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ABSTRACT

Construction economy faces new challenges in the 21st century. Sustainability has
become an inevitable imperative. Digitalization has permeated every part of our lives.
The digital transformation of the construction industry presents many benefits and op-
portunities, yetitalso encounters various barriers that impede innovation and the imple-
mentation of new advancements.

Due to the conscious management and change of attitude of the construction econ-
omy, the adoption and mandatory implementation of Building Information Modelling
(BIM) has already become a well-established tradition in Western Europe, the United
States, and even Singapore. In Hungary, using BIM methods in public works is not man-
datory, but its gradual implementation is on the agenda. Due to the shared economic and
political traditions and solutions of the V4 countries, it is worth reviewing the current
prevalence of BIM in practice and the available scientific results. This overview study
examines public procurements and scientific literature on BIM in Poland, the Czech Re-
public, Slovakia, and Hungary. It presents the current state of BIM and the degree of its
implementation in public works. In doing so, it highlights some important similarities,
differences, as well as potential issues, providing valuable insights for consideration in
the implementation process.

Keywords: BIM Building Information Modelling B digitalization B public works
M public contract M public procurement B V4 countries M sustainability

I.  INTRODUCTION

The cooperation of the Visegrad Four - the Czech Republic, Hungary,
Poland, and Slovakia - focuses on the new challenges of the 21st century,
joint searching and sharing experiences in the thirty-year history of the
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V4. In the spirit of conscious shaping of the built environment, sustainability and
digitalization, Building Information Model or Modelling (BIM) is the most impor-
tant buzzword of the construction economy today. The mandatory introduction
of BIM on the public procurement (PP) market is a topical issue in those Europe-
an countries where it has not yet been implemented, including, to some extent,
in the V4 countries. There is a wide range of research and experience that can be
used, but it is a fact that these are primarily available in the field of engineering
and technological sciences. Conversely, there are far fewer economic, legal and
management approaches, despite their potential for significant contribution to
the discourse on implementation. The aim of this study is to present the current
BIM overview of the V4 countries, focusing on PP solutions and literature results.

1. Current challenges in the construction sector

The construction industry plays a pivotal role in shaping national economies,
given its productivity, capital and raw material requirements, employment fig-
ures, technological adaptability, and environmental impact. It stands out as a
particularly important factor in the recovery from the economic setback caused
by the COVID-19 pandemic, as well as in challenges related to sustainability and
energy dependence.lY In the 21st century, sustainability has become an unavoid-
able compelling issue, while digitalization has permeated every part of our lives.
Digitalisation in the construction economy creates new solutions in the field of
new construction technologies and industrialised prefabrication through ro-
botics that have the potential to increase productivity. The Construction Indus-
try 4.0 strategy, which emerges from the Industry 4.0 strategy, focuses on the
change of attitude necessary for the transition. It takes into account the entire
construction value chain, connects its elements with the means of digitalization,
and is able to reduce the time, costs and environmental load of construction
processes.B! [t summarises the tasks of the transition towards our sustainable,
green vision, the aims and means to achieve the goals of digitalization and sus-
tainability. Construction Industry 4.0 guides decision-making processes not only
for economic actors in the AEC sector (architecture, engineering and construc-
tion), but also in the policy and legislative processes of public decision-makers.

The scientific literature deals not only with the benefits and results of dig-
italization in the construction industry, but also with its obstacles. The digital
transformation of the construction industry is proceeding slowly, for two main
reasons. According to Nagy et al., it is due to the organizational, strategic culture
of AEC companies and the lack of openness of the market to new technologies.
Low digital literacy levels for managers and employees and rigid organisational

[1] Boros - Kovacs, 2022.
[2] Shafeietal., 2022.
[3] Nagyetal, 2021.
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structures unable to integrate new positions arising from digitalisation are ma-
jor barriers. Young businesses that are able to absorb new technologies but are
unable to meet demand due to their economic strength and numbers. Compa-
nies may not be willing to invest in adopting new technologies amid uncertainty
about the usefulness of the technology. Above all, therefore, the supply and de-
mand markets must be ripe to accommodate Construction Industry 4.0.1

The construction sector is one of the main pillars of the EU economy, account-
ing for 9% of EU GDP and employing 18 million people.™! The European Parlia-
ment’s Public Procurement Directive 2014/24/EU explicitly encouraged the use
of electronic solutions in PPs which opened the possibility using BIM in public
works. In 2017, the EU Commission published a handbook for the public sector on
the implementation of BIM and supports digitalisation in several ways.®!

In relation to EU member states, the largest construction contractor is the
state itself, i.e. government customers. Therefore, the importance of state in-
volvement is outstanding not only in strategic but also in direct customer func-
tion. From a political point of view, it can act as a catalyst for the adoption of
new technologies.l”! Several studies confirm the key role of the customer in in-
troducing innovations. Financial considerations play a major role in the custom-
er’s decision-making. A common problem is that the actors of the investment
do not cooperate properly or the preparation is not thorough enough, therefore
the project is delayed in time and often exceeds its planned budget.® If public
contracts are not performed within the financial or time-limited periods, the
additional financing needs will be additional to public funds. The efficient and
responsible management of public funds requires the prevention and the proper
management of these negative consequences and risks, which can be adequately
managed in higher-level BIM models (4D model - time scheduling, 5D model -
cost planning). These aspects have also led to digitalisation in the construction
sector in countries that are currently at the forefront, such as Great Britain.

Among the Visegrad countries, the Hungarian construction industry grew
the highest in 2018, at 22.3%, yet its share of EU construction production was
still only below 1%.

Cooperation between the Visegrad Four has varied throughout the thir-
ty-year history of the V4. The cooperation has achieved its goal, as NATO and
EU accession was realized, the establishment of good neighbourly relations and
the introduction of minority protection measures and guarantees have been
fulfilled. However, cooperation has continued and has been complemented by
new policies such as energy, environment and digitalisation following a common

[4] Nagy etal, 2021.

[5] Rolling Plan for ICT standardisation.

[6] Handbook for the introduction of Building Information Modelling by the European Public Sector.
[7] Lindblad - Guerrero, 2020; Lindblad - Gustavsson, 2021.

[8] Walaseka - Barszcz, 2017.

[9] Boros, 2019.
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search for a common path.[' In 2022, the ministers responsible for transport
and infrastructure of the V4 countries signed a memorandum jointly declaring
that digitalization is a key element of future mobility. The signatories noted that
Cooperated, Connective and Automated Mobility (CCAM), an international or-
ganisation of the European Commission established in 2021,*Y represents great
potential for mobility challenges related to the growth, safety, accessibility,
changing demand conditions and increasing emissions of transport.'? To this
end, they agreed to cooperate legal, social, economic, technical and institutional
processes as necessary in testing CCAM and related technologies. Priority areas
for joint action and exchange of best practices have been identified. Given that
CCAM’s goals and operations are closely related to environmental aspects, the
development of standardization and regulation, as well as its built environment.
This thinking is not far removed from the standardization and digitalization ef-
forts of the construction industry, whose buzzword today is BIM.

2. BIMin a nutshell

There are several definitions of BIM. BIM as a product (Building Informa-
tion Model) is an authentic data set that integrates the physical and functional
characteristics of a building or facility, which provides a reliable basis for deci-
sions throughout its entire life cycle.’3 BIM as a process (Building Information
Modelling) can be considered as a complex collaborative process, in which all
actors of the investment use an intelligent model-based design application from
preparation, design through implementation to the maintenance-operation
phase, and then also at the demolition, disposal and/or recycling phase. BIM as
an approach covers the entire life cycle of buildings.'* BIM technology makes it
possible to create a virtual environment for a construction site, thus opening up
new modelling possibilities. It enables automation, creates a digital replica of the
building (digital twin). The most important advantage of BIM for stakeholders
is undoubtedly the ability to save money. In the BIM model, different versions of
the facility can be created quickly, collisions can be investigated, which reduces
or avoids unexpected costs and changes during the construction process. The
method supports the entire life cycle of the building by providing information
not only about the geometry of the building, but also about its individual ele-
ments for operation, maintenance, or sustainability aspects. It is now accepted
that BIM can be applied not only to buildings, but also to linear installations and

[10] Stepper, 2022.

[11] CCAM: What is CCAM.

[12] Memorandum of Understanding.

[13] NBIMS 2010, National BIM Standard - United States.
[14] Siniak etal., 2019.
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other engineering works.™*> BIM can be the backbone of projects, and thus var-
ious discounts and forms of support, not only as proof and generator of innova-
tion, but also as authentic data sources.!®!

II. RESEARCH METHODOLOGY

The readiness of the V4 countries for using BIM in public works is based on
two empirical studies. First, we prepared a statistical analysis of the occurrence
of BIM so far based on the available PP data, and secondly, we conducted a liter-
ature search on publications on BIM in V4 countries. Subsequently, we evaluate
the situation by processing the content of scientific publications and publicly
available professional materials and guidelines, and point out possible further
directions of research. During the literature search, instead of focusing on engi-
neering, technological and computer science publications, we highlighted those
that could be relevant from the point of view of mandatory state introduction
and legislation.

I[II. PUBLIC PROCUREMENT RESULTS

In order to detect the presence of BIM in public contracts, we reviewed pub-
licly available PP information in the V4 countries. Our statistical analysis is
based on the Public Procurement Supplement of Tenders Electronic Daily, the
official journal of the EU. On the electronic search interface, we filtered for BIM
in PP notices of the previous three calendar years to find procedures related to
any subject (works, supplies, services) related to the BIM methodology in any de-
tail. Based on the curiosity of BIM in this geographical region, it is not assumed
that in the case of PP involving BIM in any depth, the word BIM will not appear
in the call for competition, but only in the procurement documentation, which
would require more detailed background research. These notices concern PPs
at or above the EU threshold, which, due to their scale, value and complexity, are
more likely to be carried out within a BIM framework compared to procedures
of lower value and simplicity under national regimes. Experience in Western Eu-
rope, Asia and the USA also shows that the implementation of BIM is primarily
implemented on high-value projects, its mandatory introduction is linked to in-
vestment value and in addition to the sectoral character (building construction,
civil engineering, public utility construction).

[15] Tateyama, 2017.

[16] BAMB Buildings As Material Banks (BAMB2020) and Madaster Madaster — The Digital Library
of Materials.
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Figure 1 shows the total number of notices in which the term BIM appears
in the years 2020-2022. The larger number of pieces (Notices) is deceptive, as
corrections and information notices belonging to the same procurement also
appear in it. To this end, we have narrowed the search to calls for competition
(Contract notices 2), which shows the current reality. During the filtering, only
the classic contracting authorities had a procedure, and we did not find any BIM
procedures announced by public service providers. While 89 PP procedures
containing BIM were launched in the Czech Republic during the period under
review, Poland came in second place with 56 procedures, Hungary had 46 proce-
dures and Slovakia had only 5 PP procedures in which BIM appeared.

Public procurement notices and contract notices containing BIM term 2020-
2022
400
350
300
250
200

150
B =
50

- S

Ccz HUN PL SK
I Notices 367 166 131 11
Contract notices 89 46 56 5

Figure 1: Public procurement notices containing BIM terms, 2020-2022
(Source: TED database, own collection)

The distribution of each procurement procedure by procurement object was
as shown in Figure 2. The data clearly show the majority of procedures related to
service orders: overall, these mainly design orders account for about 80% of the
procedures, the proportion of which leads everywhere in countries compared to
other procedural subjects. This is followed by the range of works, in a propor-
tion that varies from country to country: Slovakia had no BIM-based works at
all between 2020 and 2022, according to PP statistics. Hungary and the Czech
Republic had 8.7% and 6.7% respectively, while Poland had a high share with
32%. Procurement of supplies specifically aimed at BIM solutions did not start
in Hungary during this period, which may also indicate that contracting author-
ities did not have a demand for the purchase of software and tools enabling the
use of BIM method. In contrast, all three V4 countries conducted such supplies.
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Supplies Sum
CZ 4 89
HUN 0 46
PL 4 56
SK 2 5
SUM 10 196

Table 1: Distribution of public procurement notices containing BIM by public procurement
subjects, 2020-2022
(Source: TED database, own collection)

cz HUN
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“ 2

= Works ®Services © Supplies

Figure 2: Distribution of public procurement notices containing BIM by public procurement
subjects, 2020-2022
(Source: TED database, own collection)

Figure 3 shows the year-on-year evolution of BIM PP procedures in the four
countries. For the Czech Republic and Hungary, there was a significant increase
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from 2020 to 2021: the number of BIM-related procedures increased one-and-
a-half times in the Czech Republic and by a quarter in Hungary. From 2021 to
2022, Hungary experienced a more significant decline. In Poland, there has been
a decline in three years, while in Slovakia BIM has almost disappeared from the
PP market.

Public procurement contract notices containing the term BIM

2020-2022.
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25 22
19 19
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Figure 3: Public procurement notices containing the term BIM, 2020-2022
(Source: TED database, own collection)

IV. SCIENTIFIC ACHIEVEMENTS

A Scopus search for literature conducted in April 2023 on Bulding Informa-
tion Model or Modelling yielded a total of 475,031 results for engineering, social
sciences, decision sciences, environmental sciences, commercial and marketing,
and energy, which was modified with the word BIM to get 5,166 results.'” For
familiarity, we narrowed the results of our open access search to 1174 results,
and then to 1134 without results that were definitely not related to the topic.
Following the publication of the first studies in 2011, the number of units that
rose sharply between 2016 and 2017 declined in 2018-2020, but scientific inter-
est and research gained momentum again in 2022 and 2023. The result of 2023
so far in the first quarter exceeds the half-year figure of 2022 and the publication
of all previous years.

The number of studies specifically aimed at PP and state implementation is

[17] 23th April 2023. The fields of biochemistry, genetics and molecular biology, as well as the field
related to Earth and planets have been excluded, but the fields of social sciences and decision sciences
still yield many other results not related to our topic. Partial occurrences of search terms also distort
the results.
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much narrower. There is no concentrated research on this topic, we need to look
for PP difficulties behind the findings of individual studies. However, the pro-
fessional organizations supporting BIM operation in certain states, as well as
the books and guidelines issued by them, provide useful information for under-
standing international trends, so we used the latter for the preparation of this
overview study.

Narrowing down the search on the Web of Science (WoS) to BIM and V4 coun-
tries, 330 scientific publication results were found.*®! Focusing on the 10 largest
results, the distribution of these disciplines is shown in Figure 4.

Green Sustainable
Science Technology
Environmental Sciences 33 25

Construction Building Technology
61

Remote Sensing 25

Engineering Civil 92 Architecture 45

Figure 4: Distribution of scientific results related to V4 countries containing BIM expres-
sion, showing the ten most relevant scientific areas
(Source: Web of Science, own collection)

Based on WoS data, scientometric analysis primarily brought results relat-
ed to engineering and environmental sciences, as well as various technological
disciplines, to the BIM expression. Management discipline hit 11 cases, which
means a rate of 3.33%.

As a comparison, we also looked at the distribution of European countries
and the entire spectrum in scientific fields, which yielded similar results. Glob-
ally, the proportion of hits belonging to the management discipline is higher, it
has been included in the top 10.

Our search for the V4 countries did not result in any legal or administrative
results, nor did the European search results.

[18] 1st]June 2023.
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Green Sustainable Engineering Industrial
Science Technology 633 575

Environmental
Sciences 566

Computer Science
Construction Building Interdisciplinary
Engineering Civil 2765 Technology 2182 Applications 471

Figure 5: Distribution of scientific results worldwide containing BIM expression, showing
the ten most relevant scientific areas
(Source: Web of Science, own collection)

Green Sustainable
Science Technology 253 | Architecture 235

Computer
Science
Interdiscipli...
Applications
176

Environmental
Sciences 216

Construction Building Engineering
Engineering Civil 999 Technology 812 Industrial 197

Figure 6: Distribution of scientific results related to European countries containing BIM
expression, showing the ten most relevant scientific areas
(Source: Web of Science, own collection)
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V4 states Worldwide Europe
WosS Categories Record | % of | WoS Catego- | Record | % of | WoS Catego- | Record | % of
g Count | 330 ries Count | 4666 ries Count | 1830
Engineering 92 |27.8g| Eneineering | ,o05 | 5906 | ENBINCENNG | gq9 | g459
Civil Civil Civil
Construction Construction Construction
Building Tech- 61 18.49 Building 2182 |46.76 Building 812 | 44.37
nology Technology Technology
Susi;?relar:ble Green Sustai-
Architecture 45 13.64 . 633 13.57 | nable Science 253 13.83
Science Technolo
Technology gy
Environmental | 53 |4 o | Engineering | 570 115 35 | Architecture | 235 | 12.84
Sciences Industrial
Green Sustain- Environmen- Environmen-
able Science 25 7.58 . 566 |12.13 . 216 11.80
tal Sciences tal Sciences
Technology
Computer
Science Engineerin
Remote Sensing | 25 | 7.58 | Interdis- 471 [10.09| “PEINCCTINE 1 197 11077
1 Industrial
ciplinary
Applications
Computer
Urban Studies | 24 | 7.27 | Architecture | 357 | 7.65 | Sciencelnter-| i 01 g 65
disciplinary
Applications
Materials Sci- Environmen- Environmen-
ence Multldlsa— 21 6.36 tal Studies 343 7.35 tal Studies 137 7.49
plinary
Imaging Science Engineering Remote
Photographic 19 5.76 | Environmen-| 208 4.46 . 114 6.23
Sensing
Technology tal
Computer Imaging
Science Inter- 18 | 546 | Management| 197 | 4.22 | Science 88 | 481
disciplinary Photographic
Applications Technology

Table 2: Comparison of the distribution of scientific results containing BIM term in disciplines
(Source: Web of Science, own collection)

BIM-PAVED ROADS AROUND VISEGRAD - THE IMPLEMENTATION... 101



TANULMANYOK

V. BIM RESULTS IN V4 COUNTRIES

1. Poland

The use of BIM in Poland is optional. According to Zima et al.*”! and PlanRadar,
in 2019, 43% of design and construction companies said they use BIM.2% Surveys
conducted by Autodesk in 2015 and 2019 show that BIM literacy rates have in-
creased significantly for both design firms and public actors.?!! For the period up
to 2019, the Polish Ministry of Construction reported the implementation of 70
state projects in BIM in public buildings, road and infrastructure investments.

BIM was introduced in 2014 with the Polish Public Procurement Act. The
law obliged the President of the Polish Public Procurement Authority to prepare
and publish the model contract documents. The new PP guidelines of 2014 also
helped with the implementation, primarily by preferring the quality evaluation
criteria, in which innovative quality, functional, sustainability, social and inno-
vation aspects and operating costs are covered through BIM.?2 The method was
initially intended to be used in the construction of the Jozef Pisludski Museum
Complex in Sulejéweki and other building projects. State regulations on the early
introduction of BIM were halted until 2020, when the Polish Ministry of Devel-
opment, Technology and Labour published a roadmap for the phased mandatory
introduction of BIM. The roadmap would introduce BIM for large investments
from the state budget by 2030.%3

Poland has an accepted BIM standard (BIM Standard PL, PN-EN ISO 19650).
There is a declared government intention for mandatory implementation, and it is
more advanced than in Hungary, as the roadmap has also been adopted. Another
similarity is that the driving force behind the spread of BIM is the private sector,
with its actors voluntarily applying it. Legal work has already begun for its imple-
mentation, the main challenge of which was to include BIM in PP contracts. The
government’s goal is to achieve the greatest possible savings through BIM.

Among the international scientific publications we can find several excellent
analyses with an economic approach on the topic.

Reizgevicius et al.?* examine the advantages of using BIM technologies from
the point of view of design firms, using the method of return on investment
(ROI). Their study concludes that there are economic reasons behind the slow
implementation of BIM, which can be changed by private and public clients and
policy. Policy must address not only implementation, but also financial and oth-
er incentives. In addition to buildings, they recommend BIM implementation ef-

[19] Zima - Plebankiewicz - Wieczorek, 2020, 10., 16.
[20] PlanRadar: BIM adoption in Europe..., 2021.

[21] Damassets: BIM - polska perspektywa.

[22] CMS: BIM Law and regulation in Poland.

[23] PlanRadar: BIM Adoption in Europe.

[24] Reizgevicius etal., 2018.
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forts for other structures (bridges, engineering facilities, linear infrastructure),
as the externalities in these areas are very high, which BIM offers excellent solu-
tions to mitigate.

SWOT analysis was used by Zima et al.® to examine the strategic imple-
mentation of BIM in the construction industry in Poland. The analysis showed
that BIM is present on the Polish market, but its uptake is very slow. According
to the authors, the best way to speed up the process is through an aggressive
development strategy based on the full exploitation of strengths and opportu-
nities. The promotion of BIM requires leveraging leading market players, creat-
ing incentives, and enhancing education and training for BIM professionals. The
study identified three main reasons - two human and one financial - for BIM
implementation in Poland: low levels of knowledge regarding BIM technologies,
limited awareness of the benefits of BIM, and low construction documentation
costs during investments that do not cover the costs associated with BIM imple-
mentation.

Gryzl et al.?9 in their case study demonstrated that significant benefits, such
as time savings in the design process can be achieved by using BIM even in small-
er projects. The article challenges the general perception that BIM is more suit-
able for large projects and less effective for small and medium-sized buildings.

Lesniak et al.?”l examined why BIM adoption and acceptance is much lower in
Poland than in Western and Northern Europe. They saw an important obstacle
in the regulation, which, in most cases, does not permit the use of electronic doc-
uments in the construction processes.

Walasek and Barszcz/?! also investigated barriers to widespread BIM adop-
tion. The authors pointed out that the introduction of BIM increases costs at the
design stage, but at the same time brings the greatest benefit to the owner, so the
decision and incentive of the owner is the main driver.

Woéjtowicz?? presents the possibility of introducing BIM in Polish defence
investments.Other recent studies include Klapa and Gavronek’s®% investigation
into the application of BIM to monumental buildings. In the case of cultural her-
itage elements, BIM means not only a 3D model, but also an authentic record-
ing of the current state, which is extremely important from the point of view of
preservation and presentation. The European Commission is proposing that EU
Member States carry out a digital 3D survey of at least 50% of their most visited
monuments by 2030, which will also allow the faithful preservation of buildings
in cyberspace.

[25] Zima etal,, 2020.

[26] Grzyl etal, 2019.

[27] Lesniaketal.,, 2021.

[28] Walaseka - Barszcz, 2017.
[29] W&jtowicz, 2019.

[30] Klapa - Gawronek, 2023.
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2. Czech Republic

The introduction of BIM in the Czech Republic was driven by the need for
more efficient construction management and project administration. A parallel
was drawn between the 75% productivity increase achieved by the digitaliza-
tion of the automotive industry and the possible digitalization solutions in the
construction industry, as a result of which savings of 8-35% were indicated in
the construction of transport facilities. An important milestone in the imple-
mentation process starting in 2016 was the PP regulation enabling the introduc-
tion of electronic solutions from 2016.%4 STFI (the Czech organization responsi-
ble for transport infrastructure) informed market players that it intends to use
BIM in its PPs, such as in the planning and implementation of transport infra-
structure projects and conducted several pilot projects in 2017-2018. In 2017,
a decision was made regarding the introduction of BIM.B? Therefore, the main
intention behind implementation is to save costs. BIM is expected to save 20% on
the strategy, which obviously applies to the construction period.*

The next important milestone is 2022, when BIM was made mandatory for
public works worth more than €5.7 million, as well as their design and documen-
tation work.B4

Professional working groups on various BIM topics also played an impor-
tant role in the introduction of BIM in the Czech Republic. These groups brought
together practitioners, representatives of science, and decision-makers.s! The
working groups and their members were and are able to clash diverse profes-
sional viewpoints in connection with different aspects of BIM.

The Czech legislation introduced several international standards under the
BIM CTS (Czech Technical Standard).B

The progress of the Czech Republic’s digitalisation transition in the construc-
tion industry and the government’s commitment are confirmed not only by the
search results, but also by the content of the currently available active PP notic-

[31] Government Resolution No. 958, 2nd November 2016.

[32] Ministry of Industry and Trade: ,Concept of introducing the BIM method in the Czech Republic”,
Decree no. 682. 26 September 2017.

[33] BIM Implementation Strategy in the Czech Republic, September 2017.

[34] Zak - Vitasek, 2018.

[35] Pruskova, 2019.

[36] CTSISO 12006-2: 2015 Building construction - Organization of information about construction
works - Part 2: Framework for classification, CTS ISO 12006-3: 2014 Building construction -- Organi-
zation of information about construction works -- Part 3: Framework for object-oriented information,
CTS ISO 16354: 2014 Guidelines for knowledge libraries and object libraries, CTS I1SO 22263: 2014
Organization of information about construction works -- Framework for management of project infor-
mation, CTS ISO 29481-1: 2014 Building information models -- Information delivery manual -- Part 1:
Methodology and format, CTS ISO 29481-2: 2014 Building information models -- Information delivery
manual -- Part 2: Interaction framework, CTS ISO-TS 12911: 2014 Framework for building information
modelling (BIM) guidance, CTS ISO 16739: 2014 Industry Foundation Classes (IFC) for data sharing in
the construction and facility management industries.
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es. For example, in 2022, the Ministry of Foreign Affairs launched a purchase of
computer-aided facility management services (CAFM) worth CZK 6 million. This
service enables the preparation and management of construction, technological
and technical passports for buildings, automating planned and extraordinary
maintenance, as well as building management processes. This is specifically in-
tended to meet the requirements of the upcoming Building Information Model-
ling Act, and it consistently seeks to leverage the use of the BIM model.

Zak and Vitasek’s 2018 article presents the process and experiences of BIM
implementation in the Czech Republic.”1 The study emphasizes the key impor-
tance of the commitment of the public client. Based on the extensive experience
gained in pilot projects conducted in cooperation with the ministry under the
guidance of a professional working group, the state leadership itself has estab-
lished the benefits and effectiveness of the introduction of BIM.

The difficulties and obstacles of BIM implementation are dealt with by
Nyvlt, then Matejka and Tomek,2* and Pruskova.*¥ While in his 2015 study
Nyvlt identifies knowledge and information management as critical success
factors (CSF) and grouped barriers to BIM adoption around the triad of ed-
ucation, government, and technology (including factors such as lack of senior
management knowledge, training and software costs for implementation, diver-
gent interests, legal uncertainty or professional resistance), in 2019, Pruskova
examines some key topics to motivate AEC actors to develop implementation
proposals and guidelines, and introduce approval processes from legislation to
internal regulators.

Wernerova et al.*l shows three different building projects of VSB - Ostrava
University of Technology in their case study. Among many others, this study also
proves that in practice, organizational implementation can take place through
a series of small steps, and the verification of BIM procedures and methods can
provide clear lessons.

Matejka and Tomek™? provides an excellent overview of BIM ontology, intro-
ducing the distinction between BIM as a product, as modelling, and as an ap-
proach. Recognizing that BIM users have limited knowledge of the system, as
each user is acquinted with only their specific part, creates an epistemically
problematic environment around BIM.

There are also several studies from an economic perspective in the Czech
scientific literature. BIM’s 5D model and cost estimation solutions are constant-
ly evolving, and each has its own application, advantages and disadvantages.[*’]

[37] Zak - Vitasek, 2018.

[38] Nyvlt, 2018.

[39] Matéjkaa - Tomek, 2017.

[40] Pruskova, 2019.

[41] Wernerova et al,, 2020 .

[42] Matgjkaa - Tomek, 2017, 1080-1087.
[43] Matejka - Vitasek, 2018.
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Vitasek™¥ investigates BIM costing schemes for transport projects. By linking
graphic solutions to classification, the 5D model can provide direct information
about the project budget, allowing for a more accurate consideration of fit into
the local pricing system and budgeting practices.

The BIM approach can be implemented not only at the level of individual fa-
cilities, but also on a large scale. Kramafova and Pruskova®! deal with BIM solu-
tions for brownfield projects. A topical and sensitive subject for policymakers is
the management of brownfield investments, which can be successful with BIM
solutions. Kofinek et al.*® published on the need to develop Digital Twins models
for smart cities.

The relationship between life-cycle analysis (LCA) and BIM model was re-
searched by Veselka et al.l*”! case study, in which the authors conclude that Czech
markets and legislation are mature enough and ready to implement BIM. It is pro-
posed to link the SBToolCZ green certification - the Czech equivalent of BREEAM
or LEED - to the BIM model. Two important lessons can be drawn from the LCA-
BIM context. Incorporating basic environmental data into a BIM model is a simple
and easily repeatable process, which would need to be prescribed and introduced,
as it would also enable more sustainable facility management solutions.

Among the very recent publications, Shults'™® case study focuses on civil
engineering structures and introduces a new concept of geospatial monitor-
ing. Stancik et al.*! points to the excellent potential of using BIM in evacuation
planning. Seligova et al.®¥ introduces R-WIM (Rain-Water Information Manage-
ment/Modelling), which provides a BIM solution for precipitation management
within urban water infrastructure, which can be an effective solution for munic-
ipalities to simulate and find suitable technical solutions.

In his study, Macek!! draws attention to the fact that the BIM model can also
be used during the tendering of facility management services, since the BIM
model spans both the implementation and operation phases. Since the ultimate
goal of BIM is cost optimization throughout the entire life cycle of a construction
project, this is also relevant during the period of operation and maintenance.
The author points out that the largest FM companies in the Czech Republic do
not participate in PP procedures due to their depressed prices. During PPs, the
criterion of the lowest price is prioritised in the Czech Republic. Against this, the
author proposes incorporating professional aspects, including the application of
BIM, which he supports by analysing previous Czech FM tenders.

[44] Vitasek, 2020.

[45] Kramarova - Pruskova, 2018.
[46] Korineket.al, 2021.

[47] Veselkaet.al, 2019.

[48] Shults, 2022.

[49] Stanciketal., 2018.

[50] Seligovaetal., 2023.

[51] Macek, 2023.
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3. Slovakia

In Slovakia, using BIM methods is not mandatory. There are no related stand-
ards or classifications.

In 2018, a survey was conducted to assess the current state of BIM appli-
cation in Slovakia, in which only 15% of the 350 surveyed companies- target
cost managers specifically - provided feedback. 77.4% of respondents do not
use BIM, while 67.7% have never encountered such a solution.’? In 2017, con-
struction project managers were surveyed. 24.71% of the respondents use BIM
technology in their work, and 89.34% reported that BIM solutions have helped
reduce costs.P?

According to the comprehensive research conducted by the Slovak BIM As-
sociation in 2021, 38% of the respondents identified the lack of standards as a
significant obstacle to BIM implementation. Other challenges reported include
higher costs (36%), a shortage of specialists (31%), insufficient time and re-
sources (29%), inadequate customer demands (29%), and a lack of specialized
BIM training (19%).Mayer et al.’ discusses critical success factors for imple-
menting BIM projects. Lack of experience with BIM projects results in dissatis-
fied actors and substandard projects on both the demand and supply sides.

In connection with the above, there are several publications related to Slova-
kia in the field of construction management (CM), education and training,** as
well as on the 5th dimension of BIM. In many cases, these publications provide
comparisons to Czech or other Central European solutions.

In the Slovak PP market, BIM approach has only made a marginal appearance.
The design and construction tenders according to BIM technology were related
to building construction projects. But in 2023 we find road construction and de-
sign tasks among the tenders for the first half of the year. It is worth mentioning
that five public tenders using BIM have been published so far in 2023, the same
number as the total number of procedures in the previous three years.

4. Hungary

The application of the BIM method is not mandatory in Hungary, but it is
not without precedent. Based on their own business considerations, pioneer-
ing ACE actors already apply BIM methodology in their design, production and
construction processes and have developed their best practices. Some large in-
vestors and operators are also benefiting. However, data on prevalence so far

[52] Mesarosetal., 2019.

[53] Mesaros et al., 2017.

[54] Mayer etal., 2021.

[55] Kolari¢ et al,, 2018; Mandicak et al., 2018.
[56] Mesaros, et al.,, 2019.
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are scarce. According to a non-representative survey conducted in 2017, more
than half of respondents have already used BIM processes on the ACE corporate
side. Another 30% of companies planned to try BIM in the near future. Among
the respondents, 65% of private investment actors have already used BIM-based
solutions, while only 35% of public investment actors (contracting authorities)
have already used BIM-based solutions.”!

As our statistics above show, the use of BIM in PP appeared in very small
numbers, and only in building construction.

At the same time, the intention to digitalize has been explicitly present
among the government’s goals since 2015.58 The publication of the Hungarian
BIM standard in 2019 was a major achievement, which introduced a unified con-
ceptual system, defined the principles related to the BIM method, and defined
the standards for the implementation phase of facilities.®™ Development has
been launched to set up a 3D-based public building cadastre, and to establish the
state and state public building registers for more cost-effective room manage-
ment and operation.®¥ Today, there is a very concrete government intention to
introduce BIM for public works, buildings, facilities and public utilities as well,
based on PP.

The planned transformation of the Hungarian construction sector is immi-
nent. The reform is planned to be implemented by two new codes: the Act on
Architecture and the Act on the Order of Public Works. These two acts are cur-
rently being discussed and have not yet been adopted. The proposed changes
aim, inter alia, at concentrating construction management, implementing invest-
ments reaching the national threshold under state management, in a regulated
order with designated actors. The objective is to change the landscape for ac-
cessing public investments in the spirit of transparency, establishing a uniform
and transparent order in investment processes, strengthening cooperation,
trust and predictability among investment actors. and All of this is framed in
the spirit of responsibility for present and future generations, with a commit-

[57] Architects’ Forum, 05.12.2017.

[58] Government Decision No 1398/2019 (VIL.4.) amending Government Decision No 1031/2018
(I1.8.) on the strategy aimed at the general development of the construction economy, the domestic
production of building materials and the extraction of raw materials in the domestic construction in-
dustry, and on providing funding for increasing the efficiency of domestic construction enterprises;
Government Decision No. 1567/2015 (IX.4.) on the action plan aimed at the transformation of the
construction sector and the related tasks.

Government Decision No. 1567/2015 (IX.4.) prescribed the establishment of the National BIM (Build-
ing Information Modelling) standard within the scope of specific tasks in order to establish the state
public building cadastre, its sustainable operation and its continuous filling with reliable and up-to-
date data.

Government Decision No. 1398/2019 (VII.4.) envisaged the examination of the possibility of making
the use of building information planning (and Design & Build construction mandatory) for the general
development of the construction economy, above a certain public procurement threshold.

[59] MSZEN ISO 19650-1 and MSZ EN ISO 19650-2.

[60] Lechner Tudaskozpont: AKEK - Korszerii kozépiilet-nyilvantartas 3D tdmogatassal, 2019.
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ment to “take part in the implementation of economically and environmentally
sustainable, low-cost-effective construction projects with low environmental
impact”.®! The Investment Framework Law proposal authorises the Minister
responsible for construction and transport to develop a building information
model (BIM) based system for public works projects, and to regulate the appli-
cation and scheduled implementation in a decree. Based on the general justifica-
tion of the proposal, BIM serves primarily to monitor and transparently report
the costs associated with construction works. The proposal stipulates that, once
introduced, BIM will be mandatory for all public works above the EU threshold.
According to the current government vision, BIM will be applicable throughout
the life cycle of an investment.

The BIM approach across the entire life cycle is consistent with internation-
al literature findings. The ultimate goal of the interdisciplinary and holistic
approach, as proposed by Kovacs and Micsik, is to provide the actors and deci-
sion-makers of the project with the necessary information for making decisions
at each milestone.® Furthermore, we must not forget about the quality control
function of BIM.[%31 Aldebei and Dombi® propose the introduction of artificial
intelligence and BIM in the context of the growing demand for raw materials in
the construction industry and the recycling of construction debris. Urban min-
ing requires extensive knowledge of the disused building stock, which can only
be acquired through labour and time-consuming processes or new technologies,
such as building information modelling.

Kiss and Szalay™! identifies BIM, which can integrate the method of LCA as a
possible tool for the energy optimization of buildings. In their study, they set up
a modular framework that can be integrated into the design process.

VL. CONCLUSIONS

Building Information Modelling is one of the fastest-growing fields of con-
struction economics, both in terms of practical application and scientific re-
search. According to our current knowledge, its development shows no sign
of stopping. New doors are opening, as we are already at the 10th dimension.
Of course, there is still a long way to implement BIM 10D, in general the entire
industry digitalization. In any case, it is likely that classic 2D design work will
slowly but surely be replaced by design in a 3D model, and this will increasingly
appear in the PP markets of countries that do not yet use BIM. State and local

[61] Bill for the Order of Public Works (as of 03.04.2024) § 38.
[62] Kovacs - Micsik, 2019.

[63] Kovacs - Micsik, 2019.

[64] Aldebei - Dombi, 2021.

[65] Kiss - Szalay, 2020.
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government customers recognize the advantages of BIM: more accurate cost
planning, faster planning processes, efficient communication during design and
construction, retrieval of accurate and authentic drawing and metadata, accu-
racy of cost planning, opportunities for sustainability and operational optimi-
zation, to name but a few. As Pruskova writes, “The benefits that BIM can bring
with its proper use are countless”.[%]

The V4 countries are still behind the European pioneers (Great Britain, Fin-
land, Denmark, Norway and the Netherlands) in the application of BIM, and the
crisis of previous years did not contribute to catching up either. But they can
draw on previous experiences and good practices, and use the elaborated stan-
dards, classifications and recommendations as models. So “there is no need for
Hollywood BIM” (Matéjkaa et al., 2017).[57

Among the V4 countries, Poland and the Czech Republic have already started
to introduce BIM in their construction projects above a certain threshold and in
related design services. In Hungary, mandatory introduction is imminent. Pro-
fessional organizations in Slovakia are open to implementation.

The scientific literature of the specialty is concentrated in technical, envi-
ronmental sciences, with a secondary presence in the field of management and
economic sciences. Legal and administrative statements are typically contained
in management and economic studies, while an independent legal approach can
only be found in semi-literature materials (studies, recommendations, guide-
lines). However, the mandatory introduction of BIM is also a matter of legal pol-
icy and certainly raises regulatory and substantive problems. First, it is neces-
sary to correctly and expediently define the scope of investments and the level
of multi-layered BIM solutions where the mandatory implementation achieves
the desired goals and benefits. The apparent additional labour and time require-
ments of BIM solutions are compensated by the achieved results, as proven by
studies from a management point of view. PP challenges need to be addressed,
in line with EU policy and policy objectives. Currently, BIM’s cost planning and
cost-keeping goal is a general preference. In addition, several other solutions of
BIM are especially useful for public clients in the long run. These are also sup-
ported by international literature, for example, in licensing processes, mon-
ument protection, in achieving sustainability goals through the integration of
LCA, waste recovery and energy aspects, in optimizing maintenance and opera-
tion processes, but also in city operation or via real GIS data related building or
utility cadastres.

[66] Pruskova, 2019.
[67] Matéjkaa - Tomek, 2017.
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