competences in the renewable energy sector should 
first be investigated, taking into account the qualification level. This data can then 
be used to identify the need for new occupations or the further development of ex-
isting occupations, and to develop occupational profiles and curricula.

https://www.giz.de/de/weltweit/18723.html
https://publications.jrc.ec.europa.eu/repository/handle/JRC128040
https://www.ilo.org/wcmsp5/groups/public/---ed_emp/---ifp_skills/documents/genericdocument/wcms_461268.pdf
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5 Exemplary project 
approaches and lessons 
learned

Green occupations and Green Skills are topics that have been addressed in German 
TVET cooperation and employment promotion since the mid-1990s (GIZ, 2013). 
Renewable energies are now the focus of a large number of TVET projects in inter-
national cooperation. Measures commonly undertaken include the development and 
modernisation of occupational profiles, curricula, teaching and learning materials and 
media, training specialists and managers in the fields of energy efficiency and renewable 
energies, the promotion of Green TVET centres, the delivery of advisory services to 
TVET authorities and the establishment of cooperation mechanisms between private 
companies and vocational training institutions.

Some examples of projects and initiatives identified through literature reviews and in-
terviews with experts are set out below. Examples include Sector Skills Councils for 
the development of green occupational standards in India, the development of occu-
pational profiles in Brazil’s hydrogen sector, green vocational training centres in Viet-
nam, the development of TVET courses and standards in renewable energies in Nigeria, 
non-formal training in Green Colleges and certification in Uganda, an Austrian solar 
thermal energy project in Southern Africa, the BMZ’s Green People’s Energy initiative 
and women’s initiatives in Africa.

Vocational Training Institute teachers measure solar voltage during a Solar PV Training at the Daniel Comboni Vocational Insti-
tute in Gulu District, Uganda. © GIZ Uganda/Energy and Climate Cluster

https://www.enterprise-development.org/wp-content/uploads/TVET_Green_Economy.pdf
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India: Sector Skills Council for Green Jobs

In India, there are 38 Sector Skills Councils (SSCs) for different economic sectors. The 
SSCs are autonomous bodies that are registered as companies or societies. They play a 
crucial role in matching the requirements of industry and the range of training on offer. 
They are tasked with identifying the skills needed and developing skill and competence 
standards in the sectors. They are also responsible for standardising accreditation, ex-
amination and certification procedures in line with the National Skills Qualifications 
Framework. In 2015, a dedicated Skill Council for Green Jobs (SCGJ) was established. 
The SCGJ develops national occupational standards in the fields of renewable energy, 
sustainable mobility, sustainable construction, water and waste management, among 
others (SCGJ, n.d.). 

The SCGJ has developed two Greening National Occupation Standards: Optimise 
resource utilisation at workplace and adopt sustainable practices at work-
place. The two National Occupation Standards (NOS) include competences on 
energy and material conservation, resource audit and waste management, 
which are integrated in occupational standards in several sectors such as 
agriculture, manufacturing and construction. India now has 44 nationally rec-
ognised qualifications in solar energy, wind energy, bioenergy, clean cooking 
stoves, small hydropower and waste and wastewater management. Since 
2015, some 100,000 workers have been trained in the renewable energy 
sector (mainly solar). Of these, 78,000 were certified under a national pro-
gramme (Suryamitra) (Fiinovation, 2020).

The National Institute of Solar Energy (NISE) is an autonomous institute of 
the Ministry of New and Renewable Energy (MNRE). Under the MNRE’s skills 
development initiative, NISE is responsible for the implementation of the 
Suryamitra Skills Development Programme (SSDP). It offers courses (approx. 
600 hours) in the installation, operation and maintenance of solar sys-
tems. Within the framework of the GIZ Indo-German Programme for Vocational  
Education and Training (IGVET), for example, a standard was produced for the 
installation of PV systems. 

This example from India illustrates the importance of sectoral committees. Created 
at an early stage, the SCGJ is an organisation that has identified demand for green 
occupations in various sectors and introduced nationally accepted standards for quali-
fications and certification. This leads to the recommendation that in TVET projects 
in the renewable energy sector, sectoral institutions should be established with the 
involvement of the private sector. They can support the organisation of the sec-
tor, provide impetus for economic and technological development, identify skilled 
labour needs in the sector and guide the development of national occupational, 
examination and certification standards.

https://sscgj.in/
https://sscgj.in/about-us/events/
https://sscgj.in/wp-content/uploads/2022/03/Suryamitra_Impact-Assessment-Report-SCGJ.pdf
https://suryamitra.nise.res.in/
https://www.giz.de/de/weltweit/62831.html
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Brazil: Occupational profiles and competences for 
green hydrogen

In the BMZ-funded project H2Brasil 
GIZ is cooperating with the Brazilian 
National Service for Industrial Train-
ing (Serviço Nacional de Aprendizagem 
Industrial, SENAI). SENAI is a private 
vocational training institution with 
public interest, which operates un-
der the Brazilian National Confed-
eration of Industry (Confederação  
Nacional da Indústria, CNI) or, in the 
individual federal states, the region-
al employers’ associations. SENAI  
operates TVET and technology centres 
in the individual federal states and offers 
a variety of courses and programmes at 
all skill levels. SENAI has established 
sectoral technical committees (Comitê 
Técnico Setorial) in which representatives 
from industry, politics and the science 
and research community work in close consultation to identify and describe occupa-
tional profiles and competences in the sectors, in order to develop TVET offers on this 
basis. For the green hydrogen sector, five new qualifications and occupational profiles 
were identified and validated at an early stage of development in the still young sector. 
These are three new vocational qualification courses, one specialist course at interme-
diate technician level and one course at postgraduate level. The course for engineers 
covering the planning, design and operation of electrolysers is currently being devel-
oped. The innovative aspect of SENAI’s approach is the institutionalisation of sec-
tor committees, which effectively take account of needs and employment potential 
in the industry, while also generating a broader awareness of green hydrogen and 
PtX in Brazil at an early stage. In addition to the consultation process, GIZ supports 
curriculum development, in-service training for TVET staff, and exchanges and part-
nerships with German universities (GIZ, 2022e). Furthermore, with support from the 
Brazilian Ministry of Mines and Energy (Ministério de Minas e Energia, MME) and 
GIZ, SENAI is preparing the establishment of the first national centre of excellence 
for green hydrogen in Brazil, as well as five other regional training centres in Ceará, 
Paraná, Bahia, São Paulo and Santa Catarina. GIZ is providing technical support and 
funding for the training of multipliers and the establishment of training workshops 
(GIZ, 2022e).

Practical training at Casa Solar in Brasilia, Brazil. © GIZ/Christoph Büdke

https://www.giz.de/de/weltweit/106138.html
https://www.giz.de/en/downloads/giz-2023-en-Brasil-BMZ.pdf
https://www.giz.de/en/downloads/giz-2023-en-Brasil-BMZ.pdf
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Vietnam: Green competence centres

Vietnam is pursuing ambitious goals in the transition to a Green Economy and the 
expansion of renewable energies. To this end, supportive policy frameworks have been 
put in place and a green growth strategy has been adopted. Germany is promoting nu-
merous activities in the field of renewable energies and TVET. The objectives of GIZ’s 
advisory activities are, for example, to improve the legal framework for renewable ener-
gies and promote technology transfer. 

As part of the reform strategy for the TVET sector, KfW Development Bank is 
supporting the establishment of competence centres in which high-quality, 
labour market-oriented, demand-driven education and training for a green 
and sustainable economy is to be offered. The competence centres for green 
TVET are to be regional innovation centres with substantial spillover effects, 
and are to demonstrate what is possible (KfW, 2022).

In one project, the campus of the Vocational College of Machinery and Irri-
gation (VCMI) in Dong Nai is to be expanded to include new buildings and 
the technical equipment will be supplemented with renewable energies. In 
the construction and procurement of the machinery, special consideration is 
to be given to energy-efficient and resource-saving criteria (KfW, 2022). The 
complementary technical cooperation (TC) component, in the form of the GIZ 
(Programme Reform of TVET in Vietnam II) supports the project by developing 
education and training programmes for a green economy. The aim is to inte-
grate content on strengthening environmental responsibility and energy- and 
resource-efficient action into existing training courses and to strengthen 
cooperation with the private sector (GIZ, 2022e). The two German training 
occupations of electronics technician for energy and building technology and 
plant mechanic for sanitary, heating and air conditioning technology have 
been introduced for the renewable energy sector.

The holistic approach to Green TVET in Vietnam is remarkable. Guidelines for 
Green TVET address several fields of action that should be taken into considera-
tion when Green TVET centres are designed. Specifically, these are green school 
campuses, green curricula, green teaching methods and media, a green community, 
green workplaces and a green institutional culture. School managers must thus ad-
dress a very wide spectrum of factors at Green TVET centres (Nguyen et al., 2018).9 

Future projects to support green TVET anstatt vocational training centres should 
take this holistic approach. When providing financial support for vocational train-
ing centres it would also be desirable if a clean, modern energy supply were planned 
holistically, in addition to construction and extension work on buildings, and sup-
plying technical equipment. The centres should be self-sufficient with a decentral-
ised energy supply generated from renewables. This can be used for demonstration 
purposes for third parties and for training and further education.

9   The approach is based on the concept of Dr Shyamal Majumdar (then UNESCO-UNEVOC), who devised five dimensions 
(green campus, green technology, green community, green research, green culture) for the sustainable design of greening TVET 
institutions (Majumdar, 2011).

https://www.kfw-entwicklungsbank.de/ipfz/Projektdatenbank/Programm-Reform-der-Berufsbildung-in-Vietnam-26346.htm
https://vcmi.edu.vn/gioi-thieu-ve-truong/?lang=en
https://vcmi.edu.vn/gioi-thieu-ve-truong/?lang=en
https://www.kfw-entwicklungsbank.de/ipfz/Projektdatenbank/Programm-Reform-der-Berufsbildung-in-Vietnam-26346.htm
https://www.giz.de/en/worldwide/18723.html
https://www.giz.de/en/worldwide/18723.html
https://www.tvet-vietnam.org/wp-content/uploads/2021/03/Greening-TVET-brochure.pdf
https://unevoc.unesco.org/fileadmin/user_upload/docs/Greening_TVET_Framework-Bonn-Final_Draft.pdf
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Nigeria: Training courses for PV installation, 
hydropower plants and energy audits

In 2013, the European Union and BMZ jointly launched the Nigerian Energy Support 
Programme (NESP) to expand the use of renewable energy, increase energy efficiency 
and improve access to sustainable energy, especially for disadvantaged target groups. 
In the first phase (2013 to 2018), solar-powered mini-grids were established and ener-
gy-efficient pilot projects implemented in public buildings and in industrial enterprises. 
In addition, new laws and regulations for renewable energy and energy efficiency (e.g. 
mini-grid ordinance, energy efficiency code for buildings and energy efficiency label 
for household appliances) were introduced (GIZ, 2021b). The follow-up programme 
NESP II supports Nigeria in integrating renewable energies into the grid and expanding 
rural electrification. NESP II follows a multi-level approach, combining energy policy, 
economic and technical advisory services for a wide range of actors. 

At that time, Nigeria had no structured training in the field of renewable 
energies, but only stand-alone courses that taught few relevant practical 
skills and were not officially recognised. As a result, seven renewable energy 
and energy efficiency qualifications were devised in 2016 for different target 
groups and qualification levels. These were a course in planning mini-grids 
(solar PV and small hydropower plants) for engineers; a PV installation 
training course for electricians with low or informal qualifications to enable 
them to install, troubleshoot and maintain small PV systems; PV installation 
training for electricians with formal qualifications to supervise PV installa-
tion work; a course in planning and operating rural hydropower plants for 
engineers; energy management training; energy audit training; and a course in 
energy efficient building design for architects and engineers. These training 
courses are offered by a network of twelve educational institutions.

Based on demand surveys and market analyses, competence standards for 
clean energy and course modules were drawn up in consultation with indus-
try and experts, taking into account the National Curriculum Framework. Uni-
form standards are also to be developed for examinations and certification.

 
Comparable examples can be seen in other projects. It can be deduced from this that 
short-term upgrading measures for skilled workers should firstly be planned as a 
cross-cutting issue in the promotion of renewable energies. The next step can be to 
draw up education and training standards and systematically mainstream these in 
(vocational) education systems to ensure comparability and quality of the qualifi-
cations issued. Early upgrading and standardisation are particularly relevant for these 
technologies, as there is a risk that unprofessional work, such as the faulty installation 
of PV systems, will cause damage. This is not only a risk for people and buildings, but 
also hinders the acceptance and introduction of new technologies.

https://www.giz.de/en/worldwide/26374.html
https://www.giz.de/en/worldwide/26374.html
https://www.giz.de/de/downloads/giz2021_NESPII_Factsheet.pdf
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Uganda: Green College, non-formal education and life 
skills

Welthungerhilfe supports the Green College project in the Rwenzori region of 
Uganda. Disadvantaged young people can complete non-formal, practice-ori-
ented training, lasting between 45 and 180 days, in six green occupations at 
twelve training centres for sustainable professions.

Training allows young women and men to acquire knowledge and skills in or-
ganic farming methods, solar technology, repairing mobile phones or building 
and marketing energy-saving stoves. Additional courses offer knowledge in 
the areas of business start-ups and entrepreneurial independence. With this 
approach, Welthungerhilfe pursues two goals. Firstly, young people receive 
a chance to train, giving them better chances of finding a job or setting 
up their own business as an ‘ecopreneur’ (an entrepreneur in a sustainable 
profession). Secondly, a new awareness is created for sustainable, environ-
mentally conscious and resource-conserving action (Welthungerhilfe, 2022a).

In Welthungerhilfe’s education projects, the teaching of life skills is particularly rele-
vant.10 The often neglected and disadvantaged target groups need the skills and abilities 
to cope with the challenges and problems of everyday life. As part of the project work, 
a manual for educational activities to support the acquisition of life skills in Uganda 
was prepared. The measures cover personal development, community and leadership, 
healthy living, integration and belonging, improving employability, nature conservation 
and climate action. Priority target groups are youth in the informal and non-formal sec-
tors, out-of-school youth, school dropouts and underemployed or unemployed youth 
(Welthungerhilfe, 2022b). From this example, we can derive the recommendation 
that the teaching of life skills should generally be taken into account in educational 
measures, especially in rural areas.

In Uganda, the importance of the informal sector is emphasised in TVET poli-
cy. To this end, the Business, Technical, Vocational Education and Training Act and 
the BTVET Strategic Plan regulate ways of recognising informally acquired skills 
and non-formal education. This regulation enables individuals who have acquired 
skills in an informal setting to take examinations to have their skills officially con-
firmed. The examinations are based on occupation-specific standards of the for-
mal education sector and the National Qualification Framework. Certification takes 
the form of the Worker’s PAS (Worker’s Practically Acquired Skills), a document 
that certifies the skills and competences of an individual for a specific occupation.11 

In the Welthungerhilfe project, examinations of beneficiaries of non-formal education 
measures were also held according to these regulations, and the Worker’s PAS issued.

10  The VET Toolbox also offers a life skills tool (GIZ & E4D/ SOGA, 2019).

11  This positive example of certification of informally acquired skills in Uganda is described in the GIZ Toolkit ‘Learning and 
working in the informal economy’ (GIZ, 2019b).

https://www.welthungerhilfe.de/informieren/laender/uganda/green-colleges-nachhaltige-ausbildung
https://www.welthungerhilfe.de/informieren/laender/uganda/green-colleges-nachhaltige-ausbildung
https://www.welthungerhilfe.de/aktuelles/publikation
https://www.giz.de/fachexpertise/html/63049.html
https://www.giz.de/fachexpertise/html/63049.html
https://mia.giz.de/qlinkdb/cat/ID=246837000
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This example shows that the recognition of non-formally and informally acquired 
competences is possible and is particularly important for countries and regions 
where many people acquire professional skills informally and are rarely able to 
provide evidence of their competences. Regulations and frameworks such as exam-
ination and certification standards and a qualification framework are necessary for 
the recognition of certificates. In Uganda, these regulations enable the recognition 
of informally acquired vocational skills, facilitate the transition from the informal 
to the formal education sector and thus improve the employment situation.

South Africa: Promotion of solar thermal systems 

The Austrian Development Agency (ADA) supports the Southern African Solar Ther-
mal Training and Demonstration Initiative (SOLTRAIN), which is coordinated by 
an Austrian research institute (AEE INTEC) and is considered a successful example 
of Austrian development cooperation. The initiative works with universities, research 
institutions, vocational schools, the local solar industry and energy ministries in a to-
tal of six African states (South Africa, Namibia, Botswana, Lesotho, Mozambique and 
Zimbabwe) to promote solar thermal energy more strongly in the region. Solar thermal 
demonstration plants were set up and knowledge transfer initiated in southern Africa. 
Local heating systems were built for a university in Johannesburg and a large-scale solar 
process heating system installed in a factory (ADA, 2019).

This example indicates that there is market potential for solar thermal energy in 
some African and Asian countries. In this sector, support can be given to companies 
and jobs created, while new regulated occupations such as the installer for solar 
thermal systems can be introduced. The market potential of solar thermal energy 
in international cooperation in the field of renewable energies should be examined 
more closely and, where appropriate, supported more strongly. So far, the focus has 
been on renewable energies for electricity generation. 

Africa: Green People’s Energy Initiative

BMZ’s Green People’s Energy for Africa initiative promotes a better, decentralised, 
citizen-responsive energy supply in countries of sub-Saharan Africa and thus makes an 
important contribution to improving access to energy in Africa (SDG 7). The involve-
ment of citizens, municipalities, public associations, cooperatives and small and medi-
um-sized enterprises promotes community development. Citizens become co-owners of 
their own energy systems. They take responsibility for the climate and environmentally 
friendly planning, installation and operation of energy supply systems and shape the 
green energy transition in rural Africa (GIZ, 2022c).

In selected projects, facilities like schools, health centres and other public facilities are 
supplied with energy. Women have founded energy cooperatives (e.g. Uganda and Ethi-
opia). In some projects, training in solar technology was offered to young women entre-
preneurs (e.g. Togo). In other projects, solar cooling systems (e.g. for agricultural prod-
ucts and medicines) and solar pumps are used and biogas plants are built (e.g. Ethiopia).

https://www.soltrain.org/
https://www.soltrain.org/
https://www.entwicklung.at/mediathek/presse/presse-detail/meilenstein-fuer-nachhaltige-energieversorgung-oesterreich-uebergibt-die-zwei-groessten-thermischen-solaranlagen-suedlich-der-sahara
https://gruene-buergerenergie.org/de/
https://gruene-buergerenergie.org/en/initiative/
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The BMZ’s Green People’s Energy initiative for Africa is an example of an objective-ori-
ented strategy for scaling up renewable energy in combination with community 
participation, business support and support for rural schools serving often neglect-
ed target groups. It is also a good example of linking different development goals 
such as SDG 4 (improve quality of education through electrification), SDG 7 (access 
to clean energy for disadvantaged sections of the population) and SDG 10 (reduced 
inequalities). Complementary to large national programmes to promote renewable 
energies, initiatives of this sort should be rolled out and more attention paid to 
establishing decentralised solar plants and mini-grids, especially in neglected re-
gions. The expansion of energy systems should be supported with TVET measures 
such as advanced training.

Africa: Promotion of women in renewable energies12

Women Entrepreneurship for Africa (WE4A) is a programme co-financed by 
the European Union, the Organisation of African, Caribbean and Pacific States 
(OACPS) and BMZ. In line with the BMZ’s feminist development policy, the 
WE4A programme strengthens the entrepreneurial capacities of African 
women entrepreneurs, facilitates access to financial services, enables the 
integration of women entrepreneurs into local and regional value chains, and 
helps to eliminate existing gender gaps on labour markets. Under this pro-
gramme, individual businesses have started up in the fields of solar energy, 
clean cooking technology and recycling.

IRENA and the Centre for Renewable Energy and Energy Efficiency of the 
Southern African Development Community (SACREEE) have been running a 
programme to promote entrepreneurship in renewable energy in the region 
since 2017, in which women are a specific target group. Along the same lines 
as the WE4A programme, entrepreneurial skills are honed and entrepre-
neurs are given access to investment. The programme offers some positive 
examples in the area of household solar appliances, mini-grids, solar water 
pumps and clean cooking technology.

In addition to the initiatives and programmes funded by international donors and  
organisations13, there are also private initiatives, such as Solar Sister, a women-led green 
energy initiative. In rural Africa, Solar Sister recruits, trains and supports women to be-
come Solar Sister entrepreneurs. Through training and ongoing mentoring, the women  
entrepreneurs acquire important skills such as financial management and technical 
product knowledge. Women start sustainable businesses selling, for example, solar 
lamps, mobile phone chargers and fuel-efficient cooking stoves. Solar Sister has built 
a network of more than 4,500 women entrepreneurs who generate an income while 

12   See also Section 4, Employment situation of girls and women.

13  The International Finance Corporation (IFC) of the World Bank Group has launched the Energy2Equal initiative with the 
support of Canada. Here, measures are also being implemented to improve women’s access to jobs and leadership positions, as 
well as to promote business start-ups in the renewable energy sector.

https://www.tonyelumelufoundation.org/women-entrepreneurship-for-africa
https://solarsister.org/
https://www.ifc.org/en/home


41

TVET for Renewable Energies | Sectoral Study

providing more than 1.5 million people in Nigeria, Tanzania and Uganda with access to 
clean energy (Solar Sister, 2022).

The Solar Sister model illustrates that measures like this not only improve household in-
come and women’s financial independence. They also have a positive impact on health, 
education, women’s status and self-confidence. Families who switch to clean cooking 
stoves significantly reduce time spent collecting wood, money spent on solid fuels, and 
smoke output. Children have reliable, bright lighting to study by at night. 

The author recommends networking the various initiatives and programmes in Af-
rica to harness synergies and step up the promotion of women in the field of renew-
able energy, especially in rural parts of Africa. The individual projects and initiatives 
are implementing similar measures, like entrepreneurship courses and training in solar 
energy. Uniform supra-regional training standards and certifications for Africa could be 
developed here. 

In addition, the author suggests launching a global #reSkills4Girls initiative  
(analogous to G20 initiative #eSkills4Girls) for renewable energy skills develop-
ment for girls and young women. This could be done under the Women and Youth at 
the Forefront programme of the UN Sustainable Energy for All (SEforAll).

A farm in Ghana using solar energy for irrigation – supported by GIZ’s Green People’s Energy Project. © GIZ

https://solarsister.org/what-we-do/our-impact
https://www.seforall.org/
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6 Recommendations for 
project design

The stronger expansion of TVET, especially for sunrise industries in the field of renew-
able energies, was already mentioned in the ten objectives for education of the BMZ 
Education Strategy 2010-2013 (BMZ, 2012a). This objective is still relevant for the 
renewable energy sector. Renewable energies make a significant contribution to climate 
change mitigation, which is a priority of the BMZ 2030 reform strategy. Just Transition 
is also one of BMZ’s current political priorities. TVET has a key role to play in a Just 
Transition, as it provides education and training in the sectors that will be essential in 
future.

German development cooperation has been helping developing countries and emerging 
economies promote and expand the use of renewable energies for many years. Advisory 
services in partner countries target, for example, the creation of legal and regulato-
ry frameworks, the drafting of technical standards, the design and implementation of 
support mechanisms, the planning of investment projects and training. As renewable 
energies account for an increasing percentage of electricity generated, it becomes more 
challenging to ensure grid stability and reliability of electricity supply. Therefore, pro-
jects are increasingly addressing the system integration of variable renewable energies. 
In many countries, partner institutions (e.g. energy utilities, grid operators, regulators) 
are advised on system planning, electricity market design, grid regulation, grid manage-
ment and the flexibilisation of the energy supply (GIZ, 2020a).

Renewable energies are a central pillar of the just, green energy transition, which 
can only succeed if enough qualified skilled workers are available. This requires la-
bour market-oriented education and training measures that enable people to carry 
out work on energy systems in a professional manner, complying with measures 
to ensure occupational health and safety. In this respect, the energy transition offers 
great potential for generating employment, provided parallel TVET measures are in 
place to support it.

With regard to the guiding principle of Education for Sustainable Development (ESD) 
and its integration into TVET, many projects and measures have now been implemented 
at national and international levels. Older studies note that the concepts and implemen-
tation measures are often not linked (GIZ, 2013). Thus, as far back as the UN Decade of 
Education for Sustainable Development (2005-2014) it was recommended that coher-
ent policy-making should be pursued with integrated and systemic approaches to ESD. 
Education and training systems should be reshaped through coherent national and local 
policies and integrated approaches, and ESD should be centrally anchored as a guiding 
principle. Policies should be developed and implemented through inter-sectoral and in-
ter-ministerial approaches involving business and industry, civil society, local communi-
ties and the science and research community. Sustainable development is a cross-cutting 
issue that is important in all educational sectors, school types and school subjects. 
This statement is still relevant for the implementation of the 2030 Agenda. 

https://www.bundesregierung.de/resource/blob/2065474/378148/80ea82a478efac147d75250a84d6058f/2012-02-09-bmz-bildung-data.pdf?download=1
https://www.giz.de/fachexpertise/downloads/giz2020_de_Erneuerbare%20Energien_TOPIC.pdf
https://www.enterprise-development.org/wp-content/uploads/TVET_Green_Economy.pdf
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The demand for coherent and integrated approaches can be transferred to the promo-
tion of renewable energies technology, employment and TVET, which should be con-
sidered in one context. In this respect, a holistic policy framework is necessary that 
includes coordinated measures in different political and social areas. To develop 
strategies and concepts to address problems of this complexity requires greater aware-
ness at all levels as well as intersectoral and interministerial cooperation. 

In development cooperation, an integrated approach to employment promotion is usu-
ally pursued, which is coordinated with TVET projects and labour market activities. 
The interrelationships for the energy sector, taking suppliers and manufacturers into 
account, are shown in the following figure:

Figure 6: Relationship between the energy sector, the labour market and the 
education system (based on Heidebrecht & Hase, 2017)
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https://en.dwa.de/files/_media/content/03_THEMEN/Bildung/giz2018-0209en-tvet-water-sector.pdf
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6.1 Guiding concept for a just energy transition

Mitigating climate change requires a global green energy transition and the increased 
use of renewable energies. Yet a lot of people in many partner countries of development 
cooperation still do not have adequate access to energy. This is particularly true of ru-
ral areas and marginalised communities (IRENA, 2021). The expansion of renewable 
energies therefore offers the opportunity for more people in developing countries to 
gain access to energy (BMZ, 2022c; GIZ, 2022b). We must, however, recognise the 
fact that in the context of the just energy transition there will not only be winners, but 
also losers. The ILO predicts, for example, that almost 7 million jobs will be lost in oil 
production and refining, coal mining and coal-based power generation (ILO, 2019). 
This is particularly relevant for countries undergoing structural transformation process-
es such as phasing out the use of coal, where mine and power plant closures have already 
resulted in job losses with the concomitant loss of income. In terms of Just Transition, 
social and economic risks must therefore be identified jointly and with foresight. De-
cent income-generating and employment opportunities in alternative sectors must be 
created rapidly so that as many people as possible have new prospects for the future. 
Firstly, policy-makers must lay important foundations for a Just Transition by putting 
in place legal and regulatory frameworks, economic incentives and complementary la-
bour market services and social benefits. Secondly, TVET must take on the central task 
of providing those affected with access to skills and qualification acquisition, such as 
further training or retraining measures, so that they too can benefit from the newly 
emerging income opportunities.

Germany is rightly committed to the globally necessary energy transition in bilateral 
cooperation and in cooperation with international organisations (BMZ, 2022c; GIZ, 
2022g). The G7 recently created the Just Energy Transition Partnership (JETP) model 
for international cooperation in the energy and climate sector (G7, 2022). JETPs are 
intended to promote ambitious climate and energy policies based on the Paris climate 
goals. Together with other committed countries, the G7 partnerships intend to signifi-
cantly advance the global energy transition and massively expand the use of renewable 
energies (BMZ, 2022e). In the future, German development cooperation, together 
with the G7 countries, should promote green employment and Green TVET more 
strongly in the context of a Just Transition, and specifically a just energy transition. 

In future, cooperation with partner countries in the renewable energy sector should be 
aligned with this guiding concept. In future projects in the field of renewable ener-
gies, objectives and measures should be formulated in a correspondingly ambitious 
manner and implemented consistently. Appropriate wording of objectives should 
be taken into account in the project design and indicators should be determined. 
In partner countries, national and regional energy policies must be refined in line with 
this guiding concept. This will call for persuasive communication processes and for 
raising awareness at political level and within society of the need for a just and green 
energy transition. However, policy initiatives and new programmes in the renewable 
energy sector should take into account existing energy transition strategies and ongoing 
measures of the countries, and be tailored to the national and local circumstances in 
the energy sector. Project appraisals must clarify the readiness, capacities and needs of 
partner countries regarding the expansion of renewable energies. In the past, ambitious 
reforms in the energy sector have failed because the benefits and reliability of renewable 

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Oct/IRENA_RE_Jobs_2021.pdf
https://www.bmz.de/de/themen/klimawandel-und-entwicklung/energie-und-klima
https://www.giz.de/expertise/html/60161.html
https://www.ilo.org/wcmsp5/groups/public/---dgreports/---dcomm/---publ/documents/publication/wcms_159585.pdf
https://www.bmz.de/de/themen/klimawandel-und-entwicklung/energie-und-klima
https://www.giz.de/expertise/html/60159.html
https://www.g7germany.de/resource/blob/974430/2057418/9a1d62b3c5710b4c1989f95b38dc172c/2022-06-27-chairs-summary-climate-neutrality-data.pdf27-chairs-summary-climate-neutrality-data.pdf
https://www.bmz.de/de/aktuelles/bmz-tagebuch/deutsche-g7-praesidentschaft-just-energy-transition-partnerships-114320
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energies were questioned (IRENA, 2021). In addition, due to limited financial resour
ces and politically divergent interests, the use of renewable energies cannot be expanded 
everywhere, immediately and comprehensively. Priorities need to be set for partner 
country support. Planning projects in the renewable energy sector thus requires a 
realistic assessment of relevance, impact and sustainability. To this end, the most 
relevant policy areas and institutions should be involved in project planning.

6.2 Integrated and linked programme approaches 
in the renewable energy and TVET sectors

Strategies for the expansion of renewable energies in international cooperation should 
not focus exclusively on the promotion of renewable energies per se, but should take 
into account green employment promotion and green TVET training as of the design 
and planning phases, in order to provide a structural framework for the coordinated and 
concerted design of an enabling environment for TVET training, the labour market (in 
the energy sector and related industries) and the energy industry. 

Technical and financial cooperation programmes and projects in the renewable ener-
gy sector usually focus on financing and technological measures such as technology 
transfer, the promotion and expansion of power generation facilities or the expansion 
of energy grids. Some projects have pursued a cross-sectoral approach by incorporat-
ing a TVET component in energy programmes (e.g. Brazil). In other energy projects, 
individual TVET measures such as continuing training courses were also factored into 
planning. In yet others, the need to develop TVET training measures, such as advanced 
training for skilled workers, became apparent in the course of project implementation. 
Experience gained with programmes pursuing integrated approaches points to them 
achieving better results with respect to the recruitment of skilled workers, labour mar-
ket placement, participation of the business community and the image of new technol-
ogies.

The author of this study recommends two strategies for project design. (1) Cross-sec-
toral, integrated and sector-linked approaches allow for better coordination between 
renewable energy development and employment-oriented TVET. Therefore, in future 
larger-scale projects in the renewable energy sector, a TVET component should 
be planned if at all possible, with the design of education and training measures 
taking into account the requirements of the education systems in place. The organ-
isational capacity of companies in the energy sector should be supported, in particular. 
This could involve strengthening and advising sector and professional associations. In 
cooperation with TVET institutions, these associations can help design TVET (cf. Sec-
tion 6.4).

Smaller projects should at least develop further training for different green tech-
nologies (such as wind power and solar systems) and qualification levels (e.g. planning 
and project management, installation and commissioning, maintenance and service, 
energy consulting) and devise relevant certification concepts. There are some good ex-
amples of this (e.g. Nigeria; see Section 5). Care should be taken to ensure that courses  
and certificates of this sort can be incorporated into national qualification systems.

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Oct/IRENA_RE_Jobs_2021.pdf
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(2) A second approach is the planning and implementation of linked project concepts: 
Since it will not always be possible in practice to implement integrated approaches14, 
independent programmes in the two sectors of renewable energy and TVET (as 
well as employment promotion) can be linked in the project design in terms of 
organisation and personnel. This means establishing joint working groups or working 
areas that coordinate cooperation, goals and measures in parallel projects. Communi-
cation between project staff from separate projects is, in fact, common practice, but it 
often emerges by chance and depends on the interests and commitment of individual 
persons. We thus propose the institutionalisation of communication and working struc-
tures, which should be factored in when energy projects are planned. The project design 
could provide for joint work packages, such as the development of coordinated sector 
strategies taking into account the sectoral labour market and employment promotion 
(e.g. involving ministries of education, labour and energy), or for analyses and studies 
to be conducted to explore employment and requirements in the sector.15

6.3 Employment promotion and labour market 
policy 

International studies point to the employment opportunities that can be generated by 
developing the use of renewable energies, while also warning of the risk that shortages of 
skilled workers could jeopardise the green energy transition. It thus comes as no surprise 
that the global discussion calls for more education, training and study programmes in 
STEM subjects in general and in renewable energies in particular.

In addition to TVET, employment promotion and labour market policy measures are 
needed to attract skilled workers to the renewable energy sector. This requires coherent 
strategies to dovetail technological measures in the renewable energy sector with em-
ployment and labour market policy measures.

Active labour market services are long-standing fields of action in economic and em-
ployment promotion programmes in partner countries (GIZ, 2019a). However, typical 
challenges exist in many partner countries (Specht et al., 2018). Active labour market 
policy instruments are often rudimentary and are not always consistently linked to 
TVET services. Many partner countries have no labour market information systems, 
and where they do exist they are not sufficiently developed, meaning that labour market 
intermediation is not particularly effective. Labour market and TVET research is not 
established in many countries, so that data and information on sectors, skilled labour 
needs, skills developments and requirements, especially in new sectors, are often not 
available.16

14   This means that sector promotion and TVET must be integrated.

15   The following example will illustrate this approach. Assuming that a new project in renewable energy is planned, the project 
concept, design and appraisal mission should explore the possibility of linking the new project to an ongoing TVET project 
in the country in question. Relevant actors must be identified and staff in the ongoing projects contacted in order to explore 
possible avenues of cooperation.

16   A study by UNESCO-UNEVOC (2020) shows that progress is being made regarding skills forecasts. Most countries 
surveyed report that they regularly conduct skills forecasts or plan to do so in the future. However, specific forecasts for green 
occupations and Green Skills are rare, especially in developing countries.

https://mia.giz.de/qlink/ID=248153000
https://www.kfw-entwicklungsbank.de/PDF/Download-Center/PDF-Dokumente-Brosch%C3%BCren/2018_FZ-Leitfaden_zweite-%C3%BCberarbeitete-Auflage.pdf
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These aspects, given here as examples, are an obstacle especially for emerging and rapid
ly developing sectors such as renewable energies. There is a lack of basic information 
and data for planning labour market- and demand-oriented TVET. Against this back-
ground, the author of this study recommends that future employment promotion 
and TVET programmes help partner countries introduce systems to recognise at 
an early stage and forecast skills requirements and employment in the field of re-
newable energies.

No one measure can achieve an impact on employment. A variety of different coor-
dinated instruments and measures are needed. There are numerous well established 
concepts for this (GIZ, 2021d). Due to limited state funding and implementation ca-
pacities, active labour market policy measures should be implemented as a priority in 
the partner countries in light of the guiding principles of Just Transition and the green 
energy transition. The impacts of the measures should be continuously monitored and 
evaluated.

Text box 2: Supportive labour market measures for a just 
energy transition 

An important labour market policy field of action can be seen in countries ex-
periencing structural transformation towards a green economy, as is the case 
when coal is phased out and a conversion to renewable energy systems un-
dertaken. Here, affected workers need labour market measures to help them 
transition from the conventional energy industry to the renewable energy sec-
tor. These include, for example, appropriate placement services, measures to 
facilitate labour mobility, social protection programmes for affected workers 
and regions, and green transformation funds to retrain workers. For the groups 
of employees who leave or lose their old jobs, re- and upskilling measures are 
needed to prepare them for new tasks in the energy sector (or in other sectors).

6.4 Involvement of the business community 
through sectoral committees

One principle of German TVET cooperation is to foster intensive dialogue between 
government, civil society and the private sector, and to involve the private sector to a 
greater degree in TVET (BMZ, 2012b). The quality of TVET and the acceptance of 
qualifications obtained are better when the private sector, employers and employees are 
involved in the management, design and control of TVET. 

This principle should also be followed in the renewable energy sector. However, many 
countries face the challenge that this sector is still hardly organised or very much in its 
infancy. In many developing countries, very few companies work with renewable 
energy systems, and there is a lack of industry or business associations. The struc-

https://mia.giz.de/qlinkdb/cat/ID=249581000
https://www.dcdualvet.org/wp-content/uploads/2012_BMZ_VET-in-German-Development-Policy_Strategy-Paper-8.pdf
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tures of the private sector in partner countries should thus be taken into account 
in project planning and provision made to help companies establish their own 
professional associations or other sector organisations.

Sector, occupational, professional and other interest associations in the private sector 
are important for economic development, dissemination of new technologies, building 
confidence in new technologies and promoting employment. They can also make an 
important contribution to the management and quality assurance of TVET and thus 
help shape the development of labour market-oriented training provision. 

There are different forms of interaction (and mediation) between the state and the mar-
ket and the involvement of associations and organisations in the steering and shaping 
of TVET (Frommberger, 2015).17 One construct originating in the UK and widespread 
in many English-speaking countries are Sector Skills Councils (or comparable institu-
tions), which essentially are charged with identifying skills needs in the sector, devel-
oping quality and qualification standards, and improving educational provision in the 
sector. The way agencies of this sort are organised and funded varies widely around the 
globe (governmental, semi-governmental or autonomous organisations, statutory tasks, 
advisory tasks, etc.). In many countries, these tasks are the responsibility of national 
TVET authorities or regulatory bodies. Private-sector actors are often involved in an 
advisory capacity and in development work. 

The following recommendations can be derived for future projects: Strategies should 
be devised to foster private-sector organisations in the renewable energy sector. Fu-
ture renewable energy projects should include a concept to establish agencies, as-
sociations or similar organisations18 that are enabled to conduct surveys to identify 
skilled labour needs and develop TVET, examination and certification standards. 
The strategy selected will depend on the conditions on the ground and objectives of the 
partner country, which should be explored in more detail during the project appraisal.

As described above, India has had a Sector Skills Council for green jobs 
since 2015. Its responsibilities include identifying needs and developing 
standards in the renewable energy sector. The comprehensive approach is 
remarkable, since this institution is responsible for green employment and 
occupations in several areas including renewable energies (solar, wind, hy-
dropower, energy storage, clean cooking technology), waste management 
(including e-waste), sustainable construction, sustainable transport, water 
management and the circular economy. The author recommends following this 
approach when designing sectoral organisations or setting up dedicated units in 
existing TVET agencies.

17   There are very different names for such institutions with similar functions, such as TVET Authority, TVET Agency, Train-
ing Authority, Skills Standard Authority, Education and Training Board, Sectoral Training Board, National VET Council, etc. In 
this context, the term National Training Authority is also used for mostly public authorities.

18   The VET Toolbox provides a guide to setting up Sector Skills Councils (Enabel & British Council, 2020). The ILO has also 
published a guide (West, 2019)

https://lit.bibb.de/vufind/Record/DS-175343
https://vettoolbox.eu/wp-content/uploads/2022/07/Sector-Skills-Council_Tool-Enabel_BC_WEB.pdf
https://www.ilo.org/wcmsp5/groups/public/---asia/---ro-bangkok/---ilo-jakarta/documents/publication/wcms_738640.pdf
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6.5 Green guiding principles for TVET programmes 
and projects

All future TVET programmes and projects should be aligned with green guiding prin-
ciples. The 2013 strategy paper TVET for a Green Economy (GIZ, 2013) and the first 
study in this series (Skills for a Just Transition to a Green Future) (GIZ, 2022a) noted 
that TVET is increasingly being integrated into national sustainability strategies and 
programmes, but that TVET policy as well as environmental and climate policy are of-
ten not coordinated. The 17 Sustainable Development Goals of the 2030 Agenda now 
provide a more complex framework that sets out extremely comprehensive goals and 
principles for environmentally, socially and economically sustainable development. This 
argument must then be seen in a broader context with regard to the coordination of the 
various fields of policy and action. 

TVET programmes should support national sustainability and green growth strategies 
in the context of renewable energy development in partner countries with the help of a 
tailored Green TVET strategy. A holistic green approach should be developed for the 
entire TVET system, including TVET institutions, buildings, infrastructure and 
equipment, courses and curricula, competences, teaching and learning processes, 
media, stakeholders, learning culture, management and administration.

Three fields of action are particularly relevant for TVET in development co-
operation. Firstly, the fundamental strengthening of environmental education 
in all TVET courses. Second, the intensification of initial and continuing TVET 
in sectors and industries that contribute to environmental protection and 
achieving climate neutrality as well as promoting a just green energy tran-
sition. Thirdly, the further development of existing vocational competences as 
well as re- and upskilling, taking into account the needs of a resilient, green, 
digital economy.

Wind energy in Vietnam. © GIZ Vietnam/Energy Support Program (ESP)

https://www.enterprise-development.org/wp-content/uploads/TVET_Green_Economy.pdf
https://www.giz.de/fachexpertise/downloads/27_giz2022-0387en-just-transition-green-future.pdf


50

TVET for Renewable Energies | Sectoral Study

7 Recommendations for 
TVET interventions in the 
renewable energy sector

In promoting TVET, German development cooperation has long pursued a multi-lev-
el approach (BMZ, 2012b; GIZ, 2014). At the policy level, partner countries receive 
assistance to help them devise reform strategies and introduce legal regulations such as 
training laws. It is almost always important to draw up or refine training standards, oc-
cupational profiles, curricula and examination standards. As a rule, there are links with 
the labour market and employment promotion. For example, demand and employment 
analyses are carried out or labour market information systems developed. Cooperation 
and intensive dialogue between the government, the private sector and civil society are 
especially relevant for German cooperation in the TVET sector.

At institutional level, support is provided to establish and modernise TVET and com-
petence centres. The institutions receive capacity building services, further training for 
specialists and managers, and assistance with steering and management tasks. To in-
troduce cooperative learning models or dual training concepts, cooperation is fostered 
between TVET schools, training centres and private companies. 

At implementation level, Germany supports pre- and in-service training for teaching 
and administrative staff. Workshops, laboratories and classrooms are expanded, mod-
ernised and equipment provided. Curricula, teaching and examination materials are 
developed on the basis of occupational profiles and training standards.

Taking into account the multi-level approach, the author recommends TVET for re-
newable energies measures in the fields of occupational standards and curricula 
(macro level), TVET centres (meso level) and the didactic design of TVET (micro 
level). The following overview summarises the most important measures for the design 
of Green TVET in the renewable energy sector:

Figure 7: Overview of important TVET measure

Macro level
Policy and system level

•	Further develop the legal regulations governing TVET and 
integration of the guiding principles of Green TVET

•	Establish and support sectoral quality committees or 
organisational units in TVET agencies for renewable energies (or 
green occupations)

•	 Identify needs and conduct labour market studies in the renewable 
energy sector

•	Develop training, examination and certification standards for 
renewable energies with the participation of the private sector

•	Develop standardised learning units and competences relating to 
sustainability, environmental protection, and the digital world of 
work and integrate these in all TVET courses

https://www.dcdualvet.org/wp-content/uploads/2012_BMZ_VET-in-German-Development-Policy_Strategy-Paper-8.pdf
https://www.dcdualvet.org/wp-content/uploads/2014_GIZ_Guidelines.Vorhaben-Beruflicher-Bildung-gestalten-1.pdf
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Meso level
Institutional level

•	Design Green TVET centres with holistic approaches (infrastructure, 
buildings, campus, curricula, learning materials, management and 
learning culture). 

•	Modernise equipment and workshops for renewable energies as 
well as sustainable building and supply technology

•	 Test cooperative training concepts with the support of renewable 
energy sectoral committees or other industry associations

•	Support TVET institutions in using digital media in the field of 
renewable energies

Micro level
Implementation level

•	Provide in-service training for school managers on the design of 
green TVET centres 

•	Support TVET staff in developing competence-based education and 
training (CBET) environments in the field of renewable energies

•	Establish working groups comprising teachers of courses such as 
solar technology or wind power, which should then jointly develop 
competence-based learning module

•	Develop teaching and learning materials and manuals for the 
relevant regulated occupations

7.1 Green TVET standards and curricula

The transition to a Green Economy opens up new employment opportunities, especially 
in the green energy and green production sectors. In principle, the quality and quantity 
of training and degree courses in the field of renewable energies should be stepped up.

The author of this study proposes the following measures:

•	 In current TVET projects, examine conventional regulated technical occupations 
(such as electrician and mechanic) with regard to tasks and technologies in the field 
of renewable energies and add appropriate elements to the curricula (e.g. planning, 
installation and maintenance of PV systems).

•	 Future TVET projects involving system reforms should have as their focus the de-
velopment of green occupations and Green Skills as well as employment promotion 
in green fields of work. The project objectives and indicators should be aligned with 
this.

•	 Future TVET projects in the field of renewable energies should plan for the identi-
fication and development of occupational profiles for work in the renewable energy 
sector, with the participation of the private sector, at the outset of project concep-
tion. In addition to needs analyses, specific studies are needed to identify areas of 
responsibility and competences required in the renewable energy sector. Based on 
this data, it can be decided whether new regulated occupations should be developed 
or existing ones updated. This can also provide information for the development of 
occupational profiles and curricula.19 

19   There are a number of tools for labour market studies, identification of skill needs or skills forecasting. For example, the ILO 
has published guidelines on forecasting skills needs for green jobs (Gregg et al., 2015). Welthungerhilfe (2021) has produced a 
practical facilitation guide for green jobs analysis. To develop occupational profiles and curricula further information is needed, 
e.g. on duties, objects, tools and competences. Here, some instruments are also available such as Developing A Curriculum 
(DACUM) and expert workshops (GIZ, 2022a; Norton, 1985). In a project within the framework of the German-Israeli Pro-
gramme for Cooperation in Vocational Education and Training, the duties of a specialist in solar technology were identified 
through expert workshops. On this basis modules were developed and action-oriented learning units designed (Bauer et al., 
2015).

https://www.ilo.org/wcmsp5/groups/public/---ed_emp/---ifp_skills/documents/publication/wcms_564692.pdf
https://www.giz.de/fachexpertise/downloads/27_giz2022-0387en-just-transition-green-future.pdf
https://eric.ed.gov/?id=ED254657
https://www.govet.international/dokumente/pdf/Fachbericht_Solarenergie.pdf
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•	 Future renewable energy projects should, at an early stage, offer skilled specialists 
training courses at different qualification levels covering responsibilities and tech-
nical systems in the field of sustainable energy supply (including green hydrogen), 
system integration (including smart grids), sector coupling and energy storage. The 
credits obtained can be transferred to the formal system (examination and certifi-
cation). There are good examples of this in many projects, which should be system-
atically evaluated. Furthermore, measures for business start-up and management 
should be offered.

•	 For countries undergoing structural transformation and with new industries (such 
as green hydrogen), incentives and opportunities should be put in place for re- and 
upskilling of skilled workers. In this way, the rapidly growing demand for labour 
can be met and alternative employment opportunities created for skilled workers 
from the conventional energy sector in the spirit of the Just Transition.

•	 In current and future TVET projects, sustainability, energy efficiency, resource ef-
ficiency and environmental protection in professional and everyday life should be 
integrated into all occupational profiles and curricula.

The measures to be implemented must be selected based on the situation and conditions 
in the specific partner country and the actual project objectives. Some projects pursue 
a two-pronged strategy: advising on the design of initial TVET while also developing 
fast-impact continuing TVET services. In both cases the energy sector and relevant 
industries should be involved, and stronger links established to practical working life. 
When developing initial TVET programmes and continuing TVET courses, care 
should be taken to ensure that occupational profiles and certification standards 
can be integrated into the country’s existing TVET system and that permeability is 
guaranteed. 

Short-term solutions such as developing non-formal continuing TVET measures can 
be useful for the energy sector because they can be adapted rapidly and flexibly 
to the needs of companies and target groups. Experience in projects indicates that 
non-formal measures are helpful, especially for the informal economy (Heidebrecht & 
Hase, 2017). Some projects have produced concepts for having non-formal training 
officially recognised. This can involve the relevant bodies holding examinations and 
certifying the results. In this context, procedures and instruments can also be developed 
for obtaining credits for informally acquired competences (as in Uganda).

Another point to bear in mind is the integration of cross-cutting green competences 
that are not exclusive to any one occupation or task, but are relevant in a variety of 
working environments or have a general educational character. Sustainability, environ-
mental protection, energy efficiency and resource efficiency should be included in all 
curricula across TVET at all levels (qualification, initial and continuing TVET and 
higher vocational education) and in all sectors as well as in pre-vocational and in-service 
programmes (greening of occupations).

The anchoring of contents and competences on sustainability in occupational profiles 
and curricula is necessary, but not in itself enough to firmly integrate these topics in 
practical TVET. Experience indicates that there is often a gap between aspiration and 
reality (GIZ, 2013), which makes supporting measures necessary. Firstly, TVET in-
stitutions should be further developed according to green guiding principles. If 

https://en.dwa.de/files/_media/content/03_THEMEN/Bildung/giz2018-0209en-tvet-water-sector.pdf
https://en.dwa.de/files/_media/content/03_THEMEN/Bildung/giz2018-0209en-tvet-water-sector.pdf
https://www.enterprise-development.org/wp-content/uploads/TVET_Green_Economy.pdf
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a green learning culture is to be firmly established, school development measures will 
be needed, along with in-service training for teachers and school managers. Secondly, 
course development measures are necessary, in which new didactic and methodo-
logical concepts are produced along with teaching and learning materials to inte-
grate green content into educational programmes.

In the meantime, many programmes and projects have developed and tested 
new regulated occupations and training courses for renewable energies, es-
pecially in solar and wind energy. Typical training courses are installers for 
PV systems, service technicians for wind turbines and energy consultants. In 
some projects, German regulated occupations were transferred and adapted 
(e.g. Vietnam). The author suggests conducting a curriculum evaluation project. 
These project-specific training standards, curricula and examination concepts 
should be evaluated and the experiences of implementation in practical training 
should be assessed. This could provide important findings for the development 
of occupational profiles and curricula for future TVET projects in the renewable 
energy sector.

7.2 Green TVET institutions (institutional level)

Green TVET needs Green TVET institutions. In TVET cooperation, this concept is 
not consistently implemented at present, although promising concepts for the devel-
opment of Green TVET institutions are now available (e.g. UNESCO-UNEVOC, 
2017)20, which take a holistic approach to green institutions (infrastructure, buildings, 
campus, curricula, stakeholders, management, and learning culture). Financial cooper-
ation currently fails to take this holistic approach in the promotion of TVET and com-
petence centres, for example. For future projects, holistic design concepts are needed so 
that sustainability becomes an institutional, pedagogical and cultural quality feature of 
TVET centres.

When planning new buildings, and converting or renovating TVET centres, a wider 
spectrum of factors should be taken into account, including physical, technical, aes-
thetic, functional and pedagogical criteria (Staudt, 2022). TVET centres with their 
buildings, premises, equipment and campus, as well as the learning and working envi-
ronments, must be considered in their entirety from an organisational stance and from 
a (vocational) pedagogical point of view, because the design of buildings, rooms and 
spaces has an impact on learning processes.

In the context of renewable energies and sustainable buildings, one sustainability fea-
ture of a green TVET institution is clear: the decentralised clean energy supply. The 
building and the rooms should be built and extended in compliance with the most 
rigorous environmental, energy and sustainable building standards (Staudt, 2022). Re-

20  Many concepts and guidelines for the design of Green TVET institutions are now available, e.g. from the EU and ILO 
(2021), the ILO (2021) and UNESCO-UNEVOC (2017). In the project presented, Welthungerhilfe uses the Green College 
concept developed by the SkillGreen Global Organisation (2018) in India. The GIZ TVET Academy offers re- and upskilling on 
green TVET institutions.

https://unevoc.unesco.org/up/gtg.pdf
https://unevoc.unesco.org/up/gtg.pdf
http://lernenundlehren.de/heft_dl/Heft_146.pdf
http://lernenundlehren.de/heft_dl/Heft_146.pdf
https://www.ilo.org/dhaka/Whatwedo/Publications/WCMS_815337/lang--en/index.htm
https://www.ilo.org/wcmsp5/groups/public/---asia/---ro-bangkok/---ilo-dhaka/documents/publication/wcms_815337.pdf
https://unevoc.unesco.org/up/gtg.pdf
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source- and energy-efficient design means that clean, renewable energies should be used 
throughout.21 This not only has added value for the TVET institution itself, but also 
generates positive impetus for the region. TVET institutions can help spread sustaina-
bility principles and values in the field of renewable energies and sustainable construc-
tion. They can act as role models for decentralised, clean energy supply locally, while 
delivering capacity development services for the Green Economy.

What is unique to TVET institutions is that they combine learning environments and 
working environments relevant to everyday working life. They have workshops, labora-
tories and other didactically designed specialised facilities in which typical occupational 
activities can be simulated, carried out and reflected upon, thus linking learning with 
occupational practice. This gives Green TVET institutions their particular vocational 
and pedagogical credentials. The TVET centre with its buildings, rooms, equipment 
and campus can be used as a place of learning in which renewable energy systems are 
used themselves to further learning. Buildings become a learning topic in their own 
right and enable sustainable learning experiences on the basis of actual objects, render-
ing visible the principles of supplying buildings in a sustainable and energy-efficient 
manner and allowing learners to acquire new skills.

In electrical and supply engineering trainings, for example, energy, building and supply 
engineering equipment and systems can be used for analysis, installation, measurement 
and optimisation, for learning and work assignments, and for project work. Learners 
can, for example, work on tasks for planning and installing energy supply systems and 
on the energy-efficient design of buildings at the TVET centre.

Learning environments must be built in such a way that action-oriented, independent, 
cooperative and research-based learning is made possible and theory is linked with prac-
tice, e.g. through integrated subject-specific rooms. Learners must have the opportunity 
to help shape the use of rooms, which requires flexible and multifunctional rooms.  
Digitalisation also opens up new opportunities, making it possible to create virtual 
learning environments, which is particularly useful in energy, building and supply en-
gineering.22

In the past, pedagogical and didactic concepts for the use of energy systems and tech-
nical equipment, and the concomitant additional requirements, have rarely been taken 
into account in the funding of these for educational institutions. Against this back-
ground, the study recommends taking a holistic approach to designing funding projects 
for TVET and competence centres. Buildings, rooms, equipment and the campus as 
well as the extended criteria listed above should be taken into account when planning 
projects. The design of green TVET centres should incorporate buildings, the campus, 
curricula, learning culture and management.

21   However, financial constraints mean that it is not always possible to promote multiple systems and installations for a decen-
tralised renewable energy supply.

22   Digital technologies and competences play an important role for all occupations nowadays and should be integrated in 
all TVET. In the field of renewable energies, skilled workers have to deal with a variety of digital technologies. Many occupa-
tions require knowledge of relevant software and programming, applications for planning and dimensioning energy systems, 
maintenance and servicing devices and software (e.g. remote monitoring, drones), robot systems, grid technologies and data 
security. Digital technologies are both work tools and learning media and should therefore always be part of TVET in the field 
of renewable energies. For TVET cooperation, this raises the question of availability of and access to such media. This aspect 
should be taken into account in the planning and implementation of projects (especially in the development of green vocational 
training facilities and technical equipment).
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Several suggestions emerge for technical cooperation. First, processes should be ini-
tiated to develop Green TVET centres and green learning cultures. The principles 
of sustainable development must be firmly anchored in the TVET centres themselves. 
Secondly, in projects that have already been funded, TVET centres should be re-
viewed and further developed in terms of space and building design for TVET and 
(learning) organisation. Thirdly, didactic training concepts should be produced 
for the systematic use of TVET centres, especially in the areas of renewable energies 
and sustainable buildings. This might require additional measures and support such as 
upskilling for management and training staff.

7.3 Didactic and methodological recommendations 
(micro level)

Competence-based education and training is now accepted worldwide as a guiding prin-
ciple for the design of vocational curricula and learning processes. It is therefore hardly 
surprising that there are many models and concepts for competence-based learning at 
international level. The author suggests that the German concept of learning fields and 
learning situations in TVET schools should be used as a guide in designing TVET. 
The aim is not to adopt terms and transfer curricula, but to implement the underlying 
didactic concepts and principles. Essential didactic principles include action and task 
orientation. Teaching and training in TVET are linked to tasks and problems learners 
can expect to encounter in their subsequent working life. These are processed didactical-
ly and methodologically by teachers for specific learning units. Complex learning units 
thus relate to work-related situations and actions that learners master independently.

This concept has implications for the planning of learning units over the entire course 
of training. As a rule, a training course consists of several curricular elements such as 
modules. These elements (in Germany these are termed learning fields) must be broken 
down by the responsible teachers into coherent, meaningful learning units (in Germany 
these are termed learning situations) and coordinated in terms of content and time. This 
leads to the need for curriculum specification by teachers working together on site. The 
planning of complex learning units thus requires joint development work by teachers 
who are responsible for a regulated occupation. Tasks and problems must be identified 
and didactically processed for learning units, competences must be specified and learn-
ing units must be sequenced. Furthermore, it is important to establish connections 
between the learning units and to prepare supplementary information, materials and 
media.

Against this background, the study recommends that action- and competence-based 
learning concepts be used in TVET for the renewable energy sector. In this context, 
lesson development, i.e. the joint didactic planning of learning units by working 
groups consisting of teachers and trainers, should also be institutionalised.

This learning concept has potential to take account of the principle of learning in work 
processes. In the work on courses, teachers and representatives of companies can set 
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up communication and organisational structures (such as working groups) in order to 
identify, for example, typical tasks within the company, work processes or customer 
orders, to develop projects and learning tasks typical of the occupation, and to open up  
access to companies. Teachers and learners are given opportunities for company analy-
ses, discussions with skilled workers and project work.

Following on from the above example of installing energy supply systems, learners can 
work on the following learning tasks, projects or customer orders (WEQUA & TU 
Dresden, 2010):

•	 Advising clients on energy use concepts (e.g. role play or simulated customer order)

•	 Determining energetic and structural parameters, e.g. for PV or solar thermal sys-
tems

•	 Using software to design and dimension PV and solar thermal systems

•	 Preparing estimates for energy systems

•	 Planning work and organising a project for energy systems

•	 Performing maintenance work

•	 Optimising existing energy supply systems (e.g. residential or commercial buildings)

•	 Communicating with regional energy suppliers (role play or real)

In TVET cooperation, action-oriented learning concepts have been tested for 
many years. In some TVET projects, relevant didactic concepts have been 
developed for learning and working with PV, solar thermal and wind energy 
systems. The author of this study suggests collecting and evaluating these ex-
amples in specialist groups. The findings can be used to produce subject-specific 
didactic manuals that set out didactic and methodological competence-based 
learning concepts as well as examples of learning and work tasks, customer 
orders and projects to be used in TVET in the field of renewable energies. The di-
dactic concept should include instructions for lesson development and train-
ing course management with the necessary steps involved in the process of 
developing competence-based learning units. 

To this end, new guidelines could be produced on the didactic design of 
TVET and competence-based learning for the VET Toolbox. The Toolbox offers 
assistance, instruments and methods for many relevant topics. Instruments 
and tools must also be developed for the core didactic task of practical TVET 
practice at micro level (teaching and learning processes). The implications of 
the sometimes controversial international discussion on competence-based 
education and training could thus be illustrated in didactic terms.

https://tu-dresden.de/gsw/ew/ibbd/ressourcen/dateien/mmt_et/forschung/jobstarter/js_hp_2012-10-29/Broschuere.pdf?lang=de
https://tu-dresden.de/gsw/ew/ibbd/ressourcen/dateien/mmt_et/forschung/jobstarter/js_hp_2012-10-29/Broschuere.pdf?lang=de
https://vettoolbox.eu/
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8 Conclusion
Improving access to affordable, reliable and sustainable energy for all is a particularly 
relevant goal (SDG 7) of the 2030 Agenda. Renewable energies contribute to climate 
change mitigation, while also being essential factors in economic and social develop-
ment and poverty reduction. Developing countries should thus be given support to help 
them expand the use of renewable energies. New projects in this sector should always be 
designed in line with the principles of a just energy transition and should help partner 
countries in achieving it.

However, future projects should not be planned in isolation in the energy sector, but 
should take into account the interrelationships listed above. For the planning of future 
projects in the renewable energy sector, the author recommends linking technology 
promotion with employment promotion and TVET measures. In this way, qualified 
specialists can be recruited at an early stage who, thanks to their professional working 
methods, promote innovation, ensure quality, minimise risks and thus contribute to 
sector development. Two conceptual approaches can be adopted. (1) With cross-sec-
toral, integrated project designs, TVET components can be directly linked to technolo-
gy promotion measures. Approaches of this sort are already being practised, as illustrat-
ed by the examples in the renewable energy sector and with green hydrogen in Brazil. In 
this new technology field, which is particularly relevant today, new qualifications have 
already been developed at various levels with the involvement of the private sector. (2) 
Connected project designs with organisational or working units acting jointly enable 
projects that would normally be separate to share staff and content.

TVET projects should always be aligned with green guiding principles at all levels and 
in all areas of action. With regard to the involvement of and cooperation with the pri-
vate sector, the study suggests organising sectoral committees for green employment. 
Depending on the governance structure of TVET in the partner country, such agencies, 
advisory boards and expert groups can be organised and financed in different ways 
(state, private, autonomous). In any case, such institutions should assume responsibility 
for identifying skilled labour needs, qualifications and requirements for green employ-
ment and green occupations, and should be involved in the development of occupation-
al profiles, occupational standards, curricula and the regulation of examinations and 
certifications. We recommend combining several fields, such as renewable energy, the cir-
cular economy, water and waste management (example India) as well as green hydrogen.

The study proposes three measures for the design of TVET. Green occupational profiles 
and curricula should be developed for existing and new regulated occupations in the 
renewable energy sector. In ongoing TVET projects, the existing conventional occupa-
tions in construction, electrical, mechanical and supply engineering should be reviewed 
and adapted accordingly. In future projects, relevant occupations for renewable energies 
should be identified and developed from the outset on the basis of needs analyses. Many 
projects already have experience with new regulated occupations that can be drawn on.

We also recommend initiating the further development of TVET centres as part of 
TVET projects, and suggest that green TVET centres should in future be planned ho-
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listically. This includes sustainable, energy and resource-efficient buildings, rooms and 
campuses, green curricula, a green learning culture, as well as green administration and 
management concepts. Another holistic consideration in the context of renewable ener-
gies is the pedagogical and didactic design and use of building and supply technology, 
which should be taken into account when designing TVET centres.

Finally, the author discusses what he considers the most important level of action: teach-
ing and learning processes. Ultimately, Green TVET is about acquiring practical voca-
tional skills and knowledge and creating awareness of the need to act sustainably and 
conserve resources and energy in working and everyday life. Basically, action-oriented 
learning concepts should be used in which learners work independently and coopera-
tively on tasks and problems typical for their occupation, while acquiring the ability to 
shape sustainability. Teachers and trainers must be trained to design competence-based 
and action-oriented learning environments. 

Ninh Thuan Vocational College trainees perform measurements on PV panels during a practical training session.  
© GIZ Vietnam/Nguyen Ngoc Quang
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