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Abstract 

The European construction sector is facing unprecedented challenges to achieve ambitious 

energy efficiency objectives and generalize near-zero energy buildings during an economic 

crisis that is dominated by reduced investments, and a search for cost effectiveness and high 

productivity. Moreover, the industry is experiencing a digital revolution and the Building 

Information Modelling (BIM) approach has been gaining interest across Europe. The member 

states of the EU have implemented many different approaches through regulations and 

maturity targets, which have to constantly face the traditional low-tech and informal practices 

of construction businesses. This fragmented sector is dominated by Small and Medium-sized 

Enterprises (SMEs). In addition, the qualifications of the current construction workforce are 

not good enough to satisfy the work-related demand. The main courses have concentrated on 

construction and design, while training courses target more technical participants. 

This research aims to leverage the take-up of information communication technology and BIM 

by introducing a significant upgrade for the qualifications of the EU construction workforce. 

This research aims to pave the way towards a fundamental step change in delivering 

systematic, measurable, and effective energy-efficient buildings through BIM qualifications to 

handle construction projects with a view to effectively address European energy and carbon 

reduction targets. It also aims to promote a well-skilled leading generation of decision makers, 

practitioners, and blue-collar workers in BIM for energy efficiency. The principal output of this 

research is a standardized qualification framework that includes: (1) a skills matrix related to 

BIM and energy efficiency, harmonized thanks to the European Qualifications Framework 

standard, to assess and support energy efficient handling of BIM projects, and (2) a skills map 

that will help to widely distribute the BIM skills required during the project lifecycle to achieve 

energy efficiency based on the Royal Institute of British Architects Plan of Work. 
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This chapter will provide an overview of this thesis. It begins by detailing the research 

background, focusing on key drivers of Building Information Modelling (BIM) in promoting an 

energy efficiency (EE) agenda, which includes BIM, energy efficiency, and the skills, training 

and education of professionals and blue-collar workers in the construction industry. This will 

be followed by a discussion of the rationale and motivation for this research. This chapter 

continues by setting out the research aim, hypothesis, research questions and objectives. This 

is followed by the main contributions that this research offers to the body of knowledge. 

Finally, this chapter will conclude by giving an outline of the structure of this thesis. 

1.1 Background  

Global warming has drastically increased the pressure to reduce energy use in buildings. In 

the EU (for example), energy use by the building sector represents more than 40% of Europe’s 

energy and CO2 emissions [1]. The EU Commission defined a clear target to reduce energy 

consumption and CO2 emissions by 20%, and increase the share of renewable energies by 

20% by 2020 [1]. These objectives have been translated into stringent regulations and policies 

at the European and national levels. For instance, the Energy Performance of Buildings 

Directive (2010/31/EU) imposes stringent energy-efficiency requirements for new and 

retrofitted buildings. 

The global construction market is forecast to grow by over 70% by 2025 compared to 2013[2] 

[3]. Several countries have already set-up targets to achieve sizeable objectives, such as the 

UK’s construction agenda: (a) 33% reduction in both the initial cost of construction and the 

whole life cost of assets; (b) 50% reduction in the overall time from inception to completion 

for new build and refurbished assets; (c) 50% reduction in greenhouse gas (GHG) emissions in 

the built environment; and (d) 50% reduction in the trade gap between total exports and total 

imports for construction products and materials [3], [4]. 

The construction industry presents a major opportunity to reduce energy demand, improve 

process efficiency and reduce carbon emissions. It is also traditionally highly fragmented and 

often portrayed as having a culture of adversarial relationships and risk avoidance, which are 

exacerbated by a linear workflow that often leads to low efficiency, delays and construction 

waste. The process of designing, re-purposing, constructing and operating a building or facility 

involves not only the traditional disciplines but also many new professions, in areas such as 
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energy and the environment [5]. In addition, there is an increasing alignment of interests 

between those who design and construct a facility and those who subsequently occupy and 

manage it. This demands dedicated skills to address multi-objective sustainability (including 

energy) requirements. 

In this context, BIM can facilitate more effective energy modelling and multidisciplinary 

collaborations with a total lifecycle and supply chain integration perspective. BIM can be 

defined as the process of generating and managing data and information about the built 

environment throughout its entire life cycle, from concept design to decommissioning [6] (see 

Figure 1-1). BIM has brought the most transformative power into the Architecture, 

Engineering and Construction/Facility Management (AEC/FM) domain during the last decade 

in terms of its fundamental life cycle, and supply chain integration and digital collaboration 

[7]. BIM also offers the prospect to revolutionize the construction industry, which is forecasted 

to reach over $11 trillion global yearly spending by 2020 [3]. 

 

Figure 1-1: BIM uses across the building lifecycle. 

BIM can help the sustainability agenda because the digitalisation of product and process 

information provides a unique opportunity to optimise energy efficiency related decisions 

across the entire lifecycle and supply chain. To bring about a transformation in our built 

environment, as spelled out by the EU Commission in its vision for Horizon 2020, and set the 

sector firmly on a path towards competitiveness and sustainable growth, the EU Commission's 

modern industrial policy recognises the strategic importance of the construction industry, as 

witnessed by the Public Private Partnership Energy Efficient Buildings launched under the 
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Recovery Plan in FP7, supported in Horizon 2020, and pursued in the context of Horizon 

Europe and the overarching Green Deal [8]. The construction industry in Europe has a wide 

range of training and education providers, with an equally diverse set of training courses. 

Consequently, it is essential to improve the breadth, depth, quantity and quality of educated 

and trained professionals in the built environment to support an effective BIM agenda across 

Europe. A large number of training and education offerings are currently concentrated on 

quite a narrow band of the industry. The main courses focus on design and construction, and 

not on briefing or planning, and they do not consider the ability of BIM to improve the 

operations of assets [9]. In addition, training courses largely target technical users rather than 

blue-collar workers or management teams and strategic roles in organisations. Finally, BIM 

skills, education and training is focused on buildings, and it rarely examines infrastructure [10]. 

1.2 Key Drivers 

The wider context in which this research is carried out has been discussed in Section 1.1. This 

section will aim to outline the specific, key drivers, partially resulting from this context, for the 

work carried out in this thesis. 

1.2.1 Building Information Modelling 

BIM sits at the heart of the digital transformation across the built environment. For the 

construction industry, BIM provides a critical opportunity to significantly improve 

performance and stimulate more innovative ways of delivery and operation [11]. 

BIM is a collaborative way of working that facilitates early supply chain involvement, which is 

underpinned by digital technologies that unlock more efficient methods of designing, creating, 

and maintaining our assets [12]–[14]. BIM provides a digital representation of the physical and 

functional characteristics of an asset to support reliable decision making and management of 

information during its lifecycle [15]. At its core, BIM uses 3D models and a common data 

environment to access and share information efficiently across the supply chain, and so boost 

the efficiency of activities around asset delivery and operation. By helping the entire supply 

chain to work from a single source of information, BIM reduces the risk of error and maximises 

the team’s ability to innovate [16]. 
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On a global level, there are many definitions of the term BIM and what this means. There are 

even three separate definitions of the acronym BIM, which are: building information model, 

building information modelling, and  building information management. 

Building Information Modelling (BIM) relates to the process of constructing the building 

information model, which is dependent upon the deliverables required. How a model is 

constructed to produce 2D drawing deliverables can be very different from modelling for 

visualisation purposes. When the specified BIM dimension is 4D (to analyse time), 5D (for cost 

management purposes) or 6D (for facilities management purposes), then the modelling 

methods and the required levels of information within the model will change dramatically 

[17]. 

1.2.2 Energy Efficiency  

Improving energy efficiency is considered to be one of the basic keystones of the main national 

and international strategies to reduce GHG emissions with acceptable economic costs [18]. 

The need for simple and clear measures and for all citizens to contribute to energy savings 

have been addressed in many studies [19]. However, changes and adaptations are required at 

the social, economic and technological level to preserve our wellbeing and the welfare of 

future generations, although they will result in a change in our way of life. To reduce the 

energy consumption of buildings, almost all governments have opted to adopt measures 

aimed at improving energy efficiency in buildings for public use [20]. 

Governments and non-governmental organisations (NGOs) have focused on other issues in 

their plans and programmes to boost renewable energies, energy-efficiency strategies and 

strategies to fight climate change [21]. In Europe, the legislation of the different countries in 

this area comes, on the one hand, from the creation of certificates of energy efficiency that 

were developed in the early-1990s as a primary strategy to reduce energy use and carbon 

emissions [22]; while on the other hand, it comes from the energy policy that was adopted in 

2007, which was called Horizon 20-20-20, in which the EU demands the fulfilment of certain 

objectives by the end of 2020, including saving 20% of energy in its primary level in comparison 

with 2005, lowering GHG emissions by 20% compared to 1990, and increasing renewable 

energy in the total energy mix to a minimum of 20% by 2020. This policy is popularly known 

as the “20-20-20 goal”, which implies improvements in energy efficiency [23].  
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The Directive on energy efficiency in Buildings [24] states that all newly constructed buildings 

should be listed as “zero-energy buildings” (ZEB) by the end of 2020, and by the end of 2018 

in the case of public buildings. This new concept refers to buildings with minimum levels of 

energy, whose origin is from renewable sources. Nevertheless, this is a very complex concept, 

especially because of the lack of a clear and standardized definition and a common energy 

calculation methodology for all countries to evaluate using the same criteria [25]. In this 

context, the industry is faced with the challenge and opportunity to improve process 

efficiency, which involves the entire construction supply chain, to comprehensively reduce 

energy demand and carbon emissions in line with the Energy Performance of Buildings 

Directive (2010/31/EU). In this context, energy efficiency demands have led to adoption of 

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. The related energy audits, energy management systems, and energy 

manager/assessor training and certification are awareness programmes that are usually 

effective in promoting energy efficiency and increasing the demand for a skilled workforce.  

1.2.3 Skills, Training and Education  

Education is a process that implicates activities such as teaching, inducing, motivating, 

learning, and examining, which is usually offered in schools and colleges [26]. For a better 

understanding of the term, Garavan [27] lists its intrinsic characteristics as follows: it must 

include a learning method, this method must not be an individual event, it is fundamentally 

humanistic, and learning must include understanding. 

Training is one of the processes involved in getting an education [28]. Oladosu  [26] defines 

training as the acquisition of skills in a particular field of specialisation, which requires an 

exercising routine, continuous repetition, and a definite end and objective. It is also important 

to mention that training is an activity that is commonly used in organisations, and can even 

be identified under the term “employee training” [29], which means obtaining on-the-job 

skills for a specific role. 

The construction industry is labour intensive [30]. The skill of a worker is one of the essential 

factors that determine the quality, productivity and profitability of a project [31]. However, 

the shortage of skilled construction workers is a well-recognised and persistent problem [32]. 
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For example, many studies have found that the shortage of skilled workers is one of the main 

factors that can cause delays in construction projects. Le-Hoai et al. [33] identified 21 critical 

issues that cause delays and cost overruns in large Vietnamese construction projects. The lack 

of skilled construction workers was one among these critical issues. Similarly, Tabish and Jha 

[34] found that the availability of trained resources at the site was one of the essential traits 

for the success of any construction project. Therefore, the possible implications of a lack of 

skilled workers are significant for the successful completion of construction projects. This has 

led to several research studies of the efficient use of the workforce, involving adequate and 

relevant training [35], [36]. If the efforts in training succeed, then rewards in terms of 

competitive advantage, quality, reliability and profitability of the projects can be achieved 

[37]. 

BIM education and training is necessary not only within the whole construction industry but 

it must also be directed to different levels, including secondary level, undergraduate, 

practitioners’ site and office staff, and even at the strategic level [38]. To bring about the 

transformation of our built environment, as spelled out in the vision for Horizon 2020, and set 

the sector firmly on a path towards competitiveness and sustainable growth, the European 

Commission's modern industrial policy recognises the strategic importance of the 

construction industry, as witnessed by the Public Private Partnership Energy Efficient Buildings 

that was launched under the Recovery Plan in FP7 and which is now supported in H2020 [39]. 

In Europe, the construction sector has a diverse collection of training and education providers, 

as well as a diversified number of training courses. Consequently, it is critical to increase the 

breadth, depth, quantity, and quality of educated and skilled professionals in the built 

environment across Europe to support an effective BIM agenda. 

Overall, these definitions are considered to be the key drivers for approaching and supporting 

an effective BIM agenda to improve and promote energy efficiency in construction projects, 

which require BIM education and training for construction stakeholders.  

1.3 Global Motivation  

Nowadays, international directives are oriented toward maximising building energy efficiency, 

where BIM provides a significant opportunity to assess and achieve these targets. This section 

has expanded and provided more detail and information about the key drivers of global 
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motivation. This section will explore some of the related works from the field of BIM skills for 

energy efficiency, emphasising its roles in the construction industries.  

1.3.1 BIM in the Construction Industry 

BIM is defined as the process of generating, storing, managing, exchanging, and sharing 

building information in an interoperable and reusable way [40]. This requires the development 

and use of a computer generated model to simulate the planning, design, construction and 

operational phases of a project [41]. The BIM Industry Working Group shows that the UK 

government believes that its use can bring many efficiencies and benefits across the project 

lifecycle [7].  

To successfully implement BIM processes, all of the members of the construction team need 

secure access to confidential data, both external and internal to the BIM model. While the 

BIM model can be part of an extranet [42], this may lead to legal issues. Therefore, legal issues 

need to be addressed through the construction contract to reduce this significant risk [42]–

[44]. 

The significance of the cost of implementing BIM in terms of resources and training has been 

seen to act as a substantial barrier within the construction industry [45]–[50]. Despite the 

significant cost of implementation, BIM will ultimately be driven by clients [48]. Hore et 

al.  [51] suggest that if adoption becomes a requirement, then training must be subsidised by 

the government to facilitate implementation. 

As the adoption of BIM has grown in the last decade, many of the technical, legal, contractual 

or process-related issues that it faces have been addressed through extensive research 

conducted in several communities (e.g., information and communication technologies (ICT), 

engineering, architecture, and social sciences). 
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Figure 1-2: Scopus search for the "BIM" keyword. 

Figure 1-2 shows the intensity of publications citing “BIM”, either in the title, abstract or 

keyword sections. This shows that researchers have addressed many of the issues related to 

knowledge management in construction since the 1990s, particularly for product and process 

modelling. In the last decade, the field and research intensity have become more important, 

thus accompanying the digital transitions in the most developed countries. 

1.3.2 BIM for Energy Efficiency 

BIM provides a digital representation of the building process, which facilitates the exchange 

and interoperability of information in digital format. This modelling can greatly contribute to 

energy reduction. BIM has a number of socio-technological advantages, not only at the 

technological level but also the process level. It can complement the way in which 

architectural design artefacts are created. It can also profoundly change the collaborative 

process associated with the act of building. Given that the construction industry is facing 

increased pressure from regulations calling for significant gains in energy efficiency, increased 

economic pressure and competition, and a dramatic evolution of working culture and 

practices, BIM can represent a game-changing factor that would support the transition to 

more energy and cost-efficient practices [52]–[55]. 

ICT can contribute to BIM for energy efficiency by enabling faster and more reliable design 

decision-making and construction follow-up [52]. BIM has enhanced design support (e.g., 

through 3D visualisation, physical simulation, and upstream assessment of design options) and 

construction planning and monitoring (e.g., construction phasing and continuous monitoring) 

[53]. This advanced support from digital tools is likely to allow for significant improvements of 

the quality and performance of buildings [54]. It will also lead to time- and cost-savings to 
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preserve the competitiveness of European businesses. During these different phases (as 

presented in Figure 1-1), BIM has to be enriched by large data, notably related to building 

components, or simulated and/or sensed usages to support the energy analyses and 

simulations. Several attempts in the field of BIM and energy efficiency have tried to develop 

a methodology for utilising BIM for reducing energy consumption and emissions in buildings. 

BIM in construction projects can support collaboration between employers, designers, 

suppliers and facilities managers through a range of design and construction tasks [56]. BIM 

has also been validated in studies as an instrument for addressing: (a) project failure caused 

by lack of effective project team integration across supply chains [57], [58]; (b) the emergence 

of challenging new forms of procurement, including design–build–operate contracts [59]; and 

(c) decreasing the whole life cost of a building through the adoption of BIM in facilities 

management [60]. BIM also facilitates information that is collected and stored in a BIM-

compliant database, which often could be beneficial for a wide variety of practices (e.g., 

energy management, maintenance and repair, and space management) [61]. 

The implementation of BIM for energy efficiency may help to provide energy savings through 

the combination of accurate energy monitoring, real-time decision support systems, and 

actuators and identification of consumption patterns. Moreover, the optimal management of 

the evolution of energy use in buildings will be informed by (a) the reliance on a semantic 

approach (i.e., BIM, real-time data analysis, behaviour modelling, etc.); (b) enhanced 

supervision of energy flows and use in buildings; and (c) new partnerships between energy 

managers, energy distributors, energy equipment suppliers, and technology (including smart 

software tools). This will result in quantifiable energy consumption reduction. It will also 

provide an analytic operating capacity, KPI (key performance indicator) control, annual 

consumption forecast progress, reports and personalized alerts [62]. 

A smart distribution of (reduced) building energy consumption may lead to economic savings 

that will be commensurate with the targeted energy reduction. Although according to some 

thermal regulations the energy consumption of a building is expected to not exceed a given 

limit, the real energy performance is usually lower. One means to reduce the gap between 

prediction and reality is to improve the entire process, from the early design phase to the 

operation phase [54], [55]. 
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1.3.3 Construction Worker Qualifications 

In European societies, as well as in most parts of the world, education is recognised as a key 

pillar of community life and a universal right [6]. As stated by Jah and Polidano [63], “those 

without necessary skills and qualifications face diminished life prospects and risk alienation 

from mainstream society”. There is also a particular emphasis on the clear relationship 

between education and social stability: “increasing access to postsecondary vocational 

education and training does significantly reduce property crime, drug crime and crime against 

the person” [63]. 

Enhancing the qualifications of workers is key to success in all economic sectors, but it is 

particularly critical in the construction sector. The European construction industry is currently 

faced with a three-sided challenge: 

•  Construction is a key component of the Energy Union strategy and as such it faces 

huge pressure from EU and national regulations. Buildings represent 40% of primary 

energy consumption in the EU, and between 30 and 40% of CO2 emissions depending 

on national energy mixes[64]. Therefore, improving the energy efficiency of European 

buildings is a key step in achieving the 2020, 2030 and 2050 EU energy and CO2 

emission targets. European energy directives, in particular the Energy-Efficiency 

Directive (EED) and Energy Performances of Building Directive (EPBD) and related 

national regulations, set very strict energy-efficiency targets for European buildings, 

with the aim to generalise Near-Zero Energy Buildings (NZEBs) by 2020. NZEBs are 

highly complex systems, which call for significant technical progress in several areas, 

including building envelope performance, energy and comfort monitoring and 

integration of renewable energy production [24], [65]. 

• The construction sector is still faced with the consequences of the recent economic 

crisis, which has reduced the investment capacities of its companies. The European 

construction sector is a strong economic sector (10% of the EU GDP) but it is also 

essentially made up of small and very small companies, which have been particularly 

impacted by the economic downturn. This is one of the reasons why the financing of 

the required European building stock enhancement through deep renovation (up to 

100 billion euros per year until 2020) is recognised as a challenge by the European 
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Commission [66]. Cost-effectiveness and productivity are therefore two overarching 

issues for European construction businesses. 

•  The European construction industry is experiencing a digital revolution, with an 

intensification of digital support in all stages of building design and construction. In 

particular, BIM approaches and tools have gained significant interest in the sector 

[67]. They are recognised as key components of future construction practices, and 

their benefits on productivity and reliability are widely acknowledged [68]. This 

evolution contrasts with the original culture and practices of the construction sector, 

which is widely perceived as a “low-tech” area with a significant proportion of “blue-

collar” workers. Therefore, training in construction, even more than in other 

economic sectors, is one of the most critical challenges of our time [6].  

The skills need to be developed to actively promote the widespread use of BIM-based 

transversal and multidisciplinary collaborative approaches and methods in the European (and 

beyond) construction industry currently face fragmentation and inadequate training 

resources. Training and education programmes will raise awareness of stakeholders in the 

construction value chain about (a) environmental challenges, (b) current and future 

sustainability scenarios, and (c) energy efficiency targets and EC and governments agendas, 

with a view of delivering informed built environment interventions across lifecycle and supply 

chain underpinned by an effective BIM-based training Europe-wide agenda. 

1.3.4 BIM Training Approach to the EU-wide Impact 

The previous section illustrates some of the intricacies and challenges that the construction 

industry is facing, including increased pressure from regulations calling for significant gains in 

energy efficiency, increased economic pressure and competition, and the dramatic evolution 

of working culture and practices. Therefore, there is a clear need for a game-changing factor 

that would support the transition to more energy- and cost-efficient practices. 

The main objectives for BIM engagement and training are to leverage the take-up of ICT and 

BIM technologies through a significant upgrade of the skills and capacities of the European 

construction workforce. This will help to dramatically improve the reliability and effectiveness 

of design and construction practices, with a view to achieving the objectives of the Energy 

Union. In the methodology that has been applied to capture the requirements to develop BIM 
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skills for energy efficiency, ICT methods are used to create a dynamic and open community of 

users that can share experiences and contribute to the process of training and education for 

BIM in energy efficiency. In this thesis, analysis and consultations are undertaken to determine 

any gaps in the current BIM for energy practices. It will also emphasise that new skills need to 

be developed for industry professionals to blue-collar workers to increase BIM for energy 

efficiency awareness and applicability. 

Overall, the qualifications of the construction industry workforces are not good enough to 

satisfy the work-related demand of BIM for energy efficiency, the main training courses and 

programmes concentrate on construction and design. In addition, most training courses target 

more technical participants, and the current training does not appear to address large 

construction projects. 

1.4 Context of the Research: The BIMEET Project 

The works in under this research were a part of the researcher’s role in the BIMEET project 

(BIM for Energy Efficiency Training: “BIM-based EU-wide Standardised Qualification 

Framework for achieving Energy Efficiency Training”), which was funded by the European 

Commission’s H2020 Framework Programme, Executive Agency for SMEs, grant number 

753994. The researcher has led dedicated tasks (T2.1 and T2.3) in the project and worked on 

their deliverables, which are the main works given in Chapters 4 and 5 in this thesis. In 

addition, the researcher has contributed to all of tasks of this project. The researcher’s role 

was to conduct the literature review and case studies, and he led the consultation through 

questionnaires, interviews, and workshop, and analysed the data. A brief summary of the 

BIMEET project follows. 

1.4.1 BIMEET Project 

BIMEET had many aims, as follows: (a) it paved the way to a fundamental step change in 

delivering systematic, measurable and effective energy-efficient buildings through BIM 

training with a view to effectively address European energy and carbon reduction targets; (b) 

it promoted a well-trained world-leading generation of decision makers, practitioners, and 

blue collars in BIM for energy efficiency; and (c) it established a world-leading platform for 

BIM for energy efficiency training nurtured by an established community of interest. 
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BIMEET endeavoured to enhance the skills, qualifications and capabilities of construction 

practitioners (from high professionals to blue-collar workers), thus increasing market 

penetration and adoption of key technological development in BIM, given the timeliness of 

the need for training in combined green and functional performance engineering.  

Table 1-1 BIMEET participant list. 

Participant No. Participant Organisation Country 

1 
(Coordinator) 

LUXEMBOURG INSTITUTE OF SCIENCE AND TECHNOLOGY 
(LIST) 

LU 

2 CARDIFF UNIVERSITY (CU) UK 

3 CENTRE SCIENTIFIQUE ET TECHNIOUE DU BATIMENT (CSTB) FR 

4 BUILDING RESEARCH ESTABLISHMENT LTD (BRE) UK 

5 INES PLATEFORME FORMATION & EVALUATION (INES) FR 

6 TEKNOLOGIAN TUIKIMUSKESKUS VTT OY (VTT) FI 

7 HOUSE OF TRAINING (HOT) LU 

8 METROPOLIA AMMATTIKORKEAKOULU OY (METRO) FI 

9 CENTRE FOR RENEWABLE ENERGY SOURCES AND SAVING 
FOUNDATION (CRES) 

GR 

BIMEET is informed by the extensive knowledge of the project participants in the energy 

efficiency agenda, with a focus on the built environment and the wide range of experiences 

acquired in recently completed FP7 projects, such as SPORTE2 (Grant agreement n° 260124), 

KnoholEM (Ref: 609154), as well as ongoing projects such as STREAMER (608739) and 

PERFORMER (Ref: 609154), which have highlighted the endemic energy performance gap in 

buildings in requiring a multi-disciplinary and total lifecycle approach [69]. A list of BIMEET's 

participants is given in Table 1-1.  

1.4.2 Expert Panel 

An expert panel supported the strategy and subsequent development within the project, 

helped anticipate business trends, and supported valorisation (including vulgarisation) and 

take up of the results. BIMEET had already set up a list of high-level experts, which have given, 

through a signed expert manifestation of interest, their commitment to participate in BIMEET. 
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1.4.3 Involvement of Relevant Target Groups and Key Actors 

The BIMEET consortium engaged with key target groups and stakeholders related to the 

energy efficiency building value chain across participating countries and beyond, as illustrated 

in Figure 1-3. In total, 26 experts/organisations had already committed to participate and have 

sent letters of support for the creation of the BIMEET expert panel. Other organisations and 

people have already expressed their interest and will be involved. The influence of this group 

of experts will be amplified by a community of interest, which will involve BIM trainers and 

national decision makers across Europe leveraged through the BIMEET training platform (200+ 

users/practitioners are expected). 
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Figure 1-3 BIMEET European network (consortium partners and principal expert panel). 

This thesis focuses specifically on objectives 2 and 3 of the BIMEET project, and therefore it 

provides in-depth analysis and gaps identification in relation to the skills involved in BIM 

training for energy efficiency, prior to integration with training models and strategies. Mixed 

methods have been used to understand existing BIM practices, and determine existing 

requirements and gaps in BIM skills and training. In addition, a framework has been developed 

to address these requirements.  
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1.5 Research Objectives 

Following the key drivers and global motivation, the aim of the research is to explore the role 

the digital transformation of the construction industry, with a focus on BIM, in improving 

energy efficiency in the Construction sector through adapted training and education. The 

specific target of this thesis is to test a central hypothesis through decomposition into several 

research questions. The central hypothesis to be tested states: 

Adapted training to promote the digital transformation of the construction industry, and in 

particular to enhance the adoption of Building Information Modelling, can have a positive 

impact on white and blue-collar work practices to deliver energy efficient interventions. 

This hypothesis translates into the following research questions: 

Research question 1: What are the requirements, limitations and gaps in the BIM skills and 

training landscape in Europe?  

Research question 2: Which BIM roles and skills are required to achieve energy efficiency via 

adapted training?  

Research question 3: Can changing training requirements as a consequence of the continuous 

digitalisation of work practices, business processes, and technology evolutions, be captured 

and managed through a dedicated framework that factors in a wide range of aspects, including 

roles and skills?  

Research question 4: How scalable and adaptable is this standardized qualification framework 

to other regions and socio-organisation contexts such as in the context of developing 

economies?  

These research questions are addressed through the following objectives: 

• Identify the essential gaps and requirements of BIM application in energy efficiency 

based on the current work and business process practices. 

• Identify each role and their qualifications in construction projects. The roles will inform 

the training process, which can contribute significantly to the education of white and 

blue collars in the field of BIM and promote energy-efficient practices across 

organisations and projects. 
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• Identify the level of skills needed to embed BIM for energy efficiency within work 

practices for various stakeholders involved in the construction projects during their 

lifecycle. 

• Explore the scalability of the proposed results in a developing economy. 

1.6 Contributions  

This research has led to a number of contributions to the body of knowledge, including: 

• A detailed literature review for BIM training and skills for energy efficiency has been 

formalised by identify gap in the filed through extensive survey using authentic 

research databases.   

• A skills RIBA map is proposed to define the skills for each different roles' category to 

handle BIM for energy efficiency through nine stages of the project lifecycle based on 

the RIBA 2013 Plan of Work.  

• A skills matrix for the five main role categories developed based on the skills RIBA map 

and EQF levels (from 1 - 8) that would be used as a standardised qualification 

framework for BIM training and education. 

1.7 Thesis Outline 

This thesis is divided into eight chapters. The contents of each chapter are summarised below 

to give an overview of the organisation of the thesis. 

Chapter 1 Introduction: This chapter has aimed to provide the wider context and background 

as to the motivation and significance of the research provided in this thesis, and it offers a 

statement of the problem of the research. In addition, this chapter presents the aim, 

hypothesis, research questions and objectives. Finally, the contributions to the body of 

knowledge are outlined. 

Chapter 2 Literature Review: This chapter provides a thorough review of the existing body of 

literature for BIM for energy efficiency in construction sectors. It is split into five main parts: 

the climate agenda, the construction market, energy efficiency in construction industry, digital 

transformation of construction industry, and the EU construction energy efficiency training 

and skills agenda. From this review, the foundation of the research gap will be developed. 
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Chapter 3 Methodology: This chapter will detail the overarching methodology and approach 

to carrying out the research described in this thesis. It will discuss the philosophy behind the 

research, clarify the method by which the research questions will be answered, and report 

how the work throughout this thesis has been validated. This chapter will also introduce the 

core theory behind the main components used throughout the thesis, namely interviews, 

questionnaire, case studies, and social media. 

Chapter 4 Requirements and gaps in BIM training and skills for the energy efficiency landscape 

in Europe: This chapter covers the requirements capture phase. Whereas research aims at 

offering specialised training and educational programmes to support the BIM implementation 

agenda for energy efficiency in Europe, this chapter will address the requirements the 

elicitation phase. This phase collects and analyses the training and skills requirements and 

gaps to inform the training elaboration phase with regards to skills, roles and required 

qualifications. 

Chapter 5 Knowledge engineering to upskill the construction workforce around BIM for energy 

efficiency: The chapter covers the requirements capture phase of the research, and it 

identifies the roles and skills. Based on the requirements elicitation in Chapter 4, this chapter 

will address the definition of roles and skills for BIM for energy efficiency by using the 

methodology included a Europe-wide consultation with experts and practitioners, as well as 

an in-depth analysis of social media sources used across construction communities, informed 

by a comprehensive literature review. It will also provide consolidation lists of the roles and 

skills involved in BIM training for energy efficiency. 

Chapter 6 Standardized qualification framework for energy efficiency enhancement: The roles 

and skills list from Chapter 5 and roles categories from Chapter 4 are classified and analysed 

during the whole lifecycle of a project in terms of relevancy to BIM and energy efficiency in 

the construction sectors. In this chapter, a standardized qualification framework is then 

proposed according to RIBA work plan and the EQF recommendations. The skills RIBA plan is 

used to define the skills for each different roles' category through all stages of the project 

lifecycle. Then, a skills matrix for each skill level recommended is proposed according to the 

EQF levels definition. This matrix enables different distinguishing levels for each skill, i.e., 

senior and technician, and helps to define the level of EQF. The stakeholders' skills levels have 
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been identified to handle BIM for energy efficiency of the building sectors during the lifecycle 

and supply chain.  

Chapter 7 BIM for energy efficiency training requirements in the context of developing 

countries: Saudi Arabia as a case study:  This chapter will endeavour to enhance the skills, 

qualifications and capabilities of construction practitioners (from high professionals to blue-

collar workers). This will increase the market penetration and adoption of key technological 

development in BIM, given the timeliness of the need for training in combined green and 

functional performance engineering in the context of developing countries. 

Chapter 8 Conclusion: This chapter summarises the research findings and presents how the 

research questions have been answered through the research stages. In addition, this chapter 

will describe how this research has met the main aims of the research. Following this, a 

summary of the key contributions to the body of knowledge will be provided.  It will also 

outline the limitations that have been observed. Finally, this chapter will make several 

recommendations for future work. 
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2.1 Introduction  

The development of new climate change policies has increased the motivation to reduce 

energy use in buildings, as reflected by a stringent regulatory landscape. The construction 

industry is expected to adopt new methods and strategies to address such requirements, 

focusing primarily on reducing energy demand, improving process efficiency and reducing 

carbon emissions. However, the realisation of these emerging requirements has been 

constrained by the highly fragmented nature of the industry, which is often portrayed as 

involving a culture of adversarial relationships and risk avoidance, which is exacerbated by a 

linear workflow. Recurring problems include low process efficiency, delays and construction 

waste. BIM provides a unique opportunity to enhance building energy efficiency, and to open 

new pathways towards a more digitalised industry and society. BIM has the potential to 

reduce (a) waste and carbon emissions, (b) the endemic performance gap, (c) in-use energy 

and (d) the total lifecycle impact. BIM also aims to improve the whole supply chain related to 

the design, construction, management and use of the facility. However, the construction 

workforce is required to upgrade their skills and competencies to satisfy new requirements 

for delivering BIM for energy efficiency. Currently, there is a real gap between the industry 

expectations for employees and current training and educational programmes. There is also a 

set of new requirements and expectations that the construction industry needs to identify and 

address in order to deliver more informed BIM for energy efficiency practices. 

This chapter will assess the gap, or need, for BIM for energy efficiency in the construction 

sector. It presents a review of recent reports, studies and research related to the subject, and 

it discusses the contributions and solutions of other researchers. It covers the important issues 

and aspects investigated in the research, and it details the global and European background 

to the many different works that contribute to and support research in this field.  

2.2 Climate Agenda                                                                              

Global warming, or the long-term heating of Earth’s climate system, has significantly increased 

the pressure to reduce energy use in the construction sector in recent years. The United 

Nations Framework Convention on Climate Change [70] and the subsequent Kyoto Protocol 

[71] called for consumption limits and GHG emission reduction in accordance with agreed 

national targets. Consequently, the legally binding Paris Agreement was established by 190 
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parties worldwide, including 27 member states of the European Union (EU-27), with the aim 

to avoid reaching a ‘tipping point’ and to keep the global temperature rise worldwide well 

under 2C, preferably within a maximum rise of 1.5C [72]. Climate Change 2021: The Physical 

Science Basis mentions that since 1850, the last four decades have been successively warmer 

than any preceding decade [73]. Today the pressure to avoid reaching this point is still on. This 

agreement prompted the European construction sector to respond. In addition, the World 

Green Building Council (WGBC) highlighted in Delivering the Paris Agreement – The Role of 

the Built Environment, that the Paris Agreement demands a more ambitious built 

environment strategy [74]. 

The United Nations (UN) International Development Organisation (UNIDO) 2030 Agenda for 

Sustainable Development: Goal (7) set the following targets for 2030: to ensure universal 

access to affordable, reliable and modern energy services; to substantially increase the share 

of renewable energy in the global energy mix; to double the global rate of improvement in 

energy efficiency; to enhance international cooperation to facilitate access to clean energy 

research and technology; and to promote investment, expand and upgrade energy 

infrastructure and clean energy technology to supply modern and sustainable energy services 

for all in developing countries [75]. In 2018, a recent European Commission (EC) 

environmental strategic vision document, A Clean Planet for All, referred to seven strategic 

building blocks, many of which directly affect the European construction sector [76]. A 2019 

report by the WGBC Bringing embodied carbon upfront states that, together, building and 

construction are responsible for 39% of all carbon emissions in the world, with operational 

emissions accounting for 28% and the remaining 11% from embodied carbon emissions. Both 

WGBC and Eurostat Statistics confirm that Europe cannot afford to waste energy [77], [78]. 

It is evident that the need for the European construction sector to set targets to reduce energy 

consumption, curb GHG emissions and improve energy efficiency to reduce global warming is 

well established. 

2.2.1 Energy Targets for EU Constructions 

The call to improve energy efficiency in construction via targets is well established in Europe. 

As pointed out in the 2012 EC Energy Roadmap 2050, higher energy efficiency in new and 

existing buildings is key for the transformation of the energy system of the European Union 
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(EU) The EC initial mandatory Nationally Determined Contribution (NDC) under the 2015 Paris 

Agreement was committed to reduce EU GHG emissions by at least 40% by 2030 compared to 

1990 levels [79]. The EU’s roadmap, or Long-Term Low Emission Development Strategy (LT-

LEDS) under that agreement, was published by the UNFCCC in 2020. This strategy endorsed 

the objective of the 2019 European Green Deal of achieving a climate-neutral, or net-zero, EU 

by 2050. It set out that the EU-27 should strive to formulate and communicate their long-term 

low GHG emission national development strategies, which acknowledge their common but 

differentiated responsibilities and respective capabilities [80]. 

The current EC 2030 Climate and Energy Framework as part of its 2019-2024 European Green 

Deal requires the current E-27 member states to contribute to achieving at least 40% cuts in 

GHS emissions from 1990 levels, at least 32% share for renewable energy and at least 32.5% 

improvement in energy efficiency [81]. A European Environment Agency 2020 Emission 

Indicator Assessment summarises that GHG emissions 2030 projections based on current and 

planned measures of the EU-27 show an emission reduction of only 36%, so further effort will 

certainly be necessary to achieve climate neutrality by 2050 [82]. Despite setting targets, 2021 

data from the Climate Analytics and New Climate Institute Climate Action Tracker (CAT) 

currently rates the current EU-27 level as insufficient and the pressure is still on for the EU to 

align actions with intent [83]. Once again, in 2019, the EC suggested in its Clean Energy for all 

Europeans Package, that by rendering buildings more energy efficient, EU energy and climate 

goals can be more be more easily achieved. To achieve this, the construction industry, like 

other sectors, has established targets relating not only to improving energy efficiency but also 

to reducing energy consumption, and GHG reduction too [84]. 

2.2.2 EU Environmental and Energy Policies 

The energy emission objectives highlighted above are increasingly being translated into 

stringent policies, directives, regulations and laws. Some of these directly interface with the 

construction sector. Aligned with the recent digitalisation trend of the construction industry, 

the EU community has released regulations to promote improved energy performance in 

buildings, including cost-efficiency, local conditions and requirements (local climates and 

cultures significantly influence energy consumption in buildings) [52]. 
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The 2019 EC Clean Energy for all Europeans Package [85], enabled the earlier 2015 EU Energy 

Union Package to be implemented, and eight new or updated related energy emission 

reduction related laws to be adopted including the (EPBD) 2018/844, energy efficiency 

Directive (EED) 2018/2002 and Regulation on the Governance of the Energy Union and Climate 

Action 2018/1999 [86], [87]. The Accounts Modernisation Directive 2005 introduced 

requirements for companies to include a balanced and comprehensive analysis of the 

development and performance of the business in their Directors’ Report [88]. This analysis 

should include both financial and, where appropriate, non-financial key performance 

indicators relevant to a business, including information relating to environmental and 

employee matters. The 2018 recast of the 2012 EED (2012/27/EU) established a common 

framework of measures to promote energy efficiency within the EU [89]. According to the 

Council of European Energy Regulators, the revision sets the EU headline energy efficiency 

target for 2030 of at least 32.5%, amends certain provisions, and added a requirement for a 

general Directive review and a possible, upwards revision of the target. It led to a public 

Consultation on the Review and the Revision of Directive 2012/27/EU on Energy Efficiency 

[90] and paved the way for further energy efficiency improvements, due to substantial cost 

reductions, economic or technological development, and an extension to the Energy Savings 

Obligations scheme, introduced in the 2012 EED. The 2018 recast of the 2010 EPBD 

(2010/31/EU) imposes stringent energy efficiency requirements for new and retrofitted 

buildings. It covers a broad range of policies and measures that help boost energy 

performance of buildings and improve their existing building stock from both a short and long-

term perspective [91]. The EU Regulation on the Governance of the Energy Union and Climate 

Action 2018/1999 led to the requirement for National Energy and Climate Plans (NECPs). The 

EU-28 submitted Final NECPs for the period 2021-2030 to the EC by the end of 2020 [92]. 

Following a proposal in 2020, a provisional agreement for the first European Climate Law was 

established and adopted on the 28 of June 2021 [93]. It is now being updated with a view to 

implement at least the proposed 55% net GHG emissions reduction target and enshrine its 

2050 climate-neutrality target into law. These laws, directives and regulations form the 

backdrop to the current construction market, both at the global and European scale. 
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2.3 Construction Market  

Global Construction 2025 [94] forecasts that the global construction market will grow by over 

70% by 2025. Global Construction 2030 [4] forecasts that global average construction growth 

would be 3.9% per annum to 2030 driven by developed countries who are recovering from 

instability and emerging countries who are continuing to industrialise. A recent report Growth 

Opportunities in the Construction Industry highlights that the future of the global construction 

industry looks good with opportunities in residential, non-residential, and infrastructure. It 

goes on to say that the global construction industry is forecast to grow at a Compound Annual 

Growth Rate (CAGR) of 4.2% from 2018 to 2023 [95]. In addition, the Construction Global 

Market Report 2021: COVID-19 Impact and Recovery to 2030 [96] forecast that the market is 

expected to reach US$ 16,614.18 billion in 2025 at a CAGR of 7%. The global construction 

industry accounts for about 6% of global Gross Domestic Product and is growing [97]. 

These reports signal various emerging environmental trends that have a direct impact on the 

construction industry, such as the increasing demand for green construction to reduce carbon 

footprint and the development of building management information systems. Some countries 

now have mandatory carbon disclosure requirements for listed companies and have 

introduced carbon reporting for institutional investors, asset owners and investment 

managers [98]. 

2.3.1 EU Construction Market 

The 2012 EC European Construction Sector Observatory publication was focussed on the 

promotion of favourable market conditions for sustainable growth in the construction sector 

[99]. The following five areas were addressed: a) financing and digitalisation: especially for 

energy-efficient investments in the renovation of buildings and for research and innovation in 

a smart, sustainable, and inclusive environment; b) skills and qualifications: workforce and 

management training for job creation through up-skilling and apprenticeships to meet 

demands for new competencies; c) resource efficiency: focusing on low emission construction, 

recycling and valorisation of construction, and demolition waste; d) regulatory framework: 

emphasis on reducing the administrative burden for enterprises, and particularly small and 

medium enterprises; and e) international competition: encouraging the uptake of Eurocodes 
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and promoting the spread of new financial tools and contractual arrangements in non-EU 

countries [99]. 

According to the Europe Construction Industry Report 2020-2024, this strategy initially 

appears to have paid off given that the construction industry in Europe is due to record a 7.8% 

CAGR to reach USD 2707.2 billion by 2024. The residential construction industry increased at 

a 4.2% CAGR in value terms between 2015 and 2019. However, the report also highlighted the 

impact of Covid-19 outbreak on the European construction industry. The pandemic is 

expected to impact the growth across key sectors over the short to medium term, and the 

recovery is forecast to be slow. Residential and commercial construction sectors are forecast 

to suffer the most, although the growth of the infrastructure sector is expected to be 

maintained through public spending [100]. 

In 2020, during their Annual Conference, Euroconstruct highlighted that the European 

construction market would not recover completely until 2023, forecasting growth of 4.1% 

during 2021, 3.4% during 2022 and 2.4% during 2023 [101]. It went on to forecast the civil 

engineering sector to be least affected by the crisis and infrastructure spending to expand by 

5.2% in 2021. Today, the EC says that the construction industry is important to the EU 

economy, providing 18 million direct jobs contributing to about 9% of EU GDP [102]. The 

market for the global and European construction sectors therefore looks promising and, from 

emerging growth and other trend reports, it appears to be increasingly sustainable, but the 

key to unlocking growth depends on national and organisational ability to meet performance 

targets and objectives. 

2.3.2 Performance Measurement Systems and Targets  

Given the backdrop of anticipated sustainable global growth in the sector, several countries, 

including in Europe, have already setup national growth or performance targets to achieve 

sizeable overall national short-term and long-term growth objectives [103]. 

Having a performance measurement system in place provides countries and organisations 

with reliable information and allows key performance indicators (KPIs), to be set and adjusted 

over time to meet objectives and implement growth strategies [104]. 

As a result of the 2005 EU Accounts Modernisation Directive [88], larger European 

organisations, including construction businesses, have had to take steps to measure their 
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progress to meet targets through environmental KPIs. On environmental matters, this 

includes environmental impacts, both of a company on the environment (such as GHG 

emissions, waste to landfill) and of the environment on a company. Project performance itself 

can be measured and evaluated using performance indicators related to dimensions such as 

time cost, quality, client satisfaction, client changes, business performance, health and safety 

[105]–[107]. Time, cost and quality are the three predominant performance evaluation 

dimensions in the construction industry. 

2.4 Construction Energy Efficiency                                                          

The construction industry is highly fragmented and subject to poor productivity. It depends 

on many different professions and trades, most of which tend to respond to local market 

needs and control only one or a few elements of construction design, construction or 

maintenance or operational processes. 

The construction industry hosts a variety of professional disciplines (such as architecture, civil 

and structural engineering, and building services). Each has its dedicated codes of practice, 

regulations and technical jargon. Values, norms and cultures vary from one organisation to 

another, and increasingly within them, which can reflect in work practices, business processes, 

communication methods and more. Historically, all of the disciplines involved collaborate 

poorly, for contractual or other reasons. Projects involve a myriad of stakeholders: 

contractors, facility managers, product manufacturers and suppliers, user associations, clients 

and investors, local through to international authorities and others. Firms often appear to be 

willing to experiment with a suite of tools and techniques, but are either unwilling or unable 

to instil a culture of collaboration and the potential impact of team building is hindered by the 

‘formalisation’ of collaborative practices [108]. If they do collaborate, then they are faced with 

multiple and increasingly novel ways of working, such as remote collaboration stimulated by 

advances in technology. This is compounded by increasing building complexity, new 

procurement paths, construction technologies, construction methods and materials meeting 

changing economic, environmental and societal challenges. This requires the involvement not 

only of those with traditional professional roles and skillsets but also of those in new 

professions with skills in areas such as energy, environmental, waste, data, communications 

and smart technology.  
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2.4.1 Global Construction Challenges 

The global construction industry exhibits characteristics that differentiate it from other 

industrial sectors. Each project is usually a one-off and unique prototype with distinct 

characteristics, including choice of construction system, materials, site topography and 

geology, and local environmental factors. Its final products tend to be durable, lasting several 

decades or more, and represent one of a few non-transportable, predominantly industrial 

products [109]–[111]. Construction is also highly regulated. Regulations and standards are 

increasingly rigorous, with the involvement of several levels of regulatory governance (local, 

regional, national, European, and international) [112]. Beyond this, the sector is still facing the 

consequences of the economic crisis, and many companies have reduced investment 

capacities. The entry level for new companies is relatively low because the need for 

operational capital is small [113]. Research findings suggest that the strength of inter-

organisational cooperation may be responsible for its performance in some countries. This 

includes the relationship of contractors with subcontractors or suppliers of materials, the 

government, universities, architects or engineers, clients and international collaborations with 

other contractors [114]. Relationships are often adversarial in nature, temporary and short 

term, bringing together partners who may never work together again, which can increase the 

problem. Traditional construction is labour-intensive, with high workforce mobility with 

contract durations often linked to the length of a single project or design/construction phase. 

The design, construction and operation process is often not linear and cannot be viewed in 

such a functional way. A sequential flow only accentuates the hard breaks between the 

organisational structure of the industry and contributes to problems of fragmentation, and 

poor coordination and communication between project team members [115]. This is 

highlighted by several governmental and institutional reports, as follows: Philips Report [116], 

Emmerson Report [117], Banwell Report [118], Gyles Report [119], Latham Report [120], and 

Egan Report [121]. Such issues arising during the traditional construction process often lead 

to low productivity and profitability, poor project performance and delays, sustainability 

concerns and construction waste, and skilled labour shortages [122]. Despite lagging industry 

growth forecasts, a 2017 report titled ‘Reinventing Construction: A route to higher 

productivity’ by McKinsey Global Institute found that global labour-productivity growth in 

construction averaged only 1% a year over the past two decades, compared with 2.8% growth 
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for the total world economy and 3.6% in manufacturing [122]. As a result of these issues, many 

projects now demand a re-educated and trained workforce as construction technology 

becomes ever more sophisticated [123], [124]. 

2.4.2 EU Construction Challenges 

Aside from issues affecting the construction sector, there are several other barriers that 

specifically affect energy efficiency improvement. In Europe these include the following. First, 

small market size: several EU countries have an established energy efficiency market, but this 

may be small relative to the size of the opportunity [125]. There are significant economic 

benefits to be realised from growing these markets and making energy-efficient processes 

mainstream in construction. Second, SME dominance: over 90% of the industry is dominated 

by small and medium sized enterprises (SMEs) and many have been impacted by the recent 

economic downturn due to the COVID-19 crisis [126]. Third, lack of trusted energy efficiency 

information: there is currently a lack of access to trusted and appropriate energy efficiency 

information for various European construction trades [127]. Where information is available, it 

may be generic and not tailored to specific circumstances, which means that construction 

enterprises are not able to fully assess the benefits of energy-efficient interventions. Fourth, 

misaligned financial energy incentives: those investing in energy efficiency measures in 

Europe are not always the ones receiving the direct benefit across the energy value chain 

[128]. In terms of wider benefits such as improved security of energy supply, the individuals 

making an investment will not always appreciate the benefit to them. Fifth, undervalued 

energy efficiency: Partly due to the lack of trusted building information, the long-term benefits 

of improved building energy efficiency are often regarded as less certain. Consequently, 

energy efficiency is undervalued relative to other investment options in Europe and not 

prioritised as it might otherwise be. Finally, a skills gap has, in some cases, prevented 

businesses from making environmental and energy efficiency improvements [129]. 

2.4.3 Construction Sustainable Opportunities 

The opportunities for sustainable new build and retrofit construction are twofold. First, there 

is increased interest to find novel technical solutions to decrease energy demand, minimise 

carbon emissions and improve process efficiency. Industry stakeholders suggest the following 

for improved process efficiency: a) improving planning and material management; b) using 
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new technologies to reduce inefficient construction practices; c) listening to experienced staff, 

according to skill sets, across the age spectrum; d) adjusting client expectations; and e) 

improving communication [130]. In addition, the European Green Deal specifically called for 

increased green renovation to reduce carbon emissions. The Climate Analytics and New 

Climate Institute reveal through their CAT that an increase of the renovation rate to 3.5% is 

necessary to make emissions from the EU building sector compatible with the 1.5°C 

temperature increase limit [83]. In 2014, 35% of existing European building stock was over 50 

years old. Increasing energy efficiency has the potential to reduce EU energy consumption by 

5% to 6% and CO2 emissions by 5%. The EC states that currently roughly 75% of buildings in 

the EU are not energy efficient, yet 85-95% of today’s buildings will still be in use in 2050. In 

2020, the EC launched its Renovation Wave initiative: A Renovation Wave for Europe - 

greening our buildings, creating jobs, improving lives. The intention of this initiative is to 

provide an opportunity for improving energy efficiency of existing building stock [131]. 

It is thus clear that opportunities exist for improving the energy efficiency of built assets, 

whether newbuild or retrofit applications. However, there is also a third opportunity: 

addressing the skills gap and harmonising skills in these domains to counter sectorial 

challenges and make further energy efficiency again.   

2.4.4 Construction Skills for Energy Efficiency  

The first principle of the EC European Pillar of Social Rights [132] established as part of EC 

2019-2024 priorities states that everybody in the EU has the right to quality and inclusive 

education, training and lifelong learning. Its Action Plan target is that 60% of all adults should 

be participating in training every year by 2030, in 2016 only 37% were. Data on the current EU 

skill landscape is available via the Skills Panorama, an online tool providing central access to 

data, information and intelligence on skill needs in occupations, sectors (including 

construction) and countries [133]. It provides information by policy themes and gives a 

European perspective on trends for skills supply and demand and skill mismatches, while 

giving information about national data and sources [134]. Inspection of data from this and 

other sources reveals that deficiencies still exist.   

In 2012, Build Up Skills UK National Status Quo research established from employers and 

industry stakeholders that the following professional occupations and associated 
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skills/knowledge need to be urgently addressed for the UK to meet the requirements of the 

EU 2020 energy efficiency targets: energy advisor/assessor (wide-ranging skills and knowledge 

needs), architects (low carbon design skills; whole life costing), construction planners 

(understanding energy efficiency targets), civil engineers (understanding  low carbon 

materials and installation processes; knowledge of energy efficiency targets), surveyors 

(understanding of energy efficiency targets and impacts of energy efficiency measures, or lack 

of them), and site supervisors (understanding the processes and quality standard of 

completed work needed to meet low carbon requirements). They have since launched a call 

to reassess the original NCPs and strategic skills roadmaps of the EU countries to include new 

content mapping the skills needs for white-collar (White-collar workers are suit-and-tie 

workers who work at a desk and, stereotypically, eschew physical labor. They tend to make 

more money than blue-collar workers [135]), and professions as well as blue-collar (Blue-collar 

worker refers to workers who engage in hard manual labour, typically agriculture, 

manufacturing, construction, mining, or maintenance [135]) trades to reflect the 

requirements of the whole building value chain. There is increasing alignment of interest, or 

harmonisation, between those who design and construct a built asset or facility and those 

who subsequently occupy and manage it [134]. This demands dedicated skills to address 

lifecycle sustainability requirements across the whole construction industry, incorporating 

(AEC/FM). 

2.4.5 Shifting Construction Disciplines 

The process of designing, re-purposing, constructing and operating a building or facility 

involves not only the traditional disciplines but also many new professions [5], [136].  In 

addition, there is an increasing alignment of interests between those who design and 

construct a facility, and those who subsequently occupy and manage it. This requires 

dedicated qualifications to address multi-objective requirements [57]. European businesses 

are increasingly integrating energy efficiency into their operating models and traditional 

AEC/FM disciplines are now sought to be integrated with newer ones from the energy and 

environmental fields. 
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2.4.6 Energy Efficiency Solution Agenda 

An increasing number of different software solutions are available to the European 

construction market that are integral to the development of the energy efficiency agenda and 

which can interface with BIM. Building energy models allow additional information to be 

embedded to run energy simulations. The objective of these applications is to apply accurate 

energy-monitoring, provide real-time decision-support system triggers and enable 

consumption-pattern identification and impact the overall energy profile of a building pilot. 

With software interoperability, information can be seamlessly shared between two or more 

software applications. In 1999, Bazjanac and Crawley showed the tangible benefit of BIM of 

achieving true interoperability for simulating energy in buildings through a number of case 

studies [137]. In 2019, Andriamamonjy et al.  also highlighted how cost interoperability, time 

savings and duplicate data and error elimination can be achieved through energy simulation 

models [138]. 

In a BIM-based energy simulation, it is possible to satisfy the requirements of energy 

simulation and pass data flawlessly from BIM to an energy output simulation system, such as 

EnergyPlus [139] and DOE-2 [140]. EnergyPlus is an energy analysis and thermal load 

simulation tool that allows performance simulations to be built, such as lighting/daylighting, 

heating, ventilation and air conditioning, service water heating, and on-site energy generation 

[141]. Simergy [142] is another BEM tool that facilitates the creation of a digitalised BIM model 

and also interfaces with EnergyPlus software for simulations. There is also a wide range 

different environmental and energy-related certification and auditing processes for 

construction projects, such as LEEDTM and BREEAM (note that BREEAM is the Building 

Research Establishment Environmental Assessment Method process, whereas LEED is 

Leadership in Environment and Energy Design certification). 

2.5 Digital Transformation in Construction Industry                                                   

Recent improvements in ICT have seen the emergence of a plethora of devices, software and 

communication paradigms that promote a new generation of smart buildings [143]. ICT 

includes software development, mobile devices, cloud computing, data centres, cyber 

security, research networks, support and so on [144]. Robotic automation, artificial 

intelligence, machine learning, the Internet of Things, and 5G technologies also form part of 
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this evolving landscape. Devices such as low-power wireless sensor networks for 

environmental monitoring, and smart meters for electric load profiling and recognition, give 

the possibility of monitoring and profiling the energy consumption and overall energy 

performance of buildings [145]. 

ICT is an enabling force in a new era for the construction sector. Generally, as Latham 

explained, information technology can help the coordination and management of a new 

project if its function and the relationship between the parties are properly stated and 

understood [120]. It can also play a game-changing role, enabling faster and more reliable 

design decision making and construction follow-up for construction professionals. Where 

information was previously managed and communicated via analogue or verbal systems and 

instructions, today supply chain integration, the use of CAD, BIM and mobile computing 

development in the sector signify that ICT is becoming an integral part not just of design offices 

but also of construction sites [146]. ICT has also been recognised as a key player for reducing 

energy consumption and the progress towards a more sustainable and smart society [147]. 

In 2006, research by Ruddock revealed that the global construction industry was already 

beginning to reap the benefits of productivity from the post-1995 surge in ICT investment 

[148]. However, progress since then has been uneven and affected by external factors. For 

example, the IDC reports that from 2021 through 2023, overall ICT spending will grow by at 

least 5% annually due to continued expansion in new technologies [149]. The pressure is still 

on to accelerate return on ICT investment. 

CAD replaces analogue manual draughting design processes. Some, such as Sanders [150], 

trace the beginnings of CAD to the year 1957, when the first commercial numerical-control 

program was developed. In 1960, a solution was developed that demonstrated the basic 

principles and feasibility of computer technical drawing [150]. The increasing use of CAD 

software in construction design offices from the early-1980s prompted the first efforts in 

electronic integration and sharing of building information and data [151]. Here, the ability to 

share information and data electronically through either proprietary drawing formats or via 

drawing/data exchange format, together with the added dimension of drawing layering, had 

substantial impacts on business processes and workflows [5]. The use of CAD evolved towards 

communicating information about a building in ways that a manually drafted or plotted 

drawing was unable to [152], [153]. Object-oriented CAD was introduced in the early-1990s 
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by companies such as AutoDesk, GraphiSoft, Bentley Systems and others [154]. Data objects 

in these systems stored non-graphical data and third-party components, which comprise 

product data, in a logical structure together with the graphical representation of the building. 

These systems often supported geometrical modelling of the building in 3D, which helped to 

automate many of the draughting tasks required to produce drawings. When combined with 

the increasing ubiquity of electronic networking and the Internet, this allowed companies to 

collaborate and share building information and data, which led to new ways of communicating 

and working. The opportunities presented by the move towards collaborative working and 

information sharing led in the early-1990s to the development of frameworks to encourage 

the migration from document centred approaches towards model based, integrated systems 

[155], [156] [155], [157]. It is clear that to capitalise on the potential for CAD and object or 

product model integration, improved standard coordination is needed [158] [159]. 

In contrast, BIM is the process of generating and managing data and information about a built 

asset throughout its entire lifecycle. It is defined as a building information generation, storage, 

management, exchange, and sharing process that is interoperable and reusable [40], [41], 

[160]. Furthermore, BIM is a procedure that is used in developing and handling project 

information and data that generates an outcome, which is referred to as the Building 

Information Model. This requires the development and use of a computer-generated model 

to simulate planning, design, construction and operational phases of a project [7], as 

illustrated in Figure 2-1. This model holds the digital information and data of a physical built 

asset. 

 

Figure 2-1 Uses of BIM across an asset lifecycle (source: buildipedia.com) . 
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BIM information and data can be used to illustrate the entire building lifecycle, from inception 

to completion and beyond, through to demolition and materials reuse. BIM describes the 

process of designing a building collaboratively using one coherent system of computer models 

rather than a separate set of drawings [161]. BIM is generated for various strands of issues to 

be addressed in delivering a scheme. Information flow in each lifecycle stage needs to be 

planned and managed as per the operational requirements of the asset owner or client. All of 

this information, including energy efficiency and environment-related information, can be 

continuously shared and its workflow is managed in a Common Data Environment, as shown 

in Figure 2-2. 

 

Figure 2-2 Model organisation in a Common Data Environment. 

BIM holds plays a critical role in revolutionising the construction industry worldwide. As part 

of this, the European construction industry is experiencing digital transformation, and digital 

support is intensifying through all stages of building design and construction. BIM methods 

and tools are now of significant interest in the sector. They are recognised as key components 

of future construction practices, and their benefits for productivity and reliability are widely 

acknowledged. BIM has brought about digital transformation in the construction industry and 

is of significant interest across Europe [62]. Initially, BIM enhanced design support and 

construction planning and monitoring. This advanced support from digital tools is likely to 

enable significant improvements in the quality and performance of buildings or more. Yakami 

et al. has shown that the use of BIM in projects can have a significant impact on quality, 

resource efficiency, and reduction in construction time and cost [162]. Yarmohammadi and 

Ashuri emphasise the roles of BIM qualifications regarding the coordination of building 

services, and how a team leader with high BIM qualification can have a significant impact on 
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the progress and coordination of a project [163].  Mohd and Latiffi mention that a skilled BIM 

workforce helps to reduce cost and improve time management through clash detection [164]. 

Barrett and Sexton say that BIM can support collaboration between employers, designers, 

suppliers and facilities managers through a range of design and construction tasks [56]. BIM 

has also been validated in studies by Egan and Bryde et al. [57], [121], as an efficacious 

instrument for addressing: a) project failure caused by lack of effective project team 

integration across supply chains; b) Dainty et al. comment on the emergence of challenging 

new forms of procurement including design–build–operate contracts [165], and c) Becerik-

Gerber et al. showed that adopting BIM in FM can decrease the whole life cost of a building 

[60]. The literature thus shows that BIM enables practitioners to: a) gain efficiency in their 

individual activities and work more efficiently together with different stakeholders through 

more seamless information and data exchange, b) have a raft of opportunities for time and 

cost savings, c) improve natural and human resource efficiency, d) improve quality and 

productivity through integration of graphical and non-graphical data, e) improve supply chain 

integration throughout a project lifecycle, f) improve communications and virtual 

coordination through digital collaboration, g) facilitate opportunities for sustainable 

construction, h) be of use for a variety of purposes, i) improve organisational, team and 

individual skills, and j) preserve the competitiveness of European businesses. Managing 

building information using BIM can lead to significant cost, time and waste reduction 

throughout the lifecycle of an asset: from inception through to design and construction 

through to maintenance. Coordination checks become unnecessary, and information 

generated from a model leads to fewer errors on-site caused by inaccurate and uncoordinated 

information. Critically, as Boton et al., Petri et al. and Yuce and Rezgui find that BIM represents 

a game-changing factor that would support the transition to more energy and cost-efficient 

practices [53], [54], [166]. 

2.5.1 BIM Applications  

During the last decade, BIM has powerfully transformed AEC and FM projects, due to the fact 

it enables lifecycle and supply chain integration, and facilitates digital collaboration and 

increased productivity. BIM solutions are vehicles for collaboration and exchange of data. 

However, to successfully implement BIM processes, AEC/FM construction teams need 

confidential data security, both externally or internally, within a BIM model.  Although a BIM 
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model can be part of an extranet, Christensen et al., Martin 2009 and Udom 2012 say that this 

may lead to significant legal issues, which should be dealt with through a construction contract 

[42], [43], [167]. 

2.5.2 BIM Qualifications  

According to Succar and Sher, individual BIM qualifications are the personal traits, 

professional knowledge and technical abilities required by an individual to perform a BIM 

activity or deliver a BIM-related outcome [168]. These abilities, activities or outcomes must 

be measurable against performance standards, and can be acquired or improved through 

education, training, and/or CPD development. 

There is a particular need for technical and collaborative skills because BIM is a relatively new 

topic in AEC education and best practices in BIM education are yet to emerge, as illustrated in 

Table 2-1. BIM courses are often taught as technology training, without any theory or 

collaborative learning. In contrast, industry values both technical as well as collaborative skills 

because they are the base for better integration and career development of the future 

employee [169]. Team members from different disciplines also need to collaborate and work 

together with BIM data, supported by BIM professionals. Many authors highlight that skills 

such as teamwork and communication are required in the curricula, as well as soft skills such 

as collaboration and communication, negotiation, teamwork, leadership and conflict 

management [170]. Similarly, Barison et al. look into individual qualifications such as aptitude, 

qualifications, skills/abilities, knowledge and attitude, noting the professional need for the 

position in both foundational and functional ways [171]. 

Dossick et al. emphasise that BIM curriculum should also include the understanding of 

computer application concepts and BIM processes [172]. Others, such as Wei et al. [173], 

emphasise needs such as model management and 3D coordination. Interestingly, Taiebat and 

Ku report that the construction industry values employees who also have in-depth BIM 

conceptual skills rather than those with BIM application skills only [174]. 

Table 2-1 Summary of key BIM skills based on the literature review and on Yakami [162]. 

No. Authors BIM Qualifications 

1 Rahimi et al. [175]  Teamwork, communication, understand BIM standards 
and workflow 
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2 Succar et al. [168] Leadership, estimation, documentation and detailing, 
model management 

3 Eadie et al. [7] Collaboration  

4 Murphy [176] Technical knowledge, planning and administration, 
strategy and policy, programme management   

5 Sturts et al. [172] Coordination and collaboration  

6 Barison et al. [171] Teamwork, leadership, analytical thinking, BIM 
applications, creativity 

7 Succar and Sher [168] Leadership, collaboration, facilitation, organisational 
management 

8 Wei et al. [173] 3D coordination, modelling, design review, site utilisation 
planning 

9 Davies et al. [170] Conflict management, communication, negotiation, 
teamwork, leadership 

10 Dossick et al. [172] Understand computer application concepts and BIM 
processes 

11 Taiebat and Ku [174] BIM conceptual skills 

2.5.3 BIM Education Practice 

Due to the recent and rapid increase in demand for BIM professionals, the current 

qualification development, training, and educational practices are often based on a reactive 

approach, while a well-researched and time-tested best practice for diverse BIM skills 

requirements is yet to emerge [177], [178]. This sector needs structured understanding, 

assessment, and measurement of BIM qualification of a person or a team, contingent on roles 

in the BIM ecosystem. It is also essential to improve the breadth, depth, quantity and quality 

of educated and trained professionals in the built environment to support an effective BIM 

agenda across Europe. 

Yakami et al. have shown that, in this context, BIM education is a critical part of AEC and FM 

education and should address the individual and team skills. Other authors highlight the need 

for BIM skills in the AEC/FM sector [162]. Whereas Fan et al. emphasise the need for a 

relationship between the BIM skills of a person and their understanding of intricacies of the 

field for which BIM is used [179], research by Kassem et al. reveals the particular value of 

improving analogue manual processes of information handover, improving the accuracy of FM 

data and also the efficiency of work orders execution, in terms of speed, data access and 
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intervention location, and the challenges of BIM for FM. This is exemplified through a real-life 

case study of a UK university complex [180], [181]. BIM is also seen to empower current and 

future AEC/FM professionals to accomplish increase productivity, reduce waste and create a 

sustainable future through a combination of technical, methodological, procedural and 

organisational techniques and skills. 

Other research by Kassem et al. suggests that BIM collaborative design protocols can be used 

at the project level by entire supply chains to increase the efficiency and consistency of 

information flow and BIM deliverables [180]. In addition to new protocols, new roles are 

emerging. For example, dedicated BIM managers, BIM coordinators and BIM designers are 

now often seen as required in construction projects. Project managers are likely to be 

positioned for roles as BIM managers and, as research by Yakami highlights, their most 

valuable skills are collaboration, knowledge about BIM development, fluency in BIM 

applications, and technical skills. However, Rahman et al. state that the skill sets needed for 

project managers and BIM managers are different [175]. Research by Yakami shows how BIM 

coordinators require knowledge about BIM standards and recent knowledge about BIM 

developments, as well as leadership and application skills [162]. 

2.5.4 BIM Applications for Energy Efficiency 

BIM aids the AEC/FM sector and its energy efficiency agenda because digitalisation of product 

and process information provides a unique opportunity to reduce material waste and 

duplication of human effort, optimise energy efficiency related decisions across entire 

building lifecycles and supply chains, and allow opportunities for interface with sustainable 

construction, design for manufacture and assembly, smart construction processes and IoT. 

Cerovsek says that BIM also facilitates information collected and stored in a BIM-compliant 

database, which can often be beneficial for a variety of practices, such as energy management, 

maintenance and repair, and space management [61]. The implementation of BIM for energy 

efficiency provides energy savings through a combination of accurate energy monitoring, real-

time decision-support systems, and triggers and identification of consumption patterns. 

Moreover, reliance on a semantic approach, enhanced supervision of energy flows and use in 

buildings, and new partnerships between energy managers, energy distributors, energy 

equipment suppliers, and technology optimises energy use management in buildings. This 

results in quantifiable energy consumption reduction. Petri et al. find that it provides an 
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analytic operating capacity, KPI control, annual consumption forecast progress, reports and 

personalised alerts. Smart distribution of (reduced) building energy consumption implies 

economic savings with targeted energy reduction [62]. 

BIM can facilitate recognised environmental and energy certification processes, including 

BREEAM and LEED, but not without challenges. The key input to the BREEAM process is 

building-related data. BIM enables the data location and format to be rationalised and 

increases the potential for informed decision making compared to traditional approaches to 

design, construction and management. As its uptake increases, the processes underpinning 

BREEAM assessments need to be adapted to make use of BIM data, realise performance 

improvements across a range of metrics and ultimately continue to deliver value to users. 

An improved BREEAM rating is a key opportunity offered by increasing BIM use with BREEAM. 

This offers the potential for digital building data to be processed and analysed to determine 

when the opportunity to improve performance is most cost effective (e.g., prior to 

construction or in-use management interventions). Alongside the RegBIM project [182], and 

utilising learning and output from it, work is underway to develop the IT infrastructure that is 

required to enable third-party construction software to automatically deliver BREEAM 

performance feedback to users as the building data models develop. At the heart of this work 

is the alignment of BREEAM content with industry recognised construction classification 

systems and interoperable data exchange standards [183]. 

Data-driven construction and management also presents an unprecedented opportunity to 

extract building strategy and component data, and then link it to BREEAM performance data 

to understand successes and failures, and contribute to closing the gap between design intent 

and in-use performance. In the future, it will become possible to illustrate the relationship 

between components, strategies and overall building performance against BREEAM 

requirements, propose improvements, to underpin and inform development BREEAM 

standards [184]. 

Wei and Issa highlighted in 2012 that LEED integration is challenged by the wide variety of 

software applications and domain information that are needed for building simulations and 

analyses that relate to specific disciplines. Although collaboration between software vendors 

and file format use can go some way to alleviate this problem, the complexity of LEED projects 
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can cause confusion and miscommunication between project stakeholders. Therefore, care is 

needed in model information exchange mechanism planning [185]. 

Level of development requirements and the model view definition are important concepts to 

grasp when handling BIM-based project information management for LEED. The key is to 

create an interoperable software environment that is based on open standards, such as 

industry foundation classes. This facilitates seamless and bidirectional information flow 

between individual project stakeholders and meets specific model information needs in real 

time without compromising the overall design process, the model integrity or the anticipated 

building performance given in the LEED rating system. Consequently, reliance on traditional 

desktop applications through simple Internet connections with email or file transfer protocol 

as a major data sharing solution is inadequate [186], [187]. 

2.5.5 Building Environmental Impact  

Based on a building’s full lifecycle, the European construction sector is responsible for half of 

its extracted materials, half of its total energy consumption, a third of its water consumption 

and a third of waste generation [91]. Consequently, the sector clearly has a responsibility 

towards setting and meeting environmental standards targets across a building lifecycle, 

including meeting the requirements set out in the EC’s 2020 Circular Economy Action Plan 

[188]. Therefore, role of construction management plans and frameworks is considered here. 

2.5.6 EU Construction Plans and Frameworks 

Over the years, several process frameworks for construction project management have been 

developed, such as the project process [189], Salford process protocol [190], Ministry of 

Defence ‘Working Document’ [191], Construction Industry Research and Information 

Association 113 [192], British Standard 7000 [193], Hubka [194], Pahl and Beitz [195], VDI 2222 

[196], French [197], and Royal Institute of British Architects (RIBA) Plan of Work (PoW) [198]. 

In 1999, through model comparison, Macmillan et al. described the following general 

criticisms: a) most models describe a sequence of phases that typically imply iteration within 

phases but not the link between each; b) most models imply starting with an analysis of 

requirements before the generation of possible solutions (although much design work 

involves modification of existing solutions, not the invention of new ones); c) most models 

describe what should be undertaken, not why or how it should be performed; d) most models 
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do not define what is to be carried out by the different team members and what needs to be 

performed in collaboration; e) and most models do not address the social aspects surrounding 

team-working, such as the selection and involvement of team members at various stages, the 

exchange of information, or the promotion of effective collaboration [199]. 

More recently, to meet the European Green Deal agenda in 2018, the EC launched a test 

period for its EU Level(s) Framework (Level(s)) [91]. This is a new pan-European approach to 

assess and report on the sustainability performance of buildings, throughout the full life cycle 

of buildings. Within Level(s), each indicator is designed to link the impact of an individual 

building with European sustainability priorities. However, unlike the RIBA PoW, this 

framework does not include BIM. Evaluation of these plans and frameworks shows that apart 

from RIBA PoW, none succeed in capturing ways to help a new design team overcome the 

intense requirements identified at start of a project when team members have conflicting 

aims, priorities and expectations, and a new way is needed to construct consensus, develop 

common goals (e.g., more energy-efficient and environmentally friendly processes) and share 

problem-ownership. 

2.5.7 RIBA Plan of Work 

The RIBA PoW was originally published in 1964 as a standard process for building and it has 

become widely accepted as the operational model throughout the UK building industry. The 

PoW represents a logical sequence of events, which should ensure that sound and timely 

decisions are made during a project’s lifecycle. It is suggested that all decisions, set out or 

implied, have to be taken or reviewed. It is anticipated that the model will only need 

adjustments depending upon the size and complexity of the project [200]. The project 

progresses from inception to feedback, from stages, in a linear fashion, requiring the 

completion of one stage before proceeding to the next. This provides a shared framework for 

design and construction that offers both a process map and a management tool. The work 

stages have been used to designate stage payments and identify the team members’ 

responsibilities when assessing insurance liabilities. In addition, they often appear in contracts 

and appointment documents. 

The RIBA PoW has evolved to reflect the increasing complexity of projects, incorporating 

increasing and changing regulatory requirements to reflect the demands of industry and the 
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UK government. It has moved from being a simple matrix representing just the traditional 

procurement route, to including multiple procurement routes, more diverse roles, multi-

disciplinary teams, UK government gateways and has added stages before and after design 

and construction [201]. 

In 2011, RIBA published the Green Overlay to the RIBA PoW, which aimed to provide 

straightforward guidance on the activities needed at each RIBA work stage to ensure that 

sustainability is at the heart of design and management decisions [202]. In 2012, RIBA 

published the BIM Overlay to the RIBA PoW, which aimed to provide straightforward guidance 

on the activities needed at each RIBA work stage to successfully design and manage 

construction projects in a BIM environment. As well as setting out BIM activities at each work 

stage, key data drop points were identified within the overall project process. The aim was to 

assist design and construction teams in using BIM to provide a more efficient, intelligent and 

cost-effective design process, and to offer enhanced services to clients, particularly in relation 

to the whole life value of buildings. The 2013 PoW [202] version was even more flexible and 

reflected increasing requirements for sustainability and BIM, and allows simple, project-

specific plans to be created. 

The RIBA plan of work is an accepted industry process outlining the critical stages of a 

construction project. It has eight work stages, as illustrated in Table 2-2. Clear boundaries, and 

detailed tasks and outputs are required at each stage. It acts across the full range of sectors 

and project sizes [203]. 

Table 2-2 RIBA Plan stages of work, 2013. 

Stage Definition 

 

Stage 0 Strategic definition is a new stage in which a project is strategically 
appraised and defined before a detailed brief is created. This is 
particularly relevant in the context of sustainability, when a 
refurbishment or extension, or indeed a rationalised space plan, may be 
more appropriate than a new building. Certain activities in Stage 0 are 
derived from the former (RIBA Outline Plan of Work 2007) Stage A – 
Appraisal. 

 

Stage 1 Preparation and brief merge the residual tasks from the former Stage A 
– Appraisal – with the Stage B – Design Brief – tasks that relate to carrying 
out preparation activities and briefing in tandem. 
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Stage 2 Concept design maps exactly to the former Stage C – Concept. 

 

Stage 3 Developed design maps broadly to the former Stage D – Design 
Development – and part of Stage E – Technical Design. The strategic 
difference is that in the RIBA Plan of Work 2013 the Developed Design will 
be coordinated and aligned with the Cost Information by the end of Stage 
3. This may not increase the amount of design work required, but extra 
time will be needed to review information and implement any changes 
that arise from comments made before all the outputs are coordinated 
prior to the Information Exchange at the end of Stage 3. 

 

Stage 4 Technical design comprises the residual technical work of the core design 
team members. At the end of Stage 4, the design work of these designers 
will be completed, although they may have to respond to design 
queries that arise from work undertaken onsite during Stage 5. This stage 
also includes and recognises the importance of design work undertaken 
by specialist subcontractors and/or suppliers employed by the contractor 
(Performance Specified Work in JCT contracts) and the need to define this 
work early in the process in the design responsibility matrix. 

 

Stage 5 Construction maps to the former Stage K – Construction to Practical 
Completion – but also includes Stage J – Mobilisation. 

 

Stage 6 Handover and close-out maps broadly to the former Stage L – Post 
Practical Completion – services. 

 

Stage 7 In-use is a new stage that includes post-occupancy evaluation and a 
review of project performance, as well as new duties that can be 
undertaken during the In-Use period of a building. 

The BIM overlay to the RIBA Outline Plan of Work provides straightforward guidance on the 

activities needed at each RIBA work stage to successfully design and manage construction 

projects in a BIM environment. This version of RIBA (2013) is even more flexible and reflects 

increasing requirements for sustainability and BIM, and allows simple, project-specific plans 

to be created. 

The RIBA plan has been reviewed by the expert panel to validate and identify the critical stages 

of the construction projects in this research, starting from strategic definition to in-use stage. 

An additional stage to reduce the environmental impact of demolition and recycle 

construction waste was recommended by the experts because in some cases deconstruction 

works are needed before starting a new project. This plan also helped to classify the skills 

needed for the category's roles in each stage. This classification provided a clear map to 

understand which skills are required for each role group during the project lifecycle. 
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2.6 EU Construction Training Agenda                             

This section studies the current BIM training and education programmes across Europe, 

highlighting BIM energy efficiency applications. It also provides an overview for BIM 

applications in Saudi Arabia. 

2.6.1 BIM Training and Education 

Education is an overarching social issue worldwide. As the UN Human Rights Office of the High 

Commissioner stated in 1976, in European societies, as well as in most parts of the world, 

education is recognised as a key pillar of community life and it is a universal right [6]. Literature 

shows those without necessary skills and qualifications face diminished life prospects and risk 

alienation from mainstream society. Jah and Polidano also puts a particular emphasis on the 

clear relationship between education and social stability: increasing access to post-secondary 

vocational education and training significantly reduces property crime, drug crime and crime 

against the person [63]. Enhancing qualifications of workers is therefore key in all economic 

sectors, but it is particularly critical in the construction sector. 

Many of the limitations of the existing BIM training and education provision have been 

exposed through research.  Wu and Issa recognise that the qualifications of fresh graduates 

are not good enough to satisfy the work-related demand. Offers of education and training 

focus on only a small subset of the industry. Meanwhile, main courses concentrate on 

construction and design, not briefing or (construction) planning, which impacts the BIM effect 

on improving asset operations [173]. Beyond this, research also shows that training courses 

target more technical participants, rather than blue-collar workers or management teams, 

and strategic positions within organisations. In addition, BIM training and education does not 

appear to address large infrastructure projects but predominantly focuses on buildings [173]. 

Wu and Issa also envisage BIM education as a solution to increase BIM learning and they 

suggest that BIM education should prepare graduates to be ready enough for organisations to 

be able to shape their BIM qualifications according to their own need [173]. To meet these 

aims, BIM training programmes have been established. In some instances, these have been 

driven by government BIM mandates or national initiatives, while in others they have been 

driven by non-governmental organisations and industry associations. 
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Regarding government BIM training initiatives, Hore et al. suggest that if BIM adoption is a 

requirement, then training must be subsidised by the government to facilitate 

implementation [51]. Denmark was an early adopter of BIM. In 2013, the government of 

Denmark mandated BIM in public construction projects that are either fully or partially 

publicly funded [204]. Since 2020, BIM has been compulsory in all transport projects in 

Germany [205]. Dobrindt reports that the German BIM Steering Group Planen Bauen 4.0 has 

set clear guidelines for the practical application of BIM methods by introducing the BIM Level 

Plan (Stufenplan fur BIM in Deutschland) [206]. 

The UK and France are leading examples of how the digital skilling of the workforce can be 

specifically initiated at the government level. One of the priority focus areas of the UK 

government’s Construction Strategy 2016-2020 was the strengthening of the skill base in the 

sector, particularly digital skills. This strategy sought to support the creation of 20,000 new 

apprenticeships by 2020, ultimately aiming to integrate and increase the use of digital 

construction processes (such as BIM) through a skilled workforce [207]. Likewise, in France, 

the Plan pour la Transition Numérique dans le Bâtiment was launched by the French 

government in 2018 to foster the adoption and deployment of digital technologies in the 

construction sector, with a particular focus on improving the digital skill base of construction 

professionals [208]. This coordinated assessment of available BIM training and benchmarking 

through international initiatives aims to provide construction professionals with a 

comprehensive picture of the training opportunities available to them in their digital 

transition, as well as providing training centres with the opportunity to align their courses with 

the needs of the industry. A particular focus is also put on strengthening the qualifications of 

trainers and teaching staff. 

Regarding non-governmental BIM training, aside from the strategic direction set out by the 

public sector, the practical delivery of dedicated training relies on the active involvement of 

non-governmental institutions, as well as on the cooperation with industry itself. In Ireland, 

for instance, the Irish Green Building Council offers BIM International training (BIM Level 2), 

which is a two-day course aiming to train building professionals in BIM by introducing best 

practices, standards, methods, and procedures [209]. Similarly, in Spain, the Spanish Labour 

Foundation for Construction (Fundación Laboral de la Construcción) has opened a training 

centre in Barcelona, aiming to become a benchmark for training in construction innovation 
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with respect to BIM application and new construction methodology (such as lean 

construction), leveraging tight partnerships with industry [210]. Comparable initiatives can 

also be found in Eastern European countries. For example, the Latvian Association of Civil 

Engineers offers a series of seminars to enhance the skills of its members regarding BIM and 

digital technologies [188]. 

Private companies also play a role in training and informing construction professionals about 

BIM. For example, software vendors such as coBuilder and Nemetschek have started 

educating the Bulgarian construction industry about the advantages of using BIM by 

organising events such as the Second Scientific-Applied Conference with International 

Participation - Project management in Construction and the different faces of BIM, which 

attracted over 150 construction and architecture professionals [211]. In the Netherlands, the 

uptake of BIM is supported through initiatives that aim to share information and best practices 

among the community. For instance, the BIM gateway, BIM Loket, is a national portal for 

information and management of open BIM standards in the Netherlands, which stimulates 

their use. By bringing together open BIM standards in one coherent system, the BIM Locket 

will satisfy the need for a good information service that will answer the users’ practical 

questions and facilitate knowledge sharing [212]. Eastern European countries are also 

implementing initiatives to introduce BIM in the construction sector. In Lithuania, the 

Lithuanian Association of Builders, together with 12 other relevant associations, launched the 

Digital Construction action in 2014 to foster the development of BIM and introduce the 

National Construction Classification and Industry Foundation Classes in the national building 

sector [213]. In the Czech Republic, the government setup an Interdepartmental BIM Expert 

Group comprising representatives from various stakeholders (e.g., ministries, universities, 

construction companies etc.) to foster the exchange of best practices and bring about the 

implementation of BIM in the construction industry [214] [215]. 

Therefore, although not strictly skilling initiatives, the schemes implemented in these 

countries aim to raise awareness, stimulate knowledge sharing and boost the uptake of BIM, 

thus ultimately leading to higher levels of skills and knowledge of BIM among the construction 

workforce. Conversely, some countries are directly addressing the need for BIM skilling and 

training among the workforce, either by explicitly setting training targets in their national 

strategies or by offering BIM training and learning resources. 
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Even before work begins on-site, there is an increased demand for low carbon design-related 

skills to ensure that new buildings are designed for maximum energy efficiency prior to 

technology being installed and to ensure that they are cost effective. Design and planning 

considerations relating to the type of material used or aspects of structure can yield cost-

effective and appropriate low carbon solutions. 

The EED and EPBD and related national regulations that set strict energy-efficiency targets on 

European buildings, and call for Net Zero Energy Buildings (NZEBs). NZEBs are complex 

systems that call for significant technical progress and skills in several areas, including building 

envelope performance, energy and comfort monitoring and integration of renewable energy 

production. 

2.6.2 BIM and energy efficiency training courses  

Many European countries have tried to increase the awareness of BIM for energy efficiency 

amongst construction stakeholders. Training programmes and courses have been established 

to enhance construction workforces’ skills in this area. This section summarises the BIM and 

energy efficiency training that is currently offered across Europe. This information was 

supplemented through information obtained from the expert panel and internet search. Five 

Europe countries have been chosen to investigate their training programs for construction 

workers to use BIM and energy efficiency, as follows: 

Luxembourg: Courses are primarily aimed at BIM co-ordinators and designers with a focus on 

BIM protocols, modelling issues, BIM management, interoperability and so on. In addition, 

courses are aimed at all actors to introduce BIM and raise awareness. Completion of all 

courses will be recognised through a certificate of attendance. None of these current BIM 

courses in Luxembourg have addressed energy efficiency of buildings. However, one course 

from the House of Training (HoT) specifically addresses the issue [216], which is aimed at 

architects, civil engineers, technicians and all actors interested in improving the energy 

performance of buildings. 

Greece: Much of the BIM training programs in Greece are focussed on modelling and using 

the Revit software at either a basic or advanced level. As such, it is aimed at architects and 

engineers and is pitched at EQF Level 6. Shorter period courses are aimed at general 
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awareness raising of BIM and addresses all actors. In all cases, recognition is through a 

certificate of attendance [217]. There is no specific link to energy efficiency [218]. 

France: Courses address all actors, but they are particularly aimed at architects, engineers and 

project managers so focus on exchange protocols, design, managing actors in the supply chain 

and so on. There is a more limited offering to building managers and blue-collar workers, and 

there are also awareness raising courses including some aimed at clients and building owners 

[219]. All of the BIM courses are pitched are EQF Level 5-6, but there are five Level 7 master’s 

degree courses offered to students that cover BIM concepts, modelling and management 

[220]. 

None of these courses directly address energy efficiency. However, INES has recently launched 

a 3-day Level 5/6 course: BIM au service de l’efficacité énergétique des bâtiments [221], which 

is aimed at all stakeholders and the learning objectives are to understand: the energy 

efficiency of buildings, the BIM process, and how BIM can improve the energy performance 

of buildings. Despite this activity, the integration of BIM in these contexts is in its infancy, and 

not all schools and training courses are at the same level in the use and integration of BIM. 

Much depends on the experience of teachers and the linkages between schools and access to 

existing training materials. 

Finland: Various software companies offer short BIM training courses which are related to 

using their software in different contexts and are targeted at construction professionals. None 

of them specifically address energy efficiency, except for one from a Swedish company, EQUA 

[222], which has developed IDA ICE (Indoor Climate and Energy), an annual dynamic multi-

zone simulation application to assess the thermal indoor climate and energy consumption of 

a building. The aim is to integrate the tool with BIM to reduce energy consumption, assess 

lifecycle costs, application to LEED and so on. Similarly, Oulu, Tampere, Saimaa, Turku, Lapland 

and Savonia Universities all offer BIM related courses primarily focussing on planning and 

design at Levels 5 to 7. However, energy efficiency is not generally addressed. 

UK: The two key areas where BIM is currently offered are in university degree courses and 

CPD training (with the potential for certification) for construction professionals. Energy 

efficiency or, more broadly, sustainability is addressed in some of these courses, although the 

focus appears to be on the design stage of construction [223]. Their qualification(s) are also 
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aimed at a broader base including: mechanical, electrical and plumbing services engineers, 

heating, ventilation and air-conditioning engineers, technicians, contractors, subcontractors, 

fabricators and manufacturers, facilities and operations managers, and quantity surveyors 

[224]. 

The key planks of BRE’s training are BIM (Level 2) Essentials and BIM (Level 2) Information 

Manager. Both are offered in a short period classroom format each with a multiple-choice 

exam at the end, but both can be taken online instead [225]. Delegates must pass the 

Essentials course before proceeding to the Information Manager course. CPD certificates are 

awarded, but successful delegates can also become certified as: 

• BIM Informed Professional. This certification is suitable for those wishing to 

demonstrate their knowledge of the BIM process. Certification audits require 

demonstration of the detailed knowledge and understanding gained through training 

and experience on Information Management. 

• BIM Certificated Practitioner (Project/Task Information Manager or PIM/TIM). This 

certification is suitable for those wishing to demonstrate their application of the BIM 

process on live projects. Certification audits cover the detailed knowledge and 

understanding gained through training and experience.  

These courses do not directly address energy efficiency. However, BRE also offers a short BIM 

course for site managers which targets the implications of BIM for those responsible for 

managing sites [226]. The course does not address energy efficiency explicitly but does 

highlight how BIM can help effective management and minimise risk which can improve 

efficiency and reduce the performance gap.   

In conclusion, key insights into the overview of BIM and energy efficiency training programmes 

offered across Europe are as follows: 

• Raising awareness of BIM across the supply chain is reasonable, particularly amongst 

designers, contractors and clients, but there could be improvements amongst sub-

contractors and facility/asset managers. With regard to BIM/energy efficiency 

awareness raising, the provision is limited across the supply chain. 

• Similarly, designers and contractors are well-served by BIM training across the 

concept, design, construction and handover phases. This is usually provided by private 
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training organisations. In this they are supported by certification schemes offered by 

these bodies, such as those in France and the UK, whereby they can demonstrate their 

knowledge and competence. Such courses are often focussed on modelling software, 

as in Greece for example, which emphasises the planning and design aspects. 

• Students also appear to be well-served, at least those taking bespoke BIM degree 

courses such as a masters (Level 7) in the UK, or the Level 5 and 6 courses offered by 

universities in Finland. Bachelor degrees in traditional construction areas such as 

architecture, civil engineering, surveying, planning and construction management are 

increasingly integrating BIM. 

• Conversely, the extent of integrated BIM and energy efficiency training is either poor 

or limited in these areas. Some of the Finnish courses incorporate aspects of energy 

and use well-established software tools to undertake energy simulations, overheating 

assessments and so on. Similarly, some of the UK masters degrees include treatment 

on the delivery and performance of low energy/sustainable buildings, but these are in 

the minority. 

• Software providers are helping to fill this void, and provide courses aimed at modellers 

and designers helping them to integrate BIM and energy performance tools with the 

intention to streamline the process and avoid duplication. There is certainly scope to 

integrate BIM into national calculation methodologies for energy performance 

certification, thermal bridge assessment and so on. 

• Clients, facility managers and sub-contractors do not appear to have sufficient BIM 

training across many of the plan of works stages, and such training is largely absent for 

BIM/energy efficiency. The situation is much the same for students outside of the brief, 

concept and design stages. 

• Overall, the position is developing rapidly with the proposed establishment of courses 

across the project partners, particularly courses in Luxembourg and France, university 

courses in the UK and so on but there needs to be a more focussed effort in those 

areas where the main gaps have been identified. 

2.6.3 BIM for Energy Efficiency 

The previous section shows that there is a need for a combined strategy in Europe for training, 

education and Continuing Professional Development (CPD) for BIM and energy efficiency. A 
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virtual collaborative platform that provides integrated access to BIM resources in the form of 

interactive, dynamic, and user-oriented services that fully exploit latest advances in 

computing technologies may help to address these barriers [52]. BIM training and education 

can be taken at the individual or collective level, depending on the experience of the team and 

project-based requirements. These programmes should also consider environmental 

psychology, which emphasises the effect of past behaviour, information, perceptions, 

emotions, social networks and institutional trust on individual attitudes with a view to 

progress towards more informed environmental strategies. 

The UK construction skill gap and training agenda is a case in point. The Build Up Skills UK 

project, which is an alliance of four sector skills councils (i.e., Asset Skills, Construction Industry 

Training Board (CITB)-ConstructionSkills, Energy & Utility Skills and SummitSkill) was setup to 

meet EU 2020 energy efficiency targets [134], [227]–[230]. It identified skills gaps and 

implemented long-term training infrastructure to improve the skills related to the installation 

and maintenance of building energy efficiency technologies. Efforts are also being made to 

ensure that all organisations responsible for the delivery of national energy efficiency policies 

have the appropriate qualifications and certifications. The UK government also commissioned 

the British Standards Institute to develop the PAS 51215:2014 energy efficiency assessment 

of the qualification of the lead energy assessor [231]. This provides a benchmark setting for 

the level of qualification of the lead energy efficiency auditors who are deemed to be qualified 

to conduct energy efficiency audits in compliance with the implementation of the EED in the 

UK. Also in the UK, research has been carried out to inform a 2011 report Delivering Low 

Carbon Skills Wales – Low Carbon New Build Learning Project, which included a workshop with 

built environment sector stakeholders to discuss the skills issues associated with low carbon 

building projects in Wales [232]. This workshop revealed the following: a) better knowledge is 

needed rather than skills with respect to low carbon building; b) skills around quality 

requirements and checking could be improved across the board; c) architects’ skills for low 

carbon residential developments require improvement; d) Standard Assessment Procedure 

Assessors do not always have knowledge outside of the assessment and may not be able to 

help with practical achievement; e) site agents need to adopt a different approach to the 

traditional methods; f) designers need to be fully knowledgeable about how to create 

buildable standard details that meet the requirements of the code (these details ultimately 
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need to be shared with the trades). This workshop has also identified opportunities for 

improvement by g) bringing a code assessor onboard at an earlier stage to simplify design and 

build; h) creating details in a format that can be easily understood on-site; i) providing more 

site-based time for trainee architects; and j) employing a low carbon coordinator on-site from 

day 1. 

According to Alhamami et al. [136] a broad range of training and education suppliers and 

opportunities are available to the European construction industry to fill the gaps in BIM and 

energy efficiency. Furthermore, BIM training, education and CPD courses are available, either 

online or offline, from a range of providers, such as universities, institutions, research 

establishments and other professional organisations. These courses aim to improve 

communication processes through new virtual educational methods to create skilled and 

deep-seated groups. They also seek to improve the quantity and quality of educated and 

trained built environment professionals to support the ambitious BIM agenda across Europe. 

These opportunities can also be provided by solution providers and via social media platforms, 

as well as IT and BIM Peer to Peer networks [136]. In addition, these courses can be provided 

within the context of a European Qualification Framework (EQF) on BIM for energy efficiency. 

2.6.4 The European Qualification Framework 

 

Figure 2-3 A holistic approach to BIM and energy efficiency training [62]. 
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A BIM-based standardised EQF for achieving energy efficiency training is proposed by this 

research, which acknowledges the predecessors of the current EPBD 2018/844/EU and EED 

2018/2002/EU and RIBA PoW 2020 and legislation carried out during the research period. 

Through this research, several European countries seek to develop a standardised BIM 

framework for energy efficiency training, education and CPD across Europe. This framework 

aims to broaden the BIM training and education agenda to holistically support the current and 

future EU building energy efficiency training and education agenda, see Figure 2-3. It seeks to 

capture and manage the changing requirements of BIM and energy efficiency training and 

education needs through a dedicated framework, which includes a wide range of aspects such 

as roles, and skills. To be of value, this requires broad awareness and engagement with BIM 

and energy efficiency practice across different asset types, project scales and roles in the 

industry. 

The main objective of this literature review was to address the BIM engagement and training 

process by leveraging the take-up of ICT and BIM technologies through a significant upgrade 

of the skills, roles and capacities of the European construction workforce, to dramatically 

improve the reliability and effectiveness of design and construction practices, with a view to 

achieving the objectives of the Energy Union. In the methodology applied for determining BIM 

skills and roles for energy efficiency, ICT based qualitative and quantitative methods can be 

used to create a consolidated database of skills and roles that contributes to the process of 

training and education for BIM in energy efficiency. A key factor of consideration for this sort 

of framework for BIM for energy efficiency is understanding the best scales for workers, to 

ensure that it can be adapted to cater for different levels of understanding and skill. A BIM for 

energy efficiency qualification framework is expected to be disseminated and used by 

organisations such as the Chamber of Commerce. Representatives of these governing bodies 

will be invited to join the expert panels of the project. The suitability of scaling and adapting 

the BIM for energy efficiency framework for other regions and socio-organisational contexts, 

such as developing economies like Saudi Arabia, is also being considered. 

The EQF is a European-wide qualifications framework that joins the qualifications of different 

European Union members [233]. The EQF acts as a translation device to make national 

qualifications more readable across Europe. This scheme aims to promote mobility and relate 

different countries' national qualifications systems to a common European reference 
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framework. Since 2012, all new qualifications that have been issued in Europe carry a 

reference to an appropriate EQF level [234].  

The EQF is used to identify levels of qualification that would enhance the knowledge and skills 

balance between supply and demand [233]. The EQF levels are rated from 1 to 8 and they 

describe all levels of qualifications defined in terms of knowledge, skill and responsibility 

acquired in general, vocational as well as academic education and training; as presented in 

Table 2-3. The EQF shifts the focus from educational inputs to what a person holding a 

particular qualification knows and is able to do.  

Table 2-3 Definitions of EQF levels. 

 Levels Knowledge Skills Responsibility and 
autonomy 

Level 1 

 

Basic general 
knowledge 

Basic skills required to carry 
out simple tasks 

Work or study under 
direct supervision in a 
structured context 

Level 2 

 

Basic factual knowledge 
of a field of work or 
study 

Basic cognitive and 
practical skills required to 
use relevant information in 
order to carry out tasks and 
to solve routine problems 
using simple rules and tools 

Work or study under 
supervision with some 
autonomy 

Level 3 

 

Knowledge of facts, 
principles, processes 
and general concepts, in 
a field of work or study 

A range of cognitive and 
practical skills required to 
accomplish tasks and solve 
problems by selecting and 
applying basic methods, 
tools, materials and 
information 

Take responsibility for 
completion of tasks in 
work or study; adapt 
own behaviour to 
circumstances in solving 
problems 

Level 4 

 

Factual and theoretical 
knowledge in broad 
contexts within a field 
of work or study 

A range of cognitive and 
practical skills required to 
generate solutions to 
specific problems in a field 
of work or study 

Exercise self-
management within the 
guidelines of work or 
study contexts that are 
usually predictable, but 
are subject to change; 
supervise the routine 
work of others, taking 
some responsibility for 
the evaluation and 
improvement of work or 
study activities 
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 Levels Knowledge Skills Responsibility and 
autonomy 

Level 5 Comprehensive, 
specialised, factual and 
theoretical knowledge 
within a field of work or 
study and an awareness 
of the boundaries of 
that knowledge 

A comprehensive range of 
cognitive and practical skills 
required to develop 
creative solutions to 
abstract problems 

Exercise management 
and supervision in 
contexts of work or 
study activities where 
there is unpredictable 
change; review and 
develop performance of 
self and others 

Level 6 

 

Advanced knowledge of 
a field of work or study, 
involving a critical 
understanding of 
theories and principles 

Advanced skills, 
demonstrating mastery and 
innovation, required to 
solve complex and 
unpredictable problems in 
a specialised field of work 
or study 

Manage complex 
technical or professional 
activities or projects, 
taking responsibility for 
decision making in 
unpredictable work or 
study contexts; take 
responsibility for 
managing professional 
development of 
individuals and groups 

Level 7 

 

Highly specialised 
knowledge, some of 
which is at the forefront 
of knowledge in a field 
of work or study, as the 
basis for original 
thinking and/or 
research 

Critical awareness of 
knowledge issues in a 
field and at the 
interface between 
different fields 

 

Specialised problem-solving 
skills required in research 
and/or innovation in order 
to develop new knowledge 
and procedures and to 
integrate knowledge from 
different fields 

Manage and transform 
work or study contexts 
that are complex, 
unpredictable and 
require new strategic 
approaches; take 
responsibility for 
contributing to 
professional knowledge 
and practice and/or for 
reviewing the strategic 
performance of teams 

Level 8 

 

Knowledge at the most 
advanced frontier of a 
field of work or study 
and at the interface 
between fields 

The most advanced and 
specialised skills and 
techniques, including 
synthesis and evaluation, 
required to solve critical 
problems in research 
and/or innovation and to 
extend and redefine 

Demonstrate substantial 
authority, innovation, 
autonomy, scholarly and 
professional integrity 
and sustained 
commitment to the 
development of new 
ideas or processes at 
the forefront of work or 
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 Levels Knowledge Skills Responsibility and 
autonomy 

existing knowledge or 
professional practice 

study contexts including 
research 

This research mainly concerns the skills that cover the technical information for each actor 

that should know in their domain (from the thesis objectives). The use of EQF levels enables 

comparative scoring criteria within a BIM competency framework to appraise levels of skills 

for BIM for energy efficiency stakeholders. The EQF qualification levels cover the whole supply 

chain and aim to set a common framework for the EU to support the skilled BIM workforce, 

the labour market, as well as a common way of working with BIM for energy efficiency. 

2.7 BIM for Energy Efficiency in Developing Economies: Saudi Arabia  

The building sector accounts for more than 40% of global primary energy demand and up to 

30% of global carbon dioxide emissions, and therefore it has a significant role in addressing 

climate change. Meanwhile, Saudi Arabia uses 345.1 TWh of power, 0.5 million barrels of fuel 

oil per day, and 10.6 billion cubic feet of natural gas per day, according to the International 

Energy Agency (IEA) [235], [236]. In Saudi Arabia, just two primary energy sources are used to 

meet energy needs: oil (51%) and natural gas (49%), [237]. It is therefore essential to develop 

and implement policies to minimise Saudi Arabia's primary energy use. Possible interventions 

include implementing energy-saving policies and public support for the use of alternative 

energy in Saudi Arabia’s buildings [238]. 

Rapid information and technology developments are paving the way for the adoption of 

Building Information Modelling (BIM) technology. There is also evidence of widespread BIM 

adoption in buildings that are being developed by major construction companies in the United 

Kingdom and the United States. However, despite these signs of progress, understanding and 

execution across the entire construction sector and markets in these countries are still 

relatively poor  [239]. Meanwhile, although BIM is being introduced in Saudi Arabia but is still 

considered to be in its infancy [240], [241]. Few Saudi project owners have begun to recognise 

the advantages associated with BIM implementation, such as the potential to produce several 
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design alternatives, the ability to perform multiple experiments on a BIM platform, and the 

ability to allow for early identification of design defects to avoid expensive reworks [242]. 

BIM solutions and applications have continued to expand over time, which has led to more 

efficient multidisciplinary collaborations aimed at the entire lifecycle and supply chain 

integration [243]. In addition, BIM includes the process of producing and maintaining data and 

information about the built environment throughout its lifecycle, from concept design to 

decommissioning [244]. Over the past decade, BIM technology has brought significant 

transformative power to the architecture, engineering and construction/facility management 

domain (AEC/FC) regarding its whole lifecycle, integration of the supply chain and digital 

collaboration [7]. This can enact and reveal technologies and strategies that can disrupt the 

construction industry, which is expected to surpass $11 trillion in annual spending by 2020 [3]. 

Several studies have attempted to harmonise energy-related BIM knowledge and skills in 

developed countries, as well as achieving global unity through developing a BIM for energy 

efficiency (EE) [245], [246]. These studies have focused on establishing a framework of 

reciprocal recognition for qualifications and certifications among member states, as well as 

developing an effective policy to ensure that qualification and training methods are preserved 

and consolidated [247]. 

Recently, the building industry has undergone significant changes in the field of BIM as a result 

of innovation, and global technological and management advances [248]. The recognition of 

this transition remains a key area for the industry to consider. In particular, current training 

programmes should be adapted to introduce these new skills and competencies for 

construction workers. 

According to the origin and filed of expertise, the researcher has implemented the developed 

framework on Saudi Arabia as case study in order to broaden the BIM training agenda to 

support Saudi Arabia’s building energy efficiency agenda and also to provide opportunities for 

future research in this  country. 

2.8 Conclusion    

The market for the global and European construction sectors looks promising and, from 

emerging growth and other trend reports, it appears to be increasingly sustainable. However, 

the key to unlocking growth depends on national and organisational ability to meet 
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performance targets and objectives. It is evident that the need for the European construction 

sector to set targets to reduce energy consumption, curb GHG emissions and improve energy 

efficiency to reduce global warming is well established.  

The global construction industry exhibits characteristics that differentiate it from other 

industrial sectors. Each project is usually a one-off and unique prototype with distinct 

characteristics, including choice of the construction system, materials, site topography and 

geology, and local environmental factors. The construction industry is highly fragmented and 

subject to poor productivity. It also depends on many different professions and trades, most 

of which tend to respond to local market needs and control only one or a few elements of 

construction design, construction or maintenance or operational processes. In addition, the 

construction industry hosts a variety of professional disciplines (e.g., architecture, civil and 

structural engineering, and building services). 

BIM aids the AEC/FM sector and its energy efficiency agenda because digitalisation of product 

and process information provides a unique opportunity to reduce material waste and 

duplication of human effort, optimise energy efficiency related decisions across entire 

building lifecycles and supply chains, and allow opportunities for interface with sustainable 

construction, design for manufacture and assembly, smart construction processes and IoT. 

However, there is a particular need for technical and collaborative skills because BIM is a 

relatively new topic in AEC education and best practices in BIM education are yet to emerge. 

Although designers and contractors are well-served by BIM training across the concept, 

design, construction and handover phases, the extent of integrated BIM and energy efficiency 

training is either poor or limited in these areas. Clients, facility managers and sub-contractors 

do not appear to have sufficient BIM training across many of the plans of works stages, and 

such training is largely absent for BIM/energy efficiency. 

It is thus clear that opportunities exist for improving the energy efficiency of built assets, 

whether new-build or retrofit applications. There are also promising opportunities for 

addressing the skills gap and harmonising skills in these domains to counter sectorial 

challenges and make further energy efficiency gains.  These opportunities demand dedicated 

skills to address lifecycle sustainability requirements across the whole construction industry, 

incorporating (AEC/FM), which require dedicated qualifications to address multi-objective 

requirements. European businesses are increasingly integrating energy efficiency into their 
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operating models and traditional AEC/FM disciplines are now seeking to be integrated with 

newer ones from the energy and environmental fields. 

Raising awareness of BIM across the supply chain is reasonable, particularly amongst 

designers, contractors and clients, but there could be improvements amongst sub-contractors 

and facility/asset managers. Regarding BIM/energy efficiency awareness-raising, the provision 

is limited across the supply chain. In this thesis, the need to address these gaps and counter 

the limitations in BIM and energy efficiency training, education and CPD was found during the 

project lifecycle in Europe. This research shows that training and education, either mandated 

by governments or driven by national initiatives, can assist in addressing gaps. They should 

also be systematically revisited and updated to address the continuously changing 

requirements due to the evolution of BIM for energy efficiency technology, as well as the BIM 

for energy efficiency regulatory landscape, through closer consideration of skills in both 

domains and development of tailormade provision through an accessible platform.  

These changing requirements and training/education needs may be captured and managed 

through a dedicated framework, such as the proposed EQF, which is based upon an existing 

comprehensive process framework that has BIM and sustainability embedded in it, such as 

the RIBA PoW 2013 and its subsequent versions (e.g., RIBA PoW 2020). 

It remains to be seen exactly how scalable and adaptable such a standardised qualification 

framework for achieving energy efficiency training for BIM could be in a developing economy, 

such as Saudi Arabia. However, preliminary research of the dual opportunity that the country 

presents in terms of its need for a more diverse and cleaner energy portfolio, and a more 

digitally-transformed industry suggests that it could hold potential, at a basic level at least. 
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This chapter presents the methodology that has been adopted in this research, describing 

each task, its applied methodology and the justification for its application. 

3.1 Introduction 

In this chapter, an overview of the methodology that will be used to achieve the objectives of 

this thesis will be outlined. This overview will include the procedures that are used to 

undertake the research, as well as the philosophical assumptions and design strategies that 

underpin the study. In addition, the data collection and analysis procedures will be 

documented. The aim of this research is to explore the role the digital transformation of the 

construction industry, with a focus on BIM, in improving energy efficiency in the construction 

sector through adapted training and education. The specific target of this thesis is to test a 

central hypothesis through decomposition into several research questions. The central 

hypothesis to be tested is: 

Adapted training to promote the digital transformation of the construction industry, and in 

particular to enhance the adoption of Building Information Modelling, can have a positive 

impact on white- and blue-collar work practices to deliver energy-efficient interventions. 

To evaluate the central hypothesis, the following research questions have been formulated: 

1. What are the requirements, limitations and gaps in the BIM skills and training 

landscape in Europe? 

2. What are the BIM roles and skills required to achieve energy efficiency via adapted 

training?  

3. Can changing training requirements as a consequence of the continuous digitalisation 

of work practices, business processes, and technology evolutions, be captured and 

managed through a dedicated framework that factors in a wide range of aspects, 

including roles and skills? 

4. How scalable and adaptable is this standardized qualification framework to other 

regions and socio-organisation contexts such as in the context of developing 

economies?  

The origin and relevance of these research questions has been made clear in Chapter 2 

through a review of the literature review. The method by which they will be answered will be 

detailed in following objectives:  
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• Identify the essential gaps and requirements of BIM application in energy efficiency 

based on the current work and business process practices. 

• Identify each role and its qualifications in construction projects. These roles will inform 

the training process, which can contribute significantly to the education of white- and 

blue-collar workers in the field of BIM, and promote energy-efficient practices across 

organisations and projects. 

• Identify the level of skills needed to embed BIM for energy efficiency within work 

practices for various stakeholders involved in the construction projects during their 

lifecycle. 

• Explore the scalability of the proposed results in a developing economy. 

In the rest of this chapter, the researcher will discuss and justify the methodological framing 

of the research to address these research questions. 

3.2 Philosophical Research Paradigms and Research Methods 

The research methodology that was used in this thesis can be described as an outline of the 

strategy that is used to collect and analyse data with the aim of addressing the research 

questions and achieving the research objectives. Although there is no universal philosophical 

paradigm in terms of research method, various universal schools of thought exist. For 

example, [249] cites positivism, interpretivism and pragmatism as the three predominant 

schools. 

Positivism is strongly related to the concept of objectivism. In this paradigm, the concern of 

the researchers is to collect data from a large sample rather than focusing on specific research 

details [250]. Within the social sciences, positivism considers human behaviour to result from 

a reaction to external stimuli in the environment, which means that it can be assessed using 

deductive methods [251].  

In contrast, interpretivism is said to be “predicated upon the view that a strategy is required 

that respects the differences between people and the objects of the natural sciences” [252]. 

Under this paradigm, one person’s reality is believed to be different from another’s as a result 

of their varied social perspectives. This means that it is important for interpretivist researchers 

to outline the truth from each participant’s perspective. Interpretivism largely uses qualitative 

research methods, such as interviews, focus groups and observations [253]. 
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Pragmatism is a combination of both positivism and interpretivism, and has experienced a 

recent revival after having declined in use for some time. Giacobbi Jr et al. [254] describe 

pragmatism as “a philosophy of knowledge construction that emphasises practical solutions 

to applied research questions and the consequences of inquiry.” Thus, according to Saunders 

et al. [255], pragmatism is a useful philosophical approach for mixed-methods research. 

Therefore, this approach will be used in this thesis. 

Based on these paradigms, the next section will focus on the two primary classifications of 

research methods: quantitative and qualitative. According to Bryman [252], it is important to 

distinguish between these two basic strategies in research to resolve any methodological 

issues. 

3.2.1 Quantitative Research 

Quantitative research entails the collection of numerical data with the aim of explaining a 

particular phenomenon [255]. Researchers carrying out quantitative research largely depend 

on statistical and numerical measurements, which help to develop or expand knowledge of 

social life. Saunders and Tosey [256] note that quantitative research largely uses surveys (both 

descriptive and analytic), experimental design (quasi-experiments) and classic experiments 

(studies with control and experimental groups). 

3.2.2 Qualitative Research 

In contrast, qualitative research primarily depends on human experience and knowledge, and 

is strongly linked to cultural and social investigations. Qualitative research is favoured in the 

social sciences because of its ability to systematically help researchers to understand various 

sociocultural problems [257], [258]. This type of research tends to be inductive and 

interpretivist, relying largely on ethnography (observation), interviews, focus groups and case 

studies [252]. 

3.2.3 Mixed Methods 

A mixed-methods approach (triangulation) has been shown to be very advantageous thorough 

investigation [249], [259]. Triangulation can be defined as the use of various research methods 

for various purposes within the same research investigation [255]. According to Bryman and 
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Bell [260], triangulation employs more than one specific research framework or data 

collection method within the same study. Employing both approaches may reduce or 

eliminate disadvantages of each individual approach, while gaining benefits from using both 

of them together [259]. A mixed-method approach is increasingly selected as the main 

research approach in various disciplines of research (e.g., management, science and 

engineering) [261], [262]. In the area of computing and engineering research, developing 

technological innovation not only involves technical aspects but also includes social, legal and 

financial perspectives [263]. 

According to Creswell [264], data collection timing in mixed-method research may take the 

form of a sequential, concurrent or transformative process. In a sequential process, both 

qualitative and quantitative data are collected in the same phase. Either starts by collecting 

qualitative data first followed by quantitative, or vice versa. In a concurrent process, 

qualitative and quantitative data are collected and analysed concurrently by the researcher. 

However, in the concurrent form both qualitative and quantitative data are concurrently 

collected and the analysis gives equal priority to both data types, whereas in the sequential 

form priority is given to the collected data type. This kind of form gives equal priority to both 

types. Therefore, triangulation is very effective when investigating the research topic by 

adopting several, alterative paradigms or methods [259]. Table 3-1 illustrates the differences 

among these research approaches. 

Table 3-1 Comparison among three research approaches adopted from [264]. 

 Quantitative Qualitative Mixed-methods 

Philosophical 
assumptions 

Post-positivism Inter positivism Pragmatism 

Strategies 

Survey 

Experiments 

 

Phenomenology 

Case study 

Narrative research 

Sequential 

Concurrent 

Transformative 

Data 
collection 

Closed-ended 
question 

Predetermined 
approaches 

Open-ended 
questions 

Emerging 
approaches 

Both open-and closed-
ended question 

Both emerging and 
predetermined 
approaches 
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Nature of 
data 

Performance data 

Attitude data 

Observational data 

Census data 

Interview data 

Observation data 

Document data 

Audio-visual data 

Multiple forms of data 
drawing on all possibilities 

Data analysis 

Statistical analysis 

Statistical 
interpretation 

Test and image 
analysis 

Theme, patterns 
interpretation 

Statistic and text analysis 

Across databases 
interpretation 

Johnson and Onwuegbuzie [265] define mixed-methods research as “the class of research 

where the researcher mixes or combines quantitative and qualitative research techniques, 

methods, approaches, concepts or language into a single study.” With this in mind, mixed 

methods can be considered as “the third major research approach or research paradigm, 

along with qualitative research and quantitative research” [266]. The mixed-methods 

approach has many advantages, including the ability to answer research questions that other 

methodologies cannot, to provide stronger inferences and to open up a broader range of 

perspectives [267]. In particular, Saunders [255] argues that mixed methods is a stronger 

approach to qualitative or quantitative approaches alone because it can help achieve different 

objectives, which improve the strength of findings, and it can allow triangulation, due to the 

combination of different methods (i.e., interviews and questionnaires). Bowling [251] lists a 

large number of mixed-methods approaches, such as case studies, consensus methods, action 

research, rapid appraisal techniques and document research. 

According to a discussion with experts’ panel, a mixed-methods approach has been adopted 

as the most relevant approach to accomplish this research requirements, which will include 

data collection, case studies analysis, interviews, questionnaires, and social-media analysis. In 

addition, the final framework in this study needs to be validated. However, this is one of the 

major challenges of using assessment frameworks because there is no simple way to obtain 

scientific validation of a particular framework [268], and therefore the absence of empirical 

validation is a concern. In many circumstances, frameworks rely on empirical data that is far 

from perfect. While the best way for any type of metric related to the BIM for energy efficiency 

field to be validated would be to test it continually after major events and refine it accordingly, 

this would take a considerable amount of time [269]. In addition, the lack of data is considered 

another obstacle to validate this framework. Therefore, the standardized qualification 
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framework has been validated through a questionnaire with the expert panel, while semi-

structured interviews with the expert panel has been used to validate different phrases of this 

study. 

3.3 Overarching Methodology for the Research 

The research questions that were formulated in the last section translate into the research 

objectives that are illustrated in Figure 3-1. Within each of the objectives, the specific methods 

used are described and justified. 

 

 

Figure 3-1 Overall research approach. 

3.4 Research Instruments to Be Used for the Research. 

This section will provide an overview of the instruments that are used in this research. 

Followed by a detailed description regarding the research design. 

3.4.1 Questionnaires 

A questionnaire is a predefined set of questions (items), which is assembled in a 

predetermined order prepared for respondents to answer the questions, thus providing the 

researcher with data that can be analysed and interpreted [249]. Questionnaires are 
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frequently associated with the survey research strategy and often a questionnaire is sent out 

by post to a sample of people, who are asked to complete it and return it to the researcher or 

sometimes it is developed using web-based survey websites [270]. A questionnaire can be 

used within other research strategies such as an interview, case studies, action research or 

design and creation [249]. This research instrument is widely used in research because it can 

provide an efficient way of collecting data from many respondents in geographically diverse 

locations [263]. Questionnaires obtain the same kind of data from a large group of people in 

a standardised and systematic way [259]. It can also be used with interpretive and critical 

research [271]. Questionnaires are widely accepted and used in the IS field and they have been 

used in many IS journals [249]. In computing, a common use of a survey is in the user 

evaluation of a software system, although it must be said that many such surveys appear to 

have been tagged on at the end of system development given that they are often poorly 

designed and executed [249]. 

There are many advantages for using questionnaires in research, as reported in [249], which 

are: (a) to obtain data from a large from people; (b) to obtain relatively brief and 

uncontroversial information from people; (c) obtain standardised data by posting identical 

questions to each respondent and pre-defining the answers; (d) can expect respondents to be 

able to read and understand questions and possible answers; (e) time and cost effective, 

especially when using web-based questionnaires; (f) the results of the questionnaires can 

usually quickly and easily quantified by the researcher or through the use of a analytical 

software package; (g) the results can be analysed more scientifically and objectively than other 

forms of research; (h) the quantified results can be used to compare and contrast other 

research, and may be used to measure changes; and (j) positivists believe that quantitative 

data can be used to create new theories and/or test existing hypotheses. 

There are, however, some drawbacks to using questionnaires, as reported in [15] and [24], 

which are: (a) ambiguous and poorly-worded questions could be problematic, especially when 

the researcher is not there to clarify the meaning; (b) the targeted respondents may have no 

time to fully complete the questionnaire; (c) questionnaires are not suitable for some 

information forms (e.g. emotions, behaviour, feelings, etc.); (d) questionnaires lack validity 

and it is difficult to tell how truthful a respondent is being; and (e) the respondents might 
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interpret each question differently and then reply based on their own understanding of that 

question, and hence the questionnaire does not acknowledge the level of subjectivity. 

Several researchers have used questionnaires in BIM research. For example, Khosrowshahi 

and Arayici [273] have used a mixed-method that includes a questionnaire to establish a BIM 

implementation guidance at strategic and operational levels. Furthermore, their study 

presents a review of the literature on the use of the questionnaire as a tool for collecting 

energy data in residential buildings. Numerous studies have used a questionnaire to gather 

necessary information for different purposes  [274].  

Data collection was conducted in this research by questionnaire to validate and collect details 

regarding the skills matrix from the experts because many experts prefer to fill in a 

questionnaire rather than participating in interviews because of their Ito limited schedule.  

3.4.2 Semi-structured Interviews 

An interview from a research perspective is a particular kind of conversation between people 

but which has a set of unspoken assumptions that do not apply to normal conversations [249]. 

Usually, the researcher has a purpose for undertaking the interview because they want to gain 

information from a targeted group of people [249]. This means that the discussion does not 

occur by chance but has been planned in some way by the researcher [249]. There are three 

types of interviews: (a) structured interviews, which contain predetermined, standardised, 

identical questions for every interviews; (b) semi-structured interviews, where the researcher 

has a list of themes to be covered and questions to be asked; (c) unstructured interviews, 

where the researcher has less control over the conversation, starts by introducing the topic 

and allows the interviewees to develop their ideas [249], [259]. Interviews are commonly used 

in case studies and ethnographies as well as a questionnaire to obtain more detail about some 

questionnaire responses (e.g., from BIM experts) [249]. 

Oates [249] stated that interviews are suitable data generation methods when the researcher 

wants to: (a) obtain detailed information; (b) ask questions that are complex, or open-ended, 

or whose order and logic might need to be different for different people; (c) explore emotions, 

experiences or feelings that cannot easily be observed or described via predefined 

questionnaire responses; and (d) investigate sensitive issues or privileged information that the 
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respondents may be unwilling to write about on paper for a researcher that they have not 

met. 

Sem-interviews have several other advantages, as reported by [260], [275], [276] which are: 

(a) they offer a freedom for interviewees to answer in their own way in their familiar language 

so they provide a natural response; (b) they encourage the interviewee to take time in giving 

detailed responses to questions and probes hence add more contribution to the discussion; 

(c) they allow the interviewee to share their own particular viewpoints; (d) they give the 

researcher an opportunity to bring fresh inquiries within the same interview based on the 

interviewee's replies; (e) they provides massive and rich data in the form of detailed 

responses. Meanwhile, semi-structured interviews do have some drawbacks. According to 

Brewerton and Millward, these drawbacks are: (a) an interview should be conducted by a well-

trained researcher; (b) an interview can take very long time in forming the discussion and data 

analysis; and (c) many bias factors could affect the reliability of an interview [277]. 

In this research, semi-structured interviews are used to determine a set of questions to be 

investigated with regard to focus on understanding and utilising BIM as a toolset to optimise 

energy in the industry field during the lifecycle of the activity. This set of questions comprises 

major themes, topics, gaps, and areas related to the BIM for energy efficiency research. In 

particular, semi-structured interviews are chosen for the following reasons: (a) they can 

gather the required information and knowledge that exists with the BIM for energy efficiency 

experts; (b) the researcher is willing to change the question order depending on the 

conversation, it is consequently possible to ask additional questions if an expert brings up 

issues that have no prepared questions; and (c) they allow the experts to speak in more detail 

on the issues that the research raises, as well as introduce new issues that are relevant to the 

research theme [249]. 

After conducting the interviews, a transcription of the interview record must be made because 

it is much easier to search and code through and analyse the interview data once it is in written 

form [249]. The responses of the interviewees might be affected by the researcher’s role and 

identity (e.g., the interviewees' answers might differ depending on their feelings about the 

researcher). Therefore, the researcher must always aim to be professional, polite, punctual, 

receptive and neutral [249]. 
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3.4.3 Case Study 

Case studies are used as a tool for intensive description and analysis of a single individual or 

group with the aim of exploring and understanding complex issues within their real-world 

context [278]. Case studies are an appropriate research method when a holistic, in-depth 

investigation is needed [278]. Case studies were defined by Yin [258] as an empirical inquiry 

about a contemporary phenomenon (e.g., a case) set within its real-world context, especially 

when the boundaries between phenomenon and context are not clearly evident. 

Furthermore, there are three main reasons for choosing case study as a research method 

[258], as follows: (a) if the research contains descriptive questions or explanatory questions; 

(b) the case study method favours other research methods in collecting data in natural settings 

by emphasising the study of a phenomenon within its real-world context; and (c) when a 

researcher wants to conduct pilot study. 

There are several advantages for using case studies in research, as reported in [258], which 

are: (a) it simplifies complex concepts by exposing the researcher to real life situations, which 

can sometimes be difficult; (c) it helps to add new knowledge to the researcher through 

discussion on concrete subjects; (d) it aids the development of analytical thinking, 

communication, tolerance for difficult views on the same problem; (e) it offers the researcher 

an opportunity to innovate; and (g) data collection and interpretation might help to avoid 

biases. 

There are, however, several drawbacks for a case study, as reported in [258], which are: (a) it 

might be difficult to find an appropriate case study to suit all subjects; (b) cases studies contain 

the study observation and perception of one person, thus the person presenting the case 

study may missing some aspects completely; (c) case studies generally consume more time 

when compared to other instruments; (D) since there is no right answer, validation of the 

solution can be a problem because there are many viewpoints of the same problem; (e) a case 

study it depends on the participants’ level of maturity. Therefore, the researcher has aimed 

to define the best practices, regulatory awareness and BIM skills gaps for the energy efficiency 

domain through a case studies analysis to determine a collection of training requirements. 
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3.4.4 Social Media 

With the advent of the world as a global village, there has been a widespread growth in the 

use of social media. Social media provides an intimate look into to the lives of individuals, and 

offers large amounts of information. Qualitative analysis of social-media content has potential 

value in many fields [279]. For example, the personal nature of these posts can give 

researchers far greater insight into the information seeking and sharing behaviours of 

individuals with chronic disease [280].  

Twitter provides individuals with a platform to communicate and interact with a wider 

community. Understanding the content of tweets can allow improved utilisation of Twitter in 

the construction industry. Several studies have examined quantitative data, including the 

number of tweets as well as a qualitative analysis of tweets, coding them into categories based 

on their content. In particular, it has been observed that the Twitter interaction remained 

within a close-knit network of people rather than the broader community [281]. Therefore, 

this approach was utilised in this research to provide more insights into construction sectors 

during the lifecycle of the projects to extract more information about BIM skills for energy 

efficiency.  

3.4.5 A Community Platform 

To support the process of content mining and analysis for BIM training, the researcher has 

monitored the web presence and activity for the BIMEET platform that provides integrated 

access to BIM resources. The platform was published in November 2017 and is an open, 

scalable and polymorphic context-based solution with modules enabling serendipitous BIM 

information and knowledge discovery by utilising a symbiosis of technologies, such as the 

semantic web and social networks [243]. 

The expert panel have been used directly to upload the selected use cases to the platform. 

Then, the researcher has obtained the required information for use cases from the platform 

as a tool for collecting data and run the analysis process. 

 The researcher has used the platform as tool to aggregate new use cases, BIM communities 

and more information about BIM for energy efficiency. The experts panel have used directly 

to upload the selected use cases to the platform. Then the researcher has obtained the 
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required information for use cases from the platform as tool for collecting data, and run the 

analysis process. 

This platform has helped in the process of content mining by informing on the portfolio of 

companies, institutions and organisations from Europe that has a particular interest in the 

field of BIM for energy efficiency [247]. The role of the platform was to facilitate the 

identification of roles and skills, to aggregate content for the analysis, and to support the 

construction project implementation phase in providing construction professionals with the 

necessary training to offer useful BIM expertise for energy efficiency and low carbon solutions, 

while also enabling them to utilise the latest best practice and regulations; as illustrated in 

Figure 3-2. 

 

Figure 3-2 The BIMEET platform: [www.energy-bim.com]. 

The search service: As part of the platform, experts’ panel implemented a search service that 

performs semantic searching on the platform’s BIM knowledge base from a set of 

authoritative URIs. The submitted BIM query has a set of associated ontological concepts to 

improve the precision and recall of the returned results. The search service also provides an 

aggregation of data from a variety of trusted sources related to BIM via web-crawling. These 
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sources can be proposed by users and are validated by a group of experts according to their 

relevance to BIM for energy efficiency (see Figure 3-3). 

 

Figure 3-3 Sources Aggregation: These sources can be proposed by users and validated by a 
group of experts according to their relevance to sustainable construction. 

To test and validate the searching system, the researcher relied on the group of experts 

(External Experts Advisory Board) and partners involved in the requirement assessment phase. 

In addition, as the platform is extended to further users, an increasingly expanding 

constituency is formed. To collect best practice use-cases in the field of BIM for energy, a 

template has been designed, implemented and exposed online for users to submit their cases. 

 

Figure 3-4 Professional networking service: An illustration of the associated interface of the 
professional networking service is provided. 

The Professional Networking Service: This service enables users to collaborate using social 

networks such as LinkedIn and Twitter by aggregating associated data. This service also allows 
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users to search for partners and colleagues, and identify the corresponding networking 

profiles based on a set of interests and disciplines (as illustrated in Figure 3-4). 

3.4.6 Experts’ Profiles 

 

Figure 3-5 Profile of the expert panel. 

The data collection and validation tools (e.g., interviews, semi-structured interviews, and 

questionnaire) were carried out with the expert panel that includes participants from 25 to 64 

years old, and which includes the two genders, as shown in Figure 3-5. A collaboration 

between the researcher and the experts’ panel to fill out the use cases, interviews, 

questionnaire and the validation process. The strength of the expert panel is that it has experts 

from many different areas, such as structural/civil engineering and project management (who 

represented 40% of the participants), while approximately 18% of participants are from 

architectural design. As can be seen in Figure 3-5, the experts also came from mechanical 

engineering, electrical engineering, facility management, and others (i.e., environment 

science and education, energy management in industrial, executive management, building 

and district energy management, ICT, and energy optimisation). Finally, Figure 3-5 shows the 

years of experience for the expert panel, and it can be seen that most experts have more than 

10 years of experience.  
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Figure 3-6 Methodology framework structure of the research contributions and objectives. 
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3.5 Detailed Overall Methodology  

In this section, the researcher will describe more details about the methodology steps that 

has been adopted to address the research questions, as shown in Figure 3-7. 

3.5.1 step 1: 

The methodology that will be used to conduct the analysis has three main parts: 

• A user engagement tool in the form of an online web platform to support data 

capture and analysis, while maximising the engagement of users by creating a 

community of practice around the BIM for energy efficiency theme. 

• An online web-based, Europe-wide BIM use cases collection template and 

questionnaire, from which the 41 best practice case studies have been 

collected. Prepared invitations were sent to the experts panel in order to select 

and share the most relevant use-cases in their countries across Europe that 

used BIM for energy efficiency applications.  

• An expert panel consultation process in Europe that consists of one workshop 

(around 40 participants in total), a series of 15 semi-structured interviews with 

key industry representatives, and other study partners meetings. 

The researcher has adopted an incremental methodology that is underpinned by the energy-

bim.com platform to enable the management and exchange of data resources and 

experiences relevant to BIM training. 

In the first phase of the consultation process, the researcher aimed to define the best 

practices, regulatory awareness and BIM gaps for the energy efficiency domain, and to 

determine a collection of training requirements. These consultations have been facilitated 

through a series of workshops to discuss the stakeholders’ awareness, perception and 

behaviour with a view to identifying the primary obstacles to BIM applicability for energy 

efficiency. The identified barriers were discussed and debated from a variety of socio-technical 

perspectives. This first phase  of this step aimed to identify the gaps and requirements in the 

field of BIM for energy efficiency by leveraging on the quantitative analysis process facilitated 

through the use of web technologies via the platform and a portfolio of use cases. 
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In the second phase of the consultations, the researcher focused on a qualitative analysis by 

validating the outcome of the analysis process that was undertaken in the first phase of the 

consultations. This phase aimed to identify any relevant gaps and requirements based on 

intensive discussions and debates within the consortia members, and with our EU and 

international experts in relation to the project’s objectives.  

The consultation and workshops were run with a total of 40 experts, including construction 

companies and professionals, advisory councils, professional organisations, consultants, 

politicians, and educational and training bodies. 

As part of the methodology, as presented in Figure 3-8.Figure 3-8 General requirements 

methodology for Step 1. The experts’ panel have undertaken a set of actions that focused on: 

(i) conducting research consultations while optimising ongoing interactions with the expert 

panel and BIM community of practice; (ii) using collaborators, expert panel representatives 

and a group of practitioners to register on a study platform with authoritative BIM information 

sources; (iii) create a framework for categorising all retained best practice use cases using the 

lifecycle (from briefing to recycling) and the supply chain (from architects and structural 

engineers to blue-collar workers); and (vi) create a structure for the selected use cases that 

can be implemented directly on the study web portal. These measures lead to increased group 

visibility by publishing use case research and encouraging individuals to register if they wish 

to access study materials that focus on BIM for energy efficiency. 

The platform has helped to identify the BIM training requirements for energy efficiency. It also 

aims to resolve the issue of knowledge dissemination in, and the involvement of stakeholders 

with, BIM practices and construction. The scope of the web platform is to recognise the gaps 

and requirements in the initial phase and to support the project implementation process by 

providing the necessary training to building professionals while developing their BIM skills for 

their energy-efficient and low-carbon expertise, while also enabling them to access and use 

the current best practices and regulations in the field of BIM for energy efficiency. 
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Figure 3-8 General requirements methodology for Step 1. 

3.5.1.1 Evidencing BIM for Energy Efficiency via Industry Best Practice 

This methodology has focused on community knowledge extraction involving project 

consortia partners, expert panel members and skilled BIM experts. These experts have 

engaged in validating the use case collection template and they have supported the 

questionnaire elaboration. Based on the use case collection template, the consortia partners 

have been asked to provide five relevant use cases from their country of origin to cover a 

broader European BIM perspective. Use cases have been collected from Greece, Finland, 

France and the UK. This is followed by an analysis and requirements elicitation. From the 

community of experts, interviews and consultations have been conducted as a means to 

validate the findings in the assessment of the use cases and to lead to a more comprehensive 

set of requirements for BIM training. A workshop for consulting the BIM community on the 

existing BIM practices, areas of improvement in BIM training and education for energy 

efficiency has been organised in Brussels. As part of this workshop, brainstorming sessions 

with experts were organised with a view to understanding the current gaps in BIM for energy 

efficiency, while also aggregating new best practice use cases. 

3.5.1.2 Evidencing BIM for Energy Efficiency via Industry via Authoritative Web Portals 

The partners and experts of the research have been asked to contribute and register a list of 

authoritative Uniform Resource Identifier (URI) sources to support the process of use case 
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collection. These sources have been stored within the platform and indexed for crawling with 

a view to generating BIM knowledge for the community. These sources have been integrated 

into the searching service, which enables users to extract best practices, regulations and to 

support the requirements definition and training. As part of the energy-bim.com platform, a 

specialised crawler service has been implemented to help with information searching based 

on the provided URIs within a BIM knowledge repository for a community of users. A human-

based process has been used to validate these relevant sources and to search URIs based on 

specialised keywords, which have been verified by experts in the field of BIM and supported 

by the consortium partners. The keywords include BIM, energy efficiency, best practice, case 

study, training and education. 

3.5.1.3 Evidencing BIM for Energy Efficiency in Industry via Research Engines 

To support the process of requirement elicitation, the researcher has conducted searches in 

indexed educational engines, such as Scopus and Google Scholar, based on which key BIM 

concepts have been determined, and additional use cases practices have been identified and 

included in the use cases repository. 

The researcher conducted a comprehensive critical review of the academic literature, 

international standards, regulations and major economic and political developments around 

BIM, training and education, energy systems and their management. The study corpus was 

then divided into chronological and thematic groupings. Following the observation of new 

challenges and opportunities that arise imminently from a mismatch in these projections, key 

concepts were identified from the related fields. The rest of this section details the scope of 

the subject domain review and initial observations. 

Based on the literature review, it was identified that BIM for energy efficiency, as an emerging 

field, covers many other areas and requires a well-considered scope. Hence, the researcher 

disregarded papers that focused on national or building level energy management, or which 

only considered the design phase of energy systems. 

http://energy-bim.com/
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Figure 3-9 BIM's success over time as seen in the number of relevant Scopus publications 
per year for energy efficiency analysis. 

To capture the recent technological change in the construction industry, the researcher has 

only considered recent publications and concentrated the analyses on BIM training for energy 

efficiency. As shown in Figure 3-9, since around 2005, a pattern of increased popularity around 

BIM in the construction sector has been observed. The sources filtered to those deemed most 

relevant and influential, which led to a final bibliography of circa 547 references. The results 

for this step are discussed in Chapter 4. 

3.5.2 step 2: 

This step aims to address research question 2, restated here as: 

What are the BIM roles and skills required to achieve energy efficiency via adapted training? 

To address this question, a qualitative methodology will be used that focuses on primary 

sources of evidence (i.e., interviews, industry best practice use-cases, and social media 

content) and secondary sources of evidence drawn from the scientific literature. Primary 

sources of evidence are used to understand the dependencies and associations between BIM 

for energy-related concepts primarily related to roles and skills.  

For the analysis, two main methods that facilitate text crawling and mining are used. NVivo 

analysis will be used to retrieve new skills and roles. NVivo has facilitated rich text-based 

and/or multimedia information analysis, where deep levels of analysis on small or large 

volumes of data are required. NVivo is used predominantly by the academic community, 

governments, health and commercial researchers across a diverse range of fields, including 
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social sciences such as anthropology, psychology, communication, sociology, as well as in 

forensics, tourism, criminology and marketing [282]. NVivo accommodates a wide range of 

research methods, including network and organisational analysis, action or evidence-based 

research, discourse analysis, grounded theory, conversation analysis, ethnography, literature 

reviews, phenomenology, and mixed methods research [283]. The second source is heuristic 

content mining and expression analysis. Due to the noisy nature of social media, where short, 

informal spellings and grammar are often used, the researcher developed a set of RegEx and 

pattern matching rules from the researcher’s own collection of BIM-related posts that were 

collected from social networking profiles. These were annotated as part of the human 

annotation process with language introduced from short informal text related to the BIM-

related categories to assist the analysis process. 

The identification of roles and skills in the context of BIM for energy efficiency has been 

elaborated based on: 

• Consolidation of BIM for energy efficiency best practice case studies collected in the 

requirements capture process, and presented in the evaluation and discussion 

sections. A higher-order analysis has been applied to the consolidated repository of 

case studies to determine the skills and roles that are specific for BIM implementation 

for energy efficiency. 

• Consolidation of 15 interviews conducted with industry experts in BIM. A similar 

analysis has been applied to the consolidated repository of interviews to determine 

skills and roles specific for BIM training for energy efficiency. 

• A scientific literature repository formed of 66 key publications relevant to BIM and 

associated analytics has been applied to identify the set of roles and skills necessary 

for the training elicitation process. 

• A social media repository formed of around 40 million of tweets crawled from key 

actors in the field of BIM for energy and training. This repository has been analysed 

through: 

o Regular NVivo social media analysis. 

o Heuristics expression analysis and mining of social media content. 

The entire analysis process and methodology has been facilitated by using the energy-

bim.com portal, which was developed by the researcher and supported by a community of 
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interest of 200+ members. The web presence of the energy-bim.com portal has been 

monitored for six months. Using forensics methods, a portfolio of companies and users active 

in the field of BIM have been identified. The social media profiles of these companies have 

been inferred, and public domain content produced by these companies has been collected 

and analysed with the objective of creating a comprehensive list of roles and skills. 

For elaborating the list of roles and skills, the following steps have been followed; as illustrated 

in Figure 3-10. 

 

Figure 3-10 The overall BIM knowledge mining methodology. 

Step 1: Using of the portal and monitoring of the web activity, including visits and accessed 

content. 

Step 2.1: Configuration and preparation of NVivo software for running analysis of interviews, 

use-cases, scientific publications, and social media content.  

Step 2.2: Scalable heuristic social media source identification and content consolidation. 

Steps 3.1–3.4: Preparation of the content to analyse: interviews, use-cases, training 

descriptions, publications and social media facilitating compliance with NVivo environment 

and overall importing. 

Step 3.5: Implementation of automated crawling techniques from Twitter based on several 

identified Twitter accounts, which resulted in a repository of more than 40 million tweets. 
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Steps 4.1–4.4: Apply analytics algorithms and mining methods on the consolidated content 

for skills and roles identification. 

Step 4.5: Implementation of expressions and pattern matching algorithms to be applied to the 

consolidated content. 

Steps 5.1- 5.5: Roles and skills identification with associated interests and key directions in the 

field of BIM for energy as resulted from interviews, use-cases, scientific publications and social 

media content analysis. 

Step 6: Consolidation of BIM skills and roles. 

In the following subsections, the researcher presents in detail the way in which each type of 

analysis has been conducted, identifying use-cases, interviews, scientific publications and 

social media analysis. The researcher has combined static skills and roles that are identified 

from traditional sources such as case studies, interviews, and publications, together with the 

more dynamic part from social media content. The researcher has adopted these approaches 

starting from the hypothesis that social media analysis can address the more dynamic part of 

the skills and roles identification because BIM for energy and construction is a dynamic 

process where new concepts are disseminated and spread on social media. The next step 

involves preparing the content for analysis, including interviews, use-cases, training 

descriptions, publications, and social media, to facilitate compliance with the NVivo 

environment and overall import process. Below the researcher presents the analysis scenarios 

implemented for skills and roles identification. 

Published Data Sources 

Best Practice Case Studies Analysis 

Based on a requirement to capture a use-cases template, the researcher has aggregated 41 

best practice case studies from the field of BIM for energy efficiency [284], [285]; as shown in 

Figure 3-11. The entire portfolio of case studies can be accessed online, and the results of 

these analyses are presented in the evaluation section. The other case studies are listed in 

Appendix A. 

For the use-case analysis phase—and similarly, for interviews, publications and social media 

the researcher has adopted the following objectives: 

Objective: Identification of skills and roles based on NVivo analysis. 
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Outcome: A consolidated list of skills and roles with regards to BIM for energy. 

 

Figure 3-11 Use-cases template and list from NVivo. 

The process that we adopted identifies three phases, as presented in Figure 3-10, starting with 

the consolidation in NVivo import, and followed by an analysis where the roles and skills are 

determined. 

Analysis of the Interviews 

Interviews and consultations with industry experts and project partners have been utilised as 

a means to infer new BIM skills and roles, and to capture a more country-specific 

understanding of the use of BIM and energy efficiency in all of the consortium’s countries 

[136]. NVivo analysis has been applied to determine new skills and roles in the field of BIM for 

energy efficiency.  

The researcher used two criteria to choose a panel of experts of BIM for energy efficiency. In 

the first criterion, the researcher has selected the panel of expert interviewees who provide 

broad coverage of representation of the entire lifecycle of the construction project and the 

supply chain. They represent the blue-collar workers, designers, contractors and 

manufacturers. The second criterion focuses on the credibility of experts. The researcher has 

targeted interviewees for credibility and invention in the field of BIM, and they either play 

roles in BIM agenda or BIM training agenda within European countries.   

Based on the interviews that were conducted with 15 BIM industry experts from more than 

40 project partners from Europe, the researcher has determined the skills and roles reported 

in the results section (more details about the interviews are given in Appendix B). 
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Scientific Publications Analysis 

A comprehensive literature search based on the ‘title/abstract/keyword’ search method was 

first conducted through the Scopus scholarly publication search engine. Scopus is chosen 

because it covers a wide journal range (i.e., over 22,000 journals) [286]. It also allows a 

multidisciplinary search and offers author profiles that include affiliations, number of 

publications and their bibliographic data, references, and details on the number of citations 

that each published document has received [287]. Scopus also leads over other search engines 

in indexed documents, as well as citations in all research fields. This is especially evident in the 

discipline of engineering and technology [288]. The keywords used in the literature search 

included ‘building information modelling’, ‘energy efficiency’, ‘role’, ‘skill’, ‘training’, 

‘education’, and ‘competencies’. Articles and technical papers in refereed journals that 

included these particular terms in their titles, abstracts or keyword lists, covering various 

stages in the entire building lifecycle were considered. Given that BIM for energy efficiency is 

a relatively new technology, this review surveyed articles published between 2009 and 2019.  

The article categories including editorials, book reviews, letters to the editor or 

discussions/closures and comments were excluded. In total, 1,180 papers were scanned 

during this process, and 66 BIM-energy-efficiency-related papers were used in the analysis 

[138], [226], [273], [289]–[351].  

Social Media Analysis 

A social media analysis has been used by capturing the Twitter activity of the identified 

company profiles. In this part, only tweets posted by companies have been used and analysed, 

while an extension of this analysis has been provided within the scalable heuristic social media 

analysis. In total, for this phase of the study, the researcher has utilised 50,000 tweets that 

were posted by the portfolio of companies. 

This process identifies three phases, from social media aggregation using NCapture (a browser 

extension which allows tweets download) to NVivo import and analysis, where roles and skills 

are determined; as illustrated in Figure 3-12. 
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Figure 3-12 Progress of capture data from social media (Twitter). 

The list of the organisations that were utilised for the capturing process has been obtained 

from three sources: (i) forensics algorithms with IP detection and organisation identification, 

(ii) followers of the @BIMEET project Twitter account and (iii) partners’ indication of known 

BIM training institutions (see Table 3-2). 

Scalable Heuristic Social Media Analysis 

The researcher has used forensics algorithms to determine what companies, organisations 

and users from the field of BIM and energy visit the www.energy-bim.com platform [146]. the 

researcher has recorded all the visit logs. Based on the list of visitors, the researcher has 

selected profiles of the most relevant companies that activate in the field of BIM for energy 

efficiency. The researcher has identified other key Twitter profiles, and followers relevant for 

the researcher analysis from the Twitter followers list of the @BIMEET project; as shown in 

Table 3-2.  

The list of organisations was selected based on the visitors of the energy-bim.com web 

platform. The names of the organisations were discovered based on forensic investigation of 

the IP addresses of the visitors of energy-bim.com. Each IP address was looked up via the 

reverse WHOIS protocol to determine the organisations and/or ISPs that they were likely to 

belong to. The list was then shortened to BIM-related organisations and training providers. 

Table 3-2 List of organisations and their Twitter accounts. 

Name of organisations Twitter account 

Group CSI https://Twitter.com/groupecesi 

INEs Solaires https://Twitter.com/ines solaire 

BRE Academy https://Twitter.com/BREAcademy 

Ecoles des Ponts Paris Tech https://Twitter.com/EcoledesPonts 
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ESTP https://Twitter.com/estpparis 

Universite de Liege https://Twitter.com/UniversiteLiege 

UC Louvain https://Twitter.com/UCLouvain be 

Citt`a di Modena https://Twitter.com/cittadimodena 

ORSYS Formation https://Twitter.com/ORSYS 

BEC partners SA https://Twitter.com/becpartners 

Middlesex University https://Twitter.com/MiddlesexUni 

House of Training https://Twitter.com/Houseoftraining 

Sapienza Universita https://Twitter.com/sapienzaRoma 

Scuola Master F.lli Pesenti, Politecnico 
di Milano 

https://Twitter.com/master pesenti 

Le Moniteur https://Twitter.com/Le Moniteur 

Technical University of Denmark https://Twitter.com/DTUtweet 

Norwegian University of Science and 
Technology 

https://Twitter.com/ntnu 

UIC Barcelona https://Twitter.com/UICbarcelona 

Mensch und Maschine https://Twitter.com/MuMDACH 

Zigurat https://Twitter.com/Ziguratdigital 

BIMEET EU https://Twitter.com/bimeetEU 

H2020EE https://Twitter.com/H2020EE 

H2020 BIM plement https://Twitter.com/H2020BIMplement 

ECTP Secretariat https://Twitter.com/ECTPSecretariat 

In the analysis, the following sequence of steps has been applied (as shown in Figure 3-13): 

Fetching friends and followers from the list of Twitter accounts (using the friend’s ids and 

followers’ ids Twitter APIs); 

Fetching timeline tweets from all the friends and followers determined at step 1 using the user 

timeline Twitter API; 

Importing all the tweets collected at step 2 in a MySQL database during collection; 

Querying the SQL database using the regular expressions that are presented in the list; 

Exporting the SQL results in Excel format; 

Importing the results determined at step 5 into NVivo; 
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Generating word clouds and word trees from NVivo; 

Consolidating the final list of roles and skills. 

The BMEET researchers have fetched a total of 40 million tweets with text associated and 

description, based on which the BMEET researchers conduct text analysis and expression 

mining to determine the skills and roles for BIM for energy. The set of expression utilised to 

identify skills and roles are presented below: 

+((contractor/manager/designer/engineer/client/)/skills/).+ (/energy/construction) 

+((/BIM/construction/energy)/skills/).+ (/need/require) 

+((/BIM/construction/energy)/roles/).+ (/need /require) 

+((/BIM/construction/energy)/actors/).+ (/skills /competencies) 

+((/BIM/construction/energy)/knowledge/).+ (/requirements /require) 

+((/BIM/construction/energy)/skills/).+ (/need /require) 

+((/BIM/construction/energy)/competencies/).+ (/need /require) 

+((/skills/competencies/knowledge/expertise)/BIM/).+ (/energy /construction) 

The regular expressions that are included are built around the concepts of skills and roles. The 

overall objective was to create an expression for filtering the wrong Twitter context before 

skills and roles identification. Keywords such as ‘construction’, ‘skills’, ‘energy’ were 

frequently associated with roles, whereas terms such as ‘training’ and ‘knowledge’ were more 

likely to be included in tweets where a skill or role is reported. 
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Figure 3-13 The progress of collecting the tweets. 

3.5.2.2 Classifying Roles and Skills 

The key objective is to determine the frequency of each BIM role and skill in the corpus of 41 

use-cases, 15 interviews, scientific publications with Twitter and scalable heuristic social 

media mining. The equation has been used (1): 

(Equation 1)  𝑻𝑭(𝑻) =  
𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒕𝒊𝒎𝒆𝒔 𝒕𝒉𝒆 𝒕 𝒂𝒑𝒑𝒆𝒂𝒓𝒔

𝒕𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒕𝒆𝒓𝒎𝒔 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒂𝒎𝒆 𝒕𝒚𝒑𝒆 𝒐𝒇 𝒕
                                        

where t is either skill of a role and the type of t can be either a skill or a role.  

Our final objective was to determine the importance of each role and skill, while taking into 

account the average of the number of occurrences in conjunction (association) with all its 

counterparts, by equations (2) and (3):  

(Equation 2) 𝑰𝒎𝒑𝒐𝒓𝒕𝒂𝒏𝒄𝒆 (𝒔𝒌𝒊𝒍𝒍) =  
𝟏

𝒏
 ∑ (𝒏𝒐. 𝒐𝒇 𝒐𝒄𝒄𝒖𝒓𝒆𝒏𝒄𝒆𝒔(𝒂𝒔𝒔𝒐𝒄𝒊𝒂𝒕𝒊𝒐𝒏(𝒔𝒌𝒊𝒍𝒍 +𝒏

𝒏=𝟏

𝒓𝒐𝒍𝒆))) 

where n is the number of different associations between that skill and different roles. 

(Equation 3) 𝑰𝒎𝒑𝒐𝒓𝒕𝒂𝒏𝒄𝒆 (𝒓𝒐𝒍𝒆) =  
𝟏

𝒏
 ∑ (𝒏𝒐. 𝒐𝒇 𝒐𝒄𝒄𝒖𝒓𝒆𝒏𝒄𝒆𝒔(𝒂𝒔𝒔𝒐𝒄𝒊𝒂𝒕𝒊𝒐𝒏(𝒓𝒐𝒍𝒆 +𝒏

𝒏=𝟏

𝒔𝒌𝒊𝒍𝒍))) 

where n is the number of different associations between that role and different skills. 

The results for this step are discussed in Chapter 5. 
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3.5.3 step 3: 

This step is aims to address research question 3, which asks: 

Can the evolving BIM for energy efficiency training landscape be captured and managed 

through a dedicated framework that factors in a wide range of aspects, including roles and 

skills? 

To achieve this objective, a methodology framework has been developed; as shown in Figure 

3-7. Several steps have been adopted to address the contribution of this chapter, as follows:  

Stage 1: Develop a classification for project roles by categories that include all of the roles 

aggregated in Chapter 4. In addition, summarise the gaps and requirements of skills and 

training for BIM for energy efficiency. 

Stage 2: Summarise detailed lists for all of the roles involved in construction projects and skills 

needed for BIM for energy efficiency from Chapter 5. 

Stage 3: Develop a Skills RIBA map that distributes skills (from stage 2) required to handle BIM 

for energy efficiency for each role category (from stage 1) based on the RIBA Plan during the 

lifecycle of a project. The map was reviewed by the expert panel by applying a validation 

method (i.e., selective questionnaire) as a part of the whole validation process of the 

framework. The questionnaire was sent to 50 experts, and 20 responses were received. The 

researcher has addressed the expert consultation to validate the matrix, as illustrated in 

Appendix D.   

Stage 4: Based on the previous step, develop a skills matrix for aggregated skills in the project 

lifecycle for each role group, with the level of skills recommended based on EQF levels. This is 

one of the main contributions of this research and will be used as a framework for BIM training 

and education. The matrix was validated by the expert panel and wide-context experts by 

applying a similar validation method to that used in the previous step, as a part of the process 

of validating the research.  

Stage 5: From the skills matrix and skills RIBA map, a framework for skill allocations is required 

to address the gaps and requirements for BIM for energy efficiency that were identified by 

Chapter 4 (from stage 1) through BIM training and education. This stage is aligned with the 

previous stage as an attempt to address the main research gaps. 
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Stage 6: The standardized qualification framework is then implemented on gaps and 

requirements concluded from the case study in Chapter 7. This is one of the main research 

outputs and recommendations. 

The results for this step are discussed in Chapter 6. 

3.5.4 step 4: 

Specifically, this step aims to address research question 4, which asks: 

How scalable and adaptable is this training framework to other regions and socio-organisation 

contexts such as in the context of developing economies? 

To address this question, the researcher will use quantitative and qualitative analyses to 

identify the gaps and skills required to improve BIM practices for energy efficiency. In 

particular, this chapter aims to address the following sub-research questions: 

What are the requirements, limitations and gaps in BIM training?  

What strategies are required to promote BIM for energy efficiency in Saudi Arabia? 

To address these questions, the researcher proposes a methodology to capture the industrial 

trends, requirements, and gaps; as illustrated in Figure 3-15. They will also show what 

strategies and training are required to ensure the effective implementation of BIM for energy 

efficiency. The methodology that is adopted in this chapter utilises results data analysis of 

interviews and consultations to determine the requirements and specifications. The 

interviews will include construction companies and professionals, advisory governments, 

consultants, and educational and training bodies who deliver adapted BIM training and 

education in the construction industry. 
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Figure 3-15 General requirements methodology. 

This research followed a convenience sampling method by contacting the most accessible 35 

organisations related to BIM applications. The responses from 16 experts, who replied to the 

request, were collected through structured interviews that cover various questions related to 

BIM for energy efficiency in buildings, see Table 3-3. 

Table 3-3 Profile of The Experts Interviewed in Saudi Arabia. 

Category Interviewee Type of occupation Years of experience 
in using BIM 

Government 1 Advisory council 7 

2 Advisory council 8 

3 Advisory council 6 

Academia &Training 
Institution 

4 Professor 11 

5 BIM Researcher 5 

6 Teaching Assistant 8 

7 BIM and software 
training expert 

10 

Construction 
Companies 

8 Project Manager 12 

9 Project Manager 7 

10 Project Manager 9 

11 Project Manager 4 

12 Project Manager 3 

Consultant 13 Structure Consultant 6 
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14 Construction 
Consultant 

6 

15 Architecture 
Consultant 

3 

16 HVAC Consultant 4 

The main objective of the consultation process was to define regulatory awareness and BIM 

gaps for the energy efficiency domain to collect the training requirements. The identified 

barriers were then discussed and debated from a variety of socio-technical perspectives. A 

mixed-methods analysis for outcomes of the interviews was undertaken in the first phase of 

the consultations, which included identifying the relevant gaps and requirements based on 

intensive discussions and debates in the case study, Saudi Arabia, with international experts 

in relation to the project’s objectives. Finally, the BIM skills evaluation framework from 

Chapter 6 has been used to fill the identified requirements and gaps.  

3.5.4.1 Analysis Index 

A convenience sampling method was used to select respondents who have participated in 

construction projects for the questionnaire interview. The questionnaires were administered 

to experts who had participated in construction projects in different regions and organisations 

in Saudi Arabia. 

The collected feedback provided qualitative and quantitative information that helped to build 

an initial understanding of the problems, limitations, and requirements of BIM training for 

energy efficiency for building industry stakeholders, and design the other research 

instruments (including the interview guide and questionnaire). Pattern coding is used to 

identify any emergent themes, patterns, or explanations suggested by the qualitative 

information gathered from the selected instruments [352]. Pattern coding reduces large 

amounts of data into a smaller number of analytic units and helps to structure the investigated 

issues. The quantitative analysis (questionnaire) helped to corroborate the qualitative issues 

that emerged from the research. It is, however, essential that the limits of this chapter be 

recognised. The researcher relied on questionnaires and interviews. Consequently, it is always 

possible that pertinent information might have been withheld for commercial, strategic, or 

political reasons. The impact of this limitation has been anticipated through the development 

of converging lines of inquiry (i.e., triangulation). The results for this step are discussed in 

Chapter 7. 
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3.6 Conclusion 

The relationship between each of the philosophical research paradigms reviewed in Section 

3.4, the tasks constituting this research, and the role of the researcher are shown in Table 3-4, 

constituting a wider research philosophy of pragmatism, accounting for multiple methods 

contributing to a holistic research programme around the subjects explored. 

Table 3-4 Philosophical research paradigms applied to specific tasks defined within this 
research. 

Research 
Questions 

Objectives Research 
Paradigm 

Applied 
Methodology 

Role of the Researcher 

Research 
Question 
1 

Objective 
1 

Mixed 
Method 

Literature 
review, 
Interviews, Case 
studies 

The researcher has conducted 
the literature review and case 
studies, and led the consultation 
through questionnaires, 
interviews, and workshop; 
Analysed the data. 

Research 
Question 
2 

Objective 
2 

Mixed 
Method 

Interviews, Case 
studies, Scientific 
publications, 
social media 

The researcher has aggregated all 
of the data from different sources 
and analysed the data by NVivo.  

Research 
Question 
3 

Objective 
3 

Mixed 
Method 

Questionnaire The researcher has developed a 
framework that includes the skills 
RIBA map, the skills matrix, and 
the validation process.  

Research 
Question 
4 

Objective 
4 

Mixed 
Method 

Literature 
review, 
Interviews 

The researcher has conducted 
the literature review and led the 
consultation through 
questionnaires, interviews, and 
analysed the data and fill the 
gaps. 

Given the scope of the wider subject domain and the need to focus on the specific topics 

identified in Chapter 2, a clear definition of the methodologies to be applied at research 

commencement is required. However, the concurrent evolution of the subject area and 

exploration of these meant that flexibility in methods adopted was also necessary. Finally, 

more details or the application of the methods described here and the research outcomes are 

included in following chapters.
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In this chapter, the researcher will present quantitative and qualitative analyses to identify 

the gaps and skills required to improve BIM practices for energy efficiency. The methodology 

adopted in this study utilises computing data analysis techniques, including interviews and 

consultations and case studies, to determine the requirements and specifications to deliver 

adapted BIM training and education in the construction industry. 

4.1 Introduction 

To reduce energy use in buildings, the European Commission has defined a clear (2020) target 

to decrease energy consumption by 20% and to increase the proportion of energy supplied by 

renewable sources by 20% [2]. The reductions in energy consumption and carbon emissions 

have become essential objectives that are considered in strict policies and regulations at the 

European and national levels. For example, the recast of the Energy Performance of Buildings 

Directive (2010/31/EU) imposes strict energy efficiency requirements for new and retrofitted 

buildings. 

Some previous studies have looked for solutions that will pave the way for a fundamental 

change in the systematic delivery of observable and productive energy-efficient buildings 

through BIM training to achieve the European energy and carbon reduction objectives [353]. 

Engineering actors need to develop into a well-trained, world-leading generation of BIM 

decision-makers, professionals and blue-collar workers for energy efficiency [354]. Moreover, 

a world-leading BIM training platform for energy efficiency is needed, nurtured by an 

established community of interest [355]. Research and related assessments have been 

discussed in Europe across the building value chain (including lifecycle and supply chain), 

highlighting energy efficiency linkages, qualification priorities, distribution networks, skills and 

accreditation processes, while also highlighting training deficiencies and the potential areas 

for progress [354]. This includes: (a) better identifying future skills needs; (b) clear entry routes 

and clear career progression paths; (c) clear, standard means of recognising skills; (d) exploring 

ways to make apprenticeships more flexible; (e) reviewing current skills and capacity delivery 

mechanisms by industry; and (f) reviewing career planning, training and development 

approaches with a commitment to rationalisation. 

BIM technologies and related implementations have grown steadily over the last few years, 

intending to encourage more successful multidisciplinary partnerships to complete lifecycle 
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and supply chain integration [52]. BIM includes the process of producing and maintaining data 

and information about the built environment throughout its lifecycle, from concept design to 

decommissioning [244] (see Figure 4-1). Over the past decade, BIM technology has brought 

significant transformative power to AEC/FC in terms of its fundamental lifecycle and 

integration of the supply chain and digital collaboration [7]. This technology enacts and 

exposes methods and techniques that can transform the construction industry, for which 

global yearly spending is forecasted to exceed $11 trillion by 2020 [3]. 

 

Figure 4-1 BIM applications across buildings’ lifecycles. 

Several studies have tried to harmonise energy-related BIM expertise and skills available in 

Europe and to achieve a global consensus through a BIM for the energy efficiency External 

Expert Advisory Board (EEAB) [245], [356], [357] . The emphasis is on developing a mutual 

recognition system for qualifications and certifications between different member states, 

accompanied by an effective strategy to ensure that methods of qualification and training are 

retained and unified [354]. 

The construction industry has experienced constant change in the last few decades thanks to 

BIM, and advances in  global technical and management [248]. Identifying this change and the 

corresponding adjustment of existing training programmes to develop new skills for 

construction professionals is a critical area to address in the industry. 

This chapter will explore the gaps and requirements for the implementation of BIM for energy 

efficiency with associated BIM training by identifying the relevant skills. Consultations and 

interviews were used to collect the requirements. A portfolio of best practice use cases was 
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collected to understand existing BIM practices, and to identify the existing limitations and 

shortcomings in BIM training in Europe. 

This chapter makes the following contributions: 

• Adapts and uses an online web portal to collect and analyse best practice case studies 

with a view to delivering BIM for energy efficiency training and education in EU 

construction projects; 

• Conducts a consultation process involving key BIM experts and training organisations 

within the EU construction sector around BIM for energy efficiency; 

• Elaborates a comprehensive set of requirements to inform future BIM training for 

upskilling the next generation of construction professionals to implement energy 

efficiency for the construction sector. 

4.2 Revisiting the Research Question 

This chapter aims to address research question 1, which states: 

What are the requirements, limitations, and gaps in the BIM training landscape in Europe? 

To address this question, the researcher proposes a methodology to capture the industrial 

trends, requirements and gaps, and will show what strategies and training are required to 

ensure the effective implementation of BIM for energy efficiency. The researcher adopts a 

use-case based approach within a community of BIM stakeholders and experts with a view to 

contribute to the digitization of the construction industry and associated high-level BIM 

strategy evaluation. 

4.3 Method 

Initially, a more theoretical analysis of the existing research gaps was conducted through a 

thorough literature review, as provided in Chapter 2. This process aimed to synthesise the 

existing body of work, highlighting the strengths and weaknesses, and crucially pinpointing 

the research gaps. This stage of the research methodology largely framed the development of 

the central hypothesis and research questions. Consequently, answering the hypothesis and 

research questions formed the main basis for the remainder of the work described in this 

thesis. The literature review consisted of an extensive search of the related literature around 

the fields of BIM for energy efficiency. Common themes between these topics indicated the 
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need for triangulation of a wide range of methods to explore the topic to the extent required 

to advance one particular aspect. The output from this task is included in Chapter 2. 

In Chapter 4, the researcher will present quantitative and qualitative analyses for the 

identification of the gaps and skills required to improve BIM practices for energy efficiency. 

The methodology adopted in this study utilises computing data analysis techniques, including 

interviews and consultations, to determine the requirements and specifications for delivering 

adapted BIM training and education in the construction industry. This objective aims to 

address the following sub-research questions: 

1. How does one capture the transformation of the construction industry in relation to 

BIM and its integration for achieving energy efficiency? 

2. What are the requirements, limitations and gaps in BIM training and what strategies 

are required to promote BIM for energy efficiency in Europe? 

To address these questions, the researcher proposes a methodology to capture the industrial 

trends, requirements and gaps, and show what strategies and training are required to ensure 

the effective implementation of BIM for energy efficiency. The researcher adopts a use case-

based approach within a community of BIM stakeholders and experts with a view to 

contributing to the digitalisation of the construction industry and associated high-level BIM 

strategy evaluation. The methodology that is utilised to conduct the analysis has three main 

parts, as follows: 

• A user engagement tool in the form of an online web platform to support data capture 

and analysis while maximising the engagement of users by creating a community of 

practice around the BIM for energy efficiency theme. 

• An online web-based, Europe-wide BIM use-cases collection template and 

questionnaire, from which 38 best practice case studies have been collected. 

• An expert panel consultation process in Europe consisting of one workshop (around 40 

participants in total), and a series of 15 semi-structured interviews with key industry 

representatives and other study partners meetings. 
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The researcher has adopted an incremental methodology underpinned by the platform2 as 

tool to enable the management and exchange of data resources and experiences relevant to 

BIM training.  

4.4 Results 

The results process focused on performing a thorough analysis of the best practice use cases, 

as well as identifying the gaps and skills around BIM for energy efficiency. The outcomes of 

the requirements capture process are focused on six months of data collection, which was 

supported by consultations and interviews. 

4.4.1 Collection of Case Studies 

Based on the repository of use cases, the researcher aims to determine how BIM can support 

the development of energy-efficient designs, and the construction and maintenance of 

buildings. For example, BIM can improve and ease the implementation of energy-efficient 

buildings by facilitating improved data sharing and communication flows, and examples of the 

practical benefits include the speeding-up energy simulations and discovering useful 

solutions, encouraging the participation of end users, setting and commissioning criteria, and 

providing opportunities for proactive maintenance management. The AEC/FM industry can 

leverage BIM for greater energy efficiency in the development of new designs, as well as in 

retrofitting and renovation projects, amidst the positive impacts that BIM has brought within 

the industry.  

Table 4-1 provides two best practice use cases as examples where the lifecycle applicability is 

aligned with eight work stages of the 2013 RIBA work plan. Many variables were evaluated, 

and they are listed in the table based on the usage cases. The structure of the best practice 

use cases collection template has been elaborated during the consultation and workshop 

sessions. Each parameter and variable that has been included in the collection template has 

been discussed and validated by the project partners, construction stakeholders and BIM for 

energy efficiency experts from the European countries in relation to the project’s objectives. 

The entire portfolio of use-cases can be accessed online. The status at the time that this thesis 

is submitted is presented in Appendix A. 

 

2 www.energy-bim.com 
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Table 4-1 Examples of BIM for energy efficiency best practices (BIMEET Platform). 

Variables/ Use-
cases 

Use-case 1 Use-case 2 

Title Intelligent management and 
control of the HVAC system: 
SPORTE2 project 

Shopping Centre using around half 
the energy of a typical development 

Use Case Type Research & development      Real-world application    

Target 
Discipline 

Facility management   Architectural design, structural 
engineering, HVAC engineering, 
electrical engineering, builders, 
construction companies, building 
managers   

Target Building 
Type 

Public building Commercial building 

Lifecycle 
Applicability 

In use stage “Preparation and brief, concept 
design, developed design, technical 
design, construction, in use”.    

Brief 
Description 

The European sport and 
recreation building stock 
accounts for around 1.5 
million buildings or 8 per cent 
of the building stock as a 
whole. These facilities are 
distinctive because of their 
physical nature, their energy 
consumption profiles, 
people's usage patterns 
within, ownership criteria, 
and comfort needs [358]. 
SPORTE2 aims at managing 
and optimising the triple 
dimensions of energy flows 
(generation, grid exchange 
and consumption) in sport 
and recreation buildings by 
developing a new flexible and 
modular BMS focused on 
smart metering, centralised 
control, efficient decision 
making and multi-facility 
management [54]. 

This project is a large shopping and 
commercial development centre 
that is located in Pori, southwestern 
Finland. Designed for LEED Gold, 
the architecture has received a 
global BIM award for its creative 
use of modelling during design and 
construction [359]. 
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Impacts Energy savings up to 30 %   

Emission reduction up to 30 % 

BIM was used in this project where 
50 % of energy savings were 
achieved compared with the 
Finnish Code and 50 %t savings in 
water consumption compared to 
conventional retail growth in 
Finland. Measured power output 
from geothermal heat pumps and 
free energy benefits for heating and 
cooling have also exceeded 
expectations. 

A set of automated analyses has been applied using the web platform on 40 use cases that 

were collected from a European community of BIM experts in the construction industry. These 

cases have been provided by Cardiff University experts and they have been elicited as 

examples because these cases have shown more benefits through using BIM for energy 

efficiency.  The results show the distribution of impacts according to criteria such as discipline, 

the type of building and the lifecycle stage. 

4.4.2 Challenges and Initial Results of Use Cases 

The premise of this project is that BIM can significantly support energy-efficient design, 

construction and building maintenance in many ways. Principally, BIM can boost and ease 

energy-efficient building on the basis of better data exchange and communication flows, and 

in practice (for example) by accelerating energy simulations and searching for beneficial 

solutions, supporting end users’ involvement, requirement setting and commissioning, and by 

providing an opportunity for systematic maintenance management. This study has 

demonstrated the strengths of BIM in energy-efficient building by collecting and providing use 

cases. Several examples of use cases where lifecycle applicability is aligned with eight work 

stages of RIBA Plan of Work 2013 follow. 

Use Case 1: Reduce the Gap between Predicted and Actual Energy Consumption in Buildings. 

KnoholEM project  

Use Case Type: Research & Development      

Target Discipline: Facility Management   

Target Building Type: Public    

Lifecycle Applicability: In Use 
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Brief Description of The Use Case: This study presents a novel BIM-based approach to reduce 

the gap between predicted and actual energy consumption in buildings during their operation 

stage. Due to the absence of historical energy consumption data, a theoretical simulation 

approach is used that takes into account a wide range of factors, including the building’s fabric, 

occupancy patterns, and environmental conditions. Energy sensitive variables and available 

control variables (set points) are then identified to train and learn energy consumption 

patterns and behaviour within the considered building. The resulting model is then used as a 

cost function engine (predictor) for an optimisation process to generate energy saving rules 

that can be applied to the operating Building management System (BMS).  

Impacts: The use of BIM has helped achieve a reduction of 25% energy compared to baseline 

figures. 

Use Case 2: BIM-based Parametric Building Energy Performance Multi-objective Optimisation     

Use Case Type: Research & Development 

Target Discipline: Architectural Design    

Target Building Type: Domestic     

Lifecycle Applicability: Concept Design, Developed Design     

Brief Description of The Use Cases:  An integrated system is developed to enable designers to 

optimise multiple objectives in the early design process. A prototype of the system is created 

in an open-source visual programming application, Dynamo, which can interact with a BIM 

tool (Autodesk Revit®) to extend its parametric capabilities. The aim is to maximise the 

number of rooms of the residential unit that satisfy the requirements of the LEED IEQ Credit 

8.1 for Daylighting while minimising the expected energy use. The geographic location of the 

home is in the city of Indianapolis, Indiana, USA.  

Impacts: The use of a BIM model to generate a multiplicity of parametric design variations for 

simulated and procedural analysis is a viable workflow for designers who seek to understand 

trade-offs between daylighting and energy use. 

Use Case 3: Intelligent Services for Energy-efficient Design and Lifecycle Simulation: ISES 

project.    

Use Case Type: Research & Development   
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Target Discipline: Architectural design, Structural engineering, HVAC engineering, Electrical 

engineering, Builders, Construction companies, Building managers      

Target Building Type: Public   

Lifecycle Applicability: In Use    

Brief Description of The Use Cases: Intelligent Services For Energy-Efficient Design and 

Lifecycle Simulation is developing ICT building blocks to integrate and complement existing 

tools (STEP and BIM) for design and operation management into a Virtual Energy Lab that is 

capable of evaluating, simulating and optimising the energy efficiency of products and 

facilities, in particular components for buildings and facilities, before their realisation and 

taking into account their stochastic lifecycle nature.    

Impacts: A combination of energy profile models with product development STEP models, and 

building and facility BIM models 

Use Case 4: Robust Decision Making for Building Efficiency and Occupant Comfort. 

Use Case Type: Real-world Application 

Target Discipline: Facility Management 

Target Building Type: Public 

Lifecycle Applicability: In Use 

Brief Description of The Use Cases: Ingenuity House is a 12,000m2 highly sustainable building 

that is currently under construction adjacent to Birmingham’s International Airport and 

Railway Station. The building will be Interserve's new regional HQ and is being used a test bed 

to start to go beyond BIM Level 2 (BS 1192: 2007).  

Impacts: Delivery of SMART building. 

Use Case 5: Use of BIM for ESD analysis of BCA Academic Tower. 

Use Case Type: Real-world Project 

Target Discipline: Architectural, Mechanical & Structural 

Target Building Type: Public 

Lifecycle Applicability: Concept Design and Developed Design  
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Brief Description of The Use Cases: BCA Academy Project consists of a new 10 floor academic 

block, with an adjoining new six floor training workshop block and new pavilion. The design 

aims to be climatically responsive, and will incorporate active and passive features wherever 

possible to lower energy consumption. These include proper orientation of the building, 

appropriate choice of materials, use of energy fittings, fixtures and devices (such as light 

fittings), good fenestration and daylight design, and so on. Vertical greenery and a roof garden 

should be provided, where possible. BIM plays a pivotal role in achieving the required 

sustainable design features. 

Impacts: BIM plays a pivotal role in achieving energy efficiency by leveraging the BIM model 

and performing several types of energy analysis and simulations. 

BIM has been implemented with increasingly powerful results for some building types. In 

particular, certain cases of retail and office buildings provide good examples how BIM has 

supported demanding requirement management, simulations and searching solutions for 

ambitious energy targets. For instance, BIM has been effectively used in a shopping centre to 

use around half the energy of a typical development. The results associated with commercial 

buildings report about 50% energy saving and 50% saving in water consumption. 

The RIBA Plan of Work for lifecycle applicability shows some of the associations between 

lifecycles and BIM impact on energy efficiency. The RIBA Plan of Work organises the design 

process into different stages, including briefing, designing, constructing, maintaining, 

operation and use of the building. According to these stages, various ways of use and levels of 

impact can be identified for the use of BIM for energy efficiency. 

4.4.2.1 Analysis of Use Cases Type 
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Figure 4-2 Use-case type analysis (A) & Target discipline analysis (B). 

Based on the data that was collected over four months in a portfolio of 40 best practice use 

cases around BIM for energy efficiency, the researcher has applied statistics as part of the 

requirements elicitation process. The researcher used key variables, such as use case type, 

discipline, building type, project type and project lifecycles to discover under-developed BIM 

aspects within the use cases database. 

Figure 4-2 shows the distribution of different BIM for energy efficiency projects, utilising the 

use case type as an evaluation criterion. This figure presents in percentages how many best 

practices use cases within the existing portfolio have been identified, namely (1) research and 

development, (2) real-world applications and (3) BIM guidelines. It was found that research 

and development has 17 use cases, the real-world framework has 13 use cases and the BIM 

guideline has only one use case. Similarly, Figure 4-2 shows the distribution of the best 

practice use case studies based on different discipline categories, such as facility management, 

architecture design, structural engineering, mechanical engineering and others. 

4.4.2.2 Analysis by Targeted Discipline 

The use cases portfolio is organised according to the target discipline. Figure 4-2 provides the 

use case distribution based on the target discipline. It can be seen that BIM is used more 

commonly in architectural design and facilities management projects, while it is used to a 

lesser extent in structural engineering and mechanical engineering projects. This analysis has 

determined that various targeted disciplines utilised BIM for energy efficiency, such as 

architectural design, facility management, structural engineering and mechanical engineering, 

and others. Architectural designers were determined by 29% and facility management 25%, 

while structural and mechanical engineers were mentioned by 16% and 14%, respectively. 

4.4.2.3 Evaluation per Building Type 

In this section, the researcher will analyse the use cases based on the type of building projects 

that have adopted BIM for energy efficiency. According to  Figure 4-3, a majority of BIM 

projects are for public buildings, whereas residential, commercial and industrial buildings are 

less popular in adopting BIM. The most popular building type projects are public buildings, 

while there is a lower percentage of residential, commercial and industrial buildings. As shown 
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in Figure 4-3, BIM is applied in 7.65% of these case studies to public buildings, 17.5% to 

domestic buildings and the rest is applied to commercial and industrial buildings. 

 

Figure 4-3 Building-type analysis (C) & Lifecycle stages analysis (D). 

4.4.2.4 Analysis per Lifecycle Stage 

Given that the researcher has used RIBA stage lifecycles for the study, this section will evaluate 

the relationship between the lifecycle stages for every best practice use case. Figure 4-3 shows 

that 56% of the projects are reported to use BIM for energy efficiency in the design phases 

during the project’s lifecycle, while the in-use process represents 13% of the project lifecycle. 

4.4.2.5 Analysis per Project Type 

The researcher investigates the set of use cases that have adopted BIM and classifies them 

based on the project-type variable. From the study reported in Figure 4-4, it can be seen that 

the majority of use cases use BIM for existing and new buildings, whereas extension and 

renovation projects tend not to adopt BIM. There are 84% of project types, and new build 

projects, while the remaining project types are renovation and extension projects. 
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Figure 4-4 Analysis of project type. 

4.4.3 Relationships Between the Variables and the Impacts 

4.4.3.1 Analysis by Impact and Target Discipline 

The first variable used that will be used in this study is the target discipline, which the 

researcher compared with the impacts to find the corresponding association between the 

target discipline and the impacts of use cases. Table 4-2 presents the majority of use cases 

that implement BIM for energy efficiency associated with the facility management discipline. 

However, some use cases implement a BIM for energy efficiency methodology for multiple 

disciplines, with significant impacts being seen in energy and water savings. BIM has been 

further implemented with more convincing results for some building types. In particular, some 

cases of retail and office buildings provide good examples of how BIM has supported the need 

for requirements management, simulations and the search for solutions to realise ambitious 

energy targets. For instance, the availability of 358 uses of BIM data contributes to a 25% 

energy reduction in facility management (use case 1). Likewise, BIM has been effectively 

applied to a shopping centre (use case 2), using around half the energy of a typical 

development. The results associated with commercial buildings report energy savings of about 

50% and water consumption savings of 50%. 

Table 4-2 Discipline relevance and impacts (Examples of use cases). 

Use-cases Target disciplines Impacts 
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Reduce the gap between 
energy consumption expected 
and real in buildings [360] 

 

 

   

A 25% drop in energy 
compared to baseline 
estimates. 

Minimise operational costs 
and carbon emissions by 
matching supply with demand 
for heat and electricity 
production [361] 

 

 

   

Leading to a 32% increase in 
profit 

and a 36% reduction in CO2 
emissions. 

Intelligent management and 
control of a HVAC system 
[362] 

 

 

   

Up to 30% of Energy Saving Up 
to 30% Emission reduction 

Friendly and affordable 
sustainable urban districts 
retrofitting (FASUDIR) - 
Heinrich-Lubke housing area, 
Frankfurt, Germany [363] 

 

 

   

GWP reduction of 60%. 
Operational 

energy consumption reduction 
of 35% 

(FASUDIR)- Budapest 
Residential District [363] 

 

 

   

Operational energy reduced by 
35% 

and energy running costs 
reduced by 35% 

A revolutionary integrated 
framework for tracking and 
evaluating energy 
performance in buildings (the 
project tackles the difference 
between expected and actual 
energy performance in 
buildings) [364] 

 

 

   

Achieve building energy 
performance 

Parametric design of a shelter 
roof in an urban context [365] 

     Early BIM for parametric 

optimisation through 
simulations 

Building as a Service [366]     

 

Optimise energy performance 
in the application domain of 
non-residential buildings 

Delivering highly energy-
efficient hospital centre [367] 

 

 

   

41% reduction in fabric loss 
heat, a 29% reduction in carbon 
emissions, a 15% reduction in 
overall energy usage 

Shopping Centre using around 
half the energy of typical 
development [368] 

     50 % energy savings, 50 % 
savings in water consumption 
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Design of energy-efficient 
library with high architectural 
goals [368] 

     Energy optimisation results 

impacted the building and 
HVAC design 

Use of Optimisation tool to 
compare hundreds of 
concepts energy efficiency 
before the actual design [369] 

 

 

   

Use of optimisation tool has 
the potential to save money 
and time while directing to 
more optimal energy efficiency 
solutions 

By using the RIBA Plan of Work for lifecycle applicability, the researcher can also observe the 

associations between lifecycles and the impact of BIM on energy efficiency. This reflects the 

increasing requirements for sustainability and BIM, and it allows the creation of simple, 

project-specific plans. The RIBA Plan of Work organises the design process into different 

stages, including briefing, designing, constructing, maintaining, operating and using the 

building. According to these stages, various ways of use and levels of impact can identify BIM 

for energy efficiency. A taxonomy of the different evaluation criteria used in the use cases 

analysis is presented in Figure 4-5. 

 

Figure 4-5 Taxonomy of use-case concepts of BIM for energy efficiency. 
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4.4.3.2 Building Type and Impacts 

Building type is another variable that is used in our analysis. When compared with the impacts, 

it has provided significant insights in identifying gaps. From Table 4-3, it can be concluded that 

BIM for energy efficiency has been applied in the majority for public buildings. 

Table 4-3 Relationship between building type and the impact (Examples of use cases). 

Use cases Building Type Impacts 
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Reduce the gap between predicted 
and actual energy consumption in 
buildings 

        Reduction of 25% energy 
compared to baseline 
figures. 

Minimising operational costs and 
carbon emissions through matching 
supply with demand of heat and 
electricity production. 

        Leading to a 32% increase in 
profit and 36% reduction in 
CO2 emissions. 

Intelligent management and control 
of HVAC system 

        Up to 30% of energy saving 
up to 30% emission 
reduction 

Friendly and Affordable Sustainable 
Urban Districts Retrofitting 
(FASUDIR): Heinrich-Lubke housing 
area, Frankfurt, Germany 

        GWP reduction of 60%.  

Operational energy 
consumption reduction of 
35% 

Friendly and Affordable Sustainable 
Urban Districts Retrofitting 
(FASUDIR): Budapest Residential 
District 

        Operational energy reduced 
by 35% and energy running 
costs reduced by 35% 

An innovative integrated concept for 
monitoring and evaluating building 
energy performance (the gap 
between predicted and actual 
building energy performance is 
addressed by the project). 

        Achieve building energy 
performance 

Parametric design of a shelter roof in 
urban context 

        Early BIM for parametric 
optimisation through 
simulations 

Building as a service         Optimise energy 
performance in the 
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application domain of non-
residential buildings 

Delivering highly energy-efficient 
hospital centre 

        41% reduction in fabric loss 
heat, 29% reduction in 
carbon emissions,15% 
reduction in overall energy 
usage 

Shopping centre using around half 
the energy of a typical development 

        50 % energy savings, 50 % 
savings in water 
consumption 

Design of energy-efficient library 
with high architectural goals 

        Energy optimisation results 
impacted for the building 
and HVAC design 

Use of optimisation tool to compare 
hundreds of concepts energy 
efficiency before actual design 

        Use of Optimisation tool has 
the potential to save money 
and time while directing to 
more optimal energy 
efficiency solutions. 

4.4.3.3 Project Type and Impacts 

In this section, we will try to determine the dependencies between project type and impact, 

where project types can be: existing project, new builds, renovation and extension. From 

Table 4-4, it can be concluded that a greater impact is recorded when applying BIM for existing 

and new build projects. One use-case has been recorded as applying BIM for a renovation 

project, with a significant impact in energy and water savings. 

Table 4-4 Dependencies between project type and the impacts (Examples of use cases). 

No Use cases Project type Impacts 
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1 Reduce the gap between 
predicted and actual energy 
consumption in buildings 

 
 

      Reduction of 25% energy 
compared to baseline figures. 

2 Minimising operational costs 
and carbon emissions through 
matching supply with demand 
of heat and electricity 
production. 

   
 

    Leading to a 32% increase in profit 
and 36% reduction in CO2 
emissions. 
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3 Intelligent management and 
control of HVAC system 

 
 

      Up to 30% of energy saving up to 
30% emission reduction 

4 Friendly and Affordable 
Sustainable Urban Districts 
Retrofitting (FASUDIR): 
Heinrich-Lubke housing area, 
Frankfurt, Germany 

 
 

      GWP reduction of 60%.  

Operational energy consumption 
reduction of 35% 

5 Friendly and Affordable 
Sustainable Urban Districts 
Retrofitting (FASUDIR): 
Budapest Residential District 

 
 

      Operational energy reduced by 
35% and energy running costs 
reduced by 35% 

6 An innovative integrated 
concept for monitoring and 
evaluating building energy 
performance (the gap between 
predicted and actual building 
energy performance is 
addressed by the project). 

 
 

      Achieve building energy 
performance 

7 Parametric design of a shelter 
roof in urban context 

   
 

    Early BIM for parametric 
optimisation through simulations 

8 Building as a service  
 

      Optimise energy performance in 
the application domain of non-
residential buildings 

9 Delivering highly energy-
efficient hospital centre 

   
 

    41% reduction in fabric loss heat, 
29% reduction in carbon 
emissions,15% reduction in 
overall energy usage 

10 Shopping centre using around 
half the energy of a typical 
development 

     
 

  50 % energy savings,  50 % savings 
in water consumption 

11 Design of energy-efficient 
library with high architectural 
goals 

   
 

    Energy optimisation results 
impacted for the building and 
HVAC design 

12 Use of optimisation tool to 
compare hundreds of concepts 
energy efficiency before actual 
design 

   
 

    Use of optimisation tool has the 
potential to save money and time 
while directing to more optimal 
energy efficiency solutions. 

4.4.3.4 The Relation Between the Lifecycle of the Project and the Impact 

This section explores the relationship between project lifecycle and impacts. As reported in 

Table 4-5, the highest impact is recorded for projects that are ‘in-use’ (stage 7 from RIBA). 

However, the portfolio includes project use-cases where BIM is applied at all stages cycle, with 
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a great impact on energy and water savings in the shopping centre using around half the 

energy of a typical development. 

Table 4-5 Dependencies between lifecycle and high impacts (Examples of use cases). 

Use cases Lifecycle applicability (RIBA) Impacts 

0 1 2 3 4 5 6 7 

 

Reduce the gap between 
predicted and actual 
energy consumption in 
buildings 

                Reduction of 25% energy 
compared to baseline 
figures. 

Minimising operational 
costs and carbon 
emissions through 
matching supply with 
demand of heat and 
electricity production. 

                Leading to a 32% 
increase in profit and 
36% reduction in CO2 
emissions. 

Intelligent management 
and control of HVAC 
system 

                Up to 30% of energy 
saving up to 30% 
emission reduction 

Friendly and Affordable 
Sustainable Urban 
Districts Retrofitting 
(FASUDIR): Heinrich-
Lubke housing area, 
Frankfurt, Germany 

                GWP reduction of 60%.  

Operational energy 
consumption reduction 
of 35% 

Friendly and Affordable 
Sustainable Urban 
Districts Retrofitting 
(FASUDIR): Budapest 
Residential District 

                Leading to a 32% 
increase in profit and 
36% reduction in CO2 
emissions. 

An innovative integrated 
concept for monitoring 
and evaluating building 
energy performance (the 
gap between predicted 
and actual building 
energy performance is 
addressed by the 
project). 

                Achieve building energy 
performance 

Parametric design of a 
shelter roof in urban 
context 

                Early BIM for parametric 
optimisation through 
simulations 
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Building as a service                 Optimise energy 
performance in the 
application domain of 
non-residential buildings 

Delivering highly energy-
efficient hospital centre 

                41% reduction in fabric 
loss heat, 29% reduction 
in carbon emissions,15% 
reduction in overall 
energy usage 

Shopping centre using 
around half the energy 
of a typical development 

                50 % energy savings,  50 
% savings in water 
consumption 

Design of energy-
efficient library with high 
architectural goals 

                Energy optimisation 
results impacted for the 
building and HVAC 
design 

Use of optimisation tool 
to compare hundreds of 
concepts energy 
efficiency before actual 
design 

                Use of optimisation tool 
has the potential to save 
money and time while 
directing to more 
optimal energy 
efficiency solutions. 

4.5 Interviews Analysis 

This chapter provides an in-depth analysis and gap identification of the skills involved in BIM 

training for energy efficiency before integration with the following training models and 

strategies. Consultations and interviews were used to determine the requirements, and a 

portfolio of use cases has been created to understand the existing BIM practices, and 

determine the existing limitations and gaps in BIM training. 

Given that it was not simple to obtain access to use cases in BIM and energy efficiency in all 

of the consortiums’ countries, it was apparent that this trending topic was not sufficiently 

mature in many European countries. Therefore, the researcher conducted interviews with 15 

BIM industry experts from Europe to obtain a more global understanding of the maturity 

associated with the application of BIM to energy efficiency, and to determine the gaps and 

requirements in this field. The interview was designed using a questionnaire with three 

sections, which are the experiences of BIM and energy, BIM for energy efficiency skills and 

using BIM for energy efficiency in projects. 
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For the selection of interviewers, the researcher used two criteria in order to choose a panel 

of experts of BIM for energy efficiency. In terms of the first criteria, the researcher has selected 

the panel of experts’ interviewees who provide broad coverage of the representation of the 

entire lifecycle of the construction project and the supply chain. They represent blue-collar 

workers, designers, contractors, and manufacturers. For the second criteria, the credibility of 

experts, the researcher targeted interviewees for credibility and invention in the field of BIM. 

They play roles either in the BIM agenda or the BIM training agenda within European 

countries. The results of these interviews are reported below, and a full repository of the 

interviews is provided in Appendix B. 

4.5.1 Experience of BIM and Energy 

Figure 4-6 shows the BIM expertise of the experts, which includes research in BIM assessment, 

architecture service, design and construction, and energy efficiency training and durability of 

construction. In addition, the researcher interviewed experts with different levels of expertise 

in applied technology for design and engineering project delivery, sustainable designs and 

physical buildings. 

The main aim of the interviews was to approach experts with experience in a wide range of 

BIM activity, so the aggregated feedback was expected to be comprehensive and inspired by 

industrial expertise. Figure 4-6 presents the experts’ historical experience. It can be seen that 

two-thirds of the experts have experience using BIM in multiple ways, and they also have 

extensive experience with BIM software. 
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Figure 4-6 The number of responses for experiences of BIM and energy. 

4.5.2 BIM for Energy Efficiency Skills 

Experts were asked to specify the skills required to improve BIM management, with an 

emphasis on energy efficiency. The skillsets that were identified by the experts as being 

necessary for handling BIM data for energy efficiency associated with the role of designers, 

contractors and blue-collar workers. Several skills are highlighted by the experts for designers 

(see Figure 4-7), as follows: (1) ability to use CAD programmes and other energy efficiency 

software; (2) knowledge of the principle of energy efficiency and sustainability; (3) maintaining 

data of different varieties and solutions; (4) formulating the model using energy efficiency 

simulation programmes; and (5) good communication between designers, clients and 

suppliers. A high percentage of feedback identifies the ability to use CAD programmes and 

other energy efficiency software, as well as a knowledge of the principles of energy efficiency 

and sustainability, as essential skills for managing BIM for energy efficiency. 

The identified contractor skills (see Figure 4-7) in BIM for energy efficiency are: (1) skills to 

separate the information required, (2) knowledge of how to use BIM, (3) BIM training to 

enable the implementation of BIM construction projects with energy space, and (4) 

collaborate with designers to manage the information from the model. These four skills have 

almost the same degree of importance, as recorded from the interviews. Therefore, these 
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skills should be considered for a further training course to improve BIM qualifications in the 

field of energy efficiency. 

Some of the primary tasks in industrial construction activity are carried out by blue-collar 

workers, as presented in Figure 4-7. The identified skills are: (1) knowledge of how to read the 

plans and separate the information needed, (2) communication with clients and contractors 

to ensure that best practices are met, and (3) simulate use case scenarios for the design. 

The researcher also observed a set of common gaps for which recommendations are made to 

improve BIM for energy efficiency. These common skills are related to knowledge about the 

principles of BIM and energy efficiency, skills to separate the information needed and to 

realise good communication between the disciplines in projects. 

 

Figure 4-7 The number of responses for BIM for energy efficiency skills. 

Based on the experience of the interviewed experts, Figure 4-7 shows the skills that are 

currently lacking for the use of BIM to achieve energy efficiency in the construction field. 

Moreover, a high degree of importance has been given by the experts to the shortage of skills 

related to the link between different software tools, understanding and finding good solutions 

to attain an exceptional level of energy efficiency, and understanding the impacts of using BIM 

for energy efficiency. 

Almost 40% of the experts highlighted the following gaps and limitations against using BIM in 

energy efficiency: a) architects’ BIM models that are not compatible with energy simulation 
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programs, b) energy designers who should construct their models to conduct the simulations, 

c) BIM EU legislative frameworks and standards, and d) the difficulty of finding a location for 

training sessions. These gaps, limitations and the lack of skills need to be addressed by 

developing appropriate training programmes in the use of BIM to achieve energy efficiency. 

The experts highlighted several groups where the stakeholders’ skills for using BIM for energy 

efficiency in projects can be enhanced, as follows: (1) blue-collar workers: workers, 

technicians, and so on; (2) designers and engineers; (3) contractors; and (4) facility 

management teams. For blue-collar workers, the experts reported that hosting training and 

field meetings to explain the specific plan can be an efficient way of improving the BIM skillset. 

The experts also reported the “know-how” of how to order proper models, finding best 

practice modelling guidance and the ability to change old attitudes as essential skills to add 

value obtained from using BIM. One of the experts highlighted that blue-collar worker should 

not be held responsible for this sort of work, and that this is beyond their job description and 

knowledge. Similarly, specific methods to enhance the designers’ and engineers’ skillsets 

include BIM data management training and education, understanding the essence of 

simulations and how to apply the result in practice, increasing the awareness of BIM for energy 

efficiency, and adopting a BIM energy workflow for early decision making.  

Moreover, based on the experts’ consultations in Figure 4-7, there are several ways to 

enhance the contractors’ skills. A third of the experts have listed education and training as a 

key requirement to understanding BIM and improve its use. Meanwhile, other experts have 

highlighted novel methods to improve skills, including encouraging consultants, designers, 

and workers to use BIM for energy efficiency, maintaining and updating information from the 

BIM model, visualising the model and using BIM platforms to manage product data. Finally, 

the facility management teams require different methods to develop their skills for the use of 

BIM for energy efficiency. The experts considered that the ability to extract and update 

information from the BIM model is important. One of the experts said that it is a necessary 

condition to increase BIM practices in construction projects and to enhance facility 

management teams. According to the experts’ consultation, these methods have been 

proposed to enhance the stakeholders’ skillsets and corresponding training is required to use 

BIM for energy efficiency. 
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The experts have provided several insights to support BIM training for energy efficiency on an 

organisational level. As shown in Figure 4-7, the experts have reported that organisations 

should support BIM training for energy efficiency. More than 60% of the experts reported that 

their organisations undertake training programmes on the use of BIM in energy design. More 

than 20% of the experts consider that the teaching of software programmes for the use of 

BIM for energy efficiency is important, alongside continuous learning on the issue of 

standardisation and to improve the skills of BIM coordinators. 

4.5.3 Using BIM for Energy Efficiency in Projects 

The experts reported that there are many benefits to using BIM for energy efficiency during 

the lifecycle of the project. Figure 4-8 shows that several benefits are to be realised during the 

design phase. In particular, BIM can improve the design process and increase energy 

performance. Other advantages include managing banks of materials, analysing them and 

giving better information, and as a result there will be fewer mistakes. The linking of 

monitoring operations and maintenance measurements to BIM was mentioned by four of the 

experts as significant benefits. Others highlighted the ability to collaboratively work on the 

same model version, the ability to link the building system with future users’ behaviour, and 

the ability to use energy simulations to inform more realistic design work. All of these benefits 

confirm our previous findings that stable BIM training courses are required. 

Based on the questionnaire, there are many benefits to using BIM for energy efficiency. 

However, there are several barriers to using BIM for energy efficiency in real industrial 

applications. Figure 4-8 illustrates that a significant obstacle is a lack of understanding of the 

use and potential of BIM, followed by the diversity of software tools and a lack of expertise in 

using these problematic programs. Some barriers are listed twice, such as tight schedules, the 

high cost of programs, Internet connectivity issues, achieving a proper BIM model and a lack 

of fundamental skills. Other experts mentioned the absence of information management 

standards and the lack of real case studies where BIM and energy efficiency were successfully 

implemented. 

Figure 4-8 highlights that the majority of experts identify the need to carry out performance 

evaluations and to institute appropriate training mechanisms for BIM. Therefore, BIM tools 

should be utilised in the early stage of the project. Incentives on the adoption of BIM for 
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energy efficiency are also determined to be essential. These recommendations will feed into 

the implementation phase of the study and will be considered when developing training 

programmes for using BIM for energy efficiency. 

 

Figure 4-8 The number of responses for using BIM for energy efficiency in projects. 

As shown in Figure 4-8, some of the organisations have no training programmes for their staff 

and (as mentioned in the interviews) experienced staff are used to train the other members 

of the team. Other organisations appear not to have time to provide energy simulation 

training. Meanwhile, others do not support the training, considering the training to be 

unimportant. In contrast, other institutions are reported to be working on integrating BIM 

training. 

4.6 Gaps of BIM Training for Energy Efficiency 

Table 4-6 presents a summary of the findings and associated requirements as recorded in the 

interviews. The experts have specific inputs for BIM training for industrial roles (e.g., 

designers, blue-collar workers and contractors). A particular emphasis was placed on the BIM 

software tools and the need to deliver specialised training programmes that can help the 

actors to understand and use these tools. At the organisational level, the experts have 
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presented several strategies that can be adopted to improve the BIM skills and practices of 

the staff. 

Table 4-6 Gaps identified in the interviews. 

No. Parameters  The Gaps 

1 Skills required to 
handle BIM for 
energy efficiency 

Designer: Formulating the model with energy efficiency 
simulation programs, maintaining data of different varieties and 
solutions. Good communication between designers, clients, and 
suppliers. 

Blue-collar worker: Simulate use-case scenarios for the design. 
Communication with clients and contractors to ensur1e best 
practice. 

Contractors: Knowledge of how to use BIM and training ability to 
implement BIM for energy efficiency, collaborate with the 
designer to manage the information from the model (See Figure 
4-7). 

2 Skills that are 
lacking for the use 
of BIM for energy 
efficiency 

Understanding the link between different software tools, finding 
suitable solutions to promote BIM in energy efficiency, 
understanding the impacts of using BIM for energy efficiency 
(See Figure 4-7). 

3 Specific ways of 
enhancing the 
stakeholders' skills 
for the use of BIM 
for energy 
efficiency 

Blue-collar workers: Training and field meetings to explain the 
specific plans. 

Designers/Engineers: Energy, BIM, data management training 
and education, and understand the essence of simulation and 
how to apply the results in practice (See Figure 4-7). 

4 BIM training for 
energy efficiency 
by organisation 

Designers: Teaching software programs, BIM for energy 
efficiency. Continuous learning: issue with standardisation, skills 
of BIM coordinators and BIM managers should be defined. 

Contractors: Education and training should be adapted based on 
specific requirements. 

Facility management teams: This group need the ability to 
extract and update information from BIM models (see Figure 
4-8). 

5 Common barriers 
to the use of BIM 
for energy 
efficiency 

Lack of understanding of the use of BIM, limitations in the use of 
different software tools, lack of expertise in using BIM programs 
(see Figure 4-8). 

6 Recommendations 
to enhance the use 

Assess the performance and appropriateness of the training 
mechanisms; tools should be utilised in the early stage of the 
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of BIM for energy 
efficiency 

project; incentivise the adoption of BIM for energy efficiency 
(see Figure 4-8). 

This analysis has shown the need for awareness-raising across all stakeholders in the building 

lifecycle to form the basis of initial training and more comprehensive education programmes 

around BIM for energy efficiency. In addition, this analysis has also revealed some key 

strategies to tackle the performance gap, and to improve the effectiveness and efficiency of 

the provision and manipulation of data relating to the energy efficiency of buildings and their 

sustainability in general. In terms of the performance gap, the main challenges that we 

identified are as follows: 

· Poor understanding of policies and standards; 

· General lack of awareness of BIM and energy efficiency; 

· Unable to build effective models; 

· Limitation of models (e.g., interoperability); 

· Unable to use models (extract data from and enter data into); 

This is the case for both new build and refurbishments, and should cover the design, 

construction and management. These outcomes have informed the development of learning 

objectives and associated skills matrix that are now adopted by the European Commission to 

deliver BIM training and education around BIM for energy efficiency in the construction 

industry. 

Given that construction projects involve multi-discipline and multi-actor collaborations during 

the project lifecycle, the results from the survey also explored the current Information 

Communication Technologies (ICT) and collaboration practices among the teams on typical 

BIM construction industry projects. Setting up and maintaining a collaborative team 

environment is an essential task in collaborative construction projects. Based on the results of 

the analysis, most respondents agreed that project managers are responsible for preparing 

the construction project’s collaborative environment. They were also of the opinion that the 

responsibility for this varies from one project to another. The establishment of online 

communities requires a robust mechanism for controlling the interactions between the end 

users and their access to resources. With the proposed the platform, the researcher intends 

to contribute to the establishment of online BIM communities that enable access to 

knowledge and provide more informed construction practices. This assumes the existence of 
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trust between users within this system. This will also help to overcome some of the restrictions 

to sharing and information exchange, which is a significant problem in the context of online 

communities. For instance, in this community, clients and providers from the construction 

industry can contribute resources in addition to using funds provided by others (at different 

times and for access to differing services). This symbiosis of technologies, knowledge 

representation and artificial intelligence related to sustainability in constructing and 

maintaining (potentially complex) real-world models can enable new business models (e.g., 

online communities, online marketplaces and advertising-supported sites) and can offer 

facilities for the use of user profiles (including personal data), with a view to achieving a higher 

order of BIM knowledge integration. 

4.7 BIM Training for Energy Efficiency Requirements 

In this chapter, the researcher has critically reviewed and investigated the current BIM 

practices landscape and has determined the requirements for developing a BIM training 

scheme informed by the above consultation and review of primary sources of evidence to 

address current industry collaboration problems on projects. This solution aims to facilitate 

and guide the collaboration processes of construction teams, while taking into account the 

requirements of construction practitioners. The outcomes of the first consultation analysis 

phase and the resultant list of requirements from the first stage of consultations have been 

validated by experts and BIM specialists in the project consortia. This second validation 

consultation phase has focused on qualitative analysis with a view to filtering and 

consolidating the list of requirements for delivering BIM for energy efficiency in the European 

construction sector. 

Some requirements for developing a training scheme have been identified and are classified 

into two main categories: (a) socio-organisational and legal requirements, and (b) technical 

requirements. In addition to contributing to the growing body of BIM adoption and 

collaboration knowledge, this report underlines the importance of BIM training as the 

foundation for future research and development in this area. 

This section will identify a set of general and specific requirements for developing BIM skills 

and training, with a particular emphasis on energy efficiency, as informed by the use case 

analyses. This subsection provides the list of gaps which were identified by the use case 
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analyses and validated by the interviews. Table 4-7 presents the gaps identified in the study 

of the use cases. 

Table 4-7 Identified requirements based on use-case analyses. 

No. Parameters Requirements and training 

1 Use-case 
type 

Users need training in understanding and applying BIM guidelines 
(see Figure 4-2). 

2 Building 
type 

Training is required to enhance skills for using BIM for industrial and 
commercial buildings (see Figure 4-3). 

3 Project type Training is required for expanding BIM applicability for renovation 
and extension projects (see Figure 4-4). 

4 Target 
discipline 

Training is required for education on BIM methodology for 
mechanical and structural engineers (see Figure 4-2). 

5 Lifecycle 
stages 

Training is needed to address other RIBA stage lifecycles, such as 
strategic definition, preparation, and brief construction and 
handover and closeout (see Figure 4-3). 

6 Impacts on 
discipline 

Increase BIM applicability and impact for architecture and design, 
structural engineers and mechanical engineers (see Table 4-2). 

4.8 Conclusion 

In this chapter, the researcher has addressed the requirement elicitation criteria phase to 

identify gaps and new strategies for delivering BIM for energy efficiency. The researcher used 

a participatory and incremental approach and involved an expert panel with a view to reaching 

key stakeholder communities to help identify, and then screen and analyse past and ongoing 

projects related to energy efficiency involving aspects of BIM. 

This work aimed at assembling evidence-based quantitative and measurable scenarios and 

use cases that demonstrate the role of BIM in achieving energy efficiency in buildings across 

the whole value chain. The researcher has recorded 40 best practice use cases from the field 

of BIM for energy efficiency, and has conducted an in-depth analysis to determine the gaps in 

BIM for energy efficiency training and any possible areas of improvement. These use cases are 

published and maintained on the energy-bim.com platform and are accessible to potential 

users across Europe. The resulting evidence has been structured by stage and discipline, while 

highlighting stakeholder targets, ranging from blue-collar workers to decision-makers. 
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The primary objective of this chapter was to identify the gap between the demand for skills 

and the learning for BIM application in energy efficiency. The researcher used a consultation-

driven approach and use cases aggregation techniques, assisted by a semantic search engine, 

to promote the submission of BIM questions with collections of relevant ontological principles 

to capture "real" BIM information and to look for best practices. The consultation process has 

helped to define BIM-related skills, as well as the corresponding demand for energy efficiency 

in buildings, to identify BIM training requirements across the value chain (from blue-collar 

workers to middle and senior level workers). In this chapter, the researcher has addressed two 

major objectives: (a) identify the essential BIM skill gaps and associated training programmes 

based on the current situation evaluation, and (b) deliver a set of requirements as derived 

from the consultations, interviews and use cases analysis. 

The researcher has identified the need to establish an open BIM community of BIM actors 

with access to resources, and to facilitate training and education programmes to overcome 

some of the constraints around sharing and exchanging BIM information, which is a significant 

problem in the field. Specifically, the researcher has identified that BIM is only applied for 

certain public building types and disciplines, whereas commercial and industrial buildings 

seem to require more skills on how to adopt BIM for energy efficiency. Similarly, the 

researcher has determined that BIM is predominantly implemented for in-use construction 

stages and more expertise is required for other lifecycle stages, such as the definition and 

preparation. In terms of impact, the researcher has observed that the implementation of BIM 

can significantly reduce energy and water, but other construction domains require additional 

expertise for integrating BIM. At the discipline level, the researcher has identified that blue-

collar workers and engineers need training in BIM for energy efficiency, as well as at the 

organisational level, where designers, contractors and facility management teams should be 

integrated into future BIM training. 

In this chapter, the researcher has analysed the specific context of the EU to understand the 

current state-of-the-art around BIM for energy efficiency, which reflects the construction 

industry within developed economies because BIM is used by the global dimension of 

organisations and BIM is applied in their projects. While the analysis process has been 

developed using Europe, the people involved in the consultations have worked with global 

organisations and they emphasised that the outcomes in developed economies around the 
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world will extend to another context. In following chapter, the research will conduct and 

analysis knowledge mining to identify new skills and roles to address BIM training 

requirements and gaps for energy efficiency.
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This chapter will provide an in-depth analysis of BIM-related roles and skills for construction 

professionals to inform current and future training strategies, and with a view to deliver 

energy-efficient buildings. The methodology included a Europe-wide consultation with 

experts and practitioners, as well as an in-depth analysis of social media sources used across 

construction communities, informed by a comprehensive literature review. This has helped to 

infer the roles and skills that are necessary in delivering a BIM-based project, as well as 

informing future BIM training and education needs. One of the main findings is that these 

roles, skills and associated training needs are not static but evolve to reflect the maturity and 

evolution of technology and the construction workforce. 

5.1 Introduction 

The construction industry is highly fragmented and it is often portrayed as involving a culture 

of adversarial relationships and risk avoidance, which is exacerbated by a linear workflow. This 

often leads to low efficiency, delays and construction waste [130]. The process of designing, 

re-purposing, constructing and operating a building or facility involves not only the traditional 

disciplines but also many new professions in areas such as energy and environment [130].  

There is currently an increasing alignment of interest between those who design and construct 

a facility, and those who subsequently occupy and manage it. The latter demands dedicated 

skills and competencies to address multi-objective sustainability (including energy) 

requirements [57]. While low carbon construction and energy-efficient buildings represent 

substantial opportunities in the sector, particularly with the fast adoption of ICT, there are (a) 

substantial low training among self-employed and (b) skills shortages among trade and 

professional occupations that inhibit technology deployment and innovation [370]. 

The current training system is perceived as confusing because it has multiple entry points, a 

plethora of qualifications, a wide variety in the quality of training provision, and complicated 

funding options can overwhelm and confuse businesses and individuals. Tough economic 

conditions have led to a substantial fall in apprenticeship completions in construction related 

industries (e.g., from about 22,000 in 2008/09 to about 16,000 in 2011/12 in the UK) [371]. 

Moreover, uncertainty in the market has led employers to reduce the number of workers on 

the books and use a more flexible self-employed workforce. In fact, the industry is currently 

dominated by a high number of self-employed who often face an ‘earn or learn’ dilemma 

[372]. In this context, the challenge facing the industry is to identify and target new recruits 
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for skilled trades and the professions, and address training and development needs on a more 

strategic basis [373]. The transient nature of the workforce and the changing nature of the 

industry make this issue particularly important. Finally, there is a need to address the issues 

associated with career planning, and to change training and development from a supplier led 

to a demand-led model. There is also a need to encourage a more strategic approach to CPD 

and Continuing Craft Development (CCD) across the industry  [373].  

This chapter aims to analyse and infer BIM roles and skills for construction professionals as a 

means to inform BIM training programmes and to promote informed energy-efficient 

practices. This chapter will use data science techniques to identify BIM trends and practices 

for education and training, aiming to address the increased demand for professionals who 

have BIM skills.  

5.2 Method  

In this chapter, the proposed methodology is qualitative and involves primary sources of 

evidence (i.e., interviews, industry best practice use-cases, and social-media content; and 

secondary sources of evidence drawn from the scientific literature). 

Primary sources of evidence are used to understand the dependencies and associations 

between BIM for energy-related concepts, primarily related to roles and skills. For the analysis, 

two main methods that facilitate text crawling and mining are used. First, NVivo analysis has 

been used to retrieve new skills and roles. NVivo has facilitated rich text-based and/or 

multimedia information elicitation, where deep levels of analysis on small or large volumes of 

data are required. NVivo is used predominantly by the academic community, governments, 

health and commercial researchers across a diverse range of fields, including social sciences 

such as anthropology, psychology, communication, sociology, as well as fields such as 

forensics, tourism, criminology and marketing [282]. NVivo accommodates a wide range of 

research methods, including network and organisational analysis, action or evidence-based 

research, discourse analysis, grounded theory, conversation analysis, ethnography, literature 

reviews, phenomenology, and mixed-methods research [283]. Second, heuristic content 

mining and expression analysis is used. Due to the noisy nature of social media, where short, 

informal spelling and grammar are often used, the researcher developed a set of regular 

expressions (RegEx) and pattern matching rules from the collection of BIM-related posts 
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collected from social networking profiles. These were annotated as part of the human 

annotation process with language introduced from short informal text related to the BIM-

related categories to assist the analysis process. 

 

5.3 Results and Discussions 

In this section, the researcher will present the findings of the analysis, while highlighting the 

resulting roles and skills. The methods utilised for the identification of the skills and roles are 

summarised below: 

Word count and frequency analysis: This method explores the appearance of the key terms in 

a document and the associated frequency. This can be effective in determining when specific 

“keywords” appear in a data repository and in which frequency. Frequency analysis also 

enables the determination of the degree of importance for each analysed concept, which has 

served as a preliminary step to conduct the next analysis. 

Word cloud analysis: This a more visual representation of “keywords” based on their 

frequency and position on a graph of concepts. Based on the word cloud analysis, a selection 

of central key terms has been identified and used to run the “tree” analysis. 

Word tree analysis: This a method for exploring the maps of concepts associated with a 

repository of data. For the analysis, this method has been employed to observe dependencies 

between concepts and determination of roles and skills as presented in Figure 5-1 and Figure 

5-2. The researcher has applied analysis on a database of use-cases, interviews, scientific 

publications, and Twitter, which was filtered by the expressions/queries reported earlier. The 

figures present the information connected to the roles and skills in the form of word trees. 

The context of these trees was extended to 25 words. 
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Figure 5-1 Word tree illustration for skills. 

                                                                                   

 

Figure 5-2 Word tree illustration for roles. 
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5.3.1 Use Cases Analysis 

A set of analyses have been applied to the portfolio of use-cases to identify the skills and roles 

for BIM for energy efficiency. The overall methodology has been presented in the Chapter 3 

(Step2), and the portfolio of use-cases is illustrated in Figure 3-11. The NVivo tf-idf (frequency-

inverse document frequency) technique has been applied to find the most relevant 

“keywords” in the search space. By using the word cloud method for the use-cases, concepts 

can be emphasised, and new roles and skills can be identified with corresponding 

dependencies. 

The Word cloud feature is also representative for this type of analysis because it determines 

the degree of importance between two concepts, significantly reflecting existing 

dependencies. The NVivo word tree technique has also been used to create a higher order of 

formalism throughout the portfolio of use-cases and to identify visual relationships between 

different concepts. NVivo trees can group together key terms that frequently appear before 

and after a pre-determined interrogation, and they can provide the means to assess a 

particular scenario and isolate the area of interest; as illustrated in Table 5-1. 

Table 5-1   Consolidated list of skills and roles that were extracted from the word tree of the 
use cases . 

NO. Roles  NO. Skills 

1 Architect designer  1 Optimal decision making 

2 Construction engineer  2 Collaborative design open ICT platform 

3 Facility manager  3 Operation energy running costs 

4 Mechanical engineer  4 Operational energy demand 

5 Structure engineer  5 Interaction between the project managers 

6 HVAC engineer  6 Data management  

7 Worker in ceramic sector  7 Adapted to changing environment conditions 

8 BIM modeller   8 Performance measuring, monitoring and 
optimisation 
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9 Steel Contractor  9 Integrated information management 
framework 

10 Electrical engineer  10 Establish energy modelling 

11 Builder  11 Achieve energy “LEED” certification 

12 Supply manager  12 ICT skills 

13 Energy modeller  13 Teamwork skills 

14 Construction engineer  14 Understand BIM standards 

15 Energy simulation 
experts 

 15 Understand energy efficiency principle  

16 Operation engineers  16 BIM tools updates skills 

18 Electrical engineers  18 Searching and BIM development skills 

5.3.2 Interviews Analysis 

In the next round, the analysis has been applied to 15 interviews; as gathered from the 

requirements elicitation phase. The input preparation phase has been necessary for importing 

the interviews into NVivo, where they have been modelled as word files and configured for 

successive evaluations. For the interviews, the researcher has applied word frequency queries 

leveraging NVivo advantages to enable words frequency determination with an associated 

percentage. This method has facilitated a better understanding of the key concepts and their 

correlation in the interview’s portfolio. For instance, the most frequent words as derived from 

the interviews are BIM, energy, efficiency, construction, skills, but other relevant word 

dependencies have been determined and are presented in Table 5-2. 

Table 5-2 Consolidated list of skills and roles that were extracted from the word tree of the 
interviews. 

NO. Roles  NO. Skills 

1 Architect  1 Educating on BIM 

2 Project manager  2 BIM training 
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3 BIM instructor  3 Practice Energy Modelling 

4 Training instructor  4 Link between different software 

5 Consultant of constructor  5 Understanding of graphical information 

6 Energy expert  6 Enhance the stakeholders’ skills of BIM 
for energy efficiency 

7 BIM manager  7 Site meeting for the comprehension of 
BIM data and energy features 
implementation  

8 Planner and consultant of 
energy-efficient buildings  

 8 Capability to use CAD programs and 
other energy efficiency software  

9 Real estate maintenance data 
management consultant 

 9 Knowledge about the principle of 
energy efficiency & sustainable 
construction 

10 Structure engineer  10 Formulating the model with energy 
efficiency simulation programs 

11 BIM coordinator  11 Good communication between 
designers, client, supplier 

12 Facility manager  12 Skills to separate the information 
needed 

13 University researchers and 
teachers 

 13 Knowledge how to use BIM 

14 Contractor manager   14 BIM training ability to implement BIM 
construction with energy space 

15 Site manager  15 Collaborate with designer to manage 
the information from the model 

16 HVAC engineer  16 Strategy management skills 

17 Civil engineer  17 Managing and updating BIM data 

18   18 Data management skills 
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19   19 Information managements standards 

To continue with the analysis, the researcher has chosen to apply methods related to word 

queries to explore a map of dependencies between different BIM-related “keywords”. Terms 

such as “skills, roles and training” are central. Therefore, the analysis of the interviews was 

based on an exploration of the skills, roles and training. The word tree methods can also group 

words that appear frequently, which supports the exploration of dependencies for skills, roles 

and competencies. For example, in the determination of the roles, the researcher has used 

the term “role” as a central “keyword” when compiling the tree dependencies analysis. All of 

the Word trees are illustrated in Appendix C. 

5.3.3 Analysis of the Scientific Publications 

In this section, more than 66 scientific publications have been found and imported into NVivo 

to identify the roles and skills as required for the study of BIM for energy efficiency. In addition, 

international standards for BIM and energy efficiency have been provided to get more skills 

and roles. Mendeley was chosen to collect the scientific publications, which has also facilitated 

an orchestrated selection of the most relevant scientific studies before integration with NVivo. 

The data has been imported from Mendeley to NVivo, where various visualisation and concept 

retrieval methods have been used to determine the roles and skills that are relevant in BIM 

for energy efficiency. In the first round, the researcher has applied the word cloud analysis to 

identify key concepts with an associated degree of importance, as derived from the portfolio 

of scientific publications. This word cloud illustrates not only the most frequent words but also 

dependencies between concepts and keywords, such as building, energy, construction and 

design. 

Table 5-3 Consolidated list of skills and roles that were extracted from the word tree of the 
scientific publications. 

NO. Roles  NO. Skills 

1 Facilitator of sustainable 
[design] 

 1 Simulation programs 

2 BIM manager  2 BIM education 
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3 BIM modeller   3 Assess [respondents’] perception of BIM 
competence and prerequisite skills 

4 Facility manager   4 Knowledge of BIM standards  

5 Energy manager   5 Applying theoretical knowledge  

6 Training and informing 
consultation professionals 
about BIM 

 6 Developing contractual specifying 
owner’s BIM requirements 

7 BIM consult  7 Training should be developed in BIM for 
energy efficiency 

8 Structure Engineers  8 Knowledge about BIM standards 

9 Regulators  9 Update knowledge about BIM 
developments 

10 HVAC engineers  10 An imbalance between the demand and 
supply of skilled labour in construction 
sector 

11 Technical manager  11 Focus on soft skills like collaboration and 
communication, negotiation, 
teamwork, leadership and conflict 
management 

12 Contract manager  12 Knowledge of building commissioning 
and building commissioning strategies 

13 Finance manager  13 BIM model review – Automatic model 
check 

14 Maintenance manager   14 Drawing skill with BIM tools 

15 Quality assurance (QA) 
manager 

 15 Practices in facilitating information 
exchange to meet stakeholders’ 
business needs in BIM execution 

16 Facility administration   16 Perspective with LCA and LCC 
applications 
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17 Sale manager   17 Increase the awareness of energy 
consumption  

18 Production manager  18 Increase the awareness of building 
regulations and how they will continue 
to evolve over time 

19 Purchasing manager  19 Understanding of the principles of heat 
loss, heat gain and moisture movement 

20 Store manager   20 Knowledge of different types of low 
carbon materials – including the design 
lifecycle 

21 Safety manager  21 QA specifically in relation to energy 
efficiency 

22 Construction manager  22 BIM competence certification. Others 
suggest EU level certifications 

23 Acetic Designers   23 Transfer of BIM Training Tool for 
Increasing Competence of Building 
Sector Competence 

24 Mechanical engineers  24 Educational programmes and training 

25 Electrical engineers  25 Teamwork skills 

26 Team manager  26 Understand BIM workflow 

27 Built environment experts  27 Understand BIM standards 

28 Operation engineer  28 Leadership skills 

   29 Estimation skills 

   30 Documentation and detailing  

   31 Strategy and policy 

   32 Programme management 

   33 Technical knowledge  
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   34 Planning and administration  

   35 Model management 

   36 Collaboration skills 

   37 Model coordination and collaboration 

   38 Analytical thinking 

   39 BIM applications 

   40 Creativity skills 

   41 Facilitation skills 

   42 Organisational management  

   43 3D coordination 

   44 Design review 

   45 Site utilisation planning 

   46 Conflict management 

   47 Negotiation skills 

To identify new skills and roles, the researcher utilised similar techniques as in previous cases 

using central concepts such as “role, skills and training” because these concepts have proven 

to provide the best results in the initial tests. New skills were retrieved and added to the 

overall list presented in Table 5-3. The main differentiation factor from the skills identified 

from use-cases and interviews is that skills identified based on the scientific publications are 

more generic and cover a large segment of applications for the use of BIM. However, the 

researcher considers that presentation of all skills and roles is important, especially for the 

following analysis to be conducted in future work where associations between skills and roles 

can be undertaken with a higher order of accuracy. 

Table 5-4 Consolidated list of skills and roles that were extracted from the word tree of the  
international standards. 
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NO. Roles  NO. Skills 

1 Energy auditors  1 Energy auditor’s skills 

2 Energy manager  2 Communication skills 

3 Maintenance engineer  3 Moderation skills 

4 Operation engineer  4 Presentation skills 

5 Project manager  5 Capacity for observation 

6 Electrical engineer  6 Measurement skills 

7 Mechanical engineer  7 Analysis skills 

8 Civil engineer  8 Synthesis skills 

   9 Ability to articulate concepts and 
ideas  

   10 Ability to encountered situations 

   11 Ability to encountered situations 

   12 Ability to make concrete proposals 
for improvements 

   13 Project management and 
methodology skills 

   14 Decision-making skills 

   15 Problem solving skills 

   16 Demonstration skills  

   17 Energy saving technologies skills 

   18 Maintenance of suitable and 
recognized skills  
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   19 Improvement of suitable and 
recognized skills 

   20 Level of defining the energy 
efficiency improvement 
opportunities 

   21 Energy auditing training skills 

   22 Clear understanding between the 
organisation and the energy auditing 
skills 

   23 Create confidence and minimises 
risks  

   24 Adequate manner on all aspects 
(technical, economic and others) of 
the energy audit 

   25 Energy production skills  

   26 Transmission and distribution 
processes  

   27 General understanding of the energy 
market 

   28 Tariffs and tariff structures 

   29 Ability to apply knowledge to 
complete tasks and solve problems 

   30 Actual performance or observation 
conducted in the work environment 
resulting in the acquisition of 
knowledge  

   31 Knowledge of physical principles 
related to energy (thermal, electrical, 
thermodynamics, heat transfer, fluid 
mechanics, etc.) 
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 32 Capable of making a measuring/ 
metering plan for the data 

5.3.4 Social Media (Twitter) Analysis 

To increase the list of skills and roles, the researcher has extended the analysis to a social 

media content domain. This social media analysis includes the search for tags and ids as a first 

step of the process to identify new BIM skills and roles. Social media analysis addresses the 

more dynamic part of the skills and roles identification because BIM for energy and 

construction is a dynamic process where the majority of new concepts are disseminated and 

spread on social media. The data has been gathered from Twitter, including the organisation 

name and their Twitter accounts with the associated list of tweets. 

NCapture has been used to gather all tweets, mentions and retweets. Almost 50,000 tweets 

have been captured, which has represented the knowledge base repository for the analysis 

conducted in this instance. The analysis has been performed around the same concepts of 

“skills, roles and training”, with the overall objective of retrieving novel skills and roles relevant 

to the process of BIM for energy efficiency. In the analysis of social media content, the 

researcher has observed significant un-relevant concepts, which have been eliminated with 

the mechanism of exclusion facilitated by NVivo. However, the social media analysis led to the 

identification of new skills and roles. This proves that BIM for energy involves a dynamic and 

evolving dimension, whereby skills, roles and technologies are continuously updated. The 

identification of skills has reported a similar problem in terms of the “noise” existing in the 

results. After several rounds of filtering on social media content, the researcher has managed 

to increase the relevance of the results, and to determine new skills that have been reported 

by organisations and users that are active in the field of BIM and energy efficiency (as 

illustrated in Table 5-5). Because it was not trivial to get access to all social media content for 

BIM and energy efficiency in all of the countries involved in the study, the researcher has 

conducted extensive and scalable social media analysis to increase the social media database 

from which more skills and roles can be identified. 

Table 5-5 Consolidated list of skills and roles that were extracted from the word tree of 
Twitter. 
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NO. Roles  NO
. 

Skills 

1 Architect   1 BIM education programme 

2 Energy manager  2 Certification scheme 

3 Construction 
information 
manager 

 3 Good communication  

4 BIM manager  4 Increase the awareness about BIM for energy 
efficiency 

5 Digital technology 
designer 

 5 Training for energy efficiency skill 

6 Facility manager  6 Build up energy efficiency core skill in construction 

7 Designer  7 E-learning training courses  

8 Energy expert  8 Understand the standards in construction supply 
chain 

9 Project manager  9 Skills and knowledge needed to ensure building and 
renovation projects meet stringent energy efficiency 
requirements 

10 Construction 
manager 

 10 Scientific skills and technical knowledge in the field 
of communication with respect to sustainability 

11 EE expert   11 EE skills certification scheme for EU 

12 Human resource 
manager 

 12 Cooperation skills  

13 Team manager  13 Modelling skills 

14 Researches   14 Digital skills 

15 Water manager  15 Sustainability skills 

16 Structure engineers   16 Construction skills training material 
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17 Mechanical 
engineers 

 17 Management skills 

18 Electrical engineers  18 ICT skills 

19 ICT experts  19 Scientific skills and technical knowledge 

20 Researchers and 
developers  

 20 Leadership skills 

21 Supply chain 
managers 

 21 Teamwork skills 

5.3.5 Scalable Heuristic Social-Media Mining 

To increase the data repository, the researcher has extended the social media analysis by 

implementing a social media crawler that has retrieved friends’ and followers’ activity based 

on the list of accounts presented in Table 5-6. The researcher has applied similar analysis but 

on a database of 40 million tweets, which was filtered by the expressions/queries reported 

earlier. Table 5-6 presents the roles and skills that have been recorded during the scalable 

heuristic social media mining process. Figure 5-3, Figure 5-4, and Figure 5-5 present the 

information connected to the roles, skills and training in the form of word trees. The context 

of these trees was extended to 25 words. Also, the tables show and summarise the most 

common roles and skills from the word trees. 
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When applying analysis on the central concept of ‘’roles’’, numerous skills and roles have been 

identified. An improvement to the previous analysis was the exclusion of ‘’neutral terms’’ and 

linking words, which has improved the accuracy of the results, and increased the list of skills 

and roles. Figure 5-3 presents a sequence of the tree, which is presented in Appendix C. 

Figure 5-3 Role word tree in scalable social media mining. 
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Figure 5-4 Skills word tree in scalable social media mining. 

To determine the skills, analysis have been conducted by utilising the central concept ‘’skills’’, 

which led to relevant results and increased the list of skills. Figure 5-4 presents an instance of 

the word tree, which is extensively presented in Appendix C and in the results in Table 5-6. 
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Figure 5-5 Training word tree in scalable social media mining. 

For the ‘’training’’ key concept analysis, a large set of dependencies have been determined 

that have not only improved the identification of skills and roles but also provided new insights 

for the main interests and directions that are now active in the field of BIM for energy 

efficiency. An extract of the training tree is given in Figure 5-5, while the whole view is 

provided in Appendix C.  
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Table 5-6 Consolidated list of skills and roles that were extracted from the word tree of the 
scalable heuristic social media mining. 

No. Roles  No. Skills 

1 Architect  1 IoT, ICT 

2 Energy Analyst  2 AEC organisations need to understand the 
power of Analytics 

3 Advisory roles  3 Negotiation, social, Building the bridge 
between the worlds of education and 
work 

4 Construction Managers  4 Timber frame construction, Educational 
game construction, Solar panels 

5 Data Protection Officers  5 Lifelong learning 

6 Designers  6 Construction, IoT, ICT 

7 Digital energy economist  7 Negotiation, social skills 

8 Extensive Sales experience 
required in Bracknell 

 8 4D simulation 

9 Energy procurement  9 augmented reality 

10 Finance  10 automation skills 

11 HMI Operator  11 construction skills 

12 Human resources for Big 
Data professions 

 12 cooperation skills 

13 Information coordinator & 
information facilitator 

 13 coordination skills 

14 Information Management in 
Construction 

 14 data science skills 

15 Nanotechnology  15 digitisation in construction 

16 Supervisors  16 digital & urban skills 

17 Technicians  17 entrepreneurial skills 

18 Senior organisational roles  18 energy harvesting 

19 aerospace engineer  19 energy law  

20 architecture & construction 
project manager 

 20 energy performance 

21 building professional  21 energy storage committee 

22 chemical engineer  22 energy transition 

23 communication officer  23 e-learning skills 
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24 data protection officer  24 energy policy decision making 

25 designer  25 engineering skills 

26 energy engineer  26 ICT skills 

27 environmental scientist  27 labour work skills 

28 government affairs manager  28 leadership skills 

29 information facilitator  29 low - zero energy buildings 

30 market acquisition manager  30 management skills 

31 nuclear energy expert  31 Energy management skills 

32 private science panellist  32 marketing skills 

33 researcher  33 math skills 

34 solar energy specialist  34 pooling skills 

35 technical manager  35 Python programming skills 

36 alternative energy  36 Revit programming skills 

37 automotive engineer  37 renovation skills 

38 business unit director  38 SEO skills 

39 circular economy specialist  39 socioeconomics development 

40 construction health & safety  40 speaking skills 

41 data scientist  41 structural analysis skills 

42 electrical engineering  42 technological skills 

43 engineering, procurement 
and construction service 
provider 

 43 training skills 

44 expert in timber engineering  44 structural engineering software operation 
skills 

45 human resources for big data 
professions 

 45 virtual reality operation skills 

46 innovation manager  46 4D simulation 

47 mechanical engineer  47 augmented reality 

48 passive house designer  48 automation skills 

49 Professor  49 construction skills 

50 robotics specialist  50 cooperation skills 

51 sustainability specialist, 
advocacy & policy design 

 51 coordination skills 

52 timber frame and joinery  52 data science skills 
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53 architectural engineer  53 digitisation in construction 

54 BIM teaching assistant  54 digital & urban skills 

55 carpenter  55 entrepreneurial skills 

56 civil engineer  56 energy harvesting 

57 cyber security specialist  57 energy law  

58 digital marketing  58 Interdisciplinary 

59 energy consultant  59 Green energy 

60 environmental engineer  60 NZEB design 

61 GEF small grants programme 
coordinator 

 61 Building 

62 Information coordinator   62 Writing 

63 inventor    

64 Nanotechnology engineer    

65 PMP - Energy Oriented 
Business Developer 

   

66 programme manager    

67 sales engineer    

68 T.C. Engineer    

69 Installers    

70 Advanced service-oriented 
roles 

   

71 Collar’s craftsmen    

72 Construction workers    

When applying analysis on the key concepts of “role” and “skills”, the emerging skills and roles 

that institutions and users from the BIM domain broadcast on social media have been 

identified, respectively. The previous analysis was improved by the exclusion of “neutral 

terms” and linking words, which has improved the accuracy of the results and also increased 

the list of skills and roles. For the training analysis, a larger set of dependencies have been 

determined, which have not only improved the identification of skills and roles but also 

provided new insights for the main interests and directions that are now active in the field of 

BIM for energy efficiency. 
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5.4 Consolidating Skills and Roles 

A list of skills and roles has been obtained from the analyses applied to the portfolio of use-

cases, interviews, publications and social media, and are presented in Table 5-7 and Table 5-8. 

Reflecting the diversity of roles and skills in this area, the table contains roles such as architect, 

project manager and BIM coordinator, and skills such as training of BIM and understanding of 

how graphical information can help to inform appropriate training programme, which are all 

related to addressing the process of BIM for energy efficiency. The “training” concept has 

returned results that facilitated the identification of new skills and roles, creating new 

correlations between terms that exist in the same semantical space. 

Table 5-7 A consolidated list of BIM roles for energy efficiency from different sources (A: 
Use-cases, B: Interviews, C: Scientific publication, D: Twitter analysis, E: Scalable heuristic 
social media mining). 

Roles A B C D E 

(Construction, Architect, Mechanical, Structure, HVAC, 
Electrical, Civil, Automotive, Environment, Aerospace, 
Energy, Chemical, and Nanotechnology) Engineers 

     

(Facility, Team, Supply chain, O&M, Contracts, Site, 
Technical, Finance, QA, sale, Production, Purchasing, 
Store, Health & Safety, HR, Water, Market acquisition, 
Innovation, Programme, Energy, BIM, Government 
Affairs, Construction, and Project) Managers  

     

Blue-Collar such as (technicians, ceramic worker, steel, 
builder, supervisors, and carpenter)  

        

(Modeller, Instructor, Coordinator, Consultant, and 
Training and informing consultation professionals) 
about BIM 

     

(Simulation expert, expert, Planner and consultant of 
energy-efficient buildings, energy efficiency expert, 
Digital energy economist, procurement, nuclear 
energy, solar energy specialist, and alternative) Energy 

     

Real estate maintenance data management consultant          

University researchers and teachers        

Facilitators of sustainability          

Decision-makers "Advisory roles, Regulators, Senior 
Organisational roles, and Policy designers"  

        

Facility administration           
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Built environment experts          

Technology specialists "Digital technology designer, ICT 
experts, Data Protection Officers, Information 
coordinator & information facilitator, data scientist, 
robotics specialist, and cybersecurity specialist" 

        

Building professional          

Communication officer          

Environmental scientist          

Private science panellist          

Business unit director          

Circular economy specialist          

Engineering, procurement and construction service 
provider 

         

Expert in timber engineering          

Passive house designer          

Sustainability specialist          

Timber frame and joinery          

GEF small grants programme coordinator          

PMP - Energy Oriented Business Developer          

It should be noted here that data from best practice use-case studies and interviews has 

delivered several state-of-the-art roles and skills for energy efficiency, whereas scientific 

publications reported more traditional and fewer new BIM roles and skills as disseminated in 

the field of research; as illustrated in Table 5-7 and Table 5-8. The novelty in terms of new 

skills and roles was identified when conducting analysis on social media data based on the list 

of Twitter accounts (as presented previously). By combining such diverse data sources, the 

researcher has managed to address the two main objectives for this study: (i) determine skills 

and roles required for the implementation of BIM for energy efficiency and (ii) capture the 

dynamic nature of BIM to keep up with new industry requirements and trends. Given that BIM 

relies on data and the AEC industry represents a sector where new technical solutions are now 

implemented, especially with the emergence of IoT discoveries, approaching BIM training for 

energy efficiency holistically can give the industry sector a significant advantage to absorb 

innovations and shift towards sustainability in the overall landscape of climate change. 
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Table 5-8 A consolidated list of BIM skills for energy efficiency from different sources (A: 
Use-cases, B: Interviews, C: Scientific publication, D: Twitter analysis, E: Scalable heuristic 
social media mining). 

Skills A B C D E 

Data management   

 

  

An integrated information management framework         

ICT skills        

Teamwork skills       

Understand BIM standards         

Understand energy efficiency principle        

BIM tools updates skills        

BIM education        

BIM training         

Links between different software          

Enhance the stakeholders’ skills of BIM for energy efficiency        

Capability to use CAD programs and other energy efficiency 
software   

        

Formulating the model with energy efficiency simulation 
programs 

        

Good communication between designers, client, supplier         

Increase the awareness of energy consumption           

Increase the awareness of building regulations and how they will 
continue to evolve over time 

        

BIM competence certification. Others suggest the EU level 
certifications 

        

Focus on soft skills like collaboration and communication, 
negotiation, teamwork, leadership and conflict management 

      

Programme management         

Conflict management         

Negotiation skills         

Build up energy efficiency core skill in construction         

E-learning training courses          

Understand the standards in construction supply chain         

EE skills certification scheme for EU        
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Cooperation skills          

Operation energy running costs and operational energy demand          

Performance measuring, monitoring and optimisation          

5.5 Classification of Roles and Skills 

The resulting list of roles and skills are classified using frequency analyses applied to the 

repository of tweets that have been retrieved. In this section, a selection of roles and skills 

have been classified to understand the degree of importance of each skill and role, with a view 

to understanding which BIM areas are more dynamic and require training strategies. 

In this experiment, the equation (1) has been used to determine the frequency of skills and 

roles from different sources. 

(Equation 4)  𝑻𝑭(𝑻) =  
𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒕𝒊𝒎𝒆𝒔 𝒕𝒉𝒆 𝒕 𝒂𝒑𝒑𝒆𝒂𝒓𝒔

𝒕𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒕𝒆𝒓𝒎𝒔 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒂𝒎𝒆 𝒕𝒚𝒑𝒆 𝒐𝒇 𝒕
                                        

where t is either skill of a role and the type of t can be either a skill or a role.  

Frist of all, the roles were analysed based on their frequency in the document corpus. Figure 

5-6 presents a classification of roles based on frequency, where roles such as energy analyst, 

energy consultant, energy developer, energy procurement specialist have been identified as 

important by the community of interest. In contrast, a lower frequency has been attached to 

roles such as HR specialist, finance specialist, communication officer. This demonstrates the 

future areas of interest for developing BIM competencies and educational programmes.  

 

Figure 5-6 Frequency of BIM roles. 
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From Figure 5-6 it can also be observed that BIM has an impact on different areas of practice, 

ranging from clerical roles to scientists, which brings a relatively high diversity of BIM roles.   

In addition, the skills were analysed based on their frequency in the document corpus. Figure 

5-6  presents a classification of skills based on frequency, where skills such as 4D simulation, 

construction, digital and urban, and training have been identified as important by the 

community of interest. In contrast, a lower frequency has been attached with skills such as 

structural engineering software, structural analysis, and mathematics. This demonstrates the 

future area of interest for developing BIM competencies and educational programmes.  

 

Figure 5-7 Frequency of BIM skills. 

From Figure 5-7, it can also be observed that BIM has an impact on different areas of practice, 

ranging from basic mathematical and computer literacy to advanced skills such as digital and 

urban 4D simulation, which brings a relatively high diversity of BIM skills.  

Furthermore, the importance level of skills and roles have analysed by using equations (2&3): 

(Equation 5) 𝑰𝒎𝒑𝒐𝒓𝒕𝒂𝒏𝒄𝒆 (𝒔𝒌𝒊𝒍𝒍) =  
𝟏

𝒏
 ∑ (𝒏𝒐. 𝒐𝒇 𝒐𝒄𝒄𝒖𝒓𝒆𝒏𝒄𝒆𝒔(𝒂𝒔𝒔𝒐𝒄𝒊𝒂𝒕𝒊𝒐𝒏(𝒔𝒌𝒊𝒍𝒍 +𝒏

𝒏=𝟏

𝒓𝒐𝒍𝒆))) 

where n is the number of different associations between that skill and different roles. 

(Equation 6) 𝑰𝒎𝒑𝒐𝒓𝒕𝒂𝒏𝒄𝒆 (𝒓𝒐𝒍𝒆) =  
𝟏

𝒏
 ∑ (𝒏𝒐. 𝒐𝒇 𝒐𝒄𝒄𝒖𝒓𝒆𝒏𝒄𝒆𝒔(𝒂𝒔𝒔𝒐𝒄𝒊𝒂𝒕𝒊𝒐𝒏(𝒓𝒐𝒍𝒆 +𝒏

𝒏=𝟏

𝒔𝒌𝒊𝒍𝒍))) 
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where n is the number of different associations between that role and different skills. 

Figure 5-8 and Figure 5-9 have presented many of skills and roles with demonstrated the 

correlation between frequency and importance. The main objective of this experiment was to 

determine a correlation between the importance and the frequency of each role and skill—

note that importance and frequency are defined by the formulas presented in the 

methodology section. 

 

Figure 5-8 Frequency and importance of skills. 

As shown in Figure 5-8, the skills can have different levels of importance in relation to the 

construction industry domain. From the list of tweets, skills such as “energy performance” and 

“leadership” have the highest ranking, whereas “negotiation” and “Revit programming” are 

less important. 

The experiment shown in Figure 5-9 also investigates the classification of roles based on their 

level of importance. It can be observed that “Information Coordinator”, “Finance Specialist” 

and “Environmental Engineer” are also frequent and important, whereas roles such as 

“Mechanical Engineering” and “Automotive Engineer” are less frequent and important. These 

results show that there is a change of the dynamics in the construction industry.  
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Classifying roles and skills represents a key advantage for construction professionals because 

new industry trends can be identified and new fields of interest can be addressed by devising 

adequate training programmes.  

 

 

Figure 5-9 Frequency and importance of roles. 

5.6 Conclusion 

This chapter has conducted knowledge mining and analysis to identify new skills and roles to 

address BIM training for energy efficiency. From the evaluation section, the researcher has 

implemented four analysis scenarios: use-cases analysis, interviews analysis, scientific 

publication analysis and Twitter analysis. The findings show that BIM is dynamic in nature and 

requires new training programmes to cover the gaps in the training of BIM for energy 

efficiency. The evaluation of the social media analysis stage shows that the resulting list of 

roles and skills is novel and can bring new insights into the process of BIM training and 

education. The new technological capabilities proposed by social media give a unique 

opportunity to re-engineer and improve the existing methodology, and to extend on the 

current state of knowledge for BIM application in energy efficiency. In addition to the 
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acknowledged importance of social media, the analysis has suggested that some 

organisational characteristics have had to adapt to facilitate change and support the 

implementation of the new BIM processes. This leads to the conclusion the BIM is a dynamic 

process that cannot be captured with traditional analysis methods. The analysis has also 

shown that this stage was crucial because of the number of supporting concepts that play a 

significant role in the BIM process characterisation. In addition, a holistic methodology is 

required for the assessment of BIM with associated competencies and training programmes. 

Finally, the analysis has also demonstrated that an organisation in the field of BIM for energy 

and construction needs to pay attention to organisational and human skills involved in the 

BIM process and should adopt a continuous improvement approach to change. From the 

related work, it was determined that the role of these BIM roles and skills concepts is very 

often neglected in the existing BIM studies. For example, all of the studies reported the urgent 

need for training to use the existing BIM skills and competencies efficiently and utilise the full 

potential of the new system to increase productivity and improve quality. In addition, the 

analysis of the research results showed that there is a potential danger of resistance to 

change, which might constrain the overall BIM development process. Consequently, the 

researcher has demonstrated a need to involve the end-users more closely in the decision-

making process, as well as in the implementation process. 

The researcher’s approach has started from the consultations process that identified, 

analysed, and assessed construction sector stakeholders’ requirements for BIM training to 

ensure engagement with energy management in construction. From these consultations and 

use-cases, the researcher has applied NVivo qualitative and quantitative analysis to determine 

the skills and roles of BIM for energy efficiency. This chapter, ultimately, aims to identify skills 

and roles that will inform the training process, which can significantly educate a community 

of users in the field of BIM and promote energy-efficient practices among companies and 

users. These skills and roles will be used in the next chapter to develop a Standardized 

Qualification Framework that to be adopted by training programs to address the increased 

demand for stakeholders requiring BIM skills. 
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This chapter will provide an in-depth analysis of BIM-related roles and skills for construction 

professionals to inform current and future training strategies with a view to delivering energy 

efficiency. In this chapter, the roles and skills list from Chapter 5, and the roles categories from 

Chapter 4 are classified and analysed during the whole lifecycle of a project in terms of 

relevancy to BIM and energy efficiency in the construction sectors. The RIBA plan will also be 

used to develop the skills RIBA map that defines for each role category through all of the stages 

of the project lifecycle. Then, a matrix for each skill level that is recommended will be 

proposed according to the European Qualifications Framework (EQF) levels definition. This 

skills matrix enables different levels to be distinguished for each skill (e.g., senior and 

technician). It also helps to define the level of EQF. Finally, the stakeholders' skill levels will be 

identified, which will enable them to handle BIM for energy efficiency in the building sector 

during the lifecycle and in the supply chain.  

6.1 Introduction 

By 2025, the global construction market is expected to rise by more than 70% compared to 

2013 [2] [3]. Several countries, such as the United Kingdom, have already established a target 

to attain significant goals, such as: (i) a 33% decrease in both the initial cost of construction 

and the total cost of assets throughout their entire life cycle; (ii) a 50% reduction in the overall 

time from inception to final for new and refurbished assets; (iii) a 50% decline in GHG 

emissions in the built environment; and (iv) a 50% decrease in the trade deficit between total 

exports and total imports for construction products [3], [4]. 

The previous chapters have highlighted the importance of BIM in facilitating more effective 

energy modelling and multi-disciplinary collaborations from a total lifecycle and supply chain 

integration perspective. They explored the results of a survey of BIM and energy efficiency 

experts about the training and skills agenda in this area. They also summarised the BIM and 

energy efficiency training that is currently offered in the five partner countries (i.e., 

Luxembourg, United Kingdom, France, Finland, and Greece), as follows: 

• A lack of awareness within the supply chain with regards to BIM for the energy 

efficiency of buildings. 

• Most existing training and certification schemes focus on designers and 

contractors, and often focus on the modelling software. 
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• Bachelor's degrees in traditional construction areas tend to increasingly integrate 

BIM. 

• The extent of integrated BIM and energy efficiency training is either poor or limited 

in these areas. However, some courses have been developed (e.g., in Finland and 

the United Kingdom) that incorporate aspects of energy and use well-established 

software tools to undertake energy simulations, overheating assessments and so 

on. 

• Software providers are helping to fill this void and are providing courses aimed at 

modellers and designers, helping them to integrate BIM and energy performance 

tools with the intention of streamlining the process and avoiding duplication. There 

is certainly scope to integrate BIM into national calculation methodologies for 

energy performance certification, thermal bridge assessment and so on. 

A skill is defined as the technical and detailed information that each actor should know in their 

domain (i.e., the know-how) [374]. The key point is to identify the skills to be integrated as a 

cross-cutting theme into apprenticeships that will help to fill the training gaps among (for 

example) facility managers and subcontractors (including blue-collar workers and technicians) 

who are responsible for the design, installation and maintenance of fabric measures, building 

services, and so on. This will improve the integration of BIM in the whole project lifecycle and 

increase the energy efficiency. 

The RIBA plan of work is a well-known guideline for construction in the EU, which is published 

by the RIBA [375]. The RIBA plan of work integrates the BIM to support design and 

construction teams to implement an efficient, intelligent and cost-effective design process 

and to provide better services to clients, particularly in relation to the whole life-value of 

buildings. This framework was followed to conduct construction project stages and relevant 

tasks to identify the skills that are needed for each stakeholder to deliver all of the required 

outputs during the project stages. 

The EQF, which was produced by the European Commission in 2013, is the main tool to be 

used for mobility and lifelong learning. It has been used with variable success to support the 

development or referencing of sectoral qualifications frameworks through allocating levels for 

individual qualifications [376]. This tool was selected in this study to extract the skill levels that 
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are required to handle tasks and outputs based on the RIBA plan stages for construction 

projects. 

This chapter aims to analyse and infer BIM roles and skills for construction stakeholders as a 

means to inform BIM training programmes and to promote informed energy-efficient 

practices. In particular, this chapter uses data science techniques to identify the level of skills 

needed to handle BIM for energy efficiency for various stakeholders involved in the 

construction projects during their lifecycle to be adopted by training programs and thus 

address the increased demand for stakeholders requiring BIM skills. 

Methodology 

This chapter uses data science techniques to identify the level of skills that are required to 

handle BIM for energy efficiency for various stakeholders involved in the construction projects 

during their lifecycle to be adopted by training programs and address the increased demand 

and gaps for stakeholders requiring BIM skills. In addition, the framework followed in Chapter 

6 highlights the general methods that are used to develop a standardized qualification 

framework for BIM for energy efficiency. Then, the analysis results and discussion for skills, 

roles, and the proposed skills RIBA map and skills matrix are given. 

 

6.2 Results and Discussion 

The outputs of the research methodology framework were concluded in four main outputs, 

as follows: a detailed list of project roles, a detailed list of skills, roles and skills RIBA map, and 

the skills matrix by project roles. These outputs will be discussed in detail in the following 

subsections. 

6.2.1 Role Categories and Role List 

The most common role categories in construction projects were identified in Chapter 4 by the 

expert panel and consultation interview, which contains five main categories, including 

client/advisor, engineer/designer, facility management team, and blue-collar workers. A 

systematic analysis to identify the skills and roles involved in the construction sector needed 

for the BIM for energy efficiency process was conducted in Chapter 5. This data was collected 
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from several sources, including use-cases, interviews, scientific publications and standards 

reports, and social media (Twitter). 

 

According to these categories, all of the roles involved in a construction project were classified 

and allocated under the role groups (as listed in Table 6-1). For example, the client and 

advisors groups can include client, project manager, and BIM manager, and so on. Meanwhile, 

the design and engineering group covers disciplines such as architectural, structural, 

mechanical, electrical and plumbing. The contractor group includes the site manager, 

construction engineer, and so on. The facility management team can include a facility manager 

and maintenance operator. Finally, construction workers were listed under the blue-collar 

group. This role classification helps to clearly and simply identify the target groups and the 

tasks of the project stakeholder to allocate skills required to enhance BIM for energy efficiency 

according to the RIBA plan. 

Table 6-1 List of project roles. 

General roles by category 

Client/advisor/
admin 

Engineer/designed Contractor Facility 
Management 
team 

Blue-collar 

Project 
manager 

Architect designer A Human-
Machine 
Interface 
(HMI) 
operator 

Facility manager Workers in 
different 
disciplines 
(ceramic, glass, 
painting, etc) 

BIM instructor Construction 
engineer 

Steel 
Contractor 

Operation 
engineers 

building 
professional 

Training 
instructor 

Mechanical 
engineer 

Construction 
engineer 

Maintenance 
manager 

timber frame 
and joinery 

Planner and 
consultant of 
energy-
efficient 
buildings 

Structure engineer Contractor 
manager  

Facility 
administration 

Carpenter 

Energy expert HVAC engineer Site manager Maintenance 
engineer 

Collars 
craftsmen 
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General roles by category 

Client/advisor/
admin 

Engineer/designed Contractor Facility 
Management 
team 

Blue-collar 

Real estate, 
developer, and 
data 
consultant 

BIM modeller  Technical 
manager 

Operation 
manager 

Construction 
workers 

Researcher, 
academic and 
private science 
panellist 

Electrical engineer Contract 
manager 

Water manager  

Training and 
informing 
consultation 
professionals 
about BIM 
Regulators 

Energy modeller Production 
manager 

Energy manager  

Finance 
manager 

Energy simulation 
experts 

Construction 
manager 

Information 
coordinator & 
information 
facilitator 

 

Sales manager Energy expert Construction 
information 
manager 

  

QA manager BIM manager ICT 
technicians 

  

Purchasing 
manager 

Planner and 
consultant of 
energy-efficient 
buildings  

Supply chain 
managers 

  

Store manager  BIM coordinator Information 
Management 
in 
Construction 

  

Team manager Civil engineer Technical 
manager 

  

Safety 
manager 

Facilitator of 
sustainable 
[design] 

Supervisors   
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General roles by category 

Client/advisor/
admin 

Engineer/designed Contractor Facility 
Management 
team 

Blue-collar 

Energy 
auditors 

BIM consult Technicians   

Human 
resource 
manager 

Built environment 
experts 

Construction 
health & 
safety 

  

Advisory roles Digital technology 
designer 

Installers   

Government 
affairs 
manager 

EE expert    

Data 
Protection 
Officers 

ICT experts    

Energy 
procurement 

Energy analyst    

Finance Aerospace 
engineer 

   

Market 
acquisition 
manager 

Architecture & 
construction 
project manager 

   

Human 
resources for 
Big Data 
professions 

Chemical engineer    

Business unit 
director 

Nuclear energy 
expert 

   

Circular 
economy 
specialist 

Solar energy 
specialist 

   

Human 
resources for 
big data 
professions 

Alternative energy    

Innovation 
manager 

Automotive 
engineer 
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General roles by category 

Client/advisor/
admin 

Engineer/designed Contractor Facility 
Management 
team 

Blue-collar 

Sustainability 
specialist, 
advocacy & 
policy design 

Data scientist    

Digital 
marketing 

Timber engineering 
experts 

   

Energy 
consultant 

Passive house 
designer 

   

PMP: Energy 
Oriented 
Business 
Developer 

Robotics specialist    

Programme 
manager 

Environmental 
engineer 

   

Sales engineer Nanotechnology 
engineer 

   

Communicatio
n officer 

Cybersecurity 
specialist 

   

Information 
facilitator/coor
dinator 

Advanced service-
oriented roles 

   

6.2.2 Skills Needed for BIM for Energy Efficiency 

Many skills have been aggregated and conducted from different sources, as explained in 

Chapter 5. These skills are required to enhance the stakeholder’s (from professionals to blue-

collar workers) qualifications in construction sectors for using BIM for energy efficiency during 

the lifecycle of a project. These skills also provide a wide and comprehensive vision of all 

stakeholders for the whole construction process to improve the efficiency of resources, 

energy, materials, construction, cost, and performance, and so on. 

Approximately 200 skills were collected, as mentioned in the previous section. The lists of 

roles and skills were sent to the expert panel and the most common and relevant roles and 

skills related to BIM for energy efficiency were selected. 
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The final list includes 59 skills. These skills are related to management and administration (as 

listed in Table 6-2), such as optimal decision making, integrating information and data 

management framework and risk management. Other skills were related to software, such as 

information and communication technology (ICT), using BIM tools and applications (Revit, 

etc.), and working with energy simulation programs. Some skills were related to engineering 

and design disciplines, such as achieving BIM and energy efficiency certifications (LEED, 

BREEM, etc.), adapting to environmental conditions changes, and reviewing design and 

coordination. Finally, the general skills included teamwork and collaboration, communication 

(speaking and presentation), and technical writing. 

These skills are used to identify the qualifications that are required for stakeholders in 

construction projects to improve their understanding of BIM for energy efficiency. In the 

following section, the RIBA plan will be used to map the distribution of these skills in each role 

category in the whole project lifecycle stages. 

Table 6-2 List of skills required for BIM for energy efficiency (Chapter 5). 

Label  Skill  

S1 Understanding BIM workflow and standards  

S2 Recognising graphical engineering information (architecture, structure, etc.) 

S3 Understanding energy efficiency principle & sustainable construction 

S4 Implementing building regulations and development awareness  

S5 Understanding energy policies, market, and tariffs structures 

S6 Recognising low carbon materials through the supply chain and the project lifecycle 

S7 Creativity and analytical thinking  

S8 Observing and separating the information needed 

S9 Defining opportunities for energy efficiency improvement  

S10 Knowing physical principles related to energy (thermal, electrical, 
thermodynamics, heat transfer, fluid mechanics, etc.) 

S11 Understanding construction supply chain standards 

S12 Communication (speaking and presentation) 

S13 Technical writing  

S14 Developing collaborative ICT platform 

S15 Adapting to environmental conditions changes 
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Label  Skill  

S16 Energy performance measuring, monitoring and optimisation 

S17 Establishing energy models 

S18 Achieving BIM and energy efficiency certifications (LEED, BREEM, etc.) 

S19 Reviewing BIM models and performing automatic model checks 

S20 Math and estimation  

S21 BIM and energy models management 

S22 Reviewing design and coordination  

S23 Energy auditing  

S24 Extracting measures and data from plans  

S25 Understanding BIM technologies with respect to sustainability 

S26 Energy harvesting and production (renewable energy sources implementations) 

S27 Energy-saving technologies, NZEB and low-zero energy building designing  

S28 Information and communication technology (ICT)  

S29 Using BIM tools and applications (Revit, etc.) 

S30 Linking between different software  

S31 Using CAD programs 

S32 Applying energy simulation programs 

S33 3D software usage and coordination 

S34 4D software usage and coordination 

S35 Using BIM tools for energy efficiency 

S36 Computer programming (Python, MatLab, etc.) 

S37 Virtual reality operation 

S38 Implementing energy efficiency applications in construction and renovation 
projects (materials, system, etc.)  

S39 Installing renewable energy systems (Solar panels, heat pumps, etc.) 

S40 Optimal decision making 

S41 Integrating information and data management framework 

S42 Teamwork and collaboration 

S43 Establishing onsite/off-site meetings to comprehend BIM data and energy 
efficiency features 

S44 Handling communications and interactions between project managers (client, 
designer and constructor) 
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Label  Skill  

S45 Exchanging and extracting model information with designers 

S46 Facilitating information exchange to meet stakeholders' business needs in BIM 
execution 

S47 Understanding life cycle assessment (LCA) and life cycle costing (LCC) applications 

S48 Leadership 

S49 Strategy and policy management  

S50 Planning, administration and organisational management 

S51 Demonstrating concrete proposals for improvements 

S52 Risk management 

S53 Manging transmission and distribution processes 

S54 Applying knowledge to complete tasks and solve problems 

S55 Ensuring construction/renovation projects meet stringent energy efficiency 
requirements 

S56 Energy costs operation 

S57 Energy demand operation 

S58 QA specifically in relation to energy efficiency 

S59 EE implementations marketing 

6.2.3 Skills RIBA Map 

For each of the role categories for construction projects that was mentioned in Section 6.3.1, 

different skills were suggested to improve role qualifications for using BIM for energy 

efficiency. Based on project lifecycle stages conducted from the RIBA plan, the recommended 

skills were identified from the final list of skills (S1-S59) in the previous section for each 

stakeholder category according to their roles in each project stage.  

The client group is involved in all of the project stages because they are considered to be the 

main stakeholders in the project and they represent the owner. Meanwhile, engineering 

disciplines engage in projects from concept design to in-use stages, as well demolition stage if 

required. The contractor group is considered in only two main stages: construction, and 

handover and close-out; it also appears in the demolition stage. Generally, facility and 

management teams are involved in handover and close-out, in-use phases for new buildings, 

while they are involved from the first stage of renovation and extension projects (as 
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highlighted in Table 6-3). In addition, blue-collar workers group are required in construction, 

in-use and demolition stages. The stages that do not require roles are left blank. 

Table 6-3 Skills for each role category through the RIBA plan of work. 

RIBA plan General roles by category / Skills required (S1-S59) 

Client/adviso
r/admin 

Engineer/des
igner 

Contractor Facility 
managemen
t team 

Blue-collar 

Strategic 
definition 

3, 4, 5, 9, 12, 
13, 40, 49, 51 

  3, 4, 5, 9, 12, 
13,23, 40, 
49, 51 

 

Preparation 
and brief 

3, 4, 5, 7, 9, 
12, 13,40, 
42, 49, 51, 59 

  3,4 5, 7, 9, 
10, 12, 13, 
23, 26, 27, 
40, 42, 49, 
51, 59 

 

Concept 
design 

2, 3, 4, 7, 9, 
12,21, 22, 
29, 31, 40, 
42, 55 

1, 3,4, 7, 8, 9, 
12,17, 19, 
22, 26, 27, 
28, 33 ,30, 
31, 33, 35, 
40, 42,51, 
54, 55 

 2, 3, 4, 7, 8, 9, 
12,19, 21, 
22, 26, 27, 
29, 31, 35, 
40, 42, 45 

 

Developed 
design 

2, 3, 4, 5, 7, 9, 
12,18, 19, 
21, 22,24, 
29, 31, 35, 
40, 42, 45, 
46, 47, 55, 59 

1,3,4, 7, 8, 9, 
12,15,16, 17, 
19, 21, 22, 
25, 26, 27, 
28, 33 ,30, 
31,32, 33, 
35, 40, 
42,51, 54, 55 

 2, 3, 4, 5, 7, 8, 
9, 10, 12,15, 
16, 19, 21, 
22,23,24, 26, 
27, 28, 29, 
31, 32, 35, 
40, 42, 45, 
46, 47, 52, 
53, 55, 56, 
57, 58 

 

Technical 
design 

1, 2, 11, 
12,18, 19,21, 
24, 29, 31, 
35, 40, 42, 
45, 46, 55 

1,2, 6, 7, 10, 
12,13, 14, 
15,16, 17, 
19, 21, 26, 
27, 28, 33 
,30, 31,32, 
33, 34, 35, 
36,37, 40, 
42,51, 54, 55 

 1, 2, 6, 10, 
12, 14,15, 
16, 19, 21, 
23,24, 28, 
29, 31, 32, 
35, 37, 40, 
42, 45, 46, 
47, 53, 55, 
56, 57, 58 

 



Chapter Six                          Standardized Qualification Framework for Energy Efficiency 

173 

 

The skills RIBA map has been developed based on the main five categories of roles. However, 

each role group has many specific roles that need to be trained well to enhance their skills to 

use BIM for energy efficiency. Each stage has several skills for a single role category, for 

example: strategic definition, and preparation and brief stages only include the client group, 

while the management team are involved in these stages in the renovation of existing 

buildings. In other stages, skills were distributed on all categories, such as the construction 

RIBA plan General roles by category / Skills required (S1-S59) 

Client/adviso
r/admin 

Engineer/des
igner 

Contractor Facility 
managemen
t team 

Blue-collar 

Construction 1, 2, 11, 
12,13, 19, 
21, 29, 30, 
31, 35, 40, 
42, 43, 44, 
45, 48, 52, 
53, 54, 56, 
57, 58 

1, 12, 13, 16, 
19, 21, 28, 
29, 30, 31, 
33, 34, 35, 
40, 42, 43, 
51, 54, 55 

1, 2, 5, 6, 8, 
10, 11, 12, 
16, 19, 20, 
21, 24,28, 
29, 30, 31, 
33, 34, 35, 
38, 39, 40, 
41, 42, 43, 
45, 47, 48, 
52, 53, 55, 
56, 57, 58 

1, 2, 6, 10, 
12, 13, 16, 
19, 21, 28, 
29, 31, 32, 
33, 35, 37, 
40, 41, 42, 
43, 45, 48, 
50, 52, 53, 
54, 56, 57, 58 

3, 8, 12, 20, 
24, 38, 39, 
42, 43 

Handover 
and close-
out 

2, 18, 19, 24, 
29, 40, 42, 
46, 55 

19, 29, 55 12, 13, 51 2, 8, 10, 19, 
21, 24, 28, 
29, 40, 41 

 

In-use 40, 52 2, 19, 42  1, 2, 3, 5, 9, 
10, 12, 15, 
16, 19, 21, 
23, 28, 29, 
30, 32, 37, 
35, 39, 40, 
41, 42, 43, 
45, 47, 48, 
50, 52, 53, 
54, 56, 57, 
58, 59 

3, 8, 20, 24, 
39 

Demolition 4, 40, 42, 49, 
51, 52, 54 

19, 42, 51, 54 3, 11, 12, 19, 
20, 40, 42, 
43, 45, 48, 52 

 3, 8, 12, 20, 
24, 38, 39, 
42, 43 
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stage. Few stages require many skills for all role groups unless it is an unused group in this 

stage. For example, the blue-collar workers' group does not work during the handover and 

close-out stage. Skills in the demolition stage are distributed in all role categories, except for 

the facility management team group who is not active in this stage of the project. 

Furthermore, the in-use stage includes all of the stakeholders' groups, but the contractor 

group is unneeded in this stage (as well as unneeded skills).  

From the map it can be seen that three stages (i.e., design development, technical and 

construction stages) require many skills due to the technical complexity of the task and 

responsibilities during these stages. Other stages required fewer skills from some role 

categories; for example, the handover stage does not require many skills from client, 

engineering, contractor and management groups, while in-use stages only require skills for 

management team because the project is completed. 

Some skills appear in different role categories in the same stage. For instance, S3 was required 

for engineers, clients, management groups in the concept design stage because of the 

importance of understanding the fundamental concepts of energy efficiency and sustainable 

construction for these groups to increase the awareness about energy efficiency in the 

construction sector.  

Some skills are commonly required in all categories and stages. For instance, S3 is one of the 

most common skills in all categories and during the whole lifecycle of projects, except in a few 

advanced project stages, which should be learned by the client, engineer, facility management 

team and workers during the design phases, the construction phases, and the in-use phase. 

Other skills have been listed in most role groups and lifecycle stages to enhance the 

qualification of stakeholders for using BIM for energy efficiency, such as S2, S12 and S40. 

Nevertheless, some of the role categories have few skills that have been considered once in a 

particular stage. For instance, S59 is only listed in the preparation stage for client and 

management groups.  

Some role categories have frequent skills in different project stages because these skills need 

to be adopted in different stages for the same or different roles under this category. For 

example, optimal decision making (S40) has appeared frequently in all stages among the 

client’s group that includes client, project manager, etc. 
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Overall, a list of common skills needed for each role category throughout the project lifecycle 

stages is identified based on the proposed skills RIBA map. To understanding the skills level 

required for each role in the project, the EQF levels have been adopted (as will be shown in 

the following section).  

6.2.4 Skills Matrix (EQF Levels) 

From the skills RIBA map that has been illustrated in Table 6-3, all of the skills needed for BIM 

for energy efficiency have been conducted for each role group during the lifecycle stages of 

the projects. Several skills are required for at least one role group and are recommended in 

one or more stages during the lifecycle of the buildings. The EQF levels have been adopted, as 

discussed in Section 6.1.2, to identify the levels of the skills that are required to achieve 

efficient building energy levels using BIM. For each role category, main common roles have 

been selected by the expert panel. These main roles are important in all projects, and the rest 

of the roles could follow the main roles with the skills required. Based on this information, the 

skills matrix for BIM for energy efficiency has been developed for each of the role categories 

in Table 6-4 to Table 6-8, which describe the skills and their recommended levels for these 

groups. Each skill has been given a qualification level for all of the main roles; the levels are 

based on the EQF levels in . The skills matrix has been validated by the expert panel, which is 

described in Section 6.2, to extract more details and perspectives from the experts in the field. 

The validation matrix has been explored in Table 6-4 to Table 6-8. 

6.2.4.1 Client Skills Matrix 

The first part of the skills matrix for the client and client advisors’ group—which includes 

clients (C), project managers (PM), and BIM managers (BM)—is developed in Table 6-4. More 

than 60% of skills listed in Table 6-2 are required for the group of clients to improve these role 

skills to use BIM for energy efficiency throughout the whole lifecycle and supply chain of the 

projects. The skills required for the client are at lower EQF levels when compared to the other 

roles because they do not need high qualification levels to seek the energy efficiency 

requirements. However, they still need to increase their awareness and qualifications of some 

skills, such as understanding energy efficiency principle and sustainable construction, 

understanding construction supply chain standards, and energy efficiency implementation 

marketing. A few skills need to be at high levels (2-3) for the clients because they have 
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significant benefits of using BIM for energy efficiency in the projects (e.g., optimal decision 

making, and teamwork and collaboration). Meanwhile, several skills are not relevant to the 

clients, so these skills should not be considered by them (e.g., BIM and energy model 

management, using BIM tools and applications (Revit, etc.), and facilitating information 

exchange to meet stakeholders’ business needs in BIM execution). 

 The experts consented about the levels of the skills to increase the qualification of 

stakeholders in the construction sector to use BIM for energy efficiency among the lifecycle 

stages. For example, S1 has been identified for all three roles with different levels. The 

majority of experts have mentioned that the client should have level 1 to be able to 

understand the work process. They also said that the BIM manager needs have advanced 

knowledge of a field of work involving a critical understanding of principles, therefore level 7 

has been selected (as seen in Table 6-4). Furthermore, technical writing skill (S13) is required 

at a high level (5) for the project and BIM managers because they need to provide concrete 

reports regarding their work but is needed at a low level (2) for the clients because they need 

basic cognitive and practical technical writing skills to write their requirements and to give 

feedback during the work process.  

The project managers need a level 5 of achieving BIM and energy efficiency certifications 

(LEED, BREEM, etc.) (S18), and a basic level for both clients and BIM managers. The client 

should be level 1 as a basic level to achieve the energy efficiency certifications because the 

focus on green certifications could lead to an increase in the project budget and risks. This will 

help in making the right strategic decisions and capturing them in a business case. 

S40 is another important skill, so the experts have agreed to qualify all three roles with at least 

level 3 and above. In this context, the project managers should have level 6 for this skill 

because it requires them to manage complex and unpredictable work contexts. In addition, 

the BIM managers should have level 6 to be able to make optimised decisions. The leadership 

skill (S48) is also needed for both project managers and BIM managers because it helps them 

to lead the project tasks to successful achievements, so the levels of this skill are 6 and 4, 

respectively. However, this skill is not relevant to the clients.  

Finally, S52 is one of the skills required for all the roles but with different levels. The clients 

should have basic risk management skills because it may cause more cost or delay of the 
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project. The other roles should have a higher level to deal with risks that may occur during the 

project phases.  

Table 6-4 EQF levels for BIM skills for energy efficiency are recommended for the project 
client group (i.e., clients, project managers and BIM managers).. 

Label Skills EQF level 

 Client & Client advisors 

Client (C), Project manager (PM), BIM manager (BM) 

C PM BM 

S1 Understanding BIM workflow and standards  1 5 7 

S2 Recognising engineering graphical information 
(architecture, structure, etc.) 

1 7 6 

S3 Understanding energy efficiency principle & sustainable 
construction 

1 6 5 

S4 Implementing building regulations and development 
awareness  

1 6 4 

S5 Understanding energy policies, market, and tariffs 
structures 

1 6 3 

S7 Creativity and analytical thinking  2 5 5 

S9 Defining opportunities for energy efficiency improvement  1 5 4 

S11 Understanding construction supply chain standards 1 6 2 

S12 Communication (speaking and Presentation) 2 6 4 

S13 Technical writing  2 5 5 

S18 Achieving BIM and energy efficiency certifications (LEED, 
BREEM, etc) 

1 5 3 

S19 Reviewing BIM models and preforming automatic model 
checks 

- 5 6 

S21 BIM and energy models management - 4 5 

S22 Reviewing design and coordination  1 5 2 

S24 Extracting measures and data from plans  - 5 4 

S29 Using BIM tools and applications (Revit, etc) - 4 6 

S31 Using CAD programs - 4 6 

S35 Using BIM tools for energy efficiency - 4 5 

S40 Optimal decision making 3 6 6 

S42 Teamwork and collaboration 3 6 4 
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S43 Establishing onsite/off-site meetings to comprehend BIM 
data and energy efficiency features 

- 5 5 

S44 Handling communications and interactions between 
project managers (client, designer and constructor) 

1 6 5 

S45 Exchanging and extracting model information with 
designers 

- 5 5 

S46 Facilitating information exchange to meet stakeholders' 
business needs in BIM execution 

- 5 4 

S47 Understanding life cycle assessment (LCA) and life cycle 
costing (LCC) applications 

1 6 2 

S48 Leadership - 6 4 

S49 Strategy and policy management  1 6 1 

S51 Demonstrating concrete proposals for improvements - 5 4 

S52 Risk management 1 5 4 

S53 Manging transmission and distribution processes - 5 1 

S54 Applying knowledge to complete tasks and solve problems 2 5 4 

S55 Ensuring construction/renovation projects meet stringent 
energy efficiency requirements 

2 6 4 

S56 Energy costs operation 3 5 4 

S57 Energy demand operation 1 5 3 

S58 QA specifically in relation to energy efficiency - 5 3 

S59 EE implementations marketing 1 5 2 

6.2.4.2 Engineering Skills Matrix 

The second part of the skills matrix is dedicated to the design and engineering group as 

identified in Table 6-5, which includes Architectures (ARCH), Structures (SE), and Mechanical, 

Electrical & Plumbing (MEP)—who need approximately 65% of the whole skill list. The roles of 

this group need to be highly qualified, so most skills levels are above level 4. For example, S3, 

which is understanding energy efficiency principles and sustainable construction, has high 

levels for all roles. However, communication (speaking and presentation) (S12) is required 

level 2 for the SE and MEP, which is a low level in comparison. 

 ARCH and SE are required level 4 for implementing building regulations and development 

awareness skill (S4) because working with the building regulations is important for both roles 

and where the regulations are specified at the design stage. In addition, the experts have 
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consented that level 5 is required for all the roles for S8 because observing and separating the 

information is a key skill to use BIM for energy efficiency.  

Moreover, ARCH and MEP have level 5 of S18 because the architects need to practice and 

education in these certifications and to keep up with these important standards. This requires 

cognitive and practical skills to ensure that the design is in line with LEED and BREEAM. In 

addition, skill (S27) related to energy-saving technologies, NZEB and low-zero energy building 

design has the same level of qualification for ARCH and MEP. 

Finally, ensuring construction/renovation projects meet stringent energy efficiency 

requirements (S55) has a significant value for all roles in this section due to the importance of 

the skill to handle BIM for energy efficiency during the lifecycle stages and supply chain of the 

project. Consequently, all roles required level 5 in this skill.  

 

 

Table 6-5 EQF levels for BIM skills for energy efficiency are recommended for the project 
engineering group (i.e., architecture, structure, and mechanical, electrical and plumbing). 

Label Skills EQF level 

 Design and engineering 

Architectural (ARCH), Structural (SE), Mechanical, electrical 
and plumbing (MEP) 

ARCH SE MEP 

S1 Understanding BIM workflow and standards  6 5 5 

S3 Understanding energy efficiency principle & sustainable 
construction 

6 6 5 

S4 Implementing building regulations and development 
awareness  

4 4 3 

S6 Recognising low carbon materials through the supply chain 
and the project lifecycle 

4 4 4 

S7 Creativity and analytical thinking  6 5 4 

S8 Observing and separating the information needed 5 5 5 

S9 Defining opportunities for energy efficiency improvement  6 3 6 

S10 Knowing physical principles related to energy (thermal, 
electrical, thermodynamics, heat transfer, fluid mechanics, 
etc.) 

5 4 7 
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S12 Communication (speaking and Presentation) 4 2 2 

S13 Technical writing  3 3 3 

S14 Developing collaborative ICT platform 1 1 2 

S15 Adapting to environmental conditions changes 4 2 4 

S16 Energy performance measuring, monitoring and 
optimisation 

4 2 5 

S17 Establishing energy models 3 1 6 

S18 Achieving BIM and energy efficiency certifications (LEED, 
BREEM, etc) 

5 3 5 

S19 Reviewing BIM models and preforming automatic model 
checks 

4 4 4 

S21 BIM and energy models management 5 4 4 

S22 Reviewing design and coordination  6 4 4 

S25 Understanding BIM technologies with respect to 
sustainability 

4 4 5 

S26 Energy harvesting and production (renewable energy 
sources implementations) 

3 2 6 

S27 Energy-saving technologies, NZEB and low-zero energy 
building designing  

5 3 5 

S28 Information and communication technology (ICT)  2 2 4 

S29 Using BIM tools and applications (Revit, etc) 6 4 6 

S30 Linking between different software  5 2 4 

S31 Using CAD programs 6 6 6 

S32 Applying energy simulation programs 4 2 6 

S33 3D software usage and coordination 5 3 4 

S34 4D software usage and coordination 2 3 3 

S35 Using BIM tools for energy efficiency 4 3 5 

S36 Computer programming (Python, MatLab, etc.) 2 2 4 

S37 Virtual reality operation 1 1 3 

S40 Optimal decision making 5 5 5 

S42 Teamwork and collaboration 4 4 4 

S43 Establishing onsite/off-site meetings to comprehend BIM 
data and energy efficiency features 

2 2 2 

S51 Demonstrating concrete proposals for improvements 5 4 5 

S54 Applying knowledge to complete tasks and solve problems 4 4 4 
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S55 Ensuring construction/renovation projects meet stringent 
energy efficiency requirements 

5 5 5 

6.2.4.3 Contractor Skills Matrix 

More than half of the skills in Table 6-2 are included in this part of the skills matrix, which is 

recommended for the contractor group—including the site manager (SM) and construction 

engineer (CE)—who are most likely working in the construction stage (as seen in Table 6-6). 

Due to the late-stage of the project, there are particular skills that need to be adopted and 

the level of skills depends on the project’s requirements. 

An advanced level of skills is needed for both SM and CE; for example, S2 required level 4 for 

SM and level 6 for CE because it is very important to recognise graphical engineering 

information (e.g., architecture, structure, etc.). In addition, a range of cognitive and practical 

skills is required to accomplish tasks and solve problems, therefore S10—which is knowing the 

physical principles related to energy like thermal, electrical, thermodynamics, heat transfer, 

fluid mechanics, and so on—is required at level 3 for both roles.  

S30 and S34 are needed at a basic level for SM because they are basic skills of linking between 

different software programs, and 4D software usage and coordination. The CE are not 

required at any level of these skills to accomplish their work, so it is not necessary to have a 

budget for training the CE any of these skills or hiring highly qualified staff in this field.  

Installing renewable energy systems (solar panels, heat pumps, etc.) (S39) is a skill that needs 

to be considered by the contractor group because they deal with these systems during the 

construction phase. The level of skill that is required for both of these roles needs to be above 

the basic level, so the experts have agreed that level 4 is required for this skill. Meanwhile, 

some skills are necessary for both roles, but may be more important for one role rather than 

the other. For instance, S40 is required at a high level (5) for the SM to be able to make 

decisions for the important tasks that need decisions to be made on the site.  

The SM also need to have level 4 of energy demand operation skill (S57) to deal efficiently 

with energy supply during the construction stage, in addition to QA. Specifically, in relation to 

energy efficiency skill (S58), this needs to be adopted with level 4 for SM. However, both skills 

could have low levels for the CE. 

Table 6-6 EQF levels for BIM skills for energy efficiency are recommended for the project 
construction group (i.e., Site manager and Construction engineer). 
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Label Skills EQF level 

 Contractor  

Site manager (SM), Construction engineer (CE) 

SM CE 

S1 Understanding BIM workflow and standards  4 3 

S2 Recognising graphical engineering information (architecture, 
structure, etc.) 

4 6 

S3 Understanding energy efficiency principle & sustainable 
construction 

4 3 

S6 Recognising low carbon materials through the supply chain and 
the project lifecycle 

4 3 

S8 Observing and separating the information needed 4 5 

S10 Knowing physical principles related to energy (thermal, electrical, 
thermodynamics, heat transfer, fluid mechanics, etc.) 

3 3 

S11 Understanding construction supply chain standards 4 3 

S12 Communication (speaking and Presentation) 5 3 

S13 Technical writing  4 3 

S16 Energy performance measuring, monitoring and optimisation 3 2 

S19 Reviewing BIM models and preforming automatic model checks 4 2 

S21 BIM and energy models management 4 2 

S24 Extracting measures and data from plans  4 5 

S28 Information and communication technology (ICT)  2 1 

S29 Using BIM tools and applications (Revit, etc) 4 3 

S30 Linking between different software  1 - 

S31 Using CAD programs 4 3 

S33 3D software usage and coordination 2 - 

S34 4D software usage and coordination 1 - 

S35 Using BIM tools for energy efficiency 4 2 

S38 Implementing energy efficiency applications in construction and 
renovation projects (materials, system, etc)  

2 3 

S39 Installing renewable energy systems (Solar panels, heat pump, 
etc) 

4 4 

S40 Optimal decision making 5 4 

S41 Integrating information and data management framework 4 1 

S42 Teamwork and collaboration 4 2 
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S43 Establishing onsite/off-site meetings to comprehend BIM data 
and energy efficiency features 

4 3 

S45 Exchanging and extracting model information with designers 4 1 

S47 Understanding life cycle assessment (LCA) and life cycle costing 
(LCC) applications 

2 - 

S48 Leadership 3 3 

S51 Demonstrating concrete proposals for improvements 4 3 

S52 Risk management 5 2 

S53 Manging transmission and distribution processes 4 3 

S55 Ensuring construction/renovation projects meet stringent energy 
efficiency requirements 

4 3 

S56 Energy costs operation 2 1 

S57 Energy demand operation 4 2 

S58 QA specifically in relation to energy efficiency 4 3 

6.2.4.4 Management Skills Matrix 

The matrix in this section describes the skill levels for the project management and operation 

group, including facility manager (FM), and maintenance operator (MO). This matrix includes 

approximately 85% of the skills from Table 6-2 because these roles are mainly responsible for 

the in-use stage, the longest of the project. Consequently, they need to adopt more skills with 

different levels, as shown in Table 6-7. For example, S13 is needed at level 3 for the FM and 

MO to report about technical issues in the project.  

Several skills need to be adopted by training and educating to increase the qualification of 

stakeholders to deal with BIM for energy efficiency in the buildings. For example, adapting to 

changes in the environmental conditions, measuring energy performance, monitoring and 

optimisation, energy auditing and energy-saving technologies, NZEB and low-zero energy 

building designing (S15, S16, S23, S27) are required for the project management and operation 

teams. Both FM and MO are needed at level 4 for these skills to help them to accomplish the 

tasks to understand the behaviour of the energy appliances and to find the opportunities to 

minimise energy consumption in the building designing, and also improve its capacity during 

the lifetime of the project. 

Some skills need to be considered with above average levels for one role but may not be 

relevant to the other roles, such as S43 and S50. For example, establishing onsite/off-site 
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meetings to comprehend BIM data and energy efficiency features and planning, 

administration and organisational management are important for the FM to be able to use 

BIM for energy efficiency in the buildings. However, these skills are not recommended for the 

MO teams. In addition, S59 is recommended at level 3 for the FM but is not required for the 

MO because the FM needs to consider energy efficiency implementations marketing.  

Table 6-7 EQF levels for BIM skills for energy efficiency are recommended for the project 
management group (i.e., Facility manager and Maintenance operator). 

Label Skills EQF level 

 Management and operation 

Facility manager (FM), Maintenance operator (MO) 

FM MO 

S1 Understanding BIM workflow and standards  4 3 

S2 Recognising graphical engineering information (architecture, 
structure, etc.) 

4 3 

S3 Understanding energy efficiency principle & sustainable 
construction 

3 2 

S4 Implementing building regulations and development awareness  3 - 

S5 Understanding energy policies, market, and tariffs structures 5 3 

S6 Recognising low carbon materials through the supply chain and 
the project lifecycle 

3 1 

S7 Creativity and analytical thinking  3 1 

S8 Observing and separating the information needed 4 3 

S9 Defining opportunities for energy efficiency improvement  4 1 

S10 Knowing physical principles related to energy (thermal, electrical, 
thermodynamics, heat transfer, fluid mechanics, etc.) 

4 2 

S12 Communication (speaking and Presentation) 3 2 

S13 Technical writing  3 3 

S14 Developing collaborative ICT platform 4 3 

S15 Adapting to environmental conditions changes 4 4 

S16 Energy performance measuring, monitoring and optimisation 4 4 

S19 Reviewing BIM models and preforming automatic model checks 5 3 

S21 BIM and energy models management 5 2 

S22 Reviewing design and coordination  3 - 

S23 Energy auditing  4 4 
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S24 Extracting measures and data from plans  4 3 

S26 Energy harvesting and production (renewable energy sources 
implementations) 

4 3 

S27 Energy-saving technologies, NZEB and low-zero energy building 
designing  

4 4 

S28 Information and communication technology (ICT)  4 2 

S29 Using BIM tools and applications (Revit, etc) 3 1 

S30 Linking between different software  3 - 

S31 Using CAD programs 2 2 

S32 Applying energy simulation programs 4 1 

S33 3D software usage and coordination 1 - 

S35 Using BIM tools for energy efficiency 3 1 

S37 Virtual reality operation 2 2 

S39 Installing renewable energy systems (Solar panels, heat pump, 
etc) 

3 4 

S40 Optimal decision making 4 1 

S41 Integrating information and data management framework 4 1 

S42 Teamwork and collaboration 3 2 

S43 Establishing onsite/off-site meetings to comprehend BIM data 
and energy efficiency features 

4 - 

S45 Exchanging and extracting model information with designers 3 1 

S46 Facilitating information exchange to meet stakeholders' business 
needs in BIM execution 

3 - 

S47 Understanding life cycle assessment (LCA) and life cycle costing 
(LCC) applications 

4 2 

S48 Leadership 3 - 

S49 Strategy and policy management  3 1 

S50 Planning, administration and organisational management 4 - 

S51 Demonstrating concrete proposals for improvements 3 1 

S52 Risk management 4 1 

S53 Manging transmission and distribution processes 4 1 

S54 Applying knowledge to complete tasks and solve problems 3 1 

S55 Ensuring construction/renovation projects meet stringent energy 
efficiency requirements 

3 1 

S56 Energy costs operation 5 3 
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S57 Energy demand operation 5 3 

S58 QA specifically in relation to energy efficiency 5 3 

S59 EE implementations marketing 3 - 

6.2.4.5 Blue-Collar Skills Matrix 

The last part of the skills matrix is for the project blue-collar workers group, such as 

construction workers (CW). The blue-collar workers need to develop some skills because it is 

one of the main groups in the project. To increase the energy efficiency in building, more than 

15% of skills in Table 6-2 need to be adopted at various levels. Table 6-8 shows that basic levels 

are required for all skills because the CW need basic skills required to carry out simple tasks. 

For example, understanding energy efficiency principles and sustainable construction (S3), 

extracting measures and data from plans (S24), and implementing energy efficiency 

applications in construction and renovation projects (materials, system, etc.) (S38).  

A few skills need to be adopted at a higher level (level 2) to enhance the qualification of the 

CW to save energy in the building. For instance, level 2 is required for S12 for the CW to 

improve their communication skills, which will increase the efficiency of the work. In addition, 

the CW need to have level 2 of S39 due to the importance of this skill in both new and 

renovation projects. However, S8 is considered to be the highest skill needed for CW required 

with a medium EQF level (3) because they should have a good level of ability to observe and 

separate the information that they need. 

Table 6-8 EQF levels for BIM skills for energy efficiency recommended for the blue-collar 
workers' group (i.e., construction workers). 

Label Skills EQF 
level 

 Blue-collar 

Construction worker (CW) 

CW 

S3 Understanding energy efficiency principle & sustainable construction 1 

S8 Observing and separating the information needed 3 

S12 Communication (speaking and Presentation) 2 

S20 Math and estimation  1 

S24 Extracting measures and data from plans  1 

S38 Implementing energy efficiency applications in construction and 
renovation projects (materials, system, etc)  

1 
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S39 Installing renewable energy systems (Solar panels, heat pump, etc) 2 

S42 Teamwork and collaboration 2 

S43 Establishing onsite/off-site meetings to comprehend BIM data and 
energy efficiency features 

1 

The validation skills matrix for each of the stakeholder categories has been provided in Table 

6-4 to Table 6-8 which includes the different levels of qualification for each skill for all the roles 

in the construction sector during the lifecycle stages. The matrices will help to address the 

shortage of qualifications for all roles groups throughout the project phases. Good training 

and education programs to learn or enhance these skills will help the stakeholders to handle 

the use of BIM for energy efficiency during the whole lifecycle and supply chain of the project.  

Finally, the standardized qualification framework included the skills matrix and the skills RIBA 

map has been sent to the expert panel to validate all of the skills, roles, and EQF levels during 

the RIBA stages. First, to ensure that the scope of the matrix was applicable to EU countries 

and to a wider context. The experts gave positive feedback, including:  

1. The uniqueness of the proposed skills matrix is that it covers the five most common 

groups of roles to improve their skills to use BIM for energy efficiency, which was 

mentioned by the majority of experts. 

2. More than half of experts highly recommended adopting this skills matrix in their 

companies and organisations because it has given a more comprehensive emphasis to 

improve the construction industry to use BIM for energy efficiency.  

3. Having the EQF levels of each skill for each role will enable companies to identify the 

level of training that their staff require.  

Although several experts agree with applying the skills matrix, they also stated that: 

4. This skills matrix is applicable but it needs to be translated into education courses and 

training programs to test them and see the outcomes. 

5. The skills matrix is applicable widely but it should be continuously updated with 

upcoming skills in the construction sectors. 

6. The case study of Saudi Arabia proves that the skills matrix is scalable for different 

contexts; however, it needs to be adopted and tested on further case studies in 

different countries to give more comprehensive results.  
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To ensure the completeness and relevance of skills for the whole lifecycle of projects, many 

experts said that: 

7. The skills RIBA map has identified all of the skills that are required in all stages for each 

role group to use BIM for energy efficiency. This will increase the QA, specifically in 

relation to energy efficiency. 

8. Based on the skills matrix and skills RIBA map, construction companies are able to hire 

or train workers who are needed with specific qualification levels at any stage of the 

project to avoid wasting money and time. 

Some experts noted highlights to give proposed EQF levels for all skills and include all of the 

roles:   

9. The skills matrix has used the EQF levels to weigh the skills required for each role and 

this leads to the design of appropriate training programmes or university courses. 

10. The skills matrix has included blue-collar workers, who play a key mission to achieve 

the goals of using BIM for energy efficiency.  

Nevertheless, the skills matrix could face issues in addressing and challenging policy 

implementation, as some experts said: 

11. The skills matrix has 59 skills that need to be adopted for all of the roles in the project 

lifecycle with different levels of qualification to use BIM for energy efficiency, which 

requires more money and time to consider the skills. However, increasing the 

awareness about using BIM for energy efficiency has a significant impact on budget 

and the environment in the long term. 

12. The implementation of the skills matrix may face some challenges in different 

countries outside Europe due to the fact that this matrix data depends on the 

construction sectors in the EU countries, but at the same time using this skills matrix 

will help to address other countries requirements. 

13. Governments play a key role in adopting this kind of matrix by establishing the 

regulations and standards that encourage or enforce the construction industry to use 

BIM for energy efficiency. However, in the developing countries, the regulations are 

not good enough to increase the use of BIM for energy efficiency, but the 



Chapter Six                          Standardized Qualification Framework for Energy Efficiency 

189 

 

environmental challenges might lead them to adopt such regulations in building 

projects. 

These discussions illustrate the experts’ level of agreement of the skills matrix and the skills 

RIBA map applicability in the EU countries. Moreover, many experts accepted that the skills 

matrix is applicable to other developing countries. For instance, many of the experts highly 

recommended adopting this qualification framework in their own companies and 

organisations. However, others mentioned that the standardized qualification framework 

needs to be translated into education courses and training programs to test them and see the 

outcomes. In addition, many experts noted that the skills matrix, which has EQF levels of each 

skill for each role, will enable companies to identify the level of training that is required for 

their staff. Similarly, many experts proposed that the skills matrix has used the EQF levels to 

weigh the skills required for each role and that this can lead to the design of appropriate 

training programs or university courses. However, it is also important to note that the 

standardized qualification framework could face several challenges in implementation. For 

example, one expert said that the implementation of the qualification framework might face 

some challenges in countries outside the EU because this framework data depends on the 

construction sectors in the EU countries, but at the same time using this standardized 

qualification framework will help many to address other countries requirements. 

Nevertheless, the experts confirmed that the standardized qualification framework had been 

validated for enhanced construction stakeholders to use BIM for energy efficiency throughout 

the lifecycle stages.  

6.3 BIM Skills for Gaps and Requirements 

In In this section, based on the proposed standardised qualification framework and according 

to the methodology framework in Section 6.2, a consolidated list of skills has been adopted to 

address the gaps to enhance workforce skills for using BIM for energy efficiency, as concluded 

from Chapter 4. The proposed framework has been sent to the expert panel for validation. 

The experts made some specific inputs for BIM training for industrial roles (e.g., designers, 

blue-collar workers and contractors). The researcher has assigned the relative skills for the 

validation framework to fill the gaps to enhance the stakeholders’ qualifications to use BIM 

for energy efficiency in the construction sectors. Many skills have been distributed, as listed 

in Table 6-9.  
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Table 6-9 Skills required to fill the gaps for BIM for energy efficiency. 

No. Parameters  Roles 
Categories 

Gaps The Skills 
Requirements 

1 Skills required to 
handle BIM for 
energy 
efficiency 

Designer Formulate the model with 
energy efficiency 
simulation programs.  

S16, S17, S19, S21, 
S30, S32, S36 

   Maintain data of different 
varieties and solutions. 

S28, S37, S40, S43, 
S51, S54 

   Good communication 
between designers, 
clients, and suppliers. 

S12, S13, S22, S28, 
S37, S40, S42, S43, 
S51 

  Blue-collar 
worker 

Simulate use-case 
scenarios for the design. 

S3, S24, S38, S39 

   Communication with 
clients and contractors to 
ensure best practice. 

S12, S42, S43 

  Contractors Knowledge of how to use 
BIM and training ability to 
implement BIM for energy 
efficiency 

S1, S3, S11, S16, S21, 
S29, S30, S35, S38, 
S55 

   Collaborate with the 
designer to manage the 
information from the 
model. 

S8, S12, S13, S19, S28, 
S30, S40, S41, S42, 
S45, S48, S51, S53, 
S55 

2 General skills for 
all roles that are 
lacking for the 
use of BIM for 
energy 
efficiency 

 Understanding the link 
between different 
software tools 

S1, S8, S16, S21, S28, 
S29, S30, S31, S33, 
S35, S41, S42, S45, 
S46, S53, S58 

   Finding suitable solutions 
to promote BIM in energy 
efficiency 

S3, S4, S5, S7, S9, S11, 
S18, S40, S44, S46, 
S47, S49, S54, S55, 
S56, S57, S59 

   Understanding the 
impacts of using BIM for 
energy efficiency on 
projects 

S3, S4, S5, S6, S7, S9, 
S10, S26, S40, S47, 
S49, S51, S56, S57, 
S59 
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No. Parameters  Roles 
Categories 

Gaps The Skills 
Requirements 

3 Specific ways of 
enhancing the 
stakeholders' 
skills for the use 
of BIM for 
energy 
efficiency 

Blue-collar 
workers 

Training and field 
meetings to explain the 
specific plans. 

 

S3, S20, S24, S43 

  Designers/ 

Engineers 

Energy, BIM, data 
management training and 
education 

S1, S3, S10, S16, S18, 
S21, S25, S26, S27, 
S36, S43, S54 

   Understand the essence of 
simulation and how to 
apply the results in 
practice. 

S1, S2, S8, S15, S18, 
S22, S25, S30, S51, 
S55 

4 BIM training for 
energy 
efficiency by 
organisation 

Designers Teaching software 
programs, BIM for energy 
efficiency.  

 

S17, S18, S21, S25, 
S27, S28, S30, S31, 
S32, S33, S34, S36 

   Continuous learning: issue 
with standardisation, skills 
of BIM coordinators and 
BIM managers should be 
defined. 

S1, S3, S4, S7, S18, 
S19, S21, S29, S35, 
S43, S55 

  Contractors Education and training 
should be adapted based 
on specific requirements. 

 

S3, S6, S8, S10, S11, 
S16, S28, S29, S30, 
S35, S38, S39, S47, 
S52, S53, S56, S57, 
S58 

  Facility 
manageme
nt team 

This group needs the 
ability to extract and 
update information from 
BIM models. 

S1, S2, S8, S12, S14, 
S19, S21, S22, S24, 
S28, S29, S37, S40, 
S41, S45, S46, S53 

5 Common 
barriers to the 
use of BIM for 
energy 
efficiency 

- Lack of understanding of 
the use of BIM  

S1, S18, S19, S21, S25, 
S29, S31, S33, S34, 
S35 

   Limitations in the use of 
different software tools 

S17, S19, S20, S21, 
S27, S28, S29, S30, 
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No. Parameters  Roles 
Categories 

Gaps The Skills 
Requirements 

S31, S32, S33, S34, 
S35, S36, S37 

Overall, the need for awareness-raising across all stakeholders in the building lifecycle to 

establish the basis of initial training and more comprehensive education programmes around 

BIM for energy efficiency is required to fulfil the required skills in the previous table. This 

analysis has also revealed some key strategies to tackle performance gaps and to improve the 

effectiveness and efficiency of the provision and manipulation of data relating to the energy 

efficiency of buildings and their sustainability in general. In terms of the performance gap, the 

main challenges identified are poor understanding of policies and standards, general lack of 

awareness of BIM and energy efficiency, unable to build effective models, limitation of models 

(e.g., interoperability), and unable to use models (extract data from and enter data into).  

The standardized qualification framework has been adopted to address all of the 

requirements. For example, formulating the model with energy efficiency simulation 

programs has been identified as a requirement for the designer role, which has been fitted by 

skills such as establishing energy models (S17) and applying energy simulation programs (32). 

In addition, several skills have been adopted to fill the requirement of communication 

between designers, clients, and suppliers, such as communication (speaking and presentation) 

(S12), technical writing (S13), and teamwork and collaboration (S42).  

Several requirements and gaps have been identified as general requirements or for specific 

roles group. Based on the skills matrix, the EQF levels of each skill are defined for each role in 

Table 6-4 to Table 6-8. The companies and organisations are able to identify the skills needed 

and their qualification levels to enhance the ability of the company’s workers (from 

professionals to blue-collar workers) to use BIM for energy efficiency in the construction 

industries. Furthermore, to save money and time, the owners are able to hire and train 

workers at specific stages with the qualification levels that are required during the projects 

according to the skills RIBA map proposed in Table 6-3. 

6.4 Conclusion  

In this chapter, an in-depth analysis of BIM-related roles and skills for construction 

professionals was presented to inform current and future training strategies with a view to 
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delivering energy efficiency. Data science techniques were used to identify the level of skills 

that are required to handle BIM for energy efficiency for various stakeholders involved in the 

construction projects during their lifecycle. This will enable these skills to be adopted by 

training programs to address the increased demand for stakeholders requiring BIM skills.  

Chapter 5 classified 106 of the most common roles involved in construction projects 

distributed into five main categories: client/advisor, engineer/designer, facility management 

team, and blue-collar workers. This helps to clearly and simply identify the target groups and 

tasks of the project stakeholder to allocate the skills that are required to enhance BIM for 

energy efficiency. Based on several sources (e.g., interviews, case studies, scientific 

publications, standard reports, and social media), a list of 59 skills has been developed in this 

chapter (e.g., skills related to management and administration, software skills, engineering 

and design disciplines, and other general skills). These skills are then used to identify the 

qualifications required for stakeholders in construction projects to improve understanding of 

BIM for energy efficiency. 

According to skills and roles lists, a skills RIBA map was proposed to define the skills for each 

of the role categories to handle BIM for energy efficiency through nine stages of the project 

lifecycle based on the RIBA 2013 work of plan (i.e., strategic definition, preparation and brief, 

concept design, developed design, technical design, construction, handover and close-out, in-

use, and demolition stages). In addition, a skills matrix for the five main role categories was 

developed based on the skills RIBA map and EQF levels (from 1 - 8) that can be used as a 

standardized qualification framework for BIM training and education. The developed 

standardized qualification framework has been validated through the expert panel. The 

matrices will help to enhance the shortage of qualifications for all of the role groups through 

the project phases. Good training and education programs to learn or enhance these skills will 

help the stakeholders to handle the use of BIM for energy efficiency during the whole lifecycle 

and supply chain of their projects. 

From the proposed skills RIBA map and skills matrix, we can observe that some skills are 

needed in certain project stage for a roles group. These skills levels vary according to each role 

in the group, which means that this person may not be involved in that particular project 

stage. Otherwise, some skills may not be needed in earlier stages of the project. This offers an 

opportunity and gives time for training to prepare the role (person) to be eligible to handle 
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the project responsibilities in the advanced stages of the project (e.g., hiring, training and 

termination). 

Finally, the standardized qualification framework has been used to address the requirements 

and gaps in BIM for energy efficiency in the EU countries through assigning and a consolidating 

list of skills from the skills matrix to enhance the stakeholders’ qualifications to use BIM for 

energy efficiency in the construction sector. The analysis has revealed some key strategies to 

tackle the performance gaps, and to improve the effectiveness and efficiency of the provision 

and manipulation of data relating to the energy efficiency of buildings and their sustainability 

in general, which highlights the need for establishing the fundamental training and education 

programmes around BIM for energy efficiency. The qualification framework will be used in the 

next chapter to analyse the requirements in the case study, Saudi Arabia, and to develop a 

framework to address the gaps in the construction sector related to BIM for energy efficiency. 
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This chapter aims to broaden the BIM training agenda to support Saudi Arabia’s building 

energy efficiency agenda. This requires a broad awareness and expertise in BIM practice 

across different asset types and different roles in the industry. This chapter will endeavour to 

enhance the skills, qualifications and capabilities of construction practitioners (from highly-

specialised professionals to blue-collar workers). This will increase the market penetration and 

adoption of key technological development in BIM, given the timeliness of the need for 

training in combined green and functional performance engineering. The interviews focus on 

understanding and utilising BIM as a toolset to optimise energy in the construction industry 

across the lifecycle of a building. Consequently, the researcher focusses on demonstrating the 

benefits of BIM in maximising energy efficiency and sustainable outcomes. 

7.1 Introduction 

Just two non-renewable or clean primary energy sources (oil and natural gas) are used to meet 

energy needs in Saudi Arabia. It is therefore essential to develop and implement policies to 

minimise Saudi Arabia's primary energy use, including in Saudi Arabia’s buildings [237]. 

Furthermore, BIM is being introduced in Saudi Arabia but is still considered to be in its infancy. 

Few Saudi project owners have begun to recognise the advantages associated with BIM 

implementation, such as the potential to produce several design alternatives, the ability to 

perform multiple experiments on a BIM platform, and the ability to allow for early 

identification of design defects to avoid expensive rework. The combined environmental, 

energy and BIM development needs in Saudi Arabia point to its potential for a BIM for energy 

efficiency qualification framework application. 

According to the origin and filed of expertise, the researcher has implemented the developed 

framework on Saudi Arabia as a case study in order to broaden the BIM training agenda to 

support Saudi Arabia’s building energy efficiency agenda besides, provides opportunities for 

future research that benefits his country. 

This chapter will explore the gaps and requirements for the implementation of BIM for energy 

efficiency, together with associated BIM training, by analysing and identifying the relevant 

skills and competencies. Consultations and interviews were used to collect the requirements 

to understand existing BIM practices, and to identify the current limitations and shortcomings 

in BIM training in Saudi Arabia. This chapter makes the following contributions: 
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• It conducts a consultation process involving key BIM experts and training 

organisations within the Saudi Arabia construction sector around BIM for energy 

efficiency; 

• It elaborates a comprehensive set of requirements to inform future BIM training 

to upskill the next generation of construction professionals who will implement 

energy efficiency in the construction sector. 

7.2 Methodology 

In this section, the researcher presents quantitative and qualitative analyses to identify the 

gaps and skills required to improve BIM practices for energy efficiency. The methodology 

adopted in this study utilises computing data analysis techniques, including interviews and 

consultations to determine the requirements and specifications through utilising the 

proposed standardized qualification framework from Chapter 6 to deliver adapted BIM 

training and education requirements in the construction industry.  

 

7.3 Analysis Results 

The researcher conducted interviews with 16 BIM industry experts from Saudi Arabia to obtain 

a more global understanding of the maturity associated with the application of BIM to energy 

efficiency, and to determine any gaps and requirements in this field. Table 3-3 summarises 

the profiles of the participants in the study. The interview was designed using a questionnaire 

with three sections, which are: "experience of BIM for energy efficiency", "BIM for energy 

efficiency skills", and "using BIM for energy efficiency" in the construction projects, as listed 

in Appendix E. Table 7-1 shows the participants’ BIM expertise, which includes BIM 

applications, architecture service, project management and electrical services in the field. In 

addition, the interviewees had different levels of expertise in applied BIM for design and 

engineering project delivery, providing training on BIM software, and helping engineers in 

implementing BIM in projects. 

7.3.1 Experience in BIM and Energy 

The primary objective of the interviews was to target experts with experience in a wide range 

of BIM activities, so the aggregated feedback was expected to be comprehensive and inspired 



Chapter Seven               Skills Requirements in the Context of a Developing Country 

198 

 

by industrial expertise. Table 7-1 presents the experts' historical experience. Two-thirds of the 

experts have experience using BIM in a wide range of areas, and they also have extensive 

experience with BIM software. 

Table 7-1 The number of experts’ responses for several codes under the theme “Experience 
of BIM and Energy”. 
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7.3.2 BIM for Energy Efficiency Skills 

The researcher asked the experts to specify the skills required to improve BIM management, 

with an emphasis on energy efficiency. The skill sets that were identified by the experts as 

being necessary for handling BIM data for energy efficiency are associated with the roles of 

the designers, contractors, and blue-collar workers. Several skills for designers are highlighted 

by experts, which are presented in Table 7-2, as follows: (1) knowledge of how to use BIM and 

energy efficiency software and its updates, (2) knowledge of the principle of energy efficiency 

and sustainability, (3) BIM and energy certificates, (4) recognise BIM guidelines, and (5) good 

communication between designers, clients and suppliers. A high percentage of feedback is 

identified as an essential skill for managing BIM. For energy efficiency, essential skills include 

the ability to use BIM programs and other energy efficiency software, as well as a knowledge 

of the principles of energy efficiency and sustainability. 

The contractor skills in BIM for energy efficiency that were identified are: (1) knowledge of 

how to use BIM for energy efficiency, (2) skills to select the materials that led to energy 

efficiency, (3) skills to separate the information needed and (4) follow energy efficiency 

standards. These four skills have almost the same degree of importance, as recorded from the 
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interviews. Therefore, these skills should be considered for a further training course to 

improve BIM competencies in the field of energy efficiency.  

Some of the primary tasks in industrial construction activities are carried out by blue-collar 

workers and are presented in Table 7-2. The identified skills are: (1) knowledge of how to read 

the plans and separate the information needed, (2) knowledge of the principle of BIM and 

energy efficiency, and (3) accurate implementation of BIM plans and construction 

specifications. To enhance the stakeholders' skills for using BIM for energy efficiency in 

projects, the experts highlighted several methods to improve these skills according to: 1) blue-

collar workers and technicians, 2) designers/engineers, 3) contractors, and 4) facility 

management teams. For blue-collar workers, the experts mentioned that hosting training and 

field meetings to explain the specific plans is an efficient way of improving the BIM skillsets. 

The experts also reported the "know-how" of how to order proper models and find best 

practice modelling guidance as essential skills. One of the experts highlighted that blue-collar 

worker should not be held responsible for this sort of work, and they added that this is beyond 

their job description and knowledge. Similarly, specific methods to enhance the 

designers’/engineers' skillsets include BIM data management training and education, 

increasing the awareness of BIM for energy efficiency, and adopting a BIM energy workflow 

for early decision making (see Table 7-2).  

Table 7-2 The number of experts’ responses for several codes under the theme “BIM for 
energy efficiency Skills”. 
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Based on the experts' consultations in Table 7-2, there are several ways to enhance the 

contractors' skills. In particular, half of the experts listed education and training as 

requirements to understanding BIM and improve its use. Meanwhile, other experts have 

highlighted providing BIM for energy efficiency guidance for the project to support building 

performance, and the ability to maintain and update information from the BIM model. 

Furthermore, the facility management teams require different ways to develop their skills for 

the use of BIM for energy efficiency. Based on the experts' recommendations, BIM for energy 

efficiency training is considered by many to be a solution. Furthermore, other experts said 

that increasing the awareness of the benefits of using BIM for energy efficiency is an essential 

condition. 
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7.3.3 Using BIM for Energy Efficiency in Projects 

According to the experts, there are many benefits to using BIM for energy efficiency during 

the lifecycle of a project. Table 7-3 lists several advantages that can be realised during the 

design phase, as follows: understanding the energy consumption of the building from the early 

stages of the design and helping to save the energy; using BIM for energy efficiency may offer 

alternatives and solutions to reduce energy consumption and increase energy efficiency of 

buildings during the lifecycle of projects; O&M phases offer significant benefits; and it is easy 

to assess the energy efficiency in buildings.  

Based on the questionnaire, there are many benefits to using BIM for energy efficiency. 

However, there are several barriers to using BIM for energy efficiency in real industrial 

applications. Table 7-3 illustrates that a lack of understanding of the purpose and potential of 

BIM can be a significant obstacle (i.e., lack of experience). In addition, the training 

programmes need additional cost, which many projects may not be able to afford.  

Some barriers are listed many times, such as the high cost of these programmes, different and 

complex software, and a lack of sufficient awareness of BIM for energy efficiency. Other 

experts mentioned barriers such as lack of fundamental skills in BIM for energy efficiency and 

BIM is a new technology in Saudi Arabia. Consequently, many construction stakeholders do 

not know the benefits of using BIM for energy efficiency. Incentives on the adoption of BIM 

for energy efficiency are determined to be essential. These recommendations will feed into 

the implementation phase of the study and will be considered when developing training 

programmes for using BIM for energy efficiency. 

 

Table 7-3 The number of experts’ responses for several codes under the theme “Using BIM 
for energy efficiency”. 
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As shown in Table 7-3, some of the organisations have no training programmes for their staff 

and, as mentioned in the interviews, they are planning to train in the future. Other 

organisations said that the stakeholders must learn by themselves and pay from their own 

pocket. In addition, the government does not require these technologies, so many 

organisations do not train their staff. Although some organisations do not support the training, 

considering it to be unimportant, other institutions provide introductory courses to BIM and 

the software that is used.  
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7.4 BIM Training Requirements and Gaps 

In this chapter, the researcher has critically reviewed and determined the requirements for 

developing a BIM training scheme to address current industry collaboration problems in 

projects. This solution aims to facilitate and guide the collaboration processes of construction 

teams, while taking into account the requirements of construction practitioners. Furthermore, 

some requirements for developing a training scheme have been identified and are classified 

into two main categories: (a) socio-organisational and legal requirements, and (b) technical 

requirements. In addition to contributing to the growing body of BIM adoption and 

collaboration knowledge, this chapter underlines the importance of BIM training as the 

foundation for future research and development in this area. 

Table 7-4 presents a summary of the study findings and associated requirements (as recorded 

in the interviews). The experts have specific inputs for BIM training for industrial roles, such 

as designers, blue-collar workers, and contractors. A particular emphasis was placed on BIM 

software tools and the need to deliver specialised training programmes that can help the 

actors to understand and utilise these tools. At the organisational level, the experts have 

presented several strategies that can be adopted to improve the BIM skills and practices of 

the staff. 

Table 7-4 The requirements for developing a BIM training scheme to address current 
industry collaboration problems on projects. 

No. Parameters  Requirements for: 

1 Skills required to handle BIM and 
energy efficiency (see Table 7-2) 

Designer: 1- Knowledge of how to use BIM and 
energy efficiency software and its updates, 2- 
Knowledge about the principle of energy 
efficiency and sustainability 

Blue-collar worker:  1- Knowledge of reading 
the plans and separate the information 
needed, 2- Increase the awareness of the 
principle of BIM and energy efficiency 

Contractors:  1- Skills to select the materials 
that lead to energy efficiency., 2- Knowledge of 
principles of BIM and energy efficiency  

3 Specific ways of enhancing the 
stakeholders' skills for the use of 

Designers/Engineers:1- Energy, BIM and data 
management training and education. 2- 
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BIM for energy efficiency (see Table 
7-2) 

Increase the awareness of BIM for energy 
efficiency. 

Contractors: 1- Education, training and 
understanding of BIM for energy efficiency 
tools, 2- Ability to maintain and update 
information from the BIM model 

Blue-collar workers: 1- Training and field 
meetings are needed to explain the specific 
plans; 2- Best practice modelling guidance. 

Facility management team: 1- BIM for energy 
efficiency training, 2- Ability to extract and 
update information from BIM model  

4 BIM training for energy efficiency by 
the organisation (see Table 7-3) 

Introductory courses for the software 

Introduction to BIM 

5 Common barriers to the use of BIM 
for energy efficiency (see Table 7-3) 

Lack of understanding the purpose and 
potential of BIM (shortage of experience) 

Additional cost for training and adoption 

Different software tools 

Not enough awareness  

The government does not require BIM for 
energy efficiency in its projects, so there are no 
commitments from the contractors 

BIM is a new technology in Saudi Arabia, so 
many people do not know the benefits of using 
BIM for energy efficiency 

Lack of fundamental skills in BIM for energy 
efficiency  

6 Recommendations to enhance the 
use of BIM for energy efficiency (see 
Table 7-3) 

Good training and education of BIM for energy 
efficiency. 

Increase the stakeholders' awareness around 
BIM for energy efficiency. 

Companies should transfer to BIM technology 
and incentivise their workers to adopt BIM for 
energy efficiency. 

The government should update the standards 
and enforce the contractor companies to 
adopt them.  
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7.5 BIM Skills for Energy Efficiency in Saudi Arabia 

According to the origin and field of expertise, the researcher has implemented the developed 

framework on Saudi Arabia as a case study in order to broaden the BIM training agenda to 

support Saudi Arabia’s building energy efficiency agenda and also to provide opportunities for 

future research. 

To aggregate wide details about using BIM for energy efficiency in projects in developing 

countries rather than the EU context, more investigation has been done in the developing 

countries and especially in Saudi Arabis, which was the case study. In the previous section, 

many gaps and requirements had been identified to understand the lack of using BIM for 

energy efficiency in the industry, which directly related to the construction stakeholders in 

Saudi Arabia. A summary of the most common requirements and gaps is given in Table 7-5, 

which lists the general requirements and gaps for all roles group, many of which have been 

identified for specific groups. 

 Regarding the methodology framework in Chapter 6, the requirements and gaps of the case 

study have been addressed according to the standardized qualification framework that was 

developed in the previous chapter. The qualification framework was selected to fill the gaps 

for this case study and could apply for other case studies in different regions to enhance the 

construction workers skills (from professionals to blue-collars) to handle BIM and energy 

efficiency.  

Table 7-5 The skills required to fill the gaps for BIM for energy efficiency. 

No
. 

Parameters  Role 
Categories 

Requirements and Gaps Skill 
Requirements 

1 Skills required to 
handle BIM and 
energy efficiency 

Designer Knowledge of how to use BIM 
and energy efficiency software 
and its updates  

S1, S17, S18, 
S21, S25, S28, 
S30, S31, S32, 
S33, S34, S35, 
S36 

   Knowledge about the principle 
of energy efficiency and 
sustainability 

S3, SS6, S10, S15, 
S16, S17, S18, 
S27, S55 

  Blue-collar 
worker 

Knowledge of reading the plans 
and separate the information 
needed 

S8, S12, S20, 
S24, S38 
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   Increase the awareness of the 
principle of BIM and energy 
efficiency 

S3, S39, S43 

  Contractors Skills to select the materials that 
lead to energy efficiency 

S3, S6, S10, S11, 
S38, S39, S40, 
S45, S47, S58 

   Knowledge of principles of BIM 
and energy efficiency 

S1, S3, S10, S29, 
S38, S43, S53, 
S55, S58 

3 Specific ways of 
enhancing the 
stakeholders' 
skills for the use 
of BIM for energy 
efficiency 

Designers/ 
Engineers 

Energy, BIM and data 
management training and 
education 

S1, S3, S10, S16, 
S18, S21, S25, 
S26, S27, S36, 
S43, S54 

   Increase the awareness of BIM 
for energy efficiency 

S3, S4, S6, S7, S9, 
S10, S12, S13, 
S15, S25, S26, 
S27, S43, S55 

  Contractors Education, training and 
understanding of BIM for energy 
efficiency tools 

S3, S6, S8, S10, 
S11, S16, S28, 
S29, S30, S35, 
S38, S39, S47, 
S52, S53, S56, 
S57, S58 

   Ability to maintain and update 
information from the BIM 
model 

S1, S2, S8, S11, 
S12, S16, S19, 
S21, S24, S28, 
S38, S40, S41, 
S45, S53 

  Blue-collar 
workers 
 

Training and field meetings are 
needed to explain the specific 
plans 

S3, S12, S43 

   Best practice modelling 
guidance 

S38, S39 

  Facility 
manageme
nt teams 

BIM for energy efficiency 
training 
 

S1, S3, S6, S9, 
S10, S21, S23, 
S26, S27, S28, 
S29, S30, S31, 
S32, S33, S35, 
S40, S43, S46, 
S54, S55 
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4 BIM training for 
energy efficiency 
by organisation 

 Lack of introductory courses for 
the software 

S28, S29, S30, 
S31, S32, S33, 
S34, S36 

5 General barriers 
to the use of BIM 
for energy 
efficiency 

 Lack of understanding the 
purpose and potential of BIM 
(shortage of experience) 

S1, S19, S21, 
S25, S29, S41, 
S42, S44, S45, 
S46 

   A complex combination of 
different software tools 

S28, S30, S31, 
S32, S33, S34, 
S35, S36 

   The government does not 
require BIM for energy 
efficiency in its projects, so 
there are no commitments from 
the contractors  

S3, S4, S5, S6, S9, 
S11, S40, S41, 
S49, S50, S52, 
S56, S57, S59 

Regarding the identified requirements and gaps of using BIM for energy efficiency in the 

previous chapter and in this case study, it is clear that the most of requirements and gaps 

identified in EU countries are also seen in the case study. However, the construction sectors 

in Saudi Arabia have identified more gaps than in the EU. Based on the state-of-art in Chapter 

2, the construction industry in the developing countries is found to still be in the early stages 

of using BIM in their projects, which still have more requirements and gaps when compared 

to the developed countries. 

In Saudi Arabia’s construction sectors, there is a lack of awareness about using BIM for energy 

efficiency because the shortage of understanding the purpose and potential of BIM. 

Consequently, many construction companies do not offer enough training for their workers 

because they wish to avoid the training costs. In addition, the government does not require 

the use of BIM for energy efficiency in its projects, consequently there are no commitments 

from the contractors. However, the qualification framework has provided many skills that can 

help to increase the awareness of using BIM for energy efficiency, such as understanding 

energy efficiency principles and sustainable construction (S3), implementing building 

regulations and development awareness (S4), and energy efficiency implementations for 

marketing (S59), as shown in Table 7-5.  

The increase of the energy costs and the new building regulations in Saudi Arabia have 

encouraged the construction sectors to adopt BIM for energy efficiency in several projects, 

where the number of projects using BIM for energy efficiency is currently growing. However, 
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as the number of projects rises, many requirements and gaps need to be addressed by skills 

to handle BIM for energy efficiency. Consequently, many skills were selected from the 

qualification framework to fill these gaps, as presented in Table 7-5. For example, knowledge 

of how to use BIM and energy efficiency software, and its update requirements for the 

engineering and design team to use BIM for energy efficiency. Many skills are selected from 

the standardized qualification framework to address this requirement, such as understanding 

BIM workflow and standards (S1), understanding BIM technologies with respect to 

sustainability (S25), and using BIM tools for energy efficiency (S35). Moreover, blue-collar 

workers require knowledge of how to read the plans and separate the information needed. 

Many skills were identified to cover this requirement, such as observing and separating the 

information needed (S8), math and estimation (20), and extracting measures and data from 

plans (S24).  

Based on the skills matrix, the EQF levels of each skill are defined for each role in Chapter 6. 

The standardized qualification framework will help the construction companies to identify the 

needed skills and the qualification levels to enhance the companies’ stakeholder qualifications 

to use BIM for energy efficiency during the lifecycle and supply chain of their projects. 

7.6 Conclusion 

The researcher has addressed the requirements elicitation phase to determine any gaps and 

new strategies in delivering BIM training for energy efficiency. The researcher has used a 

participative and incremental approach that involves Saudi experts, with a view to reaching 

key stakeholder communities to help identify and then analyse past and ongoing projects 

related to energy efficiency involving aspects of BIM.  

The main objective was to identify the gap between the demand for skills and the learning for 

BIM application in energy efficiency. The researcher has used a consultation-driven 

methodology. The consultation process has helped both in defining skills related to BIM 

technology and associated application for energy efficiency in buildings, and in identifying the 

BIM training requirements across the value chain (from blue-collar workers to middle/senior 

level workers).  

In this chapter, the researcher has addressed three primary objectives: 
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1. Identify critical gaps in terms of BIM skills and related training offers based on an 

assessment of the current situation. 

2. Deliver a set of requirements as derived from an analysis of the consultations and 

interviews. 

3. Using the standardized qualification framework that was developed in Chapter 6 to 

address the gaps and requirements. 

Our approach started with a consultation process that identified, analysed, and assessed the 

construction sector stakeholders' requirements for BIM training to ensure engagement with 

energy management in construction. This research revealed a set of perceived barriers to 

engagement at the individual, organisational, and wider industry levels. Based on the research 

results, it was found that an online training repository that provides integrated access to BIM 

resources (i.e., knowledge, expertise, best practice, and software tools and applications) in 

the form of interactive, dynamic, and user-oriented services may help to address these 

barriers.  

From the analysis of the consultation results and the associated literature review, the initial 

specification of BIM training and education for the energy environment have been described, 

including the general service requirements, and skills to address and organisational policies. 

Compared to the requirements of EU countries for BIM for energy efficiency training, Saudi 

Arabia’s construction sectors need to adopt more training programmes to enhance their 

worker's skills to handle BIM for energy efficiency. The biggest limitation is the readiness of 

the industry to adhere to such changes. The researcher hopes that this chapter will provide 

future research opportunities by extending the investigation of various BIM applications in 

different case studies in developing countries (e.g., the MENA region) to identify a set of 

requirements for BIM training in a broader context to achieve energy-efficient buildings. In 

addition, the standardized qualification framework that was developed in the Chapter 6 was 

selected to fill the gaps and requirements to improve the construction worker’s (from 

professionals to blue-collar) skills for using BIM for energy efficiency in Saudi Arabia. 
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This chapter concludes this thesis by revisiting the research questions that were provided in 

Chapter 1 and summarising how they were addressed by this research. The explorations for 

each research question will be combined to address the main hypothesis at the centre of this 

research. Following this, a summary of the key contributions to the body of knowledge will be 

provided. The limitations of this work will then be identified. Finally, some recommendations 

for future research will be outlined. 

8.1 Main Research Finding 

The primary objective of this study was to develop a standardized qualification framework to 

enhance the use of BIM for energy efficiency in the construction sector. To this end, several 

research questions were developed, ensuring that a stepwise approach was employed to 

achieve this primary objective. The research questions will be addressed in the following 

subsections.  

8.1.1 Research Question 1 

What are the requirements, limitations and gaps in the BIM skills and training landscape in 

Europe? 

This research question was largely the target of Stage 1 of the research methodology, which 

aimed to identify the requirements and gaps in the BIM training and skills for energy efficiency 

landscape in Europe. Creating the expert community in the field was one of the major 

objectives because it allowed the researcher to address the requirement elicitation criteria 

phase to identify gaps and develop new strategies for delivering BIM for energy efficiency. The 

researcher used a participatory and incremental approach, and involved an expert panel with 

a view to reaching key stakeholder communities to help identify, and then screen and analyse 

past and ongoing projects related to energy efficiency involving aspects of BIM. 

The researcher has recorded 40 best practice use cases from the field of BIM for energy 

efficiency, and has conducted an in-depth analysis to determine the gaps in BIM for energy 

efficiency training and any possible areas of improvement. These use cases are published and 

maintained on the energy-bim.com platform and are accessible to potential users across 

Europe. The resulting evidence has been structured by stage and discipline, while highlighting 

stakeholder targets, ranging from blue-collar workers to decision-makers. 
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The researcher used a consultation-driven approach and use-case aggregation techniques, 

assisted by a semantic search engine, to promote the submission of BIM questions with the 

collection of relevant ontological principles to capture "real" BIM information and to look for 

best practices. The consultation process has helped to define BIM-related skills, as well as the 

corresponding demand for energy efficiency in buildings, to identify BIM training 

requirements across the value chain (from blue-collar workers to middle and senior-level 

workers). In this chapter, the researcher has addressed two major objectives: (a) identify the 

essential BIM skill gaps and associated training programmes based on the current situation 

evaluation, and (b) deliver a set of requirements as derived from the consultations, interviews 

and use cases analysis. 

In total, 19 gaps were identified related to five parameters, including: (a) skills required to 

handle BIM for energy efficiency; (b) general skills for all roles that are lacking for the use of 

BIM for energy efficiency; (c) specific ways of enhancing the stakeholders' skills for the use of 

BIM for energy efficiency; (d) BIM training for energy efficiency by organisations; and (e) 

common barriers to the use of BIM for energy efficiency. These gaps are required for different 

roles categories in construction projects included designers, blue-collars, contractors, and 

facility managers. For each role category, a set of requirements and gaps were identified, such 

as:  

(1) Designers: Formulate the model with energy efficiency simulation programs; maintain 

data of different varieties and solutions; good communication between designers, 

clients, and suppliers; energy, BIM, data management training and education. 

(2) Contractor: Knowledge of how to use BIM and training ability to implement BIM for 

energy efficiency; collaborate with the designer to manage the information from the 

model; and education and training should be adapted based on specific requirements. 

(3) Blue-collar: Simulate use-case scenarios for the design; communication with clients 

and contractors to ensure best practice and training; and field meetings to explain the 

specific plans. 

(4) Facility management team: This group mainly needs the ability to extract and update 

information from BIM models.  

Otherwise, some skills that are lacking for the use of BIM for energy efficiency were generally 

determined for all roles, such as finding suitable solutions to promote BIM in energy efficiency 
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and understanding the positive impacts of using BIM for energy efficiency on projects.  The 

proposed skills RIBA map and skills matrix in Chapter 6 provide a promising approach to 

enhance these issues according to the expert panel validation. 

8.1.2 Research Question 2 

Which BIM roles and skills are required to achieve energy efficiency via adapted training? 

To address this question, several sources have been utilised to explore the existing skills and 

roles for using BIM for energy efficiency in this research, including use cases, interviews, 

scientific publications, standard reports, and social media (Twitter). The findings show that 

BIM is dynamic in nature and requires new skills and training programmes to cover the gaps 

in BIM for energy efficiency. All of the use cases and interview outcomes from the previous 

question and scientific publication and standards reports about BIM for energy efficiency have 

been used as a source to conduct more of skills and roles. In addition, social media (Twitter) 

has been used to identify more roles and skills, which proved that it could bring new insights 

into the process of BIM skills and training. The data that have been aggregated from the above 

sources have been analysed to determine the skills and roles of BIM for energy efficiency using 

NVivo, and quantitative and qualitative analysis. 

This thesis has classified 106 roles that represent the most common roles involved in 

construction projects, which are distributed in five main categories, as follows:  

• Client/advisor category: Client, project manager, BIM manager, etc.  

• Engineer/designer: Architectural, structural, mechanical, electrical and plumbing, etc.  

• Contractor: Site manager, construction engineer, etc. 

• Facility management team: Facility manager, maintenance operator, etc. 

• Blue-collar workers: Construction worker, etc. 

A list of 59 different skills related to management and administration, software skills, 

engineering and design disciplines, and other general skills has been developed. These skills 

are used to identify the qualifications required for stakeholders in construction projects to 

improve their understanding of BIM for energy efficiency, such as: skills related to 

management and administration, optimal decision making, integrating information and data 

management framework, and risk management. Other skills are related to software, such as 

ICT, using BIM tools and applications (Revit, etc.), and applying for energy simulation 
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programs. Skills related to engineering and design disciplines include achieving BIM and 

energy efficiency certifications (LEED, BREEM, etc.), adapting to environmental conditions 

changes, and reviewing design and coordination. Other general skills include teamwork and 

collaboration, communication (speaking and presentation), and technical writing. 

8.1.3 Research Question 3  

Can changing training requirements as a consequence of the continuous digitalisation of work 

practices, business processes, and technology evolutions, be captured and managed through 

a dedicated framework that factors in a wide range of aspects, including roles and skills? 

Data science techniques were used to identify the level of skills that are required to handle 

BIM for energy efficiency for various stakeholders involved in the construction projects during 

their lifecycle to be adopted by training programmes and address the increased demand for 

stakeholders requiring BIM skills. From the classification roles and the list of skills that have 

been identified in the previous question, standardized qualification framework has developed. 

A RIBA skills map was proposed to define the skills for each of the different role categories to 

handle BIM for energy efficiency through nine stages of the project lifecycle based on the RIBA 

2013 work of plan, including strategic definition, preparation and brief, concept design, 

developed design, technical design, construction, handover and closeout, in-use, and 

demolition stages. In addition, a skills matrix for the five main role categories was developed 

based on the RIBA skills map and EQF levels (from 1 - 8), which would be used as a framework 

for BIM training and education. 

From the proposed RIBA skills map and skills matrix, it can be observed that some skills are 

required in certain project stages for a role group. The level of these skills varies according to 

each role in the group, which means that this person may not be involved in that particular 

project stage. Otherwise, some skills may not be needed in earlier project stages, which offer 

an opportunity and time for training to prepare the role (person) to be eligible to handle the 

project responsibilities at advanced project stages and support decision making, such as 

hiring, training and termination. For example, within the client and advisor group, 36 skills 

were identified to improve these roles’ skills to use BIM for energy efficiency throughout the 

whole lifecycle and supply chain of the projects. Most of these skills are required at lower EQF 

levels compared to the other roles because this group do not need high levels of qualification 
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to seek the energy efficiency requirements. However, most of these skills are needed with 

high EQF levels for project managers and BIM managers.  

Finally, a consolidating list of skills has been adopted to address BIM for energy efficiency 

requirements and to identify gaps through assigning the relative skills from the skills matrix to 

enhance the stakeholders’ qualifications to use BIM for energy efficiency in the construction 

sectors. For example, formulating the model with energy efficiency simulation programs has 

been identified as a requirement for the designer role, which has been fitted by several skills, 

such as by establishing energy models, and applying energy simulation programs. In addition, 

several skills have been adopted to fill the requirement of communication between designers, 

clients, and suppliers, such as communication (speaking and presentation), technical writing, 

and teamwork and collaboration. 

8.1.4 Research Question 4 

How scalable and adaptable is this standardized qualification framework to other regions and 

socio-organisation contexts, such as in the context of developing economies? 

A case study in a developing country was selected to identify the requirements and gaps in 

BIM skills and training for energy efficiency, which were then compared with the EU outcomes. 

Saudi Arabia as a case study has proven the ability to adapt the developed framework to 

address the case study’s requirements and fill the gaps of using BIM for energy efficiency. In 

addition, critical gaps were identified in terms of BIM skills and related training offers based 

on an assessment of the current situation. Then a set of requirements and gaps were 

delivered, as derived from an analysis of the consultations and interviews. 

In total, 17 gaps were identified, related to four parameters, as follows: (1) skills required to 

handle BIM and energy efficiency; (2) specific ways of enhancing the stakeholders' skills for 

the use of BIM for energy efficiency; (3) BIM training for energy efficiency by organisations; 

and (4) general barriers to the use of BIM for energy efficiency. These gaps are required for 

different roles categories in the projects included designers, blue-collars, contractors, and 

facility managers. 

Finally, a framework to address the gaps and requirements has been developed by using the 

proposed skills matrix and skills RIBA map, which shows the potentials to enhance parameters 

1 and 2 through the awareness of using BIM for energy efficiency and focusing on enhancing 
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understanding energy efficiency principle and sustainable construction, implementing 

building regulations and development awareness, and energy efficiency implementations 

marketing. 

Parameters 3 and 4 were addressed through the standardized qualification framework, which 

provided several skills, such as linking between different software, using CAD programs, and 

learning computer programming (Python, MATLAB, etc.). 

8.2 Revisiting the Hypothesis 

The discussion surrounding the four research questions has laid the basis for a final evaluation 

of the main research hypothesis, which is restated here as follows: 

Adapted training to promote the digital transformation of the construction industry, and in 

particular to enhance the adoption of Building Information Modelling, can have a positive 

impact on white and blue-collar work practices to deliver energy efficient interventions. 

To address the research hypothesis, the outcomes of the four research questions have been 

combined. First, through case studies and expert interviews, significant requirements, and 

gaps in the EU construction sector to handle BIM for energy efficiency have been identified, 

as demonstrated in Chapter 4. Second, several sources have been used to identify the skills 

and roles related to construction projects, which help to reduce and address those 

requirements and gaps through an appropriate training programme. Third, the RIBA plan and 

EQF levels have been utilised to develop a matrix that combines the skills and roles in a 

standardized qualification framework for BIM training, which would directly enhance the 

qualifications of the stakeholders in the construction projects to handle BIM for energy 

efficiency. Finally, a consultation process has been conducted with an expert panel from the 

EU and Saudi Arabia to validate the positive impacts of the proposed framework to solve the 

research gaps, conducted from Chapter 4, in the EU and a developing county outside the EU, 

as discussed in Chapters 6 and 7, respectively. The panel agreed on the significant 

contributions of the framework and capabilities to fill these gaps. The combination of the 

results demonstrated throughout this thesis clearly confirm the central research hypothesis. 
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8.3 Research Contributions 

This research has contributed to the body of knowledge by introducing several outcomes. The 

contributions from each work stage were provided in the relevant chapters. They will be 

briefly restated here to illustrate the main contributions of this thesis, as follows: 

Data collection 

• Applying new channels of data collection, such as social media, which provided a 

unique opportunity to re-engineer and improve the existing methodology, and showed 

the new technological capabilities to extend the current state of knowledge for BIM 

application in energy efficiency. 

• Using the platform as tool to collect the case studies gives an opportunity to 

dynamically update requirements, skills, roles, and gaps. A case study template has 

been developed in the platform to allow the expert community to participate in adding 

BIM for energy efficiency case studies directly.  

List of roles and skills 

• Unique equations have been developed within the research framework to identify the 

importance and the frequency of the skills and roles, while considering the frequency 

of occurrences in conjunction with all its counterparts. 

• The evaluation of the social media analysis showed that the resulting list of roles and 

skills is novel and can bring new insights into the process of BIM training and education. 

Standardized qualification framework for each role during the lifecycle of a project: 

• A skills map was developed to define the skills required for each of the role categories 

to handle BIM for energy efficiency through nine stages of the project lifecycle based 

on the RIBA 2013 work of the plan.  

• Develop a skills matrix for the five main role categories developed based on the RIBA 

skills map and EQF levels (from 1 to 8), which will be used as a standardized 

qualification framework for BIM training and education. 

Fill the gaps and requirements: 
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• A framework was developed to enhance the shortage of qualifications for all role 

groups through the project phases based on EQF levels and the RIBA plan for the EU 

context. 

8.4 Limitations and Future Work 

Despite the contributions made during this research, the following limitations have been 

observed:  

The limitations:  

• Given that this study was a part of the EU H2020 BIMEET project, the scope of the 

research was focused on building construction in the EU.  

• For the same reason, the expert panel was mostly drawn from the EU countries. 

• Although high numbers of invitations have been sent, the number of experts who 

participated in the study is still not wide.  

• The EQF covers personal responsibilities and skills, but this research was only focused 

on the skills because the personal qualifications are the main drivers to handle the 

required responsibilities. 

Recommendations for future work: 

This research provides further opportunities for future research, as follows: 

• A framework should be developed for training and education programmes that focus 

on improving the key skills for each stakeholder for BIM for energy efficiency during 

the lifecycle of a project.  

• Extend the investigations in further developing countries or regions to identify more 

requirements and to explore more skills.  

• The BIM skills were identified with the aim of enhancing the energy efficiency; 

therefore, the impact of the key skills on other project aspects, such as cost and time, 

might be explored. 

• New approaches should be explored to address further key skills and identify the 

construction sector gaps. 
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• This research was focused on building construction, so further implementations for 

the framework to identify the skills required in different sectors might be required 

(e.g., infrastructure). 

• Future research should expand the scope of this work to support the legislative 

changes that will stimulate the demand for energy skills across lifecycle and supply 

chains. 

Overall, this research provides a standardized qualification framework that includes: (1) a skills 

matrix related to BIM and energy efficiency, harmonised thanks to the European 

Qualifications Framework standard, to assess and support energy efficient handling of BIM 

projects; and (2) a skills map that will help to widely distribute the BIM skills required during 

the project lifecycle to achieve energy efficiency based on the Royal Institute of British 

Architects Plan of Work. The proposed framework provides a promising approach to promote 

the use of BIM in energy efficiency and understand the positive impacts of BIM in projects.
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1- Use Cases Manual Form 

Use Cases 
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Use Case 
type  

Funding 
source  

Project Title   

Web Link 
(URL)  

Targeted 
Discipline  

Targeted 
Building 
type  

Project type  

Lifecycle 
applicability  

Brief 
description 
of the case 
study 

 

Key 
Highlights  

 

 

 

 

 

 

 

Supporting 
best 
practice 
case study 

 

 

Scenario 
Definitions 

Holistic Solution  

Scenario 
Definition 

 

Control 
Variables  

Objectives  
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Effective 
Environmental 
Variables  

Control Rules  

Actors  

When 
Applicable   

 

Learning 
Outcomes: 

 

Supporting 
resources  

2- Use Cases Electronic Form 
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3- More of use cases has been illustrated in BIMEET platform (www.energy-

bim.com) in the below link: 

https://www.energy-

bim.com/view/bim?optRes=Y&doctitle=List%20of%20use-

cases&q=&token=425633c1bf034bd6a9f04d5889db7530

http://www.energy-bim.com/
http://www.energy-bim.com/
https://www.energy-bim.com/view/bim?optRes=Y&doctitle=List%20of%20use-cases&q=&token=425633c1bf034bd6a9f04d5889db7530
https://www.energy-bim.com/view/bim?optRes=Y&doctitle=List%20of%20use-cases&q=&token=425633c1bf034bd6a9f04d5889db7530
https://www.energy-bim.com/view/bim?optRes=Y&doctitle=List%20of%20use-cases&q=&token=425633c1bf034bd6a9f04d5889db7530
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“Interview on BIM as a toolset to optimize energy in the industry field” 

The Study 

BIM-based EU-wide Standardized Qualification Framework for achieving Energy Efficiency 

Training. 

Building Information Modelling (BIM) is paving the way to more effective multi-disciplinary 

collaborations with a total lifecycle and supply chain integration perspective. BIM is helping 

the sustainability agenda as the digitalisation of product and process information provides a 

unique opportunity to optimise energy efficiency related decisions across the entire lifecycle 

and supply chain. 

The research aims to broaden the BIM training agenda to support the European Union building 

energy efficiency agenda. This requires broad awareness and expertise in BIM practice across 

different asset types and across different roles in the industry. 

In that respect, the study will endeavour to enhance the skills, qualifications and capabilities 

of construction practitioners (from high professionals to blue collar workers), thus increasing 

market penetration and adoption of key technological development in BIM, given the 

timeliness of the need for training in combined green and functional performance 

engineering.  

More information can be found here: http://energy-bim.com/ 

Aim of the interview 

My interview focuses on understanding and utilizing BIM as a toolset to optimize energy in 

the industry field during the lifecycle of the activity. We focus on demonstrating the benefits 

of building information modelling in maximizing energy efficiency and sustainable outcomes. 

 

Thank you for your participation and we assure you that any personally identifiable 

information will remain confidential. 

 

 

 

http://energy-bim.com/
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* Obligator 

By checking the box below, I accept that the data collected in this survey will be treated by 

the researcher * 

Personally identifiable information will remain confidential. 

 

 

 

Demographic information  

 

* 2. What is your age? 

☐ Under 18          ☐ 18-24  ☐ 25-34  ☐ 35-44  ☐ 45-54  ☐ 55-64  ☐ 

65+ 

* 3. What is your gender? 

☐ Male  ☐ Female  ☐ Other 

* 4. Years of professional experience? 

☐ 0-2 years   ☐ 3-5 years  ☐ 6-10 years   ☐ 10+ years   ☐ 

Not applicable 

* 5. What is your field of expertise?  

(Please choose as many boxes as you think is appropriate) 

☐ Briefing     ☐ Architectural Design   ☐ Architectural 

Engineering 

☐ Structural / Civil Engineering  ☐ Mechanical Engineering   ☐ Electrical 

Engineering 

☐ Fire Engineering    ☐ Acoustics     ☐ Quantity 

Surveying 

☐ Project Management   ☐ Contractor / Subcontractor  ☐ Facility 

Management 

☐ Other (please specify: ………………………………………….. ) 

  

☐ I accept  

☐ I refuse (and close this questionnaire) 
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1- What is your field of expertise? 

 

 

 

2- Could you please give a brief of your historic experience of using BIM? 

 

 

 

 

 

3- What aspects of BIM are (were) used in the activity and how is the activity related to 

energy? 

 

 

 

 

 

 

4- What is (was) your role discipline in construction projects? 

 

 

 

 

5- Is there any use case that you have been used BIM for Energy Efficiency? 

 

 

 

 

 

 

 

☐ Yes, please fill this template in below  

☐ No. skip the template 
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Best Practice Use-Case Study Template  

Use Cases Title 
 

Use Case type 
(R&D, Real-world 
application, BIM 
guideline, Other)  

Funding source 
(Research Council 
name / Client 
name)  

Project Title  
 

Web Link (URL)  

Targeted Discipline 
(Architectural 
Design / Structural 
/ Mechanical 
Engineering, etc,)  

Targeted Building 
type (Public, 
Domestic, 
Industrial, Other)  

Project type 
(Existing, New 
Build, Renovation, 
Extension)  

Lifecycle 
applicability (RIBA 

Plan of Work)  

Brief description of 
the case study 

 

Key Highlights   
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Supporting best 
practice case study 

 

 

Scenario 
Definitions 

Holistic Solution  

Scenario 
Definition 

 

Control Variables 

 

Objectives 

 

Effective 
Environmental 
Variables 

 

Control Rules 
 

Actors 
 

When Applicable  

 
 

Learning 
Outcomes: Specific 
role of BIM in 
achieving energy 
efficiency 

 

Supporting 
resources 
(publication, 
deliverable, open  
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source software, 
API, etc.) 

6- Considering your experience within a given use case, could you please identify for each 

discipline involved (designers, contractors, ranging from site superintendent to blue 

collar workers) the skills they require to handle BIM data for the purpose of energy 

efficiency? 

 

 

 

 

7- Based on experience, what skills are lacking at the moment for using BIM for Energy 

Efficiency in the construction field? 

 

 

8- What are or could be the particular ways to enhance the stakeholders' skills for using 

the BIM for Energy Efficiency in the project? According to: 

 

 

 

9- What are the benefits of using BIM for Energy Efficiency during the lifecycle of the 

project?  

 

 

 

 

 

 

Authoring BIM models, Coordinating BIM modelling within organizations, Managing 

BIM and Information delivery at project level, Accessing BIM data from the field… 

 

 

 

Programming phase, Design, Construction, Operation, 

 

 

 

 

I. Blue collar workers: workers, technicians:  

II. Designers/Engineers 

III. Contractors 

IV. Facility management teams 
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10- What are the common barriers to use BIM for Energy Efficiency in the industry? 

 

 

 

 

11- What are your recommendations to enhance using the BIM for Energy Efficiency in 

the construction industry?   

 

 

 

12- Is your organisation support the training BIM for Energy Efficiency? 

 

 

 

 

 

Thank you very much for your participation. 

Soe examples of the interviews as follows: 

  

 

 

 

 

 

 

 

 

☐ If yes, please explain a brief description about the training followed or given by 

your employees/collaborators? 

☐ NO, why?  
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Interview (1): 

1- What is your field of expertise? 

 

 

 

2- Could you please give a brief of your historic experience of using BIM? 
 
 
 
 
 
 
 
 
 
 
 
 

3- What aspects of BIM are (were) used in the activity and how is the activity related to 

energy? 

 

 

 

4- What is (was) your role discipline in construction projects? 

 

 

 

 

 

 

 

 

 

Since 4 years, use of Revit until APD. Issues in coordination. 

Centre commercial cloche d’or, BIM until call for tenders, incl. coordination. Then 
Bauteam. 

Example on sudspital (hospital) (APD>Design Development) 

- structure et matériaux, isolation thermique, phonique, raumacoustics 
- partie structure en BIM 
- Conseil à l’architecte, sur isolation. Mais pas de BIM.  

 

 

 

Chateau d’eau Ban de Gasperich (Jim Clemes > Schroeder). Incl water technics. 

Structure 

Sometimes technics, 3D scan 

CHEM Sudspital: openBIM. Wiemer (arch) coordination, Felgen 

Schroeder own building: AU21 (arch), Goblet, Schroeder, BIM Consult. APD BIM, 

execution drawings derived from BIM. Goblet is doing simulations, but don’t know 

how? 

Advice sustainable development (materials etc.), bank of material & LCA 

BAUPHYSIK Physics of building 
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5- Is there any use case that you have been used BIM for Energy Efficiency? 

 

 

 

 

6- Considering your experience within a given use case, could you please identify for 

each discipline involved (designers, contractors, ranging from site superintendent to 

blue collar workers) the skills they require to handle BIM data for the purpose of 

energy efficiency? 

 

 

 

 

 

7- Based on experience, what skills are lacking at the moment for using BIM for Energy 

Efficiency in the construction field? 

 

 

8- What are or could be the particular ways to enhance the stakeholders' skills for using 

the BIM for Energy Efficiency in the project? According to: 

 

 

 

 

 

 

 

 

 

☐ Yes, please fill this template in below  

☒ No. skip the template 

 

Authoring BIM models, Coordinating BIM modelling within organizations, Managing BIM and Information delivery 

at project level, Accessing BIM data from the field… 

Thermal bridges. 3D Simulation tool because it’s building physics. 

Should be based on BIM structural model, insulation following limits/advice of 

technics (HVAC engineer) (energiepass) 

 

V. Blue collar workers: workers, technicians:  

 

VI. Designers/Engineers 

Need for improving internal organization in the BIM authoring and delivery. At their level of 

maturity, BIM skills are either basic authoring (ex-drawers) or strategic management. But 

there is not enough activity (number of BIM projects) to really develop the role of BIM 

coordinator on projects (and their associated skills). 

VII. Contractors 

 

VIII. Facility management teams 

 

N/A 
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9- What are the benefits of using BIM for Energy Efficiency during the lifecycle of the 

project?  

 

 

 

 

 

10- What are the common barriers to use BIM for Energy Efficiency in the industry? 

 

 

 

11- What are your recommendations to enhance using the BIM for Energy Efficiency in 

the construction industry?   

 

 

12- Is your organisation support the training BIM for Energy Efficiency? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Programming phase, Design, Construction, Operation, 

No direct relationship with structural studies. But it would be very usefule for developing 

their activities in relationship with sustainability advice (materials, circular eceonomy). This 

would require managing Banks of materials, analysis of material sustainability. 

 

 

 
Changement, pas de retour sur investissement pour le moment 

Construction drawings rapidly extracted 

 

 

N/A 

 

 

 ☒ If yes, please explain a brief description about the training followed or given by your 

employees/collaborators? 

A BIM manager has been recruited and trained: Mensch un Maschine (DE), TASE 

(B), online training 

Issue with standardization of workflow: It’s continuous learning 

Skills of BIM Coordinators vs BIM Manager not clearly defined 

Modelers: internal training. Technicians, not trained in technical drawing, should 

be trained BIM modeler 

Complicated to find training sessions, because they have very specific process, 

libraries of objects.  

(BIM Modeler Lux bien alignée 

BIM Coordinator formés sur des projets par le BIM Manager du bureau) 

☐ NO, why?  
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Interviewer(s) comments. 

Best practice(s) identified  

Use of BIM for thermal bridges detection and resolution. 

Description: Structural model, combined with arch. Model and energy performance 

requirements, can allow design teams to control the design, coordinate the 

structure and insulation objects, and calculate related thermal bridges. 

Related BIM uses: BIM Coordination, Energy simulation 

Related BIM models required: Structural BIM, Architectural BIM, Energy BIM (or 

energy requirements) 

 

 

Thank you very much for your participation. 
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Interview (2): 

1- What is your field of expertise? 

 

 

 

 

2- Could you please give a brief of your historic experience of using BIM? 
 
 
 
 
 

3- What aspects of BIM are (were) used in the activity and how is the activity related to 

energy and sustainable construction? 

 

 

 

 

 

4- What is (was) your role discipline in construction projects? 

 

 

 

5- Is there any use case that you have been used BIM for Energy Efficiency? 

 

 

 

 

 

 

 

We have knowledge of BIM Ideas.  

 

 

 • List of material 

• Use of the sun (optimisation of windows-proportion, orientations of buildings  

and photovoltaic) 

• Dimensioning of isolation 

• Less printed plans 

• Planning and consulting of energy efficient buildings 

• Trainings for architects, trade persons and blue collar workers about the 

themes listed above 

 

☐ Yes, please fill this template in below  

☒ No. skip the template 

 

Trainings of 

• energy efficiency and durability of constructions 

• Tools for calculations of points above (PHPP, energy performance,..) 
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6- Considering your experience within a given use case, could you please identify for 

each discipline involved (designers, contractors, ranging from site superintendent to 

blue collar workers) the skills they require to handle BIM data for the purpose of 

energy efficiency? 

 

 

 

 

 

 

 

7- Based on experience, what skills are lacking at the moment for using BIM for Energy 

Efficiency in the construction field? 

 

 

 

8- What are or could be the particular ways to enhance the stakeholders' skills for using 

the BIM for Energy Efficiency in the project? According to: 

 

 

 

 

 

 

 

  

 

Authoring BIM models, Coordinating BIM modelling within organizations, Managing BIM and Information delivery at 

project level, Accessing BIM data from the field… 

• Planning/Designer:  

o Capability to use CAD-programs 

o Knowledge about the principles of energy efficiency and sustainability 

• Contractor: 

o Skills to separate the information needed  

• Tradespersons /blue collar workers: 

o Knowledge of reading the plans and separate the information needed 

 

 

IX. Blue collar workers: workers, technicians:  

Trainings and field-meetings to explain the specific plans like for example airtightness or 
thermal bridges (details) 

X. Designers/Engineers 

Trainings to explain the programme and positive aspects of BIM 

Starting a project by inputting the first layers together in the construction-team 

XI. Contractors 

Contract a consultant of energy for the project and give him the authority in the team 

above (II) 

XII. Facility management teams 

As result of BIM for people working in the facility management, a guiding handbook 

would be useful. It should contain all aspects necessary of building construction and 

technics. 

 

Links between the different software-tools: 

For example: PHPP + BIM or LuxEeB + BIM 
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9- What are the benefits of using BIM for Energy Efficiency during the lifecycle of the 

project?  

 

 

 

 

 

10- What are the common barriers to use BIM for Energy Efficiency in the industry? 

 

 

 

11- What are your recommendations to enhance using the BIM for Energy Efficiency in 

the construction industry?   

 

 

12- Is your organisation support the training BIM for Energy Efficiency? 

 

 

 

 

 

 

 

 

Thank you very much for your participation. 

  

• Different software-tools in the involved offices 

• Security of internet 

• Potential and speed of internet connection 

 

• Implantation of the different software tools (named above) in the BIM 

• Implantation of the different verification of consumption in the BIM 

 

 

 

 

☐ If yes, please explain a brief description about the training followed or given by your 

employees/collaborators? 

☒ NO, why?  

Not yet, we are currently working on the integration of BIM-Trainings in our Training-

offer.  

 

 

Programming phase, Design, Construction, Operation, 

• Easy generation of a material list 

• Possibility of recycling 

• Simulation of orientation of the building, so: optimisation of isolation or 

positioning  of the windows 

• All participants work on the same version 
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Interview (3):  

1- Could you please give a brief of your historic experience of using BIM? 
 
The Real Estate Centre of Porvoo Town has constructed a new central kitchen where 
BIM was used both in design and building phase, but aim is also to maintain whole 
facility through its life-cycle with help of as-built BIM model. Also a gaming 
environment of the facility has been produced based on BIM, which has been used for 
showcasing the project. Aim that was set was that it will work as useful instrument, 
not toy.  
 

2- What aspects of BIM are used in the activity and how is the activity related to 

energy? 

 

The central kitchen as a facility has very energy intensive manufacturing processes, it 

is difficult to describe it as an actual energy efficiency project. The building forms a 

carefully optimized core/envelope for sufficient manufacturing process. So that the 

manufacturing process and controlled material flows has been the starting point of 

the design process. As also the maximal utilizing of heat from the production 

processes. 

 

3- What is your role discipline in construction projects? 

 

Orderer 

 

4- Is there any use case that you have been used BIM for Energy Efficiency? 

☒  Yes  

Name of the project: Porvoo Central Kitchen 

 

Contact person: BIM-coordinator Jarkko Räsänen (FCG), Project Manager Marjo 

Puolakka, Rakennuttajatoimisto Valvontakonsultit Oy 

 

5- Considering your experience within a given use case, could you please identify for 

each discipline involved (designers, contractors, ranging from site superintendent to 

blue collar workers) the skills they require to handle BIM data for the purpose of 

energy efficiency? 
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Target must be ambitious in all levels, meaning commitment for using of BIM is 

disciplinary obligated (starting from the constructor and the design). When 

contractors see that model is valid, it is also used at construction phase. (Examples of 

off-handed BIM models has been reached, and have been not of use). 

As-build-models unfortunately at the moment have rather poor connectivity to 

service manuals/property management programs. For the Central Kitchen the as-built 

model will be maintained separately (Town of Porvoo has Visma Fivaldi –Real Estate 

Maintenace program in use). 

 

6- Based on experience, what skills are lacking at the moment for using BIM for Energy 

Efficiency in the construction field? 

 

Targets are not set enough high and BIM is not taken part of the program at early enough 

 stage. Challenges also exists coupling property management programs to the as-built-

 models. 

 

7- What are or could be the particular ways to enhance the stakeholders' skills for using 

the BIM for Energy Efficiency in the project? 

 All is in the attitude! The added value gained from use of BIM should be made visible. 

 

8- What are the benefits of using BIM for Energy Efficiency during the lifecycle of the 

project?  

 

Up-to-date and maintained as-built-model, working as a base of all changes made 

during the life-cycle of the building. 

 

9- What are the common barriers to use BIM for Energy Efficiency in the industry? 

 

 Achieving BIM model that is good in quality and well maintained.  
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10- What are your recommendations to enhance using the BIM for Energy Efficiency in 

the construction industry?   

 

Committing for BIM from the start from the project – use of professional BIM-

coordinator. Attitude of constructor matters! 

 

11- Is your organisation support the training BIM for Energy Efficiency? 

 

☐ If yes, please explain a brief description about the training followed or given by your 

employees/collaborators 

 

☒ NO, why? 

The Central Kitchen project for Porvoo was both new and unique project but we will 

educate personnel in charge and continue co-operation with BIM-coordinators. Aim 

is that good experiences from the design and construction phases will extend 

through the life-cycle of the building. (Project was handed over on 30th December 

2017 and commissioning is now going on.)  

 

 

 

Thank you very much for your participation. 
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Interview (4): 

1- Could you please give a brief of your historic experience of using BIM? 
 
I have worked 7 years in development of modelling aiming to a) increase designers 
and constructors understanding of the benefits of BIM during construction and 
maintenance b) execute extensive initialization of BIM into building maintenance 
 
 

2- What aspects of BIM are used in the activity and how is the activity related to 

energy? 

 

Energy simulations are done during the design phase, but when buildings are in use 

then comparisons remain mainly. At the moment BIM is only used in design.  

 

3- What is your role discipline in construction projects? 

 

Real estate maintenance data management consultant 

 

4- Is there any use case that you have been used BIM for Energy Efficiency? 

☒  Yes  

 

5- Considering your experience within a given use case, could you please identify for 

each discipline involved (designers, contractors, ranging from site superintendent to 

blue collar workers) the skills they require to handle BIM data for the purpose of 

energy efficiency? 

 

Constructors should have more understanding of how BIM can be utilized. Process 

must be developed so that connection in between building project and maintenance 

does not get cut. Maintenance companies should have more understanding of 

simulations and know-how to adapt the results in actual buildings. 

 

6- Based on experience, what skills are lacking at the moment for using BIM for Energy 

Efficiency in the construction field? 

 

In the maintenance point of view BIM typically does not include enough information. 

If the model had enough data, would maintenance staff already be using the BIM in 
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their work. Using of model is learned if found useful. My opinion is that people should 

not be educated utilizing BIM as they are now, but primarily the skills of how such BIM 

is created that it is sound and practical for maintenance purposes.   

 

 

7- What are or could be the particular ways to enhance the stakeholders' skills for using 

the BIM for Energy Efficiency in the project? 

 

Educating designers to make such models that include the information what 

maintenance and users need. Educating constructors to understand the needs the 

maintenance have and to realize that a building project is not an end it self but 

buildings are made to be used. Educating maintenance staff to understand the 

essence of simulations and to apply the results in practice. 

 

8- What are the benefits of using BIM for Energy Efficiency during the lifecycle of the 

project?  

 

Not much use can be made of BIM as how they currently are (in maintenance?). Only 

reasonable way to use them is creating a 3D-view of the building, on which different 

kind of outlooks can be generated for the use of the maintenance of technical devices 

and indoor climate. Not until the model is completely in order, starts BIM profiting 

back euros that have been put in it.  

9-  

10- What are the common barriers to use BIM for Energy Efficiency in the industry? 

 

Lack of know-how of constructors and models lacking of needed content.  

 

11- What are your recommendations to enhance using the BIM for Energy Efficiency in 

the construction industry?   

 

Proper design of BIM, require also energy-simulations during operation. Don’t accept 

excuses but instead demand investigation why energy targets are not actualized. BIM 
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is used only when client/buyer starts demanding it. Building sector will not come up 

new things to do by itself, someone has to lead the progress and pay for it.   

 

12- Is your organisation support the training BIM for Energy Efficiency? 

 

☐ If yes, please explain a brief description about the training followed or given by your 

employees/collaborators 

☒ NO, why? 

Have not been available. Also it seems that energy efficiency has got cuffs on the ear 

from indoor air quality issues. Nowadays biggest weight seems to be on the health of 

users of the building and level of their productivity. Spending energy is ok when 

improving aforesaid things. Indoor climate is sexy, energy is not. 

 

Thank you very much for your participation. 

 

 

 

 

 



 

284 

 

 

 

 

 

  

 

 

Appendix C 

Repository of NVivo Word Tree from Different Sources 
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1- Use-cases and Interviews  
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2- Scientific Publication and Standard Reports 
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3- Scalable heuristic social media analysis 
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Repository of Questionnaire of the Framework 
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European skills of BIM and Energy Efficiency Trainings - Enquiry form 

Dear participant, 

We would like to thank you in advance for your contribution and time.  

We have developed a framework for BIM and energy efficiency skills recommended for different stakeholders involved in the construction sector 

(professionals to blue-collar workers) to enhance the energy efficiency in the construction sector through adapted training and addressing the 

lack of a Continuing Professional Development (CPD) strategy. For each stakeholder discipline, a group of skills has been identified by the expert 

panel, and the level of each skill was assigned according to The European Qualifications Framework (EQF). 

We would like to ask you to validate the proposed framework by reviewing the matrix of skills and their EQF levels for each stakeholder group 

listed in Tables 2.1 to 2.5. Please check box if you disagree with the mentioned skills. If you check a box, i.e. disagree with the proposed skill, 

please explain the reason on the comment’s column.  

Please send the completed document to alhamamia@cardiff.ac.uk  at your earliest convenience, ideally by the by 15th Jul 2021.  

Name: Mr Ali Alhamami   

Institution: Cardiff University 

Country: UK 

  

mailto:alhamamia@cardiff.ac.uk
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Consent Form  

This questionnaire is used solely for research purposes as part of the PhD study. All data are collected anonymously and will be handled in a 
confidential manner. 

Please read carefully: 

The procedure involves filling an online survey that will take approximately 15 minutes. Your responses will be confidential and we do not collect 
identifying information such as your name, email address or IP address. To help protect your confidentiality, the surveys will not contain 
information that will personally identify you. The results of this study will be used for scholarly purposes only. If you wish to participate in the 
research study, please also make sure that by clicking "yes, I consent" you agree to the below: 

I declare that: 

1. I have been informed about the PhD research project. I have been given the opportunity to ask questions and have had them answered. 
2. I understand that my participation is voluntary and that I am free to withdraw at any time without giving a reason immediately without 

consequences. 
3. I have been given the information about the expected duration of my participation and that no personal data will be gathered. 
4. I consent to the processing of my personal information for research done in the study. 
5. I agree that the study had been explained to me to my satisfaction and I consent voluntarily to be a participant in this study. 
6. I understand that the information I have submitted will be published, as a report, scientific publication or other dissemination and 

communication outputs. Confidentiality and anonymity will be maintained, and it will not be possible to identify me from any 
publications. 

7. I agree that my non-personal research data may be used by others for future research. I am assured that the confidentiality of my personal 
data will be upheld through the removal of identifiers. 

8. I understand that such information will be treated as strictly confidential and handled in accordance with the provisions of the EU General 
Data Protection Regulation. 
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* 1. By checking the box below, I consent to the use and processing of the data provided in this questionnaire by the researchers. If you do not 
wish to participate in the research study, please decline participation by clicking on the "no, I do not consent" button. 

☒  Yes, I consent  ☐  No, I do not consent 

Demographic information  

* 2. What is your age? 

☐ Under 18          ☐ 18-24  ☐ 25-34  ☒ 35-44  ☐ 45-54  ☐ 55-64  ☐ 65+ 

* 3. What is your gender? 

☒ Male  ☐ Female  ☐ Other 

 * 4. Years of professional experience? 

☐ 0-2 years   ☐ 3-5 years  ☐ 6-10 years   ☒ 10+ years   ☐ Not applicable 

* 5. What is your field of expertise?  

(Please choose as many boxes as you think is appropriate) 

☐ Briefing     ☒ Architectural Design   ☐ Architectural Engineering 

☐ Structural / Civil Engineering  ☐ Mechanical Engineering   ☐ Electrical Engineering 

☐ Fire Engineering    ☐ Acoustics     ☐ Quantity Surveying 

☐ Project Management   ☐ Contractor / Subcontractor  ☐ Facility Management 

☒ Other (please specify: ………………………………………….. )
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Overview: 

European Qualification Framework 

The European Qualifications Framework (EQF) is a European-wide qualifications framework promoted by the European Union. The EQF levels 

are rated from 1 to 8 and are defined in terms of knowledge, skills and competencies, and Responsibility and Autonomy, encompassing all levels 

of qualifications as illustrated in Table 1.  

Table 1: EQF levels definition 

 EQF Knowledge Skills Responsibility and autonomy 

Level 1 

 
Basic general knowledge Basic skills required to carry out simple tasks 

Work or study under direct supervision in a 
structured context 

Level 2 

 

Basic factual knowledge of a field of 
work or study 

Basic cognitive and practical skills required to 
use relevant information in order to carry out 
tasks and to solve routine problems using 
simple rules and tools 

Work or study under supervision with some 
autonomy 

Level 3 

 

Knowledge of facts, principles, 
processes and general concepts, in 
a field of work or study 

A range of cognitive and practical skills 
required to accomplish tasks and solve 
problems by selecting and applying basic 
methods, tools, materials and information 

Take responsibility for completion of tasks in 
work or study; adapt own behaviour to 
circumstances in solving problems 

Level 4 

 

Factual and theoretical knowledge 
in broad contexts within a field of 
work or study 

A range of cognitive and practical skills 
required to generate solutions to specific 
problems in a field of work or study 

Exercise self-management within the 
guidelines of work or study contexts that are 
usually predictable, but are subject to change; 
supervise the routine work of others, taking 
some responsibility for the evaluation and 
improvement of work or study activities 
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Level 5 

Comprehensive, specialised, factual 
and theoretical knowledge within a 
field of work or study and an 
awareness of the boundaries of 
that knowledge 

A comprehensive range of cognitive and 
practical skills required to develop creative 
solutions to abstract problems 

Exercise management and supervision in 
contexts of work or study activities where 
there is unpredictable change; review and 
develop performance of self and others 

Level 6 

 

Advanced knowledge of a field of 
work or study, involving a critical 
understanding of theories and 
principles 

Advanced skills, demonstrating mastery and 
innovation, required to solve complex and 
unpredictable problems in a specialised field 
of work or study 

Manage complex technical or professional 
activities or projects, taking responsibility for 
decision-making in unpredictable work or 
study contexts; take responsibility for 
managing professional development of 
individuals and groups 

Level 7 

 

Highly specialised knowledge, some 
of which is at the forefront of 
knowledge in a field of work or 
study, as the basis for original 
thinking and/or research 

Critical awareness of knowledge 
issues in a field and at the interface 
between different fields 

 

Specialised problem-solving skills required in 
research and/or innovation in order to 
develop new knowledge and procedures and 
to integrate knowledge from different fields 

Manage and transform work or study contexts 
that are complex, unpredictable and require 
new strategic approaches; take responsibility 
for contributing to professional knowledge 
and practice and/or for reviewing the strategic 
performance of teams 

Level 8 

 

Knowledge at the most advanced 
frontier of a field of work or study 
and at the interface between fields 

The most advanced and specialised skills and 
techniques, including synthesis and 
evaluation, required to solve critical problems 
in research and/or innovation and to extend 
and redefine existing knowledge or 
professional practice 

Demonstrate substantial authority, 
innovation, autonomy, scholarly and 
professional integrity and sustained 
commitment to the development of new ideas 
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or processes at the forefront of work or study 
contexts including research3 

Note: Please tick the check box if you disagree with the proposed skills in the following tables. If you check the box, please explain the reason in 

the comment’s column.  

Please note 

Levels (1-8) The number indicates the skill level recommended for the stakeholder group’s role based on EQF levels  

- Not relevant to the stakeholder group’s role 

* Table 2.1: EQF levels for BIM skills for Energy Efficiency recommended for the project client group, i.e. Clients, Project Managers and BIM 

Managers. 

Label Skills EQF level Experts 

 Client & Client advisors 

Client (C), Project manager (PM), BIM manager (BM) 

C PM BM Mark if 
disagree 

Comments if any 

EX. Understanding BIM workflow and standards  - 3 3 
☒ 

BIM manager should have high level (5) of 
this skill because ….. (if any) 

S1 Understanding BIM workflow and standards  - 3 5 ☐  
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S2 Recognising engineering graphical information 
(architecture, structure, etc.) 

1 3 4 
☐ 

 

S3 Understanding energy efficiency principle & 
sustainable construction 

1 4 4 
☐ 

 

S4 Implementing building regulations and development 
awareness  

1 5 2 
☐ 

 

S5 Understanding energy policies, market, and tariffs 
structures 

1 5 3 
☐ 

 

S7 Creativity and analytical thinking  2 4 4 ☐  

S9 Defining opportunities for energy efficiency 
improvement  

- 4 2 
☐ 

 

S11 Understanding construction supply chain standards - 4 1 ☐  

S12 Communication (speaking and Presentation) 2 4 2 ☐  

S13 Technical writing  3 4 3 ☐  

S18 Achieving BIM and energy efficiency certifications 
(LEED, BREEM, etc) 

- 4 - 
☐ 

 

S19 Reviewing BIM models and performing automatic 
model checks 

- 2 6 
☐ 

 

S21 BIM and energy models management - 3 5 ☐  

S22 Reviewing design and coordination  1 3 1 ☐  

S24 Extracting measures and data from plans  - 3 3 ☐  

S29 Using BIM tools and applications (Revit, etc) - 3 6 ☐  
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S31 Using CAD programs - 3 6 ☐  

S35 Using BIM tools for energy efficiency - 2 5 ☐  

S40 Optimal decision making 3 5 3 ☐  

S42 Teamwork and collaboration 2 6 2 ☐  

S43 Establishing on-site/off-site meetings to comprehend 
BIM data and energy efficiency features 

- 3 4 
☐ 

 

S44 Handling communications and interactions between 
project managers (client, designer and constructor) 

- 6 1 
☐ 

 

S45 Exchanging and extracting model information with 
designers 

- 4 3 
☐ 

 

S46 Facilitating information exchange to meet 
stakeholders’ business needs in BIM execution 

- 4 1 
☐ 

 

S47 Understanding life cycle assessment (LCA) and life 
cycle costing (LCC) applications 

1 3 2 
☐ 

 

S48 Leadership - 4 2 ☐  

S49 Strategy and policy management  1 4 1 ☐  

S51 Demonstrating concrete proposals for improvements - 4 4 ☐  

S52 Risk management 1 5 2 ☐  

S53 Manging transmission and distribution processes - 4 1 ☐  

S54 Applying knowledge to complete tasks and solve 
problems 

2 5 3 
☐ 

 



 

319 

 

S55 Ensuring construction/renovation projects meet 
stringent energy efficiency requirements 

1 6 3 
☐ 

 

S56 Energy costs operation 2 5 3 ☐  

S57 Energy demand operation 1 5 3 ☐  

S58 QA specifically in relation to energy efficiency - 4 2 ☐  

S59 Energy efficiency implementations marketing 1 4 2 ☐  
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*Table 2.2: EQF levels for BIM skills for Energy Efficiency recommended for the project engineering group, i.e. Architecture, Structure and 

(Mechanical, Electrical & Plumbing). 

Label Skills EQF level Experts 

 Design & Engineering 

Architectural (ARCH), Structural (SE), Mechanical, 
Electrical & Plumbing (MEP) 

ARCH SE MEP Mark if 
disagree 

Comments if any 

EX. Understanding BIM workflow and standards  4 5 5 
☒ 

Architect should have high level (6) of this 
skill because ….. (if any) 

S1 Understanding BIM workflow and standards  6 5 5 ☐  

S3 Understanding energy efficiency principle & 
sustainable construction 

6 6 5 
☐ 

 

S4 Implementing building regulations and development 
awareness  

2 2 2 
☐ 

 

S6 Recognising low carbon materials through the supply 
chain and the project lifecycle 

3 4 4 
☐ 

 

S7 Creativity and analytical thinking  6 5 4 ☐  

S8 Observing and separating the information needed 6 6 6 ☐  

S9 Defining opportunities for energy efficiency 
improvement  

6 4 6 
☐ 

 

S10 Knowing physical principles related to energy 
(thermal, electrical, thermodynamics, heat transfer, 
fluid mechanics, etc.) 

5 4 7 

☐ 
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S12 Communication (speaking and Presentation) 3 2 2 ☐  

S13 Technical writing  2 3 3 ☐  

S14 Developing collaborative ICT platform 1 1 2 ☐  

S15 Adapting to environmental conditions changes 4 2 4 ☐  

S16 Energy performance measuring, monitoring and 
optimisation 

3 2 5 
☐ 

 

S17 Establishing energy models 3 1 6 ☐  

S18 Achieving BIM and energy efficiency certifications 
(LEED, BREEM, etc) 

3 3 3 
☐ 

 

S19 Reviewing BIM models and preforming automatic 
model checks 

4 4 4 
☐ 

 

S21 BIM and energy models management 5 4 4 ☐  

S22 Reviewing design and coordination  6 4 4 ☐  

S25 Understanding BIM technologies with respect to 
sustainability 

4 4 4 
☐ 

 

S26 Energy harvesting and production (renewable energy 
sources implementations) 

3 2 6 
☐ 

 

S27 Energy saving technologies, NZEB and low-zero energy 
building designing  

4 3 4 
☐ 

 

S28 Information and communication technology (ICT)  2 2 4 ☐  

S29 Using BIM tools and applications (Revit, etc) 6 4 6 ☐  

S30 Linking between different software  5 2 4 ☐  
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S31 Using CAD programs 6 6 6 ☐  

S32 Applying energy simulation programs 4 2 6 ☐  

S33 3D software usage and coordination 5 3 4 ☐  

S34 4D software usage and coordination 2 3 3 ☐  

S35 Using BIM tools for energy efficiency 4 3 5 ☐  

S36 Computer programming (Python, MatLab, etc.) 2 2 4 ☐  

S37 Virtual reality operation 1 1 3 ☐  

S40 Optimal decision making 3 3 3 ☐  

S42 Teamwork and collaboration 4 4 4 ☐  

S43 Establishing on-site/off-site meetings to comprehend 
BIM data and energy efficiency features 

2 2 2 
☐ 

 

S51 Demonstrating concrete proposals for improvements 5 4 5 ☐  

S54 Applying knowledge to complete tasks and solve 
problems 

4 4 4 
☐ 

 

S55 Ensuring construction/renovation projects meet 
stringent energy efficiency requirements 

3 4 4 
☐ 
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* Table 2.3: EQF levels for BIM skills for Energy Efficiency recommended for the project construction group, i.e. Site manger and Construction 

engineer. 

Label Skills EQF level Experts 

 Contractor  

Site manager (SM), Construction engineer (CE) 

SM CE Mark if 
disagree 

Comments if any 

EX. Understanding BIM workflow and standards  2 1 

☒ 

Site manager should have higher level (4) of this 
skill because ….. (if any),  construction engineer 
should have higher level (3) of this skill because 
….. (if any) 

S1 Understanding BIM workflow and standards  4 3 ☐  

S2 Recognising engineering graphical information 
(architecture, structure, etc.) 

5 6 
☐ 

 

S3 Understanding energy efficiency principle & 
sustainable construction 

4 3 
☐ 

 

S6 Recognising low carbon materials through the supply 
chain and the project lifecycle 

4 3 
☐ 

 

S8 Observing and separating the information needed 4 5 ☐  

S10 Knowing physical principles related to energy 
(thermal, electrical, thermodynamics, heat transfer, 
fluid mechanics, etc.) 

3 4 

☐ 

 

S11 Understanding construction supply chain standards 4 3 ☐  

S12 Communication (speaking and Presentation) 4 2 ☐  
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S13 Technical writing  4 3 ☐  

S16 Energy performance measuring, monitoring and 
optimisation 

3 2 
☐ 

 

S19 Reviewing BIM models and preforming automatic 
model checks 

4 2 
☐ 

 

S21 BIM and energy models management 4 2 ☐  

S24 Extracting measures and data from plans  4 5 ☐  

S28 Information and communication technology (ICT)  2 - ☐  

S29 Using BIM tools and applications (Revit, etc) 4 3 ☐  

S30 Linking between different software  1 - ☐  

S31 Using CAD programs 4 2 ☐  

S33 3D software usage and coordination 2 - ☐  

S34 4D software usage and coordination 1 - ☐  

S35 Using BIM tools for energy efficiency 4 2 ☐  

S38 Implementing energy efficiency applications in 
construction and renovation projects (materials, 
system, etc)  

2 3 

☐ 

 

S39 Installing renewable energy systems (Solar panels, 
heat pump, etc) 

2 3 
☐ 

 

S40 Optimal decision making 5 2 ☐  

S41 Integrating information and data management 
framework 

4 1 
☐ 
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S42 Teamwork and collaboration 4 2 ☐  

S43 Establishing on-site/off-site meetings to comprehend 
BIM data and energy efficiency features 

4 3 
☐ 

 

S45 Exchanging and extracting model information with 
designers 

4 1 
☐ 

 

S47 Understanding life cycle assessment (LCA) and life 
cycle costing (LCC) applications 

2 - 
☐ 

 

S48 Leadership 3 3 ☐  

S51 Demonstrating concrete proposals for improvements 4 3 ☐  

S52 Risk management 5 2 ☐  

S53 Manging transmission and distribution processes 4 1 ☐  

S55 Ensuring construction/renovation projects meet 
stringent energy efficiency requirements 

4 3 
☐ 

 

S56 Energy costs operation 2 1 ☐  

S57 Energy demand operation 1 - ☐  

S58 QA specifically in relation to energy efficiency 2 1 ☐  
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*Table 2.4: EQF levels for BIM skills for Energy Efficiency recommended for the project management group, i.e. Facility manager and 

Maintenance operator. 

Label Skills EQF level Experts 

 Management & operation 

Facility manager (FM), Maintenance operator (MO) 

FM MO Mark if 
disagree 

Comments if any 

EX. Understanding BIM workflow and standards  2 1 

☒ 

Facility manager should have higher level (4) of 
this skill because ….. (if any),  Maintenance 
operator should have higher level (3) of this skill 
because ….. (if any) 

S1 Understanding BIM workflow and standards  4 3 ☐  

S2 Recognising engineering graphical information 
(architecture, structure, etc.) 

4 3 
☐ 

 

S3 Understanding energy efficiency principle & 
sustainable construction 

3 1 
☐ 

 

S4 Implementing building regulations and development 
awareness  

3 - 
☐ 

 

S5 Understanding energy policies, market, and tariffs 
structures 

4 1 
☐ 

 

S6 Recognising low carbon materials through the supply 
chain and the project lifecycle 

3 1 
☐ 

 

S7 Creativity and analytical thinking  3 1 ☐  

S8 Observing and separating the information needed 4 3 ☐  
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S9 Defining opportunities for energy efficiency 
improvement  

4 1 
☐ 

 

S10 Knowing physical principles related to energy 
(thermal, electrical, thermodynamics, heat transfer, 
fluid mechanics, etc.) 

4 2 

☐ 

 

S12 Communication (speaking and Presentation) 3 2 ☐  

S13 Technical writing  3 1 ☐  

S14 Developing collaborative ICT platform 4 3 ☐  

S15 Adapting to environmental conditions changes 4 4 ☐  

S16 Energy performance measuring, monitoring and 
optimisation 

4 4 
☐ 

 

S19 Reviewing BIM models and preforming automatic 
model checks 

5 3 
☐ 

 

S21 BIM and energy models management 5 2 ☐  

S22 Reviewing design and coordination  3 - ☐  

S23 Energy auditing  4 3 ☐  

S24 Extracting measures and data from plans  4 3 ☐  

S26 Energy harvesting and production (renewable energy 
sources implementations) 

4 1 
☐ 

 

S27 Energy saving technologies, NZEB and low-zero energy 
building designing  

3 1 
☐ 

 

S28 Information and communication technology (ICT)  4 2 ☐  
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S29 Using BIM tools and applications (Revit, etc) 3 1 ☐  

S30 Linking between different software  3 - ☐  

S31 Using CAD programs 2 2 ☐  

S32 Applying energy simulation programs 4 1 ☐  

S33 3D software usage and coordination 1 - ☐  

S35 Using BIM tools for energy efficiency 3 1 ☐  

S37 Virtual reality operation 2 - ☐  

S39 Installing renewable energy systems (Solar panels, 
heat pump, etc) 

3 4 
☐ 

 

S40 Optimal decision making 4 1 ☐  

S41 Integrating information and data management 
framework 

4 1 
☐ 

 

S42 Teamwork and collaboration 3 1 ☐  

S43 Establishing on-site/off-site meetings to comprehend 
BIM data and energy efficiency features 

4 - 
☐ 

 

S45 Exchanging and extracting model information with 
designers 

3 - 
☐ 

 

S46 Facilitating information exchange to meet 
stakeholders’ business needs in BIM execution 

3 - 
☐ 

 

S47 Understanding life cycle assessment (LCA) and life 
cycle costing (LCC) applications 

4 2 
☐ 

 

S48 Leadership 3 - ☐  
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S49 Strategy and policy management  3 - ☐  

S50 Planning, administration and organisational 
management 

4 - 
☐ 

 

S51 Demonstrating concrete proposals for improvements 3 1 ☐  

S52 Risk management 4 1 ☐  

S53 Manging transmission and distribution processes 4 1 ☐  

S54 Applying knowledge to complete tasks and solve 
problems 

3 1 
☐ 

 

S55 Ensuring construction/renovation projects meet 
stringent energy efficiency requirements 

3 1 
☐ 

 

S56 Energy costs operation 5 3 ☐  

S57 Energy demand operation 5 3 ☐  

S58 QA specifically in relation to energy efficiency 5 3 ☐  

S59 Energy efficiency implementations marketing 3 - ☐  

 

 

*Table 2.5: EQF levels for BIM skills for Energy Efficiency recommended for the project blue-collar group, i.e. Construction worker. 

Label Skills EQF level Experts 

 Blue-collar 

Construction worker (CW) 

CW Mark if 
disagree 

Comments if any 
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EX. Understanding energy efficiency principle & sustainable 
construction 

2 
☒ 

Workers should have lower level (1) of this skill 
because ….. (if any) 

S3 Understanding energy efficiency principle & sustainable 
construction 

1 
☐ 

 

S8 Observing and separating the information needed 1 ☐  

S12 Communication (speaking and Presentation) 1 ☐  

S20 Math and estimation  1 ☐  

S24 Extracting measures and data from plans  1 ☐  

S38 Implementing energy efficiency applications in 
construction and renovation projects (materials, system, 
etc)  

1 

☐ 

 

S39 Installing renewable energy systems (Solar panels, heat 
pump, etc) 

1 
☐ 

 

S42 Teamwork and collaboration 2 ☐  

S43 Establishing on-site/off-site meetings to comprehend 
BIM data and energy efficiency features 

1 
☐ 
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Repository of Interview Questions for Saudi Experts 

  



 

332 

 

“Interview on BIM as a toolset to optimize energy in the industry field” 

Overview:  

I would like to introduce myself as Ali H. Alhamami; PhD candidate in the subject building 

information modelling (BIM) for energy efficiency in the industry field, Cardiff school of 

Engineering, Cardiff University-United Kingdom. 

Building Information Modelling (BIM) is paving the way to more effective multi-disciplinary 

collaborations with a total lifecycle and supply chain integration perspective. BIM is helping 

the sustainability agenda as the digitalisation of product and process information provides a 

unique opportunity to optimise energy efficiency related decisions across the entire lifecycle 

and supply chain. 

My study aims to broaden the BIM training agenda to support Saudi Arabia building energy 

efficiency agenda. This requires broad awareness and expertise in BIM practice across 

different asset types and across different roles in the industry. 

In that respect, my study will endeavour to enhance the skills, qualifications and capabilities 

of construction practitioners (from high professionals to blue collar workers), thus increasing 

market penetration and adoption of key technological development in BIM, given the 

timeliness of the need for training in combined green and functional performance 

engineering.  

Aim of the interview 

My interview focuses on understanding and utilizing BIM as a toolset to optimize energy in 

the industry field during the lifecycle of the activity. I focus on demonstrating the benefits of 

building information modelling in maximizing energy efficiency and sustainable outcomes. 

Thank you for your participation and we assure you that any personally identifiable 

information will remain confidential. 

* Obligator 

By checking the box below, I accept that the data collected in this survey will be treated for 

my study* 

Personally identifiable information will remain confidential. 
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Demographic information  

* 2. What is your age? 

☐ Under 18          ☐ 18-24  ☐ 25-34  ☐ 35-44  ☐ 45-54  ☐ 55-64  ☐ 

65+ 

* 3. What is your gender? 

☐ Male  ☐ Female  ☐ Other 

* 4. Years of professional experience? 

☐ 0-2 years   ☐ 3-5 years  ☐ 6-10 years   ☐ 10+ years   ☐ 

Not applicable 

* 5. What is your field of expertise?  

(Please choose as many boxes as you think is appropriate) 

☐ Briefing     ☐ Architectural Design   ☐ Architectural 

Engineering 

☐ Structural / Civil Engineering  ☐ Mechanical Engineering   ☐ Electrical 

Engineering 

☐ Fire Engineering    ☐ Acoustics     ☐ Quantity 

Surveying 

☐ Project Management   ☐ Contractor / Subcontractor  ☐ Facility 

Management 

☐ Other (please specify: …………………………………………..) 

 

 

 

 

 

☐ I accept  

☐ I refuse (and close this questionnaire) 
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6- What is your field of expertise? 

 

 

 

 

7- Could you please give a brief of your historic experience of using BIM? 

 

 

 

 

 

8- What aspects of BIM are (were) used in the activity and how is the activity related to 

energy? 

 

 

 

 

9- What is (was) your role discipline in construction projects? 

 

 

 

10- Is there any use case that you have been used BIM for Energy Efficiency? 

 

  

 

 

 

 

 

 

☐ Yes, please fill this template in below  

☐ No. skip the template 
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Best Practice Use-Case Study Template  

Use Cases Title 
 

Use Case type 
(R&D, Real-world 
application, BIM 
guideline, Other)  

Funding source 
(Research Council 
name / Client 
name)  

Project Title  
 

Web Link (URL)  

Targeted Discipline 
(Architectural 
Design / Structural 
/ Mechanical 
Engineering, etc,)  

Targeted Building 
type (Public, 
Domestic, 
Industrial, Other)  

Project type 
(Existing, New 
Build, Renovation, 
Extension)  

Lifecycle 
applicability (RIBA 

Plan of Work)  

Brief description of 
the case study 

 

Key Highlights   
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Supporting best 
practice case study 

 

 

Scenario 
Definitions 

Holistic Solution  

Scenario 
Definition 

 

Control Variables 

 

Objectives 

 

Effective 
Environmental 
Variables 

 

Control Rules 
 

Actors 
 

When Applicable  

 
 

Learning 
Outcomes: Specific 
role of BIM in 
achieving energy 
efficiency 

 

Supporting 
resources  
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(publication, 
deliverable, open 
source software, 
API, etc.) 

11- Considering your experience within a given use case, could you please identify for each 

discipline involved (designers, contractors, ranging from site superintendent to blue 

collar workers) the skills they require to handle BIM data for the purpose of energy 

efficiency? 

 

 

 

12- Based on experience, what skills are lacking at the moment for using BIM for Energy 

Efficiency in the construction field? 

 

 

13- What are or could be the particular ways to enhance the stakeholders' skills for using 

the BIM for Energy Efficiency in the project? According to: 

 

 

 

 

 

14- What are the benefits of using BIM for Energy Efficiency during the lifecycle of the 

project?  

 

 

 

 

Authoring BIM models, Coordinating BIM modelling within organizations, Managing 

BIM and Information delivery at project level, Accessing BIM data from the field… 

 

 

Programming phase, Design, Construction, Operation, 

 

 

 

 

XIII. Blue collar workers: workers, technicians:  

XIV. Designers/Engineers 

XV. Contractors 

XVI. Facility management teams 
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15- What are the common barriers to use BIM for Energy Efficiency in the industry? 

 

 

 

 

16- What are your recommendations to enhance using the BIM for Energy Efficiency in 

the construction industry?   

 

 

 

17- Is your organisation support the training BIM for Energy Efficiency? 

 

 

 

 

 

 

 

 

Thank you very much for your participation. 

 

 

 

 

 

 

 

 

☐ If yes, please explain a brief description about the training followed or given by 

your employees/collaborators? 

 

 

☐ NO, why?  

 

 

 


