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Abstract: Different technological, socio-economic, geopolitical, and demographic factors have a
significant influence on labor markets. Currently, due to COVID-19, the global economy is in a
challenging situation, and millions of people from different countries have lost their jobs. The
employee’s mental health and well-being are in risk conditions. In the coming years, the Polish
energy sector will face several transformations. Emerging technologies are intended to deal with
the problems in energy management. One of the main industry forces is human capital, people
who will be able to project and manage the innovative technologies. Thus, this paper examines the
determinants of managerial competences transformation in the energy industry from the labor market
perspective. The paper fulfills the research gap in the energy manager profession’s transformation
in Poland. The aim of the paper was to present the current state of the energy manager profession
in Poland. Two methodological approaches were used: the theoretical and practical approaches.
Descriptive statistics are provided to present the labor market research results. The findings of the
research can contribute to the literature and practice by applying them in the process of developing
energy manager competency models, as well as in education programs and training courses for
enterprises and universities.
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1. Introduction

Current technological, socio-economic, geopolitical, and demographic developments
and their interconnections will generate new categories of jobs and professions in the near
future [1]. On the other hand, at the same time, they partly or wholly could displace
current occupations [1]. They will change the skills and even skills groups required in both
old and new professions in many industries, and will transform workplaces, involving
management and regulatory challenges [1]. By introducing the new skills and competences,
organizations will be able to reduce the current skills gaps [2]. According to the World
Economic Forum Report 2020, the skills gap rate in the energy labor market was 70.6% in
2020 [2].

The COVID-19 pandemic has strongly affected the economic life and the labor markets
around the world [3]. “The lock-down and other health-related measures implied a slowdown
of the business activity” [3]. The consequences may be considerable for the labor markets,
among others: people may have lost their jobs, the absences from work have been increased,
new workplaces could have been cancelled or frozen, unemployed people may temporary
abandon from job search for family reasons, and employed staff may have reduced their
working hours or even stopped working for a time [3].

According to Eurostat data, “the EU employment rate (for people aged 20 to 64) went
down from 73.1% in 2019 to 72.4% in 2020”. “ At EU level, between 2019 and 2020, the share of
employed people usually working from home greatly increased from 5.4% to 12.3%. From 2019
to 2020, the largest declines in terms of temporary contracts in total employment were recorded in
Poland (—2.7 percentage points), Croatia (—2.5 percentage points) and Portugal (—2.4 percentage
points)” [3]. On the other hand, the number of job vacancies in March of 2020 went down
in EU to 1.6%. Currently, it has increased, and is at a 2.1% level, as before the pandemic [3].
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ILO Monitor also has provided a description of the continuing and devastating impacts
of the pandemic on labor markets since early 2020, and the massive disruptions in the labor
market that persisted into the fourth quarter of 2020 [4].

According to research by the World Bank and other several sources, the economic crisis
caused by the COVID-19 pandemic severely reduced mobility and economic activity [5-12].
In 2021, the World Bank estimated the crisis” impact on labor markets in 39 countries from
April to July 2020. The research results revealed that “34% of respondents reported stopping
work”, “20% of wage workers reported lack of payment for work performed”, “9% reported job
changes due to the pandemic” and “62% reported income loss in their household” [5] (pp. 3—4).

On the other hand, the crisis has accelerated the use of digital technologies. “This
crisis like no other can be an opportunity to leverage digital solutions to set up more permanent
mechanisms to expand social protection and to provide vulnerable individuals or firms with adequate
incentives to join a national register as a step toward formalization” [13] (p. 3). Other tools can
include a combination of support to small and medium-sized enterprises, as well as tax
policies and administration measures [13].

The changes involved in environmental events have been widely discussed by many
authorities. The German Committee on Sustainable Development for Future Earth high-
lighted the significance of climate change and the transformation of the energy industry
during its 2021 Summit [14,15]. Thus, it was also proved that the environmental changes
have an impact on energy labor markets. The new recommendations are required to
achieve sustainability between labor productivity and environmental protection [16,17].

One of the most important feedbacks to global changes are green initiatives towards
sustainability development such as green finance [18], green city [19], and green informa-
tion processes [20] and systems [21].

Likewise, a significant role in energy industry development is played by emerging
technologies. Energy executives pointed out that for them, the biggest opportunity was
in using innovative cognitive solutions to deliver attractive energy savings and measure
business benefits [22-25].

The Deloitte company noticed the role of cognitive technologies in the oil and gas
sector [22]. IBM executives argued that cognitive IoT creates insufficient opportunities for
the gas and oil industry [23]. According to the IBM Institute for Business Value Research,
in 2016, “94% of oil and gas executives familiar with cognitive computing believe that it will play a
disruptive role in the oil and gas industry” [24]. A report from the McKinsey Global Institute
highlighted how jobs based on human skills will be affected by artificial intelligence (AI)
and automation in the future [26]. The Accenture company, in its “Future skills pilot”, stated
that artificial intelligence will force organizations to create more job pathways [27]. Millions
of jobs may be changed by using machines by 2025. Millions of new roles may emerge
by 2025 due these changes [27]. Moreover, according to the International Monetary Fund,
“the labor market regqulations can be simplified to ensure greater flexibility and facilitate informal
workers” entry into formal employment”. “Digital platforms, including government-to-person
mobile transfers, can support new policies generation and contribute to inclusive growth” [28].

As in many countries of the world, the Polish economy is facing post-COVID environ-
mental and demographic challenges in the years ahead. The research of Dtugosz, based on
opinions of more than 1000 respondents, revealed the negative impact of COVID-19 on
society in Poland [29].

The significant transformation is also waiting for the energy industry. According to
a McKinsey report, “the Polish energy sector needs to close its 48% productivity gap with the
EU-15" [30]. Furthermore, according to a United Nations report, in Poland, self-sufficiency
in 2021 was defined at the 58.7% level. Renewable energy share is only 11.4 percent at the
moment [30]. These indexes are planned to be improved by transformation of the energy
industry [31]. The importance of research on the determinants of decarbonization and
sustainable energy development in terms of green European and global governance has
been highlighted by experts in the Polish energy industry [32].
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Transformations in the energy sector have an impact on the structure of employment.
Several problems were identified by researchers; for example, the problem of ensuring a
sufficient number of employees with the appropriate competences. Moreover, it should be
noted that the population of people working in the power industry is clearly older than
the total number of people working. In the near future, the energy industry will have to
cope with the wave of retirement departures. These changes involve the need to plan and
implement the new competency models for energy enterprises [33].

Since the role of a modern university is to support the labor markets, its new mission
can be defined as “effectively linking universities with users of knowledge and establishing the
university as an important economic actor” [34]. Universities should offer new education
programs, both at the graduate and postgraduate levels, adapted to current energy market
requirements.

Above all, in the literature on energy sector, there is a research gap in the influence
of the emerging situation of the energy manager’s profession transformation in Poland.
Moreover, there is a lack of scientific research on the current skills and abilities of energy
managers in Poland.

This paper presents the continuation of research conducted in 2020 [35]. However,
this time it is focused on the main directions of the transformation of the energy manager
profession, highlighting the differences in skills demanded and weak points of the labor
market in Poland.

The purpose of the paper is to identify the main directions and determinants of
this profession transformation, with special attention paid to the impact of emerging
technologies and emerging concepts.

The research tested the hypothesis that the transformation of the energy industry
involves the need to modify the skills and competences of energy managers in Poland to
prepare them for the implementation of the low-emission transformation plan by 2040. To
this purpose, a comparison of was made of the two models: the global energy manager
skills model, and the Polish energy manager skills model.

To analyze the main aspects of the transformation of the energy manager profession
in Poland, a hybrid research approach based on a literature study and a labor market
analysis was used (Figure 1). The approach was adapted from previous research [35] and
extended to add the new tasks. In particular, the determinants involved changes in energy
management and the energy manager profession in Poland were identified. Moreover, the
current skills of energy managers were identified and compared to a global energy manager
skills model created in 2020 [35]. The differences in skills and competences required were
described and highlighted.

This paper consists of five main parts. In the Introduction, the implications, research
methodology, and research framework are presented and described. After the Introduction,
a literature study outlining the core directions and determinants of the energy manager
profession’s transformation is reported. The literature study is followed by a labor market
study, and a discussion of the results and limitations of this research. Finally, conclusions
and the future research perspectives are discussed.
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Figure 1. The research framework.

2. Literature Review

According to Gita Bhatt, the pandemic accelerated the digital future, and digitalization
is coming at us faster than ever before. It will transform the economic and social spheres [36].
The pandemic has also accelerated the process of substituting machines for workers [37].

There are different opinions: some argue that automation is the price humans pay for
prosperity, and new technologies will increase productivity and incomes; and on the other
hand, they can dislocate some workers and disrupt existing businesses and industries [38].

Current changes in emerging technologies were influenced by several enablers.

The first are mobile technologies and the Internet, connecting individuals and enter-
prises with information and providers of financial services [39]. People have become more
mobile with political and cultural globalization, the development of Internet and informa-
tion technologies, and possibilities of fast and cheap transport. For employers, this means
that employees are easier to lose, but easier to find as well. In 2021, in line with current
trends, the Workplaceless Remote Work Competency Model was created. In this framework
of new essential competencies needed to succeed in remote work were described [40]. This
model provides a holistic view of the competencies (attitudes, behaviors, knowledge, and
skills) needed in distributed workers, team members, leaders, and executives. According
to the model, a new remote leader should have knowledge of change management, per-
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formance management, conflict management, team culture, communication management,
remote leadership tools, stakeholder management, resource management, and innova-
tions [40]. The model also suggests changes in ways of communication and highlights the
necessity of employees’ skills correction.

A second enabler is the storage and processing of large amounts of data [39].

Finally, technologies such as cloud computing, artificial intelligence and cognitive
technologies, distributed ledger technology, and biometric technologies have a significant
influence. Moreover, “at the core of all these innovations is the ability to gather information and
reach users at a very low cost” [39].

J. Kubicka argued that from the perspective of entrepreneurship and the labor market,
re-skilling of mining sector employees is not an easy task and will not become one; however,
by providing for professional cooperation between experts, enterprises, temporary employ-
ment agents, head-hunters, and other stakeholders, such a change can be introduced as a
fair transformation [41].

It is necessary to make up for deficiencies in the labor market by competing for talents
and the most competent employees, even from other countries, which is a long-lasting and
difficult process in view of cultural differences [41].

With the noticeable climate change, society has noticed the occurring threats, and
there is a growing anxiety about life quality [41].

According to the World Economic Forum, the current drivers of change for the energy
industry are new energy supplies and technologies, the changing nature of work, flexible
work, climate change, natural resources, and geopolitical volatility [2].

The pandemic has significantly affected the way of life in many countries.

Drawing on degrowth literature, in the paper “Coronavirus: Impact on the labor market”,
the authors noticed the difference in COVID-19's impact on different groups of people,
especially work losses among men and women, and workers from different age and ethnic
groups [42].

According to Statistics Poland, in the first quarter of 2020, the number of job vacancies
decreased from about 150,000 in Q2 and Q3 of 2019 to 78,000. In first quarter of 2021, the
number of offers increased to about 110,000 [43].

Moreover, in the first quarter of 2021, 70,200 thousand jobs were liquidated, 41.5%
fewer than in the first quarter of 2020. It should be noted, however, that the number of
job cuts related to the spread of COVID-19 accounted for nearly 24% of all job losses. Job
losses due to the spread of COVID-19 occurred mainly in the private sector [43].

It was found that 14.2% of the total number of employed persons in Poland worked
remotely on 31 March 2021 due to the pandemic situation [43]. This was 3.2 percentage
points more than at the end of March 2020 [43]. It was about 20% in the electricity, gas,
steam, and air sectors [43].

According to Dolot, some temporary solutions will remain popular after the restric-
tions are removed; for example, remote work and more frequent use of digital technolo-
gies [44]. This, in turn, may contribute to permanent changes in the ways in which work is
performed, as well as the creation of new jobs.

Summarizing the above, the latest labor market developments caused by the pandemic
are continuing workplace closures, working-hour losses, and decreases in labor income.
Many authors have proved the impact of COVID-19 on the Polish energy industry.

In the work of Nagaj and Korpysa, the authors studied the impact of COVID-19 on
the level of energy poverty in Poland [45]. Thus, “the authors proved that “COVID-19 has
contributed to the intensification of enerqy poverty in Poland”. In [46], Kordel and Wolniak
studied the impact of COVID-19 on technology entrepreneurship and the performance of
enterprises.

Moreover, Rybak and Rybak studied the impact of the COVID-19 pandemic on gaseous
and solid air pollutant concentrations and emissions in Poland [47]. Bielecki et al. studied
the impact of the COVID-19 pandemic on electricity use by residential users [48].



Energies 2021, 14, 6788

6 of 27

In the work of Czech and Wielechowski, the authors studied the alternative energy
sector’s COVID-19 resistance in comparison to that of the conventional energy sector [49].

In the work of Dmytréw, Landmesser, and Bieszk-Stolorz, the authors studied the
connections between COVID-19 and energy commodity prices. Their analysis revealed
that “the alternative energy sector, represented by the MSCI Global Alternative Energy Index, is
more resistant to COVID-19 than the conventional energy sector” [50].

Other determinants of changes in the energy sector in different countries were de-
scribed in [35,51-55].

Transformations of the electricity and gas market forced changes in the employment
structure in the Polish energy sector [33]. Market mechanisms forced the energy sector to
select suitably qualified personnel. The most sought-after employees in the energy sector in-
cluded sales, customer service, and call center specialists. In the energy sector, the problem
may be to ensure a sufficient number of employees with the appropriate competences [33].
Moreover, the demand for new competences is unlikely to increase employment, but on
the contrary—employment in the energy sector will gradually decrease, mainly due to
technological restructuring, which in turn will force organizational restructuring, especially
at state-owned energy companies [33].

The role of digital technologies for the energy industry has been described by many
authors [56-66].

The technological transformation also became a reality in Poland. Tobias Kurth
argued that technologies are needed that can provide accurate measurements, control, and
regulation of energy production, and at the same time can consider forecasts in real time.
This would involve massive amounts of data: once, one recipient was one data point, and
so was one power plant. According to Kurth, in the last phase of transformation; i.e., from
2030, companies will have systems that are fully intelligent and maximally efficient [67].

In recent years, PKP Energetyka—one of the Polish energy industry leaders—has
been undergoing a digital evolution from Company 3.0 to Company 4.0 (in reference
to the idea of Industry 4.0) [68]. The vision of PKP Energetyka 4.0 is based on using
the Internet of Things, data analysis (big data), robotization, and automation, as well as
artificial intelligence. The newly created Digital Competence Center (Center of Excellence),
is responsible for process improvement using the latest digital technologies, such as robot
process automation (RPA). The company implemented emerging technologies; in particular,
SAP systems; SAP ISU billing systems; iValua procurement management system or IBM
Maximo; Planer, e-Tabor, and SAP HR resource management systems; SAP Fiori; Scada;
GIS; and hybrid cloud [68].

Moreover, Enea Operator, another market leader, constantly increases the security of
distribution networks through IT-related issues and the pursuit of a smart grid [69]. For
Enea Operator, investing in electromobility and modern network solutions has become one
of the most important elements of creating the company’s future business model [70].

When analyzing the data of the UN report, it could be argued that Poland’s situation
is comparable to that of some EU countries; its self-sufficiency rate currently oscillates
around 59%. The share of renewable energy, on the other hand, is around 11% [71].

As officials estimate in the document “Poland’s Energy Policy 2040”, nuclear power
plants in Poland can provide 25,000-38,000 new jobs [72]. “The expansion of the generation
and grid infrastructure will lead to the creation of an almost new power system by 2040, largely
based on zero-emission sources” [72]. “Poland will strive to be able to cover the demand for power
with its own resources. Domestic coal resources will remain an important element of Poland’s
energy security, but the increase in demand will be covered by sources other than conventional coal
capacities” [72]. The goals of PEP2040 are “energy security, competitiveness, improvement of
the energy efficiency of the economy, and reduction of environmental impact” [72]. On the other
hand, one of the sustainable development goals is to provide jobs for the urban regions
that were most affected by the decarbonization process.

According to research in 2019 and 2020, about 90% of companies in the energy sector
have planned to employ new workers. Moreover, only 46% of companies declared that
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they have enough competencies to reach the goals, and 51% declared that they have partial
competency sources [73].

According to a 2020 report by Hays, executive salaries in the energy sector in Poland
are attractive enough, and vary from PLN 10,000 to 40,000 [73]. For example, the salary
of the director of the photovoltaic department varies from PLN 20,000 to 28,000 [73]. The
high rates create the perspectives for future sustainable employment.

For years, the energy sector in Poland was dominated primarily by employees with
secondary and basic vocational educations [33]. Although there was no one dominant
professional group in the power industry, technical specialist professions were relatively
important here, as knowledge of the industry and practical skills are of key importance [33].
Recently, the situation changed, and more job offers for management staff have appeared.
Green jobs will replace jobs related to the conventional sector. In addition to avoiding
health costs and environmental risks, low-carbon modernization offers the opportunity to
stimulate innovation and the emergence of highly productive jobs.

At present, the most dynamically developed sector in Poland is the photovoltaic
sector [74]. Limited potential for performance may make it difficult to find specialists
experienced in these technologies [74].

The key shortcomings of the labor market in Poland that hinder its green transforma-
tion include its general inflexibility, shortages of adequate skills among employees, new
efficiency strategies and policies, and local diversification of economic potential [75,76].

As pointed out in the article “Addressing climate change in a post-pandemic world”, the
fight against climate change cannot be stopped. According to scientists, climate change may
contribute to further pandemics. Rising temperatures can, for example, create conditions
for the spread of certain infectious diseases [77].

Faced by new technologies and new management concepts, the role of energy man-
agers is undergoing continuous transformations. In the 1970s, they were perceived as a
“fire fighter” [78]. While the energy analysis and valuation methods have been changed,
new concepts, policies, and energy-management programs were created [79,80].

Today, despite that a common definition of the energy manager profession does
not exist, some works described the skills and competences required for this profession.
As commonly described, an energy manager should have technical skills, as well as
expertise in management, financing, communication, and public policy [81]; and in different
cultures/subcultures [80,82] and systems [83]. Looking forward, to raise the professional
standards and to award special recognition to persons who have demonstrated a high level
of competence and ethical standards for energy management, certification programs were
created.

Thus, it is important to study the current demand in energy labor markets and
anticipate changes in the competency needs of future employees in advance. In this
situation, the role of enterprises in the energy industry is to develop requirements and
define qualifications. The role of universities is to prepare students to work in all green
positions in the industry. It is also necessary to adapt the curricula to market requirements.
“This represents a new mission of university which can be defined as: effectively linking universities
with users of knowledge and establishing the university as an important economic actor in future
energy industry” [34].

Despite rapid labor market transformations in many countries, still there is a lack of
scientific papers describing the challenges of the energy manager profession’s transfor-
mation [35]. To this purpose based on sources [84-90], the holistic energy manager skills
model was created in 2020. The following parts of this article will present the results of this
model’s adoption by the Polish labor market, as well as discussion of the most important
results, and conclusions.

3. Materials and Methods

This research was planned as a continuation of the labor market study conducted in
2020 and presented in [35]. The first part of the research was conducted in July—August
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of 2020 [35]. The second stage of the research was conducted in May—August 2021. The
research was structured as follows.

Firstly, the employment in Poland was studied by using data from the two most
popular job-search websites. Data filtering, analysis, interpretation, and graphical presen-
tation were used. For these purposes, the most popular worldwide job-search websites
(according to the worldwide rankings) using a Google search were selected. The following
selection criteria were used: (1) the largest number of current energy executive published
job posts; (2) clustering by industry (an already-defined separate “Energy” job group for
the energy sector should have appeared); and (3) “advanced search” options. Consequently,
the indeed.pl and pracuj.pl job-search websites were chosen. The jobs were browsed for
the “Energy” job group on indeed.pl [91] and for “energetyka” on Pracuj.pl [92].

About 2000 job posts were processed. The following data were extracted: the average
number of job offers by region, by place of work, by company, by emerging concepts, by
position level, by contract type, and by industry category. The amount of demand for energy
manager positions reflected the influence of different concepts of energy management
among countries. The results are presented in Figures 2-8.

In line with worldwide tendencies, the most focus was placed on the study of em-
ployment in the renewable energies group. Thus, in the next stage the employment in EU
countries was analyzed based on most recent data from [93,94]. From a methodological
point of view, employment data were presented for each renewable energy source (RES),
which refers to gross employment; i.e., not considering developments in nonrenewable
energy sectors or reduced expenditure in other sectors. In this research, the data included
both direct and indirect employment (Table A1). Direct employment included RES equip-
ment manufacturing, RES plant construction, engineering and management, operation and
maintenance, biomass supply, and exploitation. Indirect employment refers to secondary
activities, such as transport and other services [80,93].

At the final stage of labor market research, the current skills requirements according
to the skills model from [35] were checked for Poland. The differences, opportunities, and
future directions were defined while taking into consideration the social and economic
effects of the pandemic [95].

Based on the main labor market research findings, the determinants of the energy
manager profession’s transformation were identified.

4. Results

First, the data on the spatial distribution of job offers were extracted by using the
Indeed website. The greatest number of vacant job posts in the energy sector was found in
Warsaw and the surrounding region—44% (Figure 2).

All the jobs were divided by workplace, remote, and remote due to COVID-19; 15% of
jobs were offered as remote, and 8% of them for COVID-19 reasons (Figure 3).

After that, the average number of job offers in the Polish energy industry by companies
was determined. The largest number of offers were submitted by the Accenture company,
the Bosch group, Votum Energy, PKP Energetyka, TE Connectivity, and Schneider during
the research period. Figure 4 presents the names of the companies that had the largest
numbers of job offers.
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Figure 2. The map of spatial distribution of job offers in the Polish labor market. Source: author’s
preparation based on the data from https://plindeed.com/ (accessed on 7 August 2021).
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Figure 3. The percentage of job offers grouped by the method of doing the work. Source: author’s
preparation based on data from https://pl.indeed.com/ (accessed on 7 August 2021).
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Figure 4. The average number of jobs offers in the Polish energy industry by company. Source: author’s preparation based
on data from https://pl.indeed.com/ and https:/ /www.pracuj.pl/ job-search websites (accessed on 7 August 2021).

In the next step, the impact of emerging concepts was studied in 2021 and compared
with the results from 2020 (Figure 5). The research revealed a significant increase in the
number of job offers, especially for executives.
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Figure 5. The average number of job offers in the energy sector in Poland impacted by emerging
concepts: the total number and the number of job posts for executives in July—August of 2020 and
July—-August of 2021. Source: author’s preparation based on data from https://pl.indeed.com/
(accessed on 7 August 2021).

The research also revealed that the sustainability development concept had the greatest
influence on energy manager competences. Competences in big data and Al were required
for specialist positions in 2020, as well as in 2021. Once, two offers requiring smart city
concept knowledge were found, and one with knowledge in artificial intelligence. Thus,
this skills category remained generally without significant changes.

Furthermore, according to the Indeed website data, employers were looking for
specialists (75% of job offers), and the share of job offers for energy executives was 18%
during the research period (Figure 6).

M Specialists
m Executives

m Other

Figure 6. Job-offer classification according to position levels. Source: author’s preparation based on
data from the https://www.pracuj.pl/ job-search websites (accessed on 7 August 2021).

When analyzing the job contract types, it was found that the most preferred types
were an employment contract and a B2B contract (Figure 7). It should be noticed that many
employers offered the possibility to choose the appropriate type.
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Figure 7. The average number of job offers for energy managers by contract type. Source: author’s
preparation based on data from https://www.pracuj.pl/ job-search websites (accessed on 7 August
2021).

After the contract type analysis, the number of job offers according to energy type was
calculated. In Figure 8, the percentage of job offers is presented as classified by the search
engine.

Building
100%

80%
60%
40%
20%

Renewable 0% Gas and fuel

Conventional

Figure 8. The number of job offers in Poland by industry category. Source: author’s preparation
based on data from https:/ /www.pracuj.pl/ job-search websites (accessed on 7 August 2021).

As shown in Figure 8, the job offers were predominantly posted in the renewable
energies sector (more than 60%). Due to this fact, employment in the renewable energies
sector was subjected to more in-depth research. Consequently, the place and position of
Poland in the rankings among other European countries and the United Kingdom were
identified (Table A1).

According to EurObservER’s data, the greatest employment in renewable energies
was noticed in Germany, France, Italy, Spain, and the United Kingdom (Figure 9). The
Polish employment share varied, from the largest in biofuels to the smallest in hydro power
among the 28 countries (Figure 10).
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Figure 9. The state of employment in renewable energies in the European Union and United Kingdom.
Source: author’s preparation based on data from on https:/ /www.eurobserv-er.org/online-database
(accessed on 1 August 2021).
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Figure 10. The comparison of employment levels in renewable energies between Poland and the European Union and UK
(EU). Source: author’s preparation based on data from https://www.eurobserv-er.org/online-database. (accessed on 1
August 2021).

The comparison of employment levels in renewable energies between Poland and the
European Union and United Kingdom created the possibility to identify the rank position,
calculated based on the percentage share of total employment (Figure 11).

Poland’s position varied from 1 to 18. The ranking only had an informative character.
To define the real position relative to other countries, more labor market characteristics
should be analyzed while taking into account population, employment, and other indices.
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Figure 11. The Polish position in employment in renewable energies among EU countries and
the UK in renewable energy production. Source: author’s preparation based on data from https:
/ /www.eurobserv-er.org/online-database. (accessed on 1 August 2021).

5. Discussion

The research revealed the main determinants of the energy manager profession’s
transformation.

(1)  First, COVID-19 had a significant influence. During the research period, the impact
was significant enough in many European countries.

The common influence of the pandemic on widespread remote working was noticed
by many experts [2,3,38,43].

According to the World Economic Forum 2020 report, the impact of COVID-19 on
companies’ strategies in the energy industry and the share of companies surveyed looking
to adopt this strategy as a result of COVID-19 contained the following perspectives [2]:

Accelerate the digitalization of work processes—91.5%;

Provide more opportunities to work remotely—86.4%;

Accelerate automation of tasks—57.6%;

Accelerate the digitalization of upskilling /reskilling—54.2%;

Accelerate the implementation of upskilling/reskilling programs—44.1%.

Additionally, the following remote work levels with the related job positions were
identified based on the labor market study: high (remote), average (hybrid), and low (at
workplace) (Figure 12).

(2) Second, the demographic changes had a great impact on the energy industry in
Poland, including an aging population, and an increase in population density in large
urban agglomerations.

(3) Third, environmental changes such as climate change, global warming and extreme
natural events and hazards, natural resources changes, discovery of new energy
sources, and biologic environmental changes (pandemics, etc.). Environmental
changes contributed to the emergence of changes in regulations and policies.

(4) The emerging technologies such as big data, cloud computing, the IoT, artificial intel-
ligence, and machine learning had an influence on the infrastructure transformation
of Polish market-leading suppliers. Distributed ledger technology and biometric
technologies also had a significant influence on:

e New technological solutions and innovations in the energy industry, renewable
energies;
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e Digital technologies: communication technologies, cloud computing, the IoT,
edge computing, big data, artificial intelligence, cognitive systems, blockchain,
business process automation, etc.;

e  Changes in transportation.

(5) Society noticed the occurring threats and risks, and there was a growing anxiety about
life quality. Furthermore, the core socio-economic determinants are:

Large-scale economic (e.g., Brexit) and social events;

Changes in methods of business communication;

New energy suppliers;

Labor market changes in work and employment conditions, and those caused by
the pandemic, such as: continuing workplace closures, working-hour losses and
decreases in labor income, and allocation in large agglomerations;

e  Conceptual changes—the new concepts also had an impact on changes in the
labor markets. The concepts such as sustainable development, smart cities, and
smart organization influenced the creation of new technologies such as smart
grids, smart metering systems, etc.

. * programmer
High t
igh (remote) emarket analyst, industry analyst, etc.

e coordinator, manager
edesigner

Average (hybrid)

especialist
Low (workplace based) otschnician worker

Figure 12. A diagram of remote work levels in the energy industry with associated job positions.

Due to globalization, cultural changes are occurring in organizations. Multicultural
environments have been established in the energy sector, with the English language the
most required by employees.

All the above-mentioned determinants involved changes in energy management
and the energy manager profession. They became more “green: more digitalized, better
communicated, more remote, more multicultural, more diversified, more policy based—and, in
consequence, more sustainable” .

The framework of core directions of changes and determinants of transformation of
the energy manager profession is presented in Figure 13.

Applying the previously created holistic skills model [35] for Poland, several differ-
ences were found (Figure 14).

The significant difference between Poland and the EU countries was noticed in the fol-
lowing groups of skills for energy managers: management knowledge, IT skills, emerging-
concept knowledge, and finance knowledge. So, the requirements for energy managers
in Poland currently are lower than in other countries in the following areas: IT, finance,
management, and emerging concepts.
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Figure 13. The core determinants of the energy manager profession’s transformation.

The convergence of information technologies creates new concepts involved in the
energy sector’s day-to-day operations, such as sustainable smart production, smart meter
measurement, smart grids, and many others that are actually commonly used in other
countries. The knowledge of these and more modern concepts has become an important
condition of energy manager employment, but still is not in demand in Poland.

A significant number of job positions was offered in the Mazovian region. However,
taking into consideration that most power is generated by the West-Pomeranian Voivode-
ship [96,97] and that the transformation perspective in renewable energy sector is the
exceptionally optimistic for this region and the Pomeranian Voivodeship, the new opportu-
nities and challenges will occur in different economic spheres, as well as in education.

New-concept skills, as well as IT skills, according to experts’ opinions, will be in
demand in the near future. Currently, there is also a lack of complete education offers for
the energy manager profession. The existing education programs are mainly based on
technical skills. However, the labor market analysis showed that these programs should be
supplemented first of all with managerial and information technology competences.

To sum up, the following findings were defined:

1. The energy sector in Poland currently is undergoing significant transformations. The
determinants of transformations identified for Poland were in line with core global
directions identified in the result of the literature review.

2. Currently, companies in Poland are looking for qualified energy managers. However,
the requirements are lower than the global requirements in comparison with model
created in 2020.

3. Due to the COVID-19 situation, many companies’ employees are conducting their
work remotely. After analyzing the remote work levels in the energy industry, a
diagram with job positions was created. The further transformation could lead to
extending the practice of remote work.

4.  Currently, most of the job offers are in the renewable energies sector, with a predomi-
nance of photovoltaics.

5. The multicultural nature of the energy sector involves the need for advanced English
language knowledge.
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6.  Currently, most job offers are concentrated in the Mazovian region. This situation
could change with the market and suppliers offering transformations, together with
the implementation of the Polish energy policy by 2040.

7. The research also revealed that several emerging concepts had an impact on energy
manager competences. The sustainability development concept had the greatest
influence on energy manager competences; conversely, competences in big data,
smart technologies, and Al were required only by selected companies.

From the above, it can be concluded that the transformation of the energy industry
involves the need to modify the skills and competences of energy managers in Poland to
prepare them for the implementation of the low-emission transformation plan by 2040.

Current energy manager skills model for Poland

Technical knowledge Energy systems engineering, ISO 50001 and 50002, energy concepts

(depend on domain) knowledge, energies conservation, electrical systems, building systems,

and advanced and renewable energy technologies, energy auditing,

procurement etc.
Law knowledge Regulations, polides, degrees, codes in energies: European regulations;
country law, provindal regulations.
Tt '
Management knowledge | Energy management, Project management. i
! i
4 '
] '
IT skills Energy modelling and design software, project software, new product

design tools, M5 Office, artificial intelligence, bigdatatools.

[
| [
Fmerging concepts ! Sustainable development. i
ging concep | :
knowledge i !
I_ |
:’ |
Finance knowledge ! Financial analysis, costing, budgeting, accounting prindples. E
! :
____________________________________________________ i
Language skills Englishlanguage skills (usually atleast at B2 level).

Problem solving, leadership skills, dedsion-making skills

communication skills, team building skills, organizational skills, critial

Social and behavioral thinking skills, interpersonal skills, negotiation skills, analytical skills,

<kill cross-cultural communication skills, motivation skills, ethics knowledge,

setting goals, ethical codes, and practices.

Figure 14. The current energy manager skills model for Poland. The skills groups with comparatively
lower requirements are presented in the dotted boxes. Source: author’s preparation based on [35].

6. Conclusions

The energy industry in Poland and around the world is currently undergoing signif-
icant transformations. One of the main sustainable development purposes is to provide
new development opportunities for regions and communities negatively affected by the
low-carbon energy transition by providing new jobs [74].

Therefore, the choice of a career in this industry now could be very promising for
young people.

Actions taken in the next decade will be crucial in the decarbonization process, and
investments in climate-resilient infrastructure and the transition to a low-carbon economy
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can create new jobs in the short term while increasing economic and environmental re-
silience [72]. “The expansion of the generation and grid infrastructure will lead to the creation of
an almost new power system by 2050, largely based on zero-emission sources” [98].

The labor market research revealed that at the moment, managers must have a basic
education in energy, but this education could be supplemented with additional programs
and courses; for example, postgraduate programs.

The profession has become more green, more digitalized, better communicated, more
remote, more multicultural, more diversified, and more policy based, and as a result, more
sustainable.

The main contribution of this paper was the identification of the determinants that
influence the energy manager profession in Poland and the current energy manager skill
model, which reflects the current skills requirements in Poland. It could be used in the
process of developing energy manager competency models in enterprises. It also can be
applied as the basis for further elaboration of education programs and training courses.

The core theoretical contribution was the discovery of the core directions that currently
drive the transformations of the energy sector.

Drawing from the carrier’s general development conditions in the literature and the
tendencies in emerging-technology analysis, a new consideration of the impact of determi-
nants of the energy manager profession’s development in Poland have been presented.

This article contributes to the management of professions by suggesting a framework
for analyzing skills as fundamental to energy management. Empirically, the article builds
on fieldwork observations and current labor market job-post analysis.

The analysis showed that energy managers’ professional role is undergoing significant
transformations, since the renewable sources reuse conventional ones. These changes
involve the transformations of employee skills and competences, which should be continu-
ously monitored and adapted to labor market requirements.

The comparison of the global holistic skills model and the Polish skills model outlined
the lower-level requirement zones, which could be changed in the near future, together
with the energy strategy and policy changes. While companies from the countries with
greater shares of renewable sources have more advanced requirements related to emerging
technologies and concepts, it could be expected that the situation in Poland will also change
in near future. Several seedlings are already becoming noticeable.

On the other hand, universities should be prepared to ensure the appropriate high level
of education to create a new generation of qualified energy managers. In such conditions,
the skills models use the exceptional importance to ensure the successful relationship
between companies and education sector.

The limitation of the research was that it was conducted based on a literature review
and job-search websites, and excluded employer and employee opinions. Therefore, future
research could be focused on the study of the opinions of a company’s managing staff
and employees by using the questionnaire method. This would provide the opportunity
to include the missing part, and to obtain a holistic view of the situation from three
perspectives: EU statistics, job-search websites, and the enterprises.
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001/RID/2018/19; amount of financing: PLN 10,684,000.00.
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Appendix A
Table Al. Employment in the renewable energies sector among EU countries and the UK. Source: https:/ /www.eurobserv-er.org (accessed on 1 August 2021).
Wind Power Photovoltaic Heat Pumps Hydro Power Biogas Solid Biomass Biofuels Re;‘: wable Geothermal Solar Thermal Total
aste Energy

YEAR 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
Austria 2000 2500 1600 1900 1300 1700 4200 17,300 400 400 8700 10,100 2000 2100 1600 200 100 400 2600 1800 23,500 38,400
Belgium 5500 7400 3000 1700 1400 2900 400 400 500 400 2000 1500 1500 1100 3200 600 200 100 100 100 17,800 16,200
Bulgaria 500 500 600 600 700 600 2300 2300 600 1000 8700 27,000 7700 7500 100 100 200 200 1500 1300 22,700 41,100
Croatia 1100 1100 100 400 100 100 1400 2100 800 2200 14400 16700 2000 2500 100 100 100 100 200 200 20,300 25500

Cyprus 200 100 500 200 100 100 100 100 100 100 100 300 100 100 100 100 100 100 100 300 1500 1500
R(ej;flf)}llic 900 1300 1300 1900 2600 5300 1500 1300 4500 4100 12,300 16,700 8400 8000 700 200 100 100 600 200 32500 39,100
Denmark 34200 35400 1100 1600 1500 2700 100 100 700 600 10,500 5300 700 700 600 600 600 100 1300 500 50,200 47,600
Estonia 1200 400 100 500 1700 1800 100 100 100 100 8000 12,200 700 500 100 500 100 100 100 100 12,200 16,300
Finland 4100 700 700 1200 4700 5500 1200 1300 600 500 26,800 23,700 1600 2600 400 1200 100 100 100 100 40,300 36,900
France 18,500 15,700 9300 15,000 36,200 41,200 9900 10,500 2400 4200 33,900 31,100 24,400 29,100 2600 2100 2500 900 1400 1800 140,700 151,600
Germany 140,800 106200 29,300 41,900 9300 15700 4600 7600 35000 30,800 44900 35400 15500 14,500 6300 7600 500 300 7200 3700 290,700 263,700
Greece 3100 5100 1300 1800 1200 1500 2000 2400 1300 800 2600 2400 11,500 10,900 100 100 100 100 1700 1800 25200 26,900
Hungary 800 900 1300 4500 400 800 100 100 600 700 13,300 11,800 18,200 18,000 400 400 700 700 200 200 36,000 38,100

Ireland 6500 4500 100 200 300 400 300 300 200 200 1200 1100 200 200 700 1600 100 100 200 100 9700 8700
Ttaly 7500 8100 11,200 11,400 41,300 37,600 10,800 17,300 8100 8400 35,800 24,400 9000 8500 2500 2400 3100 2200 1400 1100 129,900 121,400
Latvia 100 200 100 100 100 100 1000 3300 900 800 20,700 24,400 4000 4900 100 100 100 100 100 100 27,200 34,100
Lithuania 500 500 100 100 300 100 700 600 700 300 3600 2700 4500 6100 100 100 100 100 100 100 10,700 10,700

Luxembourg 100 100 100 100 100 100 500 500 100 100 100 100 100 100 100 100 100 100 100 100 1400 1400

Malta 100 100 300 200 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 1200 1100
Netherlands 5800 6800 6000 14,300 6800 8000 100 100 700 700 4800 3300 2800 2400 1500 3400 100 800 100 100 28,700 39,900
Poland 8000 3000 1100 3100 3000 2600 1100 1000 2300 2700 25900 29,600 31,400 41,200 700 200 100 200 2200 2200 73900 853800
Portugal 3100 2600 1500 1600 13,800 13,900 4200 7700 700 700 8000 7100 400 300 500 500 400 400 500 500 33,100 35,300
Romania 2100 2200 900 1100 200 300 3400 3300 300 300 11,400 6800 34,300 40,000 100 100 200 1100 100 100 53,000 55,300

Slovakia 100 100 200 200 200 2400 1200 1200 500 1100 9000 11,300 3800 4000 100 100 700 400 100 100 15,900 20,900
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Slovenia 100 100 100 100 900 400 2000 100 100 1500 1800 500 100 100 100 100 300 100 100 4300 5100
Spain 37,200 32,300 5500 2200 56,600 68,700 11,200 12,300 1600 1200 20,800 18,300 26,600 23,200 1100 600 100 100 8400 8200 168,800 167,100
Sweden 2700 4600 500 1100 5100 7800 4700 4300 100 100 20,700 18,900 8300 10,900 800 3400 100 100 100 100 43,100 51,300
Kglr;;eoin 69,900 82,800 12,900 8600 1700 2100 2300 2500 8400 6100 15,000 16,500 10,100 8600 10,800 4400 100 100 200 200 131,400 131,900
Total EU 356,700 325,300 90,800 117,600 191,700 224,500 70,700 102,100 72,400 68,800 36,4800 360,600 230,400 248,200 35,600 31,000 10,900 9500 30,900 25,300 1,445,900 15,12,900
Table A2. Descriptive statistics.
N Missing Mean SE Median Mode Sum SD Variance IOR Range  Minimum Maximum Skewness SE Kurtosis SE \ P
;’;’irv‘gr 30 0 21,754 11,375 2350 100 652,618 62,304 388 x 109 6750 325200 100 325,300 437 0.427 208 0833 0384 <0.001
Photovoltaic 30 0 7907 4069 1600 100 237218 22,287 497 x 108 2625 117,500 100 117,600 451 0.427 218 0833 0373 <0.001
pif;s 30 0 15,034 7740 2059 100 451,018 42,394 1.8 x 109 6825 224,400 100 224,500 452 0.427 221 0833 0381 <0.001
Hydropower 30 0 6874 3401 2009 100 206218 18,626 347 x 108 3625 102,000 100 102,100 493 0.427 257 0833 0359  <0.001
Biogas 30 0 4654 2444 700 100 139,618 13,389 179 x 108 1855 68,700 100 68,800 431 0.427 196 0833 0365 <0.001
bi‘;ﬁgss 30 0 24107 11,763 11,550 100 723218 64,427  4.15x 109 20,025 360,500 100 360,600 524 0.427 282 0833 0312 <0.001
Biofuels 30 0 16,614 8246 4450 100 498418 45163 2.04 x 109 10,100 248,100 100 248,200 497 0.427 26 0833 0356 <0.001
Refl‘ve;s"taeble 30 0 2134 1042 450 100 64,018 5708 326 x107 1814 30,900 100 31,000 479 0.427 245 0833 0373 <0.001
Geothermal 30 0 701 319 100 100 21,018 1747  3.05x 106 300 9400 100 9500 474 0.427 24 0833 037  <0.001
thseﬁral 30 0 1754 865 200 100 52,618 4738 225x 107 1575 25200 100 25,300 4,60 0.427 27 0833 0376 <0.001

2: More than one mode exists, only the first is reported.
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Table A3. Pearson’s, Spearman’s correlation matrix and Kendall’s Tau correlation matrix.

Wind Power  Photovoltaic =~ Heat Pumps  Hydropower Biogas Solid Biomass  Biofuels Renewable Waste =~ Geothermal  Solar Thermal
Wind ,
Pearson’s r —
power
p-value —
95% CI Upper —
95% CI Lower —
Spearman’s rho —
p-value —
Kendall’s Tau B —
p-value —
N —
Photovoltaic Pearson’s r 0.965 ok —
p-value <0.001 —
95% CI Upper 0.984 —
95% CI Lower 0.928 —
Spearman’s rho 0.802 ok —
p-value <0.001 —
Kendall’s Tau B 0.628 i —
p-value <0.001 —
N 30 —
Heat Pearson’s r 0.894 xrx 0.909 o —
pumps
p-value <0.001 <0.001 —
95% CI Upper 0.949 0.956 —
95% CI Lower 0.788 0.816 —
Spearman’s tho 0.735 ok 0.777 ok —
p-value <0.001 <0.001 —
Kendall’s Tau B 0.562 A 0.591 e —
p-value <0.001 <0.001 —
N 30 30 —
Hydropower Pearson’s r 0.908 ok 0.928 ok 0.964 e —
p-value <0.001 <0.001 <0.001 o
95% CI Upper 0.956 0.966 0.983 —
95% CI Lower 0.815 0.853 0.925 —
Spearman’s rho 0.462 * 0.402 * 0.464 ** —
p-value 0.01 0.028 0.01 —
Kendall’s Tau B 0.345 ** 0.294 * 0.344 = —
p-value 0.009 0.027 0.009 —
N 30 30 30 —
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Wind Power Photovoltaic Heat Pumps Hydropower Biogas Solid Biomass Biofuels Renewable Waste Solar Thermal
Biogas Pearson’s r 0.965 ok 0.986 ek 0.879 ok 0.907 ok —
p-value <0.001 <0.001 <0.001 <0.001 —
95% CI Upper 0.984 0.993 0.941 0.955 —
95% CI Lower 0.928 0.971 0.76 0.812 —
Spearman’s rho 0.579 i 0.716 ok 0.558 o 0.536 o —
p-value <0.001 <0.001 0.001 0.002 —
Kendall’s Tau B 0.442 i 0.573 i 0.42 ** 0.385 ** —
p-value <0.001 <0.001 0.002 0.004 —
N 30 30 30 30 —
.S olid Pearson’s r 0.932 i 0.948 ot 0.945 ek 0.97 o 0.931 ot —
biomass
p-value <0.001 <0.001 <0.001 <0.001 <0.001 —
95% CI Upper 0.968 0.975 0.974 0.986 0.967 —
95% CI Lower 0.862 0.892 0.886 0.937 0.858 —
Spearman’s rho 0.417 * 0.525 o 0.562 ** 0.598 ok 0.699 il —
p-value 0.022 0.003 0.001 <0.001 <0.001 —
Kendall’s Tau B 0.29 * 0.392 ** 0.43 o 0.438 o 0.549 ok —
p-value 0.026 0.003 0.001 <0.001 <0.001 —
N 30 30 30 30 30 —
Biofuels Pearson’s r 0.905 xxx 0.92 il 0.935 ook 0.948 xxx 0.895 il 0.975 ok —
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 —
95% CI Upper 0.954 0.962 0.969 0.975 0.949 0.988 —
95% CI Lower 0.808 0.838 0.867 0.894 0.789 0.948 —
Spearman’s rho 0.539 ** 0.622 i 0.464 ** 0.538 ** 0.65 e 0.74 ok —
p-value 0.002 <0.001 0.01 0.002 <0.001 <0.001 —
Kendall’s Tau B 0.383 o 0.465 ok 0.347 o 0.414 o 0.511 ok 0.572 ek —
p-value 0.003 <0.001 0.008 0.002 <0.001 <0.001 —
N 30 30 30 30 30 30 —
Rei‘ve;;’taeble Pearson’s r 0971  ** 0981  ** 0915  *** 0939  ** 0964 ** 0962 ook 093  *
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
95% CI Upper 0.986 0.991 0.959 0.971 0.983 0.982 0.967
95% CI Lower 0.94 0.961 0.828 0.875 0.925 0.921 0.857
Spearman’s rho 0.784 i 0.744 i 0.784 ok 0.292 0.428 * 0.403 * 0.312
p-value <0.001 <0.001 <0.001 0.118 0.018 0.027 0.093
Kendall’s Tau B 0.629 xxx 0.584 il 0.626 ook 0.203 0.339 * 0.304 * 0.248
p-value <0.001 <0.001 <0.001 0.14 0.014 0.025 0.069
N 30 30 30 30 30 30 30
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Wind Power Photovoltaic Heat Pumps Hydropower Biogas Solid Biomass Biofuels Renewable Waste Geothermal  Solar Thermal
Geothermal Pearson’s r 0.865 bl 0.909 wEE 0.918 il 0.952 bl 0.879 HE 0.942 woek 0.936 bl 0.927 bl —
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 —
95% CI Upper 0.934 0.956 0.96 0.977 0.941 0.972 0.969 0.965 —
95% CI Lower 0.733 0.816 0.833 0.9 0.759 0.88 0.868 0.851 —
Spearman’s rho 0.233 0.525 ** 0.386 * 0.401 * 0.41 * 0.282 0.347 0.291 —
p-value 0.216 0.003 0.035 0.028 0.024 0.131 0.06 0.118 —
Kendall’s Tau B 0.171 0.413 i 0.302 * 0.325 * 0.324 * 0.216 0.272 0.233 —
p-value 0.227 0.004 0.033 0.022 0.023 0.124 0.054 0.114 —
N 30 30 30 30 30 30 30 30 —
tl?e(;ﬁral Pearson’s r 0.916 i 0913 ot 0.971 ek 0.953 . 0.899 ot 0.946 ek 0.943 . 0917 ek 0.9 ek
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
95% CI Upper 0.96 0.958 0.986 0.978 0.951 0.974 0.973 0.96 0.952
95% CI Lower 0.83 0.824 0.939 0.903 0.796 0.888 0.883 0.832 0.798
Spearman’s rho 0.554 x* 0.676 oo 0.477 x* 0.528 i 0.68 ook 0.474 ** 0.478 i 0.319 0.374 *
p-value 0.001 <0.001 0.008 0.003 <0.001 0.008 0.007 0.085 0.042
Kendall’s Tau B 0.433 o 0.547 ok 0.383 o 0.392 o 0.53 ok 0.367 o 0.376 ** 0.256 0.302 *
p-value 0.002 <0.001 0.006 0.005 <0.001 0.008 0.007 0.077 0.044
N 30 30 30 30 30 30 30 30 30

Note. * p < 0.05, ** p < 0.01, *** p < 0.001.
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Table A4. Scale reliability statistics.

Mean sd Cronbach’s o McDonald’s w
scale 10,153 27,304 0.918 0.993

Table A5. Item reliability statistics.

Mean sd Item-Rest Correlation Cronbach’s o McDonald’s w
Wind power 21,754 62,304 0.945 0.901 0.992
Photovoltaic 7907 22,287 0.968 0.903 0.992
Heat pumps 15,034 42,394 0.947 0.983 0.992
Hydropower 6874 18,626 0.969 0.907 0.992
Biogas 4654 13,389 0.953 0.913 0.992
Solid biomass 24,107 64,427 0.980 0.900 0.991
Biofuels 16,614 45,163 0.961 0.892 0.992
Renewable waste 2134 5708 0.978 0.922 0.992
Geothermal 701 1747 0.940 0.927 0.993
Solar thermal 1754 4738 0.964 0.923 0.992

Table A6. Component loadings.

Component Uniqueness
Wind power 0.962 0.0745
Photovoltaic 0.976 0.0470
Heat pumps 0.963 0.0732
Hydropower 0.977 0.0451
Biogas 0.960 0.0781
Solid biomass 0.986 0.0287
Biofuels 0.969 0.0615
Renewable waste 0.981 0.0374
Geothermal 0.952 0.0937
Solar thermal 0.966 0.0676

Table A7. Factor loadings.

Factor Uniqueness
Wind power 0.957 0.0845
Photovoltaic 0.974 0.0505
Heat pumps 0.958 0.0830
Hydropower 0.976 0.0481
Biogas 0.954 0.0890
Solid biomass 0.986 0.0275
Biofuels 0.965 0.0686
Renewable waste 0.981 0.0385
Geothermal 0.944 0.1081

Solar thermal 0.961 0.0761
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Table A8. KMO Measure of Sampling Adequacy.

MSA

Wind power 0.887
Photovoltaic 0.860
Heat pumps 0.910
Hydropower 0.932
Biogas 0.855
Solid biomass 0.879
Biofuels 0.873
Renewable waste 0.859
Geothermal 0.902
Solar thermal 0.919
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