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Abstract 
 
Building Information Modelling (BIM) and Life Cycle Assessment (LCA) are at the core of 
construction projects. LCA is one of the key elements of sustainability in the construction 
projects and an improved LCA process can be achieved through the adoption of BIM. 
Exploring the characteristics of a BIM-based LCA process from the different perspectives of 
interoperability and identifying the effects of adopting regionally different EPD databases are 
significant.  
 
The LCA add-in tools, One Click LCA and Tally, have been selected to identify the 
differences in the LCA results caused by adopting regionally different Environmental Product 
Declaration (EPD) databases. To observe the differences in the LCA results, the LCA 
processes were run through the LCA add-in tools. The input data, the system boundaries and 
the LCA scope were kept the same for the LCA processes. 
 
The LCA results were produced through the integrated LCA add-in tools. The GWP values in 
manufacturing module, produced by One Click LCA, were embedded into the Solibri model 
of Akademiska Sjukhuset project. Value level of interoperability in the BIM-based LCA 
processes was detected and analyzed according to the interaction types that were obtained 
between the LCA add-in tools and the BIM software. Obstacles in increasing the value level 
of interoperability to a higher level in today’s BIM-based LCA processes were also focused. 
Furthermore, the benefits and drawbacks of the BIM-based LCA processes were identified. At 
last, the differences between BIM-based LCA and traditional LCA process were identified 
along with future possibilities. 
 
It was observed that adopting regionally different EPD databases has significant effects on the 
LCA results. The semantic detail level of the BIM model and the data extraction quality came 
to the forefront in identifying the benefits and drawbacks. The interaction types in the studied 
BIM-based LCA processes were identified as “Collaboration” interaction type. Accordingly, 
the value level of interoperability in both BIM-based LCA processes was obtained as the high 
level of value innovation along with efficiency and differentiation. Moreover, the convenience 
of use, time and resource efficiency and improved accuracy obtained through the BIM-based 
LCA processes were concluded as some of the major differences from the traditional LCA 
processes. 
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Sammanfattning 
 
BIM (Building Information Modelling) och LCA (Life Cycle Assessment) ligger i kärnan av 
byggprojekt. LCA är ett nyckelverktyg för hållbarhetsarbete i byggbranschen och en 
förbättrad LCA-process kan uppnås i och med att tillämpa BIM-verktyg. BIM bjuder på 
många nyttor däremot detta arbete fokuserar på nyttan som BIM kan ge till LCA-processen. 
Därmed är forskning på grunden till Bim-baserad LCA-process och datas integrations- och 
konverteringsförmågan ytterst viktiga för detta arbete. 
 
LCA-verktyg One Click LCA och Tally och dess tillägg till CAD-mjukvaror har utvalts för 
att jämföra resultat vars indata är baserat på olika EPD-databaser (Environmental Product 
Declaration). För att iaktta skillnader i LCA-resultat, har LCA-processen gjorts med dessa 
LCA-verkytg. Indata, systemgränser och LCA-definitionsområde var samma för båda LCA-
processer. 
 
LCA-resultat producerat av båda LCA-verktyg har jämförts utifrån klimatavtrycksperspektiv 
(Global Warming Potential) för materialframtagandesskede. One Click LCAs GWP-värden 
har importerats i en Solibri-modell för projektet. Slutligen har LCA-resultat av en Bim-
baserad process jämförts med resultat av en klassisk LCA process. 
 
Påverkan av geografiskt anpassade EPD-databaser är avgörande för LCA-resultat. 
Materialframtagandesskede har störst miljöpåverkan i förhållande till andra livsskede. 
Semantisk detaljnivå av Solibri-modellen är avgörande för identifiering av för- och nackdelar 
av datas integrations- och konverteringsförmågan. Datainteraktionstyper studerade i BIM-
baserade LCA-processer klassas som kollaborativ interaktionstyp. Integrations- och 
konverteringsförmåga av både BIM-baserade LCA-processer utvärderades på en hög nivå 
gällande förbättrade resultat, effektivitet och resultatkännslighet. Utöver dessa har BIM-
baserade LCA-processer en förbättrad användbarhet och är mer tid- och resurseffektiva, vilka 
är huvudskillnader från en LCA-process utfört på klassiskt sätt. 
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1. INTRODUCTION 
 
1.1. Background 
  
BIM and sustainability are the raising subjects in Architecture, Engineering and Construction 
(AEC) sector that change and develop the traditional methods. Since the concerns regarding 
sustainability grow in importance in construction projects and the continuous improvements 
that BIM technology provides change the characteristics of the AEC sector, an interest 
evolves for the relation of sustainability and BIM. 
 
Setting well-structured and educated design decisions in early project phases can help the 
process of sustainable design to be more efficient and cost-effective (Yang and Ren, 2015). 
Since the design decisions that are taken in early-design phase have the highest level of 
influence over the project -especially in concern of sustainability (Azhar, 2011), it is 
important to obtain the benefits of BIM tools to integrate project disciplines. Azhar et al. 
(2011) indicate that the multi-disciplinary data can be consolidated into a single model by 
integrating the design models. It enables to obtain enhanced analysis results without data loss 
and errors (Azhar et al., 2011 ). Integrated sustainability analysis into BIM tools can proceed 
quicker evaluation of the different design possibilities (Bynum et al., 2013). Greener design 
options can be identified by the designer to make better-informed decisions in early-design 
phase (Bynum et al., 2013). Therefore, designers can envisage the future environmental 
impacts of the building (Bynum et al., 2013).  
 
The position of interoperability in BIM-based LCA processes is not fully discovered. One 
Click LCA and Tally LCA add-in tools are undertaken as the BIM-based LCA tools to 
compare their differences in results and analyze the position of interoperability based on these 
tools from different perspectives. Akademiska Sjukhuset project has been chosen as the case 
study in this thesis research in order to conduct the LCA processes. First, the variations in the 
LCA results of BIM-based LCA add-in tools caused by adopting regional and international 
EPD databases are identified. Second, integrated LCA process into BIM model over the 
selected tools is analyzed to determine the value level of interoperability (Grilo and Jardim-
Goncalves, 2010), and identify the drawbacks and benefits pursuant to the direct access 
approach proposed by Antón and Díaz (2014). Additionally, differences and future 
possibilities that emerge from BIM-based LCA process compared to traditional LCA process 
are identified and future possibilities are stated. Furthermore, a comparison between LCA 
add-in tools is also executed to show the challenges and differences detected by the user in the 
use of add-in tools. 
 
Integration of LCA process and BIM model relies on the interoperability (Ramaji et al., 2017) 
between LCA add-in tools and BIM software through IFC open standard in this research. 
Consequently, the value level of interoperability and the benefits and drawbacks of BIM-
based LCA processes are emerging subjects to analyze in this research. 
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1.2. Scope 
 
This research is focusing firstly to show the differences between add-in tools’ LCA results 
that are caused by adopting different regional EPD databases. However, the main purpose of 
this research is to study the integration between Building Information Modeling (BIM) and 
Life Cycle Assessment (LCA) on the basis of interoperability. The research questions that are 
aimed to be answered in this research are divided into sub-questions that approach to the 
integration of BIM and LCA from different aspects regards to interoperability. The research 
sub-questions are: 
 
1. What differences are caused in LCA results by adopting different regional EPD 

databases?                                                                                            
2. Which value level of interoperability can be reached with today’s BIM-based LCA add-in 

tools? What are the obstacles in reaching to higher value level of interoperability? 
3. Which benefits and drawbacks are obtained in a BIM-based LCA process? 
4. What are the differences between BIM-based LCA and traditional LCA process?  
 
1.3. Limitations 
 
There are several limitations that are expected to be faced through the empirical study within 
the scope of this research. The first limitation is quantifying the interoperability level of the 
add-in tools that makes able to compare the tools on a numerical basis. Since it is not possible 
to quantify the level of interoperability, the level of interoperability is needed to be evaluated 
regarding the functions and computability of the add-in tools based on Grilo and Jardim-
Goncalves (2010).  
 
The second limitation is that the add-in LCA tools are based on different methodologies; 
hence the results are produced in different forms and categorization even though the 
methodologies are aligning with each other. Furthermore, the tools provide different user 
interfaces that come with various additional LCA features. When one of the tools is able to 
provide one specific feature to the user, the other tool provides a different tool-specific 
feature. Hence, the LCA specifications and provided features in both tools are restricted in 
order to stay in the same scope. It means that even though the tools provide additional features 
to the user, only the common tool features would be available to use in both tools. 
 
The most significant limitation of the research is related to the Revit Architecture model of 
the Akademiska Sjukhuset project. Since the add-in LCA tools run the material mapping 
process according to extracted family/component definitions and details in the Revit model, 
quality of extracted data and detail level become crucial in term of high-level integration. The 
Revit model does not include comprehensive material and objects definitions for each 
component. Therefore, the user needs to define the missing and lack component definitions in 
the Revit model, so the add-in tools can identify the components fully for a correct material 
mapping process. In this research, support from environmental and structural consultants in 
Ramböll Sverige AB was received to achieve this limitation. 
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2. LITERATURE STUDY 
 
2.1. Building Information Modelling (BIM) 

 
The AEC (Architecture, Engineering, and Construction) sector has been changing and 
evolving to a stage, where technological advancements are more dependable and practiced. 
Building Information Modelling (BIM) is one of the major advancements that have been 
experienced by the AEC sector recently. 
 
BIM can be defined in many ways from different perspectives; Miettinen and Paavola (2014) 
define it as the process of constructing a digital 3D model that possess the project information 
including object data, which can be exchanged among tools as well as project coalition. Thus, 
it refers to collaboration and interoperability, which are resulting in improved project quality, 
productivity and efficiency overall (Miettinen and Paavola, 2014) through the project 
lifecycle, from design to demolition phases (Ghaffarianhoseini et al., 2017). Even though 
BIM is undertaken as an integrated process, there are four layers that foster and characterize 
the process as modelling the building information (Miettinen and Paavola, 2014). First, the 
relevant project and object data are consolidated into a single BIM model, then, rendering the 
model to unlock interoperability and information exchange as the second key element via 
open standards such as Information Foundation Classes (IFC) (Miettinen and Paavola, 2014). 
Third, BIM is adopted in all project phases and implemented continuously, so a notable 
positive change in productivity along with efficiency could be obtained as a result of BIM 
use, as the fourth key element of optimized BIM process (Miettinen and Paavola, 2014). 
Similar characterizations are also supported by (Eastman, 2011) by referring to component 
data behaviour, ability to integration and its exchangeability.  
 
However, nowadays the most outstanding features of a BIM model are defined as storing, 
exchanging and facilitating multidisciplinary project and object data (Ghaffarianhoseini et al., 
2017). Thus, object-oriented 3D BIM models provide enhanced and detailed visualization of 
the building components throughout the project phases (Ghaffarianhoseini et al., 2017). It can 
be concluded that the designers and engineers can obtain better control over the project, so a 
more accurate decision-making process can be achieved at the end. This interaction of 
interdisciplinary data is only possible via interoperability (Grilo and Jardim-Goncalves, 
2010), which provides the theoretical framework for this research. It is used to answer the 
research questions and explain the interrelation between BIM and Life Cycle Assessment 
(LCA) process in term of interoperability. 
 
2.2. Life Cycle Assessment (LCA) 
 
Life Cycle Assessment is defined in ISO 144044 (ISO, 2006) as a method to analyze the 
environmental impacts and aspects of the produced and consumed materials widely 
throughout their life cycles or in a particular period of time. LCA can be used for the 
decision-making process, improvements in production and usability of the materials (ISO, 
2006). Improvements provided by the LCA analysis for the buildings in the decision-making 
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process are considerably significant since it allows the designers to have environmentally 
better design solutions by considering the estimated impacts at the end (Malmqvist et al., 
2011). LCA methodology is designed to contain different phases of the project to examine the 
material and assure the overall process (Abd Rashid and Yusoff, 2015). 
 
Three different methodological LCA simplifications are defined by EeBGuide (Wittstock et 
al., 2012) as screening, simplified and complete LCA study. Screening LCA takes place in pre 
and conceptual design phase including vision development for the project, while Simplified 
LCA is focused on the certification requirements for the project (Meex et al., 2018). 
Screening LCA aims to environmentally review the future conditions of the building in 
general terms, however, it is not possible to reach scientifically credible results, draw 
conclusions and  make comparisons (Meex et al., 2018). Simplified LCA is more detailed 
than the Screening LCA yet less comprehensive than the Complete LCA (Wittstock et al., 
2012). Results of Simplified LCA is concluded from more precise dataset regarding material 
and building information (Wittstock et al., 2012). That is  why the results are more reliable 
but they can be considered sufficient only for the completed project stages (Wittstock et al., 
2012). EeBGuide states the Complete LCA as an LCA study that comprehensively evaluates 
the whole life cycle of the building. Obtained results lead to net environmental impacts of the 
building through the cradle to grave system boundary, thus the decision-making process can 
be handled substantially (Wittstock et al., 2012). It includes different stages of the building 
and different impact categories are examined through the process, which provides the 
possibility to compare and analyse the results surely (Wittstock et al., 2012). 

 
Figure 1. Methodological simplifications in LCA study (Meex et al., 2018) 

The first phase of the complete LCA analysis intends to define and clarify the goal and scope 
of the analysis process (ISO, 2006), which includes defining system boundaries and lifecycle 
phase (Abd Rashid and Yusoff, 2015). In term of defining the LCA goal, aimed application, 
audience, and intentions of the LCA shall be defined clearly (ISO, 2006). The system 
boundaries, functional units, the product system and its functions also shall be included in the 
definition of the LCA scope (ISO, 2006). The second phase of LCA is called Life Cycle 
Inventory (LCI) in which collection of the input-output material data is actualized (Abd 
Rashid and Yusoff, 2015). It includes steps of data collection, data validation, relating the 
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data to the unit functions, and setting the system boundaries (ISO, 2006). The steps of Life 
Cycle Inventory can be viewed in Appendix 5-Simplified procedures for inventory analysis. 
LCI is followed by the Life Cycle Impact Assessment (LCIA) phase that intends to deliver 
clearer understanding regarding expected environmental results of the collected material data 
in LCI phase (Abd Rashid and Yusoff, 2015). In order to achieve LCA study, there are 
mandatory elements of LCIA phase defined by EN ISO 144044. These are setting the impact 
categories, applying the inventory into decided impact categories and calculating the results in 
the decided impact categories (ISO, 2006). Analysis and interpretation of the obtained results 
are the fourth and the last part of the LCA process (ISO, 2006). Interpretation phase shall be 
aimed to determine issues, limitations, uncertainty at the end of the LCA process including 
the recommendations by aligning with the stated goal and scope of LCA (ISO, 2006). A 
detailed explanation of the life cycle interpretation can be found in Appendix 4 as schemed 
Relationships between elements within the interpretation phase with other phases of LCA. 
 
Furthermore, the system boundaries must be defined clearly to structure the process regarding 
aimed comprehensiveness. According to EN 15804:2012 (EN, 2012) the system boundaries 
define the processes and stages that must be included in LCA. The system boundaries are 
categorized based on the included stages in three different categories, which are (1) Cradle-to-
Gate, (2) Cradle-to-Grave and (3) Cradle-to-Cradle (Häfliger et al., 2017). Cradle-to-Cradle 
includes the all stages starts from A1 and ends with Module D (Silvestre et al., 2016). Cradle-
to-Grave is including the modules, with their sub-stages, except Module D (Silvestre et al., 
2016). Cradle-to-Gate is limiting the LCA process by including only the sub-stages A1, A2 
and A3 (Silvestre et al., 2016) that are located under the Module A, which refers to aspects of 
the used materials’ production process (Wittstock et al., 2012, Silvestre et al., 2016). Another 
significant element in LCA is the lifespan duration of the building that may vary based on the 
building type and purpose of use (Abd Rashid and Yusoff, 2015). Commercial and residential 
buildings’ lifespan is considered 50 years for LCA in general (Abd Rashid and Yusoff, 2015). 
On the other hand, the accuracy and approximation of the LCA analysis are highly depended 
on the material database (Zabalza Bribián et al., 2011). It is suggested that a material database 
created based on local products would provide more accurate and precise results, while 
materials selected from different regions may lead the results to be more speculative (Zabalza 
Bribián et al., 2011). Therefore, the material selection and assessing their functionality is a 
concern to obtain better results (Zabalza Bribián et al., 2011). It is also significant to state that 
EN 15804 (EN, 2012) considers a material’s contribution to the total mass as insignificant if it 
is under and/or equal to 1% of the total mass (Wittstock et al., 2012). Therefore, a 
contribution that is under of or equal to 1% can be disregarded in the calculation through the 
LCA process (Wittstock et al., 2012). 
 
2.2.1. LCA Modules and Impact Categories 
 
EeBGuide Guidance (Wittstock et al., 2012) categorizes the LCA stages –or modules- based 
on their aspects. Module A1 to A3 stands for extraction, supply and manufacture of the raw 
material, while A4 and A5 stand for the transportation and construction/installation process of 
the raw material, respectively (Wittstock et al., 2012). Module B is segmented into 7 sub-
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stages: B1 covers the use and application of the material which relates to emission and release 
of hazardous chemical agents; B2 is maintenance over the service life; B3 is repair and 
treatment of the building and construction components; B4 and B5 focus on replacement and 
refurbishment, respectively; B6 and B7 focus on operational energy and water use, 
respectively (Wittstock et al., 2012). Stage C, on the other hand, distinguished in four 
different sub-stages, which are responding to environmental impacts at the End-of-Life stage 
of the building (Wittstock et al., 2012). Stage C1 is related to de-construction and demolition 
of the existing building; C2 is considering the transportation of the waste materials to landfill, 
incineration and recycling centres; C3 focuses on the waste treatment and processing the  
 
waste in order to regain; C4 focuses on the disposal (Wittstock et al., 2012). As the last phase 
of the LCA study, Module D is aimed to explore the potential of 3R -Reuse, Recover, 
Recycle- of the building and its components (Wittstock et al., 2012). The detailed descriptions 
and regulations are explained in EN15804 (EN, 2012), while scenarios related to each stage 
along with their sub-stages are defined in EN 15978 (EN, 2011). LCA Module, System 
Boundaries and other details can be viewed in Appendix 6. 
 
According to EN 15804:2012 (EN, 2012), the impacts assessment in LCA is must be 
addressed to defined Impact Categories. EN 15804 defines six parameters refer to 
environmental impact and 18 parameters refer to resource/energy use (EN, 2012). Parameters 
of the environmental impact categories are (1) Global Warming Potential (GWP), (2) 
Acidification of Soil and Water Potential (AP), (3) Eutrophication potential (EP), (4) Ozone 
Depletion Potential (ODP), (5) Photochemical Ozone Creation Potential / Smog Formation 
(POCP), (6) Abiotic depletion potential (ADP) (EN, 2012). The list of 24 parameters can be 
viewed in Appendix 3.  

 
Figure 2. Detailed LCA Stages (Silvestre et al., 2016). Re-drew based on Silvestre et al. 

(2016) and Environdec (Environdec, 2018) 
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2.3. Integration of BIM and LCA  
 
Yeheyis et al. (2013) indicate that the construction industry is responsible for the consumption 
of 40% of the energy in the world with a 32% share of overall resources consumption. With 
the current technological developments in the building industry, there is an increasing interest 
in more sustainable and efficient design approaches in term of environmental aspects (Lu et 
al., 2017). With the emerge of BIM; a new term has also appeared called “Green BIM”. Lu et 
al. (2017) elucidate the term as a green design development that is strutted by BIM, along 
with achieving sustainability through exchanged and facilitated integrated BIM model data 
(Wong and Zhou, 2015). Maintaining the project dynamics and continuous decision-making 
mechanism are the characteristics of each construction project (Antón and Díaz, 2014). 
Moreover, early design phase has the highest potential to influence the project milestones 
substantially as a result of the decision-making process (Antón and Díaz, 2014). Thus, it is 
crucial to obtain the integration between BIM and LCA in the early design phase to reach a 
fully integrated sustainable design process (Antón and Díaz, 2014). Level of Detail (LoD), on 
the other hand, plays a role regarding the precision of the LCA analysis since integrated LCA 
process is drawing geometric and semantic data from 3D virtual model automatically (Soust-
Verdaguer et al., 2017). 
 
Jrade and Jalaei (2013) suggest a methodology regarding LCA-BIM integration that is 
connecting BIM models and LCA processes through an external database. The external 
database includes materials’ environmental properties and values that will be linked to the 
BIM model itself (Jrade and Jalaei, 2013). Yang et al. (2018) conducted a research on BIM-
enabled LCA processes to emphasize the importance of interoperability, data sources and its 
flow to achieve low carbon design in buildings. It resulted that the Level of Detail (LoD) is 
highly important in term of developing Life Cycle Inventory through the BIM Model (Yang et 
al., 2018). In addition to that, mapping the object/component data in the BIM model to LCA 
tool’s database is an emerging issue since there are issues on unmatched data formats and lack 
of interoperability due to using different BIM tools in the creation of the model (Yang et al., 
2018).  
 
Antón and Díaz (2014) proposed two approaches for the integration. First, according to direct 
access approach, extracting data via IFC file format, automated material take-off and 
nonnecessity of manual data-entry to the LCA tool are the visible features of directly 
integrated processes (Antón and Díaz, 2014). Even though the integration can be achieved in 
a significant proportion in this way, remaining and possible challenges still exist (Soust-
Verdaguer et al., 2017). Lack of open standards and level of interoperability diminish the 
quality of data extraction and even may hinder the process itself for some incomputable tools 
(Antón and Díaz, 2014). As a drawback of this approach, the designer is required to run the 
LCA process continuously whenever a change has been made in the BIM Model (Antón and 
Díaz, 2014). Since LCA process is not matured in the BIM Model, extracting data from BIM 
Model to LCA by the user is inevitable at the end of each revision in the BIM model (Antón 
and Díaz, 2014). However, this approaches still allows users to obtain real-time 
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environmental assessment and more error-free results since manual data entry is not required 
(Antón and Díaz, 2014).   
 
The indirect approach as the second relies on linking the building model and environmental 
properties -based on EPDs- of the objects in the BIM model (Antón and Díaz, 2014). It allows 
the users to select BIM objects by considering their environmental properties, which makes 
considering the environmental assessment as a natural part of the decision-making process 
through the design phase (Antón and Díaz, 2014). Regarding this approach, user’s level of 
competency on environmental data evaluation is crucial, which may lead to less accurate 
assessment results due to the errors in consideration of material/object selection (Antón and 
Díaz, 2014). On the other hand, this approach establishes the environmental consideration as 
one of the design decision-making criteria (Antón and Díaz, 2014). It means that the 
environmental consideration is more integrated and normed in the design process. 
 
2.4. Theoretical Framework 
 
Integration and exchange of building information among different parties at different stages 
became possible with the appearance of BIM technology, interoperability and open standards 
in the construction industry (Laakso and Kiviniemi, 2012). IEEE (1990) explains the concept 
of interoperability as “The ability of two or more systems or components to exchange 
information and to use the information that has been exchanged” (IEEE, 1990). Furthermore, 
Khemlani, (2004) defines interoperability as “the various model-based applications into a 
smooth and efficient workflow”, thus it can be categorized into two processes: (1) interaction 
between systems and (2) applicable usage of exchanged data into other systems (Juan and 
Zheng, 2014, Bavafa, 2014) (Laakso and Kiviniemi, 2012). 
 
The underlying system of interoperability is translating a software-specific data format into a 
global data format; therefore, the tools become able to exchange, transfer and process the data 
among each other (Grilo and Jardim-Goncalves, 2010). The data exchange between software 
tools or project parties can be done in three different data flow types: (1) computable, (2) 
semi-computable and (3) non-computable data flow (Succar, 2009). Furthermore, Succar 
(2009) classifies this data flow as data exchange and data interchange. Data exchange refers 
to non-computable data transfer, which may cause mislay of data as a result of data exchange 
such as a transfer from 2D CAD model to 3D model (Succar, 2009).  
 
On the other hand, a computable data transfer among software tools is classified as data 
interchange that does not cause any data loss since transferring parties are computable with 
each other (Succar, 2009). In order to realize interoperability, an international standard ISO-
STEP is developed to define geometric and semantic building data (Grilo and Jardim-
Goncalves, 2010). To create a universal platform to exchange data and facilitate the 
requirements, International Alliance for Interoperability (IAI) developed the Industry 
Foundation Classes (IFC) open file-format (Grilo and Jardim-Goncalves, 2010). 
Consequently, an open BIM process means significant for this research in terms of 
exchangeability of data and interoperability among the selected tools in this research.  
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Furthermore, Grilo and Jardim-Goncalves (2010) categorize the value level of interoperability 
based on five interaction types namely, Communication, Coordination, Cooperation, 
Collaboration and Channel from lowest to the highest degree of interoperability value level. 
Communication value level of interoperability stands for the ability to transfer and receive 
information (Grilo and Jardim-Goncalves, 2010). Communication among the project coalition 
through the 3D visual representation of the design is one of the significant outcomes that 
obtain efficiency value level (Grilo and Jardim-Goncalves, 2010). It brings an opportunity to 
the project members to compare the possible design options and consider the alternative cases 
(Grilo and Jardim-Goncalves, 2010).  
 
Coordination as the second interoperability interaction type refers to coordinated project 
activities that eliminate conflicts and compensate the gaps in project activities, thus a mutual 
benefit can be raised (Grilo and Jardim-Goncalves, 2010). Project system coordination that 
involves several project parties is one of the main BIM use features in AEC sector (Grilo and 
Jardim-Goncalves, 2010). To be specific, the individual models that are created by the parties 
are gathered and coordinated into a single complete design model, hence clash detection and 
troubleshoot are enabled (Grilo and Jardim-Goncalves, 2010). The value gained from the 
Coordination level of interaction is considered as efficiency (Grilo and Jardim-Goncalves, 
2010).  
 
Cooperation is an interaction type where the mutual benefit is raised by the shared work 
structure (Grilo and Jardim-Goncalves, 2010). Cooperation level of interaction is adopted by 
the AEC sector in full BIM -virtual 3D model- model to specify each task so they can be 
scheduled in the project (Grilo and Jardim-Goncalves, 2010). Since the model includes 
quantitative metadata of the components, the cost and energy performance estimations can 
also be connected to scheduled data in the project (Grilo and Jardim-Goncalves, 2010). 
Differentiation along with efficiency is the gained value level in this interaction type.  
 
Collaboration is the next type of interaction in term of interoperability value level (Grilo and 
Jardim-Goncalves, 2010). Collaboration is the interaction type that directly relies on 
interoperability (Grilo and Jardim-Goncalves, 2010). It allows parties to achieve the tasks 
collaboratively that they are not able to achieve by themselves in normal circumstances (Grilo 
and Jardim-Goncalves, 2010). Thus, mutual tasks and goals take place in this interaction type 
of interoperability, which is also common to full BIM experience (Grilo and Jardim-
Goncalves, 2010). Grilo and Jardim-Goncalves (2010) indicate that properly established 
coordination and cooperation lead to high-level collaboration in the project. Fully developed 
BIM cannot be complete by embracing only coordination and cooperation interaction types 
without having collaboration (Grilo and Jardim-Goncalves, 2010). It is also emphasized that 
early collaboration with fully developed 3D BIM model bring the highest value degree, thus 
gained value becomes more than efficiency and differentiation by attaining new value 
propositions and innovations (Grilo and Jardim-Goncalves, 2010).  
  
As the source of the highest gained value of interoperability, Channel comes forward as an 
interaction type (Grilo and Jardim-Goncalves, 2010). Channel interaction type refers to 
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delivering the services in general over an online ecosystem (Grilo and Jardim-Goncalves, 
2010). In relation to BIM use in AEC sector, channel interaction type can be achieved even 
though most of the end products in AEC sector are physical (Grilo and Jardim-Goncalves, 
2010). Based on this, Grilo and Jardim-Goncalves (2010) indicate that Service-oriented 
Architecture (SOA) based BIM has the highest value level of interoperability. In cooperation 
with SOA-based BIM, the services and products can be delivered to the clients digitally (Grilo 
and Jardim-Goncalves, 2010). As an example, the delivery may include element drawings, 
contractual claims and consulting reports (Grilo and Jardim-Goncalves, 2010). Thus, the 
services and the deliveries can reach to a wider prospect since it is distributed through the 
internet as a digital end-product (Grilo and Jardim-Goncalves, 2010). It is expected to reach a 
high level of value innovation in addition to efficiency and differentiation in interoperability 
as a result of channel interaction type (Grilo and Jardim-Goncalves, 2010). 
 

 
Figure 3. Value Level of Interoperability based on Interaction Types (Grilo and Jardim-

Goncalves, 2010). 

This research has emphasized to undertake the interrelation between BIM and LCA from the 
perspective of interoperability as a theoretical basis. Interoperability is the theoretical concept 
that is able to explain and make it possible to create information exchange and interaction 
between BIM Model, Revit Architecture 2016 in this case, and LCA add-in tools, namely 
Tally and One Click LCA. Since there are no software that can take part in design and data 
production phases solely, interoperability offers to exchange data between applications, and 
allowing multi-participation from different branches of the project to build an integrated 
project process and enrich it from each possible aspect (Redmond and West, 2012). The first 
approach proposed by Antón and Díaz (2014) aligns with this research’s empirical study and 
one of the research questions is built on this approach. It is because of the decided LCA tools 
that are an add-in to the Revit Model, thus information extraction and material take-off are 
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automated. From there, it is also aimed to draw conclusions with regard to benefits and 
drawbacks of the directly accessed add-in tools to Revit Model. Additionally, gained value 
level of interoperability and detected interaction type in this research will be analyzed based 
on Grilo and Jardim-Goncalves (2010). Furthermore, Tally add-in is based on the North 
American material database (KTInnovations, 2014), and One Click LCA database is created 
over a global EPD database within a focus to the European market (Bionova, 2015). As 
Zabalza Bribián et al. (2011) stated that applying corresponding material database rather than 
applying the exact material data is expected to decrease the accuracy of the results. 
 
Jalaei and Jrade, (2015) indicate two main challenges in the interrelation between BIM and 
sustainable design in general. First, the emerging need for materials’ environmental database 
and the second is the lack of interoperability between design and analysis tools that lower the 
accuracy of LCA process (Jalaei and Jrade, 2015). The lack of interoperability is a major 
concern in running integrated LCA tools as an add-in into BIM model (Jalaei and Jrade, 
2015). 
 
In conclusion, the concept of interoperability lies under the working mechanism of BIM in 
term of data exchange among different file formats via open standards, and workability of 
different tools collectively. That is why; interoperability is the main theoretical concept also 
to explain the interrelation between BIM Model and LCA process. Interoperability underpins 
the research questions by explaining how we extract the semantic and geometrical data from a 
BIM model automatically and process those in LCA add-in tools over the BIM Model along 
with gained value level of interoperability. 
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3. METHODOLOGY 
 
3.1. Research Type and Paradigm 
 
Epistemology is a way of thinking in the research philosophy that scrutinizes acceptability 
and where the knowledge emerges from, thus the reality must be stated through objects that 
are free from the researcher’s subjectivity (Saunders et al., 2016). Furthermore, Ontology bear 
upon the nature of reality, and in which way people discern how the world works (Saunders et 
al., 2016). Ontology pursues that entities must be perceived either objectively or subjectively 
(Saunders et al., 2016). On the other hand, Axiology studies value ratiocination, which 
emphasizes the importance of how our values affect the research and what we value in the 
research results (Saunders et al., 2016). 
 
As a research philosophy, Positivism basis on considering the science as a way to learn the 
truths of nature (Saunders et al., 2016). From an epistemological point of view, the knowledge 
and reliable data can be obtained only via observable phenomena and measurements 
(Saunders et al., 2016); thus, knowledge must be value-free, and the researcher must stand 
objective in the research. Since the empirical part of this research is built on quantitative data 
that is obtained by measurements and observations through tools, the research is free of 
researcher’s values and interpretations from an epistemological perspective of positivist 
philosophy. Ontological view states that there is a single truth emerge from the single fact 
(Saunders et al., 2016), while epistemology states that we know reality because it can be 
measurable, so it is reliable and valid. Axiological view, in addition, refers that the research is 
value-free and not affected by researcher’s values (Saunders et al., 2016). The quantitative 
observations and measurements in this research are conducted over the tools that are based on 
internationally recognized standards, thus, from an axiological point of view, generating the 
research results and observing the findings are not affected by the researcher’s values and 
beliefs. 
 
A quantitative research method in inductive research approach is adopted through this 
research within positivist research philosophy. Since, from an epistemological point of view, 
positivism refers that we know reality because it can be measurable, thus it is reliable and 
valid (Saunders et al., 2016), the level of interoperability between LCA add-in tools and BIM 
model can be classified and reflected in a value-free objective way. It has been emphasized to 
use quantitative methods in the research to eliminate the biased interpretations caused by 
projected values and expectations. However, interpretivism from an axiological perspective is 
adopted in the analysis of observed challenges and differences in the use of LCA add-in tools 
based on user experience. The user experience is relevant to assess the technical and practical 
differences and challenges in the use of LCA add-in tool since the user is reflecting the results 
according to his/her experience. Thus, the researcher’s values are connected to the subject, 
which means that researcher is a part of the research (Saunders et al., 2016). 
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3.2. Literature Study 
 
The research is aiming to study the integration between Building Information Modeling 
(BIM) and Life Cycle Assessment (LCA) on the basis of interoperability. The differences 
between LCA add-in tools’ results that are caused by adopting different regional EPD 
databases were included in the research. Within a focus on the concept of interoperability, 
identifying the challenges and differences during the use of these tools was also included in 
the research. Therefore, the research was established starting through the literature review of 
the previously made research on Building Information Modelling (BIM), Life Cycle Analysis 
(LCA) and the proposed methodological approaches to the integration between BIM models 
and Life Cycle Analysis process.  
 
The literature research has been conducted through KTH Biblioteket and PRIMO database, 
Google Scholar, ASCE, ScienceDirect and DIVA database. Publication year, peer-review 
status, and status of being a published journal are the main criteria in the selection of journal 
publications. The focus in the literature research was given first to the journals, second to the 
books and to the conference papers as third, yet a special attention to the international 
standards is also paid for LCA. However, the literature study aimed to have a focus on mainly 
the internationally recognized journals in the related fields. Regarding selection criteria, the 
literature study has been limited based on the publications in last 15 years yet 90% of the 
selected publications are published in the last 10 years, including an additional focus to 
publications in the last 3 years. Peer-review status of the publications was also considered in 
the selection process since it refers to a higher level of reliability. Furthermore, Automation in 
Construction, Procedia Engineering, Journal of Clear Production and Building and 
Environment are the most used journals in search of literature resource. 
 
The search for literature study was structured based on three subjects. First, Building 
Information Modelling (BIM) was focused to explain and state the previous studies that have 
been made. The search of the literature was conducted with keywords; BIM and Building 
Information Modelling. The second focus of the literature search was limited by Life Cycle 
Assessment in order to define the assessment process and its modules along with international 
standards. The focuses are to structure LCA process and state what kind of limitations and 
regulations are applied through the international standards along with exploring the previous 
studies. The keywords that were used in literature research are LCA and Life Cycle 
Assessment. As the third group of the literature search, integration of BIM and LCA were 
focused. The literature sources were restricted to recent research, and the previously stated 
selection criteria applied intensively. Since this focus is referring to creating the theoretical 
framework to answer the research questions, a wider yet more specific searching process 
conducted. The keywords are BIM, LCA and Interoperability. 
 
3.3. Empirical Data Collection and Production 
 
The quantitative data collection was designed to be in conjunction with the adopted research 
philosophy, positivism. According to that, the data collection was performed based on 
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quantitative measurements, since, from an epistemological point of view, the research must 
base on the facts in nature, thus the subjectivity and biases must be eliminated.  
 
The quantitative data were gathered and produced through the software. Revit Architecture 
model of Akademiska Sjukhuset project was provided by Ramböll Sverige AB as a case study 
to implement the LCA add-in tools. The model includes the Revit object families, which 
establishes the base for the empirical study of this research. Akademiska Sjukhuset building 
originally was completed in 1962 and the current Akademiska Sjukhuset project is focusing to 
add new parts to the building and make structural renovations/modernizations in the 
buildings. Therefore, there is a large amount of lack of material information in the original 
design of the building. The building is designed in Revit Architecture including the new parts 
and the structural renovations by an architectural firm. In this research, the new architectural 
design was undertaken as the source design model and the material information that come 
from the original building design is disregarded within the study. Thus, the material selection 
process is based on the defined materials and objects in the Revit model of the current design. 
The building was considered as newly built, and only the materials from the new parts in the 
Revit model were taken into consideration as the basis for the material mapping process in the 
BIM-based LCA processes.  
 
To produce environmental impact results, two LCA add-in tools have been decided to be used 
in the Revit Model as plug-ins, namely One Click LCA and Tally. The aim of choosing these 
add-in tools is their ability to run the LCA process through the BIM software. This refers to 
adopted theoretical approach, which is “direct approach” proposed by Antón and Díaz (2014) 
in Chapter 2. Another reason in the selection of these tools is the possibility to compare 
differences, user-based and technical challenges in use of the tools and analyze the level of 
integration between BIM software and LCA in term of interoperability. The environmental 
impact data -from EPDs- of the materials already exist in the add-in tools based on their 
adopted EPD databases. All the software that has been used in this research is also selected 
according to their ability to work with IFC file format. Therefore, Revit Architecture, One 
Click LCA, Tally and Solibri Model Checker including SMC CO2eq Extension have been 
decided to be used in the empirical study to answer the research questions. The detailed 
information regarding software used is given in the following sub-section. 
 
3.3.1. One Click LCA 
 
One Click LCA is an automated LCA tool developed by Bionova Ltd. in Helsinki, 2011 
(Bionova, 2015). One Click LCA has been awarded by the European Commission with a fund 
over €1 million in the scope of Horizon 2020 initiative (Bionova, 2015). The working 
principle of One Click LCA basis on an automated LCA process over a web interface, which 
can be integrated to a compatible software through compatible open standards (Bionova, 
2015). One Click LCA can be used as a plug-in tool in a software (Bionova, 2015).  

Moreover, One Click LCA has more features than the LCA study. It has features that enable 
to conduct Life Cycle Costing, material and site tracking, climate resiliency, EPD creation, 



15 
 

and services for certain certification processes such as HQE, BREEAM, DGNB, LEED, 
VERDE, BNB (Bionova, 2015). 
 
One Click LCA complies with the international standards on LCA study. EN 15978 for 
European markets with CML-IA 2012 methodology and ISO 14040 & ISO 14044 for the 
North American standards are establishing the tool’s assessment procedures and process along 
with its other features (Bionova, 2015). The tool is approved independently for 
EN 15978, EN 15804, ISO 21931-1, ISO 21929-1, ISO 14040 and ISO 14044 (Bionova, 
2015). 
 
The impact categories that One Click LCA can produce environmental impact data depend on 
two different international standards. One Click LCA covers 24 impact categories -Appendix 
3- according to CML-IA 2012 methodology, which is classified as mandatory by EN 
15978/15804 European standards (Bionova, 2015). For LCA studies in the North American 
market, One Click LCA follows all 6 of the TRACI 2.1 impact categories (Bionova, 2015) 
that can be viewed in Appendix 3. 

In addition to workability with IFC file formats extracted from BIM software, ability to run 
the LCA study from the bill of materials in Excel format and gbXML (Green Building XML 
file) format is also offered by the tool (Bionova, 2015). Regarding interoperability, One Click 
LCA provides a wide range of integration options of software and file formats. The details of 
supported software and file formats are in Table 1. 
 

 

 
3.3.2. Tally  
 
The development of Tally was initiated by KT Innovations with the partnership of Autodesk 
and thinkstep in 2008 (KTInnovations, 2014). Tally is an application tool that can be used to 

Table 1. Integration options based on software and formats provided by One Click LCA. 
The data has been taken from One Click LCA website (Bionova, 2015). 

Integration Notes 
IFC - Industry Foundation Classes  ISO 16739 / IFC 2x3 & IFC4 

Autodesk Revit - Architectural/Structural 
Model 

v.2016, 2017, 2018 as native plug-in 

IES-VE  v.2017 Feature Pack 4 or higher 
Graphisoft ArchiCAD  v.18, 19 as native plug-ins 

Tekla Structures v.2016 as native plug-in 
simplebim and Naviate Simple BIM 5.0 BIM v.5.0 or higher 

DesignBuilder 5.1.  v.5.1 or higher 
Excel and CSV formats  quantity take-off or costing import 

gbXML   Supported e.g. by IES-VE 
Custom integrations from XML, JSON, web 

services and other sources 
- 
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produce environmental impact values through a Revit Architecture or Structure model, yet not 
from an MEP model (KTInnovations, 2014). It can conduct life cycle assessment in both 
complete and comparative LCA form (KTInnovations, 2014).  
 
The principal method of Tally is executing an integrated LCA process that is embedded in 
BIM software, Revit Architecture. Tally allows the user to assign materials from its 
environmental product database to the BIM software; so, the user can view and follow the 
embodied environmental impact results based on the material selection decision-making 
process. It is possible to conduct a full building LCA process within Cradle-to-Grave system 
boundary with Tally (KTInnovations, 2014), yet energy evaluation and construction impacts 
are classified as optional (KTInnovations, 2014).  
 
In regard to impact categories, Tally lies on a standard developed by US EPA (US 
Environmental Protection Agency) called TRACI 2.1 (Tool for the Reduction and Assessment 
of Chemical and Other Environmental Impacts) (KTInnovations, 2014). The details of the 
impact categories according to TRACI 2.1 and Tally can be seen in Appendix 2 (EPA, 2012). 
TRACI 2.1 complies with ISO 14040/44, which also comply with EN 15978 and EN 15804 
(KTInnovations, 2014). Furthermore, the LCA database and LCI dataset in Tally has been 
developed by KT Innovation and thinkstep based on GaBi EPD database (KTInnovations, 
2014). In specific to Tally, the chosen material data from GaBi database are filtered to only 
North American market and manufacturers (KTInnovations, 2014). 
 
3.3.3. SMC CO2eq Extension (SMC Plug-in) 
 
CO2 equivalent (CO2eq) Extension was developed by Solibri Model Checker (SMC) as a 
plug-in tool to present the released CO2 values of each object/component based on their 
material preferences through a visual 3D model (Solibri, 2018). Thus, CO2 emission values in 
an Excel file, which can be reported for complete building via CO2eq information take-off at 
the end, can be included in the model checking process (Solibri, 2018). SMC model is created 
through an IFC file imported from a BIM model (Solibri, 2018), so the quantities and families 
remain. The material type definitions for the components and the calculations of the 
components CO2eq values must be carried out by the user on another platform, such as LCA 
tools.  
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4. EMPIRICAL STUDY 
 
4.1. Projekt Akademiska Sjukhuset 
 
Akademiska Sjukhuset project is a part of major scale hospital campus project Framtidens 
Akademiska located in Uppsala city centre (Akademiska, 2016). Project Framtidens 
Akademiska covers multiple sub-construction projects. In the scope of the project, it is aimed 
to complete 60,000 sqm of new construction and 80,000 sqm of rebuild and renovation work 
till 2023 (Akademiska, 2016). The project entails SEK 5.8 billion as total cost (Akademiska, 
2016). Main project characteristics are enhancing the current structure quality and building 
new sections, yet there are additional sub-characteristics aimed to be achieved (Akademiska, 
2016). Framtidens Akademiska will obtain a modernized university hospital campus that is 
energy efficient and sustainable within an environment-friendly planning perspective of at 
least 40 years (Akademiska, 2016). Better cooperation and logistical connection among the 
units were also planned to be created. Framtidens Akademiska was divided into 9 phases, and 
Akademiska Sjukhuset Project is in phase 5 (Akademiska, 2016). 
 
Ramböll Sverige AB is the general consult of Akademiska Sjukhuset project, and is 
responsible from project management, BIM and CAD coordination, plumbing and fire safety 
along with Arkitema Architects as the architectural contractor of the project (Ramböll, 2017). 
 
In the scope of the project, environmental goals were set high for Framtidens Akademiska. 
Efficiency in resource use, low energy use, sustainable waste management, indoor 
environment quality and a special focus to building material and technical equipment 
selection are the aimed goals to achieve by completion (Akademiska, 2016). Therefore, 
renewable energy sources and building materials that have low environmental impacts have 
been decided to be used (Akademiska, 2016).  
 

 
 

Figure 4. Illustration of Framtidens Akademiska (Akademiska, 2016). 
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Akademiska Sjukhuset project is one of the projects in Framtidens Akademiska that is under 
the modernization/rebuild part of the whole project. It includes the combined buildings that 
are labeled as B11 and B11T. Within the scope of this research, buildings B11&B11T were 
selected as the case project. It has 14 floors and the total BTA was calculated as 19072 sqm in 
SMC model. 
  

 
 

Figure 5. Current view of hospital complex and B11/B11T (Akademiska, 2016). 
 

 
 

Figure 6. Illustration of Akademiska Sjukhuset, B11 & B11T (Ramböll, 2017).  
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4.2. LCA Add-in Tools 
 
4.2.1. One Click LCA 
 
Based on the compliance with the required standards, One Click LCA is able to conduct the 
assessment process for Cradle-to-Grave LCA stages, from A1 to D, which is known as 
complete LCA study (Bionova, 2015). Since it has been decided that an additional attention 
will be paid to the results of Global Warming Potential (GWP) impact category in [A1-A3] 
module in this research, One Click LCA is an appropriate tool to be used in the empirical 
study within the scope.  
 
The classical methods in LCA require higher expertise and longer execution time and One 
Click LCA provides improvements by quantifying the environmental impact value with a 
minimized need of manual data entry (Bionova, 2015). The results can be viewed, compared 
and evaluated spontaneously by the user through the design phase. Since One Click LCA can 
be integrated as an add-in to the Revit model (Bionova, 2015), it has the ability to work with 
IFC format and Solibri Model Checker (SMC) as BIM software. The given case project, 
Akademiska Sjukhuset, Revit model can be extracted to IFC file. Environmental data 
produced by One Click LCA were embedded to the SMC model through SMC CO2 
Equivalent Extension. Furthermore, One Click LCA uses a wide range of EPD database from 
different geographies (Bionova, 2015), that can be viewed in Appendix 1, and enables the 
user to add geographical conditions and preferences as a criterion in the LCA study. It 
provides this research the advantage of selecting materials that are inherence to Nordic 
standards and manufacturers, thus the comparison between One Click LCA EPD databases 
can also take place within the scope.  
 
The environmental impact results were calculated through One Click LCA Revit add-in in six 
impact categories, and the GWP result values were embedded in SMC model of Akademiska 
Sjukhuset project. In relation to this research, One Click LCA was decided to be applied for 
Akademiska Sjukhuset case project in order to compare the LCA results and analyze the 
differences brought by EPD database differences, user experience (or tool interface), and 
interoperability. One Click LCA was integrated to the Revit Architecture model of the case 
project as an add-in tool within the scope of this research. 
 
4.2.2. Tally 
 
Tally assesses the building’s environmental impacts according to North American standards, 
database and geographical conditions, which are enabling the tool to run a complete LCA 
process. Tally quantifies the environmental impact values in 8 impact categories and 6 of 
them are compatible with One Click LCA impact categories. Thus, Tally is able to conduct 
the LCA process in the same scope with One Click LCA. The comparison of the impact 
values, however, is carried on only the same 6 impact categories in both LCA add-in tools. 
The input data and the LCA specifications were kept same as in One Click LCA, which can 
be viewed with details in Table 2. 
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Since Tally draws information from the Revit model as an automated function 
(KTInnovations, 2014), the error margin is considerably lower compared to receiving a bill of 
materials during design delivery, on-going site work or manual data entry. Same as in One 
Click LCA, Tally enables the designer to compare and evaluate the results spontaneously 
throughout the design phase and the project, thus a more sophisticated and prudent design 
decision-making process can be undertaken from an environmental perspective. Therefore, its 
features, database compliance, principle methodology and conductibility over the Revit 
model, by referring to its level of interoperability, makes Tally comparable with One Click 
LCA and a suitable LCA add-in tool for the empirical study in this research. 
 
4.2.3. SMC CO2 Equivalent Extension 
 
SMC and SMC CO2eq Extension are applicable for the empirical study regarding their 
workability with IFC format and BIM models. That is why SMC CO2eq Extension was 
considered as a well-fit in order to embed the filtered LCA results to the BIM model within 
the scope. 
 
To embed the filtered LCA values via the SMC extension, the design components were 
defined as included or excluded in the extension’s classification rules, so the tool can attain 
the CO2eq values to the included components and report the total values for the whole 
building. The CO2eq values were matched to referring “CO2eq Construction Type” in SMC 
plug-in tool as in the same way of matching the material types with CO2 values, and to do so 
classification names of the “CO2 Classification Types” were matched in the Excel Sheet and 
then imported to the SMC. CO2eq values were also imported to the section “CO2 Value 
Classification” in Solibri. On the other hand, the functional units for the components are 
required to be decided by the user as CO2eq kg/m, CO2eq kg/m2 or CO2eq kg/m3 according 
to the component. Furthermore, the colour scaling for the components is also allowed to be 
adjusted in the SMC model as a future possibility, and the user can attain colours based on the 
severity of the CO2eq emission values, which may present a more detailed visual 
environmental interpass through the 3D visualized model. 
 
4.3. Scope and Limitations of LCA Add-in Tools 
 
The empirical study in this research has been decided to be restricted with limitations in order 
to make a comparison and in-depth analysis at the same level over both add-in tools. 
Akademiska Sjukhuset project was decided to be the case project for this research. Revit 
Architecture model of the project has been undertaken as the source of the geometrical and 
semantic data source. 
  
One Click LCA and Tally have been selected as the LCA add-in tools to perform the BIM-
based LCA study of the case project. To conduct the empirical study, the LCA add-in tools 
were plugged into the Revit Model, thus integrated BIM-based LCA process can take place. 
First LCA application has been run through One Click LCA and followed by Tally as the 
second LCA application. The methodological framework can be seen in Figure 7. The 
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obtained quantitative results from both add-in tools were compared based on (1) the 
quantified LCA modules in each impact categories, (2) the contribution ratios of each module 
in GWP impact category, and (3) contribution of material types to GWP impact category in 
[A1-A3] LCA module at last. 
 

 
 

Figure 7. The methodological framework in general 
 
Limitations of the empirical study were perceived as a need for the scope of LCA studies 
overall. The first limitation is conducted on the selection of included building elements. The 
detailed list of selected Revit object families in both LCA processes is in Table 2. The second 
limitation is agreed to be implied for the LCA modules. The reason for this limitation is that 
the detailed information regarding energy use, water use, transportation data and construction 
site conditions were not accessible for the case project. 
 
The obtained results from Once Click LCA for Global Warming Potential (GWP) impact 
category in [A1-A3] module were added to Solibri Model Checker via CO2 Equivalent 
Calculation extension, Figure 7. The produced total GWP contribution values in [A1-A3] 
module for the components were imported to SMC and assigned to SMC objects based on the 
classification rules. Functional units of CO2 values were also added into the SMC manually. 
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The aim of the SMC integration is to show that how the results produced by the add-in LCA 
tool can be embedded to and matured in a BIM software, and also make the environmental 
impacts of the materials accessible to the designers during the model/clash checking process. 
Therefore, the user can view the impacts of chosen materials and the severity of the total 
environmental impact can be foreseen way before the design process is completed and the site 
work starts. The results of the empirical study are given in Section 5. 
 
Implementation processes of the selected LCA add-in tools were designed and structured on 
the same scope and content. Input data for each tool has been filtered to be kept the same and 
the identical preferences in the LCA study are applied. Table 2 indicates the input data and 
selected preferences for each LCA add-in tool in addition to the LCA study features specific 
to tools. 
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Akademiska Sjukhuset 

Projekt 
One Click LCA Tally 

Workset Limitation Selected Components Only Filtered Workset 

Workset / Components Ceilings  Ceilings  

  Curtain Panels Curtain Walls 

  Floors Floors 

  Roof Roof 

  Stairs Stairs and Railings 

  Structural Columns Structural Columns 

  Structural Framing Structural Framing 

  Structural Foundation Structural Foundation 

  Walls Walls 

LCA Standards EN 19578 ISO 14040/44 - TRACI 
2.1 

LCA Type Full Building Assessment Full Building Assessment 

Revit Families Identification Automated Automated 

Material Mapping Mapped by tool 95% Mapped Manually 100% 

Phase / Stage 
Developed Design / RIBA 

Stage 
New + Existing 

Frame Type Concrete Frame Not Available 

Scope of Materials Structure Not Available 

Building Life Span 50 years 50 years 

Database Global EPDs* GaBi 6 - North American 

Transportation Data Nordic Default** North American Default** 

Energy Consumption - - 

Water Consumption - - 

Compensate Local Conditions Sweden** Not Available 

BTA, Bruttoarea 19072 m2 19072 m2 

Model Revit Architecture Revit Architecture 

Reporting Web Interface Results + Excel PDF + Excel 

  
Table 2. Input data and defined specifications in One Click LCA and Tally in LCA process. 
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5. FINDINGS 
 
5.1. One Click LCA  
 
One Click LCA is the first chosen LCA Add-in tool that was integrated to the Revit 
Architecture model of Akademiska Sjukhuset project. The system boundaries and limitations 
within the scope of this research, stated in methodology, were applied through implementing 
the tool. The analysis through One Click LCA starts with extracting the BIM model data -
families and quantities- to a web interface, thus defining the specifications and limitations of 
the LCA study that can be carried on over the selection and mapping of the material metadata.  

 

 
 

Figure 8. One Click LCA result distribution by LCA Modules in %. Axis Y refers to 
environmental impact categories adopted by One Click LCA in Appendix 3. 

 
Manufacturing module has the dominating environmental impact in every impact category 
compared to other modules. The second highest environmental impact in total was observed 
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Maintenance and Replacement, and External Impact LCA modules are following the 
environmental impact ratio in End of Life Module, respectively. 
 
Since the scope was restricted to apply the LCA study in certain limitations in Chapter 3 and 
Chapter 4, only the results regarding Global Warming Potential (GWP) in One Click LCA 
were focused. As in other impact categories, Module [A1-A3] has the highest ratio in GWP 
impact category. Thus, the highest-level of kg CO2eq was released during the manufacturing 
module of the raw materials by 88% ratio of the total. End of Life [C2-C4, D] LCA module 
has 9% recovery of CO2 emission level as gain, followed by [A4] and [B2-B5] LCA modules 
by 2% and 1% respectively. 
 

 
 

Figure 9. Most Contributing Building Elements, Material Types and Material Subtypes in 
Manufacturing Module [A1-A3] for Global Warming Potential (GWP) in One Click LCA. 

 
Detailed results in contribution ratios regarding building elements, material types and material 
subtypes were given in Figure 9. As it is seen from Figure 9, the most contributing building 
element is vertical structures and façade elements, followed by horizontal structures; beams, 
floors and roof, and other structural elements and materials, respectively. The effects of the 
most contributing building element ratios on the material type ratios also can be observed in 
Figure 9. Steel and concrete are the most contributing material types in term of CO2 release. 
Since those materials are heavily used in the vertical and horizontal structures in the building, 
material type results align with the building element results. Furthermore, in material subtypes 
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category, steel products and frames have a dominating effect among other material subtypes. 
The reason is that the structural steel products and frames are heavily used in horizontal and 
vertical structures as ceiling frames, wall frames, rebars in walls, slabs and columns. Concrete 
subtypes are following the steel subtype materials yet, in total, the contribution ratio of 
concrete based materials and steel-based materials have close contribution ratio by 39% and 
44%, respectively. 
 
5.2. Tally 
 
Tally is the second chosen Add-in LCA tool, and the same limitations under the same LCA 
scope were applied during running the LCA process in Tally. Tally runs the LCA study over 
the Revit Architecture model by retrieving the object family and quantity data. 
 
The input data selection process and specifications/limitations applied to One Click LCA 
were also adopted to Tally, therefore there are no varieties in the input data and variations in 
limitations. As in One Click LCA, the results in Global Warming Potential with an additional 
focus to Manufacturing LCA Module [A1-A3] were considered as relevant within the scope. 
.  

 
 

Figure 10. One Click LCA result distribution by LCA Modules in %. Axis Y refers to 
environmental impact categories adopted by Tally in Appendix 2. 
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The differences of impact categories in Tally regarding One Click LCA were resulted from 
different methodological approaches according to standards that have been adopted in tools. 
However, as it is emphasized in Chapter 3, standards underpin both how the tools align with 
each other and the evaluation process of the results are restricted by stated limitation within 
the scope. 
 
According to Figure 10, it can be observed that the results of [A1-A3] module are 
significantly higher than the other quantified LCA modules for each environmental impact 
category. In focus to GWP results, [A1-A3] module is dominating the other LCA module’s 
contribution ratios with an 87% impact ratio. The second highest impact contribution ratio 
belongs to End of Life module, yet it was stated as negative. It means that at the end of [C2-
C4, D] module, 41% of the released kgCO2eq was recovered, thus it is decreased from the 
overall GWP contribution results. Furthermore, modules [B2-B4] and [A4] has 12% and 1% 
environmental impact contribution ratio to GWP, respectively.  
 

 

 
Figure 11. Most Contributing Building Elements, Material Types and Material Subtypes in 

Manufacturing Module [A1-A3] for Global Warming Potential (GWP) in Tally. 
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As it is seen from Figure 11, concrete materials -including concrete-based materials- have the 
highest contribution ratio to GWP overall. The 75% of the contribution to GWP is coming 
from concrete in [A1-A3] module, which is followed by 13% of GWP contribution from [B2-
B4] that is also caused by concrete. Furthermore, 12% of the GWP contribution was caused 
by metals in module [A1-A3]. However, in [C1-C2, D] module, the recovery ratio is 41% in 
term of GWP that was provided by concrete. 
 
5.3. Solibri Model Checker 
 
The results from One Click LCA analysis are decided to be integrated to the project’s Solibri 
Model. This process has been carried through SMC CO2eq Extension. It has been decided 
that the GWP results from One Click LCA Analysis is added into Solibri Model Checker and 
be assigned to the corresponding objects and components in the model. At the end of the 
integration process, the CO2eq values of objects and components were mapped based on the 
functional unit values. Thus, the mass amount can be spontaneously calculated through the 
design phase. The functional unit was delegated by the LCA Add-in tools yet; adjustments on 
the functional unit delegation to objects and components have been also carried out. Figure 12 
indicates the final version of the integration process. 
 

 
 

Figure 12. The integration of One Click LCA GWP results in A1-A3 Module to the SMC 
Model. 

 
As some details of the integration process stated in Chapter 3, CO2 Construction Type and 
Classification Names with classification units were matched with the CO2eq values manually, 
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and the 3D visualization of the GWP results of the building has been created. In conclusion, 
3D visualization of the LCA results and their simultaneous calculation through the BIM 
model has been enabled through processing sample sized data, processed GWP results in 
module [A1-A3] in this case. Viewing the CO2eq data spontaneously in the SMC model is 
also possible by selecting a component in the model. As the Figure 13 shows, the CO2eq data 
can be viewed independently from the other components by the user even before the design 
process finalizes.  
 

 
 

Figure 13. Presentation of the functional values in the SMC model without the need of 
CO2eq information take-off. 
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6. ANALYSIS 
 
6.1. Integration of LCA and BIM Software 
 
The thesis research is aiming to answer four research questions. The second and the third 
research question is focusing to analyze the integration between BIM software and LCA 
process in term of interoperability and explore if the integration is possible along with 
identifying the value level of interoperability. In order to answer this question, the empirical 
study, within the defined restrictions and the scope, is undertaken through LCA add-in tools, 
Revit Architecture model and SMC model. Within the scope and the theoretical framework, 
integration between LCA and BIM model is underpinned by interoperability. Therefore, the 
integration is analyzed in this chapter by referring to interoperability. 
 
The integration between BIM model and LCA process was divided into two parts; first is the 
integration of the LCA processes to the BIM software –Revit Architecture Model- through 
LCA add-in tools and the second part is embedding the produced Global Warming Potential 
impact values in One Click LCA into the SMC model via SMC CO2 Equivalent Extension. 
 
As it was stated in Chapter 2, the direct access approach suggested by Antón and Díaz (2014) 
coincides with this research’s methodological approach. It states that the automated material 
take-off and data extraction through open standards -IFC- are the backbone of the integrated 
LCA process (Antón and Díaz, 2014). One Click LCA and Tally add-in tools are executing 
the integrated LCA process based on this approach since the data is automatically extracted 
from the Revit model through an open standard, namely IFC. Following to that, the detected 
value level of interoperability is analyzed based referring to previous studies. 
 
The analysis of the first research question is structured to start with analyzing the results of 
LCA add-in tools within the scope and applied restrictions to identify how much difference in 
the results is obtained. The fourth research question relies on the findings of first three 
research questions in order to compare the BIM-based LCA process to traditional LCA 
process.  
 
6.1.1. Analysis and Comparison of One Click LCA and Tally LCA Results 
 
Even though the methodologies and the features of One Click LCA and Tally LCA tools 
slightly differ from each other, both tools are compatible with each other based on the 
international standards in LCA study (Bionova, 2015) (KTInnovations, 2014). As it was 
stated in Chapter 3, the main focus in the evaluation of the results was given to Global 
Warming Potential (GWP) impact categories. However, the contribution rate of the building 
elements and material types were also evaluated according to GWP values yet an additional 
[A1-A3] module restriction was also applied in analyzing. 
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Figure 14. Distribution of the GWP results over the LCA Modules in One Click LCA. 
 

 
 

Figure 15. Distribution of the GWP results over the LCA Modules in Tally. 
 

The total GWP contribution ratios in both LCA add-in were are stated in Figure 14 and Figure 
15. As it is seen from the results, module [A1-A3] has the highest contributing among other 
modules, and the contribution ratios of the modules in both add-in tool results are relatively 
close each other. Even though the ratios are close each other in both tools’ results, there are 
significant differences when the contribution of the material types and sub-types were 
analyzed, which take will place further in this chapter.  
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GWP contribution rate in module [B1-B3] in One Click LCA is around 2,3 times bigger than 
the one in Tally. This difference was perceived as in relation to material EPD database 
differences between the LCA add-in tools. Deconstruction module in One Click LCA and 
End-of-Life module in Tally are different. Regarding methodological differences, which are 
resulted from the adopted standards, Tally considers module [D] together with module [C2-
C4]. On the other hand, One Click LCA quantifies the module [D] values separately. Thus, 
the 40% difference between these two modules in One Click LCA and Tally was resulted due 
to this methodological variation.  
 
Transportation values for the project were not accessible in this research, and the regional 
default transportation values were used in order to calculate transportation module [A4] in 
both tools. The default regional transportation values for the materials in Tally and One Click 
LCA is one of the significant points that create a difference between the tools. As it was stated 
in Chapter 3, Tally adopts North American transportation default values based on the North 
American manufacturers (KTInnovations, 2014), while One Click LCA provides 
transportation default values for each material based on their origin country and the delegated 
geography, such as Nordic default transportation values (Bionova, 2015). It is a result of 
adopting either international EPD database -One Click LCA- or domestic/local EPD database 
-Tally. Thus, there is more variety in the transportation values in One Click LCA than Tally 
since the transportation may take place internationally or you can specify the region in One 
Click LCA. Based on Figure 14 and Figure 15, One Click LCA almost doubles the GWP 
impact contribution rate according to Tally in module [A4], which can be related to the stated 
differentiation in transportation values. 
 

 
 

Figure 16. GWP contribution rates in module [A1-A3] in One Click LCA based on structure 
types 
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Figure 17. GWP contribution rates in module [A1-A3] in Tally based on structure types. 
 

According to Figure 16 and Figure 17, there is a significant difference between two add-in 
tools regarding contribution rates of the structure types. While the vertical structures caused 
the highest GWP contribution in module [A1-A3], horizontal structures are having the highest 
contribution rate in Tally. The same situation applies to horizontal structure’s contribution 
rate in One Click LCA and vertical structure’s contribution rate in Tally since the other 
structure and material contribution rates remain relatively small in both tools’ results. The 
details of this difference were stated in Figure 18 and Figure 19 based on the contribution 
rates of material types. 
 

 
 

Figure 18. Contribution rates of the materials to GWP values in module [A1-A3] in 
 One Click LCA. 
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Figure 19. Contribution rates of the materials to GWP values in module [A1-A3] in Tally. 
 
In Figure 18 and Figure 19, there is a major difference in the contribution ratios of steel and 
other metal materials. While 44% of the total GWP contribution in One Click LCA was 
provided by steel and other metal materials, the same ratio dramatically decreased to 2% in 
Tally. This variation is resulting in the previously obtained difference in contribution rates of 
the structure types in Figure 16 and Figure 17. 
 
Since the steel/metal material’s GWP contribution in Tally is significantly low, the 
contribution of the vertical structures to GWP is automatically decreasing. Steel/metal 
materials were mapped to both vertical and horizontal structures in both add-in LCA tool as 
rebar and steel column mostly. However, the volumes of the mapped steel/metal to the 
columns are higher than the ones which were mapped as rebar, even though the rebar exists in 
both vertical and structures. In both LCA add-in tool, the quantities of the design object and 
components were detected as same with the Revit Architecture model. Tally quantifies the 
GWP impact values of steel/metal material lower than One Click LCA, and it results in a 
dramatic change in vertical structure contribution rate in Tally at the end. Type of the mapped 
steel/metal material is different in both tool due to their EPD databases, thus the GWP values 
of the materials automatically become different. Accordingly, the differences in steel/metal 
material density affect the unit GWP impact values. In addition to these, Tally requires 
manual quantity take-off, while One Click LCA automatically process quantity take-off. 
During quantity take-off in Tally, the units are in the imperial system as default. It caused 
confusion and it possibly reasoned a difference in GWP contribution ratios of steel/metal 
materials at the end. Since this comparison was undertaken in module [A1-A3], the difference 
between default transportation values in both tools stays irrelevant in this situation. 
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In conclusion, it has been identified that adopting regionally different EPD databases is 
resulting in a significant change in the LCA results. EPD database has direct effects in each 
LCA modules, and it was shown through the stated results above.  
 
6.1.2. User experience and differences on add-in LCA tools 
 
The LCA add-in tools are used for the first time in the purpose of this thesis research, and a 
part of this research period is devoted to learning the tools and required LCA knowledge. The 
practical/technical challenges and differences based on the user experience perspective were 
decided to be added to this research. The encountered challenges and user experience are 
specific to this research and the researcher; hence it may differ from other individuals based 
on their knowledge, experience and undertaken datasets. Nevertheless, it does not conclude a 
decision on which tool is superior or not. 
 
Following points were devoted to comparing the tools based on the user experience, including 
the challenges experienced through implementing the LCA add-in tools. 
 

• In Tally, the user can continue to material mapping process from where the user left as 
long as the Revit model is saved. Tally does not save each LCA session separately. It 
only allows continuing from the last LCA session. In One Click LCA, the user can 
save each LCA session, thus the user is able to access the previous LCA results and 
compare them to each other. 
 

• Tally provides a visual representation of the component as in the Revit model and 
opportunity to isolate the component in the Revit model. It means that the user can 
reach a specific design object in the Revit model via Tally. It significantly helps the 
user to separate the objects into their components and decreases the chance of fault 
mapping process. One Click LCA does not provide visual representation yet it 
provides the UUID (Universally Unique Identifier) code, Revit element name, IFC 
element name, so the design component can be detected in the Revit model. 

 
• Since the IFC data only can be viewed in One Click LCA and not in Tally, it is a 

drawback for the user in Tally. However, component/object isolation in the Revit 
model and visual representation in Tally compensate this drawback. 

 
• Tally offers only North America based EPD database, while One Click LCA offers an 

international EPD database focused on European EPD databases, which is a plus in 
term of variety. See Appendix 1. 

 
• One Click LCA provides more additional LCA features in regards to design status, 

environmental certification type, manual component-material mapping and input fault 
checking. 
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• One Click LCA executes the material mapping process automatically, yet in this 
research case project, Tally required the user to conduct material mapping manually. 
In Tally, the user needs to specify the take-off method of the selected materials in the 
imperial system, which may lead to confusion and mistakes. Tally uses imperial 
measurements in take-off method selection, even though the general dimension can be 
converted into the metric system. 

 
• Both tools have drawbacks and strengths in LCA reporting. One Click LCA produce 

Excel sheet for LCA results in each impact categories and LCA modules. It also 
allows creating Excel documents for ambiguous data and mapped material details. 
Interactive bar charts and graphs are only available in the web interface, yet they can 
be downloaded separately. 
 
On the other hand, Tally produces highly detailed reports in Excel and PDF format. 
PDF report includes visual and numerical representations of the results based on LCA 
stages, material types; material sub-types, structure type and the Revit families. In 
addition to that, total LCA results for LCA modules and impact categories, calculated 
material mass, calculation methodology, a glossary of LCA terminology and LCA 
metadata are included in the PDF report.  
 
However, a crucial issue regarding Excel reporting in Tally was experienced during 
the empirical study. When the Excel report file is produced through Tally, the results 
in the Excel report file are not matching with the results in PDF report file. The 
developer company was contacted in order to eliminate this issue. The reason for this 
issue was explained by the developer company as the differences in the language 
preferences in Excel program. If the Excel is in another language rather than English, 
it leads to lack of agreement between Excel and PDF file. Microsoft Excel used 
through this research was in Swedish, and it was recommended by the developer 
company to track down an English version or switch the language to English in 
Microsoft Excel. Even though the recommendations were followed, the correct Excel 
file could not be produced; hence the developer had to step in the production of the 
Excel report file based on the executed LCA study in this research. When the Excel 
report was correctly produced by the developer, the results were matching with the 
results in the PDF report file. 
 
In term of report detail level, Tally provides more detailed results. However, the issue 
in Excel reporting remains as a drawback for this research. On the other hand, One 
Click LCA reports also have its own practical features, such as automatically sorted 
material type/structure type/material sub-type contribution rates and detailed list of 
most contributing materials. 
 

• The student license for One Click LCA and Tally was obtained in order to use the 
software. One Click LCA student license allows benefiting from only basic features, 
which is as comprehensive as Tally features and enough to run the complete LCA. As 
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an example, One Click LCA provides an additional feature to access the full EPD 
dataset and performance ranking of the materials. Even it does not cause any 
insufficiency for this research; it could sustain a better performance in the material 
mapping process. 

 
The results of the empirical study show that LCA add-in tools are resulting in different 
environmental impact values due to variations in methodologies and other particular 
specifications. It has been determined that the difference between adopting regional and 
international EPD databases has the highest influence on the environmental impact values. 
This difference in EPD databases causes selecting different materials or same material type 
manufactured by different manufacturers under different standards in both tools, thus 
differences in material’s physical attributions and default transportation values projecting to 
the difference in total impact results.   
 
6.2. Interoperability Analysis 
 
Interoperability analysis was carried on three parts; Part 1 is focusing on the interoperability 
between BIM model and LCA add-in tools from different perspectives and Part 2 is focusing 
on embedding the GWP values in manufacturing LCA module produced by One Click LCA 
to SMC model via SMC CO2 Equivalent Extension. Furthermore, Part 3 is focusing on 
differences in between BIM-based LCA process and traditional LCA process, and future 
possibilities as the last focus of interoperability analysis. 
 
Part 1 
 
One Click LCA and Tally automate the data extraction process from Revit Architecture model 
to their LCA platforms, which creates a basis for the integration in term of interoperability in 
this research. In chapter 3, the details of supported open standards, software and file formats 
for each tool is provided.  
 
In this research, IFC was the adopted open standard by One Click LCA for data extraction 
from the BIM software. It has been observed that object families and components in the Revit 
model have been extracted by the tool to its web interface. The successful extraction process 
was also obtained by Tally. Different than One Click LCA, Tally does not extract the data to 
an external web interface; instead, it runs the LCA process inside the Revit Architecture 
through an extension window. The successful automated data extraction process is one of the 
most significant features of the direct access approach according to Antón and Díaz (2014). 
Thus, both tools obtain this benefit of the direct approach. Along with that, automated data 
extraction process eliminates the manual data entry process, which is another achieved benefit 
emphasized by direct approach according to Antón and Díaz (2014). In conclusion, there was 
no need for manual entry of the design components into the LCA add-in tools, since it was 
automatically extracted by the tools. 
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Furthermore, the most important part of the data extraction process is the quality of extracted 
data (Antón and Díaz, 2014). Antón and Díaz (2014) emphasized that it is possible to lower 
the data quality, i.e. losing component quantities, due to lack of open standards. To analyze 
the quality of extracted data, a comparison between the extracted components’ quantities has 
been made through the LCA add-in tools. The comparison of the extracted quantities was 
carried based on the Revit families. A full comparison was made for all families and a 
comparison of the component quantities in Roof family was given in Table 3 and Table 4 as 
an example. 
 

 Roof 
Default Roof / APP modified Bitumen Sheet 

Revit Element 
Name 

Total Instance 
Count 

Total Roof Area 
m2 

Layer Thickness 
mm 

Volume 
m3 

YT01-440 3 605,9 20 12,12 
YT00b 370 1 573,1 20 11,46 
YT00b BEF 2 323,9 20 6,48 
YT00b 170 1 70,95 20 1,42 

SUM  31,48 m3 
 

Table 3. Quantities of Roof family in Tally. 
 

Roof 
Default Roof / Bitumen-Polymer Membrane 

Revit Element Name Revit Element UUID Volume m3 
YT01-440 Default 

Roof  
2f93fcf5-e514-4749-ac3a-510e7c5b36b0-

008c0b4e 5,790564225 

YT01-440 Default 
Roof 

2f93fcf5-e514-4749-ac3a-510e7c5b36b0-
008c0bc7 5,712191316 

YT01-440 Default 
Roof 

ef32cfaf-8133-4768-8730-59339543d1fa-
01195f5c 0,615334594 

YT00b 370 Default 
Roof 

3d129708-214d-4c1e-b0ed-15c2658e0b9f-
01199a1c 11,46133668 

YT00b BEF Default 
Roof 

e089b591-99c0-45c2-ae7f-349ca3aafba2-
0121c1a4 3,555230324 

YT00b 170 Default 
Roof 

a6717af0-90ed-42e1-a375-868213e40ce1-
0134ddb2 1,4189703 

YT00b BEF Default 
Roof 

a650824a-cc4b-49be-9d7d-449dc183397f-
01367d2d 2,922822896 

SUM   31,48 m3 
 

Table 4. Quantities of Roof family in One Click LCA. 
 
As it is seen, the total quantities of the Roof components in both tools are matching with each 
other. The correctness of the total quantity is also ensured by a quantity take-off in the Revit 
model and Solibri model. The reason for the dissection difference in Roof family components 
is the working principles of the tools. Even though it seems that there are fewer components 
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in the Roof family in Tally, Tally keeps the sub-components under the main components, 
such as roof YT01-400. That is to say, by including the sub-components/layers, Tally shows 
the total quantity (volume in this case) without showing each sub-component’s quantity, while 
One Click LCA shows each component’s quantity. 
 
Antón and Díaz (2014) stated that running the LCA add-in tool continuously whenever a 
change has been made in the Revit model or add-in tool LCA preferences is one of the 
drawbacks. Based on One Click LCA and Tally, this drawback is experienced in this research. 
The LCA processes were not matured in the BIM model, thus there is no embedded 
environmental impact data to the Revit model. It led to run the LCA processes over both tools 
for each time when a change has been made in the Revit model regardless of semantic and 
geometrical data change. However, this situation was partially eliminated when One Click 
LCA’s GWP results were embedded into the SMC model. Even though a change has been 
made in the design or quantities, it is possible to calculate the total impact values in the SMC 
model since the values per unit for materials was identified in the model at the beginning.  
 
Furthermore, in both tool, mapped materials and LCA preferences were saved as the latest 
session; thus, the user can continue from where he/she left. However, while One Click LCA 
offers to store each LCA process initiated, Tally only saves the last changes over the same 
LCA process. It means that the user can access previous LCA processes and make 
comparisons in One Click LCA, while it is not possible to do it with Tally unless comparing 
the PDF/Excel reports of each session manually. In order to do this comparison, the user 
needs to produce the report at the end of each session in Tally. Nevertheless, a real-time 
environmental assessment process was obtained through this research, which was mentioned 
by Antón and Díaz (2014) as one of the significant advantages of BIM-based LCA process 
according to direct access approach. Viewing the impacts of each design change and material 
selection preference spontaneously was enabled through the empirical LCA process in both 
tools. Thus, the user does not have to run the LCA process at the end of the design phase, 
since it is possible to run it at the early design phase. 
 
Furthermore, One Click LCA automatically precedes the material mapping process for Revit 
families and components. In addition to extracting data from the BIM software, it also 
mapped the defined Revit components to the suitable materials based on its EPD database. It 
is concluded that One Click LCA is not only extracting the Revit component data but also 
recognizes the objects and maps them to the materials based on the component definitions in 
the Revit model. In Tally, however, the material mapping process carried out manually by the 
user based on Tally EPD database, so there was no automated material mapping process.  
 
On the other hand, it is detected that the lack of component definitions in the Revit model has 
an immense impact on automated material mapping process in One Click LCA and 
component identification in Tally. When the Revit Families and components extracted to One 
Click LCA’s web interface through IFC open standard, One Click LCA reads the component 
definitions that are defined in the Revit model. Thus, incomplete semantic data of the 
components cause issues in component identification and automated material mapping.  
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Identified Data: 98.76% of the volume 
Unidentified Data:  1.24% of the volume 

Input Checker: 1520 Issues 
Error 
Type Issue Amount The share of 

volume % Explanation of Issue 

  Other Errors 16 0.05% Technical or encoding errors 
in data 

  Generic 
Definitions 1358 3.92% Labels are too generic to be 

identifiable 
  Empty 

Definitions 101 0.29% Objects signifying empty, air 
or comparable value 

  Unidentified Data 45 0.13% Unidentified Data 
 

Table 5. Data quality check results in One Click LCA. 
 

As it is seen from Table 5, lacking details in generic definitions and empty definitions caused 
errors in term of component identification and material mapping in One Click LCA. Even 
though these input errors cover a small portion of the total volume, the effects might be 
significant. In this research, the errors are eliminated by completing the lack and missing 
component definitions in the Revit model by the researcher. High level of identification in 
material mapping process refers to well-established integration process since the need of 
manual data entry and data loss in the data extraction process were minimized. 
 
In Tally, however, there was no automated material mapping process for the components yet 
errors in the input data were detected. Extraction of the families and components along with 
their semantic and geometrical data were carried out by Tally successfully. Nevertheless, 
missing and lacking component definitions in the Revit Model caused empty components in 
Tally. Tally identified those components as blank and requested a component definition in the 
Revit model. As it was the same for One Click LCA, lack and missing component definitions 
were defined for the error giving components in the Revit model. 
 
The issues regarding lack and missing component data are related to the Revit model rather 
than being an issue of interoperability. On the contrary, this situation can be considered as a 
sign of well-established integration and value of interoperability, since the tools were able to 
integrate each detail and detect the definition errors no matter how minor they are. The 
deficiencies in the Revit model component definitions have an impact on the LCA process. 
Antón and Díaz (2014) predicted that the level of interoperability and open standard 
deficiencies may hinder the LCA process, which was identified in this research. 
 
Grilo and Jardim-Goncalves (2010) defined the value level of interoperability based on five 
interaction types in Chapter 2. Based on this, the detected interaction type in this research is 
“Collaboration” interaction type and the gained value level is value innovation in addition to 
efficiency and differentiation. Collaboration interaction type and the gained value through 
interoperability were obtained for both integration BIM-based LCA processes via add-in tools 
and embedded LCA values in the Solibri model. Grilo and Jardim-Goncalves (2010) stated 
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that, as a characteristic of collaboration interaction type, different software need to work 
collaboratively to provide a service that cannot be done by the software solely. 
 
Following to that, the Revit model as BIM software is not able to precede the Life Cycle 
Assessment by itself. Hence, LCA add-in tools need to work collaboratively with the Revit 
model to process an LCA study, since the Revit model is the source of geometrical and 
semantic data for the LCA process. Additionally, the detected interaction type in this research 
shows signs from “Chanel” interaction type. The LCA process and its results were produced, 
reported and shared digitally, thus, the end-product, i.e. the building, is physical yet some of 
the phases and deliveries, such as LCA, were carried digitally. Grilo and Jardim-Goncalves 
(2010) indicated that collaboration interaction type has a direct and strong relation to 
interoperability. Through this empirical study, a joint value and responsibility are obtained in 
order to deliver a result that the tools cannot deliver by themselves. Therefore, as it is 
emphasized by Grilo and Jardim-Goncalves (2010), the value level of interoperability was 
identified as the high level of value innovation including efficiency and differentiation based 
on collaboration interaction type of interoperability. 
 
Part 2 
 
The second part of the interoperability analysis focuses on the integration of the GWP values 
in [A1-A3] module produced by One Click LCA into SMC model via SMC CO2 Equivalent 
Extension. As it was stated by Antón and Díaz (2014), when the environmental impact data is 
not matured in the BIM model, there will be a need of repeated LCA run to see the 
environmental impact of each change made in the BIM model. Therefore, the aim of this 
integration is to plant the GWP environmental impact data into the SMC model, thus real-time 
impact assessment and access to the environmental impact values in BIM software can be 
achieved. 
 
The SMC model of Akademiska Sjukhuset was created based on the extracted IFC file from 
its Revit Architecture model. Referring to Antón and Díaz (2014), the Revit 
families/components and their quantities were cross-checked, and no data loss was detected in 
design components and their quantities. Thus, extracted data quality was protected at the same 
level in both LCA add-in tools. Even though the missing and lacking component definitions in 
the Revit model was also created the same issues for the Solibri model as it was in LCA add-
in tools, it was eliminated when the lacking and missing component definitions were restored 
in the Revit model. 
 
One Click LCA’s GWP values in module [A1-A3] were embedded in SMC model according 
to Chapter 3 and Chapter 4. During this process, specifications regarding components’ 
functional CO2eq units and classification types were defined manually. When value planting 
was completed, embedded impact values became available to the user based on both 
components’ functional and total values. This integration represents an example of a visual 
3D representation of the environmental impact results in the SMC model. Thus, collaboration 
interaction type referred to interoperability value level was achieved (Grilo and Jardim-
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Goncalves, 2010). Since the collaboration interaction type is built on the concept of shared 
responsibilities and shared result delivery that is only possible to conduct through the 
collaboration of different tools, this achieved embedding process is successful. 
 
In addition to that, colour scaling can be applied to CO2eq values in the SMC model 
according to their severity. Thus, the model can be visualized regarding objects’ 
environmental impacts and their severity level. It may make detecting the environmentally 
alarming design parts easy to perceive for everyone since the color scaling is responding to 
the numerical results. This feature is one of the future possibilities that it was concluded 
during this research. Furthermore, in this research, SMC CO2eq Extension only allows the 
user to embed the CO2eq values. However, it can be improved in order to contain the other 
LCA modules and even other impact category results in each LCA modules as a future 
possibility. 
 
Part 3 
 
There are major differences in between traditional and BIM-based LCA processes. These 
variations are analyzed within a frame of interoperability. The used LCA add-in tools in this 
research were taken as an example to state these differences. Thus, the obtained differences 
were determined based on only these two LCA add-in tool, and it may differ for other LCA 
add-in tools and the users. In addition to that, future possibilities to develop the current status 
of BIM-based LCA tools and their efficiency were also suggested in this section. 
 
Interoperability enables transferring and exchanging data between software (IEEE, 1990). 
Since interoperability is the backbone of BIM-based LCA, the BIM-based LCA process and 
tools are able to provide a higher level of efficiency and practicality in many ways compared 
to the traditional LCA tools and processes. The first notable difference of the BIM-based LCA 
process from the traditional LCA process is the ability to automate the data extraction 
operation, which is one of the most promising benefits of BIM-based LCA process. 
Traditional LCA process requires manual data entry (Antón and Díaz, 2014), yet in BIM-
based LCA process, geometrical and semantic component data are extracted to LCA tools 
through open standards. During the manual data entry in traditional LCA processes, it is likely 
to lose data and spend more time (Antón and Díaz, 2014). However, the data was extracted 
from the BIM model in form of IFC open standard format and no data loss was detected. 
Therefore, possibility to incorrect data entry in traditional LCA process is eliminated through 
automated data extraction based on interoperability of software. It was also found that the 
time required to automated data entry is almost zero. Thus, smoother, more accurate and 
complete data entry were obtained in BIM-based LCA process compared to the traditional 
LCA process. 
 
A BIM-based LCA process provides the user to execute better and early decision-making 
process (Malmqvist et al., 2011). In traditional LCA process, the LCA results are obtained 
mostly when the design is finalized (Malmqvist et al., 2011) but it was observed through the 
research that LCA process can be brought forward to start at early-design phase with 
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integration to BIM models. It adds a great deal of value to the decision-making process. Based 
on the empirical study with add-in tools, it is possible to make comparisons and estimations 
based on the LCA values through the design process starting from an early-design phase in 
contrast to traditional LCA process. Selected BIM-based LCA tools allowed the user to run 
LCA process simultaneously even though the design is not complete. Thus, more accurate and 
well-structured decisions can be taken, and the possible impacts of miscalls are minimized 
starting from the early design phase.  
 
Maturing the LCA process in the BIM model was partially practiced through embedding the 
One Click LCA’s GWP results in [A1-A3] module to the SMC model. In the traditional LCA 
process, it is not possible to visualize the environmental impact values in the design, yet when 
the filtered GWP results embedded to the SMC model, the user can create a visual 
representation of the values attached to design components. Since the filtered GWP values 
planted to SMC model, the total GWP value take-off was achieved and the GWP metadata 
was added into the components’ information properties in the SMC model.  
 
SMC integration is not representing a fully matured LCA process into a BIM model, yet it 
reflects a glimpse of future possibilities for fully matured LCA process to a BIM model. In 
case of planting the environmental impact values per unit to Revit material families, the 
designer can make the material’s environmental impacts a part of material properties. To be 
more specific, the designer can view the impact values of each material for all LCA modules -
even maybe access to their EPD sources- like as viewing their geometrical properties, make 
comparisons and change the design preferences. Hereby, an LCA process can be embedded 
and be a part of the design phase rather than being a separate process that follows the design. 
 
However, the stated future possibilities for the direct access approach refer to the indirect 
approach proposed by Antón and Díaz (2014), which may lead to other drawbacks in term of 
BIM-based LCA process. Antón and Díaz, (2014) stated that competency of the designer is 
highly related to the accuracy of the BIM-based LCA process. The designer will have a direct 
control over the EPD database in the selection process, thus the accuracy of environmental 
data’ consideration and evaluation has a direct proportion to the designer’s knowledge and 
expertise. It may cause misevaluation and the incorrect result, which may have a greater 
potential to harm the LCA process and the reliability of its results compared to the direct 
access approach. 
 
As another future possibility, collaboration interaction type in value level of interoperability 
can be range up to fully achieved Channel interaction. Embedded LCA process was 
undertaken through the design phase as a part of it and since the design process was already 
undertaken in a digital ecosystem, reaching to channel interaction type is the next step to 
expand the value level of interoperability to fully adopted value innovation for all BIM 
applications through the project. 
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7. CONCLUSION 
 
The BIM-based LCA processes were studied in term of interoperability and compared to the 
traditional LCA processes. The differences in the BIM-based LCA results were also observed 
based on regionally different EPD databases. 
 
Adopting regionally different EPD databases resulted in significant effects on the BIM-based 
LCA processes results. It is clear that LCA process is highly dependent on the material 
selections. It was observed that even though the LCA scope and material mapping were kept 
as the same in both processes, the material properties and default values specific to the 
regions, such as densities and transportation values, proceed to different impact results. 
 
The most significant conclusion regarding interoperability in the BIM-based LCA processes is 
the significance of the semantic detail level in the BIM model. Since the BIM model is the 
source of geometrical and semantic design data for the LCA processes, it has a direct 
influence on the integration quality. Due to lacking detail level in the BIM model, several 
issues have been detected in both LCA processes. In-depth establishment of the object details 
in the BIM model requires time and effort; however, it certainly affects the quality of the 
integration process by saving more time and sources overall. It has been also concluded that 
an automated quantity take-off process eliminates the data loss during data extraction and 
minimizes the need for manual data input. Therefore, comprehensiveness of the BIM model 
needs to be elaborated in order to attain more accurate BIM-based LCA process.   
 
The obtained value level of interoperability according to interaction types in each LCA 
processes was also detected and analyzed. Collaboration interaction type was identified in 
both LCA processes. High level of value innovation, efficiency and differentiation were 
obtained as the interoperability value level in connection to collaboration interaction type, 
which shows that today’s BIM-based LCA processes can reach to high integration quality. 
Ranging up to a digitalized project ecosystem, as part of the highest level of interaction, also 
perceived highly possible yet improvements are still needed. 
 
Embedding the LCA values in the SMC model proved that an environmental impact database 
can be matured in the BIM software and enhance the BIM-based LCA process. The benefits 
of the embedded LCA process were limited in this research yet the future possibilities can 
leap forward the LCA process to be part of the design process. Furthermore, it showed that a 
visual representation of the components’ environmental impact values and color scaling on 
the impact value severity is highly possible. 
 
As the study presents, smoothness of the data extraction process and completeness of the BIM 
model define the integration quality of LCA to BIM tools. Therefore, it is significant to pay 
more attention in future research to interoperability of the BIM tools and open standards in the 
BIM-based LCA processes. Building Information Modelling makes great strides in LCA 
process by locating the LCA process in the core of design phase and leads a more 
environmentally prudential decision-making process.  
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Appendix 1 - One Click LCA generic construction materials database (Bionova, 2015). 
  

European data coverage                                                                 

Environdec  The International EPD System 

 Spain DAPconstrucción, GBC Espana, and AENOR 

 Austria BAU-EPD 

 Czech Republic CENIA 

 Portugal DAP Habitat 

 Denmark EPD Danmark 

 Italy EPDItaly 

 United Kingdom IMPACT, BRE 

 France INIES, PEP Ecopassport 

 Poland  ITB 

 Switzerland KBOB-Ökobilanzdaten 

 Netherlands MRPI, NMD (Nationale Milieudatabase) 

 Germany Ökobaudat, ift Rosenheim, IBU 

 Slovenia ZAG 

 Finland RTS EPD 

 Ireland EPD Ireland 

 Norway EPD Norge 
 
 

Middle Eastern data coverage                                                                 South American data coverage 

BAU-EPD UL Environment 

BRE EPD Americalatina 
Environdec                            

(International EPD Program) GBC Brasil 

INIES FPInnovations 
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Appendix 1 - Continued  
 

Asia Pacific data coverage                                                                 North American data coverage 

ASTM ASTM 
Environdec                     

(International EPD Program) CSA Group 

 IBU IERE Earthsure 
 MRPI FPInnovations 

Ökobaudat  NREL 

SCS Global NRMCA 
 UL Environment NSF 
EPD Australasia SCS Global 

  UL Environment 
  Quartz 

 
 
Appendix 2 - Tally Impact Categories (KTInnovations, 2014) according to TRACI 2.1 
(EPA, 2012) 
 

Impact Categories Tally TRACI 2.1 
Ozone Depletion - ODP + + 

Global Climate Change - GWP + + 
Acidification - AP + + 

Eutrophication - EP + + 
Photochemical Smog Formation - SFP + + 

Human Health Particulate - + 
Human Health Cancer - + 

Human Health Noncancer - + 
Ecotoxity   - + 

Renewable Energy - RE + + 
Non-renewable Energy - NRE + + 

Resource Depletion - + 
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Appendix 3 - Complete list of Impact Categories in One Click LCA (Bionova, 2015) 

 
 
 
 
 

• Global warming potential – GWP (Kg CO2 e) 
• Ozone depletion potential – ODP (Kg CFC-11 e) 
• Acidification potential – AP (Kg SO2 e) 
• Eutrophication potential – EP (Kg (PO4)3- e) 
• Photochemical ozone depletion potential – POCP (Kg C4H4 e)  
• Abiotic depletion potential (kg Sb e) 
• Abiotic depletion potential (MJ net calorific value) 
      Other EN standard impact categories included in One Click LCA: 
• Use of renewable primary energy excluding renewable primary energy resources used 

as raw materials (MJ net calorific value) 
• Use of renewable primary energy resources used as raw materials (MJ net calorific 

value) 
• Total use of renewable primary energy resources (primary energy and primary energy 

resources used as materials) (MJ net calorific value) 
• Use of non-renewable primary energy excluding non-renewable primary energy 

resources used as raw materials (MJ net calorific value) 
• Use of non-renewable primary energy resources used as raw materials (MJ net calorific 

value) 
• Total use of non-renewable primary energy resources (primary energy and primary 

energy resources used as materials) – PE (MJ net calorific value) 
• Use of secondary material (kg) 
• Use of renewable secondary fuels (MJ net calorific value) 
• Use of non-renewable secondary fuels (MJ net calorific value) 
• Net use of fresh water (m3) 
• Hazardous waste disposed* (kg) 
• Non-hazardous waste disposed (kg) 
• Radioactive waste disposed (kg) 
• Components for re-use (kg) 
• Materials for recycling (kg) 
• Materials for energy recovery (kg) 
• Exported energy (MJ per energy carrier) 
      The TRACI 2.1 impact categories of:                                                                                                   
• Ozone depletion 
• Global warming 
• Acidification 
• Smog formation 
• Eutrophication 
• Human health cancer, human health noncancer, human health criteria pollutants and 

ecotoxity 
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Appendix 4 - Relationships between elements within the interpretation phase with the 
other phases of LCA (ISO, 2006). 
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Appendix 5 - Simplified procedures for inventory analysis ISO 14044 (ISO, 2006) 
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Appendix 6 - LCA Module, System Boundaries and other details (EN, 2012). 
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