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Abstract
Current evidence that supports the correlation between training and energy efficiency in the construction industry is sparse 
and lacks an in-depth and sector-wide analysis. Several context-specific (in terms of application, workforce segment, and 
scope) studies have highlighted several barriers, challenges, and gaps in the training landscape in the European construction 
sector. However, these do not scale up and translate to robust evidence for the entire industry. The paper aims to address 
this gap by adopting a quantitative and qualitative Europe-wide consultation that not only seeks to gather evidence about 
the relationship between training and energy efficiency but also broadens the scope of the investigation beyond this aim to 
understand the complexity of the training landscape in energy efficiency and to provide context to the resulting evidence, 
in a way that promotes generalisation of the results. A mixed-method approach is adopted involving secondary (in the form 
of industry studies and academic publications) and primary sources of evidence. The latter include a questionnaire (n = 52), 
a series of interviews (n = 28), an expert workshop, and use cases drawn across Europe providing examples of the correla-
tion between training and energy efficiency. Five key themes emerged from the consultation, namely: (a) lack of systematic 
process to codify best practice into re-usable knowledge, (b) lack of industry-wide shared vision, (c) nature of the training 
available in the energy efficiency domain, (d) level of reliance on a trained and skilled workforce in energy efficiency, (e) 
efficiency of legislative frameworks, policies, and government incentives. While the analysis of the results confirms the 
correlation between training and energy efficiency, further efforts are needed to establish robust quantitative evidence. The 
research also points to several policy measures, including the need for adapted instruments to promote mutual recognition 
of energy skills and qualifications in the European construction sector.
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1 Introduction

The United Nations Environment Programme (UNEP) 
emphasized the imperative for all nations to pursue efforts 
to drastically reduce GHG emissions (UNEP 2021). It also 
called for a green Covid-19 pandemic recovery with more 
ambitious net-zero commitments. The pre-COP26 measures 
agreed during the 2015 Paris Agreement on climate change 
(IPCC 2018) would have only reduced predicted 2030 emis-
sions by 7.5%; whereas reductions of 30% are needed to 
stay on the least-cost pathway for 2 °C and 55% for 1.5 °C 
(IPCC 2021; Cohen et al. 2021). There is a pressing need 

for every sector in industry, including the entire building and 
construction supply chain, to decarbonise by 2050. In this 
context, the construction industry is faced with the challenge 
and opportunity to reduce energy demand, improve process 
efficiency, and reduce carbon emissions (Rezgui and Miles 
2010; Alreshidi et al. 2018; Li et al. 2019).

Energy efficiency demands adapted technology solutions, 
strategies (including training and education), and policy-
making approaches that should be embraced by the entire 
supply chain across the whole lifecycle of a project (Hodorog 
et al. 2021; Sparrevik et al. 2021; Alhamami et al. 2020). One 
interesting example is the Energy Performance in Buildings 
Directive (EPBD 2018), which defines the scheme for Energy 
Performance Certification. The related energy audits, energy 
management systems, and energy manager/assessor training 
and certification are awareness programs that are usually 
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effective in promoting energy efficiency and increasing the 
demand for a skilled workforce (Li et al. 2019).

The paper argues that the overall potential for energy effi-
ciency would be higher if successful training initiatives and 
supporting policy instruments are put in place. In fact, staff 
training initiatives tend to be relatively low-cost activities 
and have been demonstrated to have large positive effects 
on the promotion of energy efficiency in industry (Backlund 
et al. 2012; Maier et al. 2019). As such, educational (both 
initial university curriculums and vocational education and 
training) and informative programs are ideal pathways to 
maximize demand for sustainable energy skills in the Con-
struction sector. However, current evidence that supports 
the correlation between training and energy efficiency in 
the construction industry is sparse and lacks an in-depth 
and sector-wide analysis. The paper aims to address this 
gap by adopting a quantitative and qualitative Europe-wide 
consultation that not only seeks to gather evidence about 
the relationship between training and energy efficiency but 
also broadens the scope of the investigation beyond this aim 
to understand the complexity of the training landscape in 
energy efficiency and to provide context to the resulting evi-
dence, in a way that promotes generalisation of the results.

Following this introduction, Sect. 2 summarizes related 
work. This is followed by a description of the methodology 
that underpins the research. Section 4, 5, 6 and 7 summarize 
the results of the various instruments used in the research, 
including the questionnaire, interviews, best practice use 
cases, and virtual workshop, respectively. These results are 
discussed in Sect. 8. Finally, the paper provides concluding 
remarks and directions for future research.

2  Related work

Energy efficiency demands adapted technology solutions, 
strategies (including training and education), and policy-
making approaches that should be embraced by the entire 
supply chain across the whole lifecycle of a project (Barbero 
et al 2022). In order to achieve the energy consumption and 
carbon emission reduction phased targets, there is a need to 
reconsider the role of socio-technical factors in the industry, 
including training and education (Hodorog et al. 2020). As 
Chai and Yeo argue: “All too often, the issue of climate 
change is treated as a purely technical one, outside the realm 
of social sciences or education unless to raise awareness. 
[…] A vital element in this transition is an energy literate 
labour force equipped with the knowledge, skills, and com-
petences (KSCs) to carry out the work”. Training has also 
been considered to facilitate the effectiveness of the integra-
tion of the necessary measures (Garmston and Pan 2013). 
Within the context of the EEB project, which included 
six geographical regions (Brazil, China, EU, India, Japan, 

USA), training was identified as a key driver towards better 
implementation of energy efficiency, in the building sec-
tor (Aerschot et al. 2009). More recently, and on EU level, 
the BUILD UP Skills highlighted the correlation between 
demand for energy efficiency and the need to train white-col-
lar and blue-collar workers in the construction sector (Euro-
pean Commission 2016). However, the industry presents a 
fragmented landscape with several challenges (Barbero et al 
2022). As highlighted by BUILD UP skills (Build Up 2020), 
these could be summarised as follows: ‘Economic barriers 
(lack of time for training, cost of training), awareness-related 
barriers (lack of understanding of the importance of skilled / 
trained workers), legal barriers (delays in introducing energy 
efficiency-related definitions), market barriers (low demand 
for energy efficient buildings and thus for the skills required 
to build them), and knowledge barriers (language, varying 
levels of competence of the trainees, and lack of facilities 
for practical training)’ (European Commission 2018). The 
digitalisation of the education and learning sector is pav-
ing the way to new changes in the form of (a) provision of 
smart content, (b) differentiated and personalized learning, 
(c) global and remote learning, and (d) administrative effi-
ciencies (Marks et al. 2021). It has also been demonstrated 
that online learning outcomes do not differ significantly 
from traditional classroom education (Pyzhova et al. 2022). 
Conversely, the digitalisation of our economy and industrial 
sectors is affecting the demand for learning and education 
(Sony and Mekoth 2022; Palazzeschi et al. 2018). Industrial 
processes are constantly changing, prompting the need for 
employees to engage in active learning, training, and edu-
cation (Bode et al. 2018; Störmer et al. 2014). As an exam-
ple, the recent adoption of building information modelling 
(BIM), and the quest to decarbonise our built environment, 
have impacted several segments of the supply chain, includ-
ing design, and engineering practitioners, prompting the 
need to redefine the construction personnel roles along with 
associated skills and competencies (Hodorog et al. 2021).

In this context, employees are increasingly feeling the 
pressure to continuously train, educate and retrain (Wulfken 
and Müller 2017) to remain competitive and increase their 
adaptability potential to the job market (Sony and Naik 2020). 
Consequently, employees will have to continuously unlearn, 
learn, train, and educate themselves in several areas related 
to their core expertise (Schallock et al. 2018), in an autono-
mous and self-organised manner (Adam et al. 2019; Sony 
and Naik 2020). It is interesting to note that as the imparted 
training changes, the workforce will begin to divide into 
an older cohort which received ‘traditional’ training and a 
younger cohort which received ‘future-thinking’ training. This 
dichotomy presents both intergenerational training opportu-
nities and management challenges in organising a workforce 
with a non-uniform core skill set (Bergsagel and Isaac 2022).
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The literature points to the importance, as well as the promis-
ing value, of training for energy efficiency in the construction 
sector for achieving national and wider energy targets (Brown 
et al. 2017; Backlund et al. 2012). Succar and Sher (2014) ana-
lysed the way in which organisational and educational institu-
tions have started to adapt their delivery systems to meet chang-
ing demands on the market. Hodorog et al. (2021) adopted a 
novel text-mining approach which analyses social media along-
side secondary sources of evidence to establish a level of corre-
lation between BIM roles and skills to inform training and edu-
cational programmes. The authors have also evidenced that (a) 
construction skills and roles are dynamic in nature and evolve 
over time, reflecting the digital transformation of the Construc-
tion industry, and (b) the importance of socio-organisational 
aspects in construction skills and related training provision.

It is worth noting the Strategic Energy Technology (SET) 
Plan Roadmap on Education and Training, which has set the 
groundwork for the implementation of skilled workers towards 
innovations in the field of energy technologies (Maier et al. 
2019). Furthermore, the BUILD UP Skills initiative, which 
specifically investigated the education and professional devel-
opment of craftsmen and other on-site construction workers 
(BUILD UP 2020) from 28 Member States in Europe offers a 
significant blueprint for future actions. It has been suggested 
that an increase in demand will increase the need for profes-
sional development and upskill of both white and blue-collar 
workers, and that, overall, more concrete action needs to be 
taken in that direction (European Commission 2016). The 
European Qualifications Framework (EQF) has been a driving 
force in coordinating the efforts for qualifications of training 
across Europe. Drawing on previous relevant efforts, such as 
NQF (Bohlinger 2019), EQF has been developing steadily in 
the last decade.

Several context-specific studies have provided insight on 
the link between training and energy efficiency, by highlight-
ing barriers, challenges, and gaps that are currently present in 
the construction industry (Preziosi et al. 2022). However, more 
evidence and further efforts are needed through which to inves-
tigate the nuances, causality, and dynamics of this relation. It 
is of high importance to investigate the fragmented landscape 
of training for energy efficiency for both blue-collar and white-
collar workers, to be able to formulate conclusions and sugges-
tions for future actions. This paper addresses the above gaps, 
building on previous findings and insights, towards the inten-
sification of efforts for achieving concrete action for energy 
efficiency in the construction sector.

3  Methodology

The general aim of this study is to establish the relation-
ship between training and energy efficiency. As such, the 
research addresses the three following research questions:

RQ1:  What is the state of awareness, access to informa-
tion, and dissemination of knowledge for energy 
efficiency in the Construction sector?

RQ2:  What is the level of provision of energy efficiency 
training in the Construction sector (in terms of 
scope, quality, content, cost, etc.)?

RQ3:  Does training translate into effective sustainable and 
energy efficient interventions?

The study targeted the whole supply chain, including 
blue and white collars, across the project lifecycle, from 
inception to operation (in-use). The research followed a 
mixed-methods approach which includes quantitative and 
qualitative sources of evidence. This approach integrates 
several steps as illustrated in Fig. 1.

The study relies on both quantitative and qualitative 
data. It employs a mixed-methods approach, which is 
linked to a broader pragmatic theoretical framework (Des-
combe 2014). The design of the instruments (interviews 
and questionnaires) was formulated by addressing gaps 
and challenges evidenced by the literature. The question-
naires consist of a blend of multiple-choice questions and 
in some cases questions with options to further elaborate, 
so as to elicit comprehensive insights, as much as pos-
sible. For the interviews, the format was semi-structured, 
and the questions were open-ended. In order to test the 
consultation instruments (questionnaire & interview), the 
material was first disseminated among the Cardiff Uni-
versity research team. After the first round of feedback, 
the material was piloted through the wider network of the 
INSTRUCT project's consortium. This process allowed 
the appropriate corrective actions to take place before the 
consultation material was released for the data collection. 
Twenty-eight interviews were conducted and were ana-
lysed in NVivo. The pool of participants was formulated 
by nominating local stakeholders via the INSTRUCT pro-
ject European network, in several European countries. The 
participants were, in their majority, white-collar workers, 
which is considered a limitation of the study. The inter-
views were conducted online, due to the COVID-19 pan-
demic and geographical limitations. The questionnaires 
were distributed to the INSTRUCT project network of 
partners, using a snowball sampling method, via Survey-
Monkey. Fifty-two responses were collected, and the data 
were analysed via the SurveyMonkey's software and visu-
alised with diagrams. A Europe-wide workshop was held 
on an online platform, involving fifteen participants from 
eight European countries. There were no blue-collar repre-
sentatives, which is a limitation of the research. However, 
several of the workshop participants had experience of 
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working with blue-collar workers. The aim of the work-
shop was to brainstorm and ask participants to comment 
and provide feedback on the five themes of the research. 
The use case collection was facilitated with the collab-
oration of experts who were asked to register a list of 
authoritative URI sources, registered at the http:// www. 
energy- educa tion. com platform. They follow the follow-
ing categorisation: Objective-based analysis, Use-case 
type analysis, Building type analysis, Project type analy-
sis, Target discipline analysis, Lifecycle stage analysis, 
and Impact-based analysis. For the assembly and analysis 
of social media information, the following steps were fol-
lowed: Step 1: Identification of authoritative social media 
(twitter) accounts (endpoints). Step 2: Mining of social 
media accounts and extraction of knowledge related to the 
study, including roles, skills, trends for energy-education. 

Step 3: Inclusion of the outcome in the study. The list of 
the organisations utilised for the social media data gath-
ering process is obtained from three sources: forensics 
algorithms for IP detection and organisation identification, 
followers of the selected social media (twitter) account, 
and identified training institutions (Hodorog et al. 2020).

For the questionnaire, the data were collected using Sur-
veyMonkey software. The results were analysed along three 
categories: (a) Demographic, (b) Correlation between train-
ing and energy efficiency, and (c) Provision and content of 
training for energy efficiency.

For the interview analysis, an overall interpretive and 
qualitative approach was followed, by conducting a content 
analysis of the transcripts of the interviews (Vaismoradi 
et al. 2019). The aim was to extract, measure and interpret 
common emerging themes, which were categorised into 

Fig. 1  Illustrated methodo-
logical plan and process, with 
detailed steps

http://www.energy-education.com
http://www.energy-education.com
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nodes in NVivo. For each question, depending on whether 
it was an open-ended or close ended question, the respective 
nodes were created and then interpreted. The results of the 
analysis were also illustrated in diagrams.

Throughout the process of this study, the researchers were 
sensitive to biases by being aware that there are multiple 
interpretations of reality (Merriam 1988), thus prompting 
the use of an interpretive philosophical stance. The over-
all data collection period extended from July 2021 through 
December 2021, during which time (a) secondary sources 
of evidence were gathered through the literature review, (b) 
questionnaires were distributed after a pre-testing stage, (c) 
interviews were conducted after a pre-testing stage, (d) best 
practice use cases were collected, and a workshop was held. 
All ethical approvals to conduct the research were obtained 
in advance. All participants were informed of their right to 
decline to participate in this study. They were also informed 
of their right to anonymity. The nature, purpose, and objec-
tive of the study were clearly explained to every partici-
pant. As stressed by Bonoma (1985), collecting different 
types of data by different methods, from different sources, 
produces a wider scope of coverage and results in a fuller 
picture of the phenomena under study than would not have 
been achieved otherwise. Problems of construct validity 
have been addressed using the variety of sources of informa-
tion described above. The development of converging lines 
of inquiry in this manner is known as ‘‘triangulation’’ and 
is considered as a process of using multiple perceptions to 
clarify meaning and assess the validity of an interpretation 
(Stake 1995).

4  Questionnaire results

A total of fifty-two validated (i.e., complete) responses were 
collected, out of a total of 120 distributed questionnaires 
(representing a 43% response rate) targeting different age 
groups and professionals across the entire construction value 
chain. 57.58% of the respondents were male and 42.42% 
female. The respondents’ distribution across disciplines 
is illustrated in Table 1. It is worth noting that out of the 
targeted respondents a large majority were White Collars, 
while only Contractors and subcontractors represented Blue 
Collars. By white collars, the authors mean professionals 
who do not perform manual work.

When asked about the barriers to training in the indus-
try (Table 2), “Financial / funding issues” (50.00%) and 
“Not enough time for training” (46.15%) account for a large 
majority of the responses.

As to the level of provision of energy efficiency training 
at a national level, 33.33% responded positively (“Adequate 
level of training”), while a majority of 56.25% provided 

negative feedback (“Poor level of training”). When asked 
about the level of provision of energy efficiency training to 
a non-qualified workforce, the responses were spread across 
“poor” (29.63%) and “fair” (25.93%) ratings. The usefulness 
of the available training in promoting energy efficient inter-
ventions was judged positively by 20.83% of the respond-
ents, while a majority of 54.17% replied negatively. Further 
to that, most respondents (61.90%) have been involved in 
knowledge and experience sharing in their organisation. As 
to the respondents’ views about the potential impact of train-
ing for energy efficiency, participants responded with high 
percentages, indicating that the value of training for energy 
efficiency affects not solely the construction sector (79.17%), 
but also the environment (85.42%), society (64.58%), and 
the economy (64.58%). When asked about the level of sup-
port to Diversity and Inclusion in energy efficiency, most 
respondents chose the “I do not know/I am not sure” option 
(31.71%).

Participants were then asked about the level of training 
for energy efficiency available at a European level to elicit 
their level of awareness. When asked whether they thought 
that the importance of energy efficiency training is being 
taken into consideration adequately, 43.75% responded 
positively, and 37.50% negatively. When asked about the 
BUILD UP Skills initiative to infer their level of aware-
ness about energy efficiency training in Europe, 52.17% 
confirmed awareness of the initiative. Furthermore, the 
majority of those who knew about the initiative suggested 
it was useful (48.84%), while 57.50% suggested that initia-
tives like BUILD UP Skills should play a more important 
role in the European training landscape. With regards to 
recommendations to enhance training & skill development 
programs in the construction industry, most respondents 
(61.70%) selected “Make sure training has a significant 
practical contribution for those involved”, as reported in 
Table 3.

When asked about the level of knowledge and experience 
sharing in the respondents’ organisations, a majority rated 

Table 1  Fields of expertise of participants

Expertise Numbers

Fire engineering 1
Briefing 4
Electrical engineering 5
Facility management 5
Architectural engineering 6
Mechanical engineering 9
Structural/civil engineering 10
Architectural design 11
Other 15
Project management 21
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this as “Good”, with only 9.09% of participants suggesting 
“It is in a poor state”. When prompted to formulate rec-
ommendations to enhance training and skill development, 
most respondents referred to adaptable / tailored and flexible 
training (62.50%), as illustrated in Table 4

Concerning the scale of impact of energy efficiency train-
ing, most respondents reported that impact was felt at a local 

(52.08%) as well as national level (43.75%). When asked 
about whether they had received any training concerning 
energy efficiency in the construction sector, a larger sample 
of the participants confirmed that they had indeed received 
training (65.85%), while stating that this should be scaled up 
across other organisations and the wider industry (52.17%).

Table 2  What are the common 
barriers for training for energy 
efficiency in your organisation?

Barriers Responses

Non-environmental friendly work procedures 2
Differences in competences of trainees 2
Not enough facilities for training 3
Not enough interest in the field 3
Language and communication issues 5
Procedural barriers 5
Non-realistic & non-flexible timeframes for training 6
Inadequate number and quality of training programs 7
Lack of trained manpower/staff 8
Not enough experience and lack of expertise in energy efficiency technology 8
Cost of training for energy efficiency 9
Inadequate understanding of the importance of a skilled workforce 10
Financial concerns and insecurities about the future that hinder investments in the field 10
Resistance to change 11
Not adequate demand for energy efficiency buildings 13
The challenge of creating more demand for energy efficiency 13
Not enough and proper information & awareness 16
Not enough time for training 24
Financial/funding issues 26

Table 3  What are your 
recommendations to enhance 
training & skill development 
programs in the construction 
industry?

Recommendations Responses

Other 1
Have a sense of responsibility for the future impact of the training 10
Make sure certain parts of training are made core elements of curricula 12
Build up a database of companies involved in training 12
Demand more ambitious results 12
Establish support for funding initiatives that support training 14
Update relevant policies 15
Training take place in specific periods 15
Be supportive of any initiatives that promote awareness in the field 15
Make sure training and educational programs involved in energy efficiency are integrated in 

national frameworks
16

Make sure there is recognition/qualifications for the training undertaken 17
Make sure there are mandatory courses for construction workers 19
Make sure all parties and stakeholders involved are integrated in the process of developing 

training programs, from the start
21

Adequate promotion of training 22
Raise awareness for the need for training in energy efficiency 25
Make sure training is flexible and adjusts to the needs of those who undertake it 25
Make sure training has a significant practical contribution for those involved 29
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Furthermore, the training of trainers in energy efficiency 
programs was perceived as efficient and adequate (61.90%) 
by participants. The frequency and duration of the training 
that participants had been involved with was felt appropriate 
(59.52%), while the form of training provision involved in-
person training via classes (62.96%), with an extensive use 
of “handouts, best practice guides” (66.67% of respondents), 
and online & video training (53.66%).

As to any financial implications of training, 50% of the 
respondents reported the “Difficulty in finding and training 
the required workforce”.

5  Interview results

Twenty-eight interviewees took part in the interviewing pro-
cess. The relevant nodes from the NVivo analysis are shown 
in Table 5.

First, interviewees were asked to elaborate on how train-
ing and skill development in the construction sector increase 
practitioners’ environmental and energy efficiency aware-
ness. Most respondents confirmed the role of training in pro-
moting sustainable interventions across the supply chain. 
This is reflected by one interviewee response stating: “… I 
do think it is one of the most important things because what 
our societies lack is the awareness of sustainability, knowing 
what should be done to be sustainable and what solutions are 
available, and to explain the benefits of the solution from a 
technical perspective. Effective training is very important”. 
Another interviewee argued: “there is no awareness of envi-
ronmental issues and because of that there is no interest in 
upgrading skills, which could equip people, equip special-
ists to address the issue, to do something about it”. Lastly 
another interviewee sustained: “So raising awareness of how 

much we contribute to environmental issues. That is the sec-
ond thing, the regulations.

Next, interviewees were asked to elaborate on barriers 
faced by the industry. Several barriers were mentioned, with 
the most frequent being: (a) time, (b) training and knowledge 
not being sufficient, (c) quality of training, (d) state of indus-
try and issues of coordination, (e) legislation and regulation 
issues, as well as (f) motivation and incentives.

Interviewees were then asked to offer their insight on 
what can be done to increase demand for energy efficiency, 
in the construction sector. To this question, various sugges-
tions emerged, which also included proposed solutions to 
several barriers highlighted above. One interviewee high-
lighted the challenge at hand, by highlighting the impor-
tance of legislation, stating: “ In my opinion, to increase 
the demand for energy efficiency in the construction sector 
there should be new and adequate government legislation 
and incentives to aid construction companies and home-
owners willing to implement energy efficient methods for 
buildings.”

When asked about the current state of knowledge and 
experience sharing, with regards to energy efficiency in 
their organisation, overall, most interviewees sustained 
that the situation could overall be described as satisfactory, 
with one interviewee mentioning: “Knowledge and experi-
ence of energy efficiency in buildings in our organization is 
high as we work intensively in the field. Additionally, our 
experts take part in many experience and knowledge events 
and constantly improve their own qualifications”. Regard-
ing aspects that can be improved, a variety of suggestions 
were made, such as (a) investment in technologies for energy 
efficiency, (b) awareness, (c) use of shared drives, (d) infor-
mation sharing, (e) more interest in costumers, (f) deeper 
connections with the construction sector, (h) incorporate 

Table 4  What are your 
recommendations to enhance 
training and skill development 
programs in your organisation?

Recommendations Responses

Other 2
Have a sense of responsibility for the future impact of the training 8
Establish support for funding initiatives that support training 10
Make sure certain parts of training are made core elements of curricula 11
Demand more ambitious results 12
Training take place in specific periods 15
Make sure there is recognition/qualifications for the training undertaken 15
Make sure there are mandatory courses for construction workers 17
Make sure all parties and stakeholders involved are integrated in the process of developing 

training programs, from the start
20

Make sure training has a significant practical contribution for those involved 21
Adequate promotion of training 24
Raise awareness for the need for training in energy efficiency 24
Make sure training is flexible and adjusts to the needs of those who undertake it 30



344 Environment Systems and Decisions (2023) 43:337–357

1 3

training in undergraduate studies, (i) legislation more effi-
ciently targeting energy efficiency training, (j) lowering 
cost of production, (k) improving the comfort of workers, 
(l) working together with the network around, (m) voluntary 
energy efficiency agreements, (n) continuous professional 
development, (o) clear certifications and standardisations, 
(p) training bank representatives, and (q) using the knowl-
edge of energy auditors.

However, when asked to comment on knowledge 
and experience sharing outside their organisation, most 
respondents reported clear limitations that resonate with 
the problematic fragmentation of the industry, and the 
dissonance in priorities and shared values, highlighting 
the barriers listed earlier. As reflected by one interviewee 
comment: “There is a lot of fragmentation in experience 
sharing.” Another interviewee argued: “At the moment the 
state of knowledge and experience sharing, with regards 
to energy efficiency, in the industry is very poor. Most 
companies lack trained manpower/staff, time, and money 

to provide adequate training to their workforce. I think that 
this can be improved by imposing new government legis-
lation, providing adequate funding and incentives which 
will in turn create more demand for energy efficiency in 
the industry and will greatly increase the interest in the 
field”. Lastly, one interviewee mentioned, while referring 
to companies: “I think they might not be incredibly enthu-
siastic of sharing too much about their own projects with 
competitors […] they wouldn't do, and they probably put 
first the interest of their company in terms of profit rather 
than actually the environmental perspective.” Concern-
ing aspects that can be improved, a variety of suggestions 
were made, such as (a) increased collaborative and shared 
space between project groups, (b) practical training, (c) 
new government legislations, (d) adequate funding, (e) 
incentives, (f) making sure that energy efficiency is actu-
ally implemented and not only discussed about, (g) clear 
standardisation, (h) SMEs to increase their knowledge 
and their employees’ background with specific training, 

Table 5  Nodes and subnodes, as 
used in NVivo NODE 1 Re-usable best practice knowledge

 SUBNODE 1 Barriers
 SUBNODE 2 Market challenges & strategies
 SUBNODE 3 Importance for energy efficiency skills
 SUBNODE 4 BUILD UP Skills & relevant Programs

NODE 2 Industry-wide shared vision
 SUBNODE 1 Barriers
 SUBNODE 2 Market challenges & strategies
 SUBNODE 3 Contribution to environmental awareness
 SUBNODE 4 Knowledge & experience sharing
 SUBNODE 5 Contribution to vision of long-term employment

NODE 3 Training in the energy efficiency domain
 SUBNODE 1 Barriers
 SUBNODE 2 Market challenges & strategies
 SUBNODE 3 Training material
 SUBNODE 4 Previous Knowledge, informal learning & training being integrated
 SUBNODE 5 Link between academic & vocational training
 SUBNODE 6 Focus on training (quality)
 SUBNODE 7 Training programs

NODE 4 Trained and skilled workforce in energy efficiency
 SUBNODE 1 Barriers
 SUBNODE 2 Market challenges & strategies
 SUBNODE 3 What can be done to increase demand
 SUBNODE 4 Demand
 SUBNODE 5 Skills that are needed

NODE 5 Legislative frameworks, policies, and government incentives
 SUBNODE 1 Barriers
 SUBNODE 2 Market challenges & strategies
 SUBNODE 3 Qualification
 SUBNODE 4 Integration of training in national strategies
 SUBNODE 5 Integration of training in legislations and policies



345Environment Systems and Decisions (2023) 43:337–357 

1 3

(i) increase in demand for energy efficiency, (j) increase 
awareness of investors.

Interviewees were also asked to give their opinion on 
the level of demand for energy efficiency training and what 
they thought will happen in the foreseeable future. Overall, 
a positive outlook was presented, but with significant room 
for improvement, with one interviewee quoting … “it should 
increase rapidly with the enforcement of nZEB requirements 
for new buildings and deep renovation minimum energy 
performance requirements”. This was confirmed by another 
interviewee from a medium-sized organisation: “Today, 
every company and client in our surrounding is aware of its 
importance and demand is out there”.

Interviewees were then asked to comment on whether the 
importance of energy efficiency skills in the construction 
sector is being taken into consideration adequately in their 
field. To this question, responses were leaning more towards 
a negative perception, as reflected by one interviewee 
response: “When it comes to policy makers and advisers, 
yes. When it comes to companies themselves, many of the 
companies are holding off. When we look at training infra-
structure, we are ready but when it comes to the raise in 
demand, the demand for training is not growing/developing 
as quick as we think it should.”

With regards to whether energy efficiency in the construc-
tion sector contributes to a vision of long-term employment, 
most interviewees suggested that, indeed, it does, with one 
interviewee highlighting: “Yes, because we must move from 
what we are doing now to a better world. We are in a criti-
cal situation relating to climate change and covid. Thinking 
about energy efficiency and sustainability could bring on 
long-term endurable opportunity for employment for design-
ers, management, etc. There are a lot of opportunities relat-
ing to energy efficiency and buildings.”

As to how much of previous knowledge is considered in 
training programs for energy efficiency in the construction 
sector, as well as whether informal learning & training is 
being properly integrated, mixed answers were received as 
summarized by one interviewee from a training organisa-
tion: “…Most of the programmes start from zero and do not 
require previous knowledge. Informal learning and training 
are not properly integrated and is also not properly rewarded 
by companies.”

On a question about policies & legislation, and how 
effectively interviewees thought that they integrate training, 
very few stated that there is a clear link. One participant 
explained: “I think that they are not remarkably effective at 
the moment and definitely need to increase their efforts in 
integrating training programs.”

Interviewees were also asked to comment on how much 
training programs develop synergies between academic and 

vocational training. The replies indicate room for improve-
ments, as highlighted by one respondent: “Well, I think there 
is a problem here, and now a generational change must prob-
ably take place simply in universities, to allow those who 
think and who care and act a little differently.” Another one 
argued: “I think that at the moment there is not good synergy 
between academic and vocational training. A secure way to 
strengthen the link is by providing more real-world practical 
experience and knowledge to trainees.”

With regards to market challenges that interviewees 
were able to identify, several challenges were mentioned, 
and financial issues were consistently mentioned. One par-
ticipant observed: “Energy efficient solutions have higher 
investment price. Public sector as a client do not invest that 
much, in addition public sector is not demanding energy 
efficiency.”

When asked whether the insights of the training that they 
had been involved with were included in national strate-
gies, the answers suggest potential scope for improvement. 
One participant explained: “We are training people that are 
already active in the field, through Continued Professional 
Development. If you develop those programmes in the right 
way, together with a good qualification scheme, then the 
regionals are usable within the rest of the education systems, 
so they can be used in vocational and academic education. If 
you do a proper job at skilling workers, you can use the same 
means to strengthen the regular education supply.”

Interviewees also praised the importance of initiatives 
such as BUILD UP Skills as they promote cross-fertilisation 
and sharing of learning materials. As one participant sus-
tained: “They have been successful in creating an independ-
ent group of people working on the same topic and they are 
not doing it for their own government or for their national 
finances but for the European Union.”

Furthermore, interviewers were asked about whether 
training results lead to any formal (e.g., accredited) quali-
fication and if these qualifications increase employability. 
To this question, most interviewees answered positively, 
as reflected in the following quote: “In my opinion train-
ing should result in formal qualification and it definitely 
increases employability chances as there are so few qualified 
workers in the sector.” Another one explained: “For energy 
efficiency, the accreditation is seldom for existing courses. 
Nevertheless, it is needed. The level of trust in official diplo-
mas is crucial.”

Conversely, when asked to weigh on whether the focus 
placed on the training for energy efficiency is sufficient, a 
majority responded negatively. One participant argued: “Not 
yet. We need to focus more on energy efficiency, sustainabil-
ity, and CO2 emissions. Again, we need clear requirements 
from legislation”.
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Lastly, interviewees were asked to describe the skills 
that are needed in the new energy efficiency technologies in 
their field. Most replies pointed to skills that have to do with 
awareness, conceptual knowledge, and understanding skills, 
as being the most important. A holistic understanding of 
emerging energy efficiency needs in the construction sector 
was also highlighted. One participant suggested: “A general 
understanding of the whole process is beneficial. Knowing 
the concept of a sustainable building and understanding the 
bigger picture are essential. All in all, the whole working life 
in the construction sector is changing, and so workers need 
to be willing to change/upskill and evolve with the sector. 
People skills are essential, as collaboration is important in 
the sector.”

6  Use cases results

A total of seventy (70) use cases were obtained using a tem-
plate made widely available through the energy-education.
com portal developed by the authors. Key insights from the 
use case analysis are given below:

• Use-case type: the template included three categories 
of use cases, namely Research & Development (35 use 
cases), Real-world applications (39 use cases), and Other 
(6 use cases).

• Building type: 67% of the gathered use cases relate to 
public buildings, 16% relate to domestic buildings, while 
17% relate to industrial buildings.

• Project type: there is a balanced number of existing and 
new buildings (representing 50% of the gathered use 
cases), with an equal percentage focussing on renova-
tion projects (50%).

• Targeted discipline: out of the gathered use cases, 31% 
focussed on Architectural design, 27% on Structural 
design, while mechanical engineering and facility man-
agement involved 14% and 17%, respectively.

• Lifecycle stage: the RIBA plan of work was used. 37% 
of the use cases focussed on the design stage, namely: 
stages 2 (Concept Design), 3 (Spatial Coordination) and 
4 (Technical Design); 61% involved Stage 5 (Manufac-
turing and Construction), and 2% focussed on Stage 7 
(Use Phase).

• Impact achieved: from the range of identified impacts, 
20% of the use cases focused on optimisation of energy 
performance, increasing energy saving involved 33% of 
the use cases, and 14% can be attributed to reduction in 
carbon emissions, improving health and comfort involved 
9% of the use cases.

It is worth noting that gathering quantitative evidence 
for the correlation between training and energy efficiency 
revealed to be a challenging undertaking. An interesting use-
case was reported elaborating on the impact of BREEAM 
training on providing systematic means to improve energy 
efficiency of a hospital building, using the BREEAM con-
cept of a notional building, concurrent with the compliant 
building regulations standards. The notional building is used 
to generate “indicative targets” for energy demand and con-
sumption as well as the Target CO2 Emission Rate (TER). 
This process provides a formal and systematic method 
and benchmark to optimize the energy performance of a 
newly designed or refurbished building. The outcome of 
this benchmark is then translated into credits towards the 
BREEAM rating. This use case provided evidence of quan-
tified energy reduction enabled by BREEAM training in 
excess of 35%.

Overall, the use-case analysis, augmented with other 
sources of evidence gathered from the literature and previous 
studies carried out by the authors (Rezgui and Miles 2010; 
Wilson and Rezgui 2014; Alhamami et al. 2020, Hodorog 
et al. 2020), provided an interesting ensemble of measures 
that prove to reduce energy consumption and carbon emis-
sions by up to 50% (Barbero et al. 2022). These measures 
are summarized in Fig. 2 and structured by lifecycle (using 
four main stages, namely Inception, Design, Construction, 
and In-use) and user type (i.e., blue and white collars).

7  Insights from the industry workshop

The purpose of the workshop was to share information and 
results from the three earlier instruments (i.e., Question-
naire, Interview, and use cases) and discuss and corroborate 
findings on energy efficiency and training in the construction 
sector with experts across Europe. A total of fifteen experts 
in training and education, from 8 European countries, took 
part in the workshop.

The five themes were formulated based on outcomes 
from the literature review as well as barriers highlighted by 
BUILD UP Skills (BUILD UP 2020), which were translated 
into the following questions:

• What is the state of awareness, access to information and 
dissemination of knowledge for energy efficiency in the 
Construction sector?

• What is the level of demand for skilled workforce in 
energy efficiency?
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• What is the state of the training programs for energy effi-
ciency currently available in the industry (in terms of 
scope, quality, content, cost, etc.)?

• What is the state of the sector in terms of shared values 
and coordination of stakeholders across the supply chain 
for energy efficiency?

• How efficient are legislative frameworks, policies, and 
government incentives?

This was translated into the following themes: (a) access 
to useful information, knowledge, and best practice guides in 
energy efficiency, (b) level of demand for skilled workforce 
in energy efficiency, (c) availability of energy efficiency 
training, (d) vision and values for energy efficiency in pro-
jects and across organisations, and (d) legislative framework 
and policies for energy efficiency.

With regards to access to useful information, knowl-
edge, and best practice guides for energy efficient inter-
ventions, participants argued on the importance of indus-
try demand for knowledge on energy efficiency. They 
then went on reflecting on the importance of creating 
the knowledge to be shared and argued that information/

knowledge sharing and providing the right motivation is 
a cornerstone to the promotion of construction stakehold-
ers’ engagement with sustainability. It was highlighted 
how best practice is often perceived as a double-edged 
sword as it needs to be understood and embedded within 
practices, as well as how there is a need for organisa-
tions to provide an environment supportive to knowledge 
sharing. One participant noted that: “… In my opinion, 
there is too much useful information, knowledge and best 
practice guides. […] There is an abundancy of materi-
als, but the problem is those materials are not accessed 
or digested. A good way forward is to guide people that 
need to have access to knowledge that is relevant to them 
and that they really access it.” It was overall agreed that 
appropriately communicating the need for training is a 
very effective vehicle for imparting useful knowledge 
and sharing best practice. The significance of creating 
targeted training informed by market demand was also 
highlighted.

In line with the previous observations and concerning the 
lack of demand for a skilled workforce in energy efficiency, 
it became evident how there are factors in the construction 

Fig. 2  Measures conveyed through training with the potential to improve energy efficiency
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sector which hinder reflective actions and capitalizing on 
lessons learnt, such as cost and time limitations. One partici-
pant argued that: “The high demand for workforce is over-
powering the quality of the workforce, in a way”, Further to 
that, it was argued that the workforce is often not properly 
trained to be able to integrate workers in such endeavours. 
As one participant suggested: “There is an abundance of 
work and viscosity of workforce companies keep doing the 
same things, instead of innovating and adapting new busi-
ness processes in order to tackle new markets”. Overall, par-
ticipants noted the role of clients in promoting the demand 
for a skilled workforce and the need for a supportive legisla-
tive framework.

Concerning the level of availability of energy efficiency 
training, the workshop participants were in general agree-
ment that current training is hindered by (a) a lack of under-
standing of the energy efficiency market demand and (b) 
industry skill needs, to inform the right training provision 
for the supply chain. Also, raising demand for such skills 
and understanding how to up-skill the workforce are factors 
that tend to be overlooked. It was suggested that blue-col-
lar workers’ training is often not relevant / tailored to their 
needs and that more on-site training should be taking place. 
Also, the need for mobilisation of industry leaders, coupled 
with the importance of providing incentives for workers, in 
promoting adaptable training, was noted. One of the partici-
pants explained: “I do believe it is a common issue around 
Europe. […] The fact is that we are still not able to integrate 
the requirements for qualifications of both white and blue-
collar workers in the procurement procedures at public and 
private levels.”

As to the lack of shared vision and values for energy effi-
ciency across the supply chain, the overall message received 
from participants was that raising awareness for energy effi-
ciency should be a priority. For this to happen, it was argued 
that a coordinated approach should take place, throughout 
the supply chain, where legislation and awareness campaigns 
might play a crucial role. One participant sustained: “It is a 
matter of establishing a common societal vision […] For that 
we need stronger awareness raising communication cam-
paigns at various levels of an organisation”.

Lastly, regarding the inadequate policy landscape, includ-
ing lack of government incentives, and as argued previously 
by participants, support from government and local authori-
ties is critical. One participant commented on the matter 
that: “Without an adequate policy landscape, government 
initiatives or a government that is capable to understand 
what is needed, there is not much that we can do in particu-
lar parts of the construction sector, as well as other sectors”. 

It was observed that this is a European-wide issue and that, 
despite several initiatives across Europe, more collaboration 
and coordination between countries is needed, to develop a 
stronger policy landscape, while at the same time addressing 
country-specific barriers.

8  Discussion

The aim of this study is to establish the relationship between 
training and energy efficiency. It is interesting to note that 
while initially the aim was to target both blue and white col-
lars, in practice, only the primary sources of evidence gath-
ered through use cases and the workshop involved insights 
concerning blue collars. In fact, while the questionnaire 
involved targeting contractors and sub-contractors via their 
federation, i.e., Federation of National Builders (FNB), the 
survey didn’t attract any response from this field of exper-
tise, as illustrated in Table 1. A potential explanation, using 
our interpretive philosophical stance, and corroborated by 
related studies (Rezgui and Miles 2010; Wilson and Rezgui 
2013), can be found in that (a) blue collars don’t have direct 
access to computers during their daily work to answer the 
questionnaire, (b) they don’t see direct benefit in answering 
the questionnaire outside work, i.e., during their social time, 
and (c) their employers (i.e., contractors and subcontractors) 
operate within very tight financial margins, so didn’t pro-
mote our consultation in their company, to not divert their 
workers from their tasks. We have, therefore, relied on the 
use cases and workshop to analyse and discuss the case of 
blue collars.

The study has overall explored the following themes:

1. Lack of systematic process to codify best practice into 
re-usable knowledge.

2. Lack of industry-wide shared vision.
3. Nature of the training available in the energy efficiency 

domain.
4. Level of reliance on a trained and skilled workforce in 

energy efficiency.
5. Efficiency of legislative frameworks, policies, and gov-

ernment incentives.

It has drawn on the quantitative and qualitative results and 
analysis of the data gathered from the above consultation, to 
answer the three posited research questions.

It is interesting to note that producing the quantitative 
evidence to correlate training with energy efficiency revealed 
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challenging, as this information is sparse and often incom-
plete, as corroborated by related studies (Petri et al. 2014; 
Hodorog et al. 2020). The study also involves several limita-
tions summarised below:

• The lack of representation of blue collars in the gathered 
primary sources of evidence.

• The limited size of the questionnaire sample (n = 52).
• The lack of quantitative sources of evidence to elicit the 

relationship between training and energy efficiency.

As elaborated earlier, the workshop was structured around 
5 themes that were informed by the literature, including 
Build Up skills (BUILD UP 2020). Following the insight-
ful inputs and approval, by the workshop participants, of the 
selected 5 themes, the authors used these themes to struc-
ture the discussion section, corroborated with facts from 
the other qualitative and quantitative sources of evidence 
gathered through the other instruments. In sum, the gath-
ered evidence point to the following deficiencies discussed 
below: (a) lack of a systematic process to codify best prac-
tice into re-usable knowledge; (b) lack of an industry-wide 
shared vision on means to promote and implement energy 
efficiency measures on projects; (c) the nature of the train-
ing available in the energy efficiency domain; (d) level of 
reliance on a trained workforce; and (e) efficiency of legisla-
tive frameworks, policies, and government incentives. These 
are discussed in turn below using a triangulation approach 
informed by the above research instruments.

The importance of awareness and access to training has 
been highlighted as a significant factor. Lack of training for 
energy efficiency is highlighted as a barrier (Shapiro 2016), 
and its importance is recognised on a global level (Aerschot 
et al. 2009).

When it comes to an industry-wide shared vision, the 
sector presents a fragmented landscape (Rezgui and Miles 
2011; Chaudhary et al. 2012), while more coordination 
is needed (Richards et al. 2016; Geros et al. 2006; Bosch 
González et al. 2013). With regards to the nature of training 
in energy efficiency, there is a need for continuous quality 
improvement (Milovanović et al. 2019). The need to tailor 
the training to the needs of the workforce has been high-
lighted in the literature (Levine et al.2012), as well as by the 
BUILD UP Skills initiative (European Commission 2016; 
Build Up 2020). Concerning matters of demand in the indus-
try, a more focused demand for energy efficiency has been 
identified as a parameter which stimulates the need of train-
ing of workers (European Commission 2016). Also, BUILD 
UP Skills identified “low demand for energy efficient build-
ings and thus for the skills required to build them” (Euro-
pean Commission 2018), as a significant challenge. Lastly, 
legislative issues have been identified as critical, not only for 
future targets (Ministry of Energy 2016), but, also, when it 

comes to integrating changes into the fabric of the training 
landscape (Li and Yao 2009; European Commission 2018).

8.1  lack of a systematic process to codify best 
practice into re‑usable knowledge

It is interesting to note that capitalising on lessons learnt on 
projects remains a corporate exercise with little, with limited 
sharing of best practice on projects, as evidenced by our con-
sultation. Overall, there is a general agreement, stemming 
from all gathered quantitative and qualitative data, that the 
current situation in the construction industry does not facili-
tate access to training and therefore awareness remains an 
issue to be addressed. In the questionnaire, 34.15% of par-
ticipants lacked training for energy efficiency, while when 
asked if they had come across knowledge and experience 
sharing for energy efficiency, 61.90% replied with “yes”. 
The workshop pointed out to the fact that access is not the 
primary issue, but rather demand. This would put into per-
spective the priorities of the current needs of the construc-
tion industry and the high interconnectivity between differ-
ent parameters. Overall, there seems to be a gap between 
the availability of training and the level of awareness from 
the construction workforce. In the questionnaires, 46.81% 
of participants argued for the need for further focus on the 
promotion of training, while 31.91% of participants sug-
gested that more support towards training initiatives is 
needed. Similarly, 20 out of 28 interviewees suggested that 
the importance of training for energy efficiency is not being 
taken into consideration adequately. Several barriers were 
identified in the questionnaires such as “not enough and 
proper information and awareness”, while “Not-environ-
mentally friendly procedures” and “not enough facilities of 
training” were also highlighted. Interviews similarly high-
lighted issues of awareness, and knowledge, with 5 out of 
28 interviewees bringing them up when discussing market 
challenges. The corroborates findings from a related study 
(Wilson and Rezgui 2013). Barriers that were mentioned 
including “training & knowledge not sufficient”, and “access 
to training” were chosen by 8 interviewees. However, dur-
ing the workshop, it was argued that it is not necessarily the 
lack of access, which is an issue but demand, which shapes 
the dynamics and sets the priorities of action. Conversely, 
the gathered use cases provided means to capture best prac-
tice cases and make these available across the company or 
beyond to promote knowledge sharing. However, this best 
practice gathering exercise is not often sustained (Wilson 
and Rezgui 2013). A need for better communication of the 
importance of training, a general improved guidance of 
the workforce, and more motivation for trainees were also 
deemed significant, as evidenced in a related study (Gan-
tasala et al. 2022; Purwandani et al. 2021).
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8.2  Lack of an industry‑wide shared vision

A lack of shared vision and values on many levels and 
across the supply chain were highlighted by the gathered 
data. In the questionnaires, 19.23% highlighted “incongru-
ence of values between sectors and layers of stakeholders 
involved in the construction industry” as one of the barriers 
for training for energy efficiency. Discrepancy of knowl-
edge and experience sharing between organisations and the 
industry, with 22 out of 28 interviewees and most question-
naire participants, respectively, pointing out a good state in 
the context of organisations, and 4 out of 28 interviewees 
and less questionnaire participants arguing this was the case 
in the industry. This was corroborated by workshop partici-
pants as well. It was also explained how raising awareness 
was a priority, and once again, demand was brough to the 
surface as a major key component. There was, however, 
a shared understanding of the importance that training 
for energy efficiency holds with regards to what could be 
argued or hoped that are shared values, across the supply 
chain, such as environmental, societal, and economic lev-
els. A shift in perception when scaling up from the level of 
organisations to the entirety of the construction sector (less 
effective), with regards to knowledge and experience shar-
ing was present. This became evident both in the question-
naires and in the interviews. The questionnaire data further 
seem to suggest that the effect of training for energy effi-
ciency mostly hold an effect on a national and local level, 
so far. Moreover, in the interviews, 5 out of 28 participants 
highlighted issues of coordination between stakeholders in 
the construction industry. Also, when workshop participants 
were asked to comment on this, lack of shared vision and 
awareness were highlighted, and therefore the need for a 
better collaboration throughout the supply chain. Lastly, the 
gathered use cases demonstrated a pragmatic approach for 
capturing best practice in projects. However, these should 
transcend organisational boundaries and be shared across 
projects to be effective (Rezgui and Miles 2011; Wilson 
and Rezgui 2013).

8.3  Nature of the training available in the energy 
efficiency domain

With regards to the data that addresses the quality and 
content of training programs in the field of energy effi-
ciency in the construction sector, a varied outcome was 
uncovered. On one hand, there was a satisfaction in how 
the training was conducted (on a personal level), and on 
the other, suggestions that the training was not sufficient 

on a broader scale. In the questionnaires and interviews, 
most participants and interviewees alike were satisfied 
with the training they had personally received. Barriers 
that were mentioned, however, were: “Cost of training for 
energy efficiency” 17.31% & 23.08% “Inadequate number 
and quality of training programs” 13.46% & 11.54% “Non-
realistic & non-flexible timeframes for training” 11.54% 
& 11.54%, as well “not enough time for training” 46.15% 
& 32.69%, and “inadequate understanding of the impor-
tance of a skilled workforce 19.23% & 21. 15%. Similar 
barriers emerged in the interviews, highlighting awareness 
issues, lack of skills in the field and education, and lack of 
time as the most significant barriers. When it comes to the 
nature and quality of training, the results highlight a need 
for improvement, which stems from a lack of an accurate 
interpretation of the needs of the workforce. Most partici-
pants in the questionnaire were satisfied with the quality 
of training they had received, and the same was argued by 
interviewees. However, once again, when arguing about 
the focus placed on training, interviewees sustained that it 
not sufficient (20 out of 28 interviewees). The workshop 
also pointed out that barriers such as “lack of time” and a 
“need for training to be as relevant as possible to the job” 
are significant. In the context of the questionnaires, several 
suggestions were made, in order to improve training, in 
the context of their organisations and the industry, respec-
tively. Issues of adaptability and flexibility of training to 
meet the needs of the workforce and to motivate trainees, 
also emerged in the workshop. It is suggested that further 
research and more detailed attention should be placed in 
the field, to interpret any discrepancies, gaps, and room for 
improvement. It is also significant, to also to address and 
coordinate efforts on a European level.

8.4  Level of reliance on a trained and skilled 
workforce in energy efficiency

The results have presented a complex landscape when 
it comes to the challenge of demand for a skilled work-
force in energy efficiency. Demand to stimulate training 
for energy efficiency in the construction sector forms a 
key challenge, as it is highly dependent on the training 
landscape and overall context of the country, as well as 
stakeholders’ priorities. In the questionnaires, 25 identified 
“demand” as one of the barriers present in the construc-
tion sector, and when asked to suggest ways of increas-
ing demand, awareness and legislations were at the top of 
suggestions. The interviewees, however, presented a dif-
ferent landscape with 10 of them replying that demand is 
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insufficient, and 16 stating is sufficient. In the workshop, 
once again, the replies were mixed, for example in Finland 
it was suggested that high demand sometimes takes a toll 
on the quality of the workforce, while others argued how 
the role of clients, legislations and awareness is critical 
in further stimulating demand. Demand or issues around 
demand are perceived insufficiently addressed by several 
participants of the questionnaires. For example, responses 
to perceived barriers highlighted relevant issues with par-
ticipants choosing 25.00% and 25.00% on “the challenge of 
creating more demand for energy efficiency”, 19.23% and 
21.15% “inadequate understanding of the importance of a 
skilled workforce”, and 15.38% and 25.00% highlighted the 
“lack of trained manpower/staff”. The interviews responses 
with regards to demand were mixed, 10 argued that it was 
insufficient, while 16 suggested that it was sufficient. Both 
in the context of the interviews and the workshop, it was 
argued that demand in some contexts/ different countries 
etc. can be high, and that the importance of intensifying 
efforts towards awareness about the value of training is a 
significant key component.

8.5  Efficiency of legislative frameworks, policies, 
and government incentives

The findings on the policy landscape, in general, seem 
to indicate that there is currently a gap that needs to be 
addressed. From the need to “Make sure training and edu-
cational programs involved in energy efficiency are inte-
grated in national frameworks” (34.04%), and “update rel-
evant policies” (31.91%), to “Procedural barriers” (9.62%) 
& (15.38%), “Lack of government incentives” (23.08%) 
& (30.77%), as well as “inadequate policies and legisla-
tions” (19.23%), the questionnaire data presents a need to 
strengthen efforts. Further support of this evidence was 
provided by the interviews. Interviewees highlighted leg-
islation and regulation issues when asked about barriers (5 
out of 28 interviewees). 16 out of 28 interviewees also com-
mented on the need to further integrate training for energy 
efficiency in policies and legislation. Similarly, one of the 
workshop’s main messages was that across Europe and 
based on different contexts the link between policies and 
training for energy efficiency differs. However, there was 
a generalised understanding of a need to coordinate efforts 
across Europe, as well as of the fact that support from the 
governments is key towards changes in the field of training 
for energy efficiency. Results suggest there needs to be a 
more cohesive coordination of the sector, on a European 

level. “Interviewees commented on how effectively poli-
cies and legislation integrate training (e.g., the European 
Green Deal, which focuses on making EU’s economy sus-
tainable and EU climate neutral by 2050). Workshop par-
ticipants also argued on the importance of political power 
and governments to push for change, which seems to be a 
European-wide issue. Furthermore, there was a suggestion 
that similar projects which studied the role of legislations 
in the construction sector, in relation to training for energy 
efficiency, need to be open to promote sharing of best prac-
tice and relevant knowledge.

9  Conclusion

Outcomes from the consultation reported in the previous 
sections point to several energy efficiency barriers, exac-
erbated by the fact that energy use and efficiency measures 
tend to focus mainly on the diffusion of efficient technolo-
gies, such as high energy performance construction products 
(e.g., facades) as well as renewable technologies, but less on 
energy management best practices, including training and 
education. In fact, investments in technology and upgrad-
ing equipment, as well as the introduction / adaptation of 
incentives and strengthening of the regulatory frameworks, 
generate improved efficiencies, but without adapted training 
the efficiency potential will not be attained.

Three research questions (RQ1, RQ2, and RQ3) are pos-
ited in this study. As to RQ1 (state of awareness, access 
to information and dissemination of knowledge for energy 
efficiency in the Construction sector), the study outcomes 
reveal a lack of a systematic process to codify best practice 
into re-usable knowledge in organisations, and even when 
in place, the knowledge stays within the organisation and 
is often not shared on projects. This can be explained by a 
lack of industry wide vision on energy efficiency supported 
by a robust legislative framework, policies, and government 
incentives. These tend to vary from country to country.

As to RQ2 (level of provision of energy efficiency train-
ing in the Construction sector), the study reveals a mixed 
landscape with a clear lack of understanding of market 
demand based on a lifecycle and supply chain segment. This 
corroborates findings from related studies (Backlund et al. 
2012; Maier et al. 2019), that report: (a) a wide variety in 
the quality of training provision, (b) fall in apprenticeship 
completions due to challenging economic conditions, (c) 
reliance on a more flexible self-employed workforce due to 
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uncertainty in the market, (d) Low training and develop-
ment activity driven by the high number of self-employed 
tradesmen who often face an ‘earn or learn’ dilemma, (e) the 
transient nature of the workforce and the evolving training 
demand of the industry deterring employers from investing 
in staff training, (f) lack of career planning and the tendency 
to adopt a supplier as opposed to a demand driven model, 
(g) lack of strategic approach to Continuing Professional 
Development (CPD) and Continuing Craft Development 
across the industry.

As to RQ3 (does training translates into effective sus-
tainable and energy efficient interventions?), while there is 
abundant qualitative evidence, the study points to a lack of 
a comprehensive and robust quantitative evidence for corre-
lating training with energy efficiency. This can be attributed 
to the complex dynamic nature of buildings, and the lack 
of post-construction and post-occupancy evaluations within 
organisations, projects, and the wider industry (Wilson and 
Rezgui 2013).

Conversely, the study has highlighted-specific areas of 
improvement in the construction sector, regarding the link 
between training and energy efficiency, as described by the 
five themes of the study:

1. Lack of systematic process to codify best practice into 
re-usable knowledge.

2. Lack of industry-wide shared vision.
3. Nature of the training available in the energy efficiency 

domain.
4. Level of reliance on a trained and skilled workforce in 

energy efficiency.
5. Efficiency of legislative frameworks, policies, and gov-

ernment incentives.

By analysing the different themes, the researchers have 
carried out an in-depth investigation of the gaps, barriers, 
needs and drivers in the industry. As a result, this study pre-
sents a holistic picture of the causes of the current fragmen-
tation in the construction sector, which will inform policy 
to effectively address the identified gaps.

This study has made several contributions to the existing 
body of knowledge, which we have summarized below:

• An in-depth and sector-wide study to understand the 
barriers and challenges in the training landscape in the 
European construction sector.

• A qualitative evidence base pointing to a positive rela-
tionship between training and energy efficiency in the 
Construction sector, corroborated with available quanti-
tative and secondary sources of evidence.

• The need to develop instruments that can recognise the 
skills of blue and white collars as well as increasing the 
demand for energy efficiency skilled blue and white col-
lars.

Future research may exclusively pursue and focus on 
quantitative evidence gathering to further substantiate the 
quantitative correlation between training and energy effi-
ciency, while also providing a broader coverage of the sup-
ply chain, including blue collars, as well as the lifecycle 
dimension.

Annex A: interview guide

See Table 6.
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Table 6  Interview questions, categorised by theme

Theme Interview questions

∙Lack of a systematic process to codify best 
practice into re-usable knowledge (lack 
of access to useful information, knowl-
edge, and best practice guides for energy 
efficient interventions)

∙Q4. What barriers can you identify in the field of training for energy efficiency, in the construc-
tion sector?

∙Q9. In your opinion, is the importance for energy efficiency skills in the construction sector 
being taken into consideration adequately, in your field?

∙Q19. What market challenges can you identify, concerning demand & economic changes? Are 
there any strategies that have been identified as successful in dealing with these challenges?

∙Q21. In your opinion, have initiatives such as the BUILD UP Skills
been successful and in what manner?

∙Level of reliance on a trained and skilled 
workforce in energy efficiency (lack of 
demand for skilled workforce in energy 
efficiency)

∙Q4. What barriers can you identify in the field of training for energy efficiency, in the construc-
tion sector?

∙Q5. What can be done, in your opinion, to increase demand for energy efficiency, in the construc-
tion sector?

∙Q8. Could you please give your opinion on the level of demand for energy efficiency training and 
what you think will happen in the foreseeable future?

∙Q12. Could you please describe the skills that are needed in the
new energy efficiency technologies, in your field?
∙Q19. What market challenges can you identify, concerning demand & economic changes? Are 

there any strategies that have been identified as successful in dealing with these challenges?
∙Nature of the training available in the 

energy efficiency domain (Lack of avail-
ability, or inadequate, training programs 
(in terms of scope, quality, content, cost, 
etc.)

∙Q4. What barriers can you identify in the field of training for energy efficiency, in the construc-
tion sector?

∙Q10. Is the focus placed on training for energy efficiency sufficient? Please elaborate on your 
opinion?

∙Q11. Could you give any examples of other training programs in the construction industry that 
you believe are contributing to energy efficiency, in the construction sector?

∙Q14. How comprehensive is the training material for energy efficiency in the construction sector 
that you are familiar/involved with (and if you can elaborate on what that training is)? How can 
it be improved?

∙Q15. How much of previous knowledge is considered in training programs for energy efficiency 
in the construction sector? Is informal learning & training being properly integrated?

∙Q18. How much do training programs develop synergies between academic and vocational train-
ing? What could be done to further strengthen this link?

∙Q19. What market challenges can you identify, concerning demand & economic changes? Are 
there any strategies that have been identified as successful in dealing with these challenges?

∙Lack of an industry-wide shared vision 
(lack of shared vision and values for 
energy efficiency across the supply chain)

∙Q3. How does training and skill development in the construction sector contribute to the increas-
ing need for environmental awareness, in our societies?

∙Q4. What barriers can you identify in the field of training for energy efficiency, in the construc-
tion sector?

∙Q6. What is the current state of knowledge and experience sharing, with regards to energy 
efficiency, in your organisation, in your opinion? What can be done to improve it? Are there any 
conflicting interests?

∙Q7. What is the current state of knowledge and experience sharing, with regards to energy 
efficiency, in the industry, in your opinion? What can be done to improve it? Are there any 
conflicting interests?

∙Q13. Does energy efficiency in the construction sector contribute to a vision of long-term 
employment?

∙Q19. What market challenges can you identify, concerning demand & economic changes? Are 
there any strategies that have been identified as successful in dealing with these challenges?

∙Efficiency of legislative frameworks, poli-
cies, and government incentives (Inad-
equate policy landscape, including lack of 
government incentives)

∙Q4. What barriers can you identify in the field of training for energy efficiency, in the construc-
tion sector?

∙Q16. Does completing training result in any formal (e.g., accredited) qualification? Do these 
qualifications increase employability?

∙Q17. With regards to policies & legislation, how effectively do you believe they integrate train-
ing? (e.g., the European Green Deal, which focuses on making EU’s economy sustainable and 
EU climate neutral by 2050)

∙Q19. What market challenges can you identify, concerning demand & economic changes? Are 
there any strategies that have been identified as successful in dealing with these challenges?

∙Q20. Have any aspects/insights of the training that you have been involved with been included 
into national strategies?
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Annex B: Questionnaire

See Table 7.

Table 7  Questionnaire questions, categorised by theme

Theme Survey questions

∙Lack of a systematic process to 
codify best practice into re-usable 
knowledge (Lack of access to 
useful information, knowledge, 
and best practice guides for energy 
efficient interventions)

∙Q6. What are the common barriers for training for energy efficiency in your organisation?
∙Q7. What are the common barriers for training for energy efficiency in the industry?

∙Q10. Are you aware of the BUILD UP Skills initiative?
∙Q11. In your opinion, was BUILD UP Skills, successful?
∙Q12. Should initiatives like BUILD UP Skills be undertaken in the future?
∙Q15. What are your recommendations to enhance training & skill development programs in your organi-

sation?
∙Q16. What are your recommendations to enhance training & skill development programs in the con-

struction industry?
∙Q19. Overall, is the focus placed on energy training for energy efficiency  sufficient, in the construction 

sector, in your opinion?
∙Q20. Have you been involved with knowledge and experience sharing for energy efficiency in the con-

struction sector?
∙Q23.Have you ever received any training concerning energy efficiency in the construction sector?

∙Level of reliance on a trained and 
skilled workforce in energy effi-
ciency (Lack of demand for skilled 
workforce in energy efficiency)

∙Q6. What are the common barriers for training for energy efficiency in your organisation?
∙Q7. What are the common barriers for training for energy efficiency in the industry?
∙Q22. Could you please identify any issues linked with the financial implication of training (hidden 

transaction costs)?
∙Q27. In what manner does training for energy efficiency deal with retiring workforce, in the construction 

sector?
∙Q28. In what manner does training for energy efficiency deal with non-qualified workforce, in the con-

struction sector?
∙Q29. In what manner does training for energy efficiency deal with next-generation workforce, in the 

construction sector?
∙Q30. In what manner does training for energy efficiency deal with next-generation workforce, in the 

construction sector?
∙Nature of the training available in 

the energy efficiency domain (Lack 
of availability, or inadequate, train-
ing programs (in terms of scope, 
quality, content, cost, etc.)

∙Q6. What are the common barriers for training for energy efficiency in your organisation?
∙Q7. What are the common barriers for training for energy efficiency in the industry?
∙Q15. What are your recommendations to enhance training & skill development programs in your organi-

sation?
∙Q16. What are your recommendations to enhance training & skill development programs in the con-

struction industry?
∙Q24. What type of material was used in the training program for energy efficiency in the construction 

sector that you have been involved with?
∙Q25. Was the training of trainers in programs of energy efficiency in the construction sector efficient & 

adequate, in your opinion?
∙Q26. Was the frequency and level of detail, including duration of the training that you have been 

involved with, appropriate?
∙Lack of an industry-wide shared 

vision (Lack of shared vision and 
values for energy efficiency across 
the supply chain)

∙Q6. What are the common barriers for training for energy efficiency in your organisation?
∙Q7. What are the common barriers for training for energy efficiency in the industry?
∙Q8. What is the current state of knowledge and experience sharing with regards to energy efficiency in 

your organisation, in your opinion?
∙Q9. What is the current state of knowledge and experience sharing in the industry, with regards to energy 

efficiency, in your opinion?
∙Q18. On what level does the positive impact/results of training in the construction sector for energy 

efficiency becomes more evident, in your opinion?
∙Efficiency of legislative frame-

works, policies, and government 
incentives (Inadequate policy land-
scape, including lack of govern-
ment incentives)

∙Q6. What are the common barriers for training for energy efficiency in your organisation?
∙Q7. What are the common barriers for training for energy efficiency in the industry?
∙Q13. In your opinion, is the importance of energy efficiency training being taken into consideration 

adequately by the construction industry, on a European level?
∙Q14. In your opinion, is the importance of energy efficiency training being taken into consideration 

adequately by the construction industry, on a national level?



355Environment Systems and Decisions (2023) 43:337–357 

1 3

Acknowledgements The authors would like to acknowledge the finan-
cial support from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No. 894756. The authors 
would like also to thank (a) the partners of the INSTRUCT consor-
tium for their support and contribution to the consultation reported in 
this paper, (b) Ms. Karla Lapit, for her contribution to the study, and 
(c) the editor and reviewers for the useful recommendations that have 
improved the clarity and academic standing of the paper.

Author contributions All authors contributed to the scoping, design, 
and analysis of the study. IB was in charge of the consultation (ques-
tionnaire, interview, and workshop) material preparation, data collec-
tion and analysis. The use cases data collection and analysis were con-
ducted by YR and IP. YR and IP contributed to the development and 
validation of the consultation instruments design and analysis of the 
results. The first draft of the manuscript was written by Irini Barbero. 
Yacine Rezgui and IP commented on and improved this first version. 
Irini Barbero produced the final version of the manuscript, which was 
read and approved by YR and IP.For the Point-to-Point Reviewer's 
Response and the Updated Manuscript, several versions were created: 
The first drafts by Yacine Rezgui with some additions by Irini Barbero, 
the next by Irini Barbero, and the following ones by YR. These last 
versions were then proofread and edited again by Irini Barbero and 
YR, in order to produce the finalised versions of:a. Manuscript clean 
versionb. Manuscript with tracked changesc. Response to reviewers' 
commentsAfter the receipt of the follow-up feedback from the third 
reviewer, the manuscript was edited by Irini Barbero who produced the 
first draft for the Point-to-Point Reviewer's Response and the Updated 
Manuscript. These were then edited by Yacine Rezgui, who produced 
the second version of both documents. These were approved by IP.

Declarations 

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Adam C, Aringer-Walch C, Bengler K (2019) Digitalization in manu-
facturing—employees, do you want to work there. In: Bagnara S, 
Tartaglia R, Albolino S, Alexander T, Fujita Y (eds) Proceedings 
of the 20th Congress of the International Ergonomics Associa-
tion (IEA 2018). IEA 2018. Advances in Intelligent Systems and 
Computing, vol 825. Springer, Cham

Aerschot CV, Glachant D, Lafarge, R (2009) Energy efficiency in build-
ings: the road to a real market transformation. In: IOP Confer-
ence Series. Earth and Environmental Science, vol 6, No 20. IOP 
Publishing

Alhamami A, Petri I, Rezgui Y, Kubicki S (2020) Promoting energy 
efficiency in the built environment through adapted BIM training 

and education. Energies 13(9):Article Number 2308. https:// doi. 
org/ 10. 3390/ en130 92308

Alreshidi E, Mourshed M, Rezgui Y (2018) Requirements for cloud-
based BIM governance solutions to facilitate team collaboration 
in construction projects. Requir Eng 23(1):1–31

Annunziata E, Testa F, Iraldo F, Frey M (2016) Environmental respon-
sibility in building design: an Italian regional study. J Clean Prod 
112:639–648

Backlund S, Thollander P, Palm J, Ottosson M (2012) Extending the 
energy efficiency gap. Energy Policy 51:392–396

Barbero I, Rezgui Y, Petri I (2022) Evidencing the correlation between 
training and energy efficiency through a socio-technical perspec-
tive: use cases and measurable scenarios. In: Proceedings of the 
28th ICE/ITMC & 31 IAMOT Joint Conference, Nancy

Bergsagel D, Isaac P (2022) The next engineers—equipping indus-
try for the future of construction. In: Ghaffar SH, Mullett P, Pei 
E, Roberts J (eds) Innovation in construction. Springer, Cham. 
https:// doi. org/ 10. 1007/ 978-3- 030- 95798-8_ 16

Bode E, Brunow S, Ott I, Sorgner A (2018) Worker personality: another 
skill bias beyond education in the digital age. German Economic 
Review. https:// www. econs tor. eu/ handle/ 10419/ 147830.

Bosch González M, Rodríguez Cantalapiedra I & Sabaté Ibáñez JM 
(2013). Energy use and energy efficiency, the way to reduce 
energy consumption in university buildings. Proceedings of the 
ERSCP-EMSU 2013 conference: 16th Conference of the Euro-
pean Roundtable on Sustainable Consumption and Production 
(ERSCP) & 7th Conference of the Environmental Management 
for Sustainable Universities (EMSU), 4–7 June 2013, Istanbul, 
Turkey, p 1–14

Bohlinger S (2019) Ten years after: the ‘success story’ of the European 
qualifications framework. J Educ Work 32(4):393–406. https:// doi. 
org/ 10. 1080/ 13639 080. 2019. 16464 13

Bonoma TV (1985) Case research in marketing: opportunities, prob-
lems, and a process. J Mark Res 22:199–208

Brown MA, Wang Y (2017) Energy-efficiency sceptics and advocates: 
the debate heats up as the stakes rise. Energy Effic 10:1155–1173

Build UP (2020) About BUILD UP skills. https:// www. build up. eu/ en/ 
skills/ about- build- skills. Accessed 7 Oct 2022

CEDEFOP (2013) Skills for a low-carbon europe: a blueprint for train-
ing for a high employment low-carbon economy. Publications 
Office of the European Union, Luxembourg

Chai K-H, Yeo C (2012) Overcoming energy efficiency barriers 
through systems approach—a conceptual framework. Energy 
Policy 46:460–472

Chaudhary A, Sagar AD & Mathur A (2012) Innovating for energy 
efficiency: A perspective from India. Innov Dev 2:45–66

Cohen R, Eames PC, Hammond GP, Newborough M, Norton B (2021) 
Briefing: the 2021 Glasgow Climate Pact: steps on the transi-
tion pathway towards a lowcarbon world. In: Proceedings of the 
Institution of Civil Engineers—Energy. https:// doi. org/ 10. 1680/ 
jener. 22. 00011

European Commission (2011) Do SMEs Create More and Better Jobs? 
https:// ec. europa. eu/ growth/ sites/ growth/ files/ docs/ body/ do- smes- 
create- more- and- better- jobs_ en. pdf. Accessed 7 Oct 2022

European Commission (2016) Evaluation of the Build Up Skills Ini-
tiative Under the Intelligent Energy Europe Programme. https:// 
ec. europa. eu/ easme/ sites/ easme- site/ files/ bus_ evalu ation_ final_ 
report. pdf. Accessed 7 Oct 2022

European Commission (2018) Final Report on the Assessment of the 
BUILD UP Skills Pillar II. https:// www. build up. eu/ sites/ defau lt/ 
files/ conte nt/ bus- d4. 4fina report_ on_ asses sment_ april_ 2018_0. 
pdf. Accessed 7 Oct 2022

Oxford Economics (2013) Global Construction Perspectives and 
Oxford Economics. Available at: https:// policy. ciob. org/ wp- 
conte nt/ uploa ds/ 2016/ 06/ Globa lCons truct ion20 30_ Execu tiveS 
ummary_ CIOB. pdf. Accessed 7 Oct 2022

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/en13092308
https://doi.org/10.3390/en13092308
https://doi.org/10.1007/978-3-030-95798-8_16
https://www.econstor.eu/handle/10419/147830
https://doi.org/10.1080/13639080.2019.1646413
https://doi.org/10.1080/13639080.2019.1646413
https://www.buildup.eu/en/skills/about-build-skills
https://www.buildup.eu/en/skills/about-build-skills
https://doi.org/10.1680/jener.22.00011
https://doi.org/10.1680/jener.22.00011
https://ec.europa.eu/growth/sites/growth/files/docs/body/do-smes-create-more-and-better-jobs_en.pdf
https://ec.europa.eu/growth/sites/growth/files/docs/body/do-smes-create-more-and-better-jobs_en.pdf
https://ec.europa.eu/easme/sites/easme-site/files/bus_evaluation_final_report.pdf
https://ec.europa.eu/easme/sites/easme-site/files/bus_evaluation_final_report.pdf
https://ec.europa.eu/easme/sites/easme-site/files/bus_evaluation_final_report.pdf
https://www.buildup.eu/sites/default/files/content/bus-d4.4finareport_on_assessment_april_2018_0.pdf
https://www.buildup.eu/sites/default/files/content/bus-d4.4finareport_on_assessment_april_2018_0.pdf
https://www.buildup.eu/sites/default/files/content/bus-d4.4finareport_on_assessment_april_2018_0.pdf
https://policy.ciob.org/wp-content/uploads/2016/06/GlobalConstruction2030_ExecutiveSummary_CIOB.pdf
https://policy.ciob.org/wp-content/uploads/2016/06/GlobalConstruction2030_ExecutiveSummary_CIOB.pdf
https://policy.ciob.org/wp-content/uploads/2016/06/GlobalConstruction2030_ExecutiveSummary_CIOB.pdf


356 Environment Systems and Decisions (2023) 43:337–357

1 3

EPBD (2018) EUR-Lex. https:// eur- lex. europa. eu/ legal- conte nt/ EN/ 
TXT/? toc= OJ% 3AL% 3A2018% 3A156% 3ATOC & uri= urise rv% 
3AOJ. L_. 2018. 156. 01. 0075. 01. ENG. Accessed 7 Oct 2022

Gantasala VP, Gantasala SB, La T (2022) Influence of motiva-
tion on achieving energy sustainability: mediating effects of 
decision-making. Environ Syst Decis. https:// doi. org/ 10. 1007/ 
s10669- 022- 09844-4

Geros V, Santamouris M, Amourgis S, Medved S, Milford E, Robinson 
G, Steemers K & Karatasou S (2006) A distant-learning training 
module on the environmental design of urban buildings. Renew-
able energy 31:2447–2459

Hodogor A, Petri I, Rezgui Y, Hippolyte J (2020) Building information 
modelling knowledge harvesting for energy efficiency in the Con-
struction industry. Clean Technol Environ Policy 23:1215–1231. 
https:// doi. org/ 10. 1007/ s10098- 020- 02000-z

Hodorog A, Petri I, Hippolyte JL (2021) Building information model-
ling knowledge harvesting for energy efficiency in the construc-
tion industry. Clean Technol Environ Policy 23:1215–1231

Hodorog A, Petri I, Rezgui Y and Hippolyte J (2020) Building infor-
mation modelling knowledge harvesting for energy efficiency 
in the Construction industry. Clean Technol Environ Policy 
23:1215–1231

IPCC (2018) Global warming of 1.5°C—summary for policy makers. 
World Meteorological Organization, Geneva

IPCC (2021) Climate change 2021: the physical science basis-summary 
for policymakers. Cambridge University Press, Cambridge

Larionov A, Nezhnikova E (2016) Energy efficiency and the quality of 
housing projects. ARPN J Eng Appl Sci 11:2023–2029

Levine M, De La Rue De Can S, Zheng N, Williams L, Amann L.& 
Staniaszek D (2012) Building Energy-Efficiency:Best Practice 
Policies and Policy Packages. Available at:https:// www. osti. gov/ 
servl ets/ purl/ 11685 94. Accessed 10 January 2023

Li Y, Kubicki S, Guerriero A, Rezgui Y (2019) Review of building 
energy performance certification schemes towards future improve-
ment. Renew Sustain Energy Rev 113:109244

Marks A, AL-Ali M, Atassi R, Abualkishik AZ and Rezgui Y (2020) 
Digital transformation in higher education: a framework for matu-
rity assessment. Int J Adv Comput Sci Appl 11(12):504–513

Maier S, Narodoslawsky M, Borell-Damián L, Arentsen M, Kien-
berger M, Bauer W, Ortner M, Foxhall N, Oswald G, Joval J-M 
(2019) Theory and practice of European co-operative education 
and training for the support of energy transition. Energy Sustain 
Soc 9:1–12

Masson-Delmotte V, Zhai P, Pirani A, Connors SL, Pean C, Berger S, 
Caud N, Chen Y, Goldfarb L, Gomis MI, Huang M, Leitzell K, 
Lonnoy E, Matthews JBR, Maycock TK, Waterfield T, Yelecki 
O, Yu R, Zhou B (eds) (2021) IPCC, 2021: Climate change 2021: 
the physical science basis. Contribution of Working Group I to 
the Sixth Assessment Report of the Intergovernmental Panel on 
Climate Change. Cambridge University Press, Cambridge

Mcglinn K, Yuce B, Wicaksono H, Howell S, Rezgui Y (2017) Usabil-
ity evaluation of a web-based tool for supporting holistic building 
energy management. Autom Constr 84:154–165

Merriam SB (1988) Case study research in education. A qualitative 
approach. Jossey-Bass, Inc, San Francisco, p 246

Milovanović B, Bagarić M, Tzanev D & Petran H (2019) Innovative 
Training Schemes for Retrofitting to nZEB-Levels. RILEM spring 
convention and sustainable materials, systems and structures con-
ference-Energy efficient building design and legislation, France. 
255–262.

Miles MB, Huberman AM (1994) Qualitative data analysis, an 
expanded source book. Sage, Beverly Hills

Ministry of Energy (2016) Energy efficiency policy of Sierra Leone. 
http:// www. energy. gov. sl/ wp- conte nt/ uploa ds/ 2018/ 01/ Energy- 
Effic iency- Policy- 2nd- signed. pdf. Accessed 7 Oct 2022

Oettinger G, Rosenfeld A, Tricoire JP (2013) VISUALISING the 
“HIDDEN” FUEL of ENERGY EFFICIENCY. J Int Energy 
Agency Spring 4:1–48

Palazzeeschi L, Bucci O, di Fabio A (2018) Re-thinking innovation 
in organizations in the industry 4.0 scenario: new challenges in a 
primary prevention perspective. Front Psychol 9(1):30

Petri I, Beach T, Rezgui Y, Wilson IE, Li H (2014) Engaging con-
struction stakeholders with sustainability through a knowledge 
harvesting platform. Comput Ind 65(3):449–469. https:// doi. org/ 
10. 1016/j. compi nd. 2014. 01. 008

Preziosi M, Federici A, Merli R (2022) Evaluating the impact of public 
information and training campaigns to improve energy efficiency: 
findings from the Italian industry. Energies 15:1931. https:// doi. 
org/ 10. 3390/ en150 51931

Purwandani JA, Michaud G (2021) What are the drivers and barri-
ers for green business practice adoption for SMEs? Environ Syst 
Decis 41:577–593. https:// doi. org/ 10. 1007/ s10669- 021- 09821-3

Pyzhova Z, Karavashika R, Guro-Frolova Y, Zhang Z (2022) Pros-
pects for the development of professional training for the transport 
industry during digitalization and remote work on the example of 
VSUWT. In: Manakov A, Edigarian A (eds) International Scien-
tific Siberian Transport Forum TransSiberia—2021. TransSiberia 
2021. Lecture Notes in Networks and Systems, vol 403. Springer, 
Cham. https:// doi. org/ 10. 1007/ 978-3- 030- 96383-5_ 92

Rezgui Y, Miles J (2010) Exploring the potential of SME alliances 
in the construction sector. J Constr Eng Manag 136(5):558–567

Rezgui, Y. & Miles, J. (2011) Harvesting and Managing Knowledge in 
Construction: From Theoretical Foundations to Business Applica-
tions. London: Routledge

Richards A,  Clarke A & Hunt M (2016) Cornwall Council-Skills 
Training and Energy Saving Initiatives'. Energy Efficiency and 
Comfort of Historic Buildings, EECHB 2016:135–142

Schallock B, Rybski C, Jochem R, Kohl H (2018) Learning factory 
for industry 4.0 to provide future skills beyond technical training. 
Procedia Manuf 23(1):27–32

Shapiro S (2016) The realpolitik of building codes: overcoming practi-
cal limitations to climate resilience. Build Res Inf 44:490–506

Sony M, Mekoth N (2022) Employee adaptability skills for Industry 
4.0 success: a road map. Prod Manuf Res 10(1):24–41

Sony, M. and Naik, S. (2020) - Industry 4.0 integration with socio-tech-
nical systems theory: A systematic review and proposed theoreti-
cal model, Technology in Society, 61,101248, ISSN 0160-791X, 
https:// doi. org/ 10. 1016/j. techs oc. 2020. 101248

Sony, M. and Naik, S. (2020) Critical factors for the successful imple-
mentation of Industry 4.0: a review and future research direction, 
Production Planning & Control, 31:10, 799–815. https:// doi. org/ 
10. 1080/ 09537 287. 2019. 16912 78

Sparrevik M, de Boer L, Michelsen O et al (2021) Circular economy 
in the construction sector: advancing environmental performance 
through systemic and holistic thinking. Environ Syst Decis 
41:392–400. https:// doi. org/ 10. 1007/ s10669- 021- 09803-5

Stake RE (1995) The art of case study research. Sage, Thousand Oaks
Störmer E, Patscha C, Prendergast J, Daheim C, Rhisiart M, Glover P, 

Beck H (2014) The future of work: jobs and skills in 2030. UK 
Commission for Employment and Skills

Succar B, Sher W (2014) A competency knowledge-base for BIM 
learning. Aust J Constr Econ Build Conf Ser 2:1–10. https:// doi. 
org/ 10. 5130/ ajceb- cs. v2i2. 3883

https://eur-lex.europa.eu/legal-content/EN/TXT/?toc=OJ%3AL%3A2018%3A156%3ATOC&uri=uriserv%3AOJ.L_.2018.156.01.0075.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/?toc=OJ%3AL%3A2018%3A156%3ATOC&uri=uriserv%3AOJ.L_.2018.156.01.0075.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/?toc=OJ%3AL%3A2018%3A156%3ATOC&uri=uriserv%3AOJ.L_.2018.156.01.0075.01.ENG
https://doi.org/10.1007/s10669-022-09844-4
https://doi.org/10.1007/s10669-022-09844-4
https://doi.org/10.1007/s10098-020-02000-z
 https://www.osti.gov/servlets/purl/1168594
 https://www.osti.gov/servlets/purl/1168594
http://www.energy.gov.sl/wp-content/uploads/2018/01/Energy-Efficiency-Policy-2nd-signed.pdf
http://www.energy.gov.sl/wp-content/uploads/2018/01/Energy-Efficiency-Policy-2nd-signed.pdf
https://doi.org/10.1016/j.compind.2014.01.008
https://doi.org/10.1016/j.compind.2014.01.008
https://doi.org/10.3390/en15051931
https://doi.org/10.3390/en15051931
https://doi.org/10.1007/s10669-021-09821-3
https://doi.org/10.1007/978-3-030-96383-5_92
https://doi.org/10.1016/j.techsoc.2020.101248
https://doi.org/10.1080/09537287.2019.1691278
https://doi.org/10.1080/09537287.2019.1691278
https://doi.org/10.1007/s10669-021-09803-5
https://doi.org/10.5130/ajceb-cs.v2i2.3883
https://doi.org/10.5130/ajceb-cs.v2i2.3883


357Environment Systems and Decisions (2023) 43:337–357 

1 3

UNEP (UN Environment Programme) (2021) Emissions Gap Report 
2021: the heat is on–a world of climate promises not yet delivered. 
UNEP, Nairobi

Vaismoradi M, Snelgrove S (2019) Theme in qualitative content analy-
sis and thematic analysis [25 paragraphs]. Forum Qual Soc Res 
20(3):Art. 23

Vilutienė T, Podvezko V, Ambrasas G, Šarka V (2014) Forecasting 
the demand for Blue-Collar workers in the construction sector in 
2020: the case of Lithuania. Econ Res 27:442–462

Wilson IE, Rezgui Y (2013) Barriers to construction industry stake-
holders’ engagement with sustainability: toward a shared knowl-
edge experience. Technol Econ Dev Econ 19(2):289–309. https:// 
doi. org/ 10. 3846/ 20294 913. 2013. 799105

Wulfken BT, Muller E (2017) How to improve employee education—
methodological approach to structure specialist and interdiscipli-
nary requirements. In: Industrial Engineering and Engineering 
Management (IEEM), 2017 IEEE International Conference On 
Suntec, Singapore, pp 130–134. IEEE

https://doi.org/10.3846/20294913.2013.799105
https://doi.org/10.3846/20294913.2013.799105

	A European-wide exploratory study to analyse the relationship between training and energy efficiency in the construction sector
	Abstract
	1 Introduction
	2 Related work
	3 Methodology
	4 Questionnaire results
	5 Interview results
	6 Use cases results
	7 Insights from the industry workshop
	8 Discussion
	8.1 lack of a systematic process to codify best practice into re-usable knowledge
	8.2 Lack of an industry-wide shared vision
	8.3 Nature of the training available in the energy efficiency domain
	8.4 Level of reliance on a trained and skilled workforce in energy efficiency
	8.5 Efficiency of legislative frameworks, policies, and government incentives

	9 Conclusion
	Annex A: interview guide
	Annex B: Questionnaire
	Acknowledgements 
	References




