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Executive summary 
 
Given the fragmentation of the construction industry and the training support for blue and white 
collars, there is a pressing need for adapted instruments to promote mutual recognition of energy skills 
and qualifications across Europe.  
 
This document elicits the requirements for new and existing tools facilitating the mutual recognition 
of energy skills and qualifications in the construction sector.  
This is informed by a Europe-wide consultation using a mixed-method approach, involving secondary 
(in the form of industry studies and academic publications) and primary sources of evidence. The latter 
includes a survey (n= 52), a series of interviews (n= 27), an expert workshop, and 70 use cases drawn 
across Europe providing not only examples of the correlation between training and energy efficiency, 
but also insights as to the gaps and requirements for an impactful training landscape for energy 
efficiency in Europe. More specifically, these insights have helped shed light on: 
a. the state of awareness, access to information, and dissemination of knowledge for energy efficiency 
in the European Construction sector. 
b. the level of demand for skilled workforce in energy efficiency. 
c. the state of the training programs for energy efficiency currently available in the industry (in terms 
of scope, quality, content, cost, etc.). 
d. the state of the sector in terms of shared values and coordination of stakeholders across the supply 
chain for energy efficiency. 
e. How efficient are legislative frameworks, policies, and government incentives. 
 
As such, an overarching requirement is identified in the need for a widely accessible and trusted digital 
platform that can allow (a) training organisations to register their training offers and associated 
learning outcomes, (b) accreditation organisations to assess these and publish their accreditation 
outcomes, (c) white and blue workers to register their skills and trainings, and (d) employers to search 
and recruit the skilled workers most suited to their job across Europe. It is interesting to note that the 
job market has been deregulated as a result of the ongoing pandemic and the restriction of movements 
of staff. The recruitment of skilled workers, therefore, transcends existing geographical boundaries 
while promoting a competitive landscape for skilled workers adapted to a wide range of country-
specific organisational and cultural work practices across Europe.  
 
Blockchain is identified as a contender solution to deliver such a digital platform, which will be 
augmented with a wide range of services allowing the delivery of: 

1. passports/registers for workers at regional/national level and support for their take up at EU 
level. 

2. mobile applications facilitating the comparison of workers' skills and qualifications between 
countries,  

3. new legislative frameworks or public procurement practices,  
4. initiatives for home and building owners, and, 
5. new partnerships with producers and retailers. 
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Chapter 1. Introduction 
 

Given the forecast of growth of the global Construction market by over 70% by 2025, the industry is 
faced with the challenge and opportunity to reduce energy demand, improve process efficiency, and 
reduce carbon emissions in line with the Energy Performance of Buildings Directive (2010/31/EU). In 
this context, 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. One interesting example is the Energy Performance in Buildings 
Directive, revised in 2018, which defines the scheme for Energy Performance Certification, 
implemented by the various Member States. The related energy audits, energy management systems, 
and energy manager/assessor training and certification are awareness programs that are usually 
effective in promoting energy efficiency and increasing the demand for a skilled workforce.  

 

It is worth noting that the training and education landscape in the Construction industry exhibits the 
following characteristics: 

✓ Multiple entry points, a plethora of qualifications, a wide variety in the quality of training 
provision, and complex funding options. 

✓ Fall in apprenticeship completions due to difficult economic conditions. 
✓ Use of a more flexible self-employed workforce due to uncertainty in the market. 
✓ Low training and development activity driven by the high number of self-employed tradesmen 

who often face an ‘earn or learn’ dilemma.  
✓ The transient nature of the workforce and the evolving training demand of the industry deterring 

employers from investing in staff training. 
✓ Lack of career planning and the tendency to adopt a supplier as opposed to a demand-driven 

model. 
✓ Lack of strategic approach to Continuing Professional Development (CPD) and Continuing Craft 

Development across the industry. 

 

In this context, there is a need to pave the way to adapted market and policy instruments to stimulate 
the demand for energy efficiency skills in the Construction industry. As such, the overall potential for 
energy efficiency 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, as 
evidenced by a recent study (Deliverable D2.1, 2021). Moreover, educational (both initial university 
curriculums and Vocational Education and Training) and informative programs are ideal pathways to 
maximise demand for sustainable energy skills in the Construction sector.  

 

The skill formation process is influenced by the political, economic, and labour market as well as the 
historical pathway and culture of a country (Pan et al., 2021; Ashton and Green, 1996; Ashton et al., 
1999; Bonoli and Wilson, 2019; Brown, 1999; Brown et al., 2001; Busemeyer and Trampusch, 2012; 
Thelen, 2004). Vocational education and training (VET) is a critical skill formation system that delivers 
post-school, non-university education and develops the skills of the vocational workforce (Pilz, 2016; 
Powell et al., 2012). The quality of developed skills is assured by mechanisms including qualifications 
framework (QF), occupational standards, training programs, occupational assessment, and 
certification as well as accreditation of VET institutes (Brockmann et al., 2008a, b; Clarke et al., 2013; 
Méhaut and Winch, 2012). Political stakeholders such as government agencies, employer associations, 
firms, trade unions, and training institutes take an active part in the shaping of vocational education 
and training. They interact in different ways to suit varying political-economic environments, thereby 
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producing various quality assurance mechanisms of unique advantages, meanwhile, facing distinctive 
challenges (Busemeyer and Trampusch, 2012; Clarke and Winch, 2007; Pilz, 2016; Thelen, 2004). 

 

The aim of this report is to elicit the requirements for new, and existing, tools facilitating the mutual 
recognition of energy skills and qualifications in the construction sector. This translates into the 
following objectives: 

a) identify best practice initiatives for energy skills recognition across Europe.  

b) inform the development of new tools adapted to a wide range of country specific 
organisational and cultural work practices across Europe. Tools to be specified include: 

i. sustainable energy skills passports/registers for workers at regional/national level and support 
for their take up at EU level. 

ii. mobile applications facilitating the comparison of workers' skills and qualifications between 
countries. 

iii. new legislative frameworks or public procurement practices. 

iv. initiatives for home and building owners, and,  

v. new partnerships with producers and retailers. 

 

These proposed tools and instruments should take into account the structure of the industry where in 
excess of 95% of companies are SMEs. 

 

The present document addresses the above objectives and is structured into 6 chapters. Following this 
introduction, Chapter 2 provides a thorough review of the related literature, identifying (a) secondary 
sources of evidence that corroborate the correlation between training & education and energy 
efficiency in the Construction sector, and (b) factors promoting energy skills recognition in Europe. 
Chapter 3 elaborates on best practice initiatives for energy skills recognition across Europe. Chapter 4 
elicits the requirements for Energy skills recognition, informed by a large scale consultation led by the 
authors. Chapter 5 specifies a solution to promote Tools for Energy Skills Recognition using Blockchain 
technology. Finally, Chapter 6 concludes this report. 
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Chapter 2. Related Research  
 

The review aims to evidence the fragmentation in the landscape of training for energy efficiency across 
Europe. This is present on many levels, from barriers in legislation to the quality and effectiveness of 
training. The review will highlight the need to further intensify efforts towards a cohesive, united front 
in terms of training for energy for efficiency, which transcends. To do so, the review will highlight 
evidence from the literature, both academic and from the industry, which points towards that 
direction. The analysis follows two main strands of thought: (a) presenting the current landscape and 
(b) presenting best practice examples, to strengthen the argument, in this direction. Overall, the 
analysis points towards an urgent need to make sure a unified, collaborative effort is within the 
imminent next steps in the European Context. This effort should also reflect and to be considering the 
nuances of different contexts, as well as the richness of feedback (gaps, problems) provided so far from 
the several and different training programs and institutions around the EU.  

2.1 Background: State of Art and Barriers 

 
The construction industry is a major player in the global economy, representing 6% of global GDP and 
having significant impacts on an environmental level (as displayed in Figure 1). There is significant 
evidence that despite the collective efforts that are currently taking place on a global level towards 
sustainability in the construction sector, there is an imminent need to intensify these efforts, for them 
to have a truly transformative effect (Rezgui & Miles, 2011; Petri and Rezgui, 2020). Beyond the critical 
importance of effective technologies, Backlund et al. (2012) argue the importance of energy 
management, where the focus on training plays a significant role (Figure 2). 
 

 
Figure 1. Impacts of the construction industry (Left: World Economic Forum, Middle and Right: Global 
construction 2030 as seen in Constructing with the power of digital, Autodesk Source: (Suwal et al., 2019) 

 
Training for energy efficiency has proven to be one of the game-changers towards this aim, in helping 
improve outcomes and targets of energy efficiency in the industry (Bernstein et al, 2007). However, 
many barriers exist, and the current overall landscape in the industry presents a fragmented image 
(Rezgui & Miles, 2011; Alhamami et al., 2020). As argued by Rezgui et al. (INSTRUCT, 2020), “The 
academic literature points to several key energy efficiency barriers, including: Fear of technical 
risk/cost of production loss, perceived high cost of energy investment, the preference to support 
other capital investments, uncertainty about future energy price, lack of experience in technology, 
lack of information in energy efficiency and savings technology, lack of trained manpower/staff, lack 
of access to capital/budget, lack of government incentives, weak policies and legislations, resistance 
to change, and full reliance on legacy systems (Backlund et al., 2012). Legislation that facilitates a 
smooth collaboration and shared interests between stakeholders is crucial. The International Agency 
of Energy (IEA) argued how “The best way to implement a building energy codes policy, analysis for 
the Policy Pathway has shown, is for a governmental co-ordination body to ensure the development 
of training tools and compliance software and to give all stakeholders free access to them” (Oettinger 
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et al., 2013). In the EU context, specifically, the BUILD UP Skills initiative, focused on looking into the 
training of “craftsmen and other on-site construction workers and systems installers in the building 
sector” (BUILD UP, 2020) in the European Context, across 28 Member States.  
 

2.2 Related work around new tools 

As reported by the literature, in the context of education and training, several new tools and 
methods have been adopted to ensure training authenticity and labelling. 
Sun, Wang, and Wang, 2018 propose a solution to the problems of course reliability, credit and 
certification, student privacy, and online education based on Blockchain technology demonstrating 
that Blockchain technology is promising for the future of education. 
Blockcerts project was developed together with the MIT Media Lab Learning Initiative and the 
Learning Machine, an enterprise software vendor, as an open-source ecosystem for creating, sharing, 
and validating Blockchain-based education certificates. Training certificates contain basic 
information such as the name of the recipient, the name of the issuing organisation, and the date of 
issue. Education certificates are saved on a Bitcoin-based network, cryptographically signed, and 
protected against alteration. Transactions are possible to be verified by issuing certificates and the 
content of the certificate ("Digital Certificates Project", 2020) (Jirgensons & Kapenieks, 2018). 

Another Blockchain-based solution called 'CredenceLedger' is a platform for stakeholders and 
relevant third-party organisations to store easily verifiable data evidence of digital academic 
qualification training in the Blockchain ledger (Arenas & Fernandez, 2018). 
Lizcano et al., 2020 evaluate the benefits of Blockchain (or distributed ledger) technology and 
proposes a decentralised trust model for transactions based on an academic cryptocurrency. With 
this approach, Blockchain is used to manage content, teaching, and qualification processes that are 
consensually evaluated by students, instructors, and employers, eliminating problems between the 
academic and the business sectors.  Such initiatives also address the current challenges of higher 
education and provide a model approved by employers in the industry and applicable in many 
educational institutions. 

In July 2017, a SAP company introduced “TrueRec” as a secure and reliable digital wallet for 
storing professional and academic credentials based on Ethereum. TrueRec has been made available 
to people enrolled in the online “Touch IoT” course delivered by “SAP Leonardo”, with more than 
4500 students being able to receive and manage their certificates through TrueRec. (Boeser & Klein, 
2020). The Netherlands Applied Scientific Research Organization, TNO, launched a self-sovereign 
identity framework with Blockchain. This framework is designed to provide official information in a 
digital form and only share a minimum amount of personal data that is managed and stored in the 
form of a wallet on a person's own mobile phone. This information provides formal confirmation of 
the person's identity and remit. (Self sovereign identity framework, 2020). 
Related initiatives analyse in-depth the primary advantages and risks of using Blockchain in the 
energy efficiency industry by introducing and analysing two case studies with Blockchain 
implementations (i) UK Energy Company Liability Scheme and (ii) Italian White Certification Program 
(Khatoon et al., 2019). Bcertificated-Study is the certificate verification problem solving initiatives in 
open and distance learning programs with Blockchain and has been specially designed for a 
professional development program provided by a state university in Turkey. The progress of the 
trainees is closely monitored, as the certification process of education is based on process evaluation 
of different actors (students, teachers, authorities) (Gülseçen et al., 2018). 

Finema is a decentralised identity platform provider that offers a new service called 
"Document Verification System" through Blockchain for the identification and verification of 
procedure related to document management ("Finema – Decentralized Identity Platform", 2020).  
Other Blockchain based certification and verification platforms include Open Certs, BitDegree,  
BCertificateD,  KRYPTED,  BLOCKCERTS, EDGECOIN,  BIMcert,  Stampery,  Gradbase Bulgarian Open 
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Source University,  CertiK,  Woolf, Proof Of Existence. Open Badges is a Blockchain platform that 
organisations use to create and publish open badges for people to create collections and share them 
on the web. The earned badges contain data about their skills and issuing organisation in a portable 
image file. This data helps people find information when viewing and sharing their badges. They can 
follow all the badges in one place ("Home | IMS Open Badges", 2020). Smart contracts can also be 
represented as "automated and enforceable agreements” that bring key differences and innovation 
with the use of Blockchain. Similarly, Mikroyannidis et al., 2019 describe the experience of creating 
and using smart Blockchain badges (Mikroyannidis et al., 2019). 
Another digital online platform has been developed by Mozilla in 2011 for sharing and viewing 
transactions on social networks with e-portfolios. Open Digital Badges were developed for this 
platform to be portable, collectable where competencies obtained can be stored, modified, and 
rearranged as required. The badges had an image that responded to the designer's taste and the 
needs of the day, and the properties of the badges are updated periodically. Mozilla stopped 
distributing free open badges, but the specs are still available. The IMS Global Learning Consortium 
was launched by Mozilla in 2014 to offer access to the IMS web page requirements with digital open 
badges (Jirgensons & Kapenieks, 2018). 

 
As identified by the literature survey, a variety of barriers were identified such as:  ‘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). Further, more 
recently the INSTRUCT Project (2020) has so far highlighted five major themes, which structure the 
main barriers and issues that the EU is facing: 
“1. Lack of access to useful information, knowledge, and best practice guides for energy-efficient 
interventions.  
2. Lack of demand for skilled workforce in energy efficiency.  
3. Lack of availability, or inadequate, training programs (in terms of scope, quality, content, cost, 
etc.).  
4. Lack of shared vision and values for energy efficiency across the supply chain.  
5. Inadequate policy landscape, including lack of government incentives” (INSTRUCT, 2020) 
 

 
 
Figure 2. The extended energy efficiency gap. The energy efficiency potential level is increased if energy 
management practices are also included. Source: (Backlund et al., 2012) 
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Overall, these barriers contribute to an overall fragmented landscape in the field of training for energy 
efficiency, in the construction sector, in the EU. The problems are not only present at the macro level, 
in terms of policies, legislation, and stakeholders communication, but also on the micro-level, when, 
for example, it comes to the quality and efficiency of the training in itself. 
 

 
Figure 3. BUS project summary Source: (European Commission, 2018). 

 
 
Initiatives such as the BUILD UP Skills, have allowed studying cases across the EU, and to identify 
successful practices. An example is presented in Figure 3. Further to that, projects like the St. Bricin’s 
park by Dublin City Council, which was documented in the industry literature within the Fit – to – NZEB 



D2.4 Requirements for new instruments 
 

 

13 
 

project, point to optimistic outcomes, when efforts are properly coordinated. This is a case study 
“exceeded expectations and has set a feasible model for future reference” (INSTRUCT, 2020).  
 Within the INSTRUCT project “The INSTRUCT consortium partners have an established track record in 
working with vocational and academic institutions to identify new ways to face this Europe-wide 
training challenge.  The consortium is drawing on (a) the engagement of internationally leading 
industry best practice, as well as vocational training, delivered by CPD through an established training 
value chain, (b) the educational excellence of leading institutions in Europe, (c) the robust experience 
of accrediting bodies in the construction domain, and the breadth of required industry-led research 
excellence. The consortium argues that this approach of engaging providers in the development and 
delivery of the material and standards will not only stimulate the demand for energy efficiency skills 
and competencies but also will align the level and calibration of the existing workforce (ranging from 
professional practitioners to blue-collar workers) and future industry professionals, thus providing a 
structure for lifelong development learning around in the field of energy efficiency” (2020).  Moreover, 
research that was conducted by both the platforms of BIM4VET (Guerriero et al., 2019) and BIMEET 
(Petri et al., 2017), with regards to training for BIM, has resulted in useful insights, which need to be 
extended beyond the scope of BIM. 

 
2.3 Conclusion 

 
To conclude the literature and ongoing studies on the matter point towards an imminent need to 
structure a robust network and platform which tackles the issues, gaps, and barriers, within the EU 
context. The current barriers in the construction sector, but also successful examples in the field, are 
highlighting and further clarifying the landscape. As argued in the conclusions of the INSTRUCT project 
“By adopting a Europe-wide consultation that not only seeks to gather evidence correlating training 
with energy efficiency but also broadens the scope of the investigation beyond this mere objective (i.e. 
identifying the evidence correlating training with energy efficiency) to understand the complexity of 
the training landscape in energy efficiency and provide context to the resulting evidence, in a way that 
promotes generalisation of the results.” Therefore, it is argued that a platform that coordinates the 
already present efforts and improves them is of utmost importance, to make sure that the potential 
of the current solution is fully adopted. 
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Chapter 3. Best practice initiatives for energy skills recognition  
 

Τhe following section includes a collation of data from D2.1 (interviews, questionnaires, and workshop 
insights), regarding training programs for energy efficiency in the construction sector, in the EU 
context. The consultation integrated insights from 33 participants for the questionnaire, 15 
participants from 8 European countries for the workshop, and 28 interviewees from 9 European 
countries for the interviews. 
 
The aim of this report is to a) highlight problems/barriers that are present in this relation and b) 
highlight best practices/solutions. Also, some suggestions for the next sensible steps are being 
presented, stemming from the analysis. The analysis revolves around the five themes that were 
present in D2.1, of the INSTRUCT Project report, and which were the focus in the consultation process: 
1.Lack of access to useful information, knowledge, and best practice guides for energy efficiency 
interventions.  
2. Lack of demand for skilled workforce in energy efficiency.  
3. Lack of availability, or inadequate, training programs (in terms of scope, quality, content, cost, etc.).  
4. Lack of shared vision and values for energy efficiency across the supply chain.  
5. Inadequate policy landscape, including lack of government incentives.  
 
For the scope of this analysis, however, more weight will be placed on theme 3 “Lack of availability, or 
inadequate, training programs (in terms of scope, quality, content, cost, etc.)”, due to its direct 
alignment with the purpose of argument. Ultimately, the analysis has as the main purpose to evidence 
the need to address the current fragmentation that exists in the landscape of training for energy 
efficiency, across the EU, and the imminent need to create a collaborative initiative. 
 

3.1. Fragmentation in the construction sector 

In this subsection, issues that contribute to the fragmentation of the construction industry (such as 
legislative barriers, conflicting interests, gaps, etc.) will be presented, by comparing the data from the 
questionnaires, interviews, and the workshop.  
 
During the workshop sessions, with EU partners of the INSTRUCT project consortium what became 
evident was that the landscape across Europe, with regards to programs of training for energy 
efficiency, presents several limitations. The insights are presented in the table below: (Table 1).  
 
Table 1. Workshop insights, theme 3 (INSTRUCT, 2020) 

Lack of availability, or 
inadequate, training 
programs 
(in terms of scope, quality, 
content, cost, etc.).  

▪ There are lots of training programs available, however they are 
similar in content, quality, and theory. They do not meet the 
needs of the workforce.  

▪ Training for blue collar workers should be less theory based and 
more practical.  

▪ ‘On the job’ training would be more suitable for blue collar 
workers.  

▪  Whilst the participants agreed that ‘on the job’ training was the 
best approach. It was also highlighted that there would be 
challenges in providing such training on site.  

▪ Lack of time is preventing workers from accessing training. 
▪ Prioritising training would require a top-down approach. 
▪ It is important to integrate qualifications into on-site training. 
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Overall, as argued by Rezgui et al., “The workshop participants agreed that a lack of training materials 
is not the issue, there is however a lack of relevant training for the workforce. This appears to be a 
European wide issue” (INSTRUCT, 2020). This information can be interpreted as indicative of an 
imminent need for coordination, management, and resolution of fragmentation in the landscape of 
training programs so that valuable resources do not go to waste, and, ultimately, the workforce can 
get the most out of the available material. Similarly, concerning the general focus placed on training 
for energy efficiency, most respondents sustained that, from their perception, it is not sufficient. 
(Figure 1). 

 
Figure 4. Replies from Q19  of questionnaire “Overall, is the focus placed on training for energy efficiency 
sufficient, in the construction sector, in your opinion?”  (INSTRUCT, 2020) 

 

Despite these insights, the data from the questionnaires and interviews point to a more nuanced and 
complex argument, however. Overwhelmingly, participants who took part in the questionnaire, when 
asked about whether they thought the quality, frequency, and detail of the training that they received 
was overall satisfying (Figure 2), presented a more optimistic overview. Similarly, most interviewees, 
when asked about how comprehensive the material of training that they had been familiar with was, 
replied that it was overall comprehensive (Figure 3).  

 
 
Figure 5. Replies from Q26  of questionnaire “Was the frequency and level of detail, including duration of the 
training that you have been involved with, appropriate?”  (INSTRUCT, 2020) 

 

 
 
Figure 6. Replies from Q14 of interviews: ¨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? (INSTRUCT, 2020) 
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With regards to barriers present in the construction industry on training for energy efficiency, and as 
seen in Figure 4, the data analysis points to training & education as being at the top of concerns. Most 
interviewees argued on how training is not effective as it should, referring either to the material, the 
way it is conducted, or of more profound and structural issues of education, awareness of the value of 
energy efficiency, and lack of skills in the field and education.  
 

 
Figure 7. Replies from Q4 from the interviews: “What barriers can you identify in the field of training for energy 
efficiency, in the construction sector?” (INSTRUCT, 2020) 

 
On the same matter, the questionnaires offered further significant insights. When asked about 
common barriers of training for energy efficiency in the industry, participants highlighted several issues 
(presented in Figure 5), including: “not enough and proper information and awareness”, “not enough 
time for training”, as two of the most significant barriers, thus highlighting the road that is ahead in 
terms of next steps to be taken. It could be argued that a significant effort to properly disseminate 
knowledge and skills is an imminent need, but also to make sure that training is adapted to the 
trainees’ needs.  
 
To summarise, there seems to be a current gap, not only in the perception around training but also, it 
could be argued, around the eventual effectiveness of the training received. It is therefore important 
to make sure that the understanding of different stakeholders is coordinated, and that similar aims 
and standards are being taken into consideration.  
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Figure 8. Replies from Q7 of questionnaire “What are the common barriers for training for energy efficiency in 
the industry?”  (INSTRUCT, 2020) 

 

When it comes to legislation, there appears to be an insufficient policy landscape, which is reflected 
both in the interviews (Figure 7), as well as from the insights gathered at the workshop (Table 2). This 
contributes to an overall problematic situation, which increases fragmentation in the industry and fails 
to coordinate common interests and values, but also to integrate them in practice. 
 

 
 
 
Figure 9. Replies from Q17 of interview “With regards to policies & legislation, how effectively do you believe 
they integrate training? (e.g. the European Green Deal, which focuses on making EU’s economy sustainable 
and EU climate neutral by 2050)”, (INSTRUCT, 2020) 

Table 2. Workshop insights, theme 5 (INSTRUCT, 2020) 
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Inadequate policy 
landscape, including 
lack of government 
incentives 

▪ Government support is essential for any real changes in energy 
efficiency to occur.  

▪ Policy landscape varies depending on the countries priorities.  
▪ It was argued that pressure from industry can influence policy. 

There should be scope in the policy landscape that would allow 
for construction experts to mandate such policies.  

▪ Better communication is required amongst countries to share 
energy efficiency instruments, best practice guides etc. and to 
improve policy landscape.  
 

 
Further to that, some interesting observations emerge from the comparison between the perception 
of the questionnaire participants when it came to assessing the degree to which the importance of 
energy efficiency training is considered on a national and a European level. As seen in Figure 8, the EU 
context was assessed as an overall fervent ground for energy efficiency-with room for improvement, 
of course. On a national level, however, it was evident that there was a gap perceived (Figure 9). As 
argued by Rezgui et al. “this could indicate the importance of having a coordinated plan of action, 
perhaps stemming from a level of EU legislation, which helps level up the perception of training in the 
construction field”(INSTRUCT, 2020). 
 

 
Figure 10. Replies from Q14 of questionnaire “In your opinion, is the importance of energy efficiency training 
being taken into consideration adequately by the construction industry, on a national level?”  (INSTRUCT, 2020) 

 
Figure 11. Replies from Q14 of questionnaire “In your opinion, is the importance of energy efficiency training 
being taken into consideration adequately by the construction industry, on a European level?”  (INSTRUCT, 
2020) 

When asked about possible recommendations to improve training programs in the questionnaires, 
participants offered useful insights. It is of particular interest, for this analysis, to see the similarities 
between two different questions, the first one referring to an organisational level (Figure 10) and the 
second to a broader context, of the construction industry in general (Figure 11). Awareness, adequate 
promotion of training, the flexibility of training, and adjustments to the needs of trainees, and to make 
sure accreditation is part of the training are elements that emerge from both contexts. Securing 
funding to develop new materials was also part of the suggestions. 
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Figure 12. Replies from Q15 of questionnaire “What are your recommendations to enhance training & skill 
development programs in your organisation?”  (INSTRUCT, 2020) 

When the interviewees were asked about specific ways that the training material can be improved, 
they offered a variety of answers, which tackle a range of issues. For example, the need for training to 
be more holistic in its approach, as well as to integrate new technologies available, was mentioned. 
Further to that, a better connection between training and legislative actions was highlighted as a need. 
Better cooperation among different stakeholders was part of the suggestions, to avoid problems of 
communication and to make sure the same values and goals are being taken into consideration. 
Furthermore, the importance of training to reflect not only academic insights, but also insights from 
the industry is very significant, and as such, to include the experience and feedback of practitioners.  
 

 
Figure 13. Replies from Q16 of questionnaire “What are your recommendations to enhance training & skill 
development programs in the construction industry?”  (INSTRUCT, 2020) 
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Some of the interviewees also pointed towards the importance of creating more comprehensive 
material (books, series of books, e learnings), and make them clearer and easier to use, for example, 
in terms of language. The need to improve the training of the trainers was also brought up. Lastly the 
importance of training for energy efficiency to contribute to the wellbeing of cities - therefore updating 
curricula, etc. 
 

3.2. Examples of best practices of training for energy for efficiency  

 
During the interviewing process, when interviewees were asked about whether they were aware of 
similar training programs, which they would deem successful, they offered a variety of replies. These 
answers offer insights on the type of (a) courses and training programs available (giving specific, 
concrete examples), and (b) descriptions/characteristics of such successful education, on the other 
hand. These two subcategories of data are grouped and presented below.  
 
In the first category, we have institutions and platforms that provide such training, across Europe. 
Examples that were mentioned were the Bulgarian Sustainable Energy Development Agency, the 
Academy of Healthy Building, the Polish Passive House Association or the Green Building Council of 
Poland, FACE, The German Institute for Passive Construction, Train-to-nZEB – The Building Knowledge 
Hubs Fit-to-nZEB – training on deep energy renovation (towards nZEB), Kiinko, RIL, Metropolia, etc, 
the UP Academy, and the GBC. In the UK context, CIBSE was highlighted, as well as RIBA, BRE, as well 
as several Universities (Cardiff, Bath, UCL), and in the Welsh context, examples like the Centre for 
Alternative Technology. Further to that, institutions that offer training such as LEED, BREEAM, Well, 
were mentioned. In a European Context, a case of BUILD UP Skills consecutive projects was also 
mentioned, as a possibility of collaborative effort, where there were several stakeholders involved.  
In the second category, the type of institutions that could help in this direction were discussed. NGOs, 
Universities, but also professional chambers, local courses, construction associations, summer schools, 
postgraduate studies, training for teachers, were among the ones that emerged. 
Also, some suggestions were proposed. The need for training that reflects new activities, technologies, 
and prerequisites, was highlighted. The importance of an active engagement of the trainees and 
networking was also brought forth. There were suggestions on how schools should have training 
courses and assist in the process towards an overall raise of awareness. Lastly, the need for further 
training in passive design was mentioned.  
 
In addition to that, during the interviews, the problem of fragmentation in the landscape of training 
for energy efficiency came up, due to extreme specialisation, the lack of understanding of how the 
entire value chain works, as well as the lack of a deeper awareness of the importance of energy 
efficiency. The importance to establish a robust certification system was also highlighted. 
 
Furthermore, the BUILD UP Skills initiative, a similar initiative to the INSTRUCT project, was deemed 
not only as successful participants, but something that also emerged was as an overall agreement that 
similar initiatives need to be pursued in the future (Figure 12). As stated by Rezgui et al., “on a 
European Level, the BUILD UP Skills initiative created a basis for the education and professional 
development of “craftsmen and other on-site construction workers and systems installers in the 
building sector” (BUILD UP, 2020) in the EU, across 28 Member States” (INSTRUCT, 2020). The success 
of BUILD UP Skills, as accessed by interviewees, was connected to several factors. Up-to-date training 
material that is well organised and contributes to a general rise in awareness regarding energy 
efficiency in the construction sector, and a broader EU context that facilitates and organises actions, 
were among the positives that were discussed. 
 



D2.4 Requirements for new instruments 
 

 

21 
 

 
Figure 12. Replies from Q12 of questionnaire ”Should initiatives like BUILD UP Skills be undertaken in the 
future?”  (INSTRUCT, 2020) 

To summarise, these observations could suggest that initiatives which transcend barriers in the EU and 
give the possibility to systematically investigate, research, and assess training in energy efficiency in 
the construction are not only welcome but part of a strong need to coordinate collective efforts in the 
field. 

3.3. Conclusion 

To conclude and summarise, this report aimed at presenting gaps and dissonances present in the 
current landscape of energy, as identified within the context of the INSTRUCT project. By collating and 
comparing data a more comprehensive overview is achieved. Some suggestions emerge from the 
analysis.  
 
More specifically, this report highlights the need to: 
 1. Coordinate training and resolve dissonances that exist between national levels and the EU level, in 
terms of targets and quality of training. 
 2. Address the gap that seems to be present with regards to training and how well it adapts to the 
needs of the workforce, across the EU. 
 3. Create a robust legislative network of actions and policies which offer a point of reference across 
the EU and facilitates the application of actions for energy efficiency. 
It is therefore highly suggested that this could all be facilitated through the establishment of a platform 
that addresses the overall phenomenon of fragmentation in the industry. 
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Chapter 4. Requirements for energy skills recognition  
 
As elaborated earlier in this report, there is no authoritative solution supporting the standardisation 
and use of qualifications such as certificates, badges for learning, awards etc., (Suwal et al., 2019). 
Documents proving the authenticity of what has been achieved continue to be filed by trainees when 
obtaining educational attainment, education certificates and work experience records. In this process, 
the use of fake documents has been a problem for many years (Arenas & Fernandez, 2018). Due to this 
authenticity, and security problem, the adoption of new technologies is required with a full transition 
to digital records, resulting in a complex and time-consuming process for document verification. It is 
important to implement a more effective verification system to prevent document fraud as there is a 
limited capability for solving the training authenticity problem effectively. The resulting system may 
become so complex that it can cause delays to business activities and legal proceedings with multiple 
third-party agencies managing the online education certification inefficiently (Iqbal, 2020),(Sun et al., 
2018). 

As such, key requirements for such technology, include: 

• Trust: An increased level of trust for a technical infrastructure that gives people enough confidence 
to handle transactions through the registration of skills and training certificates use of payments or 
certificates; Each user keeps a unique copy of training and certification related information in the 
network and all members must verify all changes collectively. These blocks are immutable, 
transparent, accessible, and allow members of the community to access their full history of 
transactions. There is a need to empower third-party providers as trusted administrators that check 
the credibility of the transaction in which all participants are involved. The key feature is 
immutability that reduces data breaches and increases confidence in the quality of data while 
decreasing the risk of fraud.   

• Self-sovereignty: this essential for blue and white collars to identify themselves and at the same 
time to maintain control over the storage and management of their personal data and related skills 
and training information. Once a user has a fully complete self-sovereign identity, their personal 
data should be digitally stored on a platform with managed access and full user control. The 
truthfulness of that data is certified by third parties, such as an issuing or verifying institution where 
the certificates are also stored on the secured platform with the rest of the user data. This can give 
the user the power to fully own and control their own identity data and training records. The user 
can take the decision of what types of data will be stored and who has access to them. This can help 
reduce costs associated with identity management and offers complete transparency and increases 
trust. 

• Transparency: it is essential for users that share their training information and personal data to 
carry out various services in a transparent and trusted manner. 

• Immutability: it is important that users write and keep their personal and training records 
permanently without the possibility of alteration. 

• Decentralisation: this is important for the elimination of a central control authority to manage 
training, certification, and job search transactions or keep records. 

• Collaboration: this important to enable the training value chain to entire into all sorts of 
transactions directly with each other without the need for third parties. 

Once the above requirements are met through a dedicated digital platform solution, the following 
services can be developed: 

a. passports/registers for workers at regional/national level and support for their take up at EU level. 
b. mobile applications facilitating the comparison of workers' skills and qualifications between 

countries,  
c. new legislative frameworks or public procurement practices,  
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d. initiatives for home and building owners, and, 
e. new partnerships with producers and retailers. 

 

The architecture for such a digital platform and associated services are described in the following 
section. 
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Chapter 5. New tools for energy skills recognition 
 
As reported by the literature, there is a need for new instruments to undertake energy efficiency 
training for the AEC sector (Suwal et al., 2019). In this report, we argue that Blockchain can be 
advantageous for energy efficiency training and can eliminate limitations that are identified in the 
delivery, certification, and verification of energy efficiency training. 

5.1. Requirements for new methods in energy efficiency training 

Blockchain is developing technology with numerous applications in the AEC sector including 
authenticity and privacy of data that exists across the sector. Blockchain provides significant 
opportunities for managing various industrial workflows with distributed, decentralised, persistence, 
and ability to execute smart contracts. Blockchain is used in many sectors such as medicine, food, 
construction, and finance with a recent implementation for the education sector. Blockchain 
technology can develop and facilitate development of various fields of education in relation to 
certification, licensing and accreditation, management of participation, management of intellectual 
property, and payments across associated activities (Risius & Spohrer, 2017). 
In relation to training certification and labelling, Blockchain exposes a distributed ledger that provides 
a secured way for information to be recorded and shared by a community. In this community, each 
member maintains a unique copy of the information and all members must validate any updates 
collectively. The information could represent transactions, contracts, assets, identities, or practically 
anything else that can be described in digital form. Entries are permanent, transparent, and 
searchable, which makes it possible for community members to view transaction histories in their 
entirety. Each update is a new “block” added to the end of a “chain.” A protocol manages how new 
edits or entries are initiated, validated, recorded, and distributed. With Blockchain, cryptology replaces 
third-party intermediaries as the keeper of trust, with all blockchain participants running complex 
algorithms to certify the integrity of the whole. (Grech Alexander & F. Camilleri Anthony, 2017). 
Blockchain technology is particularly suitable for securing, sharing, and verifying learning achievements 
within a digital platform (Smolenski, 2016). In the case of certifications, a Blockchain may keep a record 
of the certificate's issuer and recipient, including the document signature (hash) in a public database 
(Blockchain), which is stored identically on thousands of computers all over the world. Digital 
certificates that are encrypted on the Blockchain have considerable advantages over traditional and 
standard digital certificates. Such certificates are keeping a certain consistency and can be validated 
via transactions. The certificate was originally issued and received by those listed on the certificate. 
Certificate verification can be carried out using open source software and is easily accessible to those 
with access to the Blockchain. A certificate can still be checked even if the publisher no longer exists 
or has no access to that record. The hash is a "link" path to the original document held by the user. 
This means that the mechanism allows the signature of a document to be published without the 
document itself being published, thus protecting the privacy of the documents. 
Blockchain technology can store learning records in a reliable, distributed manner while providing 
reliable digital certificates to support learning resource sharing with the smart contract and to protect 
intellectual property through data encryption (Sun et al., 2018). Blockchain technology will be able to 
permanently and reliably secure all kinds of certificates, especially the qualifications and success 
records given by educational institutions, rather than a paper-based system for certificates. Also, a 
more advanced Blockchain solution can be used to automate rewarding, identification, and transfer of 
credit, and to store and validate a complete record of formal and informal accomplishments 
throughout lifelong learning.  
Blockchain technology enables therefore users to automatically check the validity of certificates 
against the Blockchain directly, without initially contacting the issuer. This can eliminate the need for 
educational institutions to validate credentials. It has been observed that the ability of Blockchain 
technologies to create data management structures in which users increase ownership and control of 
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their own data, can significantly reduce data management costs and liability exposure of educational 
institutions arising from data management issues (Belle, 2017). 
 

 
 
Figure 14: Energy efficiency training workflow 

 
The certification processes from a Blockchain perspective, identify three main tasks (see Figure 14). 
Firstly, the identities of the certification authorities have to be created and maintained. Secondly, these 
certification authorities have to issue certificates to learners and the third main task is the verification 
of certificates by employers. These three tasks have to be supported adequately by a Blockchain-based 
infrastructure including the sharing of certificates by learners. 
Learning data, including learning time, course files, and test results, can be stored in the Blockchain in 
chronological order. With this record, each data can be marked with a timestamp. The data accuracy 
is protected by the cryptographic-based recording method, eliminating the risks such as tampering or 
deletion. With the decentralisation, distributed database, and batch maintenance of the Blockchain, 
any education platform or organisation will be able to record users' learning trajectories across regions 
and time. This will increase platform efficiency and lower hardware cost (Sun et al., 2018). 
Paper certificates for students have the advantage of being difficult to imitate due to built-in security 
features. However, there are some disadvantages, mainly related to the manual activity for third 
parties to validate the certificate or the need for certification authorities to maintain a record or 
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database for certificates over an extended period of time (Grech Alexander & F. Camilleri Anthony, 
2017). 
As courses and data security are connected to the online education platform with a centralised 
structure, the privacy of trainers is at risk. Due to the openness of the Internet and the falsifiability of 
data, users' intellectual property cannot be effectively protected. In order to make the learning process 
and its results reliable, it is necessary to develop a distributed and reliable data storage method to 
record the learning processes of users for making learning data public and to ensure the security and 
non-tamperability of the data (Sun et al., 2018). Blockchain technology is a desirable tool for solving 
the problems of online education and training including weak certification, lack of recognition, and 
data insecurity. It is imperative to ensure that the records of key entities in educational workflows, 
such as student enrolments, faculty enrolments, educational certificates shared with multiple 
stakeholders, are reliable (Salha et al., 2019). Blockchain technology allows the authentication and 
verification of certificates and enables a secured framework to hold these records consistently. 
In addition, the use of Blockchain increases the collaboration between instructors and users. 
Blockchain allows users to own and control their own data, but does not change their grades or 
degrees, or certificates. Users can keep control of their own lifelong records and share their skills 
broadly. In addition, the distributed ledger technology allows new ways to pay for education so that 
more individuals can support users from different places and backgrounds. (Belle, 2017)(Tapscott & 
Kaplan, 2019). 
 
As Blockchain technology can deliver mechanisms for the application of training labelling schemes, we 
develop our contributions around the following research questions: 
Question 1: How Blockchain can be utilised to validate the authenticity of energy efficiency training 

programs across Europe? 
Question 2: How Blockchain can support energy training by facilitating adapted training labelling and 

authenticity in training programmes in the Construction industry? 
 
One of the major challenges identified in the AEC industry is the availability of a skilled workforce and 
experts with adequate energy efficiency skills. Some web applications support users to obtain and 
collect credentials involved in educational programs. But there is no platform supporting the 
standardisation and use of qualifications such as certificates, badges for learning, awards etc. (Suwal 
et al., 2019). 
Documents proving the authenticity of what has been achieved continue to be filed by people when 
obtaining educational attainment, education certificates, and work experience records. In this process, 
the use of fake documents has been a problem for many years (Arenas & Fernandez, 2018). Due to this 
authenticity and security problem, the adoption of new technologies is required and a full transition 
to digital records, resulting in a complex and time-consuming process for document verification. It is 
important to implement a more effective verification system to prevent document fraud as there is a 
limited capability for solving the training authenticity problem effectively. The system is so complex 
that it delays valid business and legal proceedings with multiple third-party agencies managing the 
online education certification inefficiently (Iqbal, 2020),(Sun et al., 2018). 
 
The current observations, have been obtained by using a thorough review of academic and conference 
papers, textbooks, reports, scientific documents and reliable Internet tools to understand current 
state-of-the-art Blockchain applications. To recognise common concerns in education and training, 
related literature and reported expert comments were critically reviewed. Through evaluating 
common problems in education, Blockchain models have been reviewed and solutions have been 
compared. 
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5.2 Labelling and learning outcomes for energy efficiency training 

There are many definitions in the literature around learning outcomes. Commonly, learning outcomes 
are direct examples of what a learner should know, understand and be able to do when a learning 
activity is completed. Some action verbs used to define the taxonomy levels in the cognitive field are 
need and a basic structure of learning outcomes is needed. A learning outcomes methodology collects, 
develops, and verifies the required experience, skills, and competencies relevant to training including 
energy efficiency skills for various stakeholders. In relation to such correlation, there are educational 
institutions assigned to present skills, expertise, competence and learning outcomes in Finland based 
on a six-step protocol (Suwal et al., 2019). 
Energy efficiency training labels are used to provide the necessary data to certify the user qualifications 
and to validate a certain standard (in the form of user category and level, usage, efficiency, or cost), to 
ensure the authenticity of training in different countries at a general level. 
Educational institutions including governments are oriented towards valuing academic references and 
courses attended as examples of mastering certain competencies and skills. Such courses and 
references do not have much value if there is no standard in the trainings received. With the Blockchain 
labeling process, the value of such training can significantly increase  and can be one of the important 
cornerstones that will contribute to lifelong learning (Alammary, Alhazmi, Almasri & Gillani, 2019). 

5.3. Labelling and standards in energy efficiency training 

The effect of energy efficiency standards and labels on the distribution of products in the market is 
illustrated in Figure 15 (Wiel & McMahon, 2003). As can be seen, time and cost will be optimised by 
reaching the awareness of the users with appropriate labeling and its contribution to the process.   

 
Figure 15: An example showing the basic structure of learning outcomes (Wiel & McMahon, 2003) 

Labelling increases user welfare and strengthens competitive markets. Labelling of energy efficiency 
standards and developments in the market can make users qualified and adapted to new activities in 
the long term. Conversely, unnecessary, and inappropriate standards can undermine new emerging 
local industries and processes and can also confuse. Furthermore, labelling can save time and cost, 
increasing national economic efficiency and reducing unnecessary investment in infrastructure (Wiel 
& McMahon, 2003). 
 
As such, Blockchain technology offers an infrastructure that provides permanent, stable, and secure 
management for multiple participants and supports secure governance for the advancement of 
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lifelong learning, giving users direct access and control to their achievements. Additionally, such 
technology promotes a positive approach to learning that respects user-centered and multi-faceted 
approaches to education. The features supported by Blockchain are in line with the quality assurance 
standards (QAS) and guidelines in the European higher education area. These are guidelines and 
standards that require a more learner-centered approach to education and recognition of flexible 
learning paths (Jirgensons & Kapenieks, 2018). 
The following list of roles are subject to integration is a Blockchain based training: employers, trainers, 
accreditors, validators, testers, trainees, students, industry, academy, university, other users, 
contractors, manufacturers, training institutes, building professionals, facility manager etc. We present 
below the generic stages required for developing a Blockchain based energy efficiency training. 

5.3.1 Registering a Blockchain acount for energy efficiency training 

The idea of autonomous and non-transferable digital identity is associated with training labeling and 
indicates that no central administrator (such as a university, an academic examination organisation, or 
a licensing authority) may change or own identities and associated data anywhere in the world (Sun et 
al., 2018). Fridgen et al., (2018) have published a study on sending two smart contracts to the 
Blockchain using an accreditation authority to the platform. In this study, while the first smart contract 
is offered for the management of identities on the Blockchain platform for education, the second 
contract manages the life cycle of the certificates issued through the Blockchain. 
General information provided by the user will be used for identification of the training which will keep 
a certain persistency over time (cannot be deleted or changed). This smart contract will be saved to 
the Blockchain and it will be used throughout the life span. Figure 16 presents several steps involved 
in the subscription and validation of energy efficiency training within a Blockchain system. 
 

 
Figure 16: Steps in a training labelling workflow for INSTRUCT 

 
 
Step 1: First contract for identification and recording a smart contract into the Blockchain 
The training platform will first be started to register with two smart contracts. The first contract will 
be for the management of credentials as below (Figure 17): Person > Personal Data (Smart Contract - 
Hash) > Encryption > Hash of Identity stored on Blockchain  
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Figure 17: Smart contract template for registering credentials 

 
Step 2: Second Smart Contract (badge) for lifelong learning 
The second smart contract will be prepared and used for recording data which is provided from the 
training platform and it will be an open ledger to save all accomplishments and data about the user 
throughout the life span. With the use of this second contract, the labeling process will continue for 
the entire lifetime and will provide an unchangeable ledger by keeping the user's own record (Figure 
18): Person > Personal Data (Smart Contract - Hash) > Encryption > Hash of Identity stored on 
Blockchain  
 

 
Figure 18: Smart contract (badge) template for lifelong learning 

5.3.2 Course enrolment and labelling for energy efficiency 

Blockchain can enable users (universities, companies, clients, trainer architect, instructor, etc.) to 
monitor and control energy efficiency training with appropriate labeling. The labeling is applied in 
accordance with the regulation and standards. Blockchain and IoT-based technologies can enable the 
education sector to transition seamlessly to full compliance with new labeling requirements. In 
general, technology can give the construction stakeholders the ability to receive, send and monitor 
data at all stages of the process, from training providers to training recipients. 
When the registration has been completed successfully, the user will have a list of the trainings in the 
platform.  Gained skills will be shared on the Blockchain network and the user account will be a link on 
the off-blockchain. 

https://www.peaceopstraining.org/courses/
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5.5.3. General structure of a Blockchain platform for energy efficiency training 

All user accreditation information, studies, grades, input, and other data are stored within a network 
where the Blockchain can verify previous transactions. This generates a large set of data files that costs 
a significant amount than those that are normally not stored on the Blockchain. Such large files are 
then stored (off-chain) and referenced by means of a cryptographic hash.  
The data lake is an independent data repository, known as stored-off Blockchain. The Blockchain is a 
transaction log that records all the changes that resulted in the data lake, while the data lake is an off-
chain state database that holds the current values of a set of data. Some platforms are used to store 
documents and reduce storage costs while enabling document validity. We present below a platform 
that can support training labelling in energy efficiency based on Blockchain (Figure 20). 
 

 
Figure 19: General structure of training labelling for INSTRUCT 
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In the profile designed for every user on the platform, smart badges allow for detailed digital recording 
of accreditation from both formal and informal learning contexts with additional dynamic features. 
 

5.3.4. Label for lifelong training and control of knowledge 

After the training program and associated examination when the result meets the smart contract 
requirements (i.e. grade >70%), the transaction will be recorded in the Blockchain. The smart contract 
can execute itself and on a year-based period like 5 years or 10 years, can launch a quiz to notify that 
the given label is still useable. This system can be also used as a reminder of the knowledge about 
energy efficiency training and education. The smart contract can run and update the given label and 
share it on the network automatically without the need for any third party. Optionally, the platform 
can send a question survey to participants. The system will recognise the certificate and will open the 
follow-up survey to generate a new certificate. 

5.3.5. Certification 

After successfully completing a course, users earn a certificate of completion. Certificates are available 
in all languages. The process of issuing a certificate involves the following steps (Schmidt,  2017): 

• A digital file is created to contain basic details such as the name of the issuer and the recipient, 
the issuer name (Training Institution), an issue date, the credentials, etc. 

• The Issuer then signs the details of the certificate cryptographically using an encryption key to 
which only the issuer has access. 

• The Issuer adds the signing to the certificate itself. 

• The Issuer of the certificate creates an encrypted hash of the credential file. 

• The Issuer uses its private key to create a record on the Blockchain. 
The workflow for recording a certificate involves all the stages from -> Issuer > Certificate (Hash) > 
Encryption > Signed Certificate > Hash of Certificate stored on Blockchain > Recipient to the user; 

5.3.6. Verification  

Training can be verified at any time in the Blockchain system using special hash code based on two 
phases: 
 
Phase 1: Authorised users for certification 
Currently, user records, learning courses, and other related regulations are controlled by authorised 
users, as well as test results inside databases or MS Excel sheets. This knowledge is used to grant 
learners' paper certificates. Consequently, the one significant function for authorised users is the 
import of data and test outcomes from legacy systems. Authorised users may browse the created 
certificates after importing the data. Furthermore, certification authorities the opportunity to scan for 
learners or to obtain an outline of learners and the outcomes of their qualifications according to 
learning courses. The summary encourages authorised users to list all training certificates once. The 
authentication of certificates and their preservation in the Blockchain is another key function for 
authorised users for certification (see Figure 8): Signer > Data (Hash) > Signed Document > share on 
the Network > Verifier > Checking Hash . If it matches the recorded hash, a user is allowed to use the 
system. 
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Figure 20: Training verification in Blockchain 

 
Phase 2: Features for learners 
Currently, learners often collect paper certificates with security features built-in. Learners often send 
digitised (scanned) copies or approved copies to potential employers via email. Importing certificates 
and creating an application portfolio is, therefore an essential feature of the viable product. In 
addition, learners need tools to manage their application portfolio and tools for distribution (Fridgen 
et al., 2018). With the use of Blockchain, a learner offers a secured artifact that can be used all over 
the world and can be shared with third parties such as an employer. The activities of these third parties 
such as reading or verifying certificates are digitally supported and easy to be verified. 
 
Phase 3: Features for employers and blue collars 
Employers usually only receive copies, often notarised copies of paper certificates from employees. In 
the first instance, the authenticity of the training is ensured by asking the issuing entity for the 
authenticity and validity of a certificate. This is a technique that employers often use to prove the 
validity of the copies which can be time-consuming and costly. Checking and verifying certificates is, 
therefore, an essential aspect of a product that needs a Blockchain-based solution (Fridgen et al., 
2018).  
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Chapter 6. Conclusions 
 

The aim of this report is to elicit the requirements for new, and existing, tools facilitating the mutual 
recognition of energy skills and qualifications in the construction sector. This translates into the 
following objectives: 

a) identify best practice initiatives for energy skills recognition across Europe.  

b) inform the development of new tools adapted to a wide range of country-specific organisational 
and cultural work practices across Europe. 

As such, an overarching requirement is identified in the need for a widely accessible and trusted digital 
platform that can allow (a) training organisations to register their training offers and associated 
learning outcomes, (b) accreditation organisations to assess these and publish their accreditation 
outcomes, (c) white and blue workers to register their skills and trainings, and (d) employers to search 
and recruit the skilled workers most suited to their job across Europe. It is interesting to note that the  
job market has been deregulated as a result of the ongoing pandemic and the restriction of movements 
of staff. The recruitment of skilled workers, therefore, transcends existing geographical boundaries 
while promoting a competitive landscape for skilled workers adapted to a wide range of country-
specific organisational and cultural work practices across Europe.  
Blockchain is identified as a contender solution to deliver such digital platform, which will be 
augmented with a wide range of services allowing the delivery of: 

1. passports/registers for workers at regional/national level and support for their take up at EU 
level. 

2. mobile applications facilitating the comparison of workers' skills and qualifications between 
countries,  

3. new legislative frameworks or public procurement practices,  
4. initiatives for home and building owners, and, 
5. new partnerships with producers and retailers. 

 
However, several limitations need to be addressed for the solution to be viable. These are listed below: 

• Blockchain technologies are in active development globally, and there may be new 
developments affecting our findings.  

• The use scenarios selected may not adequately be covered as optimal approaches for the use 
of Blockchain in energy efficiency education. 

• Lack of or insufficient roadmaps and examples for regulation and monitoring of Blockchain use 
in education. Further details on Blockchain operations in a learning environment are needed. 

• In the context of integrating training with Blockchain, a lack of studies on labelling in the 
education sector makes it difficult to design a general framework.  

• There are no systematic methods or views for assessing the process of learning and less 
methods to equate conventional forms of learning-books, courses, online learning, etc. with 
no common approach that can integrate all training elements within a comprehensive training 
framework. 

• The problems of scalability and storage parameters are difficult to benchmark with a view to 
assessing the cost of hosting energy efficiency trainings in a Blockchain compliant framework. 
 

These issues will be addressed in a follow-on deliverable. 
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