E-SCALA /

Kirklareli University Journal of the Faculty of Architecture \/}/lg
Kirklareli Universitesi Mimarlik Fakiiltesi Dergisi /".

Cilt/Volume: 2 Sayi/No: 2 Yil/Year: 2023 37-54 /

Evaluating The Impact Of Bulding Information Modeling (BIM) On
Sustainable Architectural Designs

Ceren Aydan NASIR"“' " Saniye KARAMAN OZTAS""'2, Seher GUZELCOBAN
MAYUK =/3

1" Gebze Technical University, Faculty of Architecture, Gebze, Kocaeli, Tiirkiye.

23 Gebze Technical University, Faculty of Architecture, Department of Architecure,
Gebze, Kocaeli, Tiirkiye.

Abstract

Some significant global problems, such as global warming, depletion of the ozone layer and
natural resources depletion, point out that sustainable solutions are critical in the construction
sector, as in many other fields. In this context, the Life Cycle Assessment (LCA) method,
which enables the determination of the environmental impacts of buildings, comes to the
fore. In addition, due to the negative environmental impacts caused by the building sector,
the tools developed to create sustainable designs have started to be used. The Building
Information Modelling (BIM) method, which uses these tools and is becoming increasingly
important, can produce solutions in different ways in design, construction and use processes
from an environmental perspective. The decisions, especially in the early stages of building
design, are effective for sustainability goals, and the analysis and simulation functions
provided by the BIM help the designers to make sustainable design. In this study, it is aimed
to to explore and analyse the potential of using LCA in an early design stage using design
tools. It was focused on researching and defining the most important aspects of LCA and
BIM through a literature review. Thus, the importance of the decisions taken at the early
design stages for sustainable designs and the necessity of innovative methods that the BIM
method provides to the designer while making these decisions are revealed. The studies
highlight the potential of integrating LCA and BIM to make sustainable design decisions
early on also indicate the importance of LCA data, level of development (LoD) of the BIM
model, and the knowledge of designers on the topics of LCA and sustainable design.

Keywords: Sustainable Architecture, Building Information Modelling (BIM), Life Cycle
Assessment.

Yapi Bilgi Modellemesinin (BIM) Siirdiiriilebilir Mimari Tasarimlar
Uzerine EtKisinin Arastirilmasi

Ozet

Kiiresel 1sinma, ozon tabakasinin incelmesi ve dogal kaynaklarin tilkenmesi gibi bazi 6nemli
kiiresel sorunlar, bir¢ok alanda oldugu gibi insaat sektoriinde de siirdiiriilebilir ¢éziimlerin
kritik 6nem tasidigini gosteriyor. Bu baglamda, binalarin ¢evresel etkilerinin belirlenmesini
saglayan Yasam Dongiisti Degerlendirmesi (LCA) yontemi 6n plana ¢ikiyor. Ayrica yapi
sektoriiniin neden oldugu olumsuz cevresel etkiler nedeniyle siirdiiriilebilir tasarimlar
olusturmak i¢in gelistirilen ara¢lar kullanilmaya baglanmistir. Bu araglar1 kullanan ve 6nemi
giderek artan Yapi Bilgi Modellemesi (BIM) yontemi, ¢evresel acidan tasarim, yapim ve
kullanim siireclerinde farkli sekillerde ¢oziimler iiretebilmektedir. Ozellikle bina tasariminin

*Corresponding Author: c.nasir2023@gtu.edu.tr


https://orcid.org/0009-0009-3407-8635
https://orcid.org/0000-0003-1955-0013
https://orcid.org/0000-0002-2676-4784

Nasir ve ark. Evaluating The Impact Of Bulding Information Modeling (Bim) On
Sustainable Architectural Designs

erken asamalarinda almman kararlar siirdiiriilebilirlik hedefleri i¢in etkili olmakta, BIM'in
sagladigi analiz ve simiilasyon fonksiyonlar1 tasarimcilarin stirdiriilebilir tasarim
yapmalarina yardimci olmaktadir. Bu ¢alismada, tasarim araglar1 kullanilarak erken tasarim
asamasinda LCA kullaniminin potansiyelinin arastirilmasi ve analiz edilmesi amaglanmistir.
Literatiir taramasi1 yoluyla LCA ve BIM'in en Onemli yonlerinin aragtirilmasi ve
tanimlanmasia odaklanilmistir. Bdylece siirdiiriilebilir tasarimlar i¢in erken tasarim
asamalarinda alan kararlarin 6nemi ve BIM y0nteminin bu kararlar1 alirken tasarimciya
sagladig1 yenilik¢i yontemlerin gerekliligi ortaya konmustur. Siirdiirtilebilir tasarim
kararlarinin erkenden alinabilmesi icin LCA ve BIM entegrasyonunun potansiyelini
vurgulayan ¢aligmalar, ayn1 zamanda LCA verilerinin, BIM modelinin gelismislik diizeyinin
(LoD) ve tasarimcilarin LCA ve siirdiirtilebilir tasarim konularindaki bilgilerinin 6nemini de
ortaya koymaktadir.

Anahtar Kelimeler: Siirdiiriilebilir Mimari, Yap1 Bilgi Modellemesi (BIM), Yasam Dongii
Degerlendirmesi (LCA)

1. INTRODUCTION

Throughout history, as a result of events such as the Industrial Revolution and World Wars,
many technological developments have been achieved in the building sector as in many
fields. These technological developments have created new requirements as well as
opportunities. Due to some of these requirements, an expeditious increase in AEC (the
architecture, engineering and construction) industry has started and caused some crucial
global issues such as global warming, depletion of ozone layer, depletion of natural resources
and so on (Cavusoglu & Cagdas, 2018).

Different global scientific studies indicate that the construction sector has high CO2
emissions from the use of energy and raw materials, puts great pressure on the natural
environment. According to environmental reports prepared by the United Nations, the
building sector is responsible for approximately 38% of the greenhouse gases emitted
globally, as it uses significant amounts of energy in different life cycle stages such as
material production, construction, operation, maintenance and demolition (Fig. 1) (Duru,
Dinger & Kog, 2022; UNEP, 2020).
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Figure 1. Global share of buildings and construction final energy and emissions, 2019
(UNEP, 2020).

This high negative impact of the building sector causes a reconsideration of project design
and business processes in building production in the context of environmental sustainability
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principles. Effectively combating climate change resulting from the production of the built
physical environment requires an approach that considers environmental impacts from the
beginning of the architectural design process and adopts holistic sustainable design goals
(Duru, Dinger & Kog, 2022).

Environmentally sustainable buildings are gaining importance to reduce the negative effects
of climate change and maintain the balance of the natural system. In order to prevent the
increase in greenhouse gases, renewable energy sources should be used more in buildings.
Energy conservation, water conservation, material conservation and prioritizing the use of
natural materials are among such requirements. It can be said that the demand for sustainable
buildings that meet these requirements, reduce energy consumption and increase energy
efficiency has increased in recent years. Since sustainable building designs will contribute
to a greener world, it is significant to establish interdisciplinary and integrated working
groups based on ecological sensitivity. Building Information Modelling (BIM) technology
enables the optimization of the building performance as a whole with a multidisciplinary
study from the beginning of the design (Ko¢han & Akin, 2022).

Therefore, in this study, through a literature review, the ways of using this technology, which
has increased in use in recent years and supports integrated work based on interaction
between systems, to enable integrated design and analyzes during the project stage have been
investigated. In this sense, the integrating the technology with the Life Cycle Assessment
(LCA) method is focused, and its effects on sustainable designs are questioned.

1.1. The Purpose and Method

It is aimed to investigate and analyze the potential of integrating BIM and LCA methods and
their potential to be used in the early design phase. Through a literature review, the focus
was on investigating and identifying the key aspects of LCA and Building Information
Modelling (BIM) methods. Furthermore, the interoperability of these two methods was
investigated by analyzing relevant publications.

2. THE THEORETICAL FRAMEWORK

In this section, the literature about Life Cycle Assessment (LCA) and Building Information
Modelling (BIM) is presented.

2.1.The Life Cycle Assessment (LCA)

Considering the size of the built environment in the world, it can be predicted that the
environmental impacts caused by the production of these structures have very negative
consequences on the natural environment. Determining the environmental impacts of
buildings is the first step towards reducing these negative environmental impacts.

Life Cycle Assessment (LCA) is recognized as one of the most comprehensive objective
methodologies for determining the environmental impacts of buildings (Khasreen, Banfill &
Menzies, 2009). With LCA, the effects of a building on its environment throughout its entire
life cycle can be analysed. With the use of this method, environmental impacts can be
calculated and energy controls can be made in buildings. Thanks to designers who are
sensitive to this issue, a more sustainable design approach has started to emerge in building
production.
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According to ISO 14040 (2006), LCA is performed in four steps (Figure 2). These are given
below respectively:

1- Goal and Scope Definition: In this phase, some issues should be cleared, such as the
reason for applying LCA study, the application areas of the LCA results, the function
of the product system, the product system boundaries, and data category.

2- Life Cycle Inventory Analysis (LCI): This phase involves data collection and
calculation to quantify inputs and outputs of materials and energy associated with a
product system under study.

3- Life Cycle Impact Assessment (LCIA): It consists of optional and mandatory
elements such as classification, characterization, normalization, and weighting.

4- Interpretation: The quantitative results are interpreted in order to identify significant

ISSues.
Goal and Scope Inventory Impact
Definition Analysis Assessment

| | I

Interpretation

Figure 2. Phases of LCA (Gomaa, Farghaly, & El Sayad, 2021; 1SO14040, 2006)

According to ISO 14044, the system boundary determines which processes should be
included within the LCA and should be consistent with the goal of the study. Similar to other
products, the system boundary of the building LCA consists of either a cradle-to-grave,
cradle-to-gate (for building product analysis) or gate-to-gate (for construction process
analysis). In most cases, the cradle-to-grave approach, which starts from the pre-use phase
to end-of-life (EOL) phase, is normally used (Fig. 3) (ISO 14044, 2006; Abd Rashid &
Yusoff, 2015).
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Figure 3. Life-cycle scope specified according to the standardized module designations
(Bruce-Hyrkés, 2021).

The LCA method, which is one of the important tools that contributes to realize sustainable
building production, covers all stages starting from the extraction of raw materials to the
reuse / recycling of materials obtained from the demolition of the building. Therefore,
accurately calculating the environmental impacts of buildings throughout their lifetime
requires analyzing a large amount of information. Data requirement makes it difficult to
carry out environmental impact assessment, which should be considered especially in the
early stages of design (Duru, Dinger & Kog, 2022).

Decisions made in the early stages of the design process have a major impact on the process
as they set the general conditions for the later stages of building production. Due to the
impact of the early design phase on incurred costs, operational energy demand and
environmental impacts; this phase has a great potential for the optimisation and reduction of
GHG emissions. Therefore, LCA should be applied in the early design stages to ensure
holistic environmental optimisation of buildings (Fig. 4) (Basic, Hollberg, Galimshina, &
Habert, 2019).
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Figure 4. Influence of the early design stages (Basic, Hollberg, Galimshina, & Habert,
2019)

In LCA analyses performed through visual programming languages (VPL), the specified life
cycle inventory data is used extensively. In creating this information, it is a prerequisite to
determine the system boundaries with the help of the aim and scope definition in the first
stage of the LCA method. Creating the inventory without meeting this condition causes the
great uncertainties in the calculations. Therefore, the inventory data to be selected directly
changes the impact assessment results, which is the next stage due to the modules LCI
contains (Duru, Dinger & Kog, 2022; Lasvaux et al., 2014).

If LCA analyses can be used effectively in the early design phase where decisions such as
material preferences and layout options are determined, these analyses will constitute an
important design criterion for the designer. With three-dimensional software that can
perform these analyzes, more environmentally friendly and sustainable designs can be
produced. Thus, with the calculations made, the most sustainable and economical option
among different design variations can be implemented in a way that minimizes the loss of
time and cost.

2.2. The Building Information Modelling (BIM)

The National Institute of Building Sciences (NIBS) has defined BIM as a model and a
process: " A BIM is a digital representation of physical and functional characteristics of a
facility. As such it serves as a shared knowledge resource for information about a facility
forming a reliable basis for decisions during its lifecycle from inception onward. A basic
premise of BIM is collaboration by different stakeholders at different phases of the lifecycle
of a facility to insert, extract, update, or modify information in the BIM to support and reflect
the roles of that stakeholder” (NIBS, 2007).

BIM is a new way of thinking that differs from traditional workflow. All stakeholders
(architects, engineers, contractors, etc.) work on a common database. In the conventional
method, stakeholders work on separate information tools and different (often incompatible)
software packages (Ozorhon, 2018).
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BIM is a method in which a building and the entire system for the building is first built in a
virtual environment. Much information, such as material data, is processed into the model
created with predefined three-dimensional objects. Thus, a model is obtained in which many
analyzes can be made before the construction of the system, and errors can be detected in
advance. Since this model contains all the information about the building, it also constitutes
a source of information that can be used in the use and management phase of the building.
BIM Application Levels (nD), BIM Development Levels and BIM Based Visual
Programming Tools are stated below.

2.2.1. BIM Dimensions (nD)

The BIM working system has application levels of different dimensions (D) (Table 1)
(Ozorhon, 2018). These dimensions, which are determined according to the project
requirements and the life cycle phase in which BIM will be used, are among the basic
concepts of BIM.

Table 1. BIM Dimensions (Ozorhon, 2018).

3D is the level where a digital representation of the physical
3D | Modelling
structure of the building is created.

) 4D is the level at which time data is entered into the model in
4D | Scheduling
planning, enabling more efficient execution of work.

- 5D is the level that enables analysis such as detailed budget
5D | Estimating ) o )
analysis by assigning costs to the elements in the model.

o 6D is the level that is relevant to sustainability goals, such as
6D | Sustainability

calculating size/energy use.

— Facility 7D is the level that ensures that the implemented BIM model

Management enables accurate facility management and asset management.

2.2.2. BIM Level of Development (LOD)

Another concept frequently encountered in BIM technologies is BIM Levels of Development
(LOD). Every year since 2013, the American Institute of Architects (AlA) (2013) and
BIMForum (2015) publish LOD (level of development) specifications and provide
information on classifications (Bahadir, 2018). The LOD framework sets the floor for Model
content and the ceiling for Model use (AIA, 2013). These levels, which vary between 100
and 500, are explained in Table 2.
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Table 2. BIM-Levels of Development (Ozorhon, 2018).

LOD It is the level of conceptual design. Data is represented in
Conceptual
100 symbols and approximations.

LOD | Approximate Conceptual design is improved by adding non-graphical

200 Geometry information to the model element.

This is the level of application design where information such

LOD | Precise

as size, position, quantity and direction of model elements can
300 Geometry

be retrieved from the model.

This 1s the construction level where information such as

LOD
. Fabrication element details, manufacturing, assembly and installation are
added to the model.
LOD _ The model elements represent the application conditions and
As-Built ‘ .
500 can be used in facility management.

2.2.3.BIM-Based Visual Programming Tools and Dynamo

Thanks to the new technologies developed in the BIM method, visual programming tools
that contain algorithms according to their specialised purposes without knowing how to write
code are now frequently used by designers (Kensek, 2015). Thanks to the development of
the software used in the BIM method, which enables modelling with predefined objects, new
approaches have emerged in which visual programming languages can be used in
architectural design stages. Thus, it is ensured that fast and automatic repetitive analyses can
be performed on the model prepared with BIM software using these visual programming
tools. Analyses and data flow in design processes can be carried out quickly in this way
(Autodesk, 2016; Seghier, Lim, Ahmad, & Williams, 2017).

The Dynamo, which was developed to improve design processes in both parametric design
and BIM-based designs, can be mentioned. Autodesk Revit, which has a very wide user base
among BIM programs and allows modelling using information-coded three-dimensional
objects, uses the Dynamo visual programming tool for design analysis. Thus, various
environmental impact results related to the building can be obtained by using this
programming tool on the created BIM model. In this context, Dynamo contributes to
sustainable designs.

3. THE RELATIONSHIP BETWEEN BIM AND LCA FOR BUILDING
SUSTAINABILITY ASSESSMENT

BIM is a three-dimensional platform that allows the design and construction process of the
project to be monitored step by step and intervene when necessary. With this feature, the
BIM system can offer ease of revision even during the construction phase (Ozcan & Erol,
2018). Thanks to this benefit of the BIM method in the building production process, the data
obtained with the LCA method can be used together, especially in the design phase, creating
a potential for creating sustainable designs.
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3.1.LCA and BIM in Building Life Cycle

The LCA modules in the building life cycle and the emission rates at each stage are given in
Fig. 5.
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Figure 5. Life-cycle stages of a building (Adapted from: URL1; Gibbons & Orr, 2020)

The material-related processes are divided into certain modules and the effects of these
modules on LCA are also in different dimensions in the Life Cycle Inventory (LCI) phase
(Al1-C4) (Fig. 6). At this point, the place of the BIM method in the building life cycle and
its association with the LCA stages should be examined.
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Figure 6. BIM at different stages of the project life cycle (URL2)

BIM enables the process to operate in a planned manner starting from the initial stage of the
structures. Numerical and graphic outputs are obtained by analyzing the effects of the
physical environment and materials. Since it works with an integrated system, on-site
interventions are implemented in a short time and efficiently. Since BIM records and stores
information about the building, it ensures the efficiency of the building throughout its life
cycle and follows a different path than other software (Kochan & Akin, 2022).

In the stages of visualization, design and modelling, the BIM model is developed with many
data, such as material information, structural system details from the conceptual design and
a detailed model. In the detailed design phase, the data obtained from modules A1-5 in the
LCI can be processed with the model. In addition, a well-detailed model is significant for
the quantification of the materials to be used.

In the stages where analyses are performed on the model obtained, energy analysis, conflict
detection and cost estimations are performed to prevent errors that may arise in construction
and subsequent use, reduce costs and shorten the construction period. Thus, energy analysis
is performed by associating the object-based model created in the previous stage with an
energy analysis tool. Visual programming tools developed to perform analyses in the BIM
system and capable of calculating environmental impact using LCI data can be mentioned.

With BIM technologies, it is possible to perform some of the following analyses to provide
optimum conditions in all building life cycle phases (Fig. 7 and 8) (Ozcan & Erol, 2018).

e Climatic Analysis

e Energy Load Analysis

e Sun and Shadow Analysis

e Solar Radiation Analysis

e Natural Lighting Analysis

e Wind Analysis

e Whole-Building Energy Analysis
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Figure 7. Some energy analysis in Autodesk Revit environment (URL3) and Autodesk
Green Building Studio whole-building energy simulation (URL4).

Figure 8. Wind simulations and wind load simulations around the building with Ingrid
Cloud (URLS5).

When a change is made in the model as a result of these analyses, the cost estimates made
by updating the data are also updated. At the same time, the work program prepared with the
model is associated with the construction planning. Thus, field coordination is ensured, and
the follow-up of the construction process is facilitated. The construction simulation of the
building and the virtual state of the site are obtained. With this model, the environmental
effects of the building and the effects of the environment on the building can be obtained
thanks to analysis tools that can simulate not only the production of the building but also the
process until its use and demolition.

With the field drawings that can be easily obtained from the completed model, it is easy to
update the designs, such as mechanical, electrical, and plumbing designs, and renew the
drawings according to the changes to be made during the fabrication and construction stages.
When it is necessary to examine the compliance of the project with the regulations, this
process becomes easier, as the BIM model contains detailed specifications. In the facility
management phase, it can be used in operations such as renovation and repair since the model
contains all the information from planning to production.

The traditional Computer Based Document (CAD) design process requires more effort and
cost while the project is in the documentation process. The BIM process requires more effort
at the beginning of the project process and starts to decline during the design development
phase. Changes made during the design process have a lower value in CAD programs and a
higher value in BIM (URLSG6). As a result, with the advantages provided by the BIM method,
making changes in the design throughout the process requires less effort, time, and cost.
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Easier and more effective analyzes can be made in terms of sustainability. Thus, as a result
of the analysis, the best design in terms of efficiency and sustainability can be decided to be
implemented among the design options.

3.2.BIM-LCA Integration and Its Utilization in Early Design Phase

BIM, which provides solutions to the problems that will occur during and after the
construction phase, and LCA methods, which calculate the emissions and environmental
impacts that a building will cause during its lifetime, have started to be researched and used
more and more with the increasing awareness of these issues. This shows that the
combination of BIM and LCA has a great potential. Although BIM and LCA have started to
be used more and more in building production processes by using the developments in design
technologies, ensuring efficiency and increasing importance of environmentalist
approaches; the fact that the use of the integration of these two methods is not provided (or
provided less) in the process is due to the fact that the BIM model unfortunately cannot
provide the detailed and information required by the LCA study, especially in the early
stages (Roberts et al., 2020). Although many scientific studies have been conducted for this
integration, there are still no LCA calculation modules directly accessible to the end user
within BIM programs (Duru, Dinger & Kog, 2022).

Another obstacle encountered in the integration of BIM and LCA is that the information
required for the realisation of LCA is usually too much. The reason for using visual
programming tools at this point is that the results of LCA are easier to understand by the
designer. Otherwise, too much information -and especially quantitative data- that will be
generated as a result of LCA will make the designer's work difficult and prevent the
processing of the results (Roberts et al., 2020). Presenting this data to the designer as
visualized results can facilitate the designer when comparing different design options. Some
visual programming tools that can generate visualized results and can be used without the
need to write code can help designers.

Autodesk Revit BIM model and life cycle inventory information (LCI) used in LCA
calculations can be brought together through Dynamo, a visual programming tool, to
determine the environmental impact results of the building in early design stages (Fig. 9)
(Duru, Dinger & Kog, 2022; Kiamili, Hollberg, & Habert, 2020). The most important feature
of the Dynamo visual programming language is that it can establish a relationship with
predefined objects in the BIM design environment and move data to the BIM environment
through external data sources (Autodesk, 2021).
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Figure 9. Environmental impact calculation scheme with Dynamo in Revit (Duru, Dinger
& Kog, 2022; Kiamili, Hollberg, & Habert, 2020).

Since the building is primarily constructed virtually in the BIM method, conducting the
analyzes in the early stages of the building production process, before the construction of the
building starts, provides more efficiency in many aspects such as time, cost and sustainability
compared to the old methods. However, the earlier in the process these sustainability goals
are considered, the higher the efficiency will be. For this reason, it is important to integrate
BIM and LCA methods, especially in the early design stages when the design and model are
being created.

Decisions at the beginning of the design process to use resources efficiently yield important
results. Especially in the conceptual design phase, the ability to perform some analyzes
without difficulty offers significant advantages (Savaskan, 2015). The ability to generate
data on building performance during the conceptual design phase, when basic decisions
about the structure and its form are made, allows the design to be redeveloped in order to
improve building performance. In this application that measures building performance in
advance, difficulties, delays, and additional costs that may arise during building construction
and operation can be eliminated (Ofluoglu, 2021). The process of designing sustainable
high-performance buildings has a spiral cycle (Koghan & Akin, 2022). Fig. 10 shows the
conceptual design and design development phases where BIM software and analysis are
used.
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Figure 10. The use of BIM in the processes of high-performance sustainable building
design, adapted from Ofluoglu, 2018 (URL7) (Koghan & Akin, 2022).

The early stages of design, such as conceptual design and development, are of great
importance for an efficient building production process, as they form the basis for later
stages. However, LCA cannot yet be used effectively at these early design stages. Because
most of the things related to the design are at a more conceptual level and show a lot of
variability.

The high level of uncertainties and lack of detailed information in the early design phase,
where the outline of the design is established, limit the realisation of LCA at these stages.
As a result, LCA has to be carried out only after the design is finalised so that detailed
information can be obtained. This means that LCA is reactive rather than proactive (Rock et
al., 2018; Roberts et al., 2020). In fact, LCA is most efficient at the LOD 100 stage, where
important decisions are made, rather than at the model stage, which is brought up to the LOD
300 level. At this point, it becomes very difficult to talk about a BIM and LCA integration
since it is very limited to get the data required for LCA from the model in the early design
phase. In addition, since LCA data is not suitable for the simplicity level of the conceptual
model at LOD 100 level, LCA cannot be used at this level where design comparisons are
made. Therefore, if LCA data can be adjusted according to early stage model levels such as
LOD 100, it can be ensured that result comparisons can be made for different design
variations according to their environmental impacts (Rezaei et al., 2019; Roberts et al.,
2020). In sum, LCA can be used at the LOD 300 level, where a three-dimensional and
detailed BIM model is created, but this poses a problem for the efficiency of the design and
modelling process. Because the model is now highly detailed, meaning that the design is
now mostly decided at LOD 300. However, it is envisaged that the use of LCA data before
the design is fully established at an earlier stage when a choice among design variations is
to be made can prevent the creation of detailed models repeatedly and waste of time.
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4. CONCLUSIONS AND FURTHER RESEARCH

Thanks to the analysis and simulation tools used in BIM technologies, many problems can
be solved in advance in the three-dimensional virtual model before the construction of the
building starts, and the building can be made more sustainable. The use of detailed BIM
model and LCA data together also enables the effects of the building on its environment
throughout its life cycle to be analysed in advance. Thus, many losses, especially time, cost
and effort, are prevented, the optimum design for the sustainability of the building is
achieved, and the environmental impacts of the building are taken into account before the
construction of the building begins. At this point, it is quite clear that BIM is a very
significant method for more sustainable solutions throughout the building life cycle.

The combined use of BIM and LCA can be seen as a method that can guide designers in
reducing building-related emissions. This indicates the potential of LCA and BIM
integration to reduce cost and time losses throughout the building life cycle and to make
sustainable design decisions early on.

The positive impact of solutions in the early stages of the building production process, before
the construction has even started, on the building production process has been revealed. At
this point, efficient design comparisons can be made with environmental impact,
performance and efficiency analyses that can be embodied almost instantly with the BIM
method after the stage where the detailed model is produced. This enables more efficient and
sustainable building design and production. However, in this context, it is necessary to
address the design process in order to further increase efficiency. Because it is seen that the
decisions taken in the early design stages have the highest impact on the whole process, as
they form the basis for the later stages. For this reason, sustainability criteria should be
evaluated in the early design stages within the scope of the project.

A completed and well-detailed BIM model contains data on all elements used for the
structure. The detailing and LCA data at LOD 300, and more advanced stages of the model
can be used together, and environmental impact assessments can be performed. However,
since the model is not fully detailed in the early design stages, LCA and BIM cannot be
integrated before the model reaches the LOD300 level. As a result, it is seen that in order to
ensure efficiency for the designer as much as possible in the building design process and to
be able to talk about a complete integration of BIM and LCA, it is necessary to create LCA
data suitable for the model for the LOD100 level of the model. With the studies to be carried
out on this subject, more sustainable and environmentally friendly designs that can reduce
the negative environmental impacts resulting from building production can be achieved.
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