




















f capacity building and professional development of teaching staff at leading European
universities
1 strengthening universitypusiness cooperation to improve graduate employability
1 digitalization of learning modules and creation of an interaciBREGE platform
1 establishment of the BRIDGE Network, bringing together universities, industry, and public
institutions
Projectconsortium The project coordinator is tHekrainian State University of Science and
Technologies (USUST, Dnipro)he project partners includécom Ukraine- Lviv Polytechnic
National University, Kyiv National University of Construction and Architecture, Odesa State
Academy of Civil Engineering and Architecture, National UnivergiBhernihiv Polytechni@
public organization®Academy of Construction of Ukraifienstitute of Professional Qualifications,
and the Ministry of Education and Science of Ukraifitem the EU- Warsaw University of
Technology (Poland), University of Sannio (ltaly), RWTH Aachen University (Germany), Slovak
University of Technology in Bratislava (Slovakia), and the Slovak Chamber of Civil Engineers.
Such partnership ensures international exchange of experience, innovation transfer, and th
harmonization of educational standards in the field of sustainable construction and digitalization.
Underthe BRIDCE project, a number of key results have been achieved, aimed at improving
the quality of education, developing digital technologies, and strengthening cooperation betweel
universities and industry. N parti cul ar, modern Master s p
needs have been developed; BIM laboratories and learning hubs havests#ished to provide
students with practical training based on real case studies fromcdhstruction sector.
Special attention has been paid to the training of teachers and trainers in sustainable constructic
and digital modelling, enabling the integration of European approaches into the Ukrainian
educational spac@&n important milestone was the creation of the interactidREDGE platform,
which serves as a tool for international knowledge exchange, sharing of learning materials, an:
collaboration among project participants. the same time, théuniversityi industryd partnership
network is being developed to align the educational process with real economic needs, supportin
graduate employabilityA Dissemination & Sustainability Plan has also been developed to ensure
longt er m i mpact of the project on Ukrainebs hi
The implementation othe BRIDGE project has a significant impact on all levels of the
educational ecosysterkor students, it provides an opportunity to acquire modern competences in
the fields of BIM technologies, energy efficiency, and sustainable developRanteachers, it
offers a path toward professional growth, access to advanced European methodologies, ar
expanded academic mobilitfror universities, it represents the modernization of edugati
increased international visibility, and stronger positions in global rankikgsthe construction
industry, it ensures the training of a new generation of professionals capable of warkireg
framework of green economy and digital transformatior. society, it creates the foundations for
sustainable urban recovery, improved quality
Thus, t he BRI DGE project i's an integr al [
Ukraine during the postar recovery period. Its implementation contributes to the formation of a
new culture of engineering education based on the principles of sustainable development
innovation, and partnership between academia and induBtry. BRIDGE is not only an
educational initiative but also an investment in human capital, technology, and the future of Ukraine
-one that combines European values with the
integration into theommon European space.
Yuliia Bulhakova, ProjecCoordinator
Nataliia Chernova, Projedian



1. CASE STUDY: MODELING OF HISTORICAL BUILDINGS USING BIM
TECHNOLOGIES BASED ON POINT CLOUDS

HanieievT. R.

INTRODUCTION

Prototyping historical buildings is the process of creating a digital model of an architectural
object that reproduces its shape, structure, and sometimes functional features based on availabl
data. Such a prototype can be highly accurate (based on LIDAR scans) or reconstructive (basec
on archival sources, descriptions, and photographs).

Prototypes can be used for the preservation of cultural heritage, virtual reconstruction of
lost or damaged objects, scientific research, creation of interactive educational and museum
exhibits, and preparation for restoration work (Figure 1).

Fig. 1. Prototype of the Ascension Church in the village of Lukashivka, Chernihiv region

The value of a digital prototype lies in its ability to visualize a heritage object in its
historical context, compare stages of building reconstruction, create an interactive model for
VR/AR environments, and analyze structural features without physical intervention.

In modern practice of digital reconstruction of historical buildings, 3D scanning and BIM
(Building Information Modeling) are closely interconnected. Together, they form a powerful
toolkit for documenting the condition of an object, creating accurate digital models, planning
restoration or conservation work, and integrating the object into the contemporary urban
environment.

3D scanning is the process of collecting spatial data about an object using one of the three
most common technologies: LIDAR scanning, photogrammetry, or structured light scanning.

The advantages of scanning over manual measurements include high accuracy, the ability
to capture complex shapes and decorative elements, and the possibility of working with objects
in an emergency or unstable condition.
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If technically required, scanners from other manufacturers and alternative data processing
technologies may be used.

SCANNING METHODOLOGY
Main Scanner Specifications

The FJD Trion P1 SLAM scanner (Fig. 3) is a portable laser 3D scanner with SLAM
(Simultaneous Localization and Mapping) technology support, which enabletinreadcanning
without the use of targets or a tripod. It is designed for mobility and speed, with automatic frame
alignment, which makes its data processing logic different from traditional stationary LiDAR
solutions.

Product Certification
Target Sheet

LiDAR Scanner

Panoramic Camera Module
Base Plate

Batteries
Charger and Cable
USB Flash Drive

Cleaning Cloth

Figure 37 FJD Trion P1 Scanner. General View

The scanner is controlled via a smartphone application; all operations during scanning anc
visual monitoring are performed through the mobile app interface. After data acquisition and
saving, the files are exported to a PC/laptop for further processing.
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This scanner uses LIDAR + IMU (Inertial Measurement Unit) technology. The maximum
object capture range is 120 m, but this assumes ideal scanning conditions with 0% surfac:
reflectivity and no obstacles. In practice, the optimal data capture ranges® /0 After scanning,
the point cloud can be processed in the following formats: .las, .ply, .xyz, .pcd, .e57 (detailed

description will follow later).

Preparation for Scanning

Before starting work with the scanner, ensure the following:
Sufficient battery charge;

Battery securely attached to the scanner unit;
Camera securely attached to the scanner unit;
LIiDAR camera lens is clean;

Stable connection to the control smartphone.

5

Device Startup (Fig. 4):
1. Place the P1 on a flat surface;
2. Press and hold the power button fdar21lseconds to turn on the P1l. The status

indicator will slowly blink green;
3. Wait about 15 seconds until the status indicator turns solid green. Initialization is

complete, and the P1 enters standby mode.
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Figure 41 FJD Trion P1. Visual Interface

Wi-Fi Connection:
1. Turn off cellular service on your phone, enable-Fdiand then find the ki

net work named after the devicebds serial nu
2. Enter the password "******" tg connect to the network.
3. Open a browser on your phone and enter "******" in the address bar to access Trio

Scan (Fig. 5).
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Ho‘me
Figure 57 Main Window of the FJD Trion Scan Application

Data Collection:

1. Tap AScano in Trion Scan, enter the pr
initialization will begin, and the power button status indicator will blink blue. The P1 must
remain stationary during this process (Fig. 6).

2. Wait approximately 15 seconds until the power button status indicator starts blinking
red.

16:56 T-

n

FJDTrion"P1

Flgure 61 Start of Scanning in FJID Trion Scan

The P1 is now ready for scanning, and you can begin the process while monitoring the poin
cloud data in Trion Scan (Fig. 7).
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Figure 77 Scanning Process in FJD Trion Scan

Tap AFinisho, then AOKO to save the dat a.
twice.

Scanning Procedure

The scanning route should cover all blind spots of the object. The number of passes over th
same area does not negatively affect scan quality, so it can be ignored. To capture more data poin
it is recommended to plan the route in concentric loops around the object, gradually increasing th
distance after each loop. The route should avoid sharp elevation changes, and the presence of pec
in the scanning area should be minimized.

The movement speed during scanning should not exceed a normal walking pace. The longe
the scanner remains at a point, the more data it captures (however, stopping to increase poi
density is unnecessary).

During scanning, monitor the point cloud generation in the app interface. If overlaps, loss of
spatial orientation, scanner disconnection, or other issues occur, stop the process and rest:
scanning.

Completion and Data Export
At the end of the scanning route, close the loop by retradidd Bneters of the path to
improve point cloud alignment. After scanning, disassemble the scanner and store it in the case.
To export point cloud files, connect the scanner to a PC/laptop vk With the FID Trion
Model software installed.
To download data:
Tap AiDatao at the bottom,
Tap fiDownl oado for the required datase
Select the desired formatinthepopp wi ndow, then tap ADO\

5

Export files in the following formats:

fidslami for point cloud processing in FID Trion Model,

Jasi for point cloud processing in Autodesk ReCap,

.Insvi for applying color textures (video file from the camera).

5
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Figure 81 Downloading Files from the Application
After completing the point cloud registration process in FJD Trion Model, you obtain a

preliminary structure of the scanned object
textures (Fig. 9).

15



Figure 971 Results of Scan File Processing in FID Trion Model

After completing the point cloud registration process in FJD Trion Model, export the file in
.e57 format for further processing in Autodesk ReCap.

Adding the Point Cloud to a Revit BIM Project
To proces the point cloud in Revit, first link the point cloud file to your project using the

l nsert Y Li nk Y Point Cl ouc

The .rcp file format is a project file that groups multiple .rcs scan files. The result of indexing the
original file format is an .acp file and one or more .rcs @ files.

In the File Name field, select the file or specify its name.
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Figure 107 Adding a Point Cloud to a Revit BIM Projeét
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For the Positioning parameter, choose one of the following options (Fig. 11):

Auto T Center to Certer
Revit places the center of the point cloud
box. If the model does not fit in the current view, its center may not be visible. In this case,
zoom to fit the model in the window. The Revit model will then be centered in the view.

Auto T Origin to Internal Origin
Revit places the origin of the point cloud (e.g., point (0,0,0)) at the Revit project base point,
which can be considered the projectroject refe
North, Revit rotates the point cloud so that its north direction (0,1,0) aligns with the current
Project North. This option is recommended if the point cloud was created with a known
reference point and direction in the model orsae.
Note: When usingOrigin to Origin for a point cloud stored with geographic/geodetic
coordinates, the cloud may appear far from the rest of the model.

. Auto i By Shared Coordinates

Revit assumes that the point cloud file uses the same shared coordinate system as the model.
The point cloud origin will be placed at the shared coordinate origin, accessible via the survey
point. The point cloud will be oriented so that its north direction (0,1,0) matches the true north
of the Revit model.

Auto T Origin to Last Placed
Revit aligns the next imported point cloud with the previously imported one. This option
becomes active after inserting the first point cloud. You can move the first cloud to align it with
model elements. If additional point clouds were created on the same site and in the same syste
as the first one, this option ensures correct relative placement of new clouds.

17



IR Link Point Cloud ? X

Look in: Revit 2026 v i Views
i Im's - [arta amiHeHHs
= ACADInterop 08.10.2025 16:37
My Computer AddIn)mCtls 08.10.2025 16:37
h Addins 08.10.2025 16:38
- AddInsManager 08.10.2025 16:42
My Network... APDFL 08.10.2025 16:37
ﬁﬁ CER 08.10.2025 16:50
cs-CZ 08.10.2025 16:50
History d3dcompiler v1 08.10.2025 16:37
= d3dcompiler v2 08.10.2025 16:37
= Data 08.10.2025 16:37
Documents de-DE 08.10.2025 16:50
en-GB 08.10.2025 16:50
en-US 08.10.2025 16:50
Favorites Environments 08.10.2025 16:37
il
Deskiop File name: ‘ ~
Files of type: Point Cloud Projects (*.rcp) ~
Positioning: ‘Autu - Origin to Internal Origin ~ ‘
Auto - Center to Center
Auto - Origin to Internal Origin
Auto - By Shared Coordinates
Tools N Open Cancel

Figure 117 Point Cloud Positioning Options

After linking, you can manage the visibility of the point cloud through the Visibility/Graphics
Overrides dialog box, as well as create geometry using thetsipdgne function or directly to
point cloud points.

In this dialog box, you can enable or disable point cloud visibility for a specific view and
change the color display mode of the points.

Creating Geometry Based on the Point Cloud

Use Revit tools to create geometry (e.g., Wall, Line, Ghitle snapping function simplifies
model creation by referencing point cloud ddta.some cases, it is useful to enable automatic
detection of implicit planar surfaces in the point cloud and allow snapping to them.
If you need to snap directly to a point in the cloud, press Tab to cycle through snap options if the
plane snap is activated first.

Order of Describing Research Results

The research object is selected by the student based on literature review and approved by tt
instructor. Research can be conducted in groups®&RidentsBefore scanning, perform thorough
photo documentation of the objectds preserv
fa-ade el ement s.

The report (Appendix 1) should include:
A brief historical overview;
Description of the current state with photos;
Analysis of results in terms of accuracy, historical authenticity, structural features,
and changes over time.

5

Drawings of the scanned object should include:

, Fa-ades generated from the point <c¢loud
1i 2 sheets.
., Axonometry and characteristic fragment
A4 format, 1 sheet (Appendix 3).
If previous research data exists (plans and sections differing from the current state),
they can be compiled on an additional sheet with author names and research year indicate
(Appendix 4).
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Appendices

Appendix 1.

Omnue

Kommexe Muxait1iBchKol HepKBH € MPHKTIATOM apXiTeKTypH 3pinoro
KiacH3My B VKpaiHi kiHug XVII cromitrs. KoMillekc BKTIOYae
MUXaiTiBCEKII XpaM. OTOUCHHII KAM'AHOK OFOPOKel0 i3 [3BiHHLEI0 Ta
Beikamit. 36epirca ¥ CHOKOHBIHOMY BHITIAUL, KPIM OFOPOKI. SIKA € TLIBKH 3
2BOX (3aXizHO Ta i i) CTOpIH. y posi ThCSA BEKa.

Criopy/ukeHa B iepio 1782—1796 poku Hax piukoko TpyGixk.

Tlersisma, ONITYKATypetia, XpeCTONOIOHA Y IL1aHi LEPKBA 3 HEBETHKOIO
ANCHI0K0 Ta KyTOBHMH KAMEpaMII Ha BCIO BHCOTY. OHOT0T0BA. XpaM Bilvae
HamBCQePHIHIT KYTIOT HA KPYrIoMy GapaGaHi. MOTHPH Mari J1eKOpaTHBHI
[IaBKH  HAX  KYTOBHMi Kavepamu. ®acalil 1O UEHTPY MAiOTh

HeBEHKI PIBATITH 3 CKIATHIMII (4OTHPH CHapeHi KOTIOHH MLITPUMYIOTH

apKy) aop opaepa miop 3’ TpuRyIHEMY . PP Jlo

OIHOTO 3 MOPTHKIB NPHMUKAE HATHBKPYT/IA 3 HAIIB

)JIOHHA ancHia (Hima),

e POIMIMIYETHCS BiBTAp.
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2. THERMAL EFFICIENCY ASSESMENT OF ECO-ORIENTED PREFABRICATED
MODULAR BUILDINGS: CASE STUDY

Bolotov M. H.., Rudenko M. M.

Abstract

The main purpose of this study was to provide a deeper understanding of thermal
performances of eeoriented prefabricated modular housing based on the real example of a frame
modular singlefamily building "QHome26", located on the outskirts of the Chernihiv city.

By using infrared thermography, monitoring of existing cold bridges and the main heat losses
in the building's envelope was carried out as the first and useful step for a good energy audit. Fc
deeper understanding of building's envelope energy performance, the meticulous therma
engineering calculation was done.

The next step was to propose possible redevelopment of a structural and energy plant th:
promotes the building energy rating higher.

Keywords Sustainability, modular buildings, e@mmnstruction, thermal efficiency.

1. Introduction

The relevance of eeoriented modular construction is constantly growing due to the
aggravation of housing and environmental problems associated with military operations on the
territory of Ukraine. Modular prefabrications or modular prefabs implies thsitefinanufacturing
where whole building or its separate components are manufactured in controlled factory
environment with further transportation and installation on construction site [2].

The intentions to go green and minimize of natural resources consumption requires shifting o
our habitual construction practices toward the more sustainable and-effezigynt ones [1]. In this
context, the modularization in constructioecome®ne of the modertrends This is mainly due to
the fact that modular prefabricatioftxzusdirectly on the ecological and energy saving approaches
in building construction that allows to downsize hazardous environmental impact, resources anc
energy consumption and construction waste.

2. The statement of basic materials

Our case study is the sinfleami | y modul ar26pr ¢ Ba b fv@ikc me
manufactured in 2023 by the Ukrainian compar
(UNHCR) and installed in the vicinity of Chernihiv city in Novoselivka village. As a foundation of
the building, the FBS base blocks were used. The building's exterior, its installation process, 3C
model of the timber carcass as well as the premises plan with its explication are given in Fig.1.

Fig. 1. External view of studied singfl@mily modular prefa
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Fig. 4. The plan of the premises with its explication

The basis of the houseisatimfmea de fr ame with the di mensi o
thickness of the partitionsf 300 mm.The building is made up of two premises, particularly,

combined living room and kitchen with the area of 21.7%nu the bathroom of 3.88?nThus, the
living area of 25.63 hand the total area of the building of 31.96 m

As f ar as ités known, the building s env
performances of the buildings especially when it comes to the modular ones. In this case, the cot
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content of the building's energy efficiency and sustainability is the thermal insulation performance
of enclosure structures.

In our case study, as the insulatbe ecologically friendly basalt wool was used which
provides a high level of thermal efficiency with the low coefficient of heat conductivity about 0.038
W/ mL K. On top of t hlkanown ast nbreombloistildea vapor permeable awde | |
soundproofing one.

The enclosing structures were manufactured as the sandwiches, which are made up of tr
timber frame, hydro barrienembrane, OSB plates, insulator, vapor barrier, and wooden lining as
an internal decorative layer. The roofing consists of two layers of felt paper, OSB, timber
checkrails, hydro barriemembrane, insulated timber rafter, vapor barrier, checkrails and wooden
lining. The floor is detached from the ground on a distance of 250 mm and made up of the timbe
checkrails, two layers of felt paper, OSB, timber beams, insulator, OSB and PVC internal lining.

Reinforced timber framef the building is the dry calibrated timber with the GS$plates,
bitumen primer, vapor and waterproof, roofing material (roofing felt EPP 2.5 and EPP 4.0.). The
construction details of the enclosures (walls, floor, and the roof) are given in Fig. 5. It should be
noted that the thickness of the walls and roof is 250 mm while the thickness of the floor is 300 mm.

Timber lining (pine) -
12mm

Timber checkrails -
20x20mm

Vapor barrier - 1mm

Basalt wool -
150mm

Diffusive
membrane - 2mm

Timber beams
(Pine) - 20x30mm

Timber lining

Checkrails - (Pine) - 16mm
exanimm Timber checkrails -
OSB - 10mm 25x25mm
Roofing felt - 5mm Vapor barrier- 2mm
Basalt wool -
150mm
OSB - 10mm
Timber lining e
(Pine) - 16mm Diffusive

membrane - 2mm

Timber checkrails - 2 e
imber checkrails -
25x25mm PVC Lining-3mm 25x25mm
Vapor barrier- 2mm
P OSE:10mm | Facade (Pine) -
Basalt wool - Vapor barrier-2mm 20mm
150mm
Timber
OSB - 10mm HE checkrails-25x30mm
Diffusive Mineral wool-200mm
membrane - 2mm i 0SB - 10mm
Timber checkrails - Timber
25x25mm checkrails-20x20mm
Facade (Pine) - Roofing felt - 5mm 3
20mm £

Fig. 5. The detailed content of the enclosures of studied modular building

On the Southern facade, there are two trgleezed windows of -40-4-10-4 type with the
three air filled chambers profile system wit
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The house is heated up by the solid fuel boiler with the power of 7 kW, which is easily allows
to heat the building up to the total area of 160 m

Before the assessment of studied building's thermal efficiency the infrared thermography
inspection in order to get the information about the existing thermal bridges and the main heat los
in the building envelope was conducted.

3. The infrared thermography inspection

The inspections were carried out di"bf February 2025 approximately from 10:00 to 11:00
am whenthe weather was overcast, the temperature of the environment was dbéut A C, Wi
speed doesn't exceed of 3 m/s with the humidity level of 60 %. The probability of precipitations
was about 10 %. It should be noted that inside temperature at the time of inspection was fixed at
| evel of 21 AC more the 12 hours. The inspe
thermal imaging camera.

The inspection methodology consists of the following steps:

1. Checking the total heat loss through the walls, windows and roof.

2. Searching for areas with increased heat loss in typical problem zones.

3. Analyzing heat dissipation through gaps in window sashes and doorways.
4. Assessing heat leaks through ventilation and air conditioning systems (if available).
The results of infrared thermography are given in Fig. 6.

(3 -8 .1°C e=0.85

!
|
!

'
PSS,

4o MAX:5.1°C  MIN:11.7°C MAX:-7.4°C MIN:-115°C  10:47

MAX:-12.5°C MIN:-15.7°C  10:48 [EMAX14.1°C MIN:15.65C. 0. 10 10:49

f)

Fig. 6. Thermogram of Southern facade (a), window (b), basement (c), eastern facade (d)
Western facade (e) and Northern facade{finspected building
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Analyzing of obtained infrared thermal images of studied building it can be noticed that the
main weaknesses that affect negatively of enclosure’s thermal behavior is the windows. The therm
bridges concentrated directly along the window's frame contdiich can evidence both the poor
guality of installation, as well as the low quality of manufactured frame and insulating glass. It can
be seen that on the surface of one window the temperature variedfrapto5 eda depend
the measurement point, which indicates the heterogeneity of the heat flow passing through th
window and the heterogeneity of the thermal resistances of its components accordingly. From th
other hand, as it was already mentioned, thesitdf manufacturing excludes the fabrication errors
because of meticulous quality control of all production stages.

The other significant aspect of heat loss that weakens#hgverformances of examined
building this is foundation. Remind that our case study contains the FBS base blocks as :
foundation without external thermal insulation frames. Additionally, there are no any heat leakages
through the heat exchanger as well as the split air conditioning system were detected.

4. Thermal engineering calculation

The calculation is carried out in order to determine of suitability of actual state of the
enclosure structures thermal insulation to the regulatory requirements. Noritmbegins with
determination of thermal characteristics of building's envelope. The material properties of the walls
floor and roofing are given in pivot Table 1.

Tabl e 1 Materi al characteristics
Thickn Therma Thermal
€ess | conductivity resistance
of Material Ref. .
layer i o, mL K/
’ W/ ( mL

External walls characteristics

Timber lining (Pine) 0.016 0.18 [4] 0.089
Closed air gap 0.025 [4] 0.155

>
Vapor barrier 0,002 0,3 [4] 0.0066
Basalt wool 0.15 0.038 [4] 3.947
0SB 0.01 0.13 [4] 0.077
{ Diffusive membrane 0.002 0.23 [4] 0.0087
Closed air gap 0.025 [4] 0.155
: Facade (Pine) 0.02 0.18 [4] 0.111

Characteristics of the floor

PVC Lining 0.003 0.33 [4] 0.009

OSB 0.010 0.13 [4] 0.077
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Closd air gap 0.03 [4] 0.155
3*
Vapor barrier 0,002 0,3 [4] 0.006
Mineral wool 0.2 0.044 [4] 4.762
OSB 0.01 0.13 [4] 0.077
Closed air gap 0.02 [4] 0.155
7*
{  Checkrail (Pine) 0.03 0.18 [4] 0.167
! Roofing felt 0.0 0.17 [4] 0.029
Tabl e 1 Mat er i al characteristics
Thickn Therma Thermal
ess | conductivity resistance
of Material Ref. .
layer i &, méL K/
’ W/ ( mL
Characteristics of the roof
Timber lining 0.012 0.18 [4] 0.067
(pine)
Closed air gap 0.2 [4] 0.155
2*
Vapor barrier 0,001 0,3 [4] 0,003
Basalt wool 0.15 0.038 [4] 3.947
Diffusive 0.002 0.23 [4] 0,0086
membrane
Timber beams 0.08 0.18 [4] 0.167
(Pine)
Closed air gap 0.2 [4] 0.155
7*
: OSB 0.01 0.13 [4] 0.077
! Roofing felt 0.005 0.17 [4] 0.029

"Thesystems of closed air gapsth the thickness of 0.026.03 mwere provided by timber
checkrails frame

The calculation of enclosing structuresms conducted with accordance to the models are
shown in Fig. 7.
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Thermal resistance of every separate enclokipgrin table 1 were determined as follows

[9]:

; (1)

R=7

whereR: i thermal resistance ofayer of enclosure, (fh K/ W) the thickness oflayer;a
T thermal conductivity of layer.
Thermal resistance of multilayered enclosing structlseqan be determined as [5]:

F%:Flznt 'aR B % Ié% B (2)

where Rnt and Rext T is the heat transfer resistance on the inner and external surfaces of
enclosure, (fl. K ) £ V&T; is the sum of layers thermal resistancél(rd ) / W.

The values oRntandRextdetermines as follows [8]:

1. _1.
|%nt :?nt’ I%x‘[ @xt’ (3)

where Un, exW the heat exchange coefficients near the internal and external surfaces of
enclosure.

According to [6],Unt,= 8.7 andkx = 23.

Substituting the values obtained when calculating the (1) and (3) into a formula (2) allows us
to obtain the actual values of enclosures heat transfer resistance that given in Table 2.

The standard values of heat transfer resistance for existoes of enclosure structures are
determined with accordance 6J.|

16| 25 @ 150
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Fig. 7. The calculation models of enclosing structures: a) walls; b) floor; c) roof

Tabl e 2 Comparison table of standard

Thermal resistance, ML K/
Type of enclsure Actual Standard

value value

External walls 4.817 04

Floor 5.596 05

Windows 0.48 00.9

Combined enclosing bordering t 4.76 07

outside air

Analyzing of obtained data, it can be concluded that4tié-4-10-4 type windows doesn't
meet the regulatory requirements at all. That is also correlates with the results obtained afte
infrared thermographyln order to improve the energy performances of the windows with
accordance to a standard value 4hd 0Ar-4-14Ar-4i type windows with five air filled chambers
profile system or better should be installed. According to our calculations such windows system
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provides the thermal resistance at a level of 0.6 K0/ W wi t h the energy |
Additionally, the thickness of the roofing insulation of 150 mm is not enough. Our calculations have
revealed that in order to get the regulatory value the roofing insulation thickness should be
increased up to 250 mm.

The temperature distribution through the enclosing layers was calculated as f@]tows [

~

tn =t eXt&éL R+R +R + R+

2 F% @

d.eyre M

wheretin T temperature of internal aitint = 22 ; texti estimated temperature of external air,
(according to ], texx=-2 3  Ro) overall thermal resistance of enclosuRe;Rz, Rs, R i thermal
resistances dls;, 2nd, 3¢ andn layers of enclosure accordingly.

The estimated temperature distriion among the enclosing layers are given in &ig.

Iy
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Fig. 8. The calculated temperature distribution among the building’s enclosure layers: a)
walls; b) floor; c) roof

Analyzing of obtained results, it should be noticed, that the temperature distribution between
the walls and the roof layers has similar feature mainly because of similarity in their construction.
The average temperatures of the building's enclosures in the period of the coldest month of the ye
revolve around the positive values, particul
AC for the roof. Thus, building' s envelope
without any considerable deviation even though the significant daily and seasonal outside ai
temperature fluctuations. Theoretically, this should exclude the probability of condensation
formation and as a result the possibility of thermal bridges development in the future.

Heat loss through the enclosing structures was determirfetioags [7]:

Q, =§(tm 1,) (L G B); 4)

whereFi cal cul ated area %R i themnual resistannegof endosutec t
structure, (M: K) AnVxi i Nt er nal and ext eirtheadefficierd talpng mta t u r
account the dependence of the position of the outer surface of the fence with respect to the outsic
air, N =1) [7]; E & the sum of additional heat loss as a share of the main |loEses, |H7]. 1

External walls area as welk their spatial orientation are given in Table 3.

Table 3 Exter nal wall s ar ea

Area by side orientation, m?
Type | |South | /South- | West North- North |4North- East South- | Total
West West East East
Walls | 31.18 - 12.76 - 34.78 - 12.6 — 91.32

The heat loss for heating of ventilation air is determined by the fori@jula [

Q.=0.28Dr @ (t) tQ); (5)
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wherelL - air flow rate, ni/h (for residential buildings, the specific normalized flow rate is can
be taken as 3 fth per 1 M of residential area)] - indoor air density, kg/f ¢ - specific heat

capacity of indoor8air, ¢ = 1.005 kJ/ (kg LAwg
_ 353 .
2734 (6)

The calculation results obtained by calculating of (4) and (5) are shown in the table 4.

Tabl e 4 C at loss thitowigh theoenclosurfes andefor heating of ventilation air
Characteristics of enclosing structures
Tvoe of %, from
yp . Dimensions Heat loss, kW | the overall
enclosures orientation Area F, nd losses
am | bm
South 8.62 | 3.7 31.9 0.582 13
West 3.45 | 3.7 12.76 0.238 5
Walls
North 9.4 3.7 34.78 0.649 14.6
East 3.45 3.65 |12.6 0.235 5.3
Total: 2492 | 1475 91.3 1.3 31.9
2
Floor T 8.99 3.04 27.3 0.404 9.9
Roof T 8.99 3.04 27.3 0.515 12.6
Left 1.2 1.2 1.44 0.343 7.245
Windows
Right 1.2 1.2 1.44 0.343 7.245
Total: 1.44 1.44 2.88 0.686 16.8
Total loss through enclosures: 148.8 2.9 71.3
Heat loss for heating of ventilation ai: 1.165 26.3
Overall heat loss: 443

5. Conclusions

It can be concluded that the walls are the main source of the heat loss with the overall balanc
of 31.9 % from the building’s total heat loss. Increasing the thickness of the wall insulation up to
200 mm leads to a reduction in the percentage of heat loss to 27% of the total amount.

Heat loss for heating of ventilation air is the second source of the building's heat loss that is
28.6 % from the total heat loss.

With the existing characteristics afnslucent structures with the thermal resistance within
0. 48 ((m@)/W} Beat loss through the windows is 16.8 %. It should be noted thatle 4
4-10-4 type windows doesn't meet the regulatory requirements and must be replaced with more
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energy dicient ones. Therefore, to meet regulatory requirements for thermal insulation properties,
windows must have at least alAr-4-10Ar-4i design, i.e. they must have a soft selective coating
on the outer and inner glass, and the air gaps must be filled with an inert gas, particularly argor
Bringing the thermal resistance of windows to the standard values of(4B)/W) reduces the
heat loss through the windows up to 4.39 %.

The floor and ceiling have almost the same heat loss ratios of 9.9% and texpéstively.
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3. OPEN BIM-BASED CO-SIMULATION FOR BUILDING ENERGY AND LCA:
TWO BUILDINGS IN THE UK AND LUXEMBOURG

Tytarenko R. Yu., Chmil R.Ye., Pozniak O. R.

1. ABSTRACT

Given the complexity and interconnection of factors in building evaluation, a key challenge
is the integration of multiple domain models (e.g., thermal comfort, indoor environmental quality,
and occupant comfort) to better inform strategies for improving building performance. Only one
previous work attempted to combine building energy simulation with life cycle assessment; none
has done so dynamically. A dynamic, open Bbsed cesimulation architecture enables the tight
integration of EnergyPlus and Brightway2 without relying on heuristics or simplified tools. It
provides timedifferentiated results and is built entirely on open technologies. The architecture was
validated on two nowomestic buildings in the UK and Luxembourg, demonstrating applicability to
construction and operational life cycle phases. Dynamisiroalation across energy and life cycle
domains allows a more holistic and detailed building performance analysis.

2. INTRODUCTION

Given the complex interdependencies affecting building performance, integrating multiple
domain models (e.g., thermal comfort, indoor environmental quality, occupant satisfaction,
acoustics, visual comfort, glare prevention, aesthetics) is essential for a holistic evaluation. Co
simulation, which combines coupled simulations into a unified model, provides a promising
approach. While life cycle assessment (LCA) is increasingly used to evaluatpenighmance
buildings, most prior work treats building energy simulation (BES) and LCA separately, offering no
integrated perspective.

An open BlMbased ceimulation architecture enables the tight integration of BES and
LCA, supporting dynamic, timdifferentiated results. Two nesioomestic buildings in the UK and
Luxembourg were simulated across construction and operational phases, exploring three scenari
each. This approach enhances understanding of building performance, addresses interoperabili
challenges between BIM, BES, and LCA tools, and provides a repeatable methodology for
practitioners. It streamlines <@mulation, facilitates scenario analysis, and supports the
achievement of environmental targets, with applicability for designers, managers, researchers, ar
policymakers worldwide.

3. BACKGROUND

The following provides background on BES, BIM interoperability, and LCA. BES supports
designers and ensures building compliance, but these simulations are typically conducted outsic
the BIM framework. The integration of BES with BIM involves numerous interoperability
challenges. In the building sector, LCA is used to evaluate environmental impacts and resourc
consumption. These concepts are vesliablished and are not included in the systematic review in
the following sectiorj15].

3.1.Building Energy Simulation (BES)

Building energy simulation (BES), building energy modelling (BEM), thermal modelling,
and building performance simulation all involve creating a digital model of a building and
simulating it in energy software. Despite BES being used since the 1960s, it remains poorly
integrated into early design stages, often limiting eneffjgient strategies. Manual input of
building data is time&onsuming, leading to the development of BIdABEM approaches to
improve efficiency and data flow.
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Geometry creation is the most tirmgensive task, followed by assigning constructions,
internal gains, and schedules. BIBIBEM tools vary in automation and data integrity, but no
approach fully achieves automatic, lossless conversion.-&ammated tools, such as those by
O06 Do nn e l[9, redute timd and cost, allow rapid design alternatives, improve simulation
accuracy, and produce models with lower energy consumption. These benefits can be grouped
efficiency gains and technical improvements.

However, interoperability remains a significant challenge. Studies by AlsHgriand
Elagiry [5] identify two main issues: (1) IFC geometry generation, which often requires manual
correction, and (2) data enrichment, where essential information on site, geometry, materials
systems, internal gains, and building operation is incomplete, unavailable, or not transferable
Effective BIM-based BEM automation is considered crucial for advancing design and construction
practices.

3.2.Building Information Modelling (BIM)

Building Information Modelling (BIM) represents buildings as 3D graphical models
containing information on geometry, properties, names, and component functions. The constructiol
industry is moving from traditional 2D drawings toward BIM. BIM is widely used as a basis for
ABI-tMBEMO approaches and for LCA, wi t-hutoimde@ o f
workflows.

Several approved energy simulation tools exist, including TAS, ApacheSim, EnergyPlus
(E+), and SBEM. SBEM is a simplified tool, while the others are dynamic simulation models. Only
E+ is free and opesource, making it the preferred tool. E+ uses the .idf file format, with
OpensStudio Application (OSA) as its standard GUI frontend, which uses .osm files converted to .idf
at simulation.

3.3.Environmental Life Cycle Assessment (LCA)

Environmental Life Cycle Assessment (LCA) is a widely used methodology for evaluating
the ecological impacts and resource use of products, services, and processes across their en
lifecycle, guided by ISO 1800 standards. A key aspect is the functional unit, which allows
meaningful comparison between alternatives providing the same function. LCA considers the entire
lifecycle, avoiding burden shifting and supporting tradffeanalysis.

LCA is well established in the building sector, applied from single buildings to entire
districts. It can inform design decisions during early stages and guide operational strategies
Standard professional LCA tools include SimaPro, openLCA, GaBi, and Umberto, with advanced
programming possible via Brightway2 (BW2). Highality background data, typically from
databases like ecoinvent, is essential.

Future research highlights the potential of BIM and digital twins to provide accurate,
detailed data for LCA. Combined with-stmulation and sensor data, this enables precise modeling
of building-occupant interactions and integration of results into the LCA framework.

4. CURRENT ADVANCES IN CO-SIMULATION FOR THE BUILDING SECTOR

The study by Yeung et al[l5] presents the concept of -sonulation. It provides a
systematic review of the state of the art in the building domain, highlighting existing approaches
and their contributions. The review follows the PRISMA protd&o6l, covering publications from
March 2017 to January 2023, with journal and review articles retrieved from Semantic Scholar
using the search string: (ALL=(eimulation)) AND ALL=(buildings).

The initial search returned 392 records. After removing-jpamal/review articles,
duplicates, and applying screening criteria focused on studies coupling different building domain
models to describe subsystem interactions, 21 articles were included in the final review. Five
exclusion criteria were used:
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1) lack of crossdomain coupling

2) no cosimulation approach

3) no advancement of the state of the art

4) duplicates or highly similar works

5) studies only comparing previously developed approaches with traditional methods.

Systematic review methodology (according to [15], based on the PRISMA 2020 statement
flow diagram) is presented in Fig. 4.1.

Co-simulation is applied in multiple fields such as automotive, energy, HVAC, IC,
maritime, and robotic§5], enabling integration of independently developed partial solutions that
are otherwise difficult to combine with monolithic to¢is3]. It allows simultaneous simulation of
subsystems through separate simulators acting as black boxes. Advantages include tool flexibility
rapid software testing, distributed teamwork, and radsle analysigL4].

In building simulation, cesimulation links submodels (thermal, airflow, daylighting, etc.)
to capture interactions during runtirfe8]. Coupling strategies can be sequential editgctional,
with loose or strong feedback, while techniques include-tommme links, middleware (e.g.,
BCVTB, RabbitMQ), or standardized interfaces like FJ@j 8]. Internal vs. external coupling is
another distinction (e.g., CFD within BES vs. data exchange between existing tools).

Building benefits include modelling occupant behaviour, evaluating subsysterroffade
and realtime envelope simulations using E+ or TRNSYS. Recent approaches also integrate
machine learning for predictive contr¢f; 12; 16] However, challenges remain: a lack of
standardization and interoperability between BES tools, and the need for advanced programmin
and domain knowledgéd 3].

Some BES tools support BIM integration via IFC, while parametric platforms like
Grasshopper and Ladybug Tools enable loosely couplesinudations and performanckiven
design[3]. These workflows can further link results to costs and GHG emissions across the building
lifecycle [11].

36



Identification

Ve

Identification of studies via databases and registers

Records identified from*:
Semantic Scholar
Databases (n=1)

v

Records removed before
screening:
Duplicate records removed
(n=3)
Records marked as ineligible
by automation tools (n = 0)
Records marked as non-
article or review (n = 169)

Screening

Records screened
(n=236)

Records excluded**
(n=180)

Reports sought for retrieval
(n = 56)

Records not retrievable
(n=1)

Reports assessed for eligibility

(n=55)

Reports excluded:
Reason 1 (n =24)
Reason2(n=1)
Reason 3 (n=5)
Reason 4 (n=2)
Reason 5 (n=2)

Studies included in review
(n=21)

Fig. 4.1.SystematidReviewMethodology
(According tg[15], Based on the PRISMA 20Zatemen®low Diagram)
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A brief overview of studies grouped by dom#atrdomain coupling is presented in Table 4.1.

Table 4.1.
Since 2017, research has combined building energy models
indoor climate, urban climate, and ventilation domains u
TRNSYS, COMSOL, E+, ENVmet, FLUENT, and CONTAM
Energy and Climate | Applications include wall heat transfer, green roofs and fac:
ventilation control, retrofit analysis, and daylighting. Res
demonstrated benefits in energy reduction, improved the
conditions, and health outcomes.

Agentbased models coupled with E+ and Radiance assessed oc
Energy and Occupan{i influence on energy use. Several studies addressed GOYI

Behaviour/Health | showing that optimal space layouts and ventilation strategies re
infection risk and energy consumption.

A 2021 study integrated sound insulation, energy efficiency, ang

Energy and Acoustics L
optimisation for nearly zerenergy homes.

Cellura et al. [4] developed an LCA tool linked to TRNSYS, wh
Energy and Life Cycle| was validated with a residential case study in Italy, noting the la
full BESI LCA integration.

A 2021 BIM-based cesimulation combined fire dynamics with age
Occupant Behaviour | based occupant modelling, applied to a school building in Montre

and Fire Safety evaluate renovation plans considering evacuation times, costs
schedules.

This review highlights that while integrating different domain models to capture interactions
among building elements is crucial for advancing building research, a lack of studies thoroughly
combine BES and LCA, patrticularly those with dynamic capabilities. Most existing works treat
these approaches as separate methodologies, and only one study has attempted their integration,
none have done so dynamicaly. In turn, heanalyzedstudy[15] introduces an open BlNMased
co-simulation architecture with timeifferentiated capabilities to address this gap. This is the first
architecture to integrate E+ and Brightway?2 tightly without relying on heuristics or simplified tools.
Moreover, it is the first BES.CA co-simulation framework to provide dynamic LCA results and
implement it entirely with opesource technologies (E+ and BW2).

5. CO-SIMULATION FRAMEWORK
The following describes each component of the open-Béiged cesimulation architecture
developed in the study by Yeung et al. [5§. 4.2 presents a use case diagram showing how
designers and managers can utilize the architecture, while Fig. 4.3 depicts its overall structure. |
the following sections, the arrows in Fig. 4.3 are called processes.
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ul CUSP Datastore OSA EnergyPlus BIMZLCA Brightway2

1. Iniiate co-sim ™ i
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- | | 5. Store results »
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User = energy simulation
8. Store results data
A ‘ 10. Conduct
operational
: ! LCA

13. display results 12. return 11. Store resulis >
e - m e < T

Fig. 4.2. Use Case Diagram for Gmmulation

5.1.Component 0: BIM Authoring Tools

Component 0d9eeFig. 4.3) covers conversion to IFC and BIM enrichment (process 0.1).
Although a single process, it is shown as two steps to highlight compatibility with multiple BIM
authoring tools (e.g., Revit, ArchiCAD, or any software capable of IFC export). A prerequisite is
the availability of an IFC building model.

The coesimulation architecture sets specific BIM data requirements. Since BIMs are usually
created for purposes other than BES, additional detail is needed:

-AL rooms must be defined as fAspaceso Wwi
WC, etc.).

- Thermal zones must be specified for individual rooms or groups.

- Materials and constructions must be defined.

Steps 12 are common in wellleveloped BIMs, while step 3 often requires further
enri chment. Even if | FC exports donot perfe
The authors treat these requirements as prerequisites, since BIMs typically already include spac
and element properties before BES modeling, avoiding unnecessary duplication later.

ArchiCAD OpenStudio ‘ CUSP Datastore -
<12
i CUSP
Revit EnergyPlus
Component 0: BIM tools Component 1: BEM

Component 3: LCA

‘ ul
’ Brightway2 ’ BIM2LCA User Interface

T Designer/Manager
1.1

Fig. 4.3.0pen BIM-Driven Co-Simulation Framework
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5.2.Component 1: Interoperability Processing

BIM to BEM. The enriched BIM model in IFC format is then exported into a model schema
that can be imported into an energy simulation tool. An automated translation tool was developed t
convert an IFC file into either a Green Building XML (gbXML) or HBjson file (process 1.2).

BEM Enrichment. The gbXML or HBjson file is then imported (process 1.2) into the user
interface. First, a weather file is retrieved from an online service and linked to the imported
gbXML/HBjson model. At this stage, BEM enrichment is performed through the user interface
shown in Fig. 4, where building service systems and internal loads are input.

5.3.Component 3:Life Cycle Assessmen(LCA)

The enriched BIM in IFC format is also used for LCA calculations (process 1.1). The
BIM2LCA tool parses the IFC file to extract material data for building constructions and maintains
links between activities (e.g., concrete mixing) in a BW2 project and material names. Materials are
retrieved from ecoinvent 3.8, and BIM2LCA includes default methods from the Environmental
Footprint 3.0, an established framework maintained by the European Joint Research Centre sinc
2007 (summarized in TabK2). This ensures a standard set of impact categories and indicators,
though users can customize methods and associations.

BW2 performs the LCA calculations for outputs from the BES (process 2.2). For example,
CTUh quantifies human toxicity i mpacts, and
the AWARE method, accounting for water available after human and ecosystem needs.

Users interact with the esimulation through the interface, which provides access to
simulation results, allows modifications, and enables running new simulations in E+ or executing
LCA via BW2.

Predict Scenario X
Available Scenarios

Building_reduced

Scenario Settings

Occupancy Level v
Lighting v

Heating v

View Scenario Graph y
|
.

Bpl W
Fig. 44. Interface forUserInteraction
5.4.Co-simulation Execution and Output
The simulation generates an .idf file sent to the CUSP semantic data store (prdcess
along with energy mix data. BIM2LCA then performs the operational LCA and stores -the co
simulation results in CUSP. These results for both construction and operational phases are displaye
to the user.
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By integrating wholebuilding BES and LCA, the esimulation provides timelifferentiated
energy dat a, all owing dynamic representati ol
sections present castudy validations illustrating these tirdéferentiated results.

Table4.2.
Impact Category Indicator Unit
3
Water use User deprivation potential m Wor_ld ©q
deprived
Photochemical oxidant formatior Tropospheric ozone concentration kg NMVOC eq

human health increase

) ) Human health effects associated wit|| _. .
Particulate matter formation Disease incidencq
exposure to PM2.5

Material resources: metals/miner Abiotic resource depletion kg Sb eq

Land use Soil quality index Dimensionless

Comparative Toxic Unit for humans

Human toxicity: norcarcinogenic (CTUR) CTuUh
Human toxicity: carcinogenic Comparative (E?I_XLIJCh;J nit for humans CTuUh
Eutrophication: terrestrial Accumulated Exceedance (AE) mol N eq
Eutrophication: freshwater Accumulated Exceedance (AE) kg P eq
_ Abiotic resource dpletioni fossil fuels
Energy resources: Nerenewable (ADP-fossil) MJ
. Radiative forci lobal Warmi
Climate change adiative forcing as Global Warming kg CO

Potential (GWP100)

6. CASE-STUDY VALIDATIONS

The cesimulation framework from above [15] was validated using two buildings: a
university building in Cardiff UK (3 floors, 3728 nf) and an office building in Luxembourg (5
floors, 9231 n¥). The university model was created in Revit, the office in ArchiCad, confirming
that the workflow works with both formats.

Figs.6.1and 62 show the IFC models and resulting spaces imported into OSA.

Three annual scenarios were simulated for each buildin@uilding_Basei typical
occupancy and operation; Byilding_reduced occupancy and operation reflecting 2020, affected
by COVID-19; 3)Building_reduced 0 ht as scenario 2, but with reduced heating in unoccupied
spaces.

These scenarios analyzed the benefits of -tifferentiated LCA versus static results,
highlighting the effect of operational variations on environmental impacts. Electricity and heating
consumption were simulated via the CUSP interface with BW2, integrating LCA results into the
BES and feeding changes back into the BIM, providing a more accurate representation o
operational environmental impact.
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Fig. 6.1. UniversityBuilding IFC Model (Left) andimportedSpaces in OSARight)

Fig. 62. Office Building IFC Model (Left) and inportedSpaces in OSARight)

6.1.Case Study 1 University Building, Cardiff

Fig.6.3presents the LCA results for the wuniyv
consumption, assuming a -y@ar lifespan. Material demand dominates most impact categories,
including land use, water use, and effects on human health and ecosystems, highlighting th
importance of construction materials. Heating and electricity consumption, however, are significant
for energy resources and climate change, illustrating the-tf&detween materials and operational
energy.

Fig. 6.4 breaks down environmental impacts by material type. Concrete contributes most
(43192 %) due to its high footprint and the BIM process prioritizing structural elements. Gypsum
dominates the impact of material resources B0 while steel contributes 136% to the
carcinogenic effects.

Fig. 6.5 shows climate change impacts under three scenarios: Base, Reduced, anc
Reduced_0 ht. Reduced occupancy and operation cut total environmental impaéb bsishg to
61% with lower heating loads. Due to the linear LCA framework, similar reductions occur across
categories. GWP plots in Fig6.5 and 6.9 are simplified to monthly data points; complete 10
minute timestep data are accessible via the user interface.
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Water use (m3 world eq. deprived)

Photochemical oxidant formation: human health (kg NMVOC-eq)

Particulate matter formation (disease incidence)

Material resources: metals/minerals (kg Sb-eq)

Land use (-)

Human toxicity: non-carcinogenic (CTUh)

Human toxicity: carcinogenic (CTUh)

Impact category

Eutrophication: terrestrial (mol N-eq)

Eutrophication: freshwater (kg P-eq)
Energy resources: Non-renewable (MJ)

Climate change (kg CO2-eq)

0 20 40 60 80 100
Impact score (%)

I Electricity [ Heating I Materials

Fig. 6.3 Life Cycle Impact Assessment Results for the University Building, Showing the
Contributions of Electricity, Heating, and Materials Over the Evaluated Period (Results Are
Normalized Relative to the Highest Value in Each Impact Category)

Comparing Figs.6.3/6.4 (static LCA) with Figs. 6.56.6 (time-differentiated LCA)
highlights the lattéls benefit: designers can see which elements have the highest impact and wher
they do, allowing targeted interventions. For example, operational changes had a high GWP impac
in May but a minimal effect in December.

The framework also allows scenabased adjustments to material demand through the Ul
(see Fig. 4.4), though this was outside the scope for an already constructed building. Such

functionality would be most relevant during the design phase of new projects.
Water use NN 23205 - m3 world eq. deprived
Photochemical oxidant formation: human health | ' 5.7e+03 - kg NMVOC-Eq
Particulate matter formation | I I e 0.097 - disease incidence
Material resources: metals/minerals | I E——— B 31-kgSb-Eq
Land use NIl 1.5e+07 - dimensionless
Human toxicity: non-carcinogenic 1l I I .  0.022 - CTUh
Human toxicity: carcinogenic 1l I D D  0.0018 - CTUh
Eutrophication: terrestrial | I e '  2c+04 - mal N-Eq
Eutrophication: freshwater 1l I e 2.7e+02 - kg P-Eq
Energy resources: Non-renewable I I D e 1.3¢+07 - MJ, net calorific value
Climate change NN e 1.5e+06 - kg CO2-Eq

0% 20% 40% 60% 80% 100%
Door wood W Concrete block Gypsum
s Aluminium mmm Concrete slab mm Steel

Em Ceramic tile Il Flat glass, coated mmm  Sanitary ceramics
mmm Clay brick

Fig. 6.4. Analysis of How Different Material Types Contribute to the Overall Environmental Impact
of Construction Material Demand
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Simplified Monthly Climate Change Impact: Queens West Scenario Set

QW _Base  emeQW_reduced QW_reduced_Oht

N

Fig.6.5Annual Ti me Series of LCA Results for t
Potential (kg CO2eq) Across the Three Assessed Scenarios

May Hourly Climate Change Impact: Queens West Scenario Set

AVAVANASAYAY,V.V.Vab AV NDVN.2 aViV, V. VAVA'A aV,V, 0’0

Fig. 6.6. Hourly Climate Change Impact for the University Building in Cardiff During May

6.2.CaseStudy 2: Office Building, Belval

Fig6.7shows the LCA results for the buil di
previous case, materials dominate most impact categories, while energy use is more relevant f
climate change and energy resources. Higher electricity and heating consumption from the BE:
increases their contribution to most categories, including climate change and water use. Includin
additional materials in the BIM, such as plywosedFig. 6.8) , al so raises the
categories like land use. Unlike the Cardiff case, steel is absent, highlighting the dependence c
results on BIM quality.
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Water use (m3 world eq. deprived)

Photochemical oxidant formation: human health (kg NMVOC-eq)

Particulate matter formation (disease incidence)

Material resources: metals/minerals (kg Sb-eq)

Land use (-)

Human toxicity: non-carcinogenic (CTUh)

Human toxicity: carcinogenic (CTUh)

Impact category

Eutrophication: terrestrial (mol N-eq)

Lutrophication: freshwater (kg P-eq)

Energy resources: Non-renewable (MJ)

Climate change (kg CO2-eq)

0 20 40 60 80 100
Impact score (%)

I Electricity [ Heating I Materials

Fig. 6.7. Life Cycle Impact Assessment Results for the Office Building, Showing the Contributions
of Electricity, Heating, and Materials Over the Evaluated PéRasults Are Normalized Relative
to the Highest Value in Each Impact Category

Fig. 6.9 presents the impacts of climate change under three scenarios. Reducing occupanc
and operation in the HAReducedddn, iscceasm@to V3 inl ow
AReduced_ 0O hto due t o-differentiated resdtss@eRigs.§.9 6116 shaw d .
interventions strongly affect Februaiay, less so in June and November, with some daily
interventions having minimal effect.

Time-differentiated LCA allows for more precise assessment of environmental impacts over
time, showing when benefits occur and enabling designers and managers to better targe
improvements

Water use I - 1.3e+05 - m3 world eq. deprived
Photochemical oxidant formation: human health | IR B 2.2e+03 - kg NMVOC-Eq
Particulate matter formation | - 0.036 - disease incidence
Material resources: metals/minerals | 40 - kg Sb-Eq
Land use NN 1.6e+07 - dimensionless
Human toxicity: non-carcinogenic N N - 0.0069 - CTUh
Human toxicity: carcinogenic | 0.00066 - CTUh
Eutrophication: terrestrial IR 7.8e+03 - mol N-Eq
Eutrophication: freshwater [N . 1e+02 - kg P-Eq
Energy resources: Non-renewable [ NN 5.1e+06 - MJ, net calorific value
Climate change I D . 5.2e+05 - kg CO2-Eq
0% 20% 40% 60% 80% 100%
mmm Clay brick mmm Fibreboard, soft Gypsum
B Concrete block W Flat glass, coated Plywood

Fig. 6.8. Analysis of How Different Material Types Contribute to the Overall Environmental Impact
of Construction Material Demand
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Simplified Monthly Climate Change Impact: Belval Scenario Set

LX_Base ——LX_reduced LX_reduced_Oht

Fig.6.99 Annual Time Series of LCA Results for
(kg CQ2eq) Across the Three Assessed Scenarios

May Hourly Climate Change Impact: Belval Scenario Set

(h - ANy v T\
Fig. 6.10. Hourly Climate Change Impact for the Office Building in Belval During May

7. FINDINGS

Yeung et al [15] developed and validated an open Blfdsed cesimulation architecture
integrating BES (E+) and LCA (BW2) for entire buildings across construction and operation
phases. It is the first approach to tightly integrate these tools, including a nationally approved UK
BES software, enabling a dynamic inventory for electricity, heating, and water. This allows time
differentiated, more accurate results and granular analysis at specific points in time.

Applying the cesimulation from the BIM creation stage reduces labour, time, and costs by
avoiding geometry recreation in multiple software tools. Its open BIM nature lowers capital
barriers, making BE®CA co-simulation accessible to individuals and smaller organisations, and
encourages BIM adoption. Geometry creation, internal gains, and schedules, often the most time
consuming tasks, are streamlined through automated conversion and the integrated UI.

The study tested three scenarios representing building use during €@Yknfirming
benefits like rapid testing, parallel sajgstem modelling, and scalability. Overall, the methodology
provides a repeatable, practical framework for dynamic LCA from BIM, reducing time and cost
while enabling scenario analysis and supporting environmental targets globally for researchers
designers, managers, and policymakers.
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8. LIMITATIONS
The authors of th@bovestudy examined the limitations of the developedsitoulation

architecture. Although an fiopenodo approach wa
with proprietary tools. Geometric inconsistencies were addressed by enriching the models with
spaces, which was sufficient for the design
focus.

Other enrichment tasks included site location and material properties via the interface, while
internal gains, systems, and schedules were added during OSM creation. Integration of EnergyPIt
(E+) and BuildWise2 (BW2) supported a dynamic inventory for electricity, heating, and water, but
background processes relied on static data from ecoinvent.

Thetwonordomesti c case studies revealed the
highlighting the need for guidance on minimum standards. In practice, most energy models are bui
in proprietary tools like IES due to vendor support, so applying this architecture requires
consultancies to have sufficientlimuse expertise, which is not always available.

9. CONCLUSIONS

1. A key gap remains the lack of tightly coupled-simulation approaches integrating
Building Energy Simulation (BES) and Life Cycle Assessment (LCA). A review of the field
showed that only one previous attempt has been made to achieve such integration, underlining tt
need for further development. The central question was: How can the tight integration of BES anc
LCA support building design and management?

2.To explore this, an open BH@ased cesimulation architecture combining EnergyPlus
(E+) and BuildWise2 (BW2) was created and validated through two case studies in the UK anc
Luxembourg. Each building was assessed under three scenarios covering both construction at
operation phases. The outcomes demonstrated the benefits dfiffienentiated LCA over static
assessments: environmental impacts can be tracked dynamically, enabling more accurate at
granular evaluation. This makes it possible to determine precisely when and where intervention:
deliver the most significant effect.

3. The developed methodology for BHSCA co-simulation advances the state of the art by
providing a precise and repeatable process. For the industry, it serves as a practical guide fc
generating dynamic LCA results directly from BIM, reducing time and costs while supporting
environmental targets. Validated through European case studies but applicable globally, the
architecture enables researchers, practitioners, and policymakers to use it. Unlike static LCA, whicl
only identifies what impacts occur, this approach also reveals when they are most significant
offering a more complete and holistic understanding of building behaviour.
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4. DEVELOPMENT OF 3D MODELS OF MICROCLIMATE FORMATION
SYSTEMS OF PUBLIC BUILDINGS USING LINEAR SOFTWARE

Rybachov S. H, Moskvitina A. S.

1. Development of a BIM model of a building.

Building design is a complex, tirmmnsuming and muklfactorial process involving a
significant number of highly qualified specialists.
'[[ MeHepxxep npoekTy "

[ BIM-merexxep ]

[ BIM-mactep }] o {[ BIM-koopanHaTop ]: .
5 x i
vl
[ MNpoeKTyBanbHUKK ]

vy | v 1
MpoekTyBansHUKM ] “ MpoeKTyBanbHUKM J]

Figure tDiagram of interaction between participants of a BIM project

Everyone who participates should clearly understand their task and responsibilities in the
organization. Job titles are regulated within the organization, so there may also be differences. Fc
example, according to the IT industry, the development of a specialist from a beginner to a senio
specialist includes several stages: trainee ( inteob}aining basic knowledge and skills under the
guidance of experienced colleagues; junior specipésiorming simple tasks independently,
gradually gaining experience; middle speciaimstependently performing more complex tasks,
starting to participate in large projects; senidull responsibility for major projects, mentoring
junior colleagues, and making strategic decisions.

Employees who perform direct design work can also be called differently, but most often the
ciphers of documentation sections are used as a suffix to the position of an engineer, such as
designer of S, VC or AR, or in English HVAC, WSS, AR, etc.

1.1 stages of developma digital information model (BIM)

In this paper, we consider the features of the development of the OV or HVAC section. You
should consider such important stages of the entire workflow based on the example project (Figur
2).

The architect receives a technical task, creates a basic model of the building, and performs
preliminary check of his section for gross errors. Then the model is passed to the following
depart ment s: architectur al and construction
sections using the basic model of the structure as a basis, and also check the results of filling th
structure with their own systems.
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Figure 2main stages of project development

]l Oz HOYy" WModel validation

The use of information modeling technologies vyides a number of advantages for
developers of engineering systems:

- collaboration allows you to develop a single project in a shared data environment by relevan
specialists, even with remote access.

- the ability to monitor elements of adjacent sections and receive notifications about change:
made to them;

- availability of automated marking tools for object models.

- automatic generation of system and equipment element specifications.

A consolidated digital model is a digital information model of an object that consists of
separate digital information models and engineering digital terrain models (for example, from
different sections or parts of a construction object), combined in such a way that making changes t
one model does not lead to changes in the others. The main purpose of the summary model is
support the processes of coordinating technical solutions and identifying collisions.

After drawing up a summary model from the developed versions of sections, you need to
check again, on the basis of which a report is generated indicating all comments and violations
Making corrections and changes within a certain time frame is assigned to the engineers from th
corresponding section, and only when all the shortcomings are agreed and corrected do the
complete the documentation and transfer it to the site.

In organizations with a large staff, designers from different departments can communicate
directly with each other, and the VIM Coordinator (VIM Coordinator) is the link. The DSTU ISO /
TS 12911: 2020 standard specifies his professional actions (Fig. 3).
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Tpynoea dyHKUIA: Neperipka CTPYKTYPHUX erneMeHTIB iHcpopMéuiﬁHol mMogeri Ha
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iHpopmauinHoi moaeni OKC

Y3rogKeHHs TepMiHIiB BUKOHaHHSA 3aBAaHb | BignosigansHux 3a iX BUKOHaHHSA

Figure 3Responsibilities of the VIM Coordinator

The term "collision"”, borrowed from foreign languages, is widely used in various industries.
In the context of construction design, it means an error that occurs due to a mismatch or applicatio
between adjacent parts of the same project, as well as due to the intersection of the desic
boundaries of individual objects.

Identification and elimination of such conflicts at the stage of project development under
proper control allows you to reduce the amount of further improvements and labor resources.

One of these main reasons why there are conflicts in the design process is the involvement «
large numbers of specialists, who usually work separately or remotely. This includes coordinatior
between participants and based on the fact that error detection and model validation take longer
complete than during the design phase itself. As the number of specialists involved increases, it als
increases the likelihood of inaccuracies and errors in the project.

Based on practice, there are three main groups of collisions:

- hardphysical crossection of elements in the model.

- softelements of the model geometry are not connected to each other, but the surroundin
space and the zones of normalized values for operation intersect.

- spatietemporaithe intersection of elements taking into account the time factor estimated on
the basis of calendar or network graphs.

To develop the project, we used the Autodesk Revit software package, which is currently the
most popular in the design environment based on information modeling technologies. You can us
various software tools to perform the intersection check process. For example, you can check th
physical intersection of elements with the builAutodesk Revit tools
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Figure 4Configuring crosssection validation parameters using Autodesk Revit

The result of the check is a dialog box with a message. If errors are detected, they will be
listed as an active list, where you can find and view each incorrect situation (Figure 5).
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Figure 5Verification report
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However, this option is not always convenient to use. When you need to check the summan
model, most often check it in another program. For example, in Autodesk Naviworks, where the
model is built.

1.2 Collaboration kit
A workflow that involves interaction between project participants is called collaboration. This
approach can solve a common problem or the work of one specialist that will be used in the work o

another.
When working together, it is important to maintain the presence of linked networks in the

working file for a onetime build with elements already placed in the project. To connect files, use
the Link Manager tool on the Manageéab (Figure 6).

ibota  Bug  Ynpaeninus Hapbynosa

I=

iy = i | =

Cd = , =

Oucnetyep Cragpii
3B'A3KIB

YnpaBniHHA NPOEKTOM

Figure 6Link Manager tool

The dialog box will display files that have already been attached, and you can connect the
document usinghe Add button (Figure 7).

Ducnetiep 3e'sakia

Revit  FC Popmat CAMP  DWF-nozuauku  Xmapu Touok  Tomorpadia PDF  3o6paskeHHs

Cratyc Lnaxu TNokanbHuit ncesacHiM

MonosenHs He o
Tun 3s'maky 36epexeHni wnax
Bepexeno

Figure ZLink Manager dialog box

Then you need to specify the location of the file with the adjacent section by going to the
appropriate folder. After selecting it, make sure to perform preliminary loading setynggstting
the placement parameterAuto-by common coordinateqFig. 8).

If you selectSetbefore uploading a file, a dialog box will appear with a list of worksets that
you can close to prevent them from being uploaded to the project. It is recommended teclose
general levels and grids working sefFigure 9).
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Figure 8- Configuring communication parameters

To start the design stage of engineering systems, a digital model of the building was prepare
(Figure. 10).

bl PeparoBaHuit BnacHuk Moawuanshukn | BinkpuTyid Creopumi
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Figure 9Disabling the working set
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Figure 1Qdigital model of the building

2. DESIGNING AN OV PARTITION WITH AUTODESK REVIT

Autodesk is constantly improving templates for project development, this is due to the release
of new versions of programs, the development of the functionality and capabilities of A0O8K
programstemplates for them have been used since 2016, which can already be recognized as ¢
industry standard, since they comply with EN, DIN, DSTU.

A template is a preonfigured project environment with a set of elements for modeling, fonts,
annotations, custom specifications, and other parameters [20].

According to various sources, from 60 to 80% of designers use ADSK: templates or ADSK
parameters in their work. The template can be downloaded from the website of the company
B1M2B [21], whose experts participated in the development of templates and standards.

Included with adsk templates forversiod2 1 i s J wf 2] the VI M2B T
from this company. This application allows you to automate the actions of designers. The unique
feature of this version of the plugin is the addition of all engineering sections [21].

Configuring the trace

Before you start designing the OS section, you need to check and correct the specified trac
parameters if necessary. This will allow you not to completely change the pipe materials for eact
system, especially since you can no longer edit the thickness values during operation. To check tf
setvalues, usthe HYAC Sy st em c¢ o nf i g uanthd managementtablFigufelll).s

In the menu, you can view the settings for track designations, their standard sizes
(di mensions, thicknesses, etcls.H.), slopes,
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Figure 11Tool for configuring trace grameters

When you selecBtandard sizes(pis. 12), you can check the dimensions of the specified
networks.
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Fig. 12Item Standard Sizes

You can edit data (this applies only to the text part), create new values, or delete redundar
values. You cannot edit existing dimensions in the dimensions catalog (pis 13). We recommend the
you check if all the required dimensions are listed. If there is a lack of data, you must create an
pass the task to the VIM coordinator.
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Figure 13Size catalog
2.1 Features and recommendations for working with plans

Before building networks, you need to create floor plans for the corresponding floors. You can
create a plan usinfpe Viewsin plan commandonthe View tab (Figure 14).
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Figure 14- tool for creating a floor plan

In the dialog box that appears, you need to select the plan category. Depending on this, th
suggested list will be filtered out and unnecessary elements will be hitdere(e f i gur e
uncheckinghe Do not copyexisting views option, you can quickly create multiple floor plans for
the same floor without additional copying.
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Figure 15Selecting the category of the new floor plan that is being created.

In the plan ategory, it is common to use the prefixes: B, tasks, O. Depending on the selected
category, plans created automatically are divided into groups in the Project Masagkary
views, tasks, and decorated views

Assigning prefixes
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B- these are auxiliary plans that can be used to enable the display of other networks, configur
the range, and other parameters. This is a flexibly configured category of plans in the project, as
allows you to make the appearance more convenient for viewing and coordinating in your section
In the Project Manager, all created plans fall intine auxiliary views category(pis. 16).
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Figure 16Auxiliary views category ithe Project Manager

Taskthis category of plans is intended for completing tasks for the electricity section or tasks
for holes (depending on the selected category).

O-these are designed views that are later used to display data on a sheet of paper only ft
output.

We recommend renaming the newly created plan view according to the category, since by
default the view name does not have a prefix. Specifying the appropriate category will significantly
simplify orientation inthe Project Manager(Figure 17).
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Figure 17Renaming the plan

We recommend that you change the plan category under certain circumstances. For exampl
if the auxiliary plan is suitable for displaying on a sheet, you can move it tegigned views
category.

Views are sorted in the Project Manager based on the following parameters:
Adsk_specificationof the view (value optionsauxiliary views, decorated views, tasksetc.) and
ADSK_SSTAMP project section(value optionsventilation, heating, etc.) (Figure 18).
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Figure 18View parameters in theroperties panel

Plan types can be copied in the Project Manager via the context menu by selecting one of tw
optonscsee figure 19):

1) copy - without markings, dimensions, or other annotation symbols.

2) copy with detail T a full-fledged copy of the plan with stamps and dimensions.

A copy of the view will appear automatically the project manager. By default, a numbe
will be added to the name of the original name at the end, so it is important to immediately change
the name of the created copy.

Figure 19Copying a view irthe project manager

2.2 basic principles of building a heating system

The main elements of the heating system development are: pipes, pipeline fittings, equipment
pipeline insulation. Let's consider the features of the formation of these elements.

3.2.1 recommendations for building pipeline networks

Before designing, you must perform the following preparatory steps:

1) create an appropriate heating plan.

2) setting up heating systems.

To adjust the parameters of heating systems in the Project Manager in the family folder, find
the category pipeline systems

(pis. 20).

This folder contains the system categories that the project has (Figure 21). Using the
recommended template, you should only use systems with the ADSK prefix.

When you activate the Pipe tool, on the Systems tab (Figure 22), you can select system data
the Properties panel (Figure 23).
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