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The objectives.

e Task 2.1. List of required roles and skills (M2-M6)
e Leader: CU, Participants: All

* This task will factor in (a) Best practise use cases analysis an effectively
training workforce that exploits BIM to deliver energy efficient buildings.

e Task 2.3. List of required roles and skills (M4-M9)
e Leader: CU, Participants: All

* This task will factor in (a) evidence gathered from T2.1 and (b) training
offers from T2.2 to map a list of required skills and roles to deliver an

effectively training workforce that exploits BIM to deliver energy efficient
buildings.




Methodology

D2.3: Roles and skills
identification process

NVIVO analysis

v

Feature set1 (FS1):
Expertinterviews
consolidation

Interviews analysis

Roles and skills from
interviews

F52: Best practice use-
cases consolidation

Use-cases analysis

Roles and skills
from use-cases

FS3: Publication list
identification and
Erouping

Publication list analysis

Roles and skills
from publications

FS4:Social media content
identification and
grouping

Social media analysis

Roles and skills
from social media

Scalable heuristic social
media mining and
expression based analysis

FS5: Social media
content crawling

Regular expression
and pattern matching
ELGENEES

Roles and skills
from crawled social
media

Consolidated list of
roles and skills

Deliverable 2.3




The BIMEET platform

Training

-
Building Information Modelling Sustainable Design Tools

Search for use cases: Suggest a new tool
Search by Course Name: Name[ ] Search by Tool Name: [View Fesis
Schty TooMame:
Sl
Free Tools Software Non-Free Tools Web Tools
Search by Type: Search
Higher Education Apprenticeship Distance
E-eaming In House Class Room BIM - Building Information Modelling: Documents
Centres
* Reduce the Gap Between Predicted and Actual Energy Consumption in Buildi : 3
Seiroh by Livel: i SresE i Tele slon Sl i TR Costs & Financial Support

Minimizing_operational costs and carbon emissions through matching supoly with demand of heat and electricity production.

Innovative Information and Communication Technologies (ICT) platform able to support the optimization of water networks * Costs & Financial Support
and to enable change in consumer behavior

Entry Level Students Graduates
Professionals Management

Search by Interest: x Guidelines, information & data * Capital Costs

Sustainable Construction Traditional/Heritage Regeneration * Inelgent manz : e Legislation & Policy European Funding

Business Renewables Assessment * Rural Regeneration Centre,_Hadlow College Project Team + Financial Assistance

Reguistory Specialist Housing  Specialist Housing BIM documents | o
Professional Development Careers Next page * Infrastructure & Renewable Electricty

* Whole Life Costs

ADD NEW USE-CASE | SEE USE-CASES | USE-CASE ANALYSIS

Professional Networking
Search for colleagues: Welcome

Neme ] Welcome to BIMEET!

[ isdplmes v | [ Select Interests v | Bi?ne ET

Overwhelmed by information about best practice in sustainable construction?

- Swamped with email links to knowledge and expertise?

bl meet—pa rtners L . Then log_on fo BIMEET - the ‘one-stop-shop’ solution to access BIM for energy, training and education. knowledge,
ATuitter fist by @bimeetEU expertise, best practice and associated services in a single click!

@ Metropolia

@metropolia
Kumppanuus Vahasen kanssa tuo
tyGelamalaheisyytta opintoihin #yhteistyo
#metropolia @VahanenYhtiot

metropolia.fi/ajankohtaistay...

BIMEET Demo News
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Best practice
use-cases

%]

38.

39.

40.

41.

42.

43.

44.

45.

48.

47.

48.

49.

50.

al.

22.

a3.

6.

Towards the development of a virtual city model, using a 3D mode of Dundalk city

. Modelling, assessment and Sankey diagrams of integrated electricity-heat-gas networks in multi-vector district energy systems

Eebers ICT Clusters

GreenOValley buildings by Schneider Electric in Grenoble

Improving_ indoor climates in retrofitted buildings

Strategies for a nearly Zero-Energy Building market transition in the European Union

Best practice creating analytic model for energy simulation via gbXML (from Revit)

Common BIM requirements 2020, COBIM

A zero energy house in Finnish climate (BLOK)

RATINA shopping center

BIM application to building energy performance visualisation and management

Continuous-time Bayesian calibration of energy models using BIM and energy data

Integrated BIM-GIS based design for high energy efficiency hospital buildings

BIM for energy efficiency in housing refurbishments

Optimising energy consumption in building designs using BIM

Harmonised Building Information Speedway for Energy-Efficient Renovation

Energy aware BIM Cloud Platform in a Cost-effective Building Renovation Context




Introduction

This paper investigates what are the key aspects that can
support the implementation of BIM for energy efficiency by
undertaking an in-depth analysis and gaps identification of skills

and competencies

Consultations and interviews have been used as a method to
collect requirements and a portfolio of use-case has been
created to understand existing BIM practices and determine

existing limitations and gaps in BIM training.

The research presented in this paper is part of the EU H2020
BIMEET project delivering training and education for BIM

iImplementation for energy efficiency.



« This paper provides an evaluation of the key criterions
and strategies that can promote BIM as an efficacious

tool for facilitating energy efficiency.

« We explore how different use-cases variables influence

the impact of BIM on energy efficiency and provide
useful insights on how building lifecycle, discipline and
buildings types can influence different BIM energy

efficiency scenarios.






Collection of use-cases

« Stepl: Created a template to collect use-cases

« Step2: Implementing the web-based form of the template(www.energy-bim.com)
« Step3: Use-cases collection phase

« Step4: Use-cases analysis phase



Best Practice Use-Case Study Form

Use Case Title:

Use Case type (RED, Real-world apphcation, BIM guideline, Cther):

Funding source (Research Council name / Client nameaj:
Project tithe:
Web Link (URLE:

Targeted Discipline (Architectural Design / Structural / Mechanical Engineering, etc,):

Targeted Building type (Pubbc, Domestic, Indusirial, Other):
Prajact type (Existing, Mew Build. Renovation, Exdension):
Lifecycle appicatility (RISA Plan of Work):

Brief description of the case study

Key Highlights

‘Supporting best practice case study

-Scenaric definition

-Controd Variables

-Ohjsctves

-Effective Environmental Variables

-Controd rules

-Actars

-When applcable

Learning Qutcomes: Specfic role of BIM in achieving energy efficiency

Supporting resourcas (publication, defverable. open source software. AP, et )

(o] [¢]

Submit

Reset

PORTOFOLIC OF EXISTING USE-CASE STUDIES:

1 Reduce the Gap Between Predicted and Actual Energy Consumption in Buildings ~~ Edit Delate
2._Minimizing operational costs and carbon Emi_55_-iun5 th rou_l;:h matching supply with Edit Delate
demand of heat and electricity production. = T e o TR 10
3.Innovative Information and Communication Technologies (ICT) platform able to Edit Delete
support the optimization of water networks and to enable change in consumer bahavigr--mm.......mwwm——
_____________________________________ 4. Intelligent management and control of HYAC system Edit Delete
5..Rural Regeneration Centre. Hadlow College Edit Dalete
6. Sustainable Design and Eluild_inq Information Hudell_ing: Case study Energy Plus Edit Delate
House, Hieron's Wood, Derbyshire UK = T e o TR 10
T Friendly and Affordable Sustainable Urban Districts Retrofitting (FASUDIR) - Edit Delete

Heinrich-Lubke housing area. Frankfurt, Germany -
&._Friendly and Affordable Sustainable Urban Districts Retrofitting (FASUDIR) -
Budapest Residential District
9._An innovative integrated concept for monitoring and evaluating building energy
performance (the gap between predicted and actual building energy performance is  Edit Delate
addressed by the project).
10. BIM-based Parametric Building Energy Performance Multi- Objective Optimization  Edit

____________________________________ 11_Parametric design of a shelter roof in urban context Edit
12 _Introducing the innovative tool of the Building Sector Edit
o A2 Intelligent Services For Energy-Efficient Design and Life Cycle Simulation Edit
..Collaborative optimisation of building performance during concept design phase  =dit
15 Robust decision making around building efficiency and occupant comfort Edit
16_ Delivering highly energy efficient hospital centre Edit
17._Design for future climate change - Developing an adaptation strategy =~~~ Bdit e
18. Parametric modeling for architectural form finding Edit
13, Shopping Center using around half the energy of a typical developement ~ Edit — Delete
20_Use of BIM in design and construction D':I-BE.E to achieve sustainability goals of an Edit Delate
office building PO it
21..Design of energy-efficient library with high architectural goals Edit Delete
22 _Use of Optimization tool to compare hundre_dﬁ of concepts energy efficiency before Edit Delate
actual dEElgn B Tt
23_Improving Energy Performance u;uf Office Buildings Based on Light Building Edit Delete
Information Model (BIM) = T o TR,

) 24._Retrofit alternatives based on energy simulations

.Emergy properties of solar shading_devices and their impact on the visual com

of occupants = T o TR,

26_.Collaborative Holistic Design Laboratory and Methodology for Energy-Efficient
EMEEDDELD Euilding

l:ILI
L]
i
i
im

28 _Occupant Aware, Intelligent and Adaptive Enterprises

i

l:ILI
L}
i
im
1]

23_Building As A Service
20 De Lacy Row
3. Use of BIM for ESD Analysis of BCA Academic Tower

g

l:ILI
L1
i
i
im

§

l:ILI
L1
L1
]
m
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Variables/ Use-Cases

Title

Use Case Type

Target Discipline

Target Building Type

Lifecycle Applicability

Brief Description

Impacts

Use Case 1

Reduce the Gap between Predicted and Actual Energy
Consumption in Buildings: KnoholEM project

Research & Development

Facility Management

Public

In Use

This study presents a novel BIM-based approach with the
objective to reduce the gap between predicted and actual
energy consumption in buildings during their operation
stage(Yuce and Rezgui 2017).

The use of BIM has helped achieve a reduction of 25%
energy compared to baseline figures.

Use Case 2

Shopping Center using around half the energy of a typical
development

Real-world application

Architectural design / Structural engineering / HVAC
engineering / Electrical engineering / Builders /
Construction companies / Building managers

Commercial

Preparation and Brief, Concept Design, Developed
Design, Technical Design, Construction, In Use

The project is a large shopping center and commercial
development in Pori, southwestern Finland. The
development was designed to LEED Gold and has won a
global BIM award for its innovative use of modeling during
design and construction (Skanska 2014).

BIM was effectively used in a project where 50 % energy
savings were achieved compared with Finnish Code and 50
% savings in water consumption compared with
conventional retail development in Finland. Also measured
energy production of geothermal heat pumps and gains of
free energy for heating and cooling have exceeded
expectations.



Use-cases analysis phase



Figure 1: Use-case type

Use Case Type Use Case Type

BIM Guideline

Research &Development 17 3%

1

Research
&Development
55 %

Real world application 13

BIM Guideline 1

Real world application
42 %

Other -



Figure 2: Target Discipline

Many of use
No. Target Discipline cases
1 Architecture design 20
2 Facility management 17
3 Structure engineer 11
4 Mechanical engineer 10
5 Other 11

Target Discipline

B Architecture design M Facility management B Structure engineer & Mechanical engineer H Other




Figure 3: Building type
BUILDING TYPE

Building Type Many of

use cases

m Public

Public
m Domestic
Domestic 7
Com merCiaI 4 m Commercial

Industrial 3

m Industrial




Figure 4: Lifecycle Stage

Lifecycle stage (RIBA) | Many of
use cases

Strateglc Definition

Preparatlon and Brief 6
Concept Design 15
Developed Design 14
Technical Design 13
Construction 6
Handover and 4
Closeout

In Use 13

[~

Lifecycle stage (RIBA)

= Strategic Definition
= Preparation and Brief

= Concept Design

Developed Design

= Technical Design
= Construction
= Handover and Closeout

® |n Use



Figure 5: Project type

E Project type Many of
use cases

Existing 15

i New build 15

i Renovation 4

i Extension 2

Project type

m Existing
= New build
® Renovation

u Extension




Architecture

No. | Use cases/ Target discipline | qn
1 Reduce the Gap Between Predicted and
Actual Energy Consumption in Buildings
Minimizing operational costs and carbon
2 emissions through matching supply with
demand of heat and electricity production.
3 Intelligent management and control of
HVAC system
Friendly and Affordable Sustainable Urban
4 Districts Retrofitting (FASUDIR) -
Heinrich-Lubke housing area, Frankfurt,
Germany
Friendly and Affordable Sustainable Urban
5 |Districts Retrofitting (FASUDIR) - Budapest
Residential District
An innovative integrated concept for
monitoring and evaluating building energy
6 |[performance (the gap between predicted and
actual building energy performance is
addressed by the project).
7 Parametric design of a shelter roof in urban
context
8 Building As A Service
9 Delivering highly energy efficient hospital
centre
10 Shopping Center using around half the
energy of a typical development
11 Design of energy-efficient library with high
architectural goals
Use of Optimization tool to compare
12 hundreds of concepts energy efficiency

before actual design

Facility  [Structure
management | engineer

Mechanical
engineer

Other

Impacts

Reduction of 25% energy compared to baseline
figures.

Leading to a 32% increase in profit and 36%
reduction in CO2 emissions.

Up to 30% of Energy Saving Up to 30% Emission
reduction

GWP reduction of 60%. Operational energy
consumption reduction of 35%

Operational energy reduced by 35% and energy
running costs reduced by 35%

Achieve building energy performance

Relation between
the variables and
the impacts:
Target discipline
and the impacts

Early BIM for parametric optimization through
simulations

Optimize energy performance in the application
domain of non-residential buildings

41% reduction in fabric loss heat, 29% reduction in
carbon emissions,15% reduction in overall energy
usage

50 % energy savings , 50 % savings in water
consumption

Energy optimization results impacted for the building
and HVAC design

Use of Optimization tool has the potential to save
money and time while directing to more optimal
energy efficiency solutions.




Validation

Requirements for
developing a training
scheme :

(a) socio-organisational
and legal
requirements and

(b) technical
requirements

No.

Parameters

Use case type

Building type

Project type

Target discipline

Lifecycle stages

Impacts on
discipline

Requirements and training

Users need training in understanding and applying BIM Guideline
see (Fig. 1).

Training is required for enhancing skills and competencies for using
BIM for industrial and commercial buildingssee (Fig. 3).

Training is required for expanding BIM applicability for renovation
and extension projects see (Fig. 5).

Training is required for education on BIM methodology towards
mechanical and structure engineers see (Fig. 2).

Training is needed to address other RIBA stages lifecycles such as
Strategic Definition, Preparation and Brief, Construction, and
Handover and Closeout see (Fig. 4).

Increase BIM applicability and impact for architecture and design,
structural engineers, mechanical engineers see (Fig. 6).



Consolidated list of requirements

| NO. | Parameters

Requinementg '

1 The skills they require to handle
BIM data for the purpose of
energy efficiency

Designer: Formulating the model with EE
simulation programs, Maintaining data of
different variation and solutions, Good
communication between designers, client, and
supplier.

Blue collar worker: Simulate use cases
scenarios for the design, Communication with
client and contractors to ensure best practice
met.

Contractors: Knowledge how to use BIM, BIM
training ability to implement BIM construction
with energy space, Collaborate with designer
to manage the information from the model (See
Table 17)

2 The skills are lacking at the
moment for using BIM for Energy
Efficiency

Link between different  software-tools,
Understanding to find good solutions to get to
fine level of EE, Understanding what the
impacts of using BIM for EE (See Table 18)

3 The particular ways to enhance
the stakeholders' skills for using
the BIM for Energy Efficiency

Blue collar workers: Training and field
meetings to explain the specific plans.
Designers/Engineers: Energy, BIM and data
management  training and  educating,
Understand the essence of simulation and to
apply the result in practice (See Table 19, 20,
21, and 22)

The training in BIM for Energy
Efficiency by organisation

. The common barriers to use BIM

for Energy Efficiency

Recommendations to enhance

using the
Efficiency

BIM for Energy

Teaching software programs; BIM for EE,
Continuous learning: issue with
standardization, Skills of BIM coordinators and
BIM manager should be defined.
Contractors:  Educating and
understand the needs.

Facility management teams: Ability to extract
and update information from BIM model(See
Table 23)

Lack of understanding the use and potential of
BIM, Different software-tools, Lake of expertise
that able to use this difficult programs (See
Table 25)

Assessment performance evaluation and
appropriate training mechanisms, The useful
tools should be utilized as early stage of the
project, Incentivise the adoption of BIM for EE
(See Table 26)

training




Deliverable D2.3



D2.3 methodology

* We use NVIVIO

 designed for qualitative studies with very rich text-based and/or multimedia
information, where deep levels of analysis on small or large volumes of data
are required

* We apply analysis on:
* Interviews and use-case analysis as from D2.1
* Training descriptions from BIM4VET
* Literature review
* Social media tweet analysis (6 millions of tweets)



Interviews and use-case analysis

* Based on the portfolio of use-cases captures from D2.1
* 40 use-cases and 15 experts interviews
* Objective: Identification of skills and roles based on NVIVO analysis

* Qutcome: Provide a classification of skills and roles with regards to
BIM for energy




The analysis phase in phases

U 4 N\ 4 ) * Tweets collection using the followers_ids, friends_ids and
Se'_cases user_timeline twitter APIs
uestionnaire NVIVO Analysis * Populating the SQL database alongside with collection.

Publications -
Social media

\__| \____ —

¢ oFiltering the database using the queries and expressions in

ep . ~ *Generating Excel files from the results of the queries

Use-
cases NVIVO Codes «Importing Excel files in NVivo as datasets
BIM skills Import SI:ZE:S * Analysis of the tweets using NVivo features

BIM roles




Social media tweet analysis

* We have used forensics algorithms to determine what
companies from the field of BIM and energy are visiting
the www.energy-bim.com platform.

* We have identified other key twitter profiles and
followers relevant for our analysis such as: @EU_EASME
and @H2020EE

 \We have identified twitter followers of the @BIMEETEU
account

TOTAL: We have fetched a total of 6 millions tweets with
text associated and description based on which we
conduct text analysis and expression mining for
determining skills and roles for BIM for energy.



http://www.energy-bim.com/

Queries

TOTAL: We have fetched a total of 40 million tweets with text associated and descrl‘otion
based on which we conduct text analysis and expression mining for determining skill

and roles for BIM for energy. The set of expression utilised to determine skills and roles
are presented below.

+ ((contractor\manager\designer\engineer\client\)|\skills|\).+ (\energy| \construction)
+ ((\BIM\construction\energy)|\skills|\).+ (\need| \require)

+ ((\BIM\construction\energy)|\roles|\).+ (\need| \require)

+ ((\BIM\construction\energy)|\actors|\).+ (\skills| \competencies)

+ ((\BIM\construction\energy)|\knowledge|\).+ (\requirements| \require)

+ ((\BIM\construction\energy)|\skills|\).+ (\need| \require)

+ ((\BIM\construction\energy)|\competencies|\).+ (\need| \require)

+ ((\skills\competencies\knowledge\expertise)|\BIM|\).+ (\energyl| \construction)



Use-cases, questionnaire, scientific publication
and standards and social media content

We present the findings of the NVIVO analysis with reflection of roles and skills. To
conduct the analysis and for identification of skills and roles NVIVO facilitates the
following methods and operations:

Word count and frequency analysis — a method for exploring appearance of the key
terms in a document and the associated frequency. This can be efficient in determining
when specific words appear in a data repository and how many times. The degree of
importance for each analysed concept identified with this method has been used to
conduct the next analysis.

Semantical analysis — A more visual representation of words based on their frequency
and position on a graph of concepts. Based on word cloud analysis, a selection of central
concepts has been identified and used to run the three analysis.

Dependencies analysis — a method for exploring the maps of concepts associated with a
repository of data. For our analysis, this method has been employed to observe
dependencies between key concepts and determination of roles and skills.



Skills analysis

asked to list 10
For BIM coordinators >~moﬂ
the

on the responses ,

Yakamai et al . Fig , 8.
BIM , in the building process .
briefly identify training strategies for
digitakisation of the construction industry
n training the workforce and

believe that education and training

and participation in construction
>' Challenges

by long term gains65 .

in encouraging employers to invest

of continuous education and investment
skills and support the development
sufficiently into account the shift

in Europe20 , a solution to overcome

n relation to energy efficiency Other

in Scotland . June 2013 Page 20

in Wales - Research to inform Transformational
include individual as well as team

(e.g.Austria).
. >M¢ﬁv¢ﬁomogniu

and industry cooperation

interesting to note that these particular

5. 3.4 Intermediate skills

Learning Project’ identified the following
Sector Skills Counxils to explore

work undertaken99 .5 .3 .4

e tha sisls adl o disalalohina

skills

<mmmcoovdimﬁon
2

start, 88, 5 % felt
- related roles , HR principles ,
as rated by
BIM managers ,

BIM coordinator , BIM
Team . The last question
commissioning buildings are required to
design and representation 2 applying
green construction : Overcoming challenges . International
< development . However , stereotypical views
“ workers , as discussed in
low carbon residential developments : Standard
new build in particular must
Sustainability - What does it really
Sustainable Communities , ODPM , London . Fisk ,
the installation of renewable energy
% survey respondents 2011 ( 2007 ) Understanding
(45 % of respondents ) , and there
.Indeed , in most cases , the
as the workers are unable
gap59 . 53 Construction News , YouGov poll
on a prompted basis ) are
prompted ) Skills gap % survey respondents

g9ep

(

e in these areas 111 Pye
with a particular emphasis around
of speaific forecast industry changes
implications relating to specific industry changes

‘9.
rmce



Outcome of analysis: List of roles and skills

NO.

Raoles

Skills

Facilitator of sustainable

Simulation programs

BIM manager

BIM education

BIM modeller

Assess respondents’ perception of BIM competence and
requisite skills

Facility manager

Knowledge of BIM standards

Energy manager

Applying theoretical knowledge and eventually facilitating the
entry into the labour market

Training and informing consultation professionals
about BIM

Developing contractual specifying owner's BIM reguirements

BIM consult

Training should be developed in BIM for energy efficiency

Structure Engineers

Knowledge about BIM standards

Regulators

Update knowledge about BIM developments

10

HVAC engineers

An imbalance between the demand and supply of skilled labour
in construction sector

11

Technical manager

Focus on soft skills like collaboration and communication,
negotiation, teamwork, leadership and conflict management.

12

Contract manager

Knowledge of building commissioning and  building
commissioning strategies

13

Finance manager

BIM model review — Automatic model check

14

Maintenance manager

Drawing skill with BIM tools

00



Skills and roles selection

4D simulation

| 6701

construction

| 4921

digital & urban

13080

training skills

| 2726

leadership 1456
management 1186
social skills 875
energy harvesting 752
energy law 752
energy policy decision making 752
energy transition 752
data science 730
engineering 724
marketing | | 398
speaking | | 302
entrepreneurial | | 291
ICT || 194
cooperation | | 160
loT || 159
virtual reality operation || 146
Revit programming || 125
automation || 120
analytics || 102
0

SKILLS

1000 2000 3000 4000 5000 6000

energy analyst

energy consultant

energy developer

energy engineer

energy procurement specialist
construction health & safety specialist
construction managers
business developer

business unit director
innovation manager

BIM teaching assistant
data protection officer

data scientist

solar energy specialist
building professional

digital energy economist
digital marketing

big data specialist

market acquisition manager
architecture & construction project manager
sustainability designer
policy designer

information coordinator
information facilitator
information manager
government affairs manager
engineering provider

HR specialist

small grants specialist
finance specialist
communication officer

ROLES

| 2080

1953

1953

1112
1080
968

800

784

784

784

____TJ747
610

542

529

492
430

1880

1878
1815
1815

| 1395

2770
2770
2761
2761
2755

43831
43831
4831
43831
43831



Skills classification and correlation

Importance

Importance

000

5000

4000

3000

2000

1000

000

5000

4000

3000

solar panels
operathon

Skills in the "energy” category

energy harvesting /

b f

rranagement |
performance decision making

® low - zero energy buildings

5000

10000
Frequency

15000

Skills in the "business & finance” category

® coordination

entrépreneurial

® marketing

20000

Frequency

management
L]

30000

L ]
leadership

20000

40000

Importance

Iimportance

a000

5000

4000

3000

2000

o ¥

5000
4500
4000
3500
3000
2500
2000
1500
1000

500

0

0

Skills in the "research & education™ category

@ social dills

@ cooperation

' renovation

training skils —
ifelong learning
0 spaakng
~— educational gaming skills
10000 20000 30000 40000 50000 GOOOO
Frequency
Skills in the “engineering” calegory
® construction
® digital & urban -
4D simulation
& engineering
structural analysis
SO000 100000 1 50000

FF B uUenCy

8

70000

J00000



Roles classification and correlation

Impottance

Importance

4500

3500
3000

2000
1500
1000

500

Roles in the "management” category

information manager e market
® acquistion
manager
® government
technical program affairs manager
manager manager
H °
® ¥ g5les engineer
senior organisanonal arghitecture &
roles construction
project manages
® superviory
0 500 1000 1500
Frequency
Roles in the "engineering” category
® buliding professonal
; environmental
® |/ engineer / scientist e
[ ,f' . <Construction
M engineering provider managers ¢
® civil engineer heaith &
. safety
| @ designer spotialist
\ ". —— architectural engineer
\' —e—— mechanical engineer
™ = f——— gxpert in timber engineering
Lt sustainability designer
0 1000 2000 3000 4000
Frequency

5000

Importance

importance

4000

3500

3000

2500

2000

1500

1000

5000
4500
4000
3500
3000
2500
2000
1500
1000
500
0

Roles in the “research & education” category

® small grants specialist
° private science
panelist
® BIM university professor
® university researcher BIM teaching
3ssstant
0 S00 1000 1500 2000 2500 3000 3500
Frequency
Roles in the “technology” category
big data @ data protection
specialist officer e
digital energy
econoimest /
degtal marketing
robotics specialist
® o cybersecurity specialst
& nanotechnology engineer
0 500 1000 1500 2000 2500 3000

Frequency



Ontological dependencies
of BIM roles and skills
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New use-cases

38.

38.

39.

40.

41.

42.

43.

44.

45.

48.

47.

48.

49.

50.

al.

22.

a3.

Towards the development of a virtual city model, using a 3D mode of Dundalk city

. Modelling, assessment and Sankey diagrams of integrated electricity-heat-gas networks in multi-vector district energy systems

Eebers ICT Clusters

GreenOValley buildings by Schneider Electric in Grenoble

Improving_ indoor climates in retrofitted buildings

Strategies for a nearly Zero-Energy Building market transition in the European Union

Best practice creating analytic model for energy simulation via gbXML (from Revit)

Common BIM requirements 2020, COBIM

A zero energy house in Finnish climate (BLOK)

RATINA shopping center

BIM application to building energy performance visualisation and management

Continuous-time Bayesian calibration of energy models using BIM and energy data

Integrated BIM-GIS based design for high energy efficiency hospital buildings

BIM for energy efficiency in housing refurbishments

Optimising energy consumption in building designs using BIM

Harmonised Building Information Speedway for Energy-Efficient Renovation

Energy aware BIM Cloud Platform in a Cost-effective Building Renovation Context




New database schema integrated

7 id INT(11)
< shape GEOMETRY
< levi_code DECIMAL(1,0)
< nuts_id VARCHAR(5)
Jentr_code VARCHAR(2)
_ nuts_name VARCHAR(106)

£ fid VARCHAR(S)

J i INT(8)

& territorial_unit_id INT(11)

< lau_code VARCHAR(16)

<> national_name VARCHAR(1024)
latin_name VARCHAR(1024)
 urban_classification INT(4)
 coastal_area TINYINT(1)

- boundary GEOMETRY

7 1d INT(8)
@ lau_id INT(11)

o latin_name VARCHAR(1024)
> national_name VARCHAR(1024)

 location GEOMETRY
Indexes

7 id INT(8)

@ profession_type_id INT(11)
<> name VARCHAR(1024)
 employees INT(11)

) address_id INT(11)

7 Id INT(8)
@ street_id INT(11)
<> number VARCHAR(18) |
< location GEOMETRY

1 [ INT(8)
@ zip_id INT(11)

. _» name VARCHAR(256)

< location GEOMETRY

|
|
|
|
|
|
|
|
|
|
|
|
|
+

/I INT(8)
@city_id INT(11)

1 O zip CHAR(4)

2 location GEOMETRY
Indaxes .

-o|l|l
.
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Training database



Step /: Learning outcomes

o 2

Organisor Training Venue Availability Exam & Diploma Name Targeted public Learning Supporting Finish
information outcomes Materials
£ Organisor
Name Organisor Name (please start typing)

Country (Territorial Unit) Organisor Country (please start typing)

County (Local Administrative Unit} Organisor Local Administrative Unit (please start typing)

Organisation type

ap

Please select

* Organisor - Training information - Venue - Availability - Exam & diploma name - Targeted
public - Learning outcomes - Supporting materials



1 2 . 4 5 6 7 8 9

Organisor Training Venue Availability Exam & Diplorma Name Targeted public Learning Supporting Finish
information outcomes Materials
11 Venue
Name

l technopdle Savoie Technolac l

Country (Territorial Un m Technopdle Saveie Technolac

County (Local Administrative Unit) Venue Local Administrative Unit (please start typing)

1 2 3 . 5 6 7 8 9

Organisor Training Venue Availability Exam & Diploma Name Targeted public Learning Supporting Finish
information outcomes Materials

Availability

Is the training available on demand?

OYes

“)No

1 2 3 4 . 6 7 8 9

Organisor Training Venue Availability Exam & Diploma Name Targeted public Learning Supporting Finish
information outcomes Materials

Exam & Diploma name

Is there an exam at the end of the training course?

ap

[ Yes

If there is an exam, please fill in the following field:
Diploma name

Enter Diploma Name




! ©

Organisor Training Venue Availability Exam & Diploma Name Targeted public Learning Supporting Finish
information outcomes Materials

& Targeted public

Please select the targetted public roles from the list below:

Architectural design
Building services design

Client & client advisors
Construction work
Maintenance work

Structural design

* We need to complete the information in the required fields. Otherwise, we are not let to progress to the
next step;
« Selecting these is essential for the next step.



Step /: Learning outcomes

1 o -

Organisor Training Venue Availability Exam & Diploma Mame Targeted public Learning Supporting Finish
information outcomes Materials

Targetted Learning Outcomes

Modules corresponding to selected RIBA stages:

Price (€) Duration RIBA Stage

Prerequisite Expertise level after
training course

m Explain the fundamentals of BIM and the underlying principles of uses with respect to building life-cycle. nnanﬂﬂnnnnﬂa

LO200 Recall essential contents, summarize and give examples of BIM terminologies, definitions and standards. ellelielieliell - elieolielelle

Module name Reference Tutor name Tutor organisation

Architectural design Building services design

LO202 Recall essential contents, summarize and give examples of overall BIM process for a building's life cycle.

LOO063 Explain and use standard information exchange processes for different design domains in general and especially in
detailed technical design.

LOD93 Explain the essential issues related to information management, data transfer and sharing. (- lloNellel{elle]l - llollellele]le
LO0B8  Explain the added value of using open file formats (i.e. IFC) to ensure interoperability. [ - Hellellelielle]l - llellellello]le)]
LO205 Recall, summarize and explain essential contents and relevant parts of national BIM guidelines. [ - Iollollo)elle]l - delloliollolle

Prerequisite Expertise level after
training course
Explain the fundamentals of sustainable and energy-efficient buildings and building performance. nnanﬂﬂnnnnﬂa

LOO58  Explain and give examples of aspects and terminologies of energy and building performance. ellelielioliell - lellollelielle]

LOD46 Describe the financial and environmental aspects and related indicators, benchmarks and certification systems ofenergy @ ) O O O O @ O O O OO
and building performance.

LO0S99 Explain the issues that affect energy performance of buildings and demonstrate competence in domain specific solutions.

LO0B4 Explain relations between life-cycle costs, energy performance and building performance.
LO155 List and explain the core concepts of sustainable building rating and certification systems.

LO214 Summarize and give examples about the potentials of renewable energy sources applicable to buildings including district-
scale solutions.

LO173 Point out legislation and regulations related to energy performance, thermal comfort and air quality. [- Helloliollellell - Iellelleliolle]

Table for selecting learning outcomes
prerequisites and expertise maturity
levels are generated based on the
information selected at Step 6.

The modules are generated based on
the RIBA stages selected at Step 2.



CONCLUSIONS

* In this paper we present an in-depth BIM analysis process for determining gaps and new
strategies in delivering BIM training for energy efficiency.

« The analysis provided in the evaluation part of the research show how BIM is
Implemented and approached in the engineering community and also assesses the role
of BIM in achieving energy efficiency in buildings across the whole value chain.

« Based on a portfolio of 38 best practices use-cases from the field of BIM for energy
efficiency, we have conducted in-depth analysis in order to understand which are the
gaps in BIM for energy efficiency and propose training and possible areas of
improvement.

« The portfolio of use-cases are collected, stored and maintained on a web platform
(www.energy-bim.com) and exposed to potential users across Europe. The evaluation
process included several criterions such as stage and discipline, highlighting stakeholder

targets ranging from blue collar workers to decision makers.
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