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Abstract. Despite the rapid growth in the uptake of renewable energy technologies, the educational profile
and the skills gained at University level do not always comply with the practical needs of the organisations
working in the field. Furthermore, even though the residential sector has very high potential in curbing its
CO2 emissions worldwide thus meeting the challenging goals set out by the international agreements, such
reduction has been limited so far. Within this context, the ‘Skybelt’ project, co-funded by the EU under the
framework of the Erasmus + programme aims at enhancing in several Universities of Asia and Europe the
engineering skills of students of all level for application of sustainable renewable energy solutions in the
built environment. With the target of increasing the employability of graduates and the impact of the project,
a survey on the labour market needs for specialists with enhanced knowledge and skills in the topic of the
project has been conducted in the related Asian countries. Hence, relevant industries, labour market
organisations and other stakeholders have been interviewed and the main results of this analysis is reported
in the present paper. As first outcome of this activity, the obtained results have been considered in the
selection of the modules to be improved according to a student centred study approach.

1 Introduction

The increasing energy demand, the catastrophic
consequences of climate changes and the limited
conventional energy sources have stressed the
importance of renewable energy technologies to
promote a sustainable development. Sustainable
development, indeed, is defined as “meeting the needs
of the present without compromising the ability of future
generations to meet their needs” [1].

Since 2001 the power capacity of renewables has
grown annually, but in 2018 the added net capacity of
renewables around the world has been the same as in
2017 (about 180 GW) [2]. In order to achieve the
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ambitious goals set out by the Paris Agreement an
annual grow of over 300 GW is needed from 2018 to
2030 to curb CO, emissions worldwide. Therefore, it is
evident that at global level further efforts are still needed
to promote the uptake of renewable energy technologies
thus supporting a sustainable development.
Transforming the global energy system to 100%
renewable requires firstly a strong workforce of
renewable energy and related  sustainability
professionals and practitioners. In the recent years, the
labour market related to green economy has been
boosted, creating an ever-increasing demand of linked
employment. For example, according to Bowen et al. [3]
19.4% of US workers could be considered directly or
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indirectly occupied in jobs related to green economy. In
the context of green economy, renewable energies play
a key role in the energy transition for carbon reduction.
In [4], Fragkos and Paroussos investigated the net
employment impacts of the EU energy sector
transformation towards a renewable energy one finding
that this low-carbon transition would reallocate about
1.3% of the EU’s workforce across sectors by 2050. At
the same time, in order to support such transformation
also an informed public is of paramount importance. For
this reason, in [5] Middleton provided a number of
general techniques to enhance education at all levels.
Indeed, as recently reported by Wojuola and Alant [6]
for the case of the Nigeria country, the public awareness
of a sustainable development is still limited and there is
a need of educational curricula incorporating themes
related to renewable energy and sustainable livelihood.

So far, several studies have been conducted at
national level on this issue [7-9]. However, the
knowledge and skills gained at University level do not
always fit with the practical needs of the industries thus
extending the formation period of the new employees
and decreasing the consequent benefit-cost ratio. For
these reasons, educating green collars workers to
develop and promote renewable energy technologies
with technical, professional and managerial abilities to
satisfy the energy demand in a sustainable way is among
the mission of many university programmes worldwide.
Beside a cleaner energy production, also energy
efficiency is another pillar for reducing carbon
emissions worldwide. In particular, the building sector
which in Europe accounts for about 40% of the final
energy consumption and 36% of CO; emissions [10] has
a significant room of improvement in curbing its share.
In the rest of the world, despite such figures may differ,
the high impact of the building sector in the energy
consumption is significant as well.

In this context, the ‘Skybelt’ project [11], co-funded
by EU under the framework of the European Union’s
Erasmus + programme and coordinated by eCampus
University [12] aims at enhancing the skills of
engineering students at all levels for application of
sustainable renewable energy solutions to be integrated
into the built environment in several Universities of Asia
and Europe. In particular, 3 EU Universities in Italy,
United Kingdom and Turkey, and 6 Asian Universities
in China, Maleysia and Thailand are collaborating in
this project. All of them experience an increasing
interest in offering up-to-date and advanced courses on
renewable energy with special focus on their integration
into the built environment thereby indirectly contribute
to meeting the ambitious targets set out for climate
change mitigation at International level.

With reference to these countries, China, with its
colossal population and economics, is fighting for a
greener future. Extremes in environmental pollutions
have been obvious for many years across all Chinese
territory, especially affecting its cities, small and large.
Pollutions were due to the excessive use of fossil fuels,
especially coal, in both industrial/agricultural and built
environment sectors. One of the effective ways to tackle
the looming environmental disaster is to make full use
of renewable energy technologies by integrating them

into residential, commercial and industrial buildings.
Therefore, since some years the Chinese Government
actively promotes the use of renewable energy. At the
end of 2019, the installed capacity of renewable energy
power generation in China was 794 million kilowatts,
accounting for 39.5% of the total installed power
capacity [13]. According to China’s National Energy
Strategy [14] non-fossil energy will account for 20% of
primary energy consumption in 2030. Hence, in order to
effectively achieve such goal a new type of specialists
with a deep knowledge of the state-of-the-art and
technological advances is required.

In Malaysia, despite large fossil fuel resources the
Government is pushing for renewable energy as a
cleaner alternative solution. Subsequent new energy
policies and programmes aim at providing energy
security and sustainability, efficient resource utilization
and environmental safeguarding through increased
renewable energy technologies which require qualified
graduates in this subject area.

Eventually, in Thailand energy is imported for
approximately 50% of country energy consumption
which highlights the need for exploring alternative
energy sources based on renewables. Therefore, the
Government is supporting the development and the
application of large, small and micro-scale renewable
energy systems also at building level through the long-
term 22-year Alternative Energy Development Plan
2015-2036 with the final aim of promoting this
transition.

Considering the strategic role of renewable energy
solutions in these countries in the next future, a survey
on the labour market needs for specialists with enhanced
knowledge and skills in renewable energy technologies
to be integrated into the built environment has been
conducted and some of the results are reported in this

paper.

2 Methodology

The modernized teaching methods and contents to be
implemented in the ‘Skybelt’ project are designed based
on a student centred approach following the agreements
derived from the so called Bologna process. According
to this, a study programme must have at its focus the
satisfaction of the current and future market needs which
are assessed by consulting relevant industries,
stakeholders and other organizations that could be
interested in the specific area. In case of engineers, high
quality specialists in renewable energy engineering will
be able to support governments, private organisations as
well as corporate activities in the uptake of renewable
energy technologies in the built environment thus
contributing to the 100% renewable energy transition.
For these reasons, the partnership involved in the
project has defined and presented to different
stakeholders acting in this field a questionnaire with the
objective of assessing the market demand and its
training needs prior to any enhancement of the teaching
contents and methods. In particular, industrial
companies, NGOs as well as public and private
organizations have been contacted as representative of
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the labour market for engineers in the different Asian
countries. These organizations have been chosen
because they both represent the different business
activities in the renewable energy sector and they have
previously shown a high interest in renewable energy
research and education through frequent collaboration
with the universities involved in the project. Therefore,
they have been asked for assistance and advice based on
their significant expertise in the energy field.

The questionnaire is divided into three parts. The
first one asks for information about the company profile,
its type of activity/interest in the renewable energy
technologies with special focus to their integration into
the built environment and its market extent. The second
part, instead, focuses on the level of knowledge of their
actual employees in the topic of the ‘Skybelt’ project.
Eventually, the third part which is the major one aims at
assessing the training needs of the labour market in
terms of willingness of the company to hire Bachelor,
Master and/or Ph.D. engineers with enhanced
knowledge in the topic of the project in the next years,
the rough estimation of their numbers for each
educational level, the main topic of renewable energy
specialization and the related knowledge and skills
required. Moreover, this part evaluates also the potential
engagement of the interviewed institution in the
‘Skybelt” project in hosting students for their
internships, in enhancing the teaching content or in
taking part to specific project activities.

3 Results and discussion

For the scope of the survey, more than 120 organisations
have been identified. So far, 107 organisations have
answered to the questionnaire with almost 73% of those
located in China.

The initial questions were aimed at evaluating the
current background of the organizations in terms of their
size, market and type of activity involved in. At a global
level, 15.4% of the organisations have fewer than 10
employees, around 29% were in the range of 10 to 50
employees, only 9.6% between 50 and 100, 23.1% from
100 to 500 and the same percentage have more than 500
employees. With reference to the type of activity in the
renewable energy sector, the overall result of the
analysis has shown that the majority are involved in
‘Design & Engineering Development” and ‘Research &
Development’ as reported in Figure 1.

8.00% 11.0% = Power Production

Power Transmission & Distribution
5.2%

Monitoring. Inspection &

= Sales and Marketing

= Energy Auditing
= Capacity Building

= Policies & Economics

= Other

Fig. 1. Type of activity of the organisations on renewable
energy

As regards the market, 50% of them are focused at
international level.

In the second part of the questionnaire, the level of
knowledge of the present employees is assessed. At
global level, the organisations hire employees with
different levels of qualification as reported in Table 1:

Table 1. Range of qualification of the present employees of
the organisations.

Qualification Percentage
Bachelor 32.7%
Master 31.3%
PhD 26.1%
Other 10.0%

It is worth noticing that these percentages refer to the
companies and not to the actual number of employees
with a specific level of qualification. Moreover, such
percentages change significantly when comparing
different countries. For example, most of organisations
in Thailand have employees with Bachelor degree in
education (48%) and only a reduced number with PhD
(12%) while almost 27% of Chinese organisations have
employees with PhD level of education. With respect to
their knowledge on renewable energy the following
results have been obtained:

6.5%

Solar energy
0.0% 20.1% = Solar energy

Wind energy

Biomass and biofuels
9.2%
Heat pumps
8.8%

= Management strategies

9.5% (smart grid...)
= Planning

# Building integration
16.3%

= Other

19.7%

Fig. 2. Knowledge of present employees on renewable
energy

Hence, most of them are working on solar energy
technologies (20.1%), heat pumps and biomass and
biofuels. Focusing on the solar energy source, 41.9%
have expertise on solar thermal, almost the same
percentage on PV and an appreciable percentage of
about 13.3% on Concentrated Solar Technologies
(CST). As regards the application, most of them are
dealing with heating (about 42.3%) and electricity
(37.5%) and only a small percentage of about 12.5%
with cooling.

In the third part of the questionnaire, the training
needs of the organisations are assessed with the final aim
of enhancing specific modules in the Partner countries
Universities within the context of the ‘Skybelt’ project.
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Firstly, the main challenges that Sustainable
Renewable Energy Technologies market is going to face
in the next years is asked. Figure 3 shows the obtained
results:

8.4%

16.4%
= Building integration

19.3% = Efficiency
improvements
Hybridization of energy
systems
Management

23.4%

= Reliability and
durability
15.7% = Other

16.8%

Fig. 3. Main challenges of Sustainable Renewable Energy
Technologies market in the next years

Then, the interest of the organisations in recruiting
new engineers in the near future is evaluated. At global
level, 75% of the companies/organizations interviewed
has shown the interest in employing new engineers in the
next three years. Moreover, 72% of the overall
organisations are interested in recruiting new engineers
with enhanced knowledge and skills in renewable energy
solutions for the built environment thus highlighting the
potential of the ‘Skybelt” project in the labour market.
With respect to the level of education, the obtained
results show that a consistent number of them require
engineers with master degree (42%). However, focusing
on the potential numbers of new engineers with respect
to the degree level, around 850 new engineers with
bachelor degree are required while the number of
engineers with master degree are much lower and in line
with the number of PhD (more than 150 each). This
result confirms the goodness of the ‘Skybelt’ project
which aims at enhancing the engineering skills of
students at all levels.

With respect to the required topic of knowledge of
future employees on renewable energy it is obtained that
expertise in the field of management strategies of
renewable energies is also extensively required:

4.8%

A

20.6%

11.0% 20.6% = Solar energy

= Wind energy

Biomass and biofuels

< 7.9% Heat pumps

= Management strategies
(smart grid...)
= Building Integration

17.5%

17.5%
= Other

Fig. 4. Topic of knowledge of future employees on
renewable energy

Finally, to those organisations which believed that
enhanced modules in renewable energy solutions for the
built environment should be taught at different levels in
Universities additional feedbacks have been asked. More
precisely, as regards the energy source remarkable
interest has arisen with respect to solar energy, biomass
and biofuel and waste heat as reported in Figure 5:

5.3%

31L.1%
28.5% = Solar energy
= Wind energy
‘ Biomass and biofuels

Other renewables

18.9%
22.8% °

= Waste heat

= Other
30.7%

Fig. 5. Energy source of knowledge of future employees on
renewable energy

With respect to the kind of application, the interest
towards combined heat and power (CHP) and combined
cooling heating and power (CCHP) is very remarkable
thus proving the energy efficiency perspective.

5.3%

27.2% 28.1% u Heating
‘ = Cooling
Electricity
19.3% CHP
=CCHP

294% = Other

21.9%

Fig. 6. Kind of application of knowledge of future employees
on renewable energy

With reference to the kind of technology, most of the
interest is addressed to heat pumps (25.4%), solar
thermal (24.6%), PV (19.3&), CST and boiler (18.4%
each) as reported in Figure 7 below:

11.4% 18.4% = Boilers

8.3%

18.4%
Fuel Cells
24.6% Heat pumps
=ICE
= Microturbines

16.2%

= ORC

=PV

= Solar thermal

= Stirling engines
19.3% 25.4% S e

= Wind turbines

11.4% 12.7% 9.6% = Other

Fig. 7. Kind of technology of knowledge of future employees
on renewable energy

Finally, with respect to the kind of expertise needed
it has arisen that control and automation, data analysis
and predictive control and energy storage are those
mostly required as shown in Figure 8:
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8.3% 18.9% = CFD modeling

15.4% A

Chemical modeling
9.6% -

Control and automation

24.1% Data analysis and
redictive control
= Energy storage
=LCA
15.4%
= Maintenance

= Structural analysis

17.5% 25.9% = Testing

23.7% = Other

Fig. 8. Kind of expertise of future employees on renewable
energy

Eventually, the third part of the questionnaire ends
with some questions related to the willingness of the
organisations of being part of the project network and
cooperating in the activities of the project finding a
positive approach of the companies in contributing to the
impact of the ‘Skybelt’ project.

4 Conclusions

In the recent years, because of the increasing human
capital requirement of the growing renewable energy
sector many Universities worldwide are paying attention
to this aspect and they are offering new study
programmes in the field. Moreover, considering the high
impact of the building sector in the energy consumption
at global level, renewable energy solutions for the built
environment may play a significant contribution in
curbing CO; emissions and de-carbonising the sector.

Within this context, the EU partially co-funded
project ‘Skybelt’ aims at enhancing specific modules on
renewable energy solutions for their integration into the
built environment at all university level in some Asian
Universities.

Since the satisfaction of the current and future labour
market needs are fundamental for the modernization of
engineering curricula, a survey on the labour market
needs in specialists with enhanced knowledge in this
field has been conducted by the members of the
consortium in the partner countries, namely China,
Malaysia and Thailand. Industrial, private and public
organisations as well as NGOs have been interviewed as
representative of the labour market in the energy sector.
Results of the survey show that satisfaction of the
knowledge of the current employees on renewable
energy is limited especially at Bachelor degree level. At
the same time, almost 72% of the interviewed
organisations report their interest in recruiting new
employees with enhanced knowledge and skills in
renewable energy solutions for the built environment. In
particular, solar technologies and heat pumps are the
most required field of expertise. Furthermore, as regards
the kind of expertise control and automation, data
analysis and predictive control and energy storage are
those mostly needed for the future employees thus
providing useful insights into the specific modules to be
enhanced under the scope of the ‘Skybelt’ project

This study is part of the “The Skybelt” Project, co-funded by
the Erasmus + Programme of the European Union
(agreement No 610258-EPP-1-2019-1-IT-EPPKA2-CBHE-
JP). The authors wish to thank also the organisations which
kindly answered to the

questionnaire.
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