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Disclaimer
The information in this document is provided as is and no guarantee or warranty is given that the information
is fit for any particular purpose. The user thereof uses the information at its sole risk and liability.
The document reflects only the author’s views and the Community is not liable for any use that may be
made of the information contained therein.

Page |3
BIMzeED– 600946-EPP-1-2018-1-IE-EPPKA2-KA
O2.1 Literature review on BIM and nZEB needs in the construction industry

Education for zero energy Buildings
using Building Information Modelling

Authors:
Assist.prof. Bojan Milovanovic, prof. Ivana Banjad Pecur, Ivana Carevic, Sanjin Gumbarevic, Marina Bagaric,
prof. Ivana Burcar Dunovic (University of Zagreb, Faculty of Civil Engineering UZ-FCE)
Elisabeth O’Brien, Carola Bosio (Limerick Institute of Technology LIT)
Srecko Vrcek (North West Croatia Regional Energy Agency REGEA)
Márta Mercédesz Sasvári-Mihály; Viola Kelemen (EMI)
Jose Lucas, Licinio Alfaro, Maria Elena Pla, Josep Ramón Fontana, Laia Casafont, David Sabates (The
Catalonia Institute of Construction Technology IteC)
Adriana Caballero, Antoni Caballero (Fundació Privada Centre CIM-UPC)
Dr. Veronika Schröpfer (Architects’ Council of Europe ACE)

English proofread:
Elisabeth O’Brien (Limerick Institute of Technology LIT)

Page |4
BIMzeED– 600946-EPP-1-2018-1-IE-EPPKA2-KA
O2.1 Literature review on BIM and nZEB needs in the construction industry

Education for zero energy Buildings
using Building Information Modelling

Contents
1

Executive Summary ............................................................................................................................................................... 7

2

Introduction ........................................................................................................................................................................... 9

3

National NZEB definitions, BIM definition ......................................................................................................................... 10
3.1

NZEB definitions .......................................................................................................................................................... 10

3.1.1

Croatia .................................................................................................................................................................. 11

3.1.2

Hungary................................................................................................................................................................ 13

3.1.3

Ireland .................................................................................................................................................................. 16

3.1.4

Spain..................................................................................................................................................................... 22

3.2

BIM definitions ............................................................................................................................................................ 24

4
Review of current construction market in each country and EU with respect to NZEB and BIM both nationally and at
EU level ......................................................................................................................................................................................... 27
4.1

4.1.1

Croatia .................................................................................................................................................................. 29

4.1.2

Hungary................................................................................................................................................................ 34

4.1.3

Ireland .................................................................................................................................................................. 37

4.1.4

Spain..................................................................................................................................................................... 47

4.1.5

EU Level................................................................................................................................................................ 51

4.2

5

Current construction market with respect to NZEB.................................................................................................. 27

Current construction market and the use of BIM ..................................................................................................... 61

4.2.1

Croatia .................................................................................................................................................................. 61

4.2.2

Hungary................................................................................................................................................................ 66

4.2.3

Ireland .................................................................................................................................................................. 68

4.2.4

Spain..................................................................................................................................................................... 72

4.2.5

EU Level................................................................................................................................................................ 78

Established outcomes of skill shortages, gaps and mismatch in the construction sector ............................................. 84
5.1

NZEB ............................................................................................................................................................................. 84

5.2

BIM ............................................................................................................................................................................... 89

6

Established need for BIM and NZEB for economic growth, stability and sustainability in the market ......................... 95

7

Review of EU funded projects............................................................................................................................................. 98
7.1

National Build Up Skills initiatives and exchanges .................................................................................................... 98

7.1.1

Croatia .................................................................................................................................................................. 99

7.1.2

Hungary.............................................................................................................................................................. 101
Page |5

BIMzeED– 600946-EPP-1-2018-1-IE-EPPKA2-KA
O2.1 Literature review on BIM and nZEB needs in the construction industry

Education for zero energy Buildings
using Building Information Modelling

7.1.3

Ireland ................................................................................................................................................................ 103

7.1.4

Spain................................................................................................................................................................... 106

7.2

Skills Blueprint for the Construction Industry Erasmus+ Sector Skills Alliance Construction Blueprint ............. 110

7.3

Vet4LEC - Inclusive Vocational Education and Training for Low Energy Construction 2017-2019...................... 111

7.4

Train-to-NZEB: The Building Knowledge Hubs of Europe (2015-2018) ................................................................. 112

7.5

Fit-to-nZEB - Innovative training schemes for retrofitting to nZEB-levels............................................................. 114

7.6

MEnS - Meeting of Energy professional Skills ......................................................................................................... 115

7.7

PROF/TRAC: Open Training Platform for NZEB professionals ................................................................................ 117

7.8
TripleA-reno - Attractive, Acceptable and Affordable deep Renovation by a consumers orientated and
performance evidence based approach............................................................................................................................... 119
7.9

SkillCo – Skills Sector Alliances for Transfer of Knowledge and Skills of VET Workforce in Construction .......... 119

7.10

Women can Build ...................................................................................................................................................... 120

7.11

BIM4VET - Standardized Vocational Education and Training for BIM in EU ......................................................... 120

7.12

BIMEET - BIM-based EU-wide Standardized Qualification Framework for achieving Energy Efficiency Training
122

7.13 BIMplement - Towards a learning building sector by setting up a large-scale and flexible qualification
methodology integrating technical, cross-craft and BIM related skills and competences............................................... 122
7.14

Net-UBIEP - Network for Using BIM to Increase the Energy Performance ........................................................... 124

7.15 BIMcert - Developing a comprehensive BIM training and qualification scheme for all levels of the construction
supply chain ............................................................................................................................................................................ 125
7.16

iCARO – Innovative qualifications for technological and organizational innovation in the building sector ....... 126

8

Conclusions ........................................................................................................................................................................ 126

9

REFERENCES ....................................................................................................................................................................... 129

Page |6
BIMzeED– 600946-EPP-1-2018-1-IE-EPPKA2-KA
O2.1 Literature review on BIM and nZEB needs in the construction industry

Education for zero energy Buildings
using Building Information Modelling

1 Executive Summary
This report looks at NZEB and BIM implementation in the BIMzeED partner countries and EU, analyses the
drivers, opportunities, and challenges around its implementation, and draws conclusions for project partners on
the current state of thinking related to Building information modelling (BIM) and Nearly Zero Energy Buildings
(NZEB). The report aims to identify the current and predicted skill needs, gaps, barriers and training in the field
of BIM and NZEB within the construction sector in all partner countries. It also includes a review of existing
education and training provision in the field of BIM and NZEB, the identification of educators’ current skills and
preferable learning methodologies, leading to the creation of a Gap Analysis (Roadmap) Plan for BIMzeED.
Chapter 3.1 is providing the NZEB definitions as set out in the EPBD II [1] and also gives national NZEB
definitions and requirements for all the partners’ countries (Croatia, Hungary, Ireland and Spain). National nZEB
definitions have remarkably high variation in nZEB primary energy. This high variation applied even within the
same building type in countries with similar climate is partly due to different energy uses included and partly due
to different level of ambition in the definitions.
Additionally, Chapter 3.2 gives the BIM definitions from different points of view what BIM actually really
represents.
Chapter 4.1 gives a short overview of the construction market with respect to NZEB. It was shown that buildings
have a central role to play in the energy transition of the EU since our buildings are responsible for about 40%
of primary energy consumption in the EU and about 36% of energy-related CO2 emissions while at the same
time around 75% of the building stock is energy inefficient. As all the EU member states prepare for the obligatory
NZEB from 2021 it is evident for the partner countries as well as the EU level that there are acute skills challenges
as well as a significant lack of knowledge and competences on NZEB. In some countries (i.e. Ireland) new
occupations are emerging within the NZEB areas. The increase of the number of qualified construction
specialists at all levels is directly related to the accessibility and quality of the training and educational
programmes
Chapter 4.2 describes the current construction market and the use of BIM in all the partners’ countries (Croatia,
Hungary, Ireland and Spain) as well as at the EU level. BIM is taking a centre stage in the digital transformation
of the construction industry as it serves as the crucial software platform for integrated design, modelling,
planning, and collaboration, thereby “providing all stakeholders with a digital representation of a building's
characteristics in its whole lifecycle”. BIM adoption has been slow, despite its many advantages. Design and
engineering firms have been among the earliest adopters, followed by construction firms. BIM has great potential
to transform operations and maintenance (O&M), but adoption by asset operators lags behind other players,
largely because the technology is inaccurately perceived as a purely 3D design application. Government policies
and initiatives aiming to foster BIM implementation should be comprehensive, including public procurement,
education and development, and standardisation. By doing so, governments are combining a top down and
bottom-up approach.
Chapter 5 summarises established outcomes of skill shortages, gaps and mismatch in the construction sector
for NZEB and BIM, respectively. It is shown that even though there is interest, funds and even requirement for
NZEB and deep energy renovation (DER), a challenge for the EU is the skills shortage in the construction sector
in general and specifically within the energy performance improvements sub-sector, which can be a supply-side
bottleneck. The problem is the scarcity of specific NZEB and DER training and LLL courses which then results
with the lack of competent workforce as well as architects and engineers and consequently with low quality
buildings. The emphasis of the training should be on practical training.
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Additionally, chapter 5 reveals that there is still a large knowledge gap around BIM processes and data and its
importance to the future of the construction industry. BIM education is not only a technical issue: it is not only
about training workers to use BIM software, but also changing the working methods and process in a company.
Additionally, there is a mismatch between the needs and requirements of customers, investors and the
professionals who are able to deliver services. The big issue here is the lack of education on BIM which leads to
a lack of understanding. Studies identify BIM interoperability as a critical issue for advanced BIM users. This lack
of interoperability between BIM and BEM causes difficulties in the development and delivery of projects that are
seeking to achieve NZEB standard.
Chapter 6 describes the established need for BIM and NZEB for economic growth, stability and sustainability in
the market. It is recognised that BIM integrated with energy performance requirements (NZEB) will facilitate the
improvement of energy performance in a more effective and efficient manner. BIM has a number of sociotechnological advantages not only at the technological level, but also the process level, and can complement the
way that architectural design artefacts are created but can also profoundly change the collaborative process
associated with the act of building and the facility management. A European survey conducted by BIMCert’s
industry engagement partner has shown that two thirds of construction companies are planning to implement
BIM within the next 3 years, highlighting the increasing need for companies to adopt and invest in BIM technology
and processes. On the other hand, to be able to design and construct NZEB, an interdisciplinary and integrated
design approach is crucial to deliver quality NZEB, to be able to monitor consumption, and manage NZEB
facilities. Thus it is evident that in future there already exists an established need to connect NZEB and BIM
efforts.
Finally, Chapter 7 is a review of EU funded projects which deal with training of workforce (white and blue collar
workers) in the field of NZEB and DER as well as the review of project dealing with the development of BIM
training related to energy efficiency and NZEB.
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2 Introduction
A rigorous study was carried out by all partners, with respect to providing a critical overview and analysis of the
current thinking in the construction sector pertaining to Building information modelling (BIM) and Nearly Zero
Energy Buildings (NZEB), taking into account all categories of occupations related to NACE 2 F in particular
categories 41 and 43 (Figure 1).

Figure 1 Detailed Structure of NACE Rev 2 Statistical classification of economic activities in the European
Community [2]
This analysis is focusing on the skills shortages, gaps, mismatches and barriers in the construction sector, in
particular within SMEs and establish outcomes of skill needs and future challenges. All partners have contributed
to this study and have held a national NSG workshop in M6 and have included strategic members of the
construction industry by inviting them on national steering groups. University of Zagreb, Faculty of Civil
Engineering (UZ-FCE) have collated all the data into this literature review report.
All the information gathered and collated in this analysis will be used as input for the Gap Analysis (Roadmap)
Report.
This report provides an overview of the current thinking and advances in the construction sector with the need
to comply with current NZEB regulations and future BIM policies, instil growth in the construction market and
discusses the challenges and issues involved in each partner country and in EU.
The main topics covered in this report are:
1. Review of current construction market in each country and EU with respect to NZEB and BIM both
nationally and at EU level
2. Determination of the use of NZEB & BIM in the current construction work market nationally and EU;
3. Established outcomes of skill shortages, gaps and mismatch in the Construction Sector.
4. Established need for BIM and NZEB for economic growth, stability and sustainability in the market
In particular, a number of EU funded projects were reviewed such as; National Build Up Skills initiatives and
exchanges, Skills Blueprint for the Construction Industry Erasmus+ Sector Skills Alliance Construction Blueprint
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Vet4LEC, Train-to-NZEB, Fit-to-NZEB, MEnS, PROF/TRAC, TripleA-reno, SkillCo, Women can Build, BIM4VET,
BIMEET, BIMplement, Net-UBIEP, BIMcert, iCARO.
Additionally, BIMzeED project will work alongside the approved Erasmus+ Sector Skills Alliance Construction
Blueprint projects where the findings and recommendations were also considered within the literature review.
Moreover, synergies with the iCARO project were discovered, which is funded under the same call, and working
on a similar task, in order not to reinvent the wheel.

3 National NZEB definitions, BIM definition
3.1 NZEB definitions
The EU Energy Performance of Buildings Directive (EPBD) was introduced in Europe in 2002 and promotes
improved energy performance in new and existing buildings and was significantly updated in 2010, known as
the EPBD Recast (2010). In 2018, further amendments to the EPBD, aims at accelerating the cost-effective
renovation of existing buildings, with the vision of a decarbonised building stock by 2050 and the mobilisation of
investments. It also supports e-mobility infrastructure deployment in buildings' car parks and introduces new
ways to enhance smart technologies and technical building systems, including automation and consideration of
health and well-being of the occupants with respect to air quality and ventilation.
The second main legislative instrument promoting the improvement of the energy efficiency within the EU is
represented by the Energy Efficiency Directive (EED) 2012, under which all EU countries are required to use
energy more efficiently at all stages of the energy chain, from production to final consumption.
European Energy Performance of Buildings Directive (EPBD, 2010/31/EC) (EPBD II) [1] sets out the definition
for a building with nearly zero energy consumption (NZEB) at the European level. NZEB is defined by the EPBD
II as “a building that has a very high energy performance” where “the nearly zero or very low amount of energy
required should be covered to a very significant extent by energy from renewable sources, including energy from
renewable sources produced on-site or nearby [1].
On the basis of this definition, the EU Member States have accepted a level of flexibility for each member state
to define NZEB at National level, taking into account the given country’s economic and climatic conditions. This
chapter contains the definition of NZEB in each target country to give an overview of requirements to energy
performance of buildings and differences between them. This should provide a basis to compare educational
programmes in the field of NZEB.
Article 9(1) of the EPBD II [1] requires Member States to "ensure that:
a) by 31 December 2020, all new buildings are nearly zero-energy buildings; and
b) after 31 December 2018, new buildings occupied and owned by public authorities are nearly zero-energy
buildings."
Kurnitski et al. [3] reviewed national NZEB definitions in the EU and found remarkable high variation in NZEB
primary energy values being between 20 and 200 kWh/m2y in ten countries. The high variation applied even
within the same building type in countries with similar climate. It is partly due to different energy uses included
and partly due to different level of ambition in the definitions.
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3.1.1 Croatia
In Croatia, there are 9 categories of buildings defined (i.e. apartment blocks, single family houses, office
buildings, educational buildings, hospitals, hotels and restaurants, sports facilities, wholesale and retail trade
services buildings, other non-residential buildings) and thus there are 9 NZEB definitions [4]. One can find all the
requirements for NZEB buildings in the Annex B Table 8 of the Technical regulation on rational use of energy
and heat retention in buildings [4]. Definition of nearly energy zero building was first introduced in Technical
regulation on rational energy use and thermal protection of buildings (OG 97/2014 and 130/14), in August 2014
for single family houses, and in September 2014 for other building types. The definitions of the NZEBs have
been updated in the Technical regulation on rational energy use and thermal protection of buildings [4] and are
currently in force as follows (Table 1).
NZEB is defined by level of primary energy demand (for heating, cooling, ventilation and domestic hot water, for
non-residential buildings also lighting) and 30% of the overall annual delivered energy is recovered from
renewable energy sources (RES) produced on site or nearby. Only the non-renewable energy component is
being used for calculating the energy performance of buildings. Algorithm for calculating the energy performance
of buildings (as in June 2014) can be found in the documents under the following link https://mgipu.gov.hr/pristup-informacijama/zakoni-i-ostali-propisi/podrucje-energetske-ucinkovitosti/algoritamza-izracun-energetskih-svojstava-zgrada-objavljen-15-svibnja-2017-u-obveznoj-primjeni-od-30-rujna2017/8930. Primary energy values for newly built buildings and NZEBs are given in the table below.
Table 1 Primary energy requirements for newly built and NZEBs in Croatia [4]
Requirements for newly built and NZEBs
Newly built

Newly built NZEB

Continental Littoral
climate
climate
θmm≤3°C
θmm>3°C

Continental Littoral
climate
climate
θmm≤3°C
θmm >3°C

Eprim
kWh/m2a

Eprim
kWh/ m2a

Eprim
kWh/ m2a

Eprim
kWh/ m2a

Single family
houses

115

70

45

35

Multi-apartment
buildings

120

90

80

50

Office buildings

70

70

35

25

Educational
buildings

65

60

55

55

Hotels and
restaurants

130

80

90

70

Refurbished existing
buildings
Continental Littoral
climate
climate
θmm≤3°C
θmm>3°C
Eprim
kWh/ m2a

Eprim
kWh/
m 2a

135

80

180

130

75

75

90

75

145

115
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Wholesale and
retail trade
services
buildings

475

300

450

280

170

150

Hospitals

300

300

250

250

340

330

Sports facilities

400

170

210

150

420

215

Other nonresidential

150

80

-

-

180

130

Detailed requirements to application of RES are set separately for all new buildings – to allow for more options
regarding the micro location. Newly built building fulfils the RES criteria if:


20% of energy need is covered by RES



or share of RES in delivered energy for heating and cooling and domestic hot water is at least:
- 25% from solar radiation or,
- 30% from gaseous biomass or,
-

50% from solid biomass or,
70% from geothermal energy or,

-

50% from heat of the environment or,

-

50% from high efficiency cogeneration plant or,
50% is covered through district heating complying with previous requirements or,

-

the specific required energy for heating Q’’H,nd [kWh/m2a] is at least 20% lower than the
maximum allowed value of the Technical regulation on rational energy use and thermal
protection of buildings [4]

Building components have to satisfy the requirements presented in the following table (Table 2).
Table 2 The requirements for the heat transfer coefficient in cost optimal level in Croatia [4]
U [W/m2K]
Continental
climate θmm≤3°C
Building envelope
structure

Littoral climate Continental climate
θmm>3°C
θmm≤3°C

Littoral climate
θmm>3°C

θint≥18°C

θint≥18°C

12≤θint≤18°C

12≤θint≤18°C

External wall

0.30

0.45

0.50

0.60

Windows, glazed external
envelope

1.60

1.80

2.50

2.80

Glazing

1.10

1.40

1.40

1.40

Roofs

0.25

0.30

0.40

0.50
P a g e | 12
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Ceilings above unheated
and outside air

0.25

0.30

0.40

0.50

Walls and ceilings
towards unheated spaces

0.40

0.60

0.90

1.20

Floors and walls towards
ground

0.40

0.50

0.65

0.80

External doors

2.00

2.40

2.90

2.90

Roller shutters boxes

0.60

0.80

0.80

0.80

Ceilings and walls
between different users

0.60

0.80

1.20

1.20

Domes and sun tunnels

2.50

2.50

2.50

2.50

Windshield

3.0

3.0

3.0

3.0

Additionally, Technical regulation on rational energy use and thermal protection of buildings [4] requires
obligatory airtightness testing (according to HRN EN ISO 9972, before the permit for use is issued) of all NZEBs
as well as buildings with specific required energy for heating Q’’H,nd lower than 50 kWh/m2a for Continental
climate (θmm≤3°C) and 25 kWh/m2a for Littoral climate (θmm>3°C). The maximum prescribed n50 value is
n50=3,0 h-1 for buildings without the mechanical ventilation system and n50=1.5 h-1 for buildings with
mechanical ventilation system.

3.1.2 Hungary
In Hungary the 7/2006. (V. 24.) [5] TNM regulation and the related annexes and additional governmental
regulations (176/2008. (VI. 30.) and 312/2012. (XI. 8.) contains the information related to NZEB requirements.
In Hungary the requirements are defined and in effect since 1st January 2016, however, to apply them is only
mandatory since 31st December 2018 for public buildings and 31st December 2020 for all new buildings.
The regulation is not very clear regarding the type of buildings in which cases the requirements must be met, it
rather defines those buildings where the regulation is not mandatory to be applied such as:


buildings under 50m2 area



residential buildings that are used less than 4 months annually



temporary structures/buildings which are only built to use for less than 2 years



buildings used for religious purposes



buildings used for agricultural purposes and only heated up to 12 °C



industrial buildings where as the result of the technology used in it the internal heat gain is higher than
20 W/m2



historical buildings which might be damaged as a result of the implementation of energy efficient
methods in order to meet the NZEB requirements.

Requirements in relation to new buildings
In Hungary there are currently 3 regulation systems as annexes of the original 7/2006. (V. 24.) TNM
regulation [5].
P a g e | 13
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1. Annex 1. Energy requirements in effect since 2006.
2. Annex 5. Cost optimized requirements in effect since 2014.
3. Annex 6. NZEB requirements in effect since 2015.
There are 6 requirement levels which must be applied:
1. Requirements related to building structures
The requirements include values and guidelines about surrounding structures and related
calculations.
2. Requirements related to the specific heat loss factor of the building (Table 3)
In Annex 5. requirements and calculation methods are included in relation to the cost optimized
requirements such as heat loss factor of the building:
Table 3 Requirements related to the specific heat loss factor of the building
A/V ≤ 0,3

q

0,3 ≤ A/V ≤ 1,3

q

A/V ≥ 1,3

q

A/V ≤ 0,3

q

m
m
m
m

= 0,16

[W/m3K]

= 0,079 + 0,27 (A/V)

[W/m3K]

= 0,43

[W/m3K]

= 0,16

[W/m3K]

3. Requirements related to the overall energy performance (Table 4)
The value of the overall energy performance depends on the use of the building and also the ratio
of the area and volume. The regulations include information regarding the calculation and the
threshold of the values. It differs in the case of residential, office and educational buildings.
Table 4 Summary of overall energy performance requirements
Type of building

E requirements related to the overall energy performance
P
(kWh/m2a)

Residential building

100

Office building

90

Educational building

85

4. Requirements related to the risks of overheating in the summer
During the intended use of the building the maximum permitted internal heat load in relation to the
average time of use is q < 10 W/m2
b
5. Requirements related to building engineering system
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The requirements include values related to heating, cooling, ventilation. The following tables
provide examples of some mandatory values (Table 5, Table 6):
Table 5 Internal temperature values
Function of the building or
room

Min. internal
temperature with
heating (°C)

Temperature range
with heating (°C)

Max. internal
temperature with
cooling (°C)

Temperature range
with cooling (°C)

Residential building
(bedrooms, dining rooms
etc.)

20

20-25

26

23-26

Residential building
(kitchen, storage rooms
etc.)

16

16-25

-

-

Office, conference room,
classroom, restaurant

20

20-24

26

23-26

Kindergarten

22

22-24

26

23-26

Shopping centre

16

16-22

25

21-25

Table 6 Necessary fresh air values
average air volume/ m2

living room

bedroom/ m2

m3/h

m3/h/person

m3/h

1,5

25,2

3,6

6. Mandatory renewable energy ratio
The renewable energy ratio has to be provided from the building or nearby (heat pump, PV…etc.).
The ratio of the renewable energy must be 25% in the BB category according to Table 7.
Table 7 Categories defined related to nZEB in Hungary
AA++

<40

minimum energy need

AA+

40-60

prominently energy efficient

AA

61-80

better than the NZEB requirements

BB

81-100

fits the NZEB requirements

CC

101-130

modern/advanced

DD

131-160

almost modern/advanced

EE

161-200

better than the average

FF

201-250

average

GG

251-310

almost average

HH

311-400

weak
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II

401-500

poor

JJ

500<

prominently poor

The classification is based on the calculation of energy consumption (kWh/m2) and what could be
the maximum value according to the category, the value is the percentage of these two numbers.
The minimum requirement for NZEBs is the BB category.
From 31st December 2020 every new building must meet the requirements of the regulation related to energy
efficiency.
Requirements related to existing buildings
The regulation with the above mentioned values must be applied in the following cases:


in case of expansion (lower than 100%) and energy efficiency refurbishment, the new structure
must meet the requirements



in case of expansion (higher than 100%).

Tasks of authorities in relation to NZEB requirements
All public buildings must meet the requirements from 31st December 2018 and all new buildings must meet the
NZEB requirements from 31st December 2020. The authorities must indicate this in permits which are given
before these dates, due to the fact that after these deadlines, authorities cannot give permit to any building which
does not fit the NZEB requirements stated in the national regulations.

3.1.3 Ireland
Overview of National Regulations
The EU Energy Performance of Buildings Directive (EPBD) was adopted in Ireland in 2006, amendments in 2010
[1] and further updates in 2018 [6]. The Energy Efficiency Directive (EED) 2012 [7] also set out improvements of
energy efficiency in buildings.
These two EU legislative frameworks, directed Ireland on how to set out national strategic plans such as:
•
•
•
•
•
•
•

National Adaptation Framework (2018) [8]
National Renewable Energy Action Plan, NREAP 4 (2017) [9]
National Long Term Renovation Strategy for Ireland (2017) [10]
Climate Action and Low Carbon Development Act (2015) [11]
National Energy Efficiency Action Plan, NEEAP 3 (2014) [12]
National NZEB Strategy - Towards Nearly Zero Energy Buildings in Ireland (2012) [13]
Irish Building Control Act and the Building Regulations Technical Guidance Documents. [14]

Through the implementation of these measures, Ireland is targeting the following objectives for 2020:




20% energy savings by 2020;
16% of total primary energy provided from renewable sources by 2020;
20% reduction in CO₂ emissions by 2020;

And for 2030:


At least 40% cuts in greenhouse gas emissions (from 1990 levels);
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At least 27% share for renewable energy;
At least 27% improvement in energy efficiency.

For the building sector in Ireland the Government implemented a revision of its building regulations by introducing
the Building Control Act 1990 which led to the introduction of the 1997 Building Regulations leading to updated
versions. These Regulations apply to the construction of new buildings, extensions to existing buildings and
material alterations and changes of use.
Building regulations and standards have been amended significantly during the last ten years to develop a new
approach to quality construction and renovation. These changes influenced the National Strategy and were put
in place to reach energy reductions of 20% by the year 2020 which was one of the commitments agreed by
Ireland in front of the European Commission.
The building regulations apply to the design and construction of new buildings or an extension to an existing
building. The minimum performance requirements that a building must achieve, are set out in the second
schedule to the building regulations and the Technical Guidance Documents (TGD’s).
The Technical Guidance Documents, known as TGD's give guidance on how to construct a building so that it
complies with the regulations, defining the minimum requirements. They are divided into 12 parts (listed A to M)
(Figure 2). In particular, Parts L, J and F relate to energy efficiency and performance. TGDs are
continuously improving and should be checked periodically, especially in relation to the energy performance for
buildings and NZEB in particular; TGD Part L – Dwellings, Part F – Ventilation and Part J - Heat Producing
Appliances.

Figure 2 Technical Guidance Documents (TGDs)
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Figure 3 Evolution of Building Regulations (Source: Sean Armstrong DHPLG)
The latest revision of TGD’s reflect the requirements of EU Energy Performance Building Directive 2010 Recast
approved in 2017 (Figure 3) and focuses on the Building Regulations Part L – Conservation of Fuel and
Energy, – Buildings other than Dwellings 2017 (Non-Residential) and the Technical Guidance Document
L – Conservation of Fuel and Energy – Dwellings 2018 (Residential).
NZEB Definitions
Ireland defines NZEB for both residential and non-residential buildings but does not include specific
subcategories ([15]: page 16: Table 4). In terms of building typology, classification, balance type, and physical
boundary, Ireland refers to new buildings, private and public buildings, and single building respectively ([15]:
pages 17-18: Figure 3). Ireland’s definition includes four types of energy use: (1) heating DHW; (2) ventilation,
cooling and A/C; (3) auxiliary energy; and (4 )lighting ([15]: 18-19: Table 5). With regards to the specification of
generation boundaries in the definition, Ireland’s definition does not define on-site, external generation or
crediting.
The following numeric indicators of energy performance expressed as primary energy (kWh/m2/yr) have been
specified in Ireland’s definition (Table 8).
Table 8 Energy performance for NZEB expressed as primary energy in Ireland
IRELAND - Energy performance expressed as primary energy (kWh/m2/yr)
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Residential buildings
(kWh/m2/yr)

Non-Residential buildings
(kWh/m2/yr)

New

Existing

New

Existing

45 – defined as
energy load

75-150

~60% PE

n/a

Notes
Included energy use: Heating,
ventilation, DHW, lighting.

Residential buildings
For all the new buildings, the most updated NZEB regulation requires a 25% improvement in energy
performance on the 2011 Building Regulations. Key changes to Part L for NZEB compliance include a Maximum
Energy Performance Coefficient of 0.3, a Maximum Carbon Performance of 0.35 and a renewable Energy Ratio
of 20%. The revisions are proposed to come into force on 1st April 2019. This means that any dwelling receiving
planning permission after 1st April should meet the NZEB standard. Substantial completion must have been
achieved by 1st April 2020. After 2020 all homes irrespective of when they received planning permission should
achieve the new standard.
Table 9 shows the considerable increasing requirements vs. the 2005 baseline set by the Irish building regulation
for new dwellings:
Table 9 Progression of energy efficiency performance in regulation since 2005
Year

2005

2008

2010

2018

Baseline

40%

60%

70%

150

90

60

45

30

18

12

10

Maximum Permitted Energy Performance Co-efficient (MPEPC)

0.6

0.4

0.3

Maximum Permitted Carbon Performance Co-efficient
(MPCPC)

0.69

0,46

0.35

B1

A3

A2

Energy Improvement %
2

Primary Energy Consumption (kWh/m /yr)
2

CO2 Emission Rate (kgCO2/m /yr)

BER

B3

For existing buildings, it is proposed that major renovation is typically activated under the following
circumstances, where the work affects greater than 25% surface area of the existing dwelling:
•
External Wall Renovation, external or internal insulation
•
External Wall & Window Renovation
•
External Wall & Roof Renovation
•
External Wall & Floor Renovation
•
New Extension
The cost optimal level is a primary energy performance of less than 125 kWh/m2/yr (B2 BER) when calculated
using DEAP or upgrade of roof insulation and heating system.
The Dwelling Energy Assessment Procedure (DEAP) is a software package and methodology for demonstrating
compliance with specific aspects of Part L for Dwellings of the Building Regulations.
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DEAP is also used to generate the Building Energy Rating (BER) and advisory report for new and existing
dwellings and calculates the energy consumption and CO2 emissions associated with a standardised use of the
dwelling. It considers space heating, ventilation, water heating, and lighting in a dwelling.
The current DEAP interface (v3.2.1, or DEAP3) and the recently launched DEAP4, a web-based technology
accessed through your browser, will be amended to adopt the following proposed changes for the DEAP
methodology for Part L 2018:
1) Renewable Energy Ratio - It is proposed that the DEAP methodology shall be updated to include the
Renewable Energy Ratio which is to be calculated in line with EN ISO 52000 -2017.
2) Primary Energy and CO2 Factors of Electricity - The primary energy factor is based on the methodology
outlined in EN ISO 52000 -2017. The DEAP 2018 is to base the primary energy on the projected
energy use for the next 5 years. It will be reviewed before the end of the 5 year period.
3) Lighting Energy - The proposal is to update the Lighting Calculation to allow a more accurate
representation of the energy use associated with the lighting within the dwelling.
4) Hot Water Demand - For buildings complying with NZEB requirements it was found that the hot water
energy demand can be significantly larger than the space heating. To date the hot water demand was
based on the number of people/ floor area and did not sufficiently account for the fittings or sources of
hot water.
Other changes cover the topics: Space Cooling, Main Heating Systems, High Heat Retention Storage Heaters,
Heat Recovery Mechanical Ventilation, Occupancy, Waste Water Heat Recovery.
Non-Residential buildings
The Technical Guidance Document Part L - conservation of Fuel and Energy- for buildings other than dwellings
(2017) set out the minimum energy standards that must be achieved for the construction of new and renovated
non domestic buildings. The calculation method used to determine compliance with Part L (NZEB) involves the
generation of a reference building that is similar to the actual building under assessment, but with a number of
fixed parameters such as a 40% glazed area, set U-values, infiltration levels and system efficiencies.
For new buildings, the current 2017 version of Part L increases the performance of the reference building by
40-60%, depending on the exact building under consideration. Whilst this sounds excessive, it should be noted
that many buildings constructed in the last 10 years exceed the 40% increase in energy performance required
under the previous Part L (2008). In addition to the reduced energy usage, all new buildings must generate 20%
of their energy from renewable energy sources, although this may be reduced to 10% where the energy
performance of the building is more than 10% better than the reference building. This option of further reducing
energy use is likely to be selected for most buildings. The 20% (or 10%) requirement can be provided by
photovoltaics (PV), wind, solar thermal, biomass, combined heat and power (CHP) or heat pumps. For most
buildings, it is likely that the most practical option will be a combination of PV and heat pumps.
This typically corresponds to an A3 Building Energy Rating.
This came into force on the 1st January 2019, with a transitional arrangement that does not extend beyond the
1st January 2020.
The key changes to Part L for buildings other than dwellings NZEB compliance include;


A Maximum Energy Performance Coefficient (MPEPC) of 1.0.



A Maximum Carbon Performance Coefficient (MPCPC) of 1.15.
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A Renewable Energy Ratio (RER) of 20% or 10% depending.



Air tightness backstop of 5m3/m2/hr, and mandatory air tightness testing required.

 Reduction of fabric backstop U-values:
For existing buildings under EPBD, major renovation is where more than 25% of the surface area of the building
envelope undergoes renovation. This requires that the building is brought up to cost optimal level, which is
defined in the building regulations as:
•

Upgrade Heating System more than 15 years’ old

•
•

Upgrade Cooling and Ventilation Systems more than 15 years’ old
Upgrade lighting more than 15 years old.

The NEAP Software for Non-Residential Buildings has been updated to demonstrate compliance with NZEB and
Part L of the Building Regulations. The SBEMie software version 5.5h is now available to the market for
demonstrating compliance with NZEB requirements.
The following chart (Figure 4) summarises the key dates for the taking place of NZEB requirements in Ireland:

Figure 4 NZEB key dates in Ireland (Source: IGBC website)
Other relevant regulatory topics in the framework of the Energy Performance of Buildings Directive are:


Building Control Regulation, changed in 2014 and known as the Building Control (amendments)
Regulations (BC(A)R). It states that all building construction workers have to demonstrate
competency, co-ordination and compliance with building regulations. In 2014, the Building Control
Act introduced the Code of Practice for inspecting and certifying buildings and works, to work
alongside the existing Technical Guidance Documents providing direction on certifying and assessing
quality of works.
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TGD Part D - Materials and Workmanship. All works to which these Regulations apply shall be
carried out with proper materials and in a workmanlike manner. “Proper materials” means materials
which are fit for the use for which they are intended and for the conditions in which they are to be
used, and includes materials which:
(a) bear a CE Marking in accordance with the provisions of the Construction Products Regulation;
(b) comply with an appropriate harmonised standard or European Technical Assessment in
accordance with the provisions of the Construction Products Regulation; or
(c) comply with an appropriate Irish Standard or Irish Agrément Certificate or with an alternative
national technical specification of any State which is a contracting party to the Agreement on the
European Economic Area, which provides in use an equivalent level of safety and suitability.

3.1.4 Spain
The EU Energy Performance of Buildings Directive (EPBD) was adopted in
Spain in 2007, thanks to Royal Decree 47/2007, of January 19, Basic
Procedure for the energy efficiency certification of new construction
buildings.
To meet the objectives of the Directive 2010/31/EU [1], different regulations
have been transposed in Spain to obtain compliance with the zero energy
Buildings.
RD 235/2013 OF ENERGY CERTIFICATION
1. Second additional provision. Nearly Zero Energy Buildings
All new buildings that will be built from the 31st December 2020 will
be NZEB. The minimum requirements that these buildings will have
to satisfy will be those that are determined at the time in the
Technical Building Code.
2. All new buildings whose construction starts on or after 31st
December 2018, which are to be occupied and which are publicly
owned, will be NZEB.
RD 56/2016 ENERGY AUDITS
That building with a very high level of energy efficiency, which will be
determined in accordance with Annex I of the aforementioned Directive
(2010/31/EU) [1].
The almost zero or very low amount of energy required should be covered,
to a large extent, by energy from renewable sources, including energy from
renewable sources produced "in situ" or in the environment.
RD 564/2017 THAT MODIFIED RD 235/2013
Second additional provision. NZEB
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1. By the 31st December 2020, new buildings will be NZEB, defined in the fourth additional provision of RD
56/2016 (...)
2. The new buildings that are to be occupied and are of public ownership, will be NZEB after the 31st
December 2018.
3. The minimum requirements that these buildings will have to satisfy, will be those that are determined at
any time in the Technical Building Code.
CLIMATE CHANGE LAW
August 2017
• The competent departments of energy and housing of the Government must establish, within six months
from the entry into force of this law, the requirements that must be met by a building to be considered as
consuming energy almost zero.
According to the observatory energy of the state of buildings, the level of energy certification in Spain is as shown
in Figure 5:

Figure 5 Energy certifications in Spain according to EPnR (new construction) qualification

•

The A qualification (14.3%) and, above all, the B (30.7%) tend to increase while grades C, D and E tend
to decrease.
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Figure 6 EPnR consumption (kWh/m2 years) by climatic zone (new single-family construction)

3.2 BIM definitions
The acronym stands for both the building information modelling (the process) and building information model
(the artefact), and the attention of the research community and software developers, alternates between the two.
Initially, the challenge was the representation of buildings. As the representation matured, the attention shifted
towards the processes in which these representations can be created, developed and used [16].
BIM can also stand for building information management – the control of the processes in which models are built
and used and for building information marketing. The latter is a cynical observation of the exploitation of the
acronym, both in the industry and in the academia [16].
There are many definitions of BIM. Some say BIM is a type of software, some say BIM is a 3D virtual model of
the building while others refer to it as a process. Table 10 highlights just some of the definitions of BIM currently
in circulation.
Table 10 Some of the definitions of BIM currently in circulation
Definition

Source

Construction of a model that contains the information about a building from all
ISO 16757-1: 2015 [17]
phases of the building life cycle
Discrete set of electronic object-oriented information used for design,
PAS 1192-5:2015 [18]
construction and operation of a built asset
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Digital representation of the physical and functional characteristics of a
BS 8536:2010 [19]
building over its life cycle
A rich information model, consisting of potentially multiple data sources,
National Building
elements of which can be shared across all stakeholders and be maintained
Specification (NBS) [20]
across the life of a building from inception to recycling
Shared digital representation of physical and functional characteristics of any
built object (including buildings, bridges, roads, etc.) which forms a reliable BS ISO 29481-1 2010 [21]
basis for decisions.
The development and use of a multi-faceted computer software data model to
General Services
not only document a building design, but to simulate the construction and
Administration (GSA) [22]
operation of a new capital facility or a recapitalized (modernized) facility
A BIM is a digital representation of physical and functional characteristics of a
facility. As such it serves as a shared knowledge resource for information National Institute of Building
about a facility forming a reliable basis for decisions during its lifecycle from Science (NIBS) [23]
inception onward
Building Information Modelling is digital representation of physical and
functional characteristics of a facility creating a shared knowledge resource for
RIBA, CPIC [24]
information about it forming a reliable basis for decisions during its life cycle,
from earliest conception to demolition
Building information modelling (BIM) refers to a combination or a set of
technologies and organizational solutions that are expected to increase interorganizational and disciplinary collaboration in the construction industry and to Miettinen et al. [25]
improve the productivity and quality of the design, construction, and
maintenance of buildings.
The concept is relevant to any asset of the built environment including, railways, highways, bridges, tunnels and
utilities. It is also suitable for other sectors such as land surveying, landscape architecture, tunnelling and mining.
The sharing of structured information is at the very heart of BIM. An ‘information model’ consists if the 3D Model
geometry, non-graphical information, documents and drawings. The Project Information model (PIM) is delivered
during Capital expedite (CAPEX) and include project information. The Asset Information Model (AIM) is the
information model managed and maintained during Operating Expenditure (OPEX) and includes asset
information.
Building information management or modelling? Does the acronym refer to the model as a deliverable or is it
modelling as the process of creating the deliverable? While geometric representation is important, we must be
able to simulate the various facets of the design of an asset (structural, architectural, building services etc), the
construction of the asset and the operation of the asset.
BIM can be viewed from three perspectives, depending on the meaning of the letter M. When we are considering
BIM as Building Information Model it can be defined as group of data structured to describe a building or digital
prototype that helps to make better decisions. Building Information Modelling can be perceived as generating
information model of building in the way to create requirement for building. Generally, Building Information
Modelling is a combination of interacting processes, generating technologies, policies that creating a
methodology to manage data and design systems in digital format throughout the building life [26]. Krygiel and
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Nies [27] mentioned that BIM model is a grammatically incorrect term commonly refers to the digital models
generated by software under the BIM process.
Building information management as a system, is a system structured for management and coordination and
communication between different stakeholders to maximize productivity and quality. It is a system for planning,
building and operation of a building during its lifecycle [28], an integrated process that is used for facilitating the
exchange of information on design and construction of project participants [29].
The two ways of defining BIM can be reconciled using an approach engineers and architects have been using
for a long time. When describing things, they often resort to a paradigm known as structure-function-behaviour
[30], [31]. Using this paradigm, the definition of BIM has three facets: structural, functional and behavioural.
1. Structural defines how it is organized, what parts it has, and how they work together.
2. Functional describes how it can be made useful.
3. Behaviour describes how it responds to its environment.
Structurally, BIM is a structured representation of a building, for example, an object-oriented representation of a
building. The phrase “object-oriented” should be understood as in object oriented analysis, design and
programming. In the object oriented paradigm, the problem domain is seen as a number of objects [16]. The
objects are representations of real world items:
1. that have an identity,
2. that we know something about and

3. that we can do something to.
They may belong to classes and include or relate to other objects. In BIM, we know more about real world objects
than their geometry [16]. The more we know the better. We should be able to do more to the objects then move
them around. For example, we should be able to put a load on them and see what happens or let the sun shine
on a building and see how it heats up [16]. This is because objects include behaviour [16].
Functionally, BIM is a communication backbone and shared source and destination of information required by
and created by the individuals and processes that participate in building processes that enables “gains in saving
in cost and time, much greater accuracy in estimation, and the avoidance of error, alterations and rework due to
information loss [32]. Ideally, all information about a building during its entire life cycle would be created in a BIM
process and stored in a BIM database. The function of BIM in engineering and architectural processes is the
same as the function of management information systems (MIS) for management processes. Management
information systems have been traditionally implemented with database management systems (DBMS). In this
sense, the function of BIM is building information management [16].
The behaviour of BIM is that of a socio-technical system - a group of interacting, interrelated, or interdependent
elements or parts that function together as a whole to accomplish a goal, that has a boundary and, through inputs
and outputs, interacts with the environment [33]. The parts were addressed in the structural definition, the goal
in the functional. The interaction with the environment is addressed in this subsection [16].
There are two contexts in which BIM exhibits behaviour: the context of a specific project and the broader general
industrial and societal context. In a project context, BIM pushes technological opportunities and changes
business models, organizational patterns and information processes in which the project is developed. It
encourages centralized information management, reduces improvisation, and calls for better organization of
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processes. It should respond to varying levels of IT literacy of project partners and their achieved technological
levels; it should be a means to an end rather than a goal in itself [16].
On a general level, BIM encourages changes in legal processes (BIM as a representation of designs when
interacting with authorities) and changes in procurement processes (BIM mandated by the investors) and is
causing restructuring of the industry (vertical design-build integration so that the benefits of BIM in the
construction phase are reaped by the same company that made a greater effort due to BIM in the design stage)
[16].

The European Committee for Standardization (CEN) have adopted three international standards (ISO) for
building information, as listed below, under EU regulation. Read more about these BIM-Standards:


EN ISO 16739:2016 Industry Foundation Classes (IFC) for data sharing in the construction and facility
management industries (ISO 16739:2013)



EN ISO 12006-3:2016 Building construction - Organization of information about construction works Part 3: Framework for object-oriented information (ISO 12006-3:2007)



EN ISO 29481-2:2016 Building information models - Information delivery manual - Part 2: Interaction
framework (ISO 29481-2:2012)

4 Review of current construction market in each country and EU
with respect to NZEB and BIM both nationally and at EU level
4.1 Current construction market with respect to NZEB
An interesting perspective of the European NZEB construction market is the architects’ one. The Architects’
Council of Europe undertakes a biennial survey, the so-called ACE Sector Study [34], which collects and
analyses statistical, sociological and economic data on the European Architects, the architectural market and
the architectural practices. Based on responses from 30,000 Architects in 30 European countries, the sixth
edition of the Study, carried out in 2018, was enriched with new research areas, making it the most
comprehensive study on the architectural profession in Europe and an essential reference tool for all those
interested in the architectural profession and the built environment.
Surprisingly responses to this survey suggest that less work is being designed to Nearly Zero Energy standard
than in previous years. In the previous surveys, between 12 and 14 per cent of respondents said that at least 50
per cent of projects they had worked on in the previous 12 months were being designed to Nearly Zero Energy
standards; the 2018 figure is 11 per cent. More work in Luxembourg and Austria than anywhere else is being
designed to Nearly Zero Energy standards. Table 11 below elaborates the results of all participating countries,
while Figure 2 displays the overall downwards demand from their clients.
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Table 11 Proportion of projects architects are designing to nearly zero energy standards analysed by country
[34]
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Figure 7 Proportion of architects who are designing to nearly zero energy standards more than 50% of the time
[34]
Just as less work is being reported as being built to Nearly Zero Energy standards, fewer architects say they are
being asked to design energy efficiency as a retrofit service by their clients. Although this question has only been
asked twice before, the 2018 figures are the lowest. Eleven per cent of respondents say they are being asked
more than 50 per cent of the time, compared with 18 per cent in 2016 and 13 per cent in 2014 [34].

4.1.1 Croatia
Croatian Bureau of Statistics reported that according to working-day adjusted indices, in November 2018, as
compared to November 2017, the volume of construction works increased by 6.9% (Figure 8).

Figure 8 Volume indices of construction works June 2013 – June 2018 in Croatia [35]

It is evident that the largest increase of volume indices of construction works in this period is on buildings (Figure
8) which corresponds with the activities in energy refurbishment of existing buildings as well as with the GDP
growth in Croatia from 2015 onwards. At the same time, the use of available EU funds is improved, which means
P a g e | 29
BIMzeED– 600946-EPP-1-2018-1-IE-EPPKA2-KA
O2.1 Literature review on BIM and nZEB needs in the construction industry

Education for zero energy Buildings
using Building Information Modelling

a larger volume of jobs for the construction sector, which will have to be adapted to the changed structure of the
construction works and to find the answers to the ever-stronger pressures of foreign competition on domestic
market.
Eastern European Construction Forecasting Association (EECFA) reports that Croatia’s construction sector is
maturing, as catch up growth slows in several subsectors [36]. The complicated situation is also mentioned,
since catch up growth continues strong in other subsectors and overall output levels remain high in a number of
subsectors in which growth has declined. The EECFA report [36] emphasises that Croatian construction is
vulnerable to shifts in tourism demand, Russian sanctions, continued large-scale emigration and poor
government performance in drawing down EU funds. All in all, careful analysis of trends in individual subsectors
is required to obtain even the most basic understanding of the Croatian construction sector [36]. Newer the less
the forecast of EECFA is that Croatian construction sector will grow by 2.8% in 2019 and 2.1 % in 2020 [36]
which is well below average compared to other South-East Europe Countries (Figure 9).

Figure 9 Construction market size and development for Croatia and neighbouring countries [36]
The analysis of energy consumption shows that the building sector is a significant energy consumer in Croatia.
The residential sector alone accounts for around one third of the country’s total energy consumption and,
therefore, has the largest energy saving potential [37].
In line with Directive 2012/27/EU [7] of the European Parliament and of the Council on energy efficiency, the
Croatian government developed its 2nd National Energy Efficiency Action Plan (NEEAP) [38], in which the
Government highlighted the need for policy action to ensure buildings are more energy efficient in order to meet
the national energy efficiency targets. The Government also recognised the need to stimulate the construction
sector by introducing large scale renovation programmes to speed up recovery of construction industry [39]. In
the 3rd NEEAP (2014-2016) [40], the government announced its intention to launch a range of public programmes
to improve energy efficiency in buildings. The Government launched several financial support instruments and
energy renovation programmes which have targeted family homes, multi-family housing, public buildings and
commercial buildings. These renovation programmes provide Government funding through the Environmental
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Protection and Energy Efficiency Fund (EPEEF) to building owners to encourage and assist them to carry out
energy saving renovation work on their buildings. The activities that are eligible for funding are:
•
•

Renovation of the building envelope, which refers to improvements in building insulation;
Complete building renovations, which covers both the building envelope and the building energy system

Funding for “complete renovations” is expected to deliver NZEBs [39], i.e. commercial non-residential buildings
would be renovated, and the annual heating energy demand would be reduced from an average of 220–250
kWh/m² to an average of 45 kWh/m². For other buildings, the goal is to reduce energy consumption up to 70 %,
depending on the building type.
Long-term perspective for guiding individuals, construction industry and financial institution investments by 2050
was defined in [41]. The dynamics of the realization of the deep energy renovation (DER) of the national building
fund were developed to meet the energy savings targets set by the [42] and the Energy Roadmap of the
European Union by 2050 [43]. The dynamics of renovation over the years are roughly assumed and it takes
place in several different phases:
•
•
•

From 2017 to 2029 renovation will take place at a rate of 3.5% per annum;
From 2030 to 2039 the renovation rate will be at a rate of 3.0% per annum;
From 2040 to 2049 renovation dynamics will be reduced to 1.5% per annum;

National Building Renovation Strategy (Art 4 EED) [41] is a part of an ambitious project of building renovation,
which includes also a Plan for increasing of the number of NZEBs until 2020 [44] (in particular nearly zero family
houses). It was envisioned in [38], [44] that the number of NZEBs will be at the level of 10% of new residential
and multi-storey buildings but no funds were envisaged for increasing the number NZEBs.
In line with the EPBD II [1] requirements by 31 December 2020, all new buildings in Croatia have to be NZEBs;
and after 31 December 2018, new buildings occupied and owned by public authorities have to be NZEBs [42].
In Croatia NZEB construction projects preparation (both new and renovation) is mainly provided by small and
medium-sized companies, which have a limited ability to follow the massive flow of information and knowledge
now available. Since the energy refurbishment works were mostly subsidised by the public funds there were a
lot of interested investors and thus many companies enrolled in the field of energy efficiency but the policy of
discontinued subsidies for energy refurbishment project resulted with the disruption of balance on the
construction market regarding both workers and construction products [45].
The lack of qualified workers is more than evident due to migration of workers to western European countries as
well as booming publicly and privately funded energy renovation projects and the lack of students enrolled into
professional high schools (VETs) related to energy efficiency. The VET programmes (EQF level 2 and 3) are
recording decreasing number of students year after year. Additionally, it is more and more common, that after
finishing professional school (VET) the work required from the graduate is slightly different, and sometimes
entirely divergent from what was emphasized during studies. It is then necessary to retrain, upskill and requalify
for all new needs, which constantly arise on the labour market. In total some 30,000 workers are needed in
construction industry to satisfy current contracts [45], while the analysis was made in 2013 [46] which assessed
that in total some 37,600 workers in the field of energy efficiency RES would have been needed at the time to
be able to achieve the 20-20-20 targets, and under the assumption that 3% of heated usable floor area of
buildings would be renovated every year. The direct impact of the national building fund renovation program till
2020 on employment in the construction sector could amount to up to 26,000 new jobs. This is a big increase
compared to the current number of employees in construction sector which employed in total 68,653 people at
the end of 2016 [41]. It can be seen that the mobilization potential can be roughly estimated at 40-50% of the
current engagement of resources in construction sector. In 2017, the total number of workers engaged in the
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entire construction sector was 73,590 [47]. Among those working in the Croatian construction industry, only 11.6
% of employees were women.
Due to the lack of construction workers, Croatian government has defined a permissible quota of foreign workers
which could come and work in Croatia at 10,070 men [45]. Employers are still not satisfied since they cannot
find the sufficient number of qualified foreign workers and get them to work in Croatia due to relatively low salaries
compared to salaries in west European countries.
One of the most significant problems of the construction market in Croatia (all participants in construction
projects) is the lack of knowledge and competences on NZEB.
It should be emphasised that the three-year (VET) educational programmes for professions related to NZEB and
DER are obsolete, since they have not been changed since 1996 and 1997 and the teaching material used
contains very few topics related to energy efficiency.
Several gymnasiums in Croatia are providing programmes titled Gymnasium for sustainable development as a
good preparation for pupils who intend to go to Universities to study similar programmes there. This programme
offers three specific modules, Eco-sustainability, Energy sustainability and Sustainable construction. Within
these three modules, students are among other subjects attending courses on Renewable energy sources,
Energy refurbishment of buildings, Passive and low-energy buildings. It should be highlighted that this is a new
four-year programme developed in the last 5 years, where students who completed the programme are not able
to perform construction works and are intended to attend University.
The Croatian educational system is not currently producing experts and workers who could enter the construction
market and have sufficient competences with respect to NZEB and BIM. There are efforts to do so, from different
HEIs and VET institutions as well as training courses piloted and performed under different EU projects
(SeedPass, Fit-to-NZEB, Prof-Trac, Croskills, etc.), but they are not synchronised with the needs and
requirements of the current construction market in Croatia and are still not nationally accepted accredited
courses.
The situation of the construction industry in Croatia results in shifting the up-skilling challenge in the construction
sector especially in NZEB, to the sphere of lifelong learning (adult education), rather than the higher education
because of the inert education system.
On the other hand, it should be mentioned that from 2014., the life-long-learning (LLL) system in Croatia has
died out due to the legislative changes. From 2019., LLL system is starting to be established again, but will takes
time to be effective and produce results [48].
It can be concluded that additional education at Universities as well as lifelong education (EQF level 6 & 7) in
the field of NZEBs and DER of existing buildings up to the NZEB level is needed to provide the necessary
technical knowledge to public administration, designers, technical supervisors, and site managers, not excluding
other experts. At the moment, such education at the Universities is provided sporadically with only one or two
subjects in specific field and is lacking interdisciplinary approach, while LLL courses are sporadic and lack
systematic approach and coordination between different market players.
From July 2017, the Ministry of Construction and Physical Planning (MGiPU) enforced the “Ordinance on
education and certification system of construction workers working on the installation of building components
which affect the energy efficiency of buildings” [49] which is envisioned to increase the number of skilled workers
working on energy refurbishment and construction of new NZEBs. Similar ordinances exist for the installers of
RES Systems where there are also several training centres established which give education on installation of
RES systems [5]–[8].
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Additionally, it is expected that the Ministry of Science and Education will recognize the non-formal and informal
learning and enable workers to gain qualifications also through those types of learning.
The CROSKILLS programmes (VET) [54] were reviewed by the experts from the Agency for Vocational
Education and Training and Adult Education (ASOO) and the MGiPU which resulted in accepting the programme
by the MGiPU within the Ordinance on education and certification system of construction workers working on
the installation of building components which affect the energy efficiency of buildings [49]. Additionally, training
materials (books, manuals and practical examples) were accepted by ASOO and recommended them to be used
as a literature in VET schools. There are 11 training centres throughout Croatia which ensures the programmes
availability for all the potential interested workers, but it has to be said that after the CROSKILLS project has
ended, there is a little interest for these trainings by the Croatian market players. This situation is similar to
training courses established by the MGiPU for certified RES installers [5]–[8].
It should be mentioned that in practice on construction sites, there is still no specific focus on blue-collar workers
and VET for high-quality or NZEBs, for installation of RES solutions in buildings or for application of new
technologies, components or materials, so additional efforts should be exercised in this direction.
The general opinion from the stakeholders in Croatia, for the reasons for this low uptake for training is that these
training courses are not mandatory, and the quality of construction works related to NZEB parameters is rarely
being checked. Thus, there is still no big market for NZEB training in Croatia, even though some progress is
evident.
To tackle construction industry’s main challenges and to improve competitiveness, the Ministry of the Economy
launched Strategic Guidelines for the Development of the Construction Sector [55] in 2013. The guidelines
address a range of important issues including human resource development, access to finance, and support for
research and stimulating “green building” (including using eco-friendly materials and developing infrastructure
which uses less energy) [55]. Croatia’s housing policy aims to improve the supply of good quality housing,
including affordable housing. The policy is supported by government subsidised schemes such as the
Programme of State- subsidised Housing Construction as well as energy refurbishment subsidies and the
implementation of NZEB standard into the national legislation.
Specialization in designing and building new NZEBs and DER of existing buildings to NZEB standard and
professional opportunities emerging from specialisation is virtually non-existent. The construction professionals
are continuing with “business as usual” approach also when constructing NZEBs. At the moment, very few
NZEBs have been designed, let alone constructed, and experts lack experience, lack peer knowledge sharing
and often learn from their own mistakes. Thus, the importance of appropriate competences and the lack of
appropriate competences regularly becomes evident in the late stage of the project development, when the costs
of rectifying mistakes become high.
As official primary and higher education programmes currently do not focus on NZEB and DER, this niche is
covered by professionals with completed short-term trainings with or without final certification. Additionally, the
Energy Performance Certification (EPC) market bloomed from 2010 onwards in the middle of crisis in Croatian
construction sector, which motivated many professionals with no previous knowledge to enter the energy
efficiency field. Their poor knowledge and lack of any NZEB experience and low understanding about the
complexity of NZEB design and construction process didn’t stop them to design and construct among others
energy efficient and NZEBs. This of course resulted with underperformance of buildings in use.
The inflation of people claiming they have knowledge on NZEB as well as lack of widespread quality control of
energy efficiency parameters and any penalties for underperforming buildings led to the situation in which
trainees and experts holding the certificate will not enjoy a better position on the labour market.
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In isolated cases investors (public or private) may demand a contract to be executed by a construction company
that employs certified staff and construction companies with certified personnel may enjoy a competitive
advantage in public procurement. But these cases are very rare in Croatia at this moment.

4.1.2 Hungary
Hungary’s efforts to emerge from the economic crisis are greatly hindered by poor energy efficiency, which could
be improved at the lowest cost and at the highest benefit both to society and in terms of climate protection by a
sustainable energy retrofit programme of its buildings and by the construction of new, energy-saving dwellings.
At least 70 percent of Hungary’s building stock of 4.2 million units is in need of renovation, with approximately
10 percent being so obsolete that these should be demolished and replaced with new buildings.
Hungary’s construction industry: current situation, trends and vision


growing dominance of conditions of market-based operation, increasing competition,



growing significance of business and financial processes,



concentration of capital and the consolidation of capacities (also on account of company acquisitions
carried out during the crisis) are set to be the main characteristics of the period ahead,



the rather significant (and overrated) circle of sole proprietors and micro-enterprises is set to decrease,
firstly due to the aging of a high number of “false self-employed” and the (expected) regulation of
private businesses,



increasing use of a client-oriented approach,



requirements of environmental protection, climate protection and health gaining ground in contracting,



significant innovation processes in the manufacture of building materials, in equipment used for building
engineering and electrical purposes and in the mechanisation of construction – use of new materials,
structures and equipment,



building engineering, electrical and building automation systems that are related to energy efficiency
gaining momentum at an increasing rate,



emergence of new technologies (also) as a result of the above, combined with a more effective
implementation stage, in which various solutions of information technology (IT) also become common,



higher demand for advanced competencies and managerial skills,



competition between technical solutions set to become more pronounced in contracting, which means
that clients will often specify basic requirements, and there can be competition even in the way these
requirements are fulfilled,



international aspects growing stronger, amalgamation of domestic and foreign actors becoming more
widespread throughout the industry (the competitive environment for general contractors in the
Hungarian construction industry basically represents European companies, with specialist contractors
mostly engaging on a Central-European regional basis).
Table 12 List of "systemic” problems encountered by the construction industry

1.

struggle for state (EU) development funds – the highly centralised redistribution scheme lives on

2.

the widespread sub-sectoral structure of the construction industry acts as an obstacle to the creation
of integrated markets and renders flexible adjustment to needs and complex solutions impossible
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3.

project-centered view instead of an integrated approach

4.

building economy exists in a dual framework: not only is there a wide gap between the few large
corporations and the tens of thousands of small enterprises, their relationships are also weak

5.

scarcity of funds, restricted internal market (limited purchasing power and creditworthiness)

6.

marked presence of foreign stakeholders, yet entrance to external markets is difficult

7.

deficiencies in employment and vocational education

8.

low rate of renovations and poor efficiency in energy use.
National policy and regulatory background

The New Széchenyi Plan
The New Széchenyi Plan [56] creates a vision for the Country and marks out the paths of potential development
for the economy. The Plan defines building energy enhancements as among the main sources of energy
efficiency and energy saving. From the aspect of buildings’ energy efficiency, the most important element is that
the Green Economy Development Programme, which incorporates green energy, energy efficiency, green
education, employment and a shift in approach, as well as green R&D&I, is among the seven core projects of
the Széchenyi Plan [56]. Also worth noting, is the fact that the Plan considers the increased use of energy from
renewable sources principally not an obligation (in connection with climate change, dependence on energy
import and the safety of energy supply), but as a take-off point for economic competitiveness. The Green
Economy Development Programme states that the development of Hungary depends to a large extent on how
it will manage to shift from an economic model relying on traditional (fossil) energy carriers to one that is
essentially built on the use of green or clean technologies and energy resources, and to operate such an
alternative model in a sustainable fashion. In an economic model which lays the foundation for a sustainable
future, energy saving, energy efficiency, the increased use of renewables and prioritising own resources have
great significance. The Plan defines the following as the tools for the Green Economy Development Programme:




energy efficiency – energy saving – rationalisation of energy use
green energy – renewable energy sources
agricultural energy production – bioenergy from agriculture

The National Energy Strategy 2030
The objective of the National Energy Strategy 2030 [57] is to reconcile energy and climate policy while keeping
economic development and environmental sustainability in mind, to determine an acceptable level of energy
demand and the future directions of energy improvements, and to frame a vision of the future for Hungarian
energy policy. Taking specific geopolitical features into account, the Energy Strategy contains detailed proposals
for the stakeholders of the Hungarian energy sector and the decision-makers and includes a roadmap until 2050.
The primary goal of the strategy is to effect a change in the energy structure by achieving rationalised energy
demand and sustainable, safe and independent (less import-centred) supply. To that end, the major tasks ahead
are as follows:



energy efficiency measures spanning the entire supply and consumption chain;
increasing the share of low CO2-intensive electricity generation based primarily on renewable sources
of energy;
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promoting renewable and alternative methods of heat generation;
increasing the share of low CO2-emission modes of transport.

National Renewable Energy Utilisation Action Plan
According to Hungary’s Renewable Energy Utilisation Action Plan (NREAP) [58] the key areas of Hungarian
renewable energy policy are as follows:


Security of Supply: Through the use of renewable energy sources, the dependency on imports can
be reduced, as the use of renewable energy is planned to be realised from domestic sources.



Environmental Sustainability and Climate Protection: The use of renewable energy sources
contributes to the reduction of CO2 emissions. When selecting specific applications, aspects of
environmental and nature conservation have special priority.



Agriculture and Rural Development: The use of biomass, based on the favourable agro-ecological
conditions of the country, can contribute to both the retention and creation of agricultural jobs, thereby
increasing the competitiveness of the sector and significantly reducing the need of communities for
fossil energy sources.



Development of a Green Economy: A rational use of renewable energy sources, in close coordination
with energy conservation and energy efficiency programmes, could constitute the basis of the creation
of a new (green) sector of the economy.



Contribution to Community Goals: Hungary is committed to fulfilling the objectives set out in the RES
(Renewable Energy Sources Directive).

Table 13 The national target for energy produced from renewable sources and the scheduled agenda for
heating and cooling, electricity and transport
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Status quo of the construction market of Hungary
The economic growth since 2017 resulted in the boost of the construction industry and also the Hungarian GDP
increased with 10% according to a study (Építési Piaci Prognózis 2018) developed by economists in 2018. More
than 350 different actors of the construction field (entrepreneur, contractor and representatives of authorities)
participated in a survey related to the status and the future of the construction field in Hungary. Unlike in the last
few years currently the main boost of the market is not created by the multinational companies but the Hungarian
state.
The most important field is the construction of new and the energy efficient renovation of the old residential
buildings. The sport facilities are the third and unfortunately educational and health institutions are the last
important. However, since the cost of residential buildings, especially apartments and small flats increased
significantly in the past few years, the construction projects will decrease after 2019 and 2020. The Hungarian
Government initiated programmes to boost the new constructions in the residential field however these were not
successful.
In relation to the new NZEB requirements the Deputy State Secretariate for Architecture and Construction
developed a handbook in 2015 [59]. The document summarizes the NZEB requirements and provides
information and support on how to apply them, also it provides information on certification process. In Hungary
currently most of the residential houses are in the classification “FF-GG” meaning that their annual primer energy
consumption is 200-300 kWh/m2. This value is very high, which means that almost 70% of them do not met the
NZEB requirements.
7/2006. (V. 24.) TNM regulation about defining the energy performance of buildings [5] includes all the
information related to the Hungarian NZEB requirements.

4.1.3 Ireland
General overview
The last reports from the Construction Information Services (CIS) reported that the Irish Construction sector
performed strongly in 2017 and 2018 confirming the resilience of the industry and its ability to recover from a
historic crash. Thus, two points of strength have been demonstrated since 2013 when the sector witnessed the
commencement of a return to growth. This growth has followed a sustained and measured upward trajectory,
and has matched the Republic’s economic recovery, which recorded Ireland as the best performing country
within the EU, with a GDP growth rate of 7.5% in 2018.
Before 2013, the Irish construction sector saw a major building boom from 2000 to 2007, followed by a period of
significant stagnation until 2013. A significant number of non-skilled workers employed during these years, were
school leavers and unqualified people from other sectors, who moved into the industry without carrying out any
relevant training to carry out work on site. Between 2007 to 2013 the number of workers starting apprenticeships
were also extremely low as training was not a priority and suitable training was not available.
Looking at the type of companies composing the Irish market and at their sizes, it is interesting to see the
following figures for the periods from 2008-2016 (Table 14 - Table 15):
Table 14 Construction Enterprises (Number) by Nace Rev 2 Activity and Year
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Table 15 Construction Enterprises (Number) by Persons Engaged and Year

From 2008 to 2014, the Irish sector saw a general decreasing trend in the number of companies from 61,905 to
47,349 units representing a decrease of -23.5%. From 2015 onwards, supported by initiatives from the
Government, the number of companies started to grow again as well as the number of workers, the turnover and
gross value added of the sector. The structure of the market did not change as 95%-98% of the market is always
composed of micro companies with 0-9 employees.

Figure 10 Turnover and GVA of the Irish Construction Market 2014 – 2016 (Source: CSO)
In 2016 there was an annual increase in Construction turnover of 30.0% from €14.9 billion in 2015 to €19.4
billion, Figure 10. The year on year change in GVA showed an increase of 19.6% up from €5.8 billion in 2015 to
€7.0 billion in 2016, of which 94.4% generated by SMEs. In terms of number of persons engaged in these
enterprises, in 2016 the number rose by 10.7% to 120,341. More recent figures state that at the end of Q2 2018,
the total number of persons directly employed in the construction sector was 145,700.
The increasing trend in Value and Volume of Production continues to increase after 2016, as shown by the
Indices of Total Production in Building and Construction Sector (all buildings excluding civil engineering) taking
as reference 2015 level (base 2015=100) (Table 16, Figure 11).
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Table 16 Value and Volume of Production Index, 2008-2018 (2015 base) – (Source: CSO)

Figure 11 Graph for Value and Volume of Production Index
2018 Value and Volumes of Production for all building construction which excludes civil engineering increased
by 58% and 50% respectively versus the baseline of 2015. The pre-crisis level was considerably higher, but the
growing trend after 2015 and 2019 forecast are very promising (Figure 11).
Most of the key figures related to the construction sector are under a positive trend of growing with the residential
segment driving the increase in numbers for On-Site, Planning granted and Planning submitted in 2018 vs. 2017.
On-Site in 2018
According to analysis carried out by CIS in relation to the Construction Sector, the volume of projects, requiring
planning, moving on site in the 12 months of 2018 is up 1% on the same period last year. This equates to an
11% increase in the value of projects moving on site when compared to 2017.
In Sectoral terms, the only sectors to decline in volume terms are the Medical & Care Res, Commercial & Retails
and the Education sectors. The strongest performing sectors are Residential and Community and Sport, up 19
and 24% respectively. In value terms, the best performing sectors are Residential, up 84%, Hotel & Catering up
141% and Civil & Utilities up 154%
Focus on the Residential sector
Over 21,700 units in multi phased developments started On-Site in 2018. (A further 4,300 self-build houses have
commenced building in 2018). This represents an increase of 47% on 2017 levels.
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Unsurprisingly, all regions are growing strongly in relation to the number of units On-Site in the period. The
fastest growing regions are Munster up 144% to over 4,600 units and Ulster ROI up 134% to over 460 units.
Dublin is once again the largest region by volume terms with over 8,650 units commencing in 2018. Leinster is
the next biggest region by volume terms with almost 7,000 units commencing

Figure 12 Projects moving On-Site 2018 vs. 2017
Planning granted
In a similar trend to the on-site stage, the volume of projects moving to plans granted stage is also up 1% on
2017. Over 5,600 projects were granted planning permission in the period under review. In sectoral terms, the
fastest growing sector is Residential which is up 12% in volume terms. Community & Sport is down over 10%,
while Civil & Utilities, Commercial & Retail and Education have all fallen by single digit percentage falls (Figure
13). In value terms, the strongest performing sectors are Residential, Industrial, and Commercial & Retail which
are all up over 40% on the 2017 figures.

Figure 13 Planning Applications Granted 2018 vs. 2017
Focus on the Residential sector
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Almost 980 residential projects have been granted planning in 2018, representing a 12% increase on the
previous year. If all these projects are constructed, it will represent a further 28,230 units, a 26% increase on
2017 levels.
Almost 11,470 units have been granted planning in Dublin alone, a 16% increase on last year’s levels. The best
performing region in percentage terms was Ulster ROI up 140% on last year. All regions report an increase in
the volume of units granted planning. A further 6,600 self-build projects have been approved planning in the year
Planning submitted
The volume of projects submitted for planning in 2018 has risen by 9% as compared to 2017 levels. The only
region to experience a decrease in volumes was Dublin, down 7% due mainly to the lack of availability of land.
All other regions have experienced positive growth in projects submitted for planning. In Sectoral terms, Medical
& Care res, Civil & Utilities and Hotel & catering were the only sectors to decline in volume terms. The best
performing sector was Residential, up 23% on the same period last year as over 1500 multi-unit developments
were submitted for planning (Figure 14). In value terms most sectors increased in value terms with the exception
of Civil & Utilities and Hotel & Catering.

Figure 14 Planning Applications Submitted 2018 vs. 2017
Focus on the Residential sector
The number of new units submitted for planning in the sector has increased by 24% in 2018. Over 39,000 units
have been submitted for planning, with over 11,800 units in major projects submitted in Q4 2018 alone.
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Figure 15 Number of planning permissions for all building construction until Q3 2018 (source www.cso.ie)
Ireland is characterised by a recorded positive growing trend of value and volume of Production which is also
forecast to continue in the next years. This represents the recovery from the significant stagnation of the period
2008-2013 and the response to the severe housing crisis and infrastructure deficit of the Country. This positive
trend is supported by Government’s actions including simplification of applications procedure and definition of
the 2040 Strategic Plan. In 2017 an amendment in legislation has enabled larger housing development
applications to pass through the system more effectively by applying directly to An Bord Pleanala [60]. This
strategy was to respond to the crisis of the shortage of housing in Ireland and the number of homeless people
and families [61]. Furthermore, plans have been outlined in Government's Project 2040 Plan for significant
infrastructure and housing investment to face the increase in population by 2040 and prioritise the wellbeing of
all Irish people. However, Ireland will need to have the skills in place to secure this growth.

Figure 16 Projected Construction Output to 2020 [62]
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In relation to the expected growth in 2019-2020, CIF `forecast the following interesting achievements:





Completions will increase to 24,000 in 2019 and 28,500 in 2020.
National Planning Framework’s National Policy Objective 32 targets the delivery of 550,000 additional
households to 2040.
€89m provided in 2019 for a Serviced Sites Fund. Fund will reach €310m by 2021 and deliver 6,000 new
affordable homes.
National Regeneration programme allocated €72m in 2019 - deep retrofit works in 28,000 homes.

All the above future developments will incorporate the implementation of NZEB through Building Regulations
TGD Part L Conservation of fuel and energy - Buildings other than dwellings came into force on the 1st of January
2019.
Skills shortage challenge
SCSI/PwC Construction Market Monitor 2018 report highlights acute skills challenges and the recent Central
Bank report reveals that the number of people at work in the Irish construction sector is around half (46%) of
2007 levels. It noted that a large number of construction workers who lost their jobs in the period 2008 – 2012
have not regained employment in the sector. The report further noted that the Irish construction industry may
need to recruit from abroad to fill jobs.
The existing skills' shortages in both main contractors and specialist sub-contractors are also a significant factor
driving increased costs.
The concern over skills shortages in the industry seems valid, given the trends in the number of qualified Skilled
Craftspersons which almost halved between 2007 and 2015 on the basis of DKM report “Demand for Skills in
Construction `to 2020” (Figure 17) [62]:

Figure 17 Construction Related Occupations in whole economy [62]
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Figure 18 shows the distribution of the 63,800 qualified skilled occupations across the whole economy in 2015
vs. 121,000 in 2007:




The largest number of qualified craft persons at the end of 2015 was Carpenters and Joiners following a
decline of 50.7% vs. 2007;
The most significant decline was recorded for qualified Plasterers at almost 81%, with just 2,900
employed in Q4 2015;
The other biggest decline was recorded by qualified Bricklayers and Masons, a group in which numbers
declined by 66.7% to 3,800.

Figure 18 Distribution of the total qualified skilled craftspersons in the economy in 2007 and 2015 [62]
In the same period of time, between 2007 and 2015, the economic recession impacted significantly on the
apprenticeship programme. The level of new registrations declined at an unprecedented rate from a peak of
almost 7,000 in the period 2004-2006 to a low of 645 in 2010, reaching 1,715 in 2015.
There were some 4,400 apprentices across all trades in construction in 2015 compared with 23,700 Apprentices
in the State in Q4 2007. With the exception of Electricians, every apprentice trade experienced losses greater
than 70 per cent between the height of the construction boom and the end of 2015.
New emerging occupations
Fifty-four percent of Irish organisations participating in the World Green Building Trends 2018 SmartMarket
Report expect their projects to be green by 2021 [63]. The number of green buildings has increased significantly
in Ireland over the last 5 years thanks to the substantial social and economic impacts of going green (more
productive workplace for occupants, mitigation of climate change, etc). The client demands are the most
important trigger for new green building activity in Ireland, selected by 71%, more than double the global average.
Environmental regulations are the other notable trigger in the country.
In spite of these encouraging results, the lack of educated green building professionals was identified as a key
obstacle to more green building by nearly half of Irish participants. As stated by the CEO of IGBC, Pat Barry, the
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sustainability skills of the Irish construction sector must be updated in Ireland, in order to achieve the climate
targets.
The need in NZEB trainings which goes with the actual growing trend of the Irish Construction sector is also
started to be tackled by big players in the industry such as Saint Gobain and Passive house organisations. Saint
Gobain conducted a National survey of 250 construction professionals which highlighted that over one third of
industry professionals see a skills shortage as the biggest risk factor facing the industry over the next 10 years.
Many private companies have launched new NZEB courses (in addition to their existing upskilling programmes)
for construction professionals in Ireland with the aim to lead the progression of NZEB best practice within the
sector [64].
There are a number of emerging occupations developed from the evolution of sustainable needs and the
enforcement of energy efficient building pushed by the Government and by a number of public funded bodies
such as Sustainable Energy Authority Ireland, SEAI. Due to the need of ensuring that new buildings in both the
residential and non-residential areas are compliant with the current building regulations, a number of on-site
vocations have progressed, in particular external insulation installation, air permeability testing, RES PV
installations, Bio-mass heating installations, ASHP installations and energy assessors.
Many of those mentioned have been developed commercially over the last ten years, in some cases adopted
and recognised as a necessity. To ensure that NZEB is enforced, the above listed occupations require approved
training: various courses have been developed to supply the demand, albeit at small scale.
A number of individual registers listing suitably qualified companies have been created and overseen by many
accredited organisations, these include external insulation installers (SEAI), air permeability testers (NSAI), Biomass heating and ASHP installers (SEAI), Wood pellet and gasification installers (SEAI) and RES PV/Solar and
geothermal installers where training is required and recognised by RECI/RGII (SEAI).
The energy rating performance of all buildings are overseen by suitably qualified assessors for domestic (BER)
and non-domestic (BER and DEC) buildings. These assessors carry out training bi-annually and are audited
regularly to ensure compliance and competency. The list of assessors is held by SEAI at
http://www.seai.ie/Your_Building/BER/.
More recently in 2018, SEAI have now provided a list of Registered Technical Advisors who can install heat
pumps as part of the SEAI Better Energy Homes (BEH) programme. The advisor guides the homeowner on the
energy performance of the dwelling, particularly on the suitability of the dwelling for a heat pump system based
on the dwelling’s heat loss.
Quality of site works is aimed at site managers as part of the lean management programme run by CIF. This
programme is part of CPD for attendance on the CIRI register and is required by all construction companies to
complete.
The newest emerging occupations are within the NZEB areas due to the adoption of the NZEB definition early
in 2017 and the requirement that all public building must be compliant to NZEB standard by Dec 2018. A number
of courses to train consultants and tradespeople in NZEB construction are underway. These include:
NZEB professional consultant – training by DIT (now known as Technological University Dublin) as part of
MEnS project http://www.mens-nzeb.eu/en/ and further accredited QQI qualifications: CPD Diploma in NZEB
Design Tools and CPD Certificate in NZEB Policy and CPD Certificate in NZEB Technology.
NZEB professional design consultant – training by LIT as part of flexible e-learning programme for near zero
energy buildings (QQI level 6) to understand solar and sustainable design, airtightness and ventilation
renewables and complete project (working case study).
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NZEB craftworkers and operatives- Certificate in Low Energy Buildings (QQI level 6 course) focused on
developing the knowledge of building construction workers (crafts people and operatives) on Low and Near Zero
Energy Buildings NZEB. The aim of the programme is to increase the learners’ knowledge of principles and
practices applied to the construction/retrofitting of low energy/near zero buildings. This improved knowledge will
allow such workers apply their existing skills so that relevant energy efficient standards are achieved. This course
is set out in 2 modules where the construction workers complete the Introduction to Low Energy Buildings/NZEB
known as the Foundation Energy Skills (FES) course [5 credits] and then completing a Low Energy Buildings
Project on site relevant to their specialised subject known as the FES Project [5 credits].
NZEB for craftworkers – Waterford Wexford Educational Training Board (WWETB) with LIT are developing
training programmes for qualified craftworkers (or equivalent) in the fields of electrical, plumbing, carpentry,
bricklaying, plastering and for site managers. These courses are currently being developed following on from the
content developed in the National Skills Specification for NZEB in Ireland to provide additional training to
craftworkers who have completed the apprenticeship programmes. It is hoped that these 3 day or 4 days standalone NZEB courses can be included as part of future apprenticeships as add on courses.
NZEB for construction workers - LIT have developed and amended the Foundation Energy Skills Course and
updated the content to be used for NZEB training for construction workers. WWETB will run the 3-day course as
a Certificate in NZEB for general operatives. Additionally, a one day Fundamental NZEB course for policy makers
and general public has also been developed and currently being run by WWETB.
Environmental Certificate for Professionals - IGBC have also initiated the EU funded project ECCoPro –
Environmental Certification for Construction PROfessionals. The objective of the ECCoPro project is to explore
the opportunity of introducing an environmental certification system for building professionals in Ireland.
Conclusion
The scenario presented in the above sections is one of an industry in recovery phase, which is on course to
experience the most positive prospects in a decade, provided it has the necessary skills available to meet the
demands on the industry. The fundamental prerequisite seems to exist given the support and collaboration
demonstrated by the main stakeholders involved the Action Plan for Housing and Homelessness [61] includes a
commitment to support construction innovation and skills by giving responsibility to the Department of Education
and Science to ensure that mainstream and targeted education and training initiatives are in place to support the
Action Plan.
Workforce Statistics
In 2017, the total number of workers engaged in the entire construction sector (NACE F) was over 140,000. In
2016, there were approximately 68,000 persons employed in craft occupations. The characteristics of the
workforce are:
•
Gender (2016): 9.2% of workers across all skilled trades are women. Among electricians, only 1% of the
self-employed, and 4% of the employees are women. Among those working in the building trades, only 2% of
the self-employed and 5% of employees are women. In 2016, women took up only 33 state funded
apprenticeships. To put into perspective, there were 10,000 apprenticeships available that year.
•
Age (2016): 66% are between the ages of 25-54. Between 2011 and 2016, the number of under 24 year
olds and the 25-34 age group decreased while the number of older workers – 35 years old and up-increased.
This reflects the collapse in recruitment following the recession, and tallies with the drop in the number of
apprentices. The age profile of plasterers, bricklayers and other construction trade workers is the most mature,
with almost one quarter aged 55 or older.
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•
Migrant workers: In 2014, migrants accounted for about 12% of the construction workforce, with the
majority being from Eastern and Central European countries. Following the recession, many are thought to have
left Ireland or moved into different employment.
•
Levels of education are generally low, with 20 per cent not having completed the final secondary level
exit exam (Leaving Certificate). Only 17.6 % possessed a third level (degree and non-degree) qualification,
compared to 33.4 % amongst the workforce in general. According to the National Skills Bulletin, this trend
continued in 2016; compared to 11% of construction workers, 47% of the total workforce hold third level
qualifications. Among apprentices, the level of education is higher than that for the general population.
All occupations in the construction industry face skills shortages. An estimated 30,000 skilled workers are
needed, though it is likely that these forecasts underestimate the actual numbers in future years in view of the
anticipated and significant expansion in new residential development. Many workers do not have any
qualifications, although generally education levels are quite high.

4.1.4 Spain
The Spanish construction sector has been growing since 2015, at an average annual rate of 3.8% (Figure 19).
This is in itself a substantial result when we compare it with the average performance in Western Europe (2.6%
during the same period as per the latest Euroconstruct report [65]) and also with the performance of the Spanish
GDP (3.1%, ditto). In normal circumstances, four years in a row of an apparently robust growth could have been
described as a successful period for construction. But when we consider a longer term perspective, with enough
span to include in the analysis the previous booming cycle, we can easily notice that the upswing that started in
2015 is indeed just a very modest one:

Figure 19 Production in the Spanish construction sector (2020-2021) [65]
Even after those four years of recovery, the Spanish production sector ended 2018 with a production output (at
constant value) 77% below that of the peak in 2007. This extremely heavy drop is also reflected, with very similar
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figures, in the statistics of consumption of construction materials such as cement. Only the employment
indicators show a less extreme picture, with a decrease of 54%.
All this context conveys a key message: even that the growth figures of the last years look quite good on its own,
it would be a mistake to take them at face value and conclude that the Spanish construction sector is now in a
healthy position. On the contrary, Spain is just starting to recover after a fall of unprecedented dimensions, and
such a low production base explains why the growth rates seem substantial.
Some voices of criticism have also been heard, arguing that the performance of the construction sector during
the boom was irrational and unsustainable, while the present performance is much closer to what it should be
the “normalcy” for construction in Spain. There is a common agreement on the first part of this theory –the nil
chances to revert to the peaks of 2007– but the second part –these production levels becoming the standard for
the years to come– is far more difficult to accept. After all, if we calculate the construction production per capita
in Western Europe in 2018 we get 3570 € per inhabitant, while in Spain it is just 2300 €. This can be taken as
proof that there is still a sizeable room for improvement, although it is difficult to say how much time it will take
to catch up with the European averages.
Another fact that point towards this need for improvement is that most of the recent revival of the sector is based
in a single market niche: new housing construction (Figure 20).

Figure 20 Production in the Spanish construction sector (2020-2021) [65]
More than 80% of the increase in production volume gathered during the last four years of recovery have been
generated in new residential building sites. There are several reasons to explain this strong bias. First of all,
these have been times of austerity for public budgets that have translated into a noticeable relaxation in the
niche of civil engineering. Even though the real estate market has experienced a very expansionary phase, there
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were already enough offices and commercial space available in the market, so investors have concentrated on
existing property rather than demand new non-residential developments.
Housing construction has not stolen the spotlight by merely being the least weak niche in the market; rather, it
has regained its strength for reasons of its own. Housing construction had been in the centre of the eye of the
storm during the 2007-2008 crisis, so many residential projects were cancelled as a precautionary measure.
Afterwards developers were reluctant to re-start them (and banks were also reluctant to finance them) until the
economy was confidently out of danger, and as a result some markets have not seen any increase of their
housing stock for over a decade. The demand may have not picked up in absolute figures, but progress is evident
and concentrated in the few cities that were creating jobs again. Furthermore, this demographic demand has
been complemented by the speculative demand from investors (domestic and especially foreign) who are hungry
for profitable opportunities that were lacking in the rest of investment markets.
Currently, the construction sector has concerns on how sustainable this push forward for new housing will last.
There are reasons to sustain both the prospect of a slowdown and the prospect of the continuation of the upward
trend. The optimistic view is based on the lack of signs pointing a loss of strength in housing demand: sales in
2018 have been particularly good, and the continuation of the EU policy of interest rates will mean that lending
conditions for both developers and mortgage applicants will continue a bit longer in very attractive terms. It is
also worth considering that, despite the apparent surge of new residential projects, the amount of housing that
is effectively added to the market is very small, so the risk of saturation is minimal. In 2018, the production in
Spain was merely 1.9 new dwellings per thousand inhabitants, while the Western European average was almost
twice that amount (3.6) (Figure 21):

Figure 21 New housing completions in Spain [65]
But the reasons to embrace a more conservative approach are also powerful ones. There is considerable
concern about the recent increases in housing prices in the areas of high demand which is driving out many
potential local buyers and tenants out of the market. The likelihood of a reversion in this trend (a new “bubble
burst”) is not yet on the radar of the real estate experts, which foresee a continuation of the price increase,
although not as strongly as in the past years. On the other hand, the prospects of a cooling of the Spanish
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economy cannot be ruled out as a dampening factor in domestic demand for housing. Considering the role that
foreign demand has nowadays in the Spanish real estate sector, the event of an economic slowdown of global
proportions mixed with the aftermath of Brexit poses an added level of risk.
We have given some hints regarding how housing demand in Spain is getting very polarized, and we must insist
on the importance of this fact, also for the years to come. This has appeared as a side effect of the way the
country has recovered from the economic crisis, where some cities/regions experiencing a much earlier upswing
than the rest, while in some cases, there are cities/regions that remain undeveloped living in the same dire
conditions than in the worst years of recession. Consequently, housing demand concentrated in the successful
areas of high employment create a more abundant building programme and thus better paid workers. At the
same time, there are other areas with an alarming lack of housing demand, “laced up” with symptoms of
demographic decline, that became a true “no-go” zone for developers because the remaining building stocks of
the last booming cycle seemed enough to cover the actual needs. These phenomena seemed local and transient
at first, but they may very well become structural, with serious consequences for the Spanish construction sector.
To sum up, the Spanish construction sector is still in a fragile position, producing at only at a fraction of its former
production capacity. Most of its production comes from a single market niche –new housing– which is hampered
by the fact that demand is not yet spread throughout the whole country and concentrates in a series of “hotspots”.
Those hotspots are threatened by the rise of sale and rental prices.
This might not be an ideal situation to introduce changes towards higher standards of sustainability, but
nevertheless the process towards greener construction has already started and is slowly gaining momentum.

Two different stages can be identified in the development of the energy transition process in Spain:
STAGE 1: Managing the transition to energy sovereignty within the framework of a new European Union
Member State
o

Guaranteeing energy supply.

o

Establishing and exercising governance of the existing energy model, providing training for
management teams, etc.

STAGE 2: Implementation of the new Spanish sustainable energy model
o

The exercise of full competences in the field of energy by the Spanish institutions within the
framework of the European Union.

o

Establishing the bases for the development of new Spanish energy model.

o

Developing the basic strategic lines of action in the new Spanish energy policy.

o

Establishing a new model of governance.

The Spanish energy model will be required to provide a response to several major challenges:
o The great dependence on fossil and nuclear energy resources, mainly oil products
o
o

The growing impacts of the current energy model on the environment:
Climate Change and Air Quality

By 2030: Achieving, at least, the targets set out in the European Union’s new “2030 Climate and Energy”
package:


27% of gross final energy consumption should be renewable and 50% of electricity should be generated
from renewable sources.
P a g e | 50

BIMzeED– 600946-EPP-1-2018-1-IE-EPPKA2-KA
O2.1 Literature review on BIM and nZEB needs in the construction industry

Education for zero energy Buildings
using Building Information Modelling



Improving energy efficiency in Spain by 30% compared to projections of future energy consumption.



Reducing greenhouse gas emissions linked to the energy cycle in Spain by 40% compared to 1990
emissions.

By 2050: Establishing an energy model based 100% on renewable energy, if this is possible technically,
environmentally and economically.
GOALS:
1. Reduce the consumption of fossil fuels
– Energy dependence (75%)
2. Decrease GHG emissions
–

Climate change (COP21)

ACTIONS:
1. Energy buildings renovation
2. Nearly zero energy buildings

4.1.5 EU Level
Resource Efficiency Opportunities in the Building Sector, published in 2014, further urges a more efficient use
of resources consumed by new and renovated commercial, residential and public buildings and reduction of their
overall environmental impacts throughout the full life cycle [66]. It is within the context of these long-term goals
that the European Commission introduced Construction 2020 [67] – its strategy for the sustainable
competitiveness of the construction sector and its enterprises. This strategic policy agenda for the construction
sector in Europe focuses on energy and resource efficiency under Thematic Objective 3 “Improving resource
efficiency, environmental performance and business opportunities” [68].
The significance of residential and services buildings in terms of share in total energy consumption can clearly
be seen in national final energy consumption data. In 2016, the share of the consumption in buildings was over
35% in 16 countries (11 of them have a share over 40%) (Figure 22) which makes buildings the largest end-use
energy consumption sector in most European countries [69].

P a g e | 51
BIMzeED– 600946-EPP-1-2018-1-IE-EPPKA2-KA
O2.1 Literature review on BIM and nZEB needs in the construction industry

Education for zero energy Buildings
using Building Information Modelling

Figure 22 Residential and tertiary buildings consumption by country (% of total final consumption – 2016) [69]
According to [69], energy savings in buildings reached approximately 110 Mtoe since 2000 (100 Mtoe for
residential, 10 Mtoe for service sector), which means approximately 27% of EU energy consumption in 2000
(Figure 23). The limited growth in building energy consumption of EU28 (+5.4% between 2000 and 2016), is due
to energy efficiency improvements that counterbalanced the raise in energy consumption caused by more
dwellings and appliances and the increase of services activity [69].

Figure 23 Variation of households consumption in EU (Mtoe, 2000-2016) [69]
It is well known that, buildings have a central role to play in the energy transition of the EU since our buildings
are responsible for about 40% of primary energy consumption in the EU and about 36% of energy-related CO2
emissions while at the same time around 75% of the building stock is energy inefficient [70]. On the other hand,
BPIE [71] has found that just 3% of buildings in the EU are assessed as highly energy efficient in 2017 (with an
Energy Performance Certificate (EPC) A-label or better), leaving the other 97% in need of energy renovation in
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order to achieve the 2050 decarbonisation vision. The gap between the two figures (75% versus 97 % of
inefficient building stock) is explained by the general assumption that all buildings built before 1990 (and any EU
building regulations) are inefficient and all built after are efficient, determining the efficiency level of the EU
building stock based on its age [71].
The IEA [72] has pointed out that in the EU, energy efficiency can deliver 76% of energy savings needed to
achieve Paris Agreement objectives. IEA shows that despite a near-tripling of the world economy and a global
population increase by 2.3 billion, end-use energy efficiency alone can deliver 35% of the cumulative CO₂
savings through 2050 required to meet global climate goals. Since 75- 90 % of current buildings will still stand in
2050 [71], [73], a faster and deeper (in terms of energy savings) renovation rate is crucial for Europe to achieve
its commitment to the Paris Agreement.
On average, the volume of housing development across Europe amounts 2.8 completed apartments per 1000
citizens (Figure 24). The number of households, at European level, is expected to increase by more than 15%
by 2050 compared to the number measured in 2013 [74].

Figure 24 Housing development intensity – index of the number of completed dwellings per 1000 citizens [75]
The average housing stock in the EU in 2016 remained at 486.6 apartments per 1,000 citizens, which means
245.6 million dwellings in total with more than 1.2 million dwellings added based on year-on-year comparison
[75].
The building sector is responsible for 7% of the EU GDP [76] with over 11 million people employed. It has to be
said that out of these, specialised construction activities that include renovation work and energy retrofits account
for two thirds of the overall employment in the sector. These activities are dominantly provided by SMEs.
Therefore, it is thought that stable demand for energy renovation induced by smart policies would trigger further
development of building related SME sector. Overall economic growth could be also contributed by using energy
efficiency renovation to enhance the prominent role specialised activities already play in terms of value added
and employment [77].
Additionally, deep energy renovation (DER) of existing buildings is necessary to phase-out inefficient buildings
from the EU building stock. DER implies implementation of cost-effective measures that will significantly reduce
delivered and final energy consumption compared with pre-renovation consumption, leading to a very high
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energy performance. Additional efforts for introducing RES at the supply side will drive renovation towards the
NZEB standard.
Due to incontestable triple ‘gain‘ of energy efficiency improvements in buildings i.e. secure and sustainable
energy, economic growth, social cohesion [77], the sector has a strategic position in overall European energyclimate policy. By launching a smart finance for smart buildings initiative with the EU’s Winter Package “Clean
Energy for all Europeans” [70] this was additionally confirmed. The aim of the smart finance for smart buildings
initiative is to unlock private financing for energy efficiency and RES in buildings at a greater scale. Currently,
the EPBD II [7], Energy Efficiency Directive (EED) [7] and the Renewable Energy Directive (RED) [78] define an
EU framework that creates the conditions for long-term improvements in the energy performance of Europe's
building stock. In particular, the article 4 of the EED calls the Member states (MS)
“to establish a long-term strategy beyond 2020 for mobilising investment in the renovation of residential and
commercial buildings with a view to improving the energy performance of the building stock”.
All 28 MS have developed their long-term strategies, with varying level of details and far-reaching views [79].
Most of the MSs failed to provide long-term visions for building renovation, keeping their focus only on existing
measures without elaboration of plans for ensuring phasing-out of inefficient building stock by the mid of the
century. Renovation targets are not clearly presented nor are the benefits beyond energy savings (e.g. indoor
comfort/air quality, impact on construction sector, externalities) elaborated and evaluated. With the boost from
the Winter Package, it is expected that the updated strategies become more far-sighted and provide both critical
assessment of existing policy measures and a roadmap for establishing new once that will boost large-scale
building renovation [77]. Nonetheless, there is a number of policies across the MS in place for stimulating energy
efficiency improvements and renewables utilisation in buildings.
In addition to the efforts related to the renovation of existing buildings, the MSs have developed their national
plans to increase the number of nearly zero-energy buildings (NZEB). These are meant to stimulate the
construction of new NZEB, as well as to perform DER of existing buildings to the NZEB standard.
Blueprint for phasing-out inefficient buildings reported in [76] anticipates that DER will be taken up by the market
only if the technological solutions to be implemented are technically feasible and economically viable for the
stakeholders involved in the renovation plan. Preliminary attempt to assess the energy savings potential that
could be realised and investment needs by construction period, considers two different scenarios [76]:
•
•

the ‘market scenario’, which is based on solutions currently achievable in the course of renovation; and
the ‘NZEB scenario’, which is based on maximising energy savings and minimising investment over the
lifetime of the building.

It is stated in [76] that energy renovation is a stabiliser for the building sector and consequently the overall EU
economy.
Since maximising energy savings with minimising investment during the lifecycle of the building is needed to
achieve the 2050 targets, it is clear that “NZEB scenario” for DER is the one which construction market should
focus on.
To date, however, renovation rates in the EU are low and renovating the existing building stock in terms of energy
efficiency remains a challenge, even more so when considering the ambitious levels set by the EPBD which aim
at NZEBs. It is shown by D’Agostino et al. [80] that diversified approaches are in place for the improvement of
existing buildings energy performance, involving technical, economic and financial aspects, but a comprehensive
retrofit implementation is still distant at EU level.
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One of main results of the changes implemented in the amended EPBD [6] is that it requires MS to focus more
on the energy renovation of their building stock in order to transform it into a highly energy efficient and
decarbonized stock by 2050, facilitating its cost-effective transformation towards NZEB.
From the existing experience of the authors of this report that both construction of NZEBs and DER proved to
be a complex process for construction industry in general. It demands a change of business as usual procedures
of everybody involved, including architects, civil and mechanical engineers, site managers as well as
construction workers (craftsmen). The complexity of the energy efficiency renovation process is also evident
from the fact that only 0.4-1.2% (depending on the country) of the building stock is renovated each year [81]. It
is essential to stimulate the construction sector to increase renovation rates in Europe [80].
Looking at the construction sector, experience has shown that a number of challenges still exist and endanger
the policy goals of the EC. The construction industry needs to be able to deliver DER as well as newly build
NZEBs using innovative technologies which are key in addressing new approaches for energy efficient buildings
[82]. On the other hand, there is a lack of qualified and skilled workforce, which would deliver high quality NZEBs
in which occupants would have healthy living conditions [82], without any construction faults occurring in use,
and delivering designed energy consumption. Improving the competences of middle- and senior-level building
professionals, including various trade professionals (construction workers), in sustainable energy efficient
construction is therefore of key importance.
Besides the fact that the lack of quality is often caused by the lack of competences, building professions also
need to be aware of new and upcoming challenges relating to NZEBs. These include new materials and products,
the integration of renewable energy sources, new systems or processes, and the use of BIM tools. This leads to
the conclusion that upskilling towards energy efficiency and NZEBs should be done throughout the entire
buildings sector value chain (designers, architects, engineers, building managers, technicians, installers and
workers).
It is envisioned that increasing the knowledge and skills of craftsmen about new technologies, cross-crafting
good practices as well as worst practices will result with a higher level of energy performance in buildings, as
well as avoiding inadequacies caused by poor practices [83]. Additionally, objectives and consequently upskilling is regarded as an upstream measure, as outlined by a respective recent European study [84]
Among other things, the lack of qualified and certified building professionals was implemented into the Amended
(EPBD) [6] where in Article 10, paragraph 6 the following states:
“6. Member States shall link their financial measures for energy efficiency improvements in the renovation of
buildings to the targeted or achieved energy savings, as determined by one or more of the following criteria:
(a) the energy performance of the equipment or material used for the renovation; in which case, the
equipment or material used for the renovation is to be installed by an installer with the relevant level of
certification or qualification;”
The above-mentioned article does give the MS the possibility to introduce the knowledgeable and skilled workers
when considering financial measures with energy renovation of buildings. It still needs to be seen how specific
MS will tackle this article during the Amended EPBD implementation, but at least now there is a possibility to
promote competent workforce in order to achieve quality DERs.
The Energy Efficiency Plan [85] also recognises the importance of training and urges MS to develop strategies
and schemes to satisfy training needs.
Within the ZEBRA2020 project, a survey was conducted on how the professionals improve their knowledge in
the field of high energy performance buildings [86] where most of the surveyed professionals improved their
knowledge in the field of high energy performance buildings through self-learning and professional experience
(Figure 25). More than half of these professionals did more than one course every three years (Figure 26).
P a g e | 55
BIMzeED– 600946-EPP-1-2018-1-IE-EPPKA2-KA
O2.1 Literature review on BIM and nZEB needs in the construction industry

Education for zero energy Buildings
using Building Information Modelling

Figure 25 How the professionals improve their knowledge in the field of high energy performance buildings [86]

Figure 26 Number of course attended by the professionals in the last three years [86]
It was shown that professionals keep themselves informed on development of NZEB components and
technologies, using internet, workshops and fairs, while training courses in companies was the last preferred
option (Figure 27) [86]. On the other hand, self-assessment of their own knowledge regarding technologies,
regulation and NZEB strategies showed that building professionals have an intermediate level of knowledge
regarding technologies related to NZEB (Figure 28).

Figure 27 How the professionals keep themselves informed regarding the technological development of
components and technologies [86]
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Figure 28 Self-assessment of building professionals’ knowledge regarding technologies, regulation and NZEB
strategies. [86]
A question that arises is whether the number of designers, engineers and installers that are able to deal with
new technologies and standards will (have to) increase to satisfy the demand or not. If passive house training is
taken as an example as most complete and proven in practice, it can be determined that in the EU there are
about 1,500 certified passive house planners and 35 passive house certifiers [87]. In the next few years, there
will be about 2.0 million residential and non-residential buildings newly built per year in the EU [87]. Depending
on the size of the project an expert can manage various projects per year; however, the gap is a considerable
barrier to implementing the NZEB requirements for all new buildings in the near future. Technically every
Architect should be able to design a NZEB compliant building; however, in practice it will require keeping up with
standards and requirements that are needed to be fulfilled to build at NZEB levels [87].
The increase of the number of qualified construction specialists at all levels is directly related to the accessibility
and quality of the training and educational programmes and the inclusion of training on intelligent energy
efficiency and RES solutions in building renovation.
According to the Amended EPBD [6], Member States should design consistent mixtures of policy instruments
(policy packages) to provide the required long-term stability to investors in efficient buildings, including DERs.
Suffering a severe employment crisis, especially in terms of qualified construction specialists are looking for
better-paid jobs abroad, the need for training of the current workforce is much stronger, as is well recognized the
countries involved in the project. In 2012 a Communication on a “Strategy for the sustainable competitiveness
of the construction sector and its enterprises” [68] was published, focusing on the human capital in the sector.
This migration among EU countries as well as non-EU residents entering EU construction market means that
mutual recognition of competences and harmonisation of competences related to NZEB as well as BIM is
needed.
An online database that monitors the energy performance of buildings across Europe called “EU Building Stock
Observatory” has the new release (https://ec.europa.eu/energy/en/eubuildings) [88]. EU Building Stock
Observatory collects the building stock characteristics, the costs and state of implementation of relevant EU
Directives across the Member States [89]. This database [88] is not yet populated with a significant number of
NZEB buildings and thus it is difficult to estimate the current number of constructed NZEBs in EU. On the other
hand, there is an Intelligent Energy Europe project ZEBRA2020 (Nearly Zero-Energy Building Strategy 2020)
focuses on tracking the market transition to NZEBs to derive recommendations and strategies for the building
industry and policy makers and to accelerate the market uptake of NZEBs. ZEBRA2020 Data tool [90] has been
developed and aims at providing information of best cases in Europe, thereby showcasing the most recurrent
technologies, materials and strategies towards the NZEB target. The tool differentiates residential and nonresidential NZEB buildings and shows some of the most significant indicators regarding energy performance,
passive and active solutions and production of renewable energy. This tool contains 411 NZEB buildings built in
17 EU countries analysed in the project, but it seems it has stopped being populated recently.
With regards to the technical systems which are currently being or will be used in NZEBs, it is clear that fossil
fuel based technologies are not coherent with NZEB concept promoted by EPBD [87]. Due to the expected
increase of the renewable energy share in the national electricity mix and renewable on-site production, electric
heat pump seems to be the most suitable technology. In addition, biomass micro-CHPs and district heating
systems will be important in the future development of the NZEB market. Figure 29 shows the share of the most
used heating systems, according to the climatic zone based on 411 NZEBs analysed in ZEBRA2020 [89]. In cold
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climates the heat pump and the district heating occupy the first two positions of the most common heating
technologies, whereas the heat pump has a lower penetration in comparison with mild climates [89].

Figure 29 Share of heating systems according to climatic zones [89]
Successful implementation of NZEBs will also need technology transfer within the EU. This especially relates to
technologies to reduce heating demand (technology transfer needed from northern/ western Europe to southern
and eastern Europe) and regarding technologies to reduce cooling demand [87].
It has to be said that three related segments of the construction industry—energy efficiency, building automation,
and connected homes are adapting and their boundaries are more integrated [91]. Emerging from this disruption
is a single smart buildings market that is likely to cause a rise in value. Already the three segments generate
global annual revenue of about $250 billion (Figure 30). As they converge, that figure will continue to rise sharply,
reaching about $339 billion by 2022, divided evenly among the United States, Europe, and the rest of the world
[91].
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Figure 30 Worldwide rise of the energy efficiency, building automation and connected homes segments [91]
Other technological aspects whose improvement is necessary to push forward the market uptake of NZEB are
efficient thermal insulation materials and windows, Heating, Ventilation, and Air Conditioning (HVAC)
technologies. However, an analysis of BPIE showed how the actual markets related to these technologies must
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grow consistently to cover the future demand created by NZEBs. Table 17 shows that MVHR systems
(mechanical ventilation systems with heat recovery) and triple glazed windows currently have a market about
ten times smaller than the required one. The market of insulation materials, heat pumps, pellet boilers and solar
thermal systems has to growth 2-3 times.
Table 17 Overview of the factors actual markets should grow by to satisfy future demand [87]

Additionally, NZEB construction costs were calculated across EU MSs when defining reference buildings and
defining of NZEB criteria having in mind cost optimum criteria. Extra costs for constructing NZEBs compared to
average costs of new construction are displayed in Figure 31. The objective of future construction market will be
to identify and to propose solutions to reduce these extra costs associated with the NZEB construction (cost
optimization).

Figure 31 Extra costs for NZEBs construction versus average cost of new constructions in some EU countries
[86]
To implement NZEB requirements for every new building the investments are estimated to reach about EUR 62
billion per year while the implementation of NZEB as a mandatory requirement in the future would create about
345,000 additional jobs [87]. This is possible since the NZEB concept is linked to the EU’s job creation targets.
Lisbon Strategy [92] (the EU’s strategy for creating growth and jobs in a sustainable manner), promotes
innovation within businesses and investment in people to create a knowledge-based society. Job effects of the
energy-related costs were calculated by multiplying these with the turnover per employee.
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NZEB is an opportunity for AEC companies to involve women and young people into construction industry. The
role of women in the NZEB industry is evaluated in the MeNS project [93] and the results indicate that female
participation in the building industry is still low (Figure 32).

Figure 32 Percentage of women in the engineering and building industry [93]
A look at the proportions of men and women in construction sector show that vastly more men than women work
in construction industry. In construction, men hold 91% of all workers in the sector in contrast to 9% of women.
Further, management in construction sector is mainly occupied by men (92%), compared to 8% of women [94].
However, it is interesting to note that [95] reported the participation of women in the building professions and,
consequently, in the NZEB industry is overall more significant in the countries of the south-east regions.
AEC companies should strategically plan talent supply and demand, improve in-house learning and development
programmes, and adopt new technologies to improve productivity and job satisfaction. Companies must also
update their work culture to appeal to younger workers and become more diverse, including increasing the
percentage of women in the industry. The fact that the MeNS project [93] managed to develop the skills of
significant number of women and unemployed engineers and architects proves that there is interest of women
to be involved in NZEB projects. Over 50 % of the training participants in the MeNS project were female searching
for new professional opportunities, and 33 % were unemployed with less than 5 years since their last job [93].

4.2 Current construction market and the use of BIM
4.2.1 Croatia
In Croatia, BIM technology is not widely spread in Architectural, Engineering and Construction (AEC) industry,
used sporadically and is largely mostly used by early adopters design offices. Their practice restricted to use in
design offices with frequent often lacking of interdisciplinary collaboration within the BIM design process and with
little knowledge and competences on the BIM design process [96]. Croatian AEC oriented scientific, educational,
and some professional circles are generally aware of the potential and inevitability of BIM implementation in the
future. Even though Croatia has well developed and organized AEC–focused professional associations and
chambers, BIM was and still is primarily emphasized and developed by scientific and educational stakeholders
P a g e | 61
BIMzeED– 600946-EPP-1-2018-1-IE-EPPKA2-KA
O2.1 Literature review on BIM and nZEB needs in the construction industry

Education for zero energy Buildings
using Building Information Modelling

[97]. There is still no sign of BIM in Croatian construction legislation. However, there are active initiatives making
the first steps towards standardizing BIM with the Croatian Standards Institute TC 551.
In Croatia, currently there is no national standard that defines requirements for existing BIM professional profiles.
BIM professional profiles with their tasks and competencies in BIM projects are covered, i.e. scarcely defined in
“General guidelines for BIM approach in civil engineering” published by Croatian Chamber of Civil Engineers in
June 2017 [98]. Additionally, Croatian Chamber of Architects developed Guidelines for architects in December
2017 [96] which are pretty much in line with guidelines developed for civil engineers.
As its name says, those guidelines are quite general and do not elaborate BIM professional profiles in detail.
Figure 33 shows hierarchical organizational structure of BIM roles/responsibilities.

Figure 33 Hierarchical organizational structure of BIM roles/responsibilities [98]
By implementing BIM approach, new processes requiring new project roles/tasks and responsibilities are being
driven. Croatian Chamber of Civil Engineers has proposed the assignment of corresponding roles in BIM projects
in relation to the standard roles in construction projects (Figure 34) [98].
It has to be noted that regulations, processes and stakeholders involved in building life cycle in Croatia form a
complex matrix which requires more comprehensive analysis and definition of BIM profiles, as well as their
corresponding roles which differ substantially from those presented in Figure 34.
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Figure 34 Standard roles/responsibilities vs. BIM roles/responsibilities in a construction project [98]
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As the result of the tasks provided for BIM professional profiles, the requirements of these profiles were identified
and digitized in terms of competences for Croatian situation within the Net-UBIEP project [99]:
Table 18 Requirements of BIM profiles identified in terms of competences for Croatian situation within the NetUBIEP project [99]
BIM CONSULTANT

BIM MANAGER

BIM COORDINATOR

BIM ENGINEER

BIM
TECHNICIAN/
MODELER

Capability to lead.

Capability to make
decisions.

Capability to apply
knowledge of BIM
standards.

Capable of adapting to
different working
environments.

Capability to use
BIM software tools
for modelling at
advanced level
with solid
understanding of
specific design
profession.

Capability to
communicate
effective.

Capability to
communicate well.

Capability to update
knowledge of BIM
development.

Capability to update
knowledge of BIM
development.

Capability to apply
technical skills and
knowledge.

Capability to
understand
processes.

Capability to update
knowledge of BIM
development.

Capability to lead.

Capability to apply
knowledge of BIM
standards.

Capability to
understand
working
environment of
another
profession.

Capability to apply
BIM fluently.

Capability to apply
modelling skills.

Capability to apply
modelling skills.

Capability to
communicate and
collaborate.

Capability to apply
technical skills and
knowledge.

Capability to collaborate
and coordinate.

Capability to apply
technical skills and
knowledge.

Capability to lead.

Capability to apply
technical skills and
knowledge.

Capability to work in a
team.

Capability to
collaborate and
coordinate.

Capability to
communicate and
collaborate.

Capability to be BIM
goal oriented.
Capability to provide
discipline essential for
project quality and
success.
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Strengths identified for a current construction market with respect to BIM:








In Croatia, Faculties and Universities are developing lectures, which implements BIM in education (i.e
civil engineering faculties) and in some courses (i.e planning and designing of construction projects) few
BIM software are being used, so it could be stated that BIM is more and more present in education system
which can drive other stakeholder to implement BIM concept
In Croatia, a potential strength is that Croatian Chamber of Civil Engineers and Croatian Chamber of
Architects have recognised the necessity to develop Guidelines for BIM approach. Both of these
chambers are conducting workshops and lectures on BIM and BIM process throughout Croatia thus
developing the knowledge on BIM.
Ministry of Construction and Physical planning has developed interest to be involved in activities
regarding BIM at the EU level (joined EU BIM Task Group in November 2017) and have also formed a
national BIM task group with experts from all the chambers: architects, civil engineers, electrical
engineers, mechanical engineers and surveyors. Ministry of Construction and Physical planning is
developing road map to fully implement BIM for public projects by 2024.
In 2018 an association “BIM Croatia” was founded [100] with the aims (among other things) to:
o Initiate changes in the way buildings are designed and constructed, how they are used and
managed by applying the BIM approach;
o Inform the public on construction industry, especially in the area of BIM approach;
o Encourage and accelerate the implementation of the BIM approach in construction industry;
o Standardize the implementation of BIM approach and promote better collaboration in construction
industry.

Weaknesses identified for a current construction market with respect to BIM:




In Croatia, a weakness is the absence of advanced regulatory system and/or standard regarding BIM
professional profiles involved in the construction processes.
Potential weakness is the inertia of public authorities (and to some extent other stakeholders) to change
their business as usual thinking and accept BIM in their regular processes.
There is no official assessment of BIM specialists' competences in Croatia.

Today, in Croatia, less than 25 % of construction companies use BIM in their businesses [101]. Those architects
and engineers which are using BIM are not using its full potential, they are doing it at BIM maturity Level 1 as
defined in BSI (the data has assumed a form of structure; the CAD is either 3D or 2D with some commonality in
the data environment. However, there is still some distance to collaboration between different parties being
achieved). On the other hand, the communication with public authorities is still at BIM maturity Level 0 (most
data will be 2D (likely CAD) drawings and any information which is exchanged will be done so using paperwork)
and the evolution is the “e-permit” system established at the beginning of 2019 but still not in all administrative
regions of Croatia.
The Ministry of Construction and Physical Planning developed the 'e-permit' system, which enables that requests
and attachments (documentation) as well as that all building and use permits for construction works are issued
electronically [102].
There are several projects executed using BIM in Croatia, but unfortunately, feedback from these executed BIM
projects is either missing or insufficiently transparent for use as a tool in “learning on projects”, further BIM
development, or as supporting ground for BIM implementation in the Croatian construction industry.
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4.2.2 Hungary
BIM is not only spreading internationally, but in Hungary as well. The Lechner Knowledge Center, which is the
representative of the electronic construction, architecture and intelligent/smart city services of Hungary, created
a BIM handbook which provides information on the use of BIM according to the Hungarian requirements.
Many different organisations conducted surveys to evaluate the process and to have more clear data about the
use of BIM in Hungary. The Lechner Knowledge Center conducted a survey in 2017 among the actors of the
construction industry.
80% of the participants were representatives or employees of enterprises or self-employed. 90% of the
participants’ main activity was design or planning, project management. They have an average 16 years of
experience in the construction field, however their experience related to BIM is only an average 5 years.
Most of them (more than 50%) have already used BIM processes and 30% of those who have not yet tried it
plans to use it as well, however the remaining percentage of participants do not plan to use BIM in the future.
The survey also evaluated the use of BIM in relation to public and private projects and the results showed that
the use of BIM is more popular in private projects.
BIM supported work processes
Since design and planning were leading activities among the participants the most important BIM process was
getting the documentation, support of the design process and control. Beside these on less than 30% use it to
cost estimation, preparation of budget or coordination of the planning.
Barriers of the wide use of BIM in Hungary
In relation to the future use of BIM it is an advantage that no participants claimed that BIM is not useful or do not
have advantages. The main barrier is the lack of resources, experience, trainings and time for participating in
trainings.
In 2018 MABIM (Hungarian BIM Association) also conducted a similar survey, where the aim was to foster the
professional, adequate use of BIM and help create the regulations in the Hungarian construction market.
Most of the participants worked in small or medium sized enterprises and only less than 10% were
representatives of or employed by large companies. Their activities not only include planning and design but
construction and implementation as well. There were also participants from training institutions and manufacturer
companies.
The second part of the survey focused on 3D modelling. Most of them had up-to-date documents, but about 15%
of them had older documents than 5 years. However, 85% of the participants think that up-to-date documents
are essential and the different professions/actors should be able to work on the same platform. 68% stated that
it is important for them to be able to edit the documents.
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Table 19 Use of BIM in Hungary
1

2

3

4

5

Calculations related to demolitions

9,4% 15,3%

37,6%

17,6%

20%

Support for sales and rent

9,4% 17,6%

28,2%

28,2%

16,5%

Location and size of engineering and units

0

3,5%

12,9%

31,8%

51,8%

Provide possibility for joint planning (architecture, engineer)

0

0

3,5%

22,4%

74,1%

Editing possibility

1,2% 1,2%

1,2%

28,2%

68,2%

Size and location of structures

0

1,2%

2,4%

18,8%

77,6%

Size and location of loadbearing structures

0

0

3,5%

16,5%

80%

The participants use 3D and 2D simultaneously, 3D models are used by less people (68,2%), but those who do
not use it also think that it is useful for the future. BIM is only used by 16% of them, but 27% plans to use it in
the near future. CAFM is not yet widespread in Hungary and 49,4% of people think it is not important at all.
Apart from planning the installers and skilled workers are also get in touch with 3D models. 64% of the existing
3D models are regularly updated, but more than 15% is older than a year.
The use of 3D models and their transparency helps speed up decision making and implementation processes,
however 45% believes that a minimum of 2 years is necessary for it to be commonly used in Hungary.
BIM training in Hungary
In Hungary at the architecture faculties of universities BIM is mentioned in the curricula, however it is mostly part
of a basic digital modelling course in low number of hours. Currently there is no BIM related faculty or accredited
training in higher education, however the demand is already appeared at the construction companies due to the
digitalisation of the industry.
The Graphisoft SE tries to partially fill this gap by their own BIM Classes training started in 2019. Graphisoft SE
is part of the Hungarian based Nemetschek Group which is the software developer of the internationally popular
ArchiCAD software. The company is committed to spread BIM approach around Hungary.
The trainings are for different levels of knowledge, voluntary and basically for architects and BIM managers.
BIM standards and documents
Currently there is no BIM standard in effect in Hungary, however the Hungarian Standards Institution (Magyar
Szabványügyi Testület) established a standardization committee related to BIM: MSZT/MB 442
Épületinformációs modellezés (BIM). The committee works in the standardization of the structured life-cycle
information of the built environment. This committee works as a „mirror committee” of the European Standard
Committee CEN/TC 442 BIM. Based on their work 2 standards were implemented (MSZ EN ISO 29481-1:2018
- Building information models. Information delivery manual. Part 1: Methodology and format and MSZ EN ISO
29481-2:2017 – Building information models. Information delivery manual. Part 2: Interaction framework).
The BIM handbook developed by the Lechner Knowledge Center is also supporting the BIM processes. The first
edition was released in 2018 and contains the general introduction of BIM, its’ role in the life-cycle of buildings
and the most frequent use of BIM.
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4.2.3 Ireland
BIM Adoption in Ireland
In 2016, the National Standards Authority of Ireland (NSAI) established a national mirror committee for BIM, to
monitor standards development work already being carried out by the European Standards Committee for
Standardization (CEN) technical committee CEN/TC 442, as well as the International Organisation for
Standardization (ISO) technical committee ISO/TC 59/SC13. Under EU regulations, once CEN begins working
on EU standards, member states are precluded from developing or maintaining conflicting national standards,
but can actively participate in, contribute to, or monitor, the work at CEN or ISO level. Since there are currently
no national standards in this area, Ireland will not be developing any new national standards, but will continue to
contribute to the work at CEN & ISO through the national mirror committee.
As the development of further standards for BIM at ISO and CEN level, is currently in progress, and until these
are officially adopted as European Standards, the current UK standards are the most appropriate to use in Ireland
in the interim period, while the government strategy is implemented because:


they are written in English,



they are freely available,



they are recognized by the professional industry groups in Ireland (see below), and



they form the basis of current standards development (as noted below).

Technical committee ISO/TC 59/C 13 are currently in the process of developing ISO 19650 “Organization
of information about construction works - Information management using building information modelling”,
which is broadly based on BS 1192 and BS PAS 1192-2, but it is still in draft phase. This work is being
done under the “Vienna Agreement” between ISO & CEN (i.e. CEN agree to contribute to the work of ISO,
and not to duplicate the effort, or develop competing standards). Once ISO 19650 is agreed and accepted
by CEN, it will become a European, and by extension, an Irish standard (as noted above, once CEN adopts
a standard, the NSAI are precluded from developing or maintaining a competing national standard).
The development and adoption of ISO 19650 may take another 1-2 years. In the meantime, it is suggested
that BS PAS 1192-2, and BS PAS 1192-3 would be the most appropriate standards to use and reference
in Ireland. These were adopted by the RIAI (Royal Institute of Architects of Ireland) in 2013, and by the
Construction Industry Council (CIC) of Ireland in 2015. The CIC represents the 6 main professional bodies
in the Irish construction industry, including the Royal Institute of Architects of Ireland (RIAI), the
Construction Industry Federation (CIF), Association of Consulting Engineers Ireland (ACEI), Engineers
Ireland, Society of Chartered Surveyors of Ireland (SCSI), and Building Materials Federations (BMF), which
forms part of the Irish Business and Employers Confederation (IBEC).Using and adopting the UK standards
in the interim period, will bring organisations much closer to the final outcome of ISO 19650, once that work is
complete, and the transition to ISO 19650 will be easier, compared to disregarding the use of standards for the
next 1-2 years.
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 BS PAS 1192-2 specification for information management for the capital delivery
phase, would be the most appropriate standard to manage the planning, design,
procurement and construction of built assets, and
 BS PAS 1192-3 specification for information management for the operations
phase, would be the appropriate standard for the operations, property and
facilities management of built assets.
 Both BS PAS 1192-2, and BS PAS 1192-3 refer to BS 1192 code of practice for
the collaborative production and management of architectural, engineering and
construction Information. The other UK standards listed above may also be
relevant.
In relation to Certification and Brexit, the NSAI intend to offer third party certification to ISO 19650 when it
becomes available. Any work and organisation in adhering to the existing PAS 1192-2 will not go unrecognised
as much of PAS 1192-2 will be reflected in the new ISO 19650 when published by ISO.

The Construction IT Alliance (CitA) was established in November 2002 as an umbrella forum with the vision
of harnessing the potential of ICT in the Irish Construction Industry. They have been promoting the benefits of
digitisation in the construction and engineering industry in Ireland with BIM dominating their Initiatives. These
Initiatives include leveraging funding from the BIM-Enable and BIM-Implement programmes and more recently
the BIM Innovation Capability Programme and the launch of Ireland’s National BIM Council. This has fostered
momentum in respect to the interest among architectural, engineering and construction (AEC) businesses to
embrace innovation technologies and processes such as those offered by BIM. CitA transmits the latest
information on technology trends through monthly events and annual conferences with experts in key areas
whilst providing networking opportunities with peers through a designated network of regional hubs.

The National BIM Council (NBC) was set up as a committee of senior representatives from the industry,
including clients, industry bodies and professional representatives, from both the public and private sector. NBC
Ireland is a strategic group that provides vision, leadership and a collective voice for the advancement of
digital design, construction and operation of built assets.
The NSAI acknowledges the recent publications of the National BIM Council (NBC):


Irish Government’s Announcement to Increase use of Digital Technology in Key Public Works
Projects [103].



Roadmap to Digital Transition for Ireland’s Construction Industry 2018-2021 [104]

The Irish government recognises the importance of Building Information Modelling (BIM) and see the benefit of
how it brings together technology, process improvements and digital information to radically improve project
outcomes and asset operations. They see BIM as a strategic enabler for improving decision making and delivery
for both buildings and public infrastructure assets across the whole lifecycle.

National NBC Roadmap 2018-2021 [104]:
P a g e | 69
BIMzeED– 600946-EPP-1-2018-1-IE-EPPKA2-KA
O2.1 Literature review on BIM and nZEB needs in the construction industry

Education for zero energy Buildings
using Building Information Modelling

NBC Ireland has developed a national road map to optimise the successful implementation of BIM Level 2
and beyond. The roadmap was informed by BIM adoption in other countries and considered in the context
of the domestic and overseas trading environment today and tomorrow. This industry roadmap is an initiative
that advocates more productive ways of working that improves competitiveness at home and overseas. This
roadmap not only seeks to increase efficiency and the productivity of the industry, but also seeks to support an
SME community that makes up almost 95% of the sector in Ireland (Figure 35).

Figure 35 NBC Irish Roadmap to 2021 BIM Use in Ireland

In November 2017, The Minister for Public Expenditure and Reform, set out the Government’s strategy for the
increased use of digital technology in the delivery of key public works projects that are funded through the public
capital programme. This strategy saw public bodies establishing requirements for the use of BIM in the design,
construction and operation of public buildings and infrastructure on a phased basis over 4 years, commencing
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with the larger, more complex projects, where those operating at that scale are already working through BIM. A
BIM model comprises a digital dataset of all the information associated with a project’s development from the
early design stage through to its operation.
The first national Irish BIM survey (November 2017) [105] was carried out by NBC and CitA, to benchmark
the level of Building Information Modelling (BIM) adoption across the Architects, Engineers, and
Contractors (AEC) of Ireland revealed that 76% (67% 2015) of the industry sample possessed confidence
in their skills and knowledge to deliver BIM. 85% also called for a mandate.

Figure 36 Macro BIM adoption models [106]

A more recent national NBS CitA Irish BIM survey in 2019 [107], assessed Irelands’ current BIM adoption
policy through a BIM Macro adoption (survey) study to review the extent of BIM maturity in the construction
sector and the extent of BIM diffusion across different markets since 2017. 160 respondents took part and the
results are shown in Table 20.

Table 20 Assessment of the BIM transfer in different fields
Technology
2017

2019

Process
2017

Policy
2019

2017

2019
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Integration

42%

58%

21%

37%

13%

35%

Collaboration

58%

65%

35%

44%

23%

27%

Modelling

76%

77%

45%

46%

27%

35%

It is apparent that the professional sectors are developing and promoting BIM, however it is apparent that the
main construction sector on site have not embraced BIM use in the same way, whether through interest or issues
with costs. This could explain why the large construction companies have embraced BIM, and the smaller SMEs
have not adopted BIM and if they have, they are only using the basic 2D BIM (stage 2) programmes at the design
phase. This survey also showed that the educational establishments and some large construction industries
have taken the lead in implementing BIM and the policy makers have not influenced the process greatly. It also
revealed that the ISO standard is starting to be integrated into the construction process but mainly in the design
process.
Women in BIM (WiB) is an organisation that aims to draw together women in key strategic positions relating to
technology and architecture and allow a portal for shared information and interaction. Women in BIM (WiB) has
launched a database of women around the world who work in BIM. WiB hopes to influence the construction
industry, by promoting diversity and supporting other women, it should help to see more women in BIM and
digital construction related roles. It is believed that the skills and the attention to detail that women usually
possess makes them perfect candidates for these roles. According to the group BIM faces a perfect storm of
diversity challenges and the database aims to ensure that the skills of half the population are not lost.

4.2.4 Spain
In Spain there are four big BIM Groups or Institutions and every one of them have their own definition for BIM:
ESBIM (https://www.esbim.es/en/)
What it is?
“Es.BIM is a group open to all agents involved (administrators, engineers, builders, universities, professionals,
etc.) whose main mission is the implementation of BIM in Spain.
It is characterised by being a multidisciplinary group, organised by subjects and in which a chairman will act as
the driving force in the works.”
Mission


To establish the strategy to achieve a certain level of maturity, which will grow progressively (soft landing),
avoiding great changes that may be traumatic for the sector.



To promote the use of BIM in the professional and educational sphere.



To position Spain as a reference point worldwide in the use of BIM.



To represent Spain in all of the different international forums.



To promote innovation in the infrastructure sector.
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To analyse the best practices carried out by the most successful international initiatives.



To establish the road map and the implementation schedule.

Plan of Action


To promote the implementation of BIM in the Spanish construction industry from the creation of a Work
Group with participation open to the whole sector, both public and private.



To promote the use of BIM in the whole life cycle of the infrastructure.



To raise awareness in Public Administrations about the establishing of BIM requirements in infrastructure
tenders with the objective of reducing their costs.



To establish a schedule for the adaptation of the regulations for the generalised use of BIM.



To develop national standards that make the homogenous use of BIM possible.



To create an academic map of BIM training in Spain and promote its inclusion in study plans.



To promote the digitalisation of works resulting from the development of infrastructure, removing the
physical format, with the resulting saving of financial and environmental costs.



To promote the application of “Open BIM”, that is that all operations related to BIM be based on open
and universal standards, interoperable between them.



To support a greater and better positioning of Spanish industry in the world through the use of the BIM
methodology.



To strengthen Spain’s participation in international decision-making forums.”

GUBIMCLASS GROUP (https://gubimclass.org/en/)
What it is?
BIM user group located in Catalonia. The group's mission is to generate and exchange information with the
aim of improving the use of BIM.
The new system of classification of BIM elements "function" [108]
On June 21st 2018 it published the first version of the classification system of GuBIMclass elements [109], the
result of collaboration BIM User Group of Catalunya and Infraestructures de Catalunya. The classification system
construction elements, based on its primary function, specifically designed to work in BIM environments, the first
system has been published nationally. GuBIMclass is the result of collaborative work done by the members of
the BIM users of Catalunya, after studying the various international classification systems and taking as its
starting point the base developed by Infraestructures de Catalunya until then.
The aim was to obtain a classification system that meets the needs of the AEC sector. The work was based on
something that exists in the local environment in order to evolve and become a useful tool for the sector. It has
been endowed with the maximum consensus and usability between different user profiles BIM, but without losing
alignment with local idiosyncrasies of splitting the initial system.
The basic principles on which GuBIMclass is based are:
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Criteria on function as a guarantee of traceability throughout the lifecycle, regardless of the uses of BIM
or phases of project life cycle.



Uniformity throughout the system.



Common language as promoting improved communication.

The system was presented to Infraestructures de Catalunya, as a proposed improvement to be incorporated into
the BIM requirements of this entity. As a result, Infraestructures de Catalunya has decided to adopt as their own
classification GuBIMclass, serving as system operator, scenario in which GuBIMcat as the author of it, keep an
active role in their maintenance and dissemination.
In addition to the commitment to Infraestructures de Catalunya, the GuBIMclass system has been presented at
various conferences and events on the one hand and public entities and organizations on the other. Include
participation in EUBIM and BSSCH Assembly, presenting and explaining the system, and presentation to
Incasol, an organization that already has also adopted the system. Several government agencies and private
entities, the Catalan environment currently have plans to incorporate the GuBIMclass system soon in their BIM
requirements.”

BUILDING SMART SPANISH CHAPTER (https://www.buildingsmart.es/bssch/)
BuildingSMART Spanish Chapter is a non-profit association whose main objective is to promote efficiency in the
construction sector through the use of open interoperability standards on BIM (Building Information Modelling)
to reach new levels in cost and time reduction of execution and increase in quality.
The Association is formed by all agents of the construction sector: Promoters / Investors, Construction
Companies, Engineering, Architecture Studies, Software Developers, Facility and Project Managers, Research
Centres, Manufacturers of Products and Materials, Universities and Public Administrations.

State of the art of public tenders
The “Observatorio es.BIM” was created in May 2017 with the aim of analysing the inclusion of BIM requirements
in public bidding documents, both quantitatively and qualitatively. The sixth report that the Observatory collects
the results analysed from a total of 313 public tenders which include some BIM requirement and have been
published during the years 2017 and 2018 (Figure 37).
Some of the interesting results of the study are:
1. 2018 is the year in which the use of BIM in the administration starts to consolidate. There was a 36%
increment of investment in relation to 2017, and the number of bids were almost doubled from the
previous year.
2. The “Comunidad Autónoma” who leads the ranking in Infrastructure investment through public bids is
País Vasco, with a total investment of 91.72 million €. While Catalonia is in the first position in relation to
the AEC sector, with 221.54 million € invested.
3. In global terms, just a 4,3% of the investment in public tenders of the AEC sector have BIM requirements.
Education and Sanitary Buildings are the ones with the highest number of bids.
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4. A mandatory use of BIM has progressively increased in 2018, and it also appears as one of the criteria
to be evaluated from candidates in technical terms.
5. Some of the requirements/ issues that are lately appearing in bids are:
a. The definition of the expected BIM uses and associated deliverables; the use of open formats;
the completion of a BIM Execution Plan; a claim for specialized personnel; the need to apply
standards; requirements in relation to the structure and classification of BIM elements;
collaboration protocols; BIM quality checks.
6. Through the analysis of the correspondence between uses and deliverables, there seems to be a lack of
definition of the types of deliverables required for the BIM uses, such as 4D or 5D uses. It is outstanding
that just a 2% of the total tenders analysed establish the use for energy efficiency or sustainability
purposes.

Figure 37 Data to Know About Public Bidding with BIM Requirements (2017-18) [110]

In Spain there were some pioneering experiences of implementation of BIM by institutions and public
administrations. The Spanish Chapter of the international organisation BuildingSMART sets itself the task of
encouraging the use of BIM nationwide, engaging all actors in the sector, both public and private. As a member
of BuildingSMART, ITeC integrates and coordinates its actions with the aims of BuildingSMART.
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The Spanish Association for Standardization and Certification, AENOR, responsible for the development of
technical standards and certifications, set up the Standardization Committee AEN / CTN 41 / SC13 in 2012 for
the organization of information models relating to construction and civil engineering. ITeC joined this committee
on 2015, contributing its expertise in the structure and use of databases in these fields.
The Spanish Ministry of Public Works announced on April 28th 2015 at a conference in Madrid the creation of a
public-private task force to work on measures for implementing BIM methodology in Spain. On July 14th 2015
the working group Esbim was formed and since then have been defining the Spanish roadmap for the
transposition of Directive 2014/24/EU [111].
In the academic field, at EUBIM 2014 Congress at the UPV Polytechnic University of Valencia it was agreed that
the publication of the BIM academic manifesto should call for a training plan for a Collaborative BIM integrated
among all academic institutions, nationally and internationally. The objective of the plan is to improve the training
of students, teachers and professionals in the construction sector.
In Catalonia, since 2014 the public company Infrastructure of the Generalitat of Catalonia (Infraestructures de la
Generalitat de Catalunya) initiated pilot projects in the use of BIM in construction projects as a first step to assess
the adoption of BIM in public works.
In February 2015 in Barcelona, under the auspices of the European BIM Summit several Catalan institutions
signed and published a letter of intent and schedule goals for the adoption of BIM by all stakeholders working in
Catalonia (Table 21).

Table 21 Goals for the adoption of BIM by all stakeholders working in Catalonia [112].
Goal 2015-2016:

Agree a BIM mandate in Catalonia

Goal 2017:

Adoption of IFC standards, guidelines, classifications and processes of digital delivery
model thinking at every stage of the construction project, its execution, and the
subsequent maintenance of its integration into the city. Definition of common
protocols for the creation and definition of shared information among agents with a
view to full interoperability among all parties.

Goals 2018:

The public infrastructure facilities and budget of over 2 M € should be in place in BIM
in design and construction phases.
Circumscribe this objective in new construction projects.

Goals 2020:

All public infrastructure and facilities must be in place in BIM in all phases: design –
construction – maintenance.
Circumscribe this objective for all new construction and renovation projects

It is hoped that these and other institutional initiatives nationwide will progress towards achieving a common goal
of improving efficiency in construction and that this will provide benefits to all stakeholders.
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In Catalonia the Build the Future Commission (https://en.itec.cat/services/bim/build-future-commission/) [113],
composed of public and private entities, has been working for a collaborative implantation of BIM since 2015.
BIM Summit 2016 assessed the progress made in the previous year and made public the document A year later,
10 reflections [114].
The Resolution TES/188/2019 form “Diari Oficial de la Generalitat de Catalunya” published on January 21, gives
publicity to the Government Agreement of December 11, 2018, which determines the contracts where BIM
methodology needs to be applied as well as the conditions to do so. In Catalonia, Infraestructures.cat, started to
apply BIM methodology on its projects in 2013, with the Lluís Recasens Institute in Molins de Rei. Their
experience and acquired knowledge during these years led them to the publication of the BIM Guide. It is
basically a statement of intentions, a collaborative document to be modified and improved by all Construction
agents.
They have also published [115], which is a manual to establish the basics to achieve management efficiency in
a collaborative framework in the AEC sector: Model requirements, integrity of the data, Common Data
Environment definition, deliverables, quality check, etc.
Another of the outstanding documents that you can also find in their web is BIM Execution Plan Template [116],
that guides you through the questions that need to be thought about in any BIM project.
The “Agencia Estatal” published in the “Boletín Oficial del Estado” a Royal Decree 1515/2018 [117], on
December 28 of 2018, announcing the creation of the Interministerial Commission for the incorporation of the
BIM methodology in public procurement.
Some of the functions of this commission are:
1. Prepare the “Plan de Incorporación de la Metodología BIM” in the public procurement of the General
State Administration in line with the european progress on that matter and the “Estrategia Nacional de
Contratación Pública”. This plan will determine the necessary actions for a gradual incorporation of the
methodology, the evaluation criterias to be incorporated into the contract documents, as well as technical
specifications and special conditions of execution.
2. Monitoring of the measures contained in the plan. The plan should establish a monitoring mechanism
that allows the periodic review of its results. With the periodicity determined in the plan, the Commission
will submit periodic reports to the Council of Ministers on the activities carried out and the results obtained.
3. Carry out informative and training actions for the personnel in charge of the implementation of the plan,
as well as promoting the use of BIM in the professional and teaching environment of the Construction
sector.
4. Represent Spain in the different international BIM forums, in order to position Spain as a reference
worldwide in this field in the promotion of the development and knowledge of Spanish companies and
entities dedicated to the development of BIM solutions.
5. Exchange information on the BIM methodology between the different ministerial departments and other
entities of the General State Administration and the Entities of autonomous communities that built up the
Local Administration.
6. How many other functions related to its scope of action which the heads of the Ministries of “Hacienda”
and “Fomento” might order.
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In Spain we are promoting several standards like, IFC as a BIM format file, GUIBIMCLASS for classification of
elements or eCOB for BIM objects creation. The uBIM guides are also a referent in terms of standardization.

4.2.5 EU Level
Digitalisation of the construction sector is increasingly recognised as a potential game changer for the sector,
which could contribute significantly to sustainable development and the EU 2020 Strategy [68]. For instance, it
is estimated that full-scale digitalisation in non-residential construction would lead to annual global cost savings
of EUR 0.6 trillion to EUR 1.0 trillion (13% to 21%) in the engineering and construction phases and EUR 0.3
trillion to EUR 0.4 trillion (10% to 17%) in the operations phase [118].
The European Commission (hereafter EC) has thus supported, promoted and developed several policies and
initiatives aiming to foster the digitalisation in the construction sector. These include inter alia the Strategy for
the sustainable competitiveness of the construction sector and its enterprises (2012) [68], the EU BIM Task
Group [119] and the upcoming EU Digital Construction platform which is intended to serve the purpose of facing
the main challenges related to the uptake of digital tools in support of the digital evolution of the sector.
In 2014, the EU commission issued directive 2014/24/EU [111], which recommends member states use building
information electronic modelling tools in public construction projects. This clearly suggests a trend towards a
unique construction market in the EU enhanced by BIM–based methodologies.
As a result, the construction industry in EU Member States (MS hereafter), has gradually adopted digital
innovations, with BIM being a frontrunner [120].
However, there are significant differences in BIM acceptance levels across the EU, clearly demonstrated by the
fact that BIM has been mandatory in some EU countries (such as UK, France, Denmark, Austria, Spain, Norway,
Finland) for almost a decade whereas the legislative framework for BIM is still a matter of discussions and pilot
projects in other nations [97].
Though BIM is a relevant topic in construction industries of all EU countries, it is yet to be defined as a standard
in majority of MSs regardless of its implementation level. BIM standard has been introduced in the UK, France,
Denmark, Austria, Spain, Norway, Finland etc. [101]. In many EU countries, construction projects implementing
BIM are still considered to be pilot projects, and their feedback on the benefits of BIM are still being analysed.
However, it is possible to conclude that BIM will inevitably be used in the future of all construction sectors (e.g.
education, practice, legislation, public procurement process, contracting, etc.) [97].
The works of various BIM organizations and initiatives, standardizations, and expert groups aiming to carry out
the EU directive indicate that BIM is becoming an important national issue in the EU.
The path of recognizing and implementing BIM in EU member countries appears to be directionally progressing
from northern to southern EU member states [120].
In order to facilitate the application of BIM and achieve its benefits, many organizations put large effort to develop
BIM standards.
OpenBIM is a universal approach to the collaborative design, realization and operation of buildings based on
open standards and workflows. OpenBIM is an initiative of buildingSMART and several leading software vendors
using the open buildingSMART Data Model.
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OpenBIM supports a transparent, open workflow, allowing project members to participate regardless of the
software tools they use. It creates a common language, allowing industry and government to procure projects
with transparent commercial engagement, comparable service evaluation and assured data quality. OpenBIM
provides enduring project data for use throughout the asset life-cycle, avoiding multiple input of the same data
and consequential errors.
One of them is “BuildingSMART” [121], which has been developed in partnership with International Organization
for Standardization (ISO) and was the first to issue BIM standards [101]:




International Framework for Dictionaries Library (IFD Library, ISO 12006-3),
Information Delivery Manual/Model View Definition (IDM/MVD, ISO TC59 SC13) and
Industry Foundation Classes (IFC, ISO 16739)

Second organization, which develops BIM standards, is British Standards Institution (BSI). BSI BIM standards
are [101]:








BS 1192:2007 (Collaborative production of architectural, engineering and construction information –
Code of practice);
BS 8541 (Library Objects series);
BS 7000-4:2013 (Design management systems: Guide to managing design in construction);
PAS 1192-2:2013 (Specification for information management for the capital/delivery phase of
construction projects using Building Information Modelling);
PAS 1192-3:2014 (Specification for information management for the operational phase of assets using
building information modelling)
PAS 1192-4:2014 (Collaborative production of information (Fulfilling employer's information exchange
requirements using COBie, Code of practice);
PAS 1192-5:2015 (Specification for security-minded building information modelling, digital built
environments and smart asset management)

In Europe, the pioneers of applying and implementing BIM are considered to be: France, Germany and UK.
According to International BIM Report 2016 [122], the usage of BIM is increasing and within five years it is
expected that its usage in design professions in most world countries will be over 80 % [122]. In 2016, the usage
of BIM in different countries was: UK 50 % (74 % in 2018 [123]), Canada 71 %, Denmark 81 %, Czech Republic
30 % and Japan 49 %. It was expected in [122] that by 2021 that the usage will be as follows: UK 95 %; Canada
71 %; Denmark 93 %; Czech Republic 90 % and Japan 88 %.
Azzouz et al. [124] used Arup’s BIM Maturity Measure to assess 146 projects in Europe: Denmark, Germany,
Ireland, Italy, the Netherlands, Poland and Spain (respectively 2, 21, 70, 11, 13, 15, 14 projects) the analyses in
this article were only focused on the information management part of the tool.
The BIM Maturity Measure (BIM-MM) is a tool that assesses BIM at the project level and provides an overall
score built on 11 BIM functionalities and artefacts [124]: BIM design data review (BDDR); BIM champions;
common data environment (CDE); BIM Execution Plan (BEP); document/model referencing and version control;
knowledge sharing; open standard deliverables (OSD); virtual design reviews (VDR); BIM contract; Employer’s
Information Requirements (EIRs); and project procurement route (PPR).
Apart from looking only at the overall BIM scores, delving further into the 11 measured criteria of the BIM-MM,
allows us to understand which BIM aspects are mostly used across the sample. When looking at the 11 criteria,
it has been seen that the highest maturity level is in “document/model referencing and version control” as 79%
of projects in Europe use this BIM functionality (all projects have good practice in project file naming and version
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control and status). The levels of applying this criterion in Europe is also varied: Denmark 100%, Germany 71%,
Ireland 79%, Italy 82%, the Netherlands 77%, Poland 73%, and Spain 93% [124].
Another highly mature criterion in Europe is the implementation of BIM Execution Plan (BEP), which is used to
specify roles, identify how information is exchanged and formalise strategies for BIM processes, tools and
technologies. Across 146 projects in Europe, 45% have BEP implemented, it is the highest in Denmark (100%
of projects – however, there are only two projects), followed by Spain (93% of projects) [124].
There are several reasons for these variations of BIM maturity across regions. Some researchers suggest that
these differences are associated and influenced by the institutional forces and national policies and mandates
in different countries. However, it is important to acknowledge that differences are influenced by the sociotechnical factors and the cultural and social contexts in each region as well as team experiences. Differences
can also be impacted by the type of project, its scale, income, the level of complexity and the requirements of
clients [124].
It has to be said that projects presented in the article [124] are from one international firm, and thus, the sample
does not represent the construction industry as a whole but can be indicative for the analysed countries.
The BIM Design Observatory [125] gives users a view of the market size in 57 countries worldwide, and it reports
the worldwide market for BIM software was $3.1bn in 2016, excluding services and hardware. Once the market
rebalances after the push towards subscription licensing, strong growth through to 2021 is expected, with a
forecast of $5.7bn spent on BIM Design software in 2021 [125].
BIM has been proven very useful for the collaborative work by the designing parties. Using BIM, multiple layers
of information can be contained in one centralized model and specific details can be generated from the model.
This means a better consistency of the information and a higher efficiency compared to the traditional CADD
based way of working in which each discipline produces a set of technical drawings which accordingly need to
be cross-checked with the drawings of others. The impact of BIM is the greatest when used in a complex project
where the project stakeholders collaborate in an open and integrated way during a long time through the building
life-cycle. Although any project delivery method can be applied for a BIM based project, there are different
challenges to the effectiveness of BIM according to the selected method. In fact, 75% of companies adopting
BIM reported positive returns on their investment with shorter project life cycles and savings on paperwork and
material costs [120].
New FIDIC Conditions of contracts [126]–[128] have included Advisory Notes to Users of FIDIC Contract Where
the Project Uses Building Information Modelling Systems. Improved quality of information can result in significant
reduction of variations. Although it doesn’t exclude others, BIM is well suited for integrated project delivery
models – Design and Build and especially Design Build and Operate where early proactive involvement of
designer, contractor and employer are essential.
However, there are still challenges in achieving a fully integrated collaborative multidisciplinary mode of
operation. A change in working processes and an integration of BIM with individual business processes is needed
[129] to achieve greater collaboration and communication across disciplines [130]. Fostering collaboration in
BIMbased construction networks is a top priority for construction project managers [131]. The current adoption
of BIM in the construction industry does not exploit the technology’s functions to its full potential [132]. Paper is
still the second most commonly used method to store data and the industry strongly depends on using email for
exchanging project information [133]. Communication via email creates many issues based on data
inconsistency and differing project versions [133], which overall leads to ineffective communication. The most
widely adopted BIM functions are 3D visualization, clash detection, and constructability analysis [134]. The slow
pace of BIM adoption can be ascribed to the lack of clarity on how BIM can be integrated with the current business
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practice [130]. In order to support the requirements of BIM collaboration and their integration with established
industry standards, a comprehensive custom-built solution is needed [135]. Being aware of the project
communication problems, the construction industry has continued searching for better methods to enhance
project communication [136]. Recent studies focus on the existing interest in the use of virtual reality driven by
BIM for improving project communication in design, construction, and maintenance processes [136], [137] [138].
These studies aim at interactions in VR via interactive visualization [137] to stimulate social contact [136], which
emphasizes the limitations of current BIM applications in terms of social communication.
The ACE Sector Study [34] has added a new question in this year’s survey: whether or not the architecture
practice was aware of Building Information Modelling (BIM) and how much the practice had used BIM in the last
year. Only a small minority, 14 per cent, of practices are not aware of BIM, as you can see in Figure 38. Lowest
levels of awareness are to be found in Greece and Cyprus, where about half of practices are not aware of BIM.
About one third of practices in Portugal, Hungary, Romania and Malta are not aware of BIM. Across Europe, 19
per cent of practices have used BIM in the last 12 months, and they have used BIM on an average of 37 per
cent of the projects they have been working on. The highest proportion of practices using BIM is to be found in
Norway, Sweden, Luxembourg, Finland and Estonia. Sweden stands out as having both a high use of BIM but
also a relatively large proportion of practices which are not aware of BIM. Table 22 displays all results per country.

Figure 38 Practices’ awareness and use of BIM [34]

Table 22 Architects’ awareness and use of BIM - last 12 months analysed by country [34]
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European BIM Market
The European BIM market was valued at EUR 1.8 billion in 2016, and is predicted to grow by 13% to reach
EUR 2.1 billion in 2023 [120]. This growth is driven by a set of factors:


Integrated urban development trends: increase in the public infrastructure and other renovation projects
in Europe, often implying large, complex projects involving a wide range of stakeholders. Concepts such
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as ‘Smart Cities’ and ‘Green Building’ emphasise the need for the construction actors to foster resource
efficiency and exploit opportunities related to digital transformation.


Government policies and initiatives: An increasing number of EU Member States are implementing
(binding and non-binding) policies and initiatives aiming to foster the adoption of BIM in public
procurement (see figure 2). These include, inter alia Denmark, Finland, Germany, Lithuania, the
Netherlands, United Kingdom (UK hereafter), France and more recently Italy, while other MS are
expected to put similar policies in place by 2019. The growing pressure on public spending to avoid
resource waste is expected to further reinforce this trend.

Most of the BIM policies and instruments initiated by the EU member state governments to boost BIM adoption
among the industry can be divided into the following policy areas [120]:


Public procurement - whether binding or non-binding, BIM implementation accelerated significantly
when the governments demonstrated their interest and willingness to have the construction industry
implement BIM;



Education, research and development - investments in education, research and development are a
sine qua non condition for the implementation of BIM. They address potential BIM related skill shortage;
help companies put in place BIM processes thus alleviating some of the costs linked to BIM
implementation; and help shifting the construction mindset towards innovation adoption.



Standardisation - by influencing BIM standards at the European and/or international level, governments
have the opportunity to ensure that BIM standards match their industry’s interests and ambition. This in
turn can generate more interest from domestic construction industry to engage in BIM.

It can be thus concluded that government policies and initiatives aiming to foster BIM implementation should be
comprehensive, including public procurement, education and development, and standardisation. By doing so,
governments are combining a top down and bottom-up approach: on the one hand they adopted public
procurement amendments/regulations requiring BIM for public infrastructure projects. On the other hand, they
provided downstream investments to foster research and development around BIM, which come to support
companies’ efforts to implement it. This way, governments managed to ensure a balance between additional
requirements and incentives for the industry [120].
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5 Established outcomes of skill shortages, gaps and mismatch in
the construction sector
5.1 NZEB
In most European countries, gaps exist in official educational programmes for professional education of EQF 37 levels in the field of NZEB, resulting in skill shortages of construction professionals constructing NZEBs. The
mismatch is being created between learning outcomes and competences gained by students in educational
institutions (both HEI and VET) and competences needed by the construction sector in the field of NZEB. This
means that in many EU countries educational institutions often provide obsolete training related to BIM.
Fit-to-NZEB project partners performed and “Analysis of existing training programmes for deep energy
renovation (DER) in the partner countries with identification of gaps and deficiencies” [139]. This conclusion with
the statement of European Construction Sector Observatory [66] “An additional challenge for the EU is the skills
shortage in the construction sector in general and specifically within the energy performance improvements subsector, which can be a supply-side bottleneck”.
It was found in Fit-to-NZEB project that training is being delivered mostly pertaining to new-build construction,
with exceptions in Bulgaria with one course at EFQ 7 and in Croatia with the CROSKILLS project. Additionally,
training delivered is mostly theoretical-based, with little opportunity for hands-on experience, while Fit-to-NZEB
project partners stress the need for practical learning. The benefits of visiting 'live' construction sites is also
highlighted.
The Fit-to-NZEB analysis showed that very little DER training has been delivered (until the end of 2017 when
analysis was performed) and no evidence of DER training which specifically targets the NZEB standard.
Regarding the Fit-to-NZEB project, trainings on upskilling in DER up to NZEB level was performed as pilot
courses in partner countries EQF 6-7 (Croatia, Czech Republic, Bulgaria), EQF 3-5 (Bulgaria, Greece, Italy,
Romania) and the courses are being offered in VETs, Universities and as lifelong learning courses. Additionally,
in Italy CasaClima course provider who does offer a course on DER.
Due to the fact that there is a significant variety of approaches to NZEB definition in the different EU countries,
it can be concluded that such widely different approaches will likely have a significant effect in determining the
focus placed in different countries and even regions on specific topics relating to NZEB.
When employers are looking to hire additional construction staff they are mostly interested in the practical skills
of the interviewee and less interested in their qualifications.
Employers see little value in pure theoretical training and often practical training is a requirement, but this
practical training should be as short as possible and as cheap as possible in order to drive significant numbers
of workers to education. This produces a mismatch in the requirements for the increase of construction quality
by the investors and the interest of design and construction company who often do not value upskilling and
competences required to build NZEBs. Professionals concerned with advancing their skills seek for flexible,
company specific, training which should preferably be practical on-site training.
The conclusion of the Fit-to-NZEB project is that specifiers, designers and procurement officials for DER and
NZEB projects need to start requiring that qualified workers be placed on such projects. This will ultimately drive
down costs and increase quality [139].
Additional education at Universities as well as lifelong education (EQF level 6 & 7) in the field of NZEBs and
DER of existing buildings up to the NZEB level is needed in many European countries to provide the necessary
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technical knowledge to public administration, designers, technical supervisors, and site managers, not excluding
other experts [139].
The positive contribution of product suppliers and distributors to the training arena needs to be highlighted, but
concern regarding bias in favour of their own products has to be expressed. This approach also tends to be quite
haphazard and non-systematic. The potential role of producers to grow the skills of the construction sector needs
careful consideration as they are often well-resourced and highly motivated to share their know-how.
As one of the fast-growing niches in the construction industry is definitely in the field of energy efficiency, NZEBs
and DER. It is thus quite evident that the skills required for energy efficiency NZEBs and DER might best suit a
life-long-learning (LLL) approach and be integrated into workers’ career paths. This is off course true for those
stakeholders who already acquired basic competences on NZEBs and the lack of LLL courses in many EU
countries represents a significant gap which needs to be tackled.
There are no examples of a nationally coordinated approach to training construction workers, designers and
other stakeholders concerning NZEBs or DER. Several training providers in different countries offer courses on
energy efficiency, but few and scarce training is available on NZEB. On the other hand, it is clear that the roll out
of Passive House training by the PHI in Darmstadt in 2009 has had a far-reach and positive effect across much
of Europe.
Regarding skills shortages, there is very little reference to airtightness training except the training developed in
MENS, Fit-to-NZEB, Train-to-NZEB projects as well as few other EU projects which performed courses on
NZEBs for different EQF levels. The BIMplement project is the only EU project focusing only on air tightness and
ventilation training for the whole construction value chain. Part of the consortium worked on the PROF/TRAC
project and identified this as a main gap area for the construction workforce. It is however still evident the lack
of competences of all stakeholders in construction sector on achieving airtightness of building envelope.
Additionally, gaps and mismatch with the legislation and best practices in NZEB regarding the airtightness is
also present. Regrettably, the targets set in many countries pertaining to airtightness standard for NZEB are not
at all ambitious. This means that in many EU countries it is possible to meet the NZEB standard (as per
legislation) with quite a leaky building envelope!
This in turn could have profound implications on achieving the construction quality and functioning of NZEBs due
to the fact that airtightness is one of the benchmark quality indicators of a deep retrofit project and yet legislation
in most EU countries does not require a high standard in this regard.
Moreover, the shortage of competences (skills and knowledge) in the area of internal insulation is significant and
since there is a great risk of creating mould in NZEB and DER projects if insulation application is not carried out
in accordance with building science recommendations – the probability of occurrence of construction damage is
high.
Since the definition of competences except knowledge and skills comprises also responsibility, it seems that a
module on 'understanding the consequences of poor workmanship' should be a crucial element in any NZEB or
DER training. It seems that that there is a gap in competences of significant number of stakeholders working in
the field of NZEB on their responsibility, i.e. what consequences could result from their actions.
Whilst many of the energy efficiency training programmes intended to architects (designers, supervisors) and
civil engineers (designers, construction managers, supervisors) focus on improving the performance of the
building envelope, there is often little mention of mechanical systems such as domestic hot water generation,
storage and circulation as well as heat recovery ventilation (MVHR). Off-course these stakeholders do not have
to become experts in the mentioned topics but have to have basic competences in the field. This can also be
identified as skill shortage and a gap in the competences of stakeholders in many EU countries.
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Furthermore, the overlap between different trades (cross-crafting) is rarely covered in NZEB and/or DER training
programmes. It is vital that trades understand the implications of their work on the work of others. As a result,
the PROF/TRAC and the BIMplement projects focus on training which is cross-trade and cross-level.
Crucially, the gap and shortage of competences of many designers, construction managers and workers are
connected to the comfort of the inhabitants and building users. The focus of trainings should extend from ‘just’
energy efficiency to include comfort, indoor air quality and risk of mould and condensation.
One of the mismatches identified in this analysis is the duration of training courses specifically relating to NZEB
and DER is generally very short and probably inadequate to enable construction workers and designers to be
competent in this field. Most courses run from 6 hours to four days, whereas some of the Passive House courses
run for up to 88 hours (although these are not specifically related to NZEB or DER) and BuildUP skills courses
in Romania run between 360 and 720 hours depending on the skills previously acquired by the participants [140].
The short duration of the courses highlights the lack of importance placed on this topic at a strategic level. The
mismatch identified here is between the time necessary to perform high quality courses on NZEB by the trainers
and the lack of available time and resources for training participants to enrol into the long-term courses. This
should be tackled with more e-learning courses available, but those are scarce across Europe especially for
EQF 6-7, while some countries developed e-learning courses for blue-collar workers within their respective
BUILD UP Skills projects. Even though a number of programmes for building envelope and RES systems workers
were developed through BUILD UP Skills as well as other programmes throughout Europe, there is still a high
number of non-professionals and non-qualified actors working at construction sites.
In addition, there is still a need to increase the demand for qualified and/or certified building professionals
delivering NZEBs. This can be done in many ways, e.g. regulations, specific clauses in public procurement
procedures (awarding extra points if skilled and knowledgeable professionals are used), and more broadly
raising the awareness of investors, building owners and tenants regarding the link between skills, quality of
construction and buildings’ energy performance.
In terms of qualifications for trainers and lecturers, a PhD or higher is a requirement in several countries. This
would preclude the benefits of learning from highly skilled crafts-persons, who might not have reached bachelor’s
degree but have a lot of knowledge to share with the community. Contrary to this, in Croatia (through
CROSKILLS programme) the need is highlighted for practical-training trainers to have at least 6 years on-site
experience for training of blue-collar workers. The gap and mismatch identified in this analysis is the need to
include training of skilled (competent) designers, supervising engineers and crafts persons as trainers.
The 22 BUILD UP Skills projects throughout Europe reported similar challenges and lessons learned (Table 23),
which can also be summarised and viewed (in the context of BIMzeED project as gaps and mismatch in the
construction sector:
Table 23 Challenges and lessons learned of the BUILD UP Skills projects [141]
Challenges

Lessons learned

A lack of demand for the training that is developed.

Involving stakeholders (e.g. public authorities, branch
organisations, SMEs) early in the process is vital for
the success and sustainability of training courses.

The most important barrier is that companies, It is very beneficial for national authorities to finance
particularly SMEs need their workers at the training programmes on EE and RES, and to put in
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construction site – and can therefore not afford to place public procurement criteria for certified workers
send them to training.
in order to upskill blue-collar workers.
The most important barrier is the cost of training, In the absence of public subsidies to (co-)finance
which neither the workers or their employees want to training courses, the employers with a commitment to
pay.
EE and quality are the key motivators for increasing
the number of skilled workers
There is not sufficient demand for EE and RES On-site training – including demonstrations- is the
renovations or new buildings from the public.
best way to upskill blue-collar workers
Legislation (e.g. for approved training providers, for Online materials and courses are now essential in
examinations bodies, for authorising pilot training order to upskill blue-collar workers, as they offer
schemes) is an important bottleneck.
flexibility and save time
Amended EPBD [6] has been adopted including two articles that urge Member States to consider fire safety and
seismic resistance in building renovations. Amended EPBD states [6]: Member States should be able to use
their long-term renovation strategies to address fire safety and risks related to intense seismic activity which
affect energy efficiency renovations and the lifetime of buildings.
These amendments to the EPBD are certainly a strong signal from the EU that energy efficiency must not come
at the cost of fire safety and they give basis to national regulators to work on increasing fire safety in buildings
as well as seismic resilience of buildings. The problem with fire aspects in NZEBs and DER are again connected
to competences (knowledge, skills and responsibility) of all parties involved in these projects. These lack of
knowledge and awareness results then with fire spread on renovated buildings (Figure 39). Additional gap and
mismatch in the field of fire spread on facades is non-harmonized approach of different EU countries to assess
the fire performance of façades and these gaps need to be overcome in order to construct safer buildings new
NZEBs and DER buildings.

a)

b)

Figure 39 Examples of fire spread on renovated facades: a) Zagreb 2017 [142], b) London 2017 [143]
An additional obstacle in full implementation of NZEB and DER comes from the uncertainty of the actual energy
savings compared to the projected ones. The so-called “energy performance gap” occurs when supposedly high
energy performing buildings register higher energy consumption than expected [66]. The characteristics and
behaviour of users have been found to have a strong impact on the amounts of energy consumed in a building,
but the issues of calculation methodology together with design and construction quality also have a high impact.
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While the simulation of the NZEB principles has been made considering the current situation and market
conditions, the future evolution will be crucial for bridging the gap between cost-optimal and the NZEB levels
[87]. The proposed NZEB principles and approaches to implementing them into practical definitions are
consistent with the EPBD by assuming the cost-optimality methodology as a transitory instrument converging
towards the future NZEB requirement. Depending on the specific context by 2021, the financial gap between
cost-optimality and the binding NZEB requirements may need to be bridged by additional policies and support
measures. This financial gap is highly influenced by the future evolution of numerous economic factors, the most
important ones being technology costs as a reaction to more mature markets and larger production volumes[87].
Digitalisation is defined as the biggest single trend affecting the world economy, society and environment and it
is touching construction sector as well. Amendment of EPBD II and EED directives [6] define buildings of the
future as smart buildings and integrated into smart networks. The value of smart buildings from the EUperspective is strongly related to the energy efficiency aspect, and the potential of digitalisation and Information
and Communications Technology (ICT) in achieving the short- and long-term goals by 2020, 2030 and 2050 are
promoted through the directives. To promote the concept of a smart building more efficiently, in the amended
EPBD [6], a framework for the efficient evaluation of the buildings’ smartness was introduced. Through the
proposed smartness indicator, the EU pursues to encourage the use of ICT and smart technologies to ensure
that the buildings operate efficiently. Ideally, through such system, it would be possible to identify the technical
systems, where the expected results for achieving the energy efficiency goals have not been delivered as
planned.
The current reality is that numerous practical gaps exist before smart buildings and smart networks
(neighbourhoods) become reality [144]:







Most building systems are NOT networked
The performance of most buildings is NOT actively monitored, let alone optimized
Most buildings do NOT have centralized control
Most building automation systems are NOT integrated
Data sufficiency and context a major challenge
Strong resistance to fully automated building performance optimization

As shown above, various studies and reports have revealed an actual lack of competences (knowledge, skills,
responsibility) on the sustainability concept among practitioners in the field [145]–[147]. Lack of knowledge, trust,
and communication between various stakeholders of the lifecycle stages of a building have also been identified
as a main barrier [145], [147]. This leads to the question as to whether this lack of specialized knowledge and
collaboration (communication and trust) is one of the reasons for the underperformance of NZEBs and
sustainable buildings. The optimisation of building’s energy use requires an integrated design approach and
cross-disciplinary teamwork, which then leads to the high quality of indoor environments and satisfying the
occupants’ needs [145]. According to Yang et al. [148], an advanced NZEB design requires effective and efficient
sharing of information among members from different disciplines in an Integrated Design Group (IDG) in order
to make wise decisions about selecting the right set of energy retrofit design options. This could be achieved by
introducing Integrated Product Design (IPD) into the NZEB design process [145].
Additionally, it has become clear that better management of the information during the whole life cycle of the
NZEB is absolutely necessary in order to avoid mistakes and have trustful information at any time / when an
intervention is necessary. This can be achieved by using BIM approach.
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5.2 BIM
It is clear that the design process regarding NZEB needs to be a collaborative effort between all stakeholders.
There is a substantial need for professionals, such as architects and engineers as well as other stakeholders, to
be specifically educated in an integrated design approach and trained to work in cross-disciplinary teams using
BIM approach. Moreover, it is essential that educational institutions bring up professionals with such
competences. The gap here is that integrated design courses (especially those which include specific skills to
cope with NZEB challenges in cross-disciplinary teams) are scarce throughout EU educational institutions, and
there are a lot of experts having little or no knowledge on integrated design. Additionally, to unlock the full
potential of Smart Buildings, construction industry needs to seamlessly integrate its smart infrastructure and
workflow systems using a combination of automation processes utilizing real-time data flows [149]. Construction
companies need a single integrated platform to optimize performance across the complete lifecycle of their
assets. One platform that comprises all elements from design, procurement, and implementation, through to the
commissioning, operation, and maintenance of smart services.
A new change is transforming construction industry, affecting construction, handover, and the complete building
lifecycle from day one. Design and operations are tied closer than ever before and require a new process that
bridges the current gaps in the market. Lifeless, static, design documents and models must be drawn into a
cohesive, living system that operates in real time - a Digital Twin [149]. BIM is definitely a direction which
construction industry could take to bridge the current gaps.
BIM offers a foundation for comprehensive facilities management, especially in light of the trend toward “smart”
buildings. Using detailed BIM models, owners can connect a building’s basic information with data from sensors
monitoring its operations, thus optimizing operations while meeting occupants’ needs and even offering new
services. These sensors will probably be embedded in the building materials in future which means that all
materials will eventually need to be “smart” [150]. Additionally, after decades of slow productivity growth, the
engineering and construction industry is poised to make major gains through digital technology. This
breakthrough is also centred on BIM [150]. Similar to digital breakthroughs in other industries, BIM is beginning
to transform the construction business by reorganizing the value chain. BIM promotes collaboration at each stage
of a project instead of reinforcing the industry’s traditional silos. Its advantages are prompting many large
contractors, as well as engineering and architecture firms, to invest in the technology [150].
In many EU countries, and among many stakeholders there is still a large knowledge gap around BIM processes
and data and its importance to the future of the construction industry. Alexander [151] states that this gap is not
just isolated to certain areas of the industry; it pervades the entire construction value chain. From architects
through to end-user focused manufacturers not enough people appear to be addressing BIM at the moment.
Alexander [151] states that it’s disturbing that we have such a mismatch between the needs and requirements
of customers, investors and the professionals who are able to deliver services.
The big issue here is education which leads to a lack of understanding. At the end a lack of understanding of the
benefits BIM brings means people see it as a cost, not an asset. What needs to be realised is that BIM is an
enabler for greater efficiency right across the value chain, not to mention the economic benefits it brings [151].
In addition, thanks to building information modelling (BIM), the process of purchasing building materials is
becoming more streamlined, enabling customers to benefit from greater transparency on timelines and prices.
Some of the implications of emerging BIM for building materials companies are as follows [91]:


Building materials manufacturers should provide product data in an online format, to allow project
managers and architects to specify and order materials through the BIM system. They should also make
arrangements for building operators to place their orders through the same channel.
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More and more building materials suppliers are extending their sales efforts online, rather than limiting
themselves to traditional retail/wholesale outlets and contractors.
Start-ups and some established companies now offer additional services such as planning, erection, and
maintenance, since traditional contractors cannot quickly adapt to using smart materials.
Some building materials manufacturers may take the initiative to expand and become vertically integrated
companies. They may seek to merge with distribution and construction firms, and even with service
providers.

It has to be said that BIM also poses a challenge, because making it work requires a considerable upfront effort
not just to adopt the technology but also to acquire relevant know-how, set standards, find the right strategic
positioning, and align stakeholders [150]. It was shown in Denmark that industry’s initiatives play an important
role in the BIM implementation process, providing construction businesses (from project’s owners to architects,
engineers and constructors) with relevant support and incentives [120]. By helping the industry build BIM
capacities through courses and trainings; knowledge and experience sharing; and workshops, industry initiatives
offset some of the costs relating to BIM implementation.
So far, construction companies are at different phases in adopting BIM. Some of these companies are
concentrating only on the immediate task of turning their product list into a BIM object library, some of them are
using BIM only for 3D modelling, some of them are using BIM in full or almost full potential, while others see BIM
as a burdensome government regulation. This depends on the policy of the construction company; the
complexity of the projects they manage as well as the country they work in since different countries are at
different stages of implementing BIM with some countries where the use of BIM is mandatory (Figure 40).
Additionally, it has to be said that despite the European directive on public procurement (2014/24/EU) [111] use
of BIM have multi-speeds within different European countries.

Figure 40 Governments around the world which are promoting BIM [150]
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Boston Consulting Group (BCG) [150] estimates that by 2025, BIM will have advanced enough in the engineering
and construction industry to generate productivity gains of 15% to 25%. To establish basic understanding of skill
shortages, gaps and mismatch in the construction sector regarding BIM it’s helpful to consider the different levels
of BIM use (Figure 41).

Figure 41 Construction companies current use of BIM and the gradual increase of their collaboration and
adoption of full potential of BIM [150]

Currently, most engineering and construction companies are at level 1, but many are working up to level 2 and
will eventually advance to level 3. Level 3 is where all associates involved in a project work from a single, shared
BIM model in the cloud, and all relevant communication happens around that model.
It is more and more evident that BIM is bringing cultural as well as structural change in the construction industry,
namely it is evident that BIM is bringing companies into collaborative hubs (Figure 42).
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Figure 42 The change of collaboration among different parties in construction project depending on BIM
maturity [150]
There are several levels of issues which construction sector is currently tackling while trying to implement BIM
(Table 24).
Table 24 Problem statement of introducing BIM to construction sector [152]
Process level:

Technical level:

Semantical level:

Much slower rate of
implementation in the practice
than CAD

Software Interoperability
(Interpretation)

Different professional languages

Lack of knowledge and standards
on BIM-supported planning
process

Data exchange between
interdisciplinary models

Different working models
(granularity!)

Unstructured heterogeneous data
structure

Different means of buildingrepresentation:
List, slab-models, 3D
visualisations
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[153] collected and analysed 44 BIM standards and guidelines from nine countries to review the status and
development of BIM for the sustainable development. Most of the standards and guidelines were derived from
United States of America, followed by Australia and United Kingdom. They were developed by universities,
government sectors, and non-governmental organizations for the industry use. As the guidelines and standards
have been developed for the current need and practice in the industry, this comparison indicates that the current
practice for sustainability has not covered for the research findings in those areas as published by the journal
articles. This is probably due to the lack of awareness or verification on their potential uses in the industry.
From a holistic perspective, most of the standards and guidelines were focused on the areas of development,
design, construction, and maintenance. Overall, the paper highlights that the current standards and guidelines
have contributed on certain sustainability areas in the built environment. The needs for the integrations between
(a) BIM and green assessment criteria, and (b) BIM and renewable energy are the important implications of the
review.
Energy analysis in building design has to meet both the cost and schedule requirements of practical projects.
The main barrier of wider usage of dynamic energy analysis methods has been the required big manual input
work. Most of the building element specific information needed in energy simulation is described in the building
information model (BIM). By utilising BIM as a data source for energy analysis, the data input will be more efficient
and the existing data more reusable. It also makes possible to benefit spatial whole building models instead of
zone-based models often used today in energy simulation. Only by using BIM, the verification of energy
performance can truly happen in different phases of the building process.
McGraw-Hill and Dodge surveys on BIM identify interoperability as a critical issue for advanced BIM users [154].
It rises from four technical reasons: The data of interest are not within the scope of data model or exchange file
format, translator does not support data of interest, problem of visualizing imported data due to software bug and
data of interest is outside of scope of software application. In addition to that, procedural problems can also
cause interoperability problems: version control in concurrent engineering, LOD support for all BIM uses through
lifecycle and unwillingness to share information due to intellectual property, security.
Lack of automated processes (interoperability) for BIM (Building Information Modelling) to BEM (Building Energy
Modelling) is one of the major gaps which technology needs to overcome in the near future. The tools/protocols
which are currently available are too complex to manage in the planning stage [152], [155]. It was found in the
research that gbXML interface is still not mature enough and that „One-way“ BIM Model is being used (data
exchange possible only in one way) [152]. This lack of interoperability between BIM and BEM causes difficulties
in the development and delivery of projects that are seeking to achieve NZEB standard.
Additionally, there is a mismatch in the level of detail needed in BEM models compared to BIM models. BIMmodels, as primarily architectural models tend to be too detailed in the representation and of too small granulation
for the simulation, i.e. architectural models use room stamps per room, where as the simulation needs the
partition into (thermal) zones – again simplification is necessary.
On the other hand, BEM models are too simplified for architectural design/planning. This means that simulation
is not possible without Model Adaption/Repair which results with the necessity to redefine the design process.
Gerrish [156] researched possibilities and challenges of BIM as energy performance tool. The first area is
balance between the specification of detail for effective building performance management, and the
manageability of that information requires consideration of its purpose and the capabilities of those utilising it.
Management of information for further utilisation denotes a key deficiency in current BIM and FM tools. Its
classification can be achieved using existing schemas; however, standards only specify the development of
design information, while incorporation of operational building data into a BIM model is limited [157].
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Analogous to the availability of information, accessibility is an intrinsic part of its effective utilisation. Handover
of documentation in the form in which it was authored, is yet to be adopted from designer to FM for numerous
reasons [158], of which accessibility is a major limiting factor.
The methodological challenges identified by the interviewees primarily concerned the procedures in place, and
the responsibilities and skills of those managing the information generated during design and operation. The
capability of those responsible for the operation of a building to interact with and make sense of information
stored in non-traditional formats impacts the potential for that person to improve building performance. The
methods with which information is recorded and exchanged currently do not best support utilisation of BIM in
procedures out-side building design. Collaboration between designer and operator at handover is limited to the
seasonal commissioning and exchange of basic information, building on documentation created without the
needs of the end-user fully considered. Widespread application of BIM for purposes outside design development
is unlikely to happen without corresponding and relatable standards for information management, in the areas
to which it’s applied. Addressing the barriers identified here would simplify this process and enable more effective
utilisation of design and operational data in ongoing performance management.
In the case of many early adopting countries the following happened [120], while BIM implementation succeeded
at the design, engineering and construction phases, its use is limited when it comes to the operation and
maintenance phases. In turn this impedes productivity gains linked to BIM adoption. Indeed, early adopters of
3D modelling are engineering firms and architects, who do not have full control of construction costs and
schedules which can be identified as a definite gap.
The following citation highlights the gaps and mismatches “The benefits of many technological advances,
such as BIM, will materialize only if the whole ecosystem is ready” [159]. This can be interpreted as the
need to think of BIM implementation from a systemic perspective, i.e. a holistic perspective taking account of the
public and private sector actors along the value chains, and trying to understand how their interests shape BIM
implementation, and the process to scale it up in a sustainable way.
Education, including through university and academia is a key component and actors of the BIM ecosystem.
The public and private sector actors sometimes show limited awareness of BIM potential [120]. On the other
hand, it was also acknowledged that public sector actors tend to see the value of BIM mostly at the design,
modelling and engineering stages, but much less at the construction operation and maintenance stages.
Reinforcing the capacities of public and private sector actors and their understanding of BIM is hence of crucial
importance.
BIM education is not only a technical issue: it is not only about training workers to use BIM software, but also
changing the working methods and process in a company [120]. BIM education is hence about change
management and this is where a gap exists and a mismatch of stakeholder’s awareness and their real need has
to be tackled.
BIM is an opportunity for AEC companies to involve women and young people into construction industry.
Industry organizations should run image campaigns to promote BIM related jobs, target prospective new pools
of talent, such as employees with suitable skills from other industries like gaming, establish common bodies of
knowledge, make career paths more transparent, and collaborate on training with academia and vocational
training providers. An ongoing shortage of qualified workers is also a major reason why the AEC industry is not
innovating quickly and is facing stagnating productivity as a result.
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6 Established need for BIM and NZEB for economic growth,
stability and sustainability in the market
Improving the energy efficiency of European building stock is a key step in achieving the 2020, 2030 and 2050
EU energy and CO2 emission targets. European Directives, in particular the EED [7], EPBD [1] as well as
amended EPBD and EED [6] and related national regulations, set very strict energy-efficiency targets on
European building stock, with the aim to generalize NZEB by 2021. Panev et al. [76] see energy renovation as
a stabiliser for the building sector and consequently the overall EU economy while technological aspects whose
improvement is necessary and innovations needed to push forward the market uptake of NZEB will foster
economic growth.
The construction industry presents a major opportunity to not only reduce energy demand, but also to improve
process efficiency and reduce carbon emissions; but it is also traditionally highly fragmented and often portrayed
as involving a culture of “adversarial relationships”, “risk avoidance”, exacerbated by a “linear workflow”, which
often leads to low efficiency, delays and construction waste [160]. Original culture and practices of the
construction sector is widely perceived as a “low-tech” area with a significant proportion of “blue collar” workers
but the construction industry is experiencing its digital revolution, with an intensification of digital support in all
stages of building design and construction. 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; also there is an increasing alignment of interest between those who design and
construct a facility and those who subsequently occupy and manage it, and that demands dedicated skills and
competencies to address multi-objective sustainability (including energy) requirements.
In this context, it is evident that BIM integrated with energy performance requirements (NZEB) will facilitate the
improvement of energy performance in a more effective and efficient manner. Computer generated BIM models
are increasingly needed to simulate the planning, design, construction and operational phases of a NZEB project
in order to reduce so called energy performance gap and to improve the quality of NZEBs.
BIM has a number of socio-technological advantages not only at the technological level, but also the process
level, and can complement the way that architectural design artefacts are created, but also can profoundly
change the collaborative process associated with the act of building. As 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 gamechanging factor that would support the transition to more energy and cost-efficient practices [160].
BIM is a process that lasts throughout the building’s life cycle (from the design phase through the construction,
management, maintenance and deconstruction). If constructing NZEB, in each of these phases it is very
important to take into account the energy aspects in order to decrease the environmental impact of the building
during its life cycle and to design and construct cost optimal building in all aspects (construction, maintenance
and use, deconstruction).
To achieve this objective, it is important that all the professionals and installers who work in the NZEB supply
chain are aware of their role into collecting, managing and storing all the information required during construction,
management maintenance and decommissioning of a building. In other words, they need to gain new
competences in BIM as well as NZEB.
A European survey conducted by BIMCert’s industry engagement partner has shown that two thirds of
construction companies are planning to implement BIM within the next 3 years, highlighting the increasing need
for companies to adopt and invest in BIM technology and processes [161]. This research shows that construction
companies recognised that BIM enables faster and more reliable design, as well as decision-making and
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construction follow-up. It can thus be concluded that there is an established need for BIM by construction
companies for economic growth, stability and sustainability in the market.
The European construction sector represents 9% of EU GDP and 18 million employees being a driver for
economic growth in Europe. However, according to the World Economic Forum, construction labour productivity
has stagnated or even decreased over the past 50 years [162]. The World Economic Forum described BIM as
one of the 10 most promising technologies that can act as a force for lowering the barriers for change and
reversing this trend. New digital technologies, such as BIM itself, have begun to transform the way that buildings
and infrastructures are designed, built and maintained. According to [162], BIM is much more than a digital
technology and should be considered as a strategic and complete methodology to increase construction
productivity by delivering cost savings, improved construction and exploitation management, better
environmental performance and quality, enhanced transparency and collaboration across the industry.
Governments globally have identified BIM as one of the core multidisciplinary, collaborative processes that
enables creation and control of the built environment for better conservation of materials, resulting in lower
embedded and ongoing energy consumption (delivery of at least 30% reduction in carbon while becoming an
economic booster by achieving considerable savings in cost, time, and exports) [161]. This also shows that there
is an established need for BIM and NZEB for economic growth, and the countries recognition of BIM ensures
stability and sustainability in the market.
To ensure stability and sustainability of companies, construction industry experiences peaks and troughs of
activity in different locations and it is essential that the sector has a mobile workforce who can operate in different
jurisdictions through a common language; in this case BIM. BIMCert identified a need to create a BIMCert
passport which will map an individual’s competencies against national and international accreditation (including
EFQ) and which will enable individual mobility and rapid redeployment / employment of staff by SMEs and larger
companies in response to project based requirements [163].
As mentioned previously in this report, to be able to design and construct NZEB, an interdisciplinary and
integrated design approach is crucial to deliver quality NZEB. Thus it is evident that in future there already exists
an established need to connect NZEB and BIM efforts. This is true since BIM is paving the way to more effective
multi-disciplinary collaborations through the entire lifecycle and through the overall supply chain. In the future,
with obligatory NZEB BIM will be required significantly to have resource optimal NZEB construction for all parties
involved in the NZEB construction process.
Additionally, as the amended EPBD [6] is promoting smart technologies and puts consumers in focus, the future
needs for engineers will probably embrace BIM tools in order to construct NZEBs cost effectively but also to be
able to monitor consumption, and manage NZEB facilities. Since buildingSMART alliance is defining BIM as a
digital representation of physical and functional characteristics of a facility, it becomes evident that BIM will be
used as a shared knowledge resource for information about an NZEB facility thus forming a reliable basis for
decisions during its life cycle (from its earliest conception to demolition).
There is an increasing trend for use of BIM in large as well as smaller building renovation projects with a sought
benefit of maximizing energy efficiency and sustainable outcomes. Recognition of the appropriateness of BIM
for small renovation projects is also critical given the dynamic growth anticipated in the green retrofit market in
the existing domestic stock across Europe.
As BIM embraces building products and processes, it constitutes a useful support for training, and to
communicate the best practices for energy efficient and high-quality construction, in particular to on-site staff.
At the European level, Directive 2014/24/EU on public procurement [111] in article 22 (4) opens up the possibility
that MSs may require the use of specific tools for electronic data modelling of buildings in their procurement
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processes for construction work, services and supplies. It is expected that this article will help to integrate BIM
into construction industry.
New technologies require talent with substantially different skills from those the AEC workforce possesses today.
BIM requires experts with skills in artificial intelligence, data analysis and programming. New job profiles and
sought-after skills could help to bring more women and young people (new talents) into the industry and to close
the talent gap. At some construction companies, for example, most BIM engineers are women [164].
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7 Review of EU funded projects
7.1 National Build Up Skills initiatives and exchanges
The European Initiative strategic initiative BUILD UP Skills (http://www.buildup.eu/en/skills) [165] was launched
by the European Commission in 2011 under the Intelligent Energy Europe Programme to strengthen the
qualifications and training of ‘blue collar’ workers in the building sector (craftsmen, builders, systems installers),
after their initial education or after they have entered working life.
In the first phase of the initiative, all countries involved (EU 28 + Norway and the former Yugoslav Republic of
Macedonia) analysed their current situation and made a critical review of the skill gaps of the ‘blue collar’ workers,
in terms of their technical qualifications in energy efficiency as well as their existing curricula. This work led to
developing a set of recommendations in the form of National Roadmaps. The National Roadmaps also
embedded training priorities on intelligent energy solutions for buildings in the mainstream curricula, which would
boost the competitiveness of the building sector. All National Roadmaps are available at:
http://www.buildup.eu/en/skills/bus-projects [165].
The BUILD UP Skills initiative was congruent to the European Qualification Framework (EQF) with its learning
outcome and competences approach, concerning the application of mechanisms of recognition among different
national education and training schemes as declared in the European Directive 2005/36/EC on the recognition
of professional qualifications and its recast 2013/55/EU.
Through the activities of the BUILD UP Skills initiative, key national stakeholders were gathered in the frame of
National Qualifications Platforms (NQPs) (Figure 43). NQPs included all relevant sectors and actors, namely:
ministries responsible for construction, energy, labour and lifelong learning; relevant federations and professional
associations; institutions and organisations dealing with Continuous Vocational Education and Training (CVET);
accreditation and certification bodies; professional chambers; trade unions; training providers; building industry
and financing bodies.

Figure 43. Croatian NQP discussing the qualification framework
According to the national Status Quo Analyses conducted under the BUILD UP Skills initiative, over 3 million
construction workers in Europe will need to increase their skills in the building sector in relation to energy
efficiency (EE) and renewable energy systems (RES) by 2020, stressing the pivotal role of dedicated training.
Specifically, looking at the demand by type of occupations, the trend at the EU level indicates that the highest
numbers of workers needing to be trained on energy efficiency and renewable energy are found in the following
professions [66]:
 Electricians;
 Plumbers (including installers of heat pumps boilers, biogas systems, central heating, sanitary and
thermic equipment);
 Carpenters and joiners;
 Bricklayers;
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 Technicians (including Heating, Ventilation, and Air Conditioning - HVAC).
A similar trend is observed at MS level, even though training needs vary between countries, both in terms of the
occupations which require additional training to meet 2020 energy targets, and in terms of the share of the total
workforce requiring additional training [66].
In a second phase, BUILD UP Skills supported projects turning the National Roadmaps into qualification and
training schemes, tailored to the national reality.
Overall, the 22 BUILD UP Skills national projects implemented in the second phase of the initiative had the
following impacts (Table 25):
Table 25 Impacts achieved by BUS Pillar II projects [166]
IMPACTS PURSUED
Number of training courses developed
Number of people trained
Number of hours taught
Costs to qualify each trainee (median, EUR/ trainee)

ACHIEVED RESULTS
805
8,570
27,726
638

It is important to note that the above figures are conservative, not counting for people trained after the end of the
project, which in some case was very significant. If these figures could seem low compared to the overall
objective of upskilling 3 million workers by 2020 (as identified in the national Roadmaps), it should be stressed
that BUILD UP Skills never aimed to fund the actual running of training courses. Instead, the dynamic initiated
by this initiative should now be continued through other means (national/regional/local support, structural funds,
commercial trainings, etc) [166].
From 2014 onwards, the Horizon 2020 Framework Programme is providing continued support to BUILD UP
Skills. The focus has been shifted to large-scale multi-country qualification and training schemes, while also
addressing “white-collar” professions (e.g. engineers, architects, building managers, etc.). 17 projects are
ongoing or recently finalised.

7.1.1 Croatia
CROSKILLS and CROSKILLS II projects were performed under the BUS initiative in Croatia and contributed in
upskilling several hundred blue-collar workers working in the field of energy efficiency, specifically construction
workers working on the building’s thermal envelope. Within CROSKILLS projects 11 training centres were
established with 108 trainers in total that are able to perform trainings on DER with minor adaptations in their
current CROSKILLS training programme.
The learning outcomes and training programme developed in the CROSKILLS project were incorporated by the
Croatian Ministry of Construction and Physical Planning in the regulations through which CROSKILLS
certification scheme was officially recognised. This way, the Ministry of Construction and Physical Planning
followed the same approach for training of professionals as with the previously developed Ordinances on
Renewable Energy Sources Installer Certification (for PVs, Solar Thermal Collectors, small-scale biomass
boilers and furnaces, shallow geothermal systems and heat pumps), which have been developed according to
the RES Directive.
From July 2017, the Ministry of Construction and Physical Planning enforced the “Ordinance on education and
certification system of construction workers working on the installation of building components which affect the
energy efficiency of buildings”[49] which is envisioned to increase the number of skilled workers working on
P a g e | 99
BIMzeED– 600946-EPP-1-2018-1-IE-EPPKA2-KA
O2.1 Literature review on BIM and nZEB needs in the construction industry

Education for zero energy Buildings
using Building Information Modelling

energy refurbishment and construction of new nZEBs. Similar ordinances exist for the installers of RES Systems
where there are also several training centres established which give education on installation of RES systems.
Additionally, training materials (books, manuals and practical examples) were accepted by ASOO and
recommended them to be used as a literature in VET schools (Figure 44). There are 11 training centres
throughout the Croatia which ensures the programmes availability for all the potential workers interested.

Figure 44 Croskills manuals for trainers (left) and workers (right) [54]

Figure 45 Croskills training centers throughout Croatia [54]
Three online registers were developed (http://www.croskills.hr/), namely: Register of training centres; Register
of trainers; Register of certified workers. These registers have become official registers of the Republic of Croatia,
Ministry of construction and physical planning. The registers were developed as a means of generating new
business leads. Registered members can use the CROSKILLS logo in their promotional material, additionally
the register creates a direct link between training and employment opportunities since it was conceived as a
platform for all construction workers to join the Register and display their training and skills. On the other hand,
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all stakeholders can search the Register for construction workers who are trained in energy efficient construction
practices.
A mutual recognition clause was incorporated in the regulations thus enabling the recognition of certification
schemes of other countries involved into the BUILD UP Skills initiative and in turn to enable the free movement
of certified workers from country to country.

7.1.2 Hungary
BUILD UP Skills Hungary as pillar I. and BUILD UP Skills TRAINBUD as pillar II. were both coordinated by ÉMI
Non-profit Ltd. in Hungarian partnership under the Intelligent Energy Europe Programme’s initiative.
BUILD UP Skills Hungary (BUSH) – 2011 – 2013.
The objectives were to have the subjects of energy efficiency and renewable energy included in the continuing
education system of the qualified building workforce, to set up national qualification platforms and roadmaps in
order to meet the targets for 2020 and beyond, and to support the step-by-step development of
training/certification systems in connection with energy efficiency and the use of renewable energies. For the
implementation of the goals set forth in the project, a consortium has been set up, coordinated by ÉMI Non-profit
Ltd. for Quality Control and Innovation in Building. Members of the consortium are the National Labour Office,
the Hungarian Building Material Association, the Budapest Chamber of Commerce and Industry, and the
Hungarian Association for Plumbers and Technical Contractors.
The consortium developed a status quo analysis which seeks to assess the potential and needs of the Hungarian
education system in relation to energy efficiency in buildings and the use of renewable energies. Our goal was
to provide an analysis of the status quo based on an objective approach, also including well-founded conclusions
and possible recommendations. The Study also introduces the Hungarian housing sector and its status quo in
terms of energy use. Typical characteristics and energy performance of the building stock was presented based
on statistics and available literature. Based on the findings of the status quo report the consortium developed a
National Roadmap and an action plan for the implementation of the proposed strategy.
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Figure 46 System of measures set by the BUSH Action plan
The Roadmap intends to promote efforts to find a solution for key policy challenges drawing up guidance,
proposal package with involvement of professional organisations and sectorial ministries, thus encouraging
governmental strategy formulation and legislation. It aims in particular the development of building industry
trainings in order to enable the building industry to contribute to Hungary’s 2020 national climate and energy
policy objectives to the extent necessary to carry out the plan. The building industry may contribute to realisation
of these goals by improving the energy performance, as well as establishing an increasing contribution of
renewable energy sources to the energy supply of buildings.
BUILD UP Skills TRAINBUD 2014-2017
With the support of the BUILD UP Skills initiative the aim of the BUSTRAINBUD project was to create a voluntary
qualification system and an energy efficiency training for HVAC skilled workers.
One of the main actions was reinforcement of the up-to-date knowledge and appropriate skill base of construction
workforce in building energetics, energy efficient measures and use of renewable energy in order to become
agents for energy efficient improvements of the Hungarian building stock.
The other action was raising the awareness of property and home owners in energy efficiency measures and
emphasising the importance of proper examination, assessment and installation of such measures in order to
raise the demand for such qualified, skilled workers.
The Sustainable Construction Skills Alliance formed within the project contributed to the development of the
training material and training schemes. Not only HVAC skilled workers were interested in participating in the
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training, but other professionals also from different sectors of the construction field. It was the result of the
popularity of the high quality profession-oriented and the entrepreneurial skills training material
The skilled workers, who successfully completed the training and assessment received their certificate and
appear on the website of the BUS TRAINBUD project, where home-owners can search among them according
to professional fields and location.
The sustainability of the project is assured by the members of the Consortium in collaboration with the members
of the Sustainable Construction Skills Alliance, in particularly the training institutions, who will continue the
trainings and the trading companies who provide modern, high quality input for regularly updating the training
material.
Website: http://trainbud.hu/

7.1.3 Ireland
BUSI BUILD UP Skills Roadmap Ireland as pillar I and BUILD UP Skills QualiBuild as pillar II. were both
coordinated by Limerick Institute of Technology in partnership under the Intelligent Energy Europe Programme’s
initiative.
BUSI BUILD UP Skills Roadmap Ireland 2011-2013
In 2011, the EU funded project Pillar I IEE BUILD UP Skills Ireland (BUSI) was tasked with establishing the
extent of the skills gap in the building sector in Ireland for achieving 2020 energy saving targets. The broad
training provision for construction workers in Ireland was considered in light of the significant changes to building
standards and the technologies currently being adopted onsite for energy performance.
The main aim of the Roadmap is to outline a general strategy and a set of specific actions required to overcome
the barriers for addressing the knowledge and skills gaps amongst the construction workers to meet the 2020
targets in the building sector. By identifying specific actions, timelines and stakeholders responsible for their
implementation as well as receiving endorsement from these stakeholders, it is envisaged that the roadmap will
be a catalyst for change in the construction industry. Its implementation will ensure that construction workers in
Ireland have sufficient knowledge and skills to build and retrofit buildings that will achieve low energy
performance.
The national qualification roadmap for Ireland sets out the strategy and action plan for bringing the knowledge,
skills and competences of Irish construction workers to the level that will allow them to confidently produce low
energy buildings meeting the latest building regulations and, therefore, contribute significantly to Ireland’s energy
reduction targets. It addresses not only the training and qualification issues, but proposes the associated
measures required for successful implementation of the training.
This resulted in the development of a National Roadmap of actions to address the issue
The main objectives of the project are to:


Initiate national discussion processes that bring together all relevant stakeholders.



Identify and quantify the need for a workforce qualified in energy efficiency and renewable energy in each
member state by 2020 (and beyond).



Set up and agree national qualification roadmaps to achieve the sustainable energy policy objectives for
2020.
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Support concrete qualification schemes on the basis of roadmaps to 2020 with identified needs and
priorities.
Eight workshops were carried out nationally to explore the future of energy solutions for buildings up to 2020,
identify new skills and competences that may emerge as a result of changes in construction trends in regard to
energy, create potential job profiles in the area of energy and construction up to 2020 and identify the main skills
and competences these jobs will require with a view towards education and training provision. This process
involved:
1. one-to-one interviews with the strategic stakeholders focused on the elements of the overall strategy and
achieving endorsement
2. surveys to the construction workers and employers to assess their knowledge and attitudes towards low
energy buildings


3. Developing a report which was presented to the BUSI Steering Committee for review and
recommendations. The Roadmap was then presented to relevant Government Departments and
Agencies for their endorsement of the proposed actions.

BUILD UP Skills QualiBuild 2013-2016
QualiBuild (Energy Training for Construction Workers for Low Energy
Buildings) follows on from the recommendations presented in the
BUILD Up Skills Irish Roadmap which was completed in April 2013. It
is part of a European wide initiative to develop National Roadmaps on
training and upskilling construction workers, so that Member States
can meet their 2020 energy targets. The QualiBuild project was
developed with the principal focus on upskilling and training, craft
workers and general operatives in the building construction sector, regarding energy-efficient buildings in Ireland,
this led to the development of a train the trainers programme and foundation energy skills course in the low
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energy field. Further actions were in the form of a national skills registration system to will assist construction
workers in profiling their skills and qualifications relevant to quality low energy building and promoting the
importance of low energy construction in Ireland amongst the general public and policy makers.
The Aims and objectives of the QualiBuild project were to:




Design and Implement a ‘Train the Trainers’ programme to increase the knowledge and competency of
trainers involved in construction training.
Develop and pilot a Foundation Energy Skills Programme (FES) to upskill construction workers in the
field of quality low energy building and develop communication and awareness skills on site.
Create a Quality Skills Registration System, driven initially by industry, which will provide a transparent
means of demonstrating the level of competency and knowledge that the craft workers/ operatives have
in relation to quality low energy buildings.



Rollout a Communication and Awareness Campaign, targeted to convince consumers, workers and
construction companies of the value of addressing quality when completing low energy building projects.



To ensure that the BUILD Up Skills Roadmap actions are fully integrated into the Irish construction
sectors, a national ‘Rollout Plan’ was developed for the full implementation of the BUSI Roadmap, transfer
ownership of BUILD UP Skills QualiBuild outputs to relevant stakeholders and set objectives for post
2020 in particular the continuation of the QualiBuild FES and Train the Trainer courses nationally.

Not only was promotion and communication an important part of this project, outreaching and networking with
various stakeholders continuously, the three main outcomes form the QualiBuild project are as follows:
The Train the Trainer (Certificate in Training in Low Energy Buildings) course has a NFQ level 7 certificate
assessed in 4 modules: Building for Energy Performance; Building Fabric; Building Services; Pedagogical
Approaches to Course Delivery. The delivery of the Trainer pilots was carried out in 2 phases, 2014-2016,
covering all the important areas required to achieve Quality Low Energy Building. This course was highly
commended but with only 55 trainers completing the course it requires further training courses to be held around
Ireland.
The Foundation Energy Skills (FES) course is designed for upskilling the construction workers. The course is
carried out in two ways: (1) three-day course over 5 weeks or (2) four evenings course over 6 weeks. Both
options use a blended approach with classroom (theory), demonstration (practical) and online techniques. The
FES course covers 6 units (Figure 47) and each participant receives resources such as, learners’ handbook and
links to relevant materials, resources and videos on the QualiBuild website. There were 14 pilots carried out
nationally training 196 construction workers with 2 specific courses held for Better Energy Communities and for
the Port Laoise Prison Services.
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Figure 47 Outline of the QualiBuild FES course and Learners Handbook
The Construction Worker Skills Register, CWSR is an online register of training for Site Operatives and
Craftworkers in the Construction Industry in Ireland. Registered members create an online profile and upload
records of training events they have attended. This facility can be of use to members in three ways:
As a place to hold a record of their training and skills development history,
 To download or print the record in an attractive format with the Construction Worker Skills Register logo,
and
 As a public display of their engagement with training and continuous professional development (CPD).
The aim of the registration system is to:


Provide an online platform where construction workers can display and store their training records;
Provide a means of demonstrating the level of knowledge and training achieved by individual construction
workers;
 Raise awareness of training and skills development in the construction industry;
 Promote the importance of training to potential clients / employers looking for construction workers;
 Provide reassurance and transparency to potential clients.
Website: http://www.qualibuild.ie/



7.1.4 Spain
BUILD UP Skills Spain as pillar I. and BUILD UP Skills CONSTRUYE 2020 as pillar II. Were both coordinated
by the Labour Foundation for Construction (FLC) is Spanish partnership with Technological Institute of
Construction (AIDICO), National Qualifications Institute – Ministry of Education (INCUAL), National Resarch
Council (CSIC) and Tripartite Foundation for Training for Employment (FTFE).
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BUILD UP Skills Spain (Pillar I) – 2011-2013
The objectives were to cover the training needs derived from the launch of the different strategies for the energy
performance of buildings, Spain has a specific legislation and several instruments, such as the Training System
for Employment, which regulates vocational training for the employed and unemployed, the National System of
Professional Qualifications, which is developing the National Catalogue of Qualifications. This BUILD UP Skills
project will help to establish a roadmap that will set out clear plan of action to ensure these systems respond to
the training needs that arising in the field of energy performance of buildings. In this way it will be possible to
optimally satisfy the "2020 objectives", converging with all the other EU countries towards this common goal.
The status quo analysis developed in this project provided a study with the following matters:
-

-

-

-

Description of the building sector: relationships with other sectors, supply chain, market trends and
forecasts, the principal changes affecting it, immigration and emigration, the grey economy, professional
profiles, etc.
National policies and strategies to help reach the EU 2020 objectives on energy in buildings: in
the fields of energy and of vocational education and training.
Statistics on construction and energy: building sector, workforce, energy consumption and renewable
energy in buildings.
Professional training and education available: vocational education and training available to workers
on jobs relating to Energy Efficiency and Renewable Energy, training programs and courses on energy
efficiency and renewable energy which don't form part of the "official" training system, and other relevant
initiatives both on a national and regional basis which are supported by the EU.
Skill gaps between the current situation and that required in 2020, referring to qualification needs:
workforce evolution, skill needs, identification of new emergent competences, and the number of workers
in the construction sector to be trained in each sub-sector/profession for each level of competence in
order to reach 2020 energy objectives, qualification and monitoring needs.
Barriers: analysis of barriers related with construction workers' qualifications which might prevent the
country from reaching the 2020 targets within the building sector (Figure 48).
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Figure 48 The four sets of barriers identified to qualification of workers which may make it difficult to achieve
the 2020 objectives set for the building sector
The strategy for the development of the roadmap was established based on three fundamental pillars (Figure
49):

Figure 49 Pillars for defining the strategy for the development of the roadmap
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The status quo analysis was the fundamental base for the establishment of the roadmap to CONSTRUYE 2020.
Specially, the conclusions related to the occupations identified as the most important, the competences related
to Energy Efficiency and Renewable Energy Systems identified as key in the construction and rehabilitation of
buildings, the related training, and finally, the identified barriers to achieving energy objectives, were crucial for
their establishment.
BUILD UP Skills Spain (Pillar II) CONSTRUYE 2020 – 2013-2016
The project aimed to provide building workers in Spain with the competences and skills required in the fields of
Energy Efficiency and Renewable Energy Systems in order to contribute to achieving 2020 energy objectives.
Despite the legislation and instruments, the VET system and the energy restoration activity still are in need of
key competences related to EE and RES (e.g. geothermal and biomass heating installations, insulation,
carpentry installation), new training actions and schemes, mechanisms to improve the performance of the VET
system and stimulation of the demand of energy restoration activities.
All these needs were made concrete in the roadmap developed under Pillar I. CONSTRUYE 2020 (Pillar II) is
set out to realize the most relevant ones.
The main objective of this project was to implement the prioritized actions set up in the Spanish roadmap,
developed under the Build Up Skills Spain (Pillar I), funded by the Intelligent Energy Europe program.
These actions aim at improving the VET system and the national qualifications catalogue as well as developing
training tools and schemes, in order to train building blue collar workers on Energy Efficiency (EE) and
Renewable Energy Sources (RES), toward meeting the energy objectives set up by Europe to 2020.
The project objectives are the following:
-

-

To conduct the design of training schemes and training actions related to those occupations and
professional skills which the status quo (SQ) analysis has proved the Spanish VET system nowadays
lacks. These permanent training actions will allow covering these needs in short-term as well as serving
as a trusted base to develop professional certificates later on.
To put into practice, the training actions that have been developed, by carrying out some assessments,
in which the actions will be validated from a technical and pedagogical point of view.
To review and upgrade those existing qualifications that, as it is stated in the SQ analysis, need update
To develop those mechanisms identified on the roadmap in order to improve the Vocational Education
and Training Spanish system.
To get the involvement of the market actors and stakeholders relevant to the topics covered in the
project.
To ensure the dissemination and communication of the BUS “CONSTRUYE 2020” proposal in order to
reach all key actors and target groups related to the actions proposed in the project as well as raise
awareness on the necessity of undertaking energy restoration of buildings.

We can highlight three main lessons learnt during the execution of the action:
1. Importance of the ICT to divulgate and raise awareness regarding EE and RES solutions. Also, it is
important to foster the delivering of courses on-line as well as to produce new media training resources.
2. It is absolutely necessary to reach the final users by providing them basic information and general
concepts regarding EE and RES solutions in order to stimulate the market demand.
3. It is necessary to trigger and finance training programs on EE and RES at national level.
Website: http://construye2020.eu/en/
P a g e | 109
BIMzeED– 600946-EPP-1-2018-1-IE-EPPKA2-KA
O2.1 Literature review on BIM and nZEB needs in the construction industry

Education for zero energy Buildings
using Building Information Modelling

7.2 Skills Blueprint for the Construction Industry Erasmus+ Sector Skills Alliance
Construction Blueprint
The All.Construction Blueprint (Skills Blueprint for the Construction Industry) for Sectoral Cooperation on Skills
is a framework for strategic cooperation in emerging sectors or sectors which are experiencing significant
restructuring. The All.Construction Blueprint was launched in January 2019 and is a four-year project as part of
the European Skills Agenda funded by Erasmus+. The partnerships include key stakeholders, such as business,
trade unions, research, education and training stakeholders, and public authorities [167].
Blueprint for the Construction Industry gathers 3 EU umbrella sectorial organizations, along with 9 national
sectorial representatives and 12 Vocational and Education Training providers (24 partners) from 12 EU countries
to work together for developing a new sectorial strategic approach to cooperate on skills in the construction
industry and support a better matching between skill needs of companies and skills provided by training centres
[168].
These 24 partners come from 12 EU countries (in which LIT represent the Irish market) and will work together
to develop a new sectorial strategic approach for cooperation on skills in the construction industry, supporting
better matching between skill needs of companies and skills provided by training centres (Figure 50) [168].

Figure 50 Overview of the project
Objectives and aims of the project:
The All.Construction Blueprint project aims to develop specific relevant instruments to address skills shortages,
gaps, future skills and to match skills demands and supply by setting up a sustainable sectorial Alliance between
European construction sector representatives and sectorial Vocational and Educational Training centres. In order
to reduce the skill gaps addressed by the industry and the training provision, it is important to support growth,
innovation and competitiveness in the construction industry. This Sustainable Sectorial Alliance is to establish a
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common framework that will allow the whole sector at the European level to drive the needed changes towards
the same direction through the “WatchTower”.
This Blueprint is arranged through a Sectoral Skills Strategy which will bring together lessons learned from other
initiatives (i.e. Build Up Skills) and will be outlined from a holistic approach, identifying political, economic, social,
technological, legal and environmental factors which may be affecting sector skills and training offer.
Encompassed with activities, milestones, outcomes and outputs, these activities will be developed during the
project [168]:
-

To collect good practices at national and regional level to illustrate and promote other initiatives
addressing skill gaps.
To design and deliver a MOOC to raise awareness among construction workers about new skills drivers:
digitalization, energy efficiency and circular economy
To create the tool WatchTower to provide valuable information about particular skill needs at least at
regional/national level.
To build upon a revision methodology of construction professional profiles and qualifications.
To carry out an outreach campaign to promote its attractiveness among youngsters and women,
identifying and promoting solutions to facilitate mobility of construction workers in Europe.
To create a new virtual tool (SSA Portal) where all project outputs will be available for stakeholders, as
well as a Sector Skills Alliance platform for collaborative work.

Blueprint will be deployed by getting main market players involved (Education-Business-Government-Society)
taking up opportunities to make the best of their talents [169].

7.3 Vet4LEC - Inclusive Vocational Education and Training for Low Energy
Construction 2017-2019
Vet4LEC (Inclusive Vocational Education and Training for Low Energy Construction) project involves a
study of the skills and opportunities for construction sector in low energy construction in 10 countries, funded by
the European Commission and jointly run by the European Construction Industry Federation (FIEC) and the
European Federation of Building and Woodworkers (EFBWW). It is a 2-year project in line with the Work
Programme of the European Social Partners 2016-2019 addressing youth employment, enhancing the
attractiveness of the construction sector (mainly to under-represented categories such as young people and
women), anticipating skills needs and facilitating mutual recognition of qualifications.
The Aims and Objectives of the VET4LEC Project are as Follows:
 The opportunities for Low Energy Construction (LEC) and interdisciplinary Vocational Education and
Training (VET) can be extended so as to enhance the attractiveness of the sector and advance energy
literacy, in particular for women and youths, in line with the European Qualifications Framework (EQF).
 Collect, assess and compare national case studies, amongst others developed in the framework of the
BUSI Build Up Skills Initiative.
 Map knowledge, skills and competence for Low Energy Construction in the different national VET models,
in order to further the implementation of EQF and other European tools.
 Evaluate the association between particular VET models and site performance.
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Develop guidelines and recommendations as to how to enhance the inclusivity of the sector for women
and youths.

7.4 Train-to-NZEB: The Building Knowledge Hubs of Europe (2015-2018)
Train to NZEB (The Building Knowledge Hubs) project is a 36-month EU funded under Horizon 2020 with the
main aim to establish a functioning network of training and consultation centres (known as Building Knowledge
Hubs, BKHs) in the construction sector. This provides theoretical and practical training and consulting services
on the execution of nearly-zero energy building (NZEB) for professionals, construction workers and specialists
according to the BUILD UP Skills national roadmaps. These BKHs are located in Bulgaria, Romania, Czech
Republic, Turkey and Ukraine and offer trainings for highly-qualified building professionals, construction workers,
non-specialists and policy makers.
The Objectives of the Train to NZEB Project are as Follows:
 Development of publicly available Terms of Reference for the setting up of the BKHs.
 Adaptation of existing and development of new training programs for each cohort.
 Building of internal capacity through train-the-trainer activities, targeting at least 90 qualified trainers.
 The implementation of training courses in each of the countries according to the annual training plans.
 Strict monitoring and evaluation for constant improvement of the offered services.
 Setting up of a web-based networking platform providing facilities for knowledge sharing and exchange
between the BKHs.
 Conduction of a targeted dissemination and communication campaign to increase the market demand
and awareness for NZEB.
The main tasks of the project include design and equipment of four fully active training centres (in Bulgaria,
Romania, Turkey and the Czech Republic) and one pilot centre (in Ukraine); the adaptation of existing and the
development of new curricula for training of building professionals; training and certification for a total of 90
trainers, 2,400 construction workers, 480 designers and 720 non-specialists (representatives of public
authorities, business managers, NGOs, consumer groups, media, etc.). The project achieved (Figure 51):


The training centres (or Building Knowledge Hubs) form an international network, providing training
courses on the curricula developed under the BUILD UP Skills initiative and by project partners during
this project, as well as continuous opportunities for exchange, updating and improving of the existing
training programmes.



The modern training facilities formally established in each of the five countries, Bulgaria, Romania, Czech
Republic, Turkey and Ukraine will enable the conduction of practical exercises as well as the theoretical
programmes already available in the focus countries.



The comprehensive business plans developed during the Train-to-NZEB project by all partners and the
advice and support from industry have enabled the provision of training facilities that are adaptable and
can be constantly updated according to the market trends.



The trainings on energy efficiency and RES in buildings, based on new training programmes, business
plans and up-to-date training equipment for a set of training and consultation centres around Europe
achieved the goal to improve the knowledge and skills in the construction sector and to provide practical
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trainings, demonstrations and comprehensive consulting services for design and construction of Nearly
Zero-Energy Buildings (NZEB) supported by RES in all the partners’ countries.

Figure 51 Main project achievements
As a result of the train the trainers activities, the Train-to-NZEB project has established a network of 240 trained
professionals which can be utilized based on the training demand in each country and on international basis
(Figure 52).

Figure 52 Breakdown of Train-to-nZB participants trained and number of courses developed
Thus, the project has delivered a total of 187 training courses, reaching 3945 participants, distributed to target
groups as follows: 2437 construction workers, 614 specialists, and 894 non-specialists with decision-making
functions. The courses were constantly monitored, in some cases through an internal peer-review process, and
the necessary corrective actions were taken, resulting in better design aligned to the market requirements, and
improved marketing offer, without compromising the quality of the training, the achievement of the learning
outcomes and the credibility of the certification, which now has gained international recognition.
The distribution of trainees according to the qualification level is as follows:
a) Target: 120 training courses on 10 selected training programs for each of the 4 BKHs, targeting additional

qualification of 2400 trainees;
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b) Target: 24 training courses for designers, consultants and building managers on at least 2 selected

training programmes for each BKH, targeting additional qualification of 480 trainees;
c) Target: 36 training courses for non-specialists on at least 3 selected training programmes, targeting
additional qualification of 720 trainees.

7.5 Fit-to-nZEB - Innovative training schemes for retrofitting to nZEB-levels
Fit-to-nZEB (Horizon 2020) [170] project aims to increasing competence and skills of the building professionals
in the field of DER in the target countries (Czech Republic, Romania, Bulgaria, Italy, Croatia, Ireland and Greece)
through the unique educational programmes developed by the consortium, which will contribute to both the
quality and the scale of the deep energy building renovations.
The project consortium developed an innovative European Qualification Framework (EQF) level 3-7 training
schemes for retrofitting buildings up to NZEB-levels, implemented under the project framework. The training
programs have been organized in different countries across Europe with common structure, learning outcomes
and competences. Courses were delivered by Universities, professional high schools and colleges, vocational
training centres (VTCs) as well as through on-the-job training and validation programmes [171].
Prior to the development of the compendium of competences, within the Fit-to-nZEB project, an analysis of
existing training programmes for DER in the partner countries was performed with identification of gaps and
deficiencies. The main aim of the analysis of existing programmes was the identification of learning outcomes of
the programmes available in each target country, identification of the existing gaps and recommendations for
further development or modification of the system of education in DER field. In all target countries, a tangible
lack of integration of the topic in the professional secondary, high and higher education and vocational training
programmes was identified. The observation shows that the allocation of the identified programmes within the
EQF system is quite broad and unstructured, and it is very difficult to harmonize and compare the results of the
analysis at national level - as related to both the professional education and the vocational training system. In
the secondary and high education (EQF 3-5) system, principles of DER are not included in official training
programmes. In higher education (EQF 6-7), there are some fragments of the topic represented by certain
subjects that are studied separately from each other. That is why the lack of qualification is filled in most cases
by vocational education. Vocational trainings were divided into two large parts according to the target group, for
construction workers (EQF 4-5) and supervising professionals (EQF 6-7), these trainings are however not
harmonised and do not provide official DER qualification in their national qualification frameworks [146].
It was however stated that in most of the target countries, the certified passive house designer/tradesperson
courses are mentioned as a well-structured uniform (and sometimes the only one existing) programme that can
be used as a basis for the development of detailed programmes in different EQF levels.
The analysis of the Fit-to-nZEB project showed the necessity to develop each EQF level programme for DER
implementation in each target country [146].
Additionally, a compendium (systematically organized collection of requirements) of competences for DER was
derived from all relevant professions.
The Fit-to-nZEB project delivered all necessary requisites for the introduction of educational content on DER of
buildings in the curricula at all levels of the educational and training system in South-eastern Europe [146]. End
users of the developed compendium of competences are developers of new training programmes on DER and
nZEB renovations, as well as decision makers, involved into educational system, and the trainers. It is thought
that the elaborated learning outcomes can be applied to development of wide range of training programmes of
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vocational or specialised education for construction specialists and that they represent the fullest collection of
new competences related to DER in the involved countries [146].
New training programmes target at all professional groups involved in the retrofit process. Based on the
compendium, training programmes for the following EQF levels were developed [146]:


EQF level 6-7: A design-focused training programmes on DER for higher education, 60 hours of training
(30 theoretical hours and 30 practical hours), with all necessary requisites.



EQF level 3-5: A training programme to be included in the professional high schools in training plans and
programmes for the tradesperson professions in “Construction”, consisting of 24 theoretical hours and
36 hours of practical training. Training content for professions in “Electrical engineering and energy
sector” professional direction was also developed, consisting of 24 hours of theoretical and 18 hours of
practical training.



EQF level 3-4: Two training programmes for acquiring qualification on part of profession (specialization,
or similar qualification according to each national qualification framework), to be used by the VTCs, 16
hours of theoretical and 24 hours of practical training. A comprehensive scheme for validating
competences acquired at the workplace, consisting of entry level tests, with theoretical and practical
trainings (8-12 hours) and evaluation scheme.

a)
b)
c)
d)
Figure 53 a) example of the training models, b) execution of the university training – blower door, c) university
training – minimizing thermal bridges, d) on the job training in Ireland [146]
In order to create hands-on and practical training demonstration, training models were designed and developed
(Figure 53 a), c)). Visualization by means of models during training programmes is an essential method for better
assimilation of the programme content. These training models are being used by the training centres, specifically
serving the goal of providing close-to-real training environment regarding the retrofitting process.
The models also provide the trainees with an insight into small-scale RES systems (PV, solar thermal, mini-wind,
biomass, thermal pumps) in close-to real environment, bridging the skills between the different crafts and
professional occupations involved in the process. Additionally, the MVHR units are installed in rooms
within/besides the model itself. The rooms and measuring devices for testing the ventilation equipment and wind
tightness of building envelope are available for practicing at the premises (Figure 53 b).

7.6 MEnS - Meeting of Energy professional Skills
An Horizon 2020 project MEnS project [172] developed a novel EQF level 7 Building Educational Program with
the objective to upgrade professional skills in NZEB design and construction.
What MEnS proposed to do is encapsulated in following points briefly [93]:
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Design and implement suitable level educational and training programs for building professionals in 11
EU countries representing different EU areas, ensuring that certain percentage of the participants are
women and unemployed professionals.
Provide accreditation and recognition for these programs using the ECTS system that enables the
recognition of proved qualifications throughout Europe.
Research about the market and industry needs for NZEB solutions, so that to direct the specific contents
of the programs accordingly.
Utilize modern and innovative ICT tools in the MEnS E-Learning platform, which would enhance the
learning process, enable interaction between professionals in Europe and act as a true innovation park
towards NZEB built on top of the BUILD-UP portal.
Design and implement a series of short international educational & training programs, using a truly
integrated approach that will let participants learn in a natural way using real case studies of buildings
and at the same time promote their work and qualifications to possible employers.

Focus targets of the MEnS are architects, engineers, building managers: training courses for these categories
are based on both design and operational performances. A special focus and attention is given to women and
unemployed as weak categories still struggling in the built environment.
EQF level 7 educational program developed aims to train professionals in Nearly Zero Energy Building (NZEB)
strategies and technologies in order to accelerate the adaptation of the EPBD [172]. This EQL Level 7
Educational Program on Nearly Zero Energy Buildings was designed by 10 Universities and 3 Market players.
Each country-program includes all major aspects related to Nearly Zero Energy Buildings, as well as topics of
national particularities according to their national needs and challenges.
Training courses aim to raise the knowledge and skills of professional experts in Nearly Zero Energy Building
issues, while at the same time, recognizing and accrediting the knowledge and qualifications acquired throughout
Europe. EQF level 7 educational program were delivered in 10 universities across Europe as a 10 ECTS
accredited course, finalising the accreditation process in December 2015 (Table 26) [172].
Table 26 Course’s Accreditation [172]
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7.7 PROF/TRAC: Open Training Platform for NZEB professionals
The PROF/TRAC project (PROFessional multi-disciplinary TRAining and Continuing development in skills for
NZEB principles). To enforce this integrated design approach, the EU funded Horizon 2020 project PROF/TRAC
was set-up to define the main concepts and develop cross-disciplinary expertise in integrated energy-efficient
building design for NZEB [145].
The PROF/TRAC approach to tackle the issue of up-skilling the professions involved is threefold. First, the lack
of knowledge is quantified by mapping the required skills and current skill gaps of professionals with regard to
NZEB-related technologies and interdisciplinary skills. Second, the challenge of producing the right information
on available qualifications and training materials is addressed. PROF/TRAC developed a repository of training
material for free use in education and post-initial education in an Open Training and Qualification platform for
continuing professional development of professionals dealing with NZEBs on its project website [173].
Furthermore, PROF/TRAC pilots, how the BUILD UP Skills advisor app (H2020 projects BUS_N@W and
BUStoB) can be used to transfer CPD information and short ‘update trainings’ to NZEB professionals in the
Netherlands. Thirdly, PROF/TRAC develops a task-based European qualification scheme as part of a lifelong
learning process for continuous development and up-skilling of professionals. This qualification scheme will also
be used to implement the narrowcasting in the BUILD UP Skills advisor app (ISSO, Rotterdam, The Netherlands)
[145].
The expected users are mainly being training institutions, which will use the developed tools in order to prepare
new training materials in the field of NZEB. Another group of users include branch/trade organizations that
represent several of the professions involved[145].
PROF/TRAC NZEB Qualification Framework consists of several components [145]:
1. Four different macro areas of expertise: Energy management, Energy production, Energy reduction and
Interdisciplinary skills;
2. General or non-task-specific knowledge and skills;
3. Subtasks related to project phases and work fields;
4. The required skill levels (results from the skills mapping)
The seven national roadmaps developed under the PROF/TRAC project illustrate how countries can deal with
numerous national obstacles in reaching NZEB standards, such as cultural habits, tradition, legislation, tax
system and financing. The seven existing roadmaps can be used in future as an example for other countries or
similar initiatives. They are available for free on the project website [173].
The Open Training and Qualification platform offers a repository collecting in a structured manner available
educational and training material from recent European projects, international and national initiatives about
NZEB design, construction and operation. The repository acts as a knowledge hub supporting the training on
NZEB with current state of the art in teaching methods and training material.
PROF/TRAC compiled a comprehensive list of technologies and interdisciplinary skills related to NZEBs. These
technologies and skills represent the “highest common denominator” for the qualification of the targeted building
professionals, meaning that any construction sector ‘white-collar’ professional involved in NZEB design and
construction will necessarily have at least one of these skills. The more skilled the professionals, the more
successful the NZEB design.
Four areas of expertise were identified: Energy Management - Energy Production - Energy Reduction Interdisciplinary Skills. For each of them, PROF/TRAC listed the essential technologies and skills required for
professionals dealing with NZEB. For each technology and interdisciplinary skill, a precise description of
P a g e | 117
BIMzeED– 600946-EPP-1-2018-1-IE-EPPKA2-KA
O2.1 Literature review on BIM and nZEB needs in the construction industry

Education for zero energy Buildings
using Building Information Modelling

recommended competences is also provided. Since not all professions are expected to have the same skills and
qualifications levels for all the identified NZEB technologies, PROF/TRAC has established skills levels and set
up recommendations about the minimum skills level for each work field per skills and qualifications.
These specific competences, here named as “qualifications”, describe in more detail the needed knowledge,
skills and behaviour of a professional in NZEB. In the Qualification Scheme each qualification is linked to a skill
level. By cross-referencing these skills levels recommendations per qualification against the PROF/TRAC EU
skills levels recommendations per work field (Figure 54), the Qualification Scheme offers an EU harmonized
NZEB skills mapping tool.

Figure 54. Minimum recommended NZEB skills levels for the listed skills and refer to the reference professions
representative of the work fields [173]
The project has trained and certified 128 trainers from 23 countries, who then went on to train 1300 architects,
engineers and building managers in pilot courses. The project ended in February 2018, but courses will roll on
with 1700 more professionals to be trained in the next five years.
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7.8 TripleA-reno - Attractive, Acceptable and Affordable deep Renovation by a
consumers orientated and performance evidence based approach
TripleA-reno seeks to change the paradigm that buildings use energy. In fact, people use energy for their
comfort at home, work, etc. The aim of this project is to activate the renovation market, which faces many
barriers, but not necessarily technological. For this, TripleA-reno aims to provide occupants and building
professionals with the right information and tools in order to make deep renovation attractive, acceptable and
affordable, hence TripleA-reno.
The project will raise awareness of occupants’ behaviour, by providing support tools, which help occupants
to make informed and economically wise decisions. The benefits of the proposed solutions will be tested and
demonstrated in live cases.
The objectives of the project are:


To build upon results from a number of relevant European projects, TripleA-reno aims to achieve a
set of specific measurable qualitative objectives.



To foster new consumer and end-user centred business models and decision support tools, using
evidence-based performances that facilitate decision-making



To improve performances of deep renovation by enhanced quality control, supported by targeted CPD
(continuous professional development) and training, addressing the entire value chain in a cross-trade
multidisciplinary approach



To provide consumers and end-users of deep renovation projects with attractive, understandable and
personalized information of realized real performance



To demonstrate the benefits and evidence-based solutions in live demonstration cases



To roll out the results on a wider European scale by in Triple A-Reno involved European interest
groups and umbrella associations

7.9 SkillCo – Skills Sector Alliances for Transfer of Knowledge and Skills of VET
Workforce in Construction
The main goals of the SkillCo project (Erasmus+) is to define and identify existing and anticipated skill needs, to
elaborate and define learning units, with the use of ECVET (the European Credit system for Vocational Education
and Training) principles, that could be integrated in formal VET programmes or used as training courses [174].
The intention is, on the one hand, to integrate the learning unit outcomes that will be elaborated in the framework
of the project into the existing sectoral curricula, corresponding the 4th EQF level, and, on the other hand, to
include them (where possible, due to the differences in the various education systems and where required with
specific adaptations) in the national occupation standards and regular VET programmes. These goals therefore
constitute first attempts to elaborate and implement comparable curricula in different countries, with the aim to
foster trainees’ and workers’ mobility [174].
Skillco Project intends to develop a mobile application that will contain all of the project findings, learning units,
training material, video clips and photographs.
In total 4 skills were identified for which learning units and training material will be developed. Fields in which we
have identified skills gaps are numeracy, literacy, green skills and occupational health and safety. Modules for
students and employees have to contain specific knowledge and skills. Through the desk and field research,
Skillco identified the following skill gaps within above mentioned skill gap fields [175]:
P a g e | 119
BIMzeED– 600946-EPP-1-2018-1-IE-EPPKA2-KA
O2.1 Literature review on BIM and nZEB needs in the construction industry

Education for zero energy Buildings
using Building Information Modelling

1. Green skills in building: reuse of industrial / construction waste material, recycling with the safe use of
potentially harmful materials
2. Occupational safety and health: measures for prevention of musculoskeletal disorders and basics of
ergonomics
3. Literacy: understanding of construction schedule and sequence of construction works and reading /
understanding of project documentation, preparing time plans with the use of ICT on construction site /
use of ICT technology for construction works
4. Numeracy: cost calculation, expenditure forecasts in construction for group of work or small objects

7.10 Women can Build
An initiative led by Fundación Laboral de la Construcción, which involves partners from Germany, Belgium,
France, Italy and Portugal and, by Spain, also the Agency for Employment of the City of Madrid [176]. This
initiative focused on the re-conception of Vocational Training towards an equal construction industry is funded
within the European programme Erasmus+. Partners from Spain, Germany, Belgium, France, Italy and Portugal,
belonging to the international network REFORME, join forces to break down persistent barriers for gender
equality in the industry.
In the three years foreseen for the implementation of ‘Women can Build’ –from September 2017 to August 2020,
to work for equality in the training and employment of women in the construction industry, the following activities
will be carried out [176]:


MOOC courses (Massive Open Online Courses) and a training manual focused on the gender equality
competence development for trainers and mentoring skills for tutoring women in the construction sector,
providing a recognition system to give value to this competence.



Guidelines for VET centres to adjust internal mechanisms and training offer and methodologies within a
global process of organisational gender equality competence development.



An Action Plan with a roadmap and support services for companies towards gender balance, promoting
an equal participation of women and men in all areas of work.

A “learning-by-doing” model through an immersive training experience, in which a group of women will
carry out the construction, on a small scale, of a nearly Zero Energy Building (nZEB), enhancing their
employment options by learning “green” issues, as an important employment niche in the sector.
Although it is not the first time that effort is being done to integrate women in the construction industry and for
gender equality, usually acting in local areas though, with the ‘Women can Build’ initiative, main sectoral VET
providers -linked to public authorities and participated by social partners of the industry, team up for going beyond
national roadmaps towards a change of paradigm in construction sector at a European level, likelihood of being
transferred to other sectors, countries or institutions with the same casuistry [176].


7.11 BIM4VET - Standardized Vocational Education and Training for BIM in EU
The Erasmus+ project Standardized Vocational Education and Training for BIM in EU (BIM4VET) addresses the
urgent need to devise a skills matrix, which is transparent and unified for BIM actors throughout Europe, to
standardize BIM tasks and processes within the European Union, taking existing international developments into
account, and to classify and standardize BIM training programme and certification schemes [177].
The objectives of the BIM4VET project are [177]:
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Identification of criteria related to the repository of BIM expertise, selection and questionnaire design in
order to deploy the Delphi method
Make an overview of the BIM curriculum offer in EU, and the competences they address, based on the
network of BIM experts and especially the training organizations and the academic partners
Identification of criteria related to the BIM qualification maturity assessment, selection and questionnaire
design in order to deploy the Delphi method
Expert systems algorithms for training recommendations generation based on present and targeted
future BIM qualification maturity level Implement the algorithm of recommendation on tangible device
Optimize the tangible table device based on experimentation results
Study of the user testing protocol
Deployment of the user testing protocol for experimentations on the 3 sites (i.e. LIST, CEA LIST, Cardiff
University) involving stakeholders of construction sector and members of the expert panel
Collect and analyse date and produce test report

Major expected results of the BIM4VET project are [177]:






Repository of BIM expertise and Method of BIM qualification maturity assessment
o Constitution of a repository of BIM expertise, and a method of BIM qualification maturity
assessment based on the Delphi method.
Classification of BIM curriculum in EU and BIM actor competence matrix
o Overview of the BIM curriculum offer in EU, and the competences they address, based on the
network of BIM experts and especially the training organizations and the academic partners.
Tangible tabletop device (Figure 55) supporting the BIM qualification assessment and the training
selection
o Expert systems algorithms for training recommendations generation. Implementation on tangible
table. Exploitation strategy.

Figure 55 Demonstration of BIM4VET prototype at the eHandwierk day at the Chambre
des métiers of Luxembourg [177]
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7.12 BIMEET - BIM-based EU-wide Standardized Qualification Framework for achieving
Energy Efficiency Training
A Horizon 2020 project BIMEET promotes Building Information Modelling (BIM) training to enhance energy
efficiency of buildings [178]. The project focuses on creation and implementation qualification and training
schemes for building professionals and blue collar workers.
BIMEET 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. The BIMEET consortium is drawing on [178]:
1) the engagement of internationally leading industry best practice, as well as vocational training, delivered
by CPD through an established training value chain,
2) the educational excellence of leading institutions in Europe,
3) the robust experience of accrediting bodies in the construction domain, and the breadth of required
industry-led research excellence.
The BIMEET consortium argues that this approach of engaging providers in the development and delivery of the
material and standards will not only accelerate competency and adoption, but also will align the level and
calibration of existing workforce and future industry professionals, thus providing a structure for lifelong
development learning around BIM for energy efficiency [178].
BIMEET provided a screen and synthesis of past and ongoing European, as well as national, initiatives and
projects with a focus on assembling evidence-based quantitative / measurable scenarios and use cases that
demonstrate the role of BIM in achieving energy efficiency in buildings across the whole value chain [160].
Benchmark of existing Europe-wide BIM trainings across the building value chain (including lifecycle and supply
chain) was performed, highlighting energy efficiency linkages, as well as qualification targets, delivery channels,
skills, accreditation mechanisms, while highlighting training gaps and enhancement potential [160].
The strategic objective of the BIMEET project was to harmonize energy related BIM qualification and skills
frameworks available across Europe with a view of reaching a global consensus through our BIM for energy
efficiency expert panel [160]. Additionally, the objective was to map identified skills, qualifications, and
accreditation into a BIM for energy efficiency overlay with a total lifecycle and supply chain (including blue collar)
perspective. BIMEET project adapted the BIM4VET platform (delivered in the context of a related ERASMUS+
ongoing project) to provide a robust computer-based online and open access environment for BIMEET. The aim
of the BIMEET consortium is to establish a governance, policy, and regulatory framework as well as adapted
business models to ensure the long-term sustainability of the proposed BIMEET training agenda [160].

7.13 BIMplement - Towards a learning building sector by setting up a large-scale and
flexible qualification methodology integrating technical, cross-craft and BIM
related skills and competences
Nearly Zero Energy Building (NZEB) construction and renovation need an enhanced systematic approach for
the quality control of the entire process. This is the first pre-requisite to reduce the gap between designed
(predicted) and actual performances of buildings, both in terms of energy efficiency and in indoor environmental
quality. The most important part of this enhanced quality control approach is a fully qualified and equipped
workforce, capable to implement, execute and perform all the necessary labour actions with a full understanding
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of the responsibility of their own profession and actions, as well as the relation with the other involved professions
and actions within the value chain.
BIMplement will offer a methodology to create and standardize the needed qualifications and a range of learning
tools to unlock and implement these qualifications. To be future-ready subject specific qualifications will be
enriched with the skills and competences needed when performing the job in a NZEB project that is using BIM. By
using a standardised methodology, the created qualifications will be transparent and comparable between EU
member states, thus facilitating and providing EU mobility.
This approach is condensed in the following objectives:






To improve the overall quality of NZEB new constructions and renovations, based on BIM-enabled
workplace learning, addressing the entire value chain in a cross-trades multidisciplinary approach
To create a new generation of professionals and craftsmen, qualified to deliver high quality NZEBprojects by using technical, cross-trade and BIM skills and competences
To foster interactions between different trades and professions enabled by a flexible qualification
methodology for integrating technical, cross-trade and BIM related skills and competences into the
workplace learning environment
To sustain the qualification and training schemes a replication and exploitation strategy will be developed
and validated

The overall methodology of BIMplement is based on the direct implementation of the results of the related BUS
and Construction Skills projects in combination with a direct implementation of the methodologies combining
quality assurance with large scale qualification schemes. This will be brought into practice on local and regional
scale, by demonstrating, testing and validating the methodology and effectiveness of qualification schemes in
real projects. By using the existing local and regional networks of the project partners involved a large impact
will be achieved within a short time.
BIMplement starts with the development of a BIM-enhanced Qualification Framework/methodology, executed on
two dimensions:
 From the BUS and Construction Skills projects (such as BUS-NL, FR, LT and ES and H2020
PROF/TRAC) the approach for a EU Qualification Framework for performing NZEB professional activities
will be adapted for:
o Workers: filling the framework.
o Professionals: validation of the PROF/TRAC Qualification Framework and if needed extending or
adapting this.
 Adding the cross-trade aspects OR interdisciplinary Skills
 Adding the BIM-process when performing NZEB professional activities. This includes the mapping of
which extra skills and competences are needed to optimise the results in NZEB-construction and
renovation projects, linked to the professional activities and the workers and professionals involved. An
overall matrix will be developed in which the five phases in the construction process are discriminated
(programme, design, elaboration, realisation, operation & maintenance), and the professions and
specialism involves including the levels. This matrix will be filled in with the skills and competences need
for each profession/specialism and the related training schemes to acquire the necessary competences.
The EQF methodology and guidelines for National Qualification Frameworks will be taken into account.
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The methodology and related qualification schemes will be implemented on a generic level for the subjects
Ventilation and Air tightness. This matrix will be further elaborated for:
 the professions / specialisms and EQF levels involved in each phase;
 the required skills, competences and descriptors for the addressed technologies and technology
components; that are needed to enhance and ensure the quality of ventilation systems and air tightness.
Next, this matrix will be linked to the available trainings. BIM will be used as a universal carrier for all the
information that is needed for the quality enhancement and related trainings. Moreover, in a next step,
the matrix can be linked with ‘real’ projects, documented in BIM.
Once elaborated, this Quality and Skills matrix will be made specific for each country involved in BIMplement. In
the pilots reach involved country selects a number of projects in which the training and qualification, based on
the matrix, will be executed and tested in practice. The pilots will be used for the verification of the matrix and
the qualification schemes and give feedback to the previous steps. The pilots will also be used to test the value
of BIM-enhanced tools to empower the different kinds of learning loops. Each project will start with a small-scale
local awareness campaign on the necessity of quality control and the role of new methodologies to achieve this
such as BIM.
BIMplement aims for a mass large scale qualification implementation of the methodology in 30 – 35 construction
and renovation projects in France, as a learning and replication case for the other countries, each executing
about 5 projects. In total, the implementation and demonstration takes place in 50 projects.
As the action is limited to training and qualification of professions involved in ventilation technologies and air
tightness it is important to initiate and organize further exploitation and replication of the project to increase the
number of skilled building professionals and craftsmen across the building value chain. An exploitation strategy
should support this and will lead to a continuation after the project duration. This exploitation plan facilitates:


the upscaling of the methodology to other /new topics



sustaining the used content within existing tools



upscaling the action to other countries by a free and open methodology, implementation services and a
shared open development platform.

For a fast and effective exploitation and promotion the existing PROF/TRAC open training platform will be used.
Another important issue is the collaboration and connection with European umbrella associations (like REHVA,
ACE and Housing Europe) and suppliers through EU networks (like EUBAC, EVIA, EHPA etc.). These networks
will take care for the further upscaling of the methodology to other/new topics for their products and concepts
within the platform.

7.14 Net-UBIEP - Network for Using BIM to Increase the Energy Performance
The Horizon 2020 funded project Net-UBIEP aims at increasing energy performance of buildings by wide
spreading and strengthening the use of Building Information Modelling (BIM), during the life cycle of the building.
It is thought that the use of BIM will allow to simulate the energy performance of the building using different
materials and components, both to be used in the building design and/or in building design refurbishment [179].
The main objective of the project is to integrate Building Information Modelling with energy performance
requirements in order to promote the improvement of energy performance in a more effective and efficient
manner.
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The project proposes BIM Qualification Models integrated with energy (NZEB) competences, to widespread a
better comprehension of energy issues along all the value chain of building industry so that both existing and
new building will have better energy performances. Public Administrations, Professionals (Engineers /
Architects), Technicians (Installers / Maintainers) and Tenants will be therefore involved in the Net-UBIEP
activities [180].
The definition of the BIM Qualification Models passes through the identification of specific energy BIM
competences for each of the above target needed to implement BIM models during the whole building life cycle.
During the project the “integrated” BIM Qualification Models have been validated by stakeholders thanks to the
delivering of different training activities (Seminars / Classrooms Courses / E-Learning Courses) addressed to at
least six BIM Professional Profiles: BIM Manager, BIM Evaluator, BIM Coordinator, BIM Expert, BIM facility
manager, BIM user. Once the schemes are validated, they will be proposed for standardization to find a broader
acceptance at European and international level through regulatory organizations (CEN / ISO).
Existing BIM professional profiles in partner countries have been identified by inventorying, comparing and
discussing already available profiles. Within this process the EQF methodology has been used to clearly identify
knowledge, skills and competencies and to create common profiles.
List of Competences to energy Performance needed for each BIM professional profile was defined where
competencies on energy performance are mapped to the defined target groups, public administration,
professionals, technicians and owners. Also, there is a mapping to the different BIM professions: BIM manager,
BIM coordinator, BIM expert, BIM expert user, BIM evaluator, BIM facility manager and the unaware BIM user.
Multimedia Handbook for all four target groups were developed and are being validated through different training
activities.

7.15 BIMcert - Developing a comprehensive BIM training and qualification scheme for
all levels of the construction supply chain
The BIMcert project (Horizon 2020) which brings together 7 European academic and consulting institutions from
across Europe aims to provide a comprehensive BIM training and qualification scheme for all levels of the
construction supply chain with the priority on developing an industry led qualification scheme [161].
The BIMcert project will develop a blended, fully supported suite of Building Information Modelling learning tools,
which will allow geographically dispersed construction project teams to use technology to enhance information
exchange and collaboration. Blended learning concept is a combination of traditional and e-learning concepts –
and learners will be actively engaged through utilisation of verified gamification techniques. The project will have
a particular focus on testing the BIM approaches to green and passive building design to contribute to the
improvement of energy efficiency [181].
BIMCERT provides an easily accessible portal for training the vast middle tier of construction industry supply
chain workers. The framework and materials supporting the portal will improve workers BIM skills, thus leading
to better collaborative working that guarantees energy efficient, sustainable buildings and increased quality
throughout the entire construction supply chain [163].
The development, testing, demonstration and validation activities that support BIMCERT tools and
methodologies will focus on the multidisciplinary approaches and concepts (especially in relation to the social
and human considerations of collaboration) required for successful uptake in operational environments.
Validation will be achieved through active participation of relevant industry and academic stakeholders at all
stages of the tool development. BIMCERT will also consider relevant policies in all jurisdictions, and will engage
and support decision-makers to facilitate implementation.
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The initial level of skills as well as the level of skills acquired during the training program is intended to be
determined in compliance with the EQF ranking scale, for different sections of participants / program modules.
In order to ensure the quality and recognition, the training program were envisioned to be accredited by an
international accreditation association. The training program will be tailor-made, according to the surveyed needs
of workers and employers in the building sector. In addition, specially designed learning environment will meet
the needs of learners with initial high professional knowledge, providing flexibility and innovative approaches of
delivery of the program [163].

7.16 iCARO – Innovative qualifications for technological and organizational
innovation in the building sector
The technological and organisational innovation and the new normative framework in the construction industry
imposes the redefinition of the profiles and the training of the construction site technicians, integrating and in
some cases replacing the existing knowledge, skills and capabilities. A better understanding of the current needs
from an industrial point of view, of the current normative framework and of the existing vocational training and
qualification offered is therefore needed. ICARO will bridge the gap among the construction sector needs and
the training offered, proposing integration and in some cases a completely new definition of the construction site
technician curricula. Doing so, ICARO will assume a crucial role in relation to the revitalization of the construction
industry, which needs a generational replacement, orientating young and unemployed towards qualified
professions.
Moreover, ICARO will include gender issue in the construction sector since among vocational education
graduates, only 10 % are women and will focus on the importance of Work Based Learning (WBL) and exchange
and mobility experiences within companies into the training process, thus contributing to create higher
employment possibilities. In doing so, ICARO will involve social parties and employers in the decisions regarding
training quality, the effectiveness check of the WBL experience and the impact on the employment market, thus
ensuring an appropriate integration of their needs within the new curricula. ICARO will thus generate a beneficial
impact on employability of young people reducing unemployment at European level, promoting actions that
facilitate a quality training that is attractive and relevant to the employment Market.
Through this project it will be possible to update and to create from the very beginning the “Construction Site
Technician” qualification in the partner countries so that the knowledge and competences taught are consistent
with the professional needs of the construction sector which is undergoing a deep transformation process. In this
context, ICARO will also develop guidelines for the maintenance and implementation of the innovative aspects
related to the common “Construction Site Technician” qualification, which will be disseminated at EU level, thus
improving the overall VET qualification in the construction sector.

8 Conclusions
This report looks at NZEB and BIM implementation in the BIMzeED partner countries and EU, analyses the
drivers, opportunities, and challenges around its implementation, and draws conclusions for project partners on
the current state of thinking related to Building information modelling (BIM) and Nearly Zero Energy Buildings
(NZEB). The report aims to identify the current and predicted skill needs, gaps, barriers and training in the field
of BIM and NZEB within the construction sector in all partner countries.
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As all the EU member states prepare for the obligatory NZEB from 2021 it is evident for the partner countries as
well as the EU level that there are acute skills challenges (lack of construction workers and the engineers) as
well as a significant lack of knowledge and competences on NZEB. As shown in this report, some of the countries
predict that significant number of construction workers is needed and will be needed in future to meet the EU’s
2030 and 2050 decarbonisation targets. These construction specialists will need specific competences and
qualifications to be able to meet the demand. In some countries (i.e. Ireland) new occupations are emerging
within the NZEB areas. The increase of the number of qualified construction specialists at all levels is directly
related to the accessibility and quality of the training and educational programmes.
Additionally, it is clear that there is an incredible lack of widespread training available in the target countries
relating to NZEB and DER, most likely reflecting the low interest in this topic to date on the part of employers.
However, as the NZEB standard becomes mandatory across Europe, the level of interest in NZEB and DER can
be expected to increase significantly. The timing of the BIMzeED project is therefore perfect.
There is much responsibility being placed on designers and construction workers to deliver a positive experience
for building owners who embark on a NZEB and DER project, and without the appliance of science there is much
that can go wrong. The implication of this for the BIMzeED programmes is that they must strike a balance
between theory and practice. In short, all players need to know not only the ‘how’ but also the ‘why’ and the ‘what
if’. Whilst the incorporation of practical training is important, therefore, it must not be introduced to the detriment
of a poor theoretical basis.
General trends in education are that there is an increase authentic teaching methodologies and information
technologies in the learning process in both HEI and VET in the field of both NZEB and BIM. For example, it was
proved through EU projects and pilot courses that participants stressed the value of shortening of theoretical
part in favour of practical learning. Studying on the examples full scale demo models and practical models, real
equipment and practical walls, where trainees can implement a practical solution, or visits of construction sites
with NZEBs under construction, is the most valuable. Furthermore, an important trend is to motivate trainees to
take active participation in their learning process, while trainers should take a role of a coach and consultant
rather than presenter and controller. In some countries (i.e. Ireland) new occupations are emerging within the
NZEB areas.
The construction industry in EU Member States, has gradually adopted digital innovations, with BIM being a
frontrunner. However, progress in the EU28 has been heterogeneous, with some countries advancing in
digitalisation process faster than others. Even though in many EU countries, the professional sectors are
developing and promoting BIM, however it is apparent that the main construction sector on site have not
embraced BIM use in the same way, whether through interest or issues with costs. This could explain why the
large construction companies have embraced BIM, and the smaller SMEs have not adopted BIM and if they
have, they are only using the basic 2D BIM programmes at the design phase.
There is still a large knowledge gap around BIM processes and data and its importance to the future of the
construction industry. The investments in education research and development are a sine qua non condition for
the implementation of BIM. They address potential BIM related skill shortage; help companies put in place BIM
processes thus alleviating some of the costs linked to BIM implementation; and help shifting the construction
mindset towards innovation adoption. It was shown in some countries that industry’s initiatives play an important
role in the BIM implementation process, providing construction businesses (from project’s owners to architects,
engineers and constructors) with relevant support and incentives. By helping the industry build BIM capacities
through courses and trainings; knowledge and experience sharing; and workshops, industry initiatives offset
some of the costs relating to BIM implementation. Education, including through university and academia is a key
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component and actors of the BIM ecosystem. BIM education is not only a technical issue: it is not only about
training workers to use BIM software, but also changing the working methods and process in a company
Thinking based on systemic/ecosystem approach, targeting incremental change is needed when considering
BIM implementation, i.e. a holistic perspective taking account of the public and private sector actors along the
value chains, and trying to understand how their interests shape BIM implementation, and the process to scale
it up in a sustainable way.
It is evident that in order to design and construct NZEB, an interdisciplinary approach is needed and integrated
design approach is crucial to deliver real NZEB and to monitor consumption, and manage NZEB facilities. BIM
is thus an obvious tool (process) which could help this need regarding NZEBs. In other words, NZEB could be
an entry point for large scale adoption of BIM not only in large companies and projects but also in SMEs working
on relatively small NZEB projects.
NZEB is an opportunity for AEC companies to involve women and young people into construction industry. BIM
is an opportunity for AEC companies to involve employees with suitable skills from other industries like gaming,
establish common bodies of knowledge, make career paths more transparent, and collaborate on training with
academia and vocational training providers. They should strategically plan talent supply and demand, improve
in-house learning and development programmes, and adopt new technologies to improve productivity and job
satisfaction. Additionally, it is believed that the skills and the attention to detail that women usually possess
makes them perfect candidates for the roles related to BIM as well as NZEB.
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