CONSTRUCTION PHASE
DIGITAL TWIN MODEL

cogito-project.eu

e — g E'“

S 1/
—EC

i .

. 7 D2.2¢ Analysis
s 0f digital tools
market and
prevailing
regulatory
frameworks




- D2.2 Analysis of digital tools market and prevailing regulatory frameworks

D2.2 ¢ Analysis of digital tools market and prevailing regulatory

frameworks

Dissemination Level:  Public

DeliverableType: Report

Lead Partner: ASMc¢ Market Research and Analysis Centre Ltd.
Contributing Partners: All Partners

Due date: 30-06-2021

Actual submission date 20-08-2021

Authors
Name | Beneficiary | Email
Agnieszka Kowalska ASM L.wilczynski@asrpoland.com.pl
_dzZl Fal 2At Ol ezalAr ASM a.kowalska@aswmoland.com.pl
Joanna Syrda ASM j.syrda@asnrpoland.com.pl
Tobias Hanel FERROVIAL thanel@ferrovial.com
Reviewers
Name | Beneficiary | Email
Jan Varga NT varga@novitechgroup.sk
Damiano Falcioni BOC damiano.falcioni@boeu.com

VersionHistory

0.1 _dzZl FaT 2 Af Ol @241 A 31.07.2021 First version of the complete document

Joanna Syrda

0.2 Agnieszka Kowalska, Joanna Syrda 09.08.2021 Internal verification, adding executive
summary and a few additions to the

report complemented

0.3 Jan Varga 12.08.2021 Remarks to the document provided

0.4 _dzl - al 2 Aaf Ol @ Z& 1 A 16.08.2021 NT remarks implemented and a few
additions to the report complemented

0.5 Damiano Falcioni 17.08.2021 Remarks to the document provided

0.9 _dzZl Fal 2 Af Ol @Za] A 18.08.2021 BOC remarks implemented

1.0 Agnieszka Kowalsk&jorgos Giannakis 20.08.2021 Submission to the EC

- - COGIT@ GA ID. 958310

§§M COnstruction phase
diGltal Twin mOdel
COGITO


mailto:l.wilczynski@asm-poland.com.pl
mailto:a.kowalska@asm-poland.com.pl
mailto:j.syrda@asm-poland.com.pl
mailto:thanel@ferrovial.com

Analysis of digital tools market and prevailing regulatory frameworks

Disclaimer

©COGITO Consortium Partners. All right reserved. COGITO is a HORIZON2020 Project supported by the European
Commission under Gramigreement N0.958310. The document is proprietary of the COGITO consortium
members. No copying or distributing, in any form or by any means, is allowed without the prior written
agreement of the owner of the property rights. The information in this docunieisubject to change without

notice. Company or product names mentioned in this document may be trademarks or registered trademarks of
their respective companies. The information and views set out in this publication are those of the author(s) and

do not necessarily reflect the official opinion of the European Communities. Neither the European Union
institutions and bodies nor any person acting on their behalf may be held responsible for the use, which may be
made, of the information contained therein.

S

%2% COnstruction phase
- - COGIT@ GA ID. 958310 diGltal Twin mOdel

COGITOD



D2.2

Executive Summary

The construction sector is of crucial importance for Europe to drive its economic growth as it reaches 9,5% of the
EU GDP, provides annual revenue of approximately $11.30 trillion and generates close to 18 million jobs. It also
provides saltions for social, climate and energy challenges. In terms ofdditjidn in building infrastructure, the
potential is not to be underestimated as it helps to save &% in the entire construction workflow, whereas
project time saving is 14%. Apart frahese benefits, digitatation also improves collaboration, enhances clarity,

and makes construction sites safer. In this regard, the popularity of Building Information Models (BIM) and
Modelling as well as reality capture technologies in the construgiitase has risen in the past decade e

led to an increased attention on efficient usage and smooth exchange of data and information across the various
application areas in the construction phase. The response to this trend is the COGITO projed ffanmdthe
European Union's Horizon 2020 research and innovation programme, which introthec€®©nstructiomphase

diGltal Twin mOdela realtime digital representation (twin) of a construction project, using methods to ensure
interoperability among the diérent components and technologies constituting the digital twin ecosystem,
following the lean construction principles. During the 3 years of the project duration, COGlITdevweibp16
interconnected digital tools/solutions for the construction sectarluding the Digital Twin Platform followed by

the Digital Twin Visualisation with ARese two COGITO solutions aperceived by the COGITO Partners as the
resultshavingthe greatest potential for exploitation andnes that will be irhigh demandin the next 5¢ 10

years.

An important part of the project is the development of an exploitation plan of the COGITO system and its
componentsas well as business innovation plan that will pave the way for their commercialization. The first step
in this direction is an analysis of the surrounding environment where the COGITO tools will be deployed including
the market and policy aspects, which is the core of this refddré methodology applied included thorough desk
research to identify and desbe the existing policy strategies and regulations as well as market of construction
sector, AEC and digital twin. The secondary data analysis was followed by an online survey whisbnha
performed with COGITO Partners to investigate in detail the different aspects of COGITO tools, its potential and
relevantregulations.

The report provides an overview of the pivotal role played by the public sector in pushing for the uptakeadf digit
technologies and processes in the construction sector. In accordance with the trends towards digitalisation of

the economy, policymakers are also supporting the digitalisation of the construction sector. During tleatgst

there were manyreports presenting the EU strategies where digitalisation is mentioned as one of the priority,

starting with the digital Single Market Strategy for Europe and documents supporting strictly digitalisation in the
O2yaidNHzOG A2y & SigithligaNdr of dte debdisigidtidnAsgcir and SMEs (Including Building
LYTF2NXYIFGA2Yy a2RStfAYy3I0éE FTNRY Hamop 2 N -fAhaiytiSar Repot dzNR LIS | vy
Digitalisation in the construction sector from 2021. Both documents mentiaresgaps that needs to be handled

as well asuggessome activities for a quicker and more effective digitisation of the construction sector.

Further on legislative aspectgienerallythe lack of regulations and specific laws in individual EU countrigs wa
mentioned, in many analysed reports as well as was pointed out by the online survey respondents, as a barrier
which may hinder the implementation of the COGITO tools into the market. However, significant focus on BIM
since many yearf] (In 2002, Autodesk published a white paper entitled "Building Informa#odelling" and

from this moment also other software developers and sellers started to be active in this field) hasthed to
development of a number of initiatives aing to support the standardisation of digital technologies. Some
countries also have put in place mandatory BIM requirements and others are planning to do that in the coming
years. Moreover, at least 60% of the digitalisation strategies in European Uriorben states touch upon the
construction sector and some countries even have a vertical (and tailored) strategy for construction. When it
comes to nationafigures digitalisation levels vary substantially across theZ&Uand different Member States.

Span and Denmark, the project pilot sites, have construction sector mentioned in either horizontal or vertical
digital strategies. In both countries there are also BIM standards and guidance as well as national working group
on BIM.
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The market analysisn theother hand,showed that the digital twin market will only grow, by the year 2026 the

CAGR of the digital twin market will reach 24.7% and even 42,7% until 2028. Global construction market is
expected to reach $16.6 trillion by 2025, growing at a CAGRo6pfte BIM market is also predicted to grow by

Mo2YX NBFOKAY3 endm O0AffA2Y 0@ HANHOX &dzLILRRNISR o6& (GKS
markets where the COGITO digital tools will be implemented. The report also provides a fiksewvef the

competition landscape in Europe and globally with the main competitors listed and described. In the opinion of

most online survey respondents, there ardew sellers on the market who supply a sizable portion of similar

products in the markeand that the competition will grow in the next years: 42% said that competition will grow

at a moderate pace and 37% pointed that the competition will grow very rapidly.

COVIEL9 implications have been also analysed in the repamtthe presented resuft show that as long as the
economy will recover, the Covit® will have long lasting and positive effects on the implementation of digital
twin solutions. However, solutions need to be developed to tackle such challenges as problems with testing in
real ervironments, evaluation and verification of digital twin solutions/tools.

The last part of the report deals with the SWOT and PESTELE analysis presenting the negativehaspects t
hamper/could hamper the development of digital twin solutions/COGITO tootoinstruction as well as the

factors that favour the development of digital twin solutions including political, economic, social, technological,
environmental, legal and ethical aspects. Moreover, strengths and weaknesses of the COGITO solutions have
beendiscussed together with the first insighinto the USP of the COGITO solution.

Looking at the policy documents and strategies as well as sector specific reports antilgsedire several
aspects that could be important for a successful commerciiisaf the COGITO tool including: ensuring better
access to online services through guidelines and instructions like interactive handbooks or digital maturity scans;
ensuring data security in thgevelopedsolutions; providing trainingspecially for orsite workers in the use of

digital tools, benefiting from Digital Hubs for Innovations for a better cooperaiioa Member State level and

for across sector collaboration in terms of design as well as implementing, using the project results after the
project end.

The report ends with conclusions and presentation of next steps that will be continubée imork devoted to
exploitation and especially task on the exploitation strategy and preliminary business innovation planning.
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1 Introduction

1.1 Scope andbjectivesof the Deliverable

The overarching aim of this report is to present@verviewand landscap®f the EU and national regulations
that are important forCOGITQools developmentas well as market conditionisicluding opportunities and
existing barriers that hamper digitalizationtbie constructionsector. This is a first attempt to provide amsight

into the different threats and opportunities that might impattie implementation of COGITO componeintshe
future. The objective of this deliverable is on one hand to inform the project Partners about the relevant ectors
condition as well as perspectives ariins of digitalisation of construction and key policy aspéldte. information
provided in deliverable D2.2 will also provide some first insights for technical developers to understand the
trends, opportunities and threats which may be essential for CO@1d© componens development.On the

other hand, i is worth to mention that this work will be continued in WR@ere, havingmore details on the
exploitation plans and strategiggegulations and market aspects of relevance for commercialisati€®®Qs 1D
components will be updatedas well as detailed analysis of the target markets will be perforrirethis sense

the goal of this deliverable is to provide first insights to the future work on exploitation in WP9.

Therefore, m this document, we wouldKe tofocus onthe concept of a digital twin in relation to legal regulations

and policiesin the European Union. We will also describe other initiatives or recommendations related to the
digitization of construction, for example the European Construchimtustry Manifesto for Digitalisation. Next,

we will present an analysis of the market and the macroeconomic environment related to digitization in the
European Union. In addition, we will look at the existhognpetitors and theitechnological solutionsimilar to

those offered by the COGITO project. We will try to answer the question whether the pandemic situation had an
impact on this sector. Moreover, we will perform a SWOT and PESTELE analysis in relation to the digitization of
construction.We will dso present the results of the survey conducted in the project partner countries to present
their insights on the topic of market potential of COGITO solutions

1.2 Relation to other Tasks and Deliverables

As mentioned abovgethis report is the first step in efining exploitation strategy and preliminary business
innovation planning which is included in WP®sk T9.3Exploitation Strategy and Preliminary Business
Innovation Planningstarting from M19. The work done in WP2, under T2.2 will provide first itsseyid data

for WP9 tasks related to exploitatiort alsoserved to initiate discussion about exploitation plans at holistic
solution level as well as at each Consortium Partner léMethe beginning of T9.3 (M1MI36), an update of
information anddata presented inD2.2, especially analysis of the construction market, overview of any new
regulations which may be introduced in the near futunéll be performed.
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2 Methodological note

The researciperformed to elaborate this repoihdudesdesk researclandfield researchtechniques The main
research technique applied at this stage of the regulations & markets analysis was desk resgaecheginning
of this taskcomprehensive desk research has been applied in order to investigatgonstruction sector, the
market of Architectural, Engineering and Constructi@d€Q and digital twin.The aimof this desk research vga
to gather data as a starting point for further-étepth analysisconducted within this taskand that will be

condwtedin the followingsteps of exploitation route definition in WP9

Desk researclhs a research technique based on the analysgatiiereddata, also called secondary data analysis.
It is a method of research used to collect athlysedata on a selected problem without the need to undertake
work "in the field". The characteristic feature of the desk research method is that the study id basthe
analysis ofavailablematerialsand data All data, before being included in the researcare checked for their
reliability, credibility and timeliness.

Data sources that have been used inclddeexamplethe following: Eurostat; available analg and reports on
construction AEGand digital twin market in Europ&uropean Commission ar@rganisation for Economic €o
operation and DevelopmenfOECDwebsite and analysisyeb sites of suppliers, competitors, legislation acts
regulating the constration and digital twin market.

After some information via desk researchdizeen collected, data that needs to be acquired from fieldwork has
been identified.The primary research has been conducted with the usentine surveyto investigate in detail
the different aspects c£OGIT@ools and relevanimarkets, regulationsThe survey has been performed among
the COGITO project Partners with the use of online questionnaire (AnriExelsurvey has been divided into
several parts to obtain information albibfollowing aspects:

1 general popularity angbotential for tools supporting digitdlvin-basedconstruction

the COGITO tools withe greatest potential and interest from project Consortium Partners
competition and competitors

chosen details on theurrent offering

market opportunities and threats including impact of COY®D

strengths includindgJnique Selling Propositiand weaknesses of COGITO solutions

91 legislation important for COGITO tools development

=A =4 =4 -8 =4

In total, 20 responses have been collectedm the majority of COGITO Partnefhesurvey wasonductedin
the period of May June 202 Lisingonline questionnaires this is a timeand costefficient methodwhich allows
the respondent to complete the survey at any time and any pkwegto obtain information on therelevant
sectosand legislationss wellasfirst insights into exploitation potential

As the questions included in the online questionnaire touched many different aspects of COGITO tools, answers
have been incorporated in relevasiections of the reportwhere also desk research outcombave been
presented on particular topic.
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3 Exploitable results of the Cogito Project

3.1 Listof COGITO results

As market research and analysis performed within WP2 is strictly connected with the exploitation tasks that will
be performed within WP@nd especially with the results planned in the projéxtlow we present a list of the
COGITO components (or tools) that will be delivered within COGITO. The list has been taken frgmn D2.1
Stakeholder requirements for the COGITO system and has been initially derived from thedDsubsequently
reviewed and refined while developing thes&lCases within the framework of 8sk2.1 Elicitation of Stakeholder
Requirements.

Tablel - The Main COGITO components making up the COGITO solution

Work Order Definition and The WODM is the tool used for defining work order templates, generz

Monitoring tool (WODM) work orders and executing/monitoring the defined workflow. Tr
definition of work order templates and generation of work orders
conducted using the tool's Ul, but a workflow can also be imported fro
BPMN file. Work orders execution can be monitored throt
communication using the WOEA tool.

Work Order Execution The Work Order execution assistance tool (WOEA) is an apgnfart

Assistance tool (WOEA) glassessupporting work order execution and reporting. The worker
guided via smart glasses through the work order, which enables imme:
reporting of the results of the work. WOEA can work onlinefime and
provides handdree operation support. The applso enables Remot:
Assistance through video call with remote annotations.

Digital Twin Platform (DTP) The Digital Twin Platform (DTP) is the core of the entire toolchai
supports both the necessary information management as well as
semantic (and pragmatic) alignment among the COGITO services an
pre-processing systems, while enabling intercgigifity with existing and
emerging standards and data formats covering numerous domains.

The Process Modelling and Simulation tool allows to define and simi
both the construction business process model aslvas the operative
workflow model.

This allows the user to identify process steps that are critical for
successful implementation of the project exposing optimizat
opportunities to minimize time and/or cost.

The combination with realvorld data issupported by data mining
algorithms and statistical methods and allows the calibration of
simulation model to the actual process occurring on the construction ¢

Process Modelling and
Simulation tool (PMS)

Digital Twin visualisation with DigiTARs software package for commercial AR head mounted disg

AR (DigiTAR) (HMDs) to help to visualise and interact in situ with the output of the
tools (location, type and severity of geometric and visual defects)
Safety tools (location and type of safety hazahd expected mitigatior
measures).

GeometricQC Tool (gQC) The GeometricQ@ol controls automatically the geometric quality of tt
executed works against the specified geometric dimensions and tolera
given asbuilt 3D data acquired onsite. The-bsilt 3D data is (dense lase
scanned) point clouds acquired on site. The #pmst dimensions are
obtained from the aslesign BIM model (part of the DT) and the specif
tolerances are obtained from ISO/CEN standards used by industry

= 8



D2.2

translated digitally to enable the automated process). The QC result:
modelled and semaintally linked to the BIM/DT model.

VisualQC (vQC) The Visual QC tool automatically detects in colour images (visual spec
common visual defects of constructed/erected concrete components
their severity. The QC results are modelled and semantitiakgd to the

BIM/DT model.
Digital (Visual) Command The DCC renders the 3D BIM model, IoT data and other data
Centre (DCC) annotations generated by the QC, H&S and Workflow tools (avail

through the DT platform). The DCC will help the Project &gen to
monitor through visualisation the progress, QC defects and H&S issue:
DCC is solution to visualise/navigate the DT data, but not edit it.

BlockChain Platform Tool The Blockchain Platform tool will allow the deployment of smart contra
through the SLA Manager. It will interact with the Work Order Definit
and Monitoring tool and based on the operative workflow model it \
provide the blockchain based smart contracts in order to enha
transparency and to provide trusted means to verifgmpletion of
construction tasks, asset release, etc.

BlockChain SLA Manager The Blockchain SLA Manager has a local DB with already designed Sl
include predefined rules and KPIls. WODM could fetch the SLAs throug
SLA Manager in order toind relevant stakeholders with the respectiy
KPIs. Then WODM inform the SLA Manager with the results anc
Managers saves the SLA with the respective Stakeholders on the loc
BC can fetch the completed SLA with the assigned stakeholders an
respective configurations to initiate & instantiate the Smart Contr
operation.

SafeConAl The SafeConAl tool identifies regions in the BIM model where (spt
types of) hazards are, suggests and adds mitigation measures to the n
It uses as input 4D BIM of agplanned construction project, consisting
n time steps, where each time step corresponds to stage of constructic
the asset. Six types of hazards in four major categories are consic
(slips, trips, fall from height, caught between, struckbys,
electrocutions), and one or two specific safety code entries are consid
for each of these hazards (i.e. approximatelyZbsafety codes total).

ProActiveSafety The ProActiveSafety tool utilizes behavioural data of resources (equip!
andpersonnel) on the construction site to avoid clesals, accidents, an
collateral damage. Location data from the Location Data Acquisition 7
is analysed to predict trajectories of resources and detect imminent €l
calls and accidents by cresBeckng those trajectories with potentia
hazards based on previous experiences/observations, rules, and
probability of hazards given the dynamic nature of the work environmi

VirtualSafety The VirtualSafety tool provides personalized construction ga#dtication
and training, focusing on the top 6 hazards: Slips/trips/falls from hei
caughtin between, struckby, and electrocution. The highly realistic
provides easyo-use, reliable safe learning environment and technolc
that assists advanced S decision making and provide personali:
feedback in a safe learning environment

Geometric Data Acquisition The Geometric Data Acquisition Tool(s) are employeditento acquire 3D
(GDA) Tools geometry of the site. Within COGITO, laser scanning evrimcipally used
because of the accuracy required for geometric QC. However, other
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like photogrammetric systems (e.g. UAV mounted) may also be consic
for other purposes.

Visual Data Acquisition (VDA) The Visual Dat#cquisition Tool(s) are employed -gite to acquire 2D

Tools visual data of the site. Within COGITO, images in the visual spectru
primarily considered, and these images may be acquired using any ce
mounted a wearable AR system (e.g. DigiTAR), a phoneolzle
computer, etc.

Location Data Acquisition The Location Data Acquisition tool(s) gather raw 10T data that are co

(LDA) Tools from sensorial devices installed or worn on the construction site
generate datasets that can be directly stored lre tCOGITO Digital Tw
platform. The tools are used to capture location data about the workfo
machinery and materials.

3.2 Outcomes ofonline survey relating toCOGITO solutions

As mentioned above, COGITO will offer 16 interconnected digital toolsigtutor the construction sector.

We have asked respondents in aunline questionnaire(the project Partnersjyvhich of them have the greatest
potential for exploitation. Theyad to rank them from 1 to 16 where 1 means the greatest potentilgital
Twin Platformobtained the highesscoreof 13.74points followed byDigital Twin Visualisatiomnith AR, VisualQC,
Geometric QC toaind Digital (Visual) Command Cenfiféggurel).

Digital Twin Platform (DT P . 17/
Digital Twin visualisation with AR (DigiTA (|  lEGEGTGNNNEEEEEEEEEEEE 11 o6
visualQC (vQC I 10.79
GeometricQC Tool (oQCIIIGNNEEEEEEEEEEEEE 0/
Digital (Visual) Command Centre (DC| N NN 1032
Work Order Definition and Monitoring tool (WO DM 1005
Process Modelling and Simulation tool (PM | NN ° ¢
Work Order Execution Assistance tool (WO EJ GGG o 3°
safeConAl [N o ¢
ProActiveSafety [ NG s/
BlockChain Platform Too | N .05
virtualSafety || N AR <35
BlockChain SLA Manag<jii I <.06
Geometric Data Acquisition (GDA) Tooli NI 547
Location Data Acquisition (LTA) Tool N 274
visual Data Acquisition (VDA) Tool NN 416

0 2 4 6 8 10 12 14

Figurel¢/ hDL¢h (G22t348Q LRGSYGAIt F2NJ SELX 2A G}
Source: Cogito T2.2 survey

In another question we were interesteghich, inthe opinion of our respondentsCOGITO tool will be highly
demanded in the next § 10 yearsSimilar to the previously presented questi@isohere (seg-igure?), Digital

Twin Platformwas in first place (45%ndin the second (30%digital Twin visualisation with AR. This shows a
big potential of those mentioned toolghich will be analysed in detan WP9in terms of their market potential,
exploitation route as well as target grougsd markets Other mentionedtools included Digital (Visual)
Command Center and BlockChain Rlah Tool, and two tools connected with OHS, SafeConAl and Virtual

S _
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- D2.2 Analysis of digital tools market and prevailing regulatory frameworks

Satty. The last two shows that there andwill be bigger focus on the safety on construction sites to avoid many
risks connected with the safety of workeSgure2).

Digital Twin Platform (DTP_ 45%
Digital Twin visualisation with AR (DigiTA_ 30%
BlockChain Platform Tool- 10%
Digital (Visual) Command Centre (DC- 5%
SafeConAl - 5%
VirtualSafety - 5%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

Figure2 ¢ COGITO tools with highest demand
Source: Cogito T2.2 survey

We have also askea question arlLwhich construction susectorsCOGITO tools and COGITO holistic solution

KFoS GKS o6A33Sad LRGESYGAFt F2 N sRadBBIdingd@Sshdlefarilyw S a L2 y R
NBA&ARSYyOSaz avlff ackz2 LiandedivmibiildingsiedzRraui-tamily, Zah@®NImadiunG e mY
O2YYSNOALFE X avrkft AyTFNI aidNHzOG dzMBIvlarge buildiog €0.,dhRsPiGIE, 0 S 6 S ¢
AYRAZAGNRAF £ Z fFNBS Ay TFNI aAs NzbriedzNEs figurdeidvK60% palRt8dSldige 2 @S NJ
buildingsand 35% mediurbuildings. None of the respondents choose small buildings, as the ones where digital

twin tools could be use(Figure3).

70%

60%

60%

50%

40%

35%

30%
20%

10% 5%

Large buildings (hospitals, = Medium buildings (multi-family, Other
industrial, large infrastructure)  schools, medium commercial,
small infrastructure)

0%

Figure3 ¢ Segments of biggest potential for the development of COGITO tools.

Source: Cogito T2.2 survey
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Analysis of digital tools market and prevailing regulatory frameworks

Based on the answers and taking into consideration the characterftitse digital twinbased solutions and
tools we can say it they are mostly useful for the bigger and more complicated constructions with higher
budgets.This will be important later whedescribingthe particular target marketand its potentialwhere the
COGIT@oolscould be implementedOn the other handthis might be somehow related to one of the challenges
that the construction and AEC sector faceg® change the perceptiarthat BIM and similar technologies are

only suitablefor big projects.

- - COGIT@ GA ID. 958310
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- D2.2 Analysis of digital tools market and prevailing regulatory frameworks

4 Legal and regulatory frameworks

The goal of this chapter is tidentify the European and national strategies that may have influence on the
implementation of COGITO tools within the project duratiamd after the project end. In this chapter we

therefore concentrate on presenting the latest European Union strategies how this may influence the

adoption of the digital tools in the construction sector. Secondly 8 SR 2y RSY2 tnatklaf SNAQ F.
legislation or other frameworks are presented.

Moreover, it needs to be emphasized that the governments neednfément relevant policies anfihancing

frameworkto incentivise the uptake of digital technologies, practices and business models and as a consequence
contribute to supporting the digitalisation of the construction sector and faster implementation ofyrdayital

tools in this sectorRegulations and standards can act as an effective tool to push construction companies to
digitalise¢ i Kdza | R2LJAAY 3 | & Lddza K It i sk wdrfldziofingthat(irdordér toefruly LILINE | OF
effective, digitalisgion needs to be understood and embraced by all actors involved in the construction value

chain, both private and public.

4.1 The EU strategy and legislati

In order to have a good and common understanding of the Europeamnldtiategy towarcconstruction sector

we have to go back to the year 20&then EuropearCommissiorreleased &R 2 O dzY Sy (i StyateyySi® &

the sustainable competitiveness of the constroatisector and itenterpriseg drhis document was
publishedwithini KS a9 dzNR LIS Hnuné AYAGALl (A SBaepromofiéhof BuEtainaieS LINR 2 N
growth inthe construction sectorEuropeanCommission pointed 5 areas that need furthiavelopment]2]:

AREAS OF

DEVELOPMENT

Figure4 - Construction sector areas of development

Source: European Commission

1 COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT AND THE COUNCIL, Strategy f
the sustainable competitiveness of the construction sector and its enterprises, 31.7.2012
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It is clear that since year 201@ne of the priorities in the construction sect¢and others)is digitalisation
especially for research and innovation in a smart, sustainable, and inclusive environment

During las® years theravere many publication&locumentspresenting the EU stragiese.g:

1. Energy Performance of Buildings Directi2818/844/El) [3] amending Directive 2010/31/EU on the
energy performance of buildings and Directive 2012/27/EU on energy efficiency where digitalisation of
the building sector is mentioned:

G¢KS 3ISyRIFa 2F GKS S5AIAGEHE {Ay3IES rmdishddldSsérvel y R G K
common goals. The digitalisation of the energy system is quickly changing the energy landscape, from

the integration of renewables to smart grids and smaady buildings. In order to digitalise the building
aSO002NE GKS |y iagstand &vbigioyisS 0 thed deployment of highpacity
communication networks are important for smart homes and welhnected communities. Targeted

incentives should be provided to promote smaeady systems and digital solutions in the built
environment. This offers new opportunities for energy savings, by providing consumers with more
accurate information about their consumption patterns, and by enabling the system operator to
YIEyF3S GKS ANAR Y2NB SFFSOUGAODSTE e

2. European Green Deal factsheet: Building and renovéfiigyhere it was stated that in order to achieve
better energy performance of buildings, increasdigitalisation is needed.

3. A digital Single Market Strategy for Eurogén that document we can find guidelines toward the
digitalisation of the EUmarkeft ! 5A3IAGFE {Ay3IfS alNySG Aa 2yS Ay ¢
persons, services and capital is ensured and where individuals and businesses can seamlesshdaccess a
exercise online activities under conditions of fair competition, and a high level of consumer and personal
data protection, irrespective of their nationality or place of residence. Achieving a Digital Single Market
will ensure that Europe maintains p®sition as a world leader in the digital economy, helping European
02 YL} yASa ( 2[6)ITN@DigitadSingléMatkét Btéategy has three pillaigures):

Better access for consumers and businesses to online goods and services across Europe
- this requires the rapid removal of key differences between the online and offline worlds to break down
barriers to cross-border online activity.

Creating the right conditions for digital networks and services to flourish - this requires high-speed, secure and
trustworthy infrastructures and content services, supported by the right regulatory conditions for innovation,
investment, fair competition and a level playing field.

Maximising the growth potential of our European Digital Economy - this requires investment in ICT
infrastructures and technologies such as Cloud computing and Big Data, and research and innovation to boost
industrial competiveness as well as better public services, inclusiveness and skills.

Figureb5 - Digital Single Market pillars

Source: European Commisgion

2 COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMBYWIILTRHECBWROPEAN
ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS A Digital Single Market Strateg
for Europe, 6.5.2015, page 3

&
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4, Supporting digitalisation of the construction sector and SMEs (Including Building Information

Modelling) [7]

In this document we can find results of a study and desk research thatssh®w0 gapgTable?2)
regarding the digitalisation of the construction sectehich should be also taken into account while
introducing the COGITO tools into the market after the project.end

Table2 ¢ Gaps in the digitalisation ofonstruction sector

Digitalisation targets are lacking at EU aradional levels
Limitedcapability of SMEs for digitalisatiamthe construction sector

Market failure and lack of cooperation at Member States level that hinders the digitedformation on a
European level

Lack of investment in research and development for SMESs, especially for the combined use of digital
technologies

Lack of investment to support the implementation of digital technologies by the construaiiustry
Lack of trained employees (bhosllars) on the use of digital technologies

Lack of experts for data handling and analysis

Lack of complementing Asset Lifecycle information Management (ALIM) standards

Lack of software (both open source and cuoercial offthe-shelf) that uses the available asset-dgcle
information management standards

Lack of data security and preparedness for cyberattacks, especially in the construction sector
Source: European Commission

Moreover, dter analysing all t gaps, there were 10 actions prepared as suggested reactianin
order to prioritizethem or choose the most important oggethe selection process was based on the
three criteria:

- The prioritised actions are proposed to be facilitated byHEheopean Commissiolt means
that the main role to undertake the action should be done by the EC, without other countries
or industry facilitation.

- Impact This criterionis about having clear influence on the digitalisation of SMEs.

- Feasibility of the iplementationof the proposed actiond his criterioris focused on the three
indicators time, budget and synergies/overlap with already functioningtiatives or
organisations like e.gEuropean Construction, builhgironment and enerqgy efficient building
Technology Platforfh

Followingthesecriteriathree actions were recommended to be undertakf@

- Interactive handbook and digital maturity scan for the adoption and implementation of digital
technologies.

Challenge:The challenge is to increase the adoption of digital technologies by SMEs, especially the

microenterprises with limited capability, bgroviding guidelines and instructiorsmbedded in an

existing digital platform.

- Facilitate the setup of DIH®igital Innovation Hubgp support the construction sector and link
them in a parEuropean network.

Challenge With this action, wewvant to bridge the market failure gap and the lack of cooperation on a

Member State level that hinders the digital transformation.

- Provide lifelong (Digital) skill development for (blue collars) within the construction sector.

3 European @mmission, Supporting digitalisation of the construction sector and SMESs, Including Building
Information Modeling, 2019, page 351

4Home (ectp.org)

= 8


https://ec.europa.eu/growth/content/report-supporting-digitalisation-construction-sector-and-smes_en
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http://www.ectp.org/
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ChallengeThe challenge is to increase the number of skilled workers, especiadiysoworkers, in the
use of digital technologies.

European Construction Sector ObservatoAnalytical Report Digitalisation in the construction sector
¢ April 2021[9] ¢ This document presestfull report regarding digitalisation in constructicsector.
Apart fromthe market analysiswe can findthere an overview of the most recent EU policies and
frameworks.These policies are divided into five typéglow):

Figure6 - Policy types

SourceEuropean Construction Sector Observatory

Below the most important strategies pointed out BBCSEuropean Construction Sector Observatoay
presented briefly

Construction 202¢10] is a Strategy for the sustainable competitiveness of the construction santbr

its enterprises (2012). It is completed by the Construction 2020 Action Plan, to support the construction
sector in its adaptation to key upcoming challenges and to promote the sustainable competitiveness of
the sector. Its first thematic objective concernsidvation, aiming at boosting the digital uptake in the
construction sector.

The Renovation Wavgl1]is a strategy aiming to foster building renovation to address climate change
and support the recovery and the green and digital transition. Mygpecifically, the EC aims to at least
double renovation rates in the next ten years, thereby i) reducing gngoyerty in the EU; ii) improving
0KS ljdzr t AGe 2F fAFTS F2NILIS2LIX S tAGAYT Ay YR dzaiy
emissiong; taking into account that the building stock in the EU accefimt 40% of energy consumed

and 33% ofcO2 emissions. This will, among other objectives, foster digitalisation, improve the reuse
and recycling of materials, and contribute to creating employment and growth opportunities across the
renovation supply chain.

5European Constructiorestor Observatory, Digitalisation in the construction sector, Analytic Report, April 2021,

page 55

&

5y )
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6. The EC also supports thdoption of digital technologies and particularly BIM in the construction sector,
through the EU Directive on Public Procurement (Directive 2014/24/EU) to incentivise EU Member
States to take account of digitalisation as a possible requirement in thelicgutocurement process
thus encouraging construction companies to digitalise.

Generally,this is a normandatory requirementd a C2 NJ LJdzoft AO g2NJ a O2y G NI Ol a
Member States may require the use of specific electronic tools, such as ldfnguinformation

St SOGNRYAO Y2RSt f[A2)f Howeve? Qufreitly Painack A Sivider, Rikand, Italy,

Lithuania and Germany have put in place mandatory BIM requirements applicable either to all projects

or at least for projects of a determined minimum budget.

It should be also noted thahree more countries areon their way to implement BIM requirements,

namely Spain,Czech Republic and Latviahich have announced their intention of putting such
requirements in place in their public procurement polidigk

7. The EC haalsodevelopd a number of initiatives aiming to support the standardisation of digital
technologiesc for instance, CEN/TC 442 'Building Information Modelling’, a technical committee of
European Committee for Standardisation (CEN) on the European level aims topdamédlonaintain
standards in the BIM domain.

Moreover, in the draft work programmes of Digital Europe for 2@R22 relevant to the construction sector
following aspectsvere pointed outwhich might be of importance for the COGITO tqa8:

- Focus on cybersecurityvhere manufacturers have to include cybersecurity features in connected
products at the design stage. There has been a large number of cagsglgxerattacks in the last
years which undermine the functioning of commuation networks, critical infrastructure,
services and as a consequence undermine public confidence in the integrity of digital systems and
data, and the decisions made using them. In this respect the tools that are being developed should
take into accounthe digital security issues.

- providing SMEs and public administrations access to the latest digital technologies through Digital
Innovation Hubg; As the idea of network of European DIHs is to broaden the use of applications,
technologies and services mefitting from Al (Artificial Intelligence), HPC (hjggrformance
computing) and cybersecurityith the EUwide deployment of innovative and cosffective data
driven tools and services based on technologies like Al and data analytics

- making ICT products and services sustainable, by prioritising their energy efficiency as well as
climate neutrality, reparability, lifespan and recycling

- RSLX 28Ay3d 2LSy>S AYGSNRLISNI 0f ST G(GNHza(G62NIKe dzND I
offering easy standardised access to new datasets, antatescaleroll-out of Aldriven services
in among othersSmart Energy, industry and (re)manufacturing.

Furthermore, bcal points of the Construction 2020 Strategy in the aredigitalization werealso pointed out
by the European Commission which §td]:

1. BIM, which is described as the basis for our digital infrastructure and the perspectives for its
development are viy promising: The BIM market is predicted togrovb Mo’ = NB I OKAyYy 3 € H
2023, supported by the public sector.

2. Supporting crossector collaboration and finding common solutions as digitalisation requires
collaboration of all stakeholders.

3. Support information flow, reliabilitand investment towads an EU Building Digital Logbook

All presenteddocumentsshow, that there is a clear focus in the European Un@ndigitalisationand future
ahead of digital toolsapplied in the construction sector as by digitalising the construction proéasspe can
achieve economic benefits and savings betweemr 21% over a period of about&10 yeard15]. On the other

hand it clearly shows how pivotal role the public sector is playing in the uptake of digital technolagles a
processes in the construction sectand that without thesethe adoption of digital tools in construction sector

will be limited. It is als@ direction which COGITO Project Partners should carefully analyse in the next steps in

[52] oG
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4.2 National legislation

Analysis of digital tools market and prevailing regulatory frameworks

terms of commercialis&én of COGITO toolsn those markets where there isthe biggest potentialfor
implementation from policy point of view.

Digitalisation levels vary substantially across the2£Uand different Member States follow different policy
approaches, which can be categorised in two dimensions:

1 Horizontal digitalisation strategies covering a wide range of sectors, technologies and areas.
1 Vertical digitalisation strategies for the construction sector, covering the full or part of the ghahie,

and specific digital technologies (such as BIM) or all digital technologies without distinction.

Table3 - Digital Construction Policies/Strategies across the-EXJ9]

) Type of Digital Construction Policy

Policy/Strategy —

Countries

comprise
construction

comprises
construction

tegy

The tablebelowshows the Digital ConstructidPolicies/Strategies across the 2U.

Action
Plan

Financial

instruments

Czech Republic

France

2| & & =] <) <] <] < | | 2| 2| ] & <

= 2| | =] €| | | £ €| | £]| £| =] & =

Netherlands

Romania

v v v v
v v v v
v v v v
v
v
v v v v
v
v v v v
*
v v v
v v v v

*[ G BNIIRQY f au@tégy is tu@eitly undetevelopment.

SourceSlightly adopted frontEuropean Construction Sector Observatory
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Close to 60% of Member Statéi$ out of 27 have in place policies covering or targeting the digitalisation of the
construction sector, demonstrating the interest of pgleakers in tackling this issuBespite the fact that the
O2yaiNHzOGA2y &aSOG2N) 61Fa y2i AyOftdzZRSR Ay yAyS aSYoSN {
countries have in place several advanced sidigatives on digital technologies the construction sector, such

as BIM.

Moreover, e implementation of BIM has accelerated quickly in recent years and both public and private sector
stakeholders are increasingly recognising the benefits to be gained by adoptirtdcih is also a positive signal
for the COGITO tools.

As mentioned before, currently, Denmark, Sweden, Finland, Italy, Lithuania and Germany have included
mandatory BIM requirements in national legislation. They will be followed by Spain, Czech R@paRljcLatvia

(2025) and several other EU countries such as Poland, Ireland, Slovakia, Slovenia, France, the Netherlands,
Belgium whichhave put in place partial BIM requiremer{t&gure?).

' Open BIM standards
and mandate

) BIM mandate for
public construction

@ Active BIM programs and
set goal of future mandate

@ No BIM mandate planned

2012 BIM required fof

government projects: all government
and university

NETHERLANDS
2012 Infrastructure program based on open BIM

BELGIUM
No BIM mandate planned

SWITZERLAND
No BIM mandate planned

PORTUGAL
No BIM mandate

planned
Source: McAulay, B, Hore, A and West, R. (2017) Lessons for by Amited, 2017. g

Figure7 - BIM adoption in Europg16]

Source: Fromwvhitepaper by MagiCAD

Moreover, the results of the survey conducted by the European Construction S2losarvatory showthat 22
EU Member States have implemented a national working group on BIM; nine MS have implemented a BIM/Digital
Construction Strategy; and 21 MS have implemented BIM Standards and/or guidance respéiciviel) (

SO .
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Table 4- Policy or measure is in place to support BIM adoption, beyond public procurement

Austria
Belgium
Bulgaria
Croatia
Cyprus

Czech Republic

Denmark
Germany
Greece
Estonia
Finland
France
Hungary
Ireland
Italy
Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden

BIM/Digital Construction BIM Standards and/or National working group
Strategy guidance on BIM

Present Absent

Source: European Construction Sector Observatory

It is worth mentioning that Austriawhich is the COGITO Consortium countigsadoptedopen BIM standards

to support a transparent workflow among project members, who are not obliged to adopt specific software.
Moreover, a common language allows industry agovernment to generate projects with transparent
commercial engagement, comparable service evaluation and assured data quality.

With regards the countriesvhere the demos will take place in the framework of COGITO projectrding to

the information cofirmed by the Spanish parthéRhomberg Sersa Rail Growp)COGITO project, there are no
specific policies or legislation regarding digitalisation of construction sector in Spain. The regulatory framework
is based on the ISO standards:

1. 1SO 19650 is antigrnational standard for information management throughout the life cycle of a
building object using BIM. Since December 2018, 4 standards were published and two of them are still
under development:

a.

ISO 19654 [17]: Organization and digitization of information about buildings and civil

engineering works, including building information modelling (BINM) Information
management using buildinigformation modelling: Concepts and principles

ISO 1965@ [18]: Organization and digitization of information about buildings and civil

engineering works, inating building information modelling (BIMX Information
management using building information modelling: Delivery phase of the assets

SZRY COnstruction phase
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c. ISO 1965 [19]: Organzation and digitization of information about buildings and civil
engineering works, including building information modelling (BIM) Information
management using building information modelling: Operational phase of the assets

d. ISO/DIS 19658 [20]: Organization and digitization of information about buildings and civil
engineering works, including building information modelling (BIM) Information
management using building information modelling: Information Exchange (still under
development)

e. I1SO 19656 [21]: Organization and digitization ahformation about buildings and civil
engineering works, including building information modelling (BIM) Information
management using building information modelling: Secuniipded approach to information
management

f. 1SO 1965® [22]: Organization and digitization of information about buildings and civil
engineering works, including building information modelling (BIM) Information
management using buildingformation modelling: Health and Safety

2. 1S012006isaninternational standardealing with structuring of information for constructiofMhis
standard has two parts:

a. 1SO 1200€ [23]: Building construction- Organization of information about construction
works

b. [SO 12008 [24]: Building construction- Organization of information about construction
works: Framework for objeatriented information(first edition was published in 2007, now
second edition is undattevelopment)

Second demo of COGITO will take place in Denrira@019 Danish Ministry of Transport, Building, and Housing
announced a Strategy for Digital Construction in Dennja8, that contains several initiatives for digit
construction. One of the@urposesof that strategy was adoption of the 1ISO 19650 standards. Now, as well as
Spain, Denmark is using the ISO standards mentiabege Denmark has also several national legislations like:
Danish Building Act or Danish Building regulatii@®. According to the ECSO report Denmark together with
Austria are countries with the highest level®iM adoption[9].

4.3 Other initiatives, activities and recomendations

If we want to look closer toward the digitalisation of the construction secpgrt fromall the EU frameworks
and policieswe have to checks well if there are any external initiativesctivities or recommendations. One
of the institutions that aredealing with the digitalisation of the construction sector Ai$=€ (European
Construction Industry FederatiorfIEC has published alone or in the cooperation three crucial documihts
the recommendation ordigitalisation:

1. Building Information Modelling Manifesf?7] ¢ Frst manifest prepared by FIEC regarding BIM
technologies. Thimanifest has two objectives:

a a¢2 SaitlrofAakK GKS RAIAGEE O2yadNHzOGA2Y AYyRdza gl
policies such as smart cities, efficient infrastructure and smart homes (and as key player in their
delivery), using as integrateplatform that gives holisti view of the constructiomproject in
jdzSadAz2ye¢d

b. & 2 A YLINR @S pradéctity acBnipétilvsidess, customer satisfaction and image, by
advocatingboth:

- Topdown digital transformation, facilitatecby the EUand national governments
through policy and investment/EU funding
- Bottomrup digitaltransformation driven by the construction industry itself (as opposed
G2 20KSNJ AYiSNBadSR L)X F&8SNBR adzOK a GKS L¢
2. Construction Manifesto for action EU tern 204 2024[28] ¢ This documen{prepared by FIEC and
European International Contractd)sas divided into 7 sectiongith a recommendation to EU

8Home: FIEC
7EIC Federation | (eifederation.eu)
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a. dnvesting in a competitive EuropePromote public and private funding; allow greater
flexibility in the Stability and Growth Padpfrastructure maintenance; Adapt the global
financial, fiscal ad regulatory environment
b. d&Ensure a level playing fieldBoth private and stat@wned companies fight against the award
2F O2y (NI Oila (2 !'[¢Qa o!'oy2NXIffe [26 ¢SYRSNA!
c. OConstruction 4.0: Accelerate the digital trsformation of the construction industry:
Construction as a priority sector; Data policies, Smart €ities
d. d&Construction Products Regulation (CPR): Ensure that it works in pracficesure that
regulatory gaps will be compensated; Eliminate thekheg2 ¥ dzy OA G SR a0l yRI NR& ¢
e. GCommitting to the social dimension of the construction industrypdate existing training
schemes; Strengthening the mutual recognition of qualifications; Investment in initial and
lifelong training and apprenticeship; Fight agaifrsiudulent practicesDeveloping a culture of
LINB@SyiAz2y FtYR &A0GNBYy3aIGKSYyAy3dI hOOdzLd GAz2yFf { I
initiatives; Respect the principdd subsidiarity in labourelated issues ®
f.  6Build a sustainable Europénnovative constiction methods and implementation of research
results
g. Single point of coordinationMandate a VicePresident with the task of ensuring efficient and
co-ordinated collaboratios.

3. The European Construction Industry Manifesto for Digitalisafd®j - In this manifesto undersigned

by 23 organisationghree statementswere pointed by the authartoward the EU

a G9dzNRLISHY ! yA2y Ydzad GF 1S GKScAuhérd\pbointedlodt f S R ;
that the digitalisation of the constru@n sectorshould be one of the top priority of the EU and
should be also partofthé 5 A I A G A & A Y 3 OaNdiatiel v Ly Rdza i NE €

b. 2SS ySSR Iy | LIINELNALF(GS NB Igrnlagpeopiibte raghlatoryS ¢ 2 NJ| 2
framework should ensure better data quality and data management, address challenges
around intellectual property rights and cybersecurity, edigtbwho is responsibleand liable
¢ for data ownership, and avoid abuse by monopolies thus ensuring a level playing field, in
GKAOK {a9a OFly GKNAGS FyR NBIL GKS o0SySTAaGa 21

c. G¢KS ySg 9! 0dzRISH Ydzald F20& G2¢F FRA@AANW F NA f L ND
GKAAa LRAY(G 6S OF y 2RYMiltidnfudBidncialNgBelvark miudt fociis & LJ2 &
2YyEY

- Digital skills
-  R&D
- IT infrastructure

Another interestingnitiatives/recommendationgublicatiors:

1.

Digitalisation of the construction industry: The revolution is undery@dy by Oliver Wymanvhere it is
emphasized that the construction industry is changing, still slowly in comparison to other industries
however certainly faster than previously.

Policy options to support digitalisation of business models during CO¥/IRnnex[32]. In this
document prepared by BCD in 2020 we can fiqmblicy examples of initiatives many from G20 countries

that contributed to better availability and use of digital tools to strengthen business continuity and
resilience in the time of COWI® pandemic.

Digitalisation as a Strategic Means of Achieving Sustainable Efficiencies in Construction Management: A
Critical Reviei33]i.e. in this publication weamn find five key activitievith full descriptionneeded to

reach a good level of digitalisatioRigure8). [34]

S
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https://www.construction-products.eu/application/files/8115/2887/2605/The_European_Construction_Industry_Manifesto_on_Digital_Construction_2018.11.06.pdf
https://digital-strategy.ec.europa.eu/en/library/digitising-european-industry-initiative-nutshell
https://www.oliverwyman.com/our-expertise/insights/2018/sep/digitalization-of-the-construction-industry.html
https://www.oecd.org/sti/policy-options-to-support-digitalization-of-business-models-during-covid-19-annex.pdf
https://www.researchgate.net/publication/351225956_Digitalization_as_a_Strategic_Means_of_Achieving_Sustainable_Efficiencies_in_Construction_Management_A_Critical_Review
https://www.researchgate.net/publication/351225956_Digitalization_as_a_Strategic_Means_of_Achieving_Sustainable_Efficiencies_in_Construction_Management_A_Critical_Review
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SourceDigitalization as a Strategic Means of Achieving Sustainable Efficiencies in Construction Management: A
Critical Review, Sustainability 2021, 13(9), 5040

4. The European Cloud Initiatij85] - Building a competitive data and knowledge economy in Europe
which aims to strengthen Europe's position in ddtéven innovation, improve competitiveness and
cohesion, and help create a Digital Single Market in Europe.

5. Construction 2059 . dzA f RA Y 3 (2 Y2 NRE ¢ dacumeéntizidparésl byl Gvét |28
construction sector stakeholders as a result of Construction 2020 framework.

8 Bahareh Nikmehr, M. Reza Hosseini,Igor Martek ,Edmundas Kazimieras Zavadskas and Jurgita Antucheviciene,
a5 A 3 A G IsfaSttategicAV2afis df Achieving Sustainable Efficiencies in Construction Management: A Critical
WSOASG6IE HNHM
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https://ec.europa.eu/digital-single-market/en/european-cloud-initiative
https://www.ebc-construction.eu/wp-content/uploads/ECF-PAPER-2-FINAL-August-2019.pdf

D2.2

5 Market analysis

5.1 Digitalisation of economy

Digitalisation of the economy is nowadays one of the most imponpaimtciples among the global policy makers

YR AG O2@0SNBE Fftf aGdNIGS3IAO0 aSO02NE® a¢KS 2y32Ay3 RAZ
deepen. Digitalisation does not only contribute to productivity and efficiency, but also to éreadiececonomic
RSoSt2@3Weylig Aa Iy | OOStSNIG2N 2F RSOSt2LISyld FyR (KSE
2017 OECD listed 11 recommendatiohel¢w) of action to be taken in order to provide high quality digital
transformation of economykull report is available on tteECD websife

Table4 ¢ Recommendation for digitalisation of economy

Recommendation

Call for international digital strategies to close the access and usage gaps and ensure that the Interne
all.

Boost investments in digital infrastructuresdatheir key enablers.

Improve framework policies to foster the financing of digital infrastructures (including data) and innova
business models.

Development of standards and standard based interoperability to support the loThdndtry4.0.
Ensure competition in the ICT sector and across the economy.

Call for national privacy and security risk management strategies and improve interopeaitibg
frameworks

Craft more effective strategies that enable all people to adapt to and excel in the digital economy.
{dzZLILI2 NI {a9Q& Ay NBIFILAYy3 (KS o0SySTiaida 2F RAIA
Promote consumer protection in the digital era.

Adapt legal frameworks to the realities of an increasingly digital and-diatan global economy and
improve measurement.

Coordinate and ceoperate to better measure digitalisation across G20 economies.
Source: OECD

Taking into consideration the stateants mentioned above, we can say that the solution proposed by COGITO
project meets the expectations of the OECD. The development of thaduBtryand digitalisation of economy

is a trend that itis notforeseento stop. What is more, it is shown in thecent publication that the digitalisation

of the economy will grow more faster due to outbreak of COlpandemicln a survey conducted at European
levelabout 70% of directors from Austria, Germany and Switzertzordirmedthat the pandemic couladnly
accelerate the pace of their digital transformatiq@8]

5.2 Construction sector analysis
General Data

In terms of condition of the general European economihmsecond quarter of 2021t is expectedo recover

faster than previously expected due to the improving health situation and limiting the pandemic control
restrictions caused by falling numbers of new infections and hospitalisations. According to the recently
conducted survey results among consers and businesses and data tracking mobility, a rebound in
consumption can be observed and this should only strengthen in the coming months. Tourism sector also starts
to revive, and all these positive symptoms afconomy recoveryare expected to outweiy the temporary
production input shortages and rising costhich severamanufacturing secta has been affected witti39]

9 https://www.oecd.org/G20/keyissuesfor-digitattransformationin-the-G20.pdf
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According to theFIEC reportConstructionActivity in Europe (edition 2020%0], the construction sector
has reached $% of the EUGDPand generates clos® 18 million jobsApart from creating new jobs, it drives
the economic growth, and provides solutions for social, climate and energy challégjag. among the top
contributors to the world economy it provides annual revenue of approximately $11.86rtf41]. Moreover,
according to theResearchAndMarkets.cqgrthe dobal construction market is expected to reach $16.6 trillion by
2025, growing at a CAGR of [42].

In the FIEC reportentioned abovewe can finda lot of useful economic datshowing the importance of the
construction sector for the European Union as well as for the whole econlontlye tablebelowwe present the
most important ones.

Table5 ¢ Construction sector main indicators

Indicator data

TOP 4:
1) Germanyg 373
2) France 194
3) ltalyg 130
4) Spaing 125

Investment in Other COGITO project countries:
construction in 5) Austria- 45
2019(BLNe) 6) Denmarkg 33

7) Slovakia; 9

8) Greece 8

General indicators:
9) UE 271,324
10) USAg 1,157

1) EU 27 12,7 million workers
2) USAq 7,5 million workers
Jobs in
construction 2019 Employment in thesonstruction sector in EU 27:

1) 6,1%of total employment
2) 27,4 % of employment in industrial secto

Main activities in 1) 18,8% Civil engineering
construction 2) 21,6% New housebuilding
sector 2019 3) 28% Rehabilitation & Maintenance (in housing)
4) 31,6 ¥%Nonresidential (e.g. hospitals, schools)
Source: FIEC

In terms of condition of the construction sectohe latest Eurostatiata show thatEU GDMas decreasetyy

0.1% in the first quarter of this yeahowever this was a much milder decrease comparedhe estimate
presented in the Spring Forecadd.4%). There was also a decrease in private consumption, by 1-8%ghich

was caused by the fact that people purchased fewer durable goods and services and spent a bit less on non
durable goods. On theontrary, investment proved resilient (+0.8%) for the third quarter in a vavich was a
consequence of positive impulse from constructior{seeFigure9).
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Figure9 - GDP demaneside components, EU, change
Source: European Commission

nfirm that the recovery of the European construction industry is more rapid than initially
f the losses from the pandemic expected to be recovered in 282brding todata

provided byEuroconstruct (which is represented by research and consulting companies, covering nineteen
European countriesonstruction volume in the Euroconstruct area is to grgv@t8% in 2021, following a slump

of 5.1% in 2020Similarly

Lo the above situation with the EU GDP, the declaes less than expected, and the

pre-crisis level will thus be reached again by 2G##Zhe latest[43)].

Challenges

There are many challenges that construction sectéadgg. Some of thenespecially toward digitalisatigmere
mentioned inchapter4. Ingeneral EuropeanCommission pointed four main challengpbt] (see tablebelow).

Challenge

Stimulating demand

Trainings

Innovation

Energy efficiencand
climate change

Table6 - Construction sector challenges

Efficiencyimprovements in existing buildings and renovations have the highesi
potential to stimulate demand.

Improving specialised training and making the sector more attractive, in partic
for blue-collar workers, technical colleges and universities

More active uptake of new technologies

Buildings account for the largest share of total EU final energy consumption (
and produce about 35% of all greenhouse emissions.

Source: Europea@ommission

10 EUROCONSTRUEDMe- WIFO
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Construction industry trends

Trends are also a pivotal factor to analyteking into account introducing new product on the market. The latest
trends in global construction are presentbdlow.

Table7 ¢ Global construction industry trends

Advances in the sector are not only driven by traditional amell-established
construction companies, but by new disruptors as well. Materials represen

Innovation . . ; L0 -
important innovation opportunity since they can have a big impact on construc
costs, quality, ad sustainability.
Compe:nuve The traditional low margins in the industrycombined with increasing projec
dynamics and . . . . . .
margin complexity, competition [ro,m Asian companies, aqd supply che}ln constrapis
. extra pressureonthda SOU2 NRa LINRFAUGFIOAf AlUE D
improvement

Although construction companies tend to obtain higher margins in their dome
markets, the international expansion of the industry continues to be a dominant tr
Pastand recent corruption incidents, together with company failings, have cle

Internationalism

fe”:gt'i"j‘;‘;eénd FTTSOGSR GKS O2yadNHOGAZY AyRdziNEQS
9 compliance practices at construction companies, reshape regulation, and inc
transparency

transparencyacross the board.
Sustainable construction is becoming a requirement rather than just an extra, and
must be able to introduce improvements ircastefficientway.

Source: Deloitte

Sustainability

As we can seechallenges pointed by the Europea@@mmission have mangimilarities with the trends
mentioned by Delote. Generally, ifve look closer toward any example presented in this document regarding
construction sector development or construction sector digitalisatibrtan be observedthat both EC or EU
framework/policy and norgovernmental initiativesre having same conclusians

In terms of digitization, nowadays it is amid significant transformations; however, the adoption rate of new digital
technologies and automation in construction is still very slow. Whtleer sectors have seen persistent

productivity improvements driven by the adoption of new digital technologies, global construction labour
productivity continuous to remain capped at just 1% annual g&ind.the potential is not to be underestimated.

Thennmdep DS2alId GAFE al NJSG Ay GKS 19/ LyYyRdzaGNE NBLRNI ¥
to save 10%R0% in the entire construction workflow, whereas project time saving is 14%. In transport
infrastructure, there is a cost saving 06%23% in the design and engineering phase and 8% in the entire
construction workflow, whereas timsaving is around 17%. In industrial infrastructure, the total cost saving is

8%10% in the construction workflow and project time saving is about 8%. Apam these benefits,
RAGAGEIFEATEFGOAR2Y | ta2 AYLNROSE O2ftftl 02Nl GMAYS SyKIyOSa

5.3 Architecture, Engineering and Construction (AB@rket

As already mentioned at the end of tlehapter above, aother important market for the COGITO tools is the
AEC market so the Architecture, engineering, and construction market.

Architecture, engineering, and construction software is used by many groups like real estate companies,
constructionfirms, surveyors, interiodesignersand others for effective project life cycle managemefithe

idea to applyarchitecture, engineering, and construction software is to enhance project performance and
produce better outcomesand, in this senséAEGuports construction managers to gather data and information
from different relevant fields and communicatehem more effectively. Enhanced data communication and
coordination among various stakeholders, architectures, and construction supervisors is caithledproved
construction productivity to provide a leading edge to AEC u§&ss.
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Inareport preparelo @ ! £t £t ASR al NJ Si wSaSINOK ¢S OFy NBFR GKI
$7,188.00 million in 202@&nd is projected to reach $15,842.00 million by 2028, growing at a CAGR of 10.7%
from 2021 to 202& [45]

The softwae segment dominated the overall AEC marke2@20accounting for nearly twahirds of the total
market share in 202(45] and it is expectedhat this trend willcontinue due to anincrease in construction
projects and adoption fosoftware such aB8IM software in the AEC. Most construction and infrastructure
companiesrealready benefiting from these solutiotsintegrate all construction processes together. However,
there should be an increase in applying thosd¢hia servicessegment in the upcomingearsdue to, againan
increase in adoption of services among end users as it ensures effective functioning of AEC software and
platforms.Moreover, high implementation of AEC creates need for services in the market, which iseexizec
drive the market in the comingears,and it is estimated that the services segment will witness the highest CAGR
of 12.1% from 2021 to 2@J45]. Moreover,looking from thedeployment modeside the onpremises segment
dominated the AEC market share in 2@2Mtributing to around thredifths of the global AEC markpt5], and

this trend is alscexpected to continuedue to higherconcernsrelating to security of data associated with
construction projects. Larger firms in the AEC industry such as Autodesk Inc. and Nemetschek AG provide on
premises software for their customers in industrial, infrastructure, and residential sectors. Howawéncrease

in the cloud segment ialsoexpectedto occur(to witness the largest CAGR of 12.4% from 2021 to 2021

due to the factthat it does not involve capital cost as well as has low maintenance requirements, hence is most
preferred by midsized financial institutios. Moreover, the COVH29 pandemic was also the reason for this
increaseamong both large and migdized enterprisedn terms of companwize,the market was dominated by
large enterprises globally in 202Md in the coming years this trend is likely to be attained. The reason for this
was therise in use of cuttinggdge technology such as augmented reality and virtual reality in large scale
enterprises, which needs AEGOn the other hand, SMEs are alsoyactive in this fieldisthey are facing lots of
competitive pressure in emerging countries, which forces them to adopt AEC software for betiatication

in the AEC industry.

When it comes to market developmemgrowth in infrastructure projectsjueto rapid urbanization and increase

in productivity;, growth in adoption of AR and VR in the construction industry and rise in implementation of I0T
in numerous construction projects and regulations applied by government authorities for the use of AEesoftw
drive the market globallyOn the other hand, agaimjgh initial cost of implementation of AEC softwaeek of
standards and unclear policy frameworksand lack of skilled workers in the industry restrain the market globally.
[45]

Emerging trends in AEC industry are presented in tablew.

Table8 - Emerging trends in AEC industg/1]

Bringing together various components and ssystems into one functional system is

Integrated
app?oach to trend that started toappear in the last years. The sector is not that fragmented ¢
infrastructure was used to be, and companies are focusing today on synchronization and coope

across the value chain. They are defining mutual standards and setting new goa
example, Australissipioneering the standardization of project alliance agreements
is adopting a model of cooperative partnership to reduce initial costs.

Governments play a key role in supporting the sector as solid transport infrastru
projects require huge public sector investments. However, as such high investr
may not be possible at all times for governments, the AEC industry is turning to-p
PublicPrivate private partnerships (PPP). This is a feasible, reliable and viable mode of cr
partnerships infrastructure in both developed and developinguntries Globally, the share of PF
projects in the overall infrastructure investment ranges from 5% to 10%. Many
countries have published concrete national infrastructure plans and project pipe
to help investors get a better understanding of return on investment, payback pe

development
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project lifecycle and asset management efficiency. However, regulation

insufficiency of funds with governments are some of the problems encountered in

PPP model.

The AEC is the least digitalized seatorttraditional methods are still prevalent an
Digitalization of technology adoption is low. However, things are chaggnd digital technologies lik
AEC industry BIM, Cloud, Digital Twin, Artificial Intelligence, drones, Augmented Reality, V
Reality and Mixed Reality are now being used.
Geospatial technology is revolutionizing the constructiedustry from planning anc
designing to building and operating. There are many data and informatiol
construction projects at every stage, from drawings, layouts, blueprints, schedul
cost estimates and specifications and often overlaps and lack p$istency in
information leads to construction errors. This can be remedied if spatial andpaiial
data is maintained in a single environment and changes are made to these docul
at one place. Geospatial technology can help in achieving that kstingstonstruction
managers at each and every level and establishing a clear line of communi
between all stakeholders.
BIM integrated with GIS system ensures that all the data is stored in a central repo:
It is necessary sthat they communicate with each other to build and operate witt
the desired infrastructure and communities. Today, many BIM and geospatial sol
providers are creating integrated solutions to optimize construction workflows
enable users to accesspdate and use buiih data in spatial context throughout th
construction lifecycle.

Geospatial
technology in AEC

BIM and GIS

Taking into account the challenges as well as positive signs and emerging trends it needs to be ajsbatoted

the industry needs collaborations among differenttas. Construction companies and geospatial market
stakeholders need to enhance education and training capacity, the policymakers have to implement regulations
promoting collaboration between all parties to bring digitalizatiorgodd way forward would bealso to focus

on smaller projects instead of flagship ones, changing the perception that BIM and geospatial technology is only
for big projects. The AEC industry also needs to embrace new age disruptive technologies such as loT, cloud
computing and VirtueReality to develop innovative solutiof#l].

5.4 Digital twin market datag general

G! RAIAGEE doAy Aa I -well éhiitfior dysteMBThaNdpieBefitationioh a2digitaiviin i NB | €
an encapsulated software object or model that mirrors a unique physical object, process, organization, person

or other abstraction. Data from multiple digital twins can be aggregated for a composite view across a number

of reakworld entities, suchasapowd LJ 'y 2NJ I OAGe&x [46yR GKSANI NBfl G§SR L
There are several reports and analysis of the digital twin maBaath of them shws that the Digital Twin Market

will grow in next few yeardy’ (i Ridtal @winMarket ¢ Forecas{2021¢ 2026)[47]¢ it is estimated that

by the year 2026 the CAGR of the digital twin market will reach 24/Fite in the report prepared bgrand

View Researh [48] it is predicted that the CAGR will rise 42,7% between 2021 and 2028 and reach USD 86.06
billion. What is more, in those reports it is pointedit that the growth of the digital twin market will be also

boosted by the COVHDI impact orglobaleconomy(digitalisation of economy)n the 2018 report prepared by

Gartnetf! it is said that 13% of enterprises alreagse digital twin technology and 62% began the process of
implementation or was to start the proceste growth of interesin the digital twin technologies can alde

observelg A G KAY (GKS &aRA3IA ke in godyhe (sée fiduilieliy) Bifice té bediddikgrof/2816

till 2021 we can see thahis interestis growing year by year.

11 Global Research and Advisory Company | Gartner
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january 2016

july 2021

Figurel0¢ Popularity of the digital twin search
SourceGoogle Analytics

We have asked respondents in our questionnaire to rate (on the scale from 1 to 10, where 1 means no progress
and 10 means intensive development) what will be the progregshetonstruction sector digitalisation in the

next 5¢ 10 years As presented inhie figure belowthe average rate was 6(&ee figurebelow) which shows a
positive progress however not intensive one, as also confirmed in the desk research pteabate

AVARAGE RATE 6,2

Figurell ¢ Opinion on the construction sector digitalisation progress

Source: Cogito T2.2 survey

In the report prepared byslobal Market Insightéthey have pointed three big challenges that using digital
twin technologies can overcome, two of the can be related with the construction sgi8pr

1. a! OOdzNI G S Ay @Sy (2 NEhe glebalinvedtari rRanagensrl Foiiwar® indrksfmoe
has lately been brainstorming the possibilities of digital twin to reduce cost and revenue leakages, for
gargantuan warehouses and supermarkets, where managing optimum inventory level is the biggest
challenge. Digital twin market analysis suggekts the availability of realime consumption data can
lead to a quicker replenishment of supplies and avert @émgentorying, which can cause product

12 Digital Twin Market Size, Growth Forecast Report 2027 (gminsights.com)
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spoilage. Hence, the fapiaced adoption of digital twin in the inventory market offers lucrative growth
2LILR2 NI dzyAGASa F2NJ GKS RAIAGEHE GoAYy AYRAzZAGNERE O

2. Amplifying testing & product development capabiliti€igital twins can potentially help industries in
reducing product development and testing expenses. Companies depending heavily on destructive
testing for developing products can use the virtual replica of the #gafld scenario for significant
portion of the product testing. Say for example, automotive industry can employ digital twin for crash
testing prototype vehicles. Likewise, enterprises creatiraptgmodels and prototypes for feasibility
analysis can save money with digital twins during product development. Digital twin market is slated to
advance at a rapid pace in the coming years, given the above backdrop.

As the digital twin market is growingnd the general digital technologies are still developivg have askedi

our survey how (in the opinions of our respondentsyill tools that supports digital twhibased construction
develop(on the scale from 1 to 10, where 1 means no progress and Hhsiatensive developmenit) the next

5¢ 10 yearsThe majority of the respondents rated that the development will be intensivé & presented in
the figure belowthe average rate was calculated at 7.0 which shows a firm development

AVARAGE RATE 7,0

Figurel2 ¢ Opinion on the digital twinbased tools development
Source: Cogito T2.2 survey

Taking into consideration all data mentioned abo@AGR predigins, number of enterprises willing to use
digital twin technologieschallenges antlB & LJ2 ydRiBighsi tieQCOGITO project solution exactly matsh
the development of the market and meettsexpectations.

5.5 Gompetition analysis for digitatwin-based construction supporting tools

To have a wider view on the digital twin market situation we have carried out a desk regefirshplace Taking
into consideration the construction industry we have chosen most important players on markepribndtes
digital twin solutions (se@able6) [50]. Most of the companies mentioned in the table below were also listed in
the recent report prepared by Market Research Futugdobal Digital Twin Market Research Rej5ii].

Table9 ¢cCompaniesproviding digital twin solutions

GE is a pioneer in the Industrial Internet of Things, offering a wide range of disrt
services and solutions. GE can offer a company everyfrongdigital twin assets anc
elements to systems and processes. They want to reduce risk within bus
environments in collaboration with increased reliability and improved product

General Electric LINRP OSaaSad ¢KIFiQa ¢Keé (KSe@Q@S Oddgement
(Predix OPM} a complete ompremises, contreto-cloud analytics solution. The go
is management of process variability, prediction, and improvement of product qui
GE Predix OPM presents réiahe visibility and insights into operations exion
metrics to identify and solve performance problems faster.

Azure Digital Twins a platform that presents organizations with the foundation

Azure Digital Twins |~ . .
- build the next generation of I0T solutions. They create ehtaen workspaces tha
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