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SOMMARIO  

Al giorno d'oggi, considerando tutti gli sviluppi che hanno e sono continuamente in atto nel campo del 

design, è diventata una necessità importante considerare l'impatto ambientale dei materiali da 

costruzione che il progettista sceglie. Per questo è stata recentemente introdotta l'analisi Life Cycle 

Assessment (LCA) che viene utilizzata in diverse valutazioni per valutare l'impatto ambientale. 

L'obiettivo è creare una connessione tra il modello BIM e le sue proprietà dei materiali con i database 

LCA al fine di rendere possibile l'estrazione diretta dell'energia incorporata, dell'impronta di carbonio 

e di altri indicatori ambientali dal modello BIM. Questa estrazione di informazioni può essere 

effettuata applicando determinati processi e filtri al modello e quindi utilizzata per eseguire l'LCA in 

conformità ai criteri di certificazione LEED. Ciò ridurrà un processo lungo e ripetitivo di inserimento 

di tutte le informazioni dall'inizio negli strumenti LCA già disponibili, poiché l'analisi stessa comporta 

un'enorme mole di lavoro e controlli per estrarre e valutare gli indicatori ambientali. 

Questo processo può trasformarsi in uno strumento utile per la progettazione ambientale degli edifici e 

contemporaneamente integrare il processo BIM con gli sviluppi sostenibili nel settore AEC. 

 

Parole chiave: Building Information Modeling (BIM), Life Cycle Assessment (LCA), Dichiarazione 

ambientale di prodotto (EPD), Impatto ambientale, Conformità LEED, Procedure automatizzate 
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ABSTRACT 

Now-days, considering all the developments that have and are continuously occurring in the design 

field, it has become an important necessity to consider the environmental impact of the building 

materials that designer choose. For this matter, the Life Cycle Assessment (LCA) analysis has been 

recently introduced and is being used in different assessments for evaluating the environmental 

impact.  

The goal is to create a connection between the BIM model and its material properties with the LCA 

databases in order to make possible the direct extraction of the embodied energy, carbon footprint and 

other environmental indicators from the BIM model. This extraction of information can be done 

applying certain processes and filters to the model and then used to perform the LCA in compliance 

with the LEED certification criteria. This will reduce a long and repetitive process of inserting all the 

information from the beginning into LCA tools that are already available, as the analysis itself 

involves a huge amount of work and checks to extract and evaluate the environmental indicators. 

This process can develop into a useful tool for the environmental design of buildings and 

simultaneously integrating the BIM process with sustainable developments in the AEC industry. 

 

Keywords: Building Information Modelling (BIM), Life Cycle Assessment (LCA), Environmental 

Product Declaration (EPD), Environmental impact, LEED compliance, automated procedures 
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1. INTRODUCTION  

This master thesis is about automated procedures for LCA analysis in a BIM project. The aim of this 

work is to examine the implementation of BIM-integrated life cycle assessment procedures. The 

digital evolution and recent developments in the AEC industry have led to an increase in resource 

consumption and have made the process more complex. As a result, the environmental impacts and the 

sustainability concept is gaining more attention in the construction field and is being considered since 

early stages of design in a building project. The reduction of the environmental impact is directly 

affected by the decision-making process during the design phases by the professionals. The 

optimisation of the sustainability process in building design can be achieved only by taking the right 

decision during this phase and by putting the biggest responsibility in the hands of the designers and 

engineers.    

With that in mind, this study explores the BIM integrated procedures for sustainability analysis in the 

design process and proposes a new integrated tool by using a visual programming interface like 

Dynamo.    

The first three chapters give an overview on the state of art of Building Information Modelling, Life 

Cycle Assessment, rating systems and standards and the methodology of how they are and can be 

further integrated to improve the sustainable design process.  

In the following chapter, the automated tools for LCA are explored and the results are compared. 

Firstly, the Tally plugin in Revit is used for the semi-automatic work process. The fully automated 

LCA process was supported by the software solutions from One Click LCA used with the interfaces of 

Revit and Simplebim. The calculation results show that, when IFC files are used, even from simple 

models, large deviations can occur. As a result, the open BIM approach is not yet mature enough to 

allow BIM -integrated life cycle assessments to calculate fully automatically the LCA results. In 

addition, there may be obstacles to correctly assign material input with One Click LCA. This happens 

in the case of composite materials which cannot be displayed correctly. In the case of Tally, the 

calculation was only possible according to LEED standard, and the stored data sets are mainly 

optimized for the American market, and there is no interface for reading independent manufacturer 

EPDs or Ökobaudat database.  

For the reasons mentioned above, the next step was to create a separate LCA calculation tool by using 

Revit, Autodesk Dynamo and Excel. The tool creates a connection between the component-specific 

materials and the respective material from the specified database catalogue and automates the 

calculation of the LCA parameters. All the components relevant to the LCA calculation are extracted 

via Dynamo, although issues may be encountered during the geometrical export of data. For more 

precise results, however, these are corrected by manual post-processing. 

 In general, BIM-integrated life cycle assessments are very suitable due to their simple and faster way 

of working. 
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2. BUILDING IN FORMATION MODELLING  

2.1. The definition 

Building Information Modeling is a working method which shares a digital representation of physical 

and functional characteristics of any built object (including buildings, bridges, roads, etc.) which 

forms a reliable basis for decisions. (BS ISO 29481-1 2010) It is a digital working method in the 

construction field which provides a great depth of information which is not limited only on the 

planning and construction phase, but also on the operational phase, in other words, in the entire life 

cycle of the building. Besides geometric data, the BIM model also contains some other information, 

such as costs or technical properties, all of these collected in a single data model. 

The generally accepted definition of BIM is in National Building Information Modeling Standard 

defined as follows: "Building Information Modeling (BIM) is a digital representation of physical and 

functional characteristics of a facility. A BIM is a shared knowledge resource for information about a 

facility forming a reliable basis for decisions during its life cycle from inception onward; defined as 

existing from earliest conception to demolition. A basic premise of BIM is a collaboration by different 

stakeholders at different phases of the life cycle of a facility to insert, extract, update or modify 

information in the BIM to support and reflect the roles of that stakeholder." (NBIMS 2017)  

Building Information Modelling represents in a digital way the physical and functional traits of a 

facility by creating a single and shared information resource and a consistent base for decision making 

during the whole lifecycle of the project, from earliest conception to demolition. (RIBA, CPIC) It is a 

method that creates possibilities for interdisciplinary collaboration based on an n-dimensional virtual 

presentation of the building. As a result, it can have economic and ecological effects simulated, 

evaluated and optimized since early phases of the project. (RIBA, CPIC)   

2.2. Dimensions of BIM and the BIM process 

Often BIM only implements three-dimensional models but it offers significantly more dimensions. In 

fact, BIM is initially based on 3D planning, but the dimensions also expand in time and cost. This 

allows the project to start early planning phases that are simulated, validated and subjected to different 

analyzes by creating higher qualities in the respective dimensions. Also, the dimension of 

sustainability leads to a consistent consideration regarding energy analyzes and the verification of 

sustainability certificates and enables new innovations such as the cradle to cradle material catalogue 

(Forth 2018).  

After all, BIM also offers great potential in facility management, to digitally manage the building even 

in the usage phase and lower the rate of information loss (Forth 2018). In the following, the focus of 

the BIM method is placed on the designing process, since the building and operation are not object of 

this work. For the design process, there are some advantages, such as the consistent, automatic 

derivation of views, floor plans and sections from the model, collision checks between the partial 
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models of different trades and the connection to calculation and simulation programs in order to check 

for compliance with different standards (Forth 2018). Furthermore, through the digital model, an 

accurate extraction of the quantities can be made to calculate costs or to be used as a basis for 

calculating the building life cycle assessment. During the design phase, the decision-making processes 

is also affected by using the BIM method. Changes can be applied since earlier design phases if the 

information obtained by the model is available and can be used to calculate further results that might 

affect the later stages of the design of running compliance checks related to different standards. This 

also applies in connection with sustainability certificates for sustainable buildings. Through an earlier 

involvement of the life cycle calculations, there is still a greater and more direct influence on the 

sustainability of the building design. The early calculation of a life cycle assessment also leads to a 

more sustainable and optimized solution of the building materials and thereby a higher ecological 

quality of the building. 

 

 

 

 

 

 

 

Figure 1 Dimensions of BIM according to bim6d.es 

2.3. BIM a pplication methods  

Although there is not just one firmly defined method for BIM-supported design, there is a distinction 

between "Open" and "Closed" BIM and "Big" or "Little" BIM and their combination. "Open" BIM 

means that open data exchange formats and different program providers can be used, whereas "closed" 

BIM is based on manufacturer software and whose exchange format remains limited. "Little" BIM 

means only partial use of the BIM method by individual users, like the use of only the software 

packages. In contrast, "Big" BIM refers to the continuous use of BIM of all disciplines and over the 

entire lifespan of the building (Baldwin 2019). 

The combination "Litt le closed BIM" describes the lowest BIM cooperation with only individual BIM-

compatible programs. With "Big closed BIM", however, there are several design specialities involved, 

and the same software is used internally. "Little open BIM "identifies the exchange of data via an open 

exchange format, but only between a few designers. The most extensive BIM cooperation is "Big open 

BIM", a complete BIM process where the use of an open exchange format takes place. 
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Figure 2 From ñLittleò BIM towards ñBigò BIM (BuildingSMART International) 

2.4. Levels of BIM (LOD, LOI, LOG)   

LOD in the BIM methodology is understood to mean two different terms. On one hand it is meant as 

an acronym for Level of Development, on the other hand as an abbreviation for Level of Details. The 

level of development is also understood as the degree of completion, maturity or elaboration (Forth 

2018). The US. representative of building SMART International BIM forum (BIM forum 2019) has 

the individual levels of development defined. 

The level of development should not be confused with the level of detail. By the level of detail of the 

model, their elements are determined. The AEC UK distinguishes between the following six levels 

(AEC 2015): symbolic, conceptual, generic, specific, constructive, built. 

The level of information (LOI) is understood to mean the "degree of information of an object, which is 

recorded in the building model or in a BIM database" (Forth 2018). The LOIs are directly related to 

the LODs. With the property information room types are defined from LOI 100 in order to determine 

requirements and estimate costs. The creation of a room book and a cost calculation can be achieved 

with LOI 200. Manufacturer-independent product information specifies the components in the next 

stage LOI 300. LOI 400 and LOI 500 are based on manufacturer-specific product information for 

detailed calculations. 

These LOIs are also of great importance in the subsequent life cycle assessment. Because in early 

stages, when less information is available in the design phases, there are initially generic data used. In 

the construction, however, product-specific data sets are included in the calculation depending on the 

components installed. (Forth 2018) 
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2.5. Exchange formats 

In the construction industry, there are different exchange formats, which differ according to their 

complexity of subdivision. With BIM, the data of the models achieve a new level of complexity at 

which the 2D representation on 3D objects in combination with semantic information about their 

assemblies is expanded. There is a general difference between "Open" and "Closed" BIM. In the 

further course of the work, both approaches are explained by using the IFC (Industrial Foundation 

Class) for the ñOpenò format and Autodesk Revit "RVT", the most widespread format, for the 

"Closed" BIM approach. 

2.5.1. IFC exchange format 

In order to implement the "Big open BIM" approach, the international organization Building SMART 

was founded in 1995 in the USA and then the other national branches. Their goal is a "successful 

development, application and dissemination of open IT standards and process definitions for 

interoperability like the Industry Foundation Classes" (building SMART 2017). Building SMART is 

an initiative formed of various companies and organizations under the name International Alliance for 

Interoperability (IAI).   

The IFC 2x3 version is widespread and is now supposed to be replaced by the Standard IFC4. IFC is 

defined in ISO standard 16739 and is based on the data modelling language EXPRESS, which in turn 

is based on the STEP standard. The organization building SMART Internationally certifies software 

products that can have an interoperable exchange with the IFC interface. 

 

2.5.2. RVT and PLN exchange formats 

Autodesk was the main initiator of building SMART and has come over with the Revit software 

solution in 2002 for a long-time market-ready and the most widespread product in BIM applications 

(Eastman 2011). The Revit exchange format is a result of the respective version of the Revit Software. 

It is abbreviated as "RVT" and is not an open format, which means that it is only available from the 

three Revit software packages Revit Architecture, Revit Structure and Revit MEP and only from them 

can be opened. It, therefore, follows the "closed" BIM approach. However, as the market leader with 

Revit, Autodesk is also a major developer for IFC, which contains less information than a Revit file. It 

accordingly requires more storage space and can increase in large projects or cause delays.  
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2.6. Integration of BIM in Green Building Design 

In the following sub-chapter, the integration of the BIM method and the sustainable evaluation of 

buildings will  be analyzed with reference to sustainability certification systems and more specifically 

to the integration of the BIM method with the LCA process. 

2.6.1. Potential of the combination of BIM and Green Buildings 

The first comprehensive publication on the subject appeared in 2008 by Krygiel and Nies, who 

describe the combination of "Building Information Modeling" and "Green Building" combined in the 

term "Green BIM" (Krygiel and Nies 2008; Forth 2018). The Authors point out already existing 

possibilities through BIM-capable programs influencing the sustainability design of buildings. To the 

possibilities of influencing the building shape, they include the analysis of the building orientation, 

environment and facade systems as well as the daylight simulation. The topic of building systems 

includes water use, energy design, renewable energies and sustainable materials (Krygiel and Nies 

2008). As early as 2005, Autodesk had the potential to integrate green Building tools recognized in 

their BIM-enabled drawing program Revit and in a White Paper presented some of these topics 

(Autodesk 2005).  

In its extensive market analysis, MacGraw Hill Construction (McGraw-Hill Construction 2010) shows 

great need and demand for BIM-integrated analytical tools regarding sustainable design. In addition, 

Green BIM is used as a "The use of BIM tools to achieve sustainability and / or improved building 

performance in a project" (McGraw-Hill Construction 2010). 

2.6.2. Integration in the verification  process of certification systems 

According to Gandhi and Jupp, there is still no specific research into what each process steps or what 

management strategy to follow for the implementation of Green BIM (Gandhi and Jupp 2013). 

However, there are already a large number of BIM applications which contribute to green building 

certificates (Soltani 2016).  

As early as 2005, Autodesk had the potential to integrate green Building tools recognized in their 

BIM-enabled drawing program Revit and in a White Paper presented some of these topics (Autodesk 

2005). The steadily growing number of publications shows the increasing scientific relevance of the 

topic in the following years.  
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3.  LCA STATE OF THE ART  

3.1. The Environmental Product Declaration (EPD) 

3.1.1. What is the Environmental Product Declaration (EPD)? 

Environmentally-friendly construction materials are not a guarantee for sustainability. Construction 

materials are intermediate products; their influence on the environment depends on many factors, 

develop their characteristics and properties once they are part of a building. But, with an EPD 

available, the architect is able to choose the right materials in order to plan a sustainable building and 

have it certified.  

EPDs are documents that communicate a product's environmental impact over a specified portion of 

its lifecycle. They are developed in accordance with product category rules and the international 

standard ISO 14025 and use LCA data. The specific stages of LCA that are covered in the EPD as well 

as the environmental attributes that are measured and reported in it are specified in the PCR. 

(Environdec 2020) 

The EPD is complete and fully transparent information on all the properties and environmental 

impacts on construction materials. It is not an evaluation, but a source of clear information regarding 

its ingredients and environmental impacts throughout its entire lifecycle is based on international 

standards and verified by independent examiners. (Institut Bauen und Umwelt) 

Manufacturers of construction materials, experts, public bodies develop the PCR (product category 

rules) which outlines and defines the requirements of an EPD and the data contained therein based on 

the respective construction material group. The PCR enables manufacturers of construction materials 

to create an EPD for their product by determining the data in a lifecycle assessment as required by the 

PCR thus the manufacturer can declare all of his product data from production of raw materials to the 

end of buildingôs life. The EPD is submitted for verification by independent third parties and then 

published and available online to professionals.  

They cover multiple environmental parameters using LCA data, as described in the PCR. Also, specify 

the unit that is used to calculate all the impacts declared in the EPD. This functional unit is specified in 

the PCR on which the EPD is based. (GreenCe, USGBC) 

The EPDs are developed to:  

- Stay in lines with the expectation or the market 

- Increase the transparency of environmental impacts  

- Differentiate from the competitors 

- Reduce environmental impacts and save money   
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Table 1 EPD development phases (GreenCe, USGBC) 

3.1.2. The relation between EPD, LCA and PCR 

LCA is fundamental in understanding EPDs; they are science-based studies that evaluate the 

environmental impact overall or selected stages of its life cycle; this can include extraction of raw 

materials from the earth, transportation of raw materials to the factory, manufacture of the product at 

the factory, product transportation from the factory to the store, the product use by the consumer and 

disposal or recycling possibilities in the end of the product's life. Having transparency through EPD-s 

organizations can reduce their potential risks and better understand their environmental impacts of 

their products that they purchase and consumers can use EPDs to compare the environmental impacts 

of products that they want to buy. (GreenCe, USGBC) 

EPDs are based on the results of lifecycle assessment studies which quantify environmental attributes. 

These studies that contribute to the declarations are then third party verified and can be used in biding 

procedure or in environmental rating systems such as LEED v4. (GreenCe, USGBC) 

The ISOs provide guidelines for LCA but not specific methodologies to be used  

ISO 14040: Environmental management ï LCA - principles and framework 

ISO 14044: Environmental management ï LCA - Requirements and guidelines 

The LCA info is used to help manufacturer identify and reduce environmental impact of product, 

which can result in cost-savings and throughout the supply chain by making manufacturers want to 
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choose greener parts which will result in final product with less environmental impacts and make 

companies want to buy greener end-products. 

Sometimes the areas where the greatest amount of environmental impact occurs are not obvious and 

that is why the PCRs (product category rules) are implemented. They are specific rules, requirements 

and guidelines for developing EPDs for a particular product category. They are the standard for how to 

conduct a lifecycle assessment and prepare the EPD for a particular product category. (ISO 14025 - 

the international standard that stipulates requirements for environmental product declarations)  

PCRs standardize: 

- LCA for a particular product type 

- The way the info is communicated in an EPD 

 

PCR also outlines what environmental impacts are to be measured in the LCA (water use, greenhouse 

gas emissions, amount of raw material used, toxic substances released). The goal is to include impacts 

that have significant environmental effects to ensure that these are measure and subsequently 

communicated in the EPD 

3.1.3. Content of an EPD and the environmental indicators 

 

EPDs contain the following information in their content: 

 

1- Program information  

(PCR, program operator, registration number, of publication, further information)  

2- General product information 

(name of the product, logo, contact, manufacturer, scope, declared unit, name of the 

independent verifier, raw material extraction and transportation, LCA background 

information, further information) 

3- Environmental performance  

(potential environmental impacts, use of renewable and non-renewable resources) 

4- Interpretation of the results  

(environmental impacts in percentages) 

5- Differences with previous versions 

6- Verification  

7- References  

 

In the summary page of the EPD usually are shown the results of the Life Cycle Assessment (LCA) 

that are completed for the studied material according to the ISO 14040 standards. An example of how 

these results are provided in an actual building material EPD is showed in the following Figure 3. The 

environmental impact list of indicators is going to be considered in the following developments of this 

study to create the list of parameters in the BIM model in order to extract LCA data. 
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Figure 3 Example of the list of environmental indicators of an insulation board EPD 

The information obtained by the EPD on a product level will be the information upon which the 

lifecycle assessment of the whole building will be calculated. The combined data of the single building 

materials will be used to generate the total environmental impact of the building. Furthermore, it can 

be related with the relevant stages of the building's lifecycle. 

 

3.1.4. Databases for building materials and EPDs 

The complete lifecycle assessment of a product (in this case a building material) from the cradle to the 

grave, containing the required information to lead in the choice of a sustainable material in an 

objective and calculated way is an Environmental Product Declaration. 

It is now undeniable that the Environmental Product Declarations are a crucial and reliable source of 

information on the carbon footprint of a certain product by analyzing and calculating the impact of a 

single material during its whole lifecycle. (One Click LCA) 

The amount of literature about EPD and LCA databases is very large and varied, containing many 

different materials and combinations of them to be analyzed and taken into account. The choice of the 

material depends on the goal of the design and stakeholders. In this situation, to be able for the 

interested parties to choose the best alternatives, they need to have access to a reach and reliable 

database which offers them a precise and accurate source of data. This process takes more value 

during the design phase as it has a direct result in improving the building before the construction 

process. In this way, if different databases are available for the designer, they can be able to compare 

the impacts of different materials in the environment and as a result make the best choice to reduce the 

overall carbon footprint of their building, comply with environmental regulations and obtain 

certification credits. (Once click LCA) 
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3.1.5. EPD databases vs Generic database 

It is understood that an EPD database is one that puts together a distinguished amount of construction 

material EPD's from a broad range of countries and productions companies. Each one of these EPDs is 

the result of the Lifecycle analysis of the sole building material from its manufacturer and available on 

the free choice of the designer or builder.  

On the other hand, a generic LCA database is considered the one that contains a variety of LCAs that 

are average for a certain group of materials. This LCAs are calculated as an average value of all the 

materials of that group across different manufacturers.  

Consequently, the information from an EPD database is more accurate and can produce more reliable 

results overall. Nevertheless, the generic LCA database is still a good option to use when the EPD 

database is missing. (Once click LCA) 

Several EPD databases are presented in this study as follows:   

- Environdec, International EPD system 

This is a database for type III environmental declarations complying with ISO 14025 verified 

and registered by the International EPD System. The library of is publicly available and the 

EPDs and PCRs can be downloaded in pdf format. It contains product declaration from 

various companies worldwide and for the European products it is also in accordance with 

EN15804. The search engine of the database is easy to use and several filters can be used to 

search by country, manufacturer, category and other standardization criteria. (Environdec) 

 

- The EPD registry, Worldwide EPD registry system 

This is a global database on construction materials EPDs. It is a good choice for products that 

comply with environmental certifications by LEED, BREEAM, DGNB etc. The EPDs are 

presented in formats that are useful for designers and architects. The search engine can be 

used to find materials by country, map, address, name of the product, manufacturer or distance 

from the construction site. The database is also divided in several subsectors representing 

Turkish, United Kingdom, European and World construction materials. (Theepdregistry) 

 

- Institut Bauen und Umwelt-EPD, German EPD system 

This database is provided by Institut Bauen und Umwelt and offers Environmental Product 

Declarations from a considerable number of building materials manufacturers. It is an open 

and public database which provides EPDs in both pdf and XML format, in this way they can 

directly be used to calculate the LCA of the building. The search engine uses various filters to 

narrow down the list. The materials can be searched by country, category, manufacturer, PCR, 

declaration number, language etc. (Institut Bauen und Umwelt) 
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- Ireland Green Building Council ï EPD, Irish EPD system 

This is an EPD database provided by the Ireland Green Building Council. It provides a variety 

of materials from different Irish manufactures and in compliance with ECO Platform EPD, EN 

15804 and ISO 14025. The EPDs are open to the public and can be downloaded in pdf format. 

(IGBC) 

 

- GreenBook L ive ï EPD, British EPD system 

Green Book Alive is provided by BRE Global and is a free online database that offers material 

EPDs among many other libraries and services related to the improvement of the built 

environment. It is useful for the designer and builders who want to identify and choose green 

products with a low impact on the environment. Although, user-wise, I found it more 

confusing and time-consuming than the other platforms. (GreenBookLive) 

 

- Spot solutions ï EPD, United States EPD system 

This database is provided by United States EPD system and offers a variety of verified 

material products and in accordance with many environmental certification systems. It is 

useful for builders and designers not only in terms of identifying and choosing low impact 

building materials but it also friendly to BIM tools. Spot solutions offers a Revit plugin for 

free through which the EPD information can be directly added to the BIM object. The BIM 

category is also added as a filter in the search engine of the site. The Environmental Product 

Declarations of EPD Italy are also part of this database. It is considered one of the biggest 

EPD libraries with more than 100.000 certified articles. (Spot) 

 

3.2. Rating systems, standards and certification of buildings 

All rating systems for LCA and building certification approve either ISO or EN based LCA  

3.2.1. LEED v.4 and LCA 

LEED is a rating system developed by US Green Building Council (USGBC) with its focus in 

sustainability in the design and construction field. (USGBC) LEED offers the guidelines and 

assessment mechanisms that outreach towards the optimisation of natural resources, regeneration and 

restorative strategies, maximisation of the positive impact in the environment and human life 

providing high-quality environments for the inhabitants. LEED v4 is the most updated version of this 

rating system. (Vigovskaya, 2018) 

 

Leadership in Energy and Environmental Design (LEED v.4) has included in its list of criteria the 

LCA evaluation.  The certification is divided into eight environmental categories: 

- location and transportation (LT)  

- sustainable sites (SS) 

- water efficiency (WE) 
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- energy and atmosphere  

- materials and resources (MR) 

- indoor environmental quality (EQ) 

- innovation (IN) 

- regional priority (RP) 

and LCA analysis is included within the "Materials and resources" category, in the criterion "Building 

Life-Cycle Impact Reduction". If these requirements are met then 3 out of 110 points can be obtained. 

In order to satisfy the credits and obtain the certification, it is necessary to model a baseline building 

that is within the given terms for the location, shape, orientation and function and then demonstrate the 

ability to reduce the baseline value obtained by 10% for at least 3 of the environmental impact 

indicators and to not overcome the others with more 5% each. (Once Click LCA) 

The environmental impact indicators to be considered are:  

- global warming, greenhouse gases, in CO2e 

- ozone depletion in the stratosphere, in kg CFC-11 

- formation of tropospheric ozone, in kg NOx 

- potential acidification of land and water, in kg SO2 

- potential eutrophication, in kg nitrogen or kg phosphate 

- use of primary energy from non-renewable sources, in MJ (Once Click LCA) 

We consider a lifecycle of 60 year for the materials of the structure and the building envelope with a 

cradle to grave approach and with the quantification of impacts during the production (A1-3), 

transport to the construction site (A4), use (B1-7) and end of life (C1-4) phases when we calculate the 

environmental impacts. The LCA environmental impact categories refer to ISO 14044, ISO 14025, 

ISO 14040, ISO 21930, EN 15804 and to the indications provided by the US Green Building Council, 

which regulate the baseline building indicators to the indications of ASHRAE. The LEED protocol 

rewards with 1 additional credit if the choices of construction materials fall on at least twenty 

products, of at least five different manufacturers, certified with Environmental Product Declaration 

(EPD). 

 The Life Cycle Assessment methodology within LEED v4 still has application deficiencies as the 

analysis conducted concerns only the life cycle of construction, without any consideration on the 

environmental impacts generated by the use phase of the building, which has always been the phase 

responsible for the greatest environmental impact.  

3.2.2. Living Building Challenge (LBC) and LCA  

The Living Building Challenge (LBC) is an international building certification system focused on 

sustainability. It was founded in 2006 by International Living Future Institute, a non-profit 

organisation. It is a tool and certification program that promotes advanced sustainability ratings for the 

built environment. It is applicable to buildings (new construction or renovation), infrastructure, 

neighbourhoods and communities, landscape and has a different approach from other green rating 

systems like LEED or BREEAM. (living-future.org) 
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The LBC version 3.1 is organized into 7 fields that are represented as petals:  

- place 

- water 

- energy 

- health and happiness 

- materials 

- equity 

- beauty 

 

Each petal contains a series of requirements which must be met to achieve the Living Certification. 

(Gardner, 2019) These mandatory and crucial requirements cover a wide range of sustainability 

concepts including net-positive energy and water, biophilic environment, beauty and spirit. To obtain 

this certification is required to integrate design strategies and a great amount of collaboration between 

the group of interests involved in the design process resulting in a quite challenging experience. 

(Collinge, 2015) 

The Red list under the materials petal contains the chemical classes that must be avoided in 90% of the 

new materials that are chosen to be used in the project. There are 21 general chemicals in the Red list, 

which can further be broken down into 815 more specific chemicals and be removed from the list of 

construction materials in the project. Although, there are not any mandatory specifications related to 

the embodied energy in the materials, except for one that requires that only for the construction phase. 

In this case, the evaluation of building material selection becomes an important component of the LCA 

referring to the stages of material extraction, manufacturing process and transportation. 

Environmental impact indicators to be considered from the Red List for the architectural and structural 

materials during LCA: 

- the ozone depletion 

- the global warming 

- the smog formation 

- the acidification 

- the eutrophication 

- the eco-toxicity 

- the fossil fuel depletion 

- the land use and water use 

- the human health cancer 

- the human health noncancer 

- the human health criteria pollutants (living-future.org) 

3.2.3. BREEAM  and LCA 

(Building Research Establishment Environmental Assessment Method) BREEAM is an English rating 

system founded and put into practice in 1990 with the focus on environmental standards-based 

assessment. As cited on the official website "BREEAM is the world's leading sustainability 
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assessment method for master-planning projects, infrastructure and buildings. It recognises and 

reflects the value in higher performing assets across the built environment lifecycle, from new 

construction to in-use and refurbishment". BREEAM rates sustainable values in various categories 

from energy to ecology including the reduction of carbon emissions, green design, resilience, climate 

change adaptation and respect for biodiversity. (Vigovskaya, 2018) 

 

The BREEAM certification is divided into ten categories:   

 

- management 

- water 

- health and well-being 

- materials 

- energy 

- waste 

- transport 

- land use and ecology 

- innovation 

- pollution 

 

and the LCA analysis is found within the "Materials" category. The obtained score that can be reached 

to meet the criterion is 5 points, with an occurrence of 6% on the final total result. Reward points are 

awarded to the project using a program calculation, BREEAM International Calculator Mat01, which 

measures the environmental impacts related to the building construction to be calculated and places it 

within a rating system from A + (3 points) to E (0 points). Each environmental impact indicator is 

assigned a letter from A + to E and a percentage value of the impact weight with respect to the others:  

- global warming (21.6%) 

- water extraction (11.7%) 

- mineral resource extraction (9.8%)  

- ODP (9.1%) 

- toxicity to humans (8.6%) 

- toxicity to drinking water (8.6%) 

- nuclear waste (8.2%) 

- toxicity to soil (8%) 

- waste disposal (7.7%) 

- fossil fuel consumption (3.3%) 

- eutrophication (3%) 

- POCP (0.20%) 

- acidification (0.05%) 

For the calculation of environmental impacts, a useful life of 60 years is considered in which the 

production (A1-3), construction (A4-5) and end of life (C1-4) phases are considered. 

3.2.4. Conclusion  

Each one of the above-stated systems has its own features according to which can be selected and 

aligned with the project requirements. The choice of the certification program to be pursued belongs to 

https://breeam.com/discover/technical-standards/communities/
https://breeam.com/discover/technical-standards/infrastructure/
https://www.breeam.com/discover/technical-standards/
https://breeam.com/discover/technical-standards/newconstruction/
https://breeam.com/discover/technical-standards/newconstruction/
https://breeam.com/discover/technical-standards/breeam-in-use/
https://breeam.com/discover/technical-standards/refurbishment-and-fit-out/
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the design team, environmental and sustainability consultant, the investor and depends on different 

factors like physical context, project goals etc.  

In the World Green Building Trends 2018 it is stated that the first environmental reason for building a 

green project is the reduction of energy consumption (with 66%) as it has been like that since 2008. 

The two other following reasons are the protection of natural resources and the reduction of water 

consumption.  

With these reasons in mind, the most appropriate certification systems to consider these criteria are 

LEED and LBC. They are highlighted as primary examples of different levels of Green Buildings 

Rating System. 

In this thesis the proposed processes and filters to extract the quantities for LCA from the BIM model 

are going the be selected and pursued within the LEED rating system.  

3.3. Building life cycle assessment (LCA) 

3.3.1. Life Cycle Assessment definition 

Life cycle assessment (LCA) means the "compilation and assessment of the input and output 

influences and the potential environmental impact of a product system in the course of its life" (ISO 

14040). First of all, to perform a Life Cycle Assessment, system boundaries and environmental 

indicators are defined. Basically, however the period of time of a product, goods and services, from 

the cradle to the grave. 

                                   Figure 4 LCA of a building diagram from One Click LCA  
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3.3.2. Life cycle stages in a building project according to  EN 15643 

In the standards EN 15643-2 and EN 15978 the general life cycle assessment broken down to the 

building level by establishing a predetermined procedure to guarantee the comparability of the  

Figure 5 Life  cycle stages from BS EN 15978 2011 Sustainability of construction works 

Assessment 

research framework. This is divided into four phases with a total of 16 modules and additional module 

D. The four phases are the manufacturing phase (A1-3), the construction phase (A4-5) and the usage 

phase (B1-7) and the phase at the end of the life cycle (C1-4). The phases are complemented with a 

module D, which opts for reuse, recovery or recycling outside the life cycle and the system boundaries 

(from the cradle to the grave). (Forth 2018)  

3.4. Life cycle methodology  

3.4.1. Parameters for LCA calculation and evaluation of environmental impact  

The environmental impact indicators to be considered according to LEED standards are:  

- global warming, greenhouse gases, in CO2eq (GWP) 

- ozone depletion in the stratosphere, in kg CFC-11eq (ODP) 

- formation of tropospheric ozone, in kg NOx or kgC2H2eq (POP)  

- potential acidification of land and water, in kg SO2eq (AP) 

- potential eutrophication, in kg nitrogen or kg phosphate, kg PO4
3-eq (EP) 

- use of primary energy from non-renewable sources, in MJ (ADPF) 

(Green Building Council)  
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3.4.2. Databases for LCA calculation (European and International) 

It is not easy for designer and builders when it comes to choosing the database for performing LCA 

analysis in terms of reliability and credibility. To comply with the LEED certification criteria, the 

databases should be recognised by the standards, and this is not always clear by the software providing 

the service of the LCA inventory. For example, at present, the only databases deemed reliable are 

Ecoinvent (which however is not specific for the construction sector) and Ökobaudat (however related 

to the German EPD). (Green Building Council Italia) In addition, those who carry out an LCA 

building evaluation need of data also relating to the other phases of the building's life cycle: a 

dedicated database is required to designers who contain data not only related to building products, but 

also to the other phases of the life cycle (e.g. impacts of energy consumption in the use phase, water 

consumption, etc.). (Green Building Council Italia) 

3.4.2.1. KBOB/Eco-bau/IBP database 

KBOB/Eco-bau/IBP is a Swiss database. It is a material-based database and provides information 

about LCA parameters in regard with the environmental impacts that different building materials have. 

The information is provided by the surface area (square meters) or mass (kilogram). 

This database offers a variety of materials that are commonly used in the building industry 

accompanied by the environmental data. An ID number is attributed to each material which can also 

be used in the BIM environment for material identification. (KBOB) 

3.4.2.2. Ecoinvent database 

In the year 2000, several Swiss Federal Offices and research institutes of the ETH domain agreed to a 

joint effort to harmonise and update life cycle inventory (LCI) data for its use in life cycle assessment 

(LCA). (Frischknecht, Althaus, Jungbluth, Dones 2005) The Ecoinvent database consists of more than 

2500 products and services related to LCA.  

The information which is chosen to be downloaded by the database is converted in XML-file and it is 

saved in the local PC. XML files facilitate the process of interoperability between Life-Cycle 

inventories and LCA performing software.  

 

3.4.2.3. Ökobaudat database  

The Ökobaudat database provides information for building LCA in relation to benchmarks and in 

compliance with different environmental certification standards. It is a free of charge database and is 

based on GaBi data sets. The Ökobaudat contains data records from environmental product 

declarations, which are also known under the abbreviation EPD (Environmental Product Declaration) 

and are defined in the standard DIN EN 15804. 

 

Ökobaudat consists of generic data sets to a large extent. In Germany, the IBU (Institut für Bauen und 

Umwelt - Institute for Building and Environment) is making intensive efforts to provide more product-

specific data sets for construction products in the form of standardized EPDs. (Lambertz, Theißen, 

Höper and Wimmer 2019) 
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The database has a standard interface (API ï application programming interface) for the exchange of 

information with other tools and applications and is also equipped with the authorisations for the 

corresponding materials. The API documentation is provided in HTML and PDF formats in the 

zip.file. (T Brockmann 2019) Ökobaudat provides information for building LCA in relation to 

benchmarks and in compliance with different environmental certification standards.  

 
 

3.4.3. LCA application methods 

3.4.3.1. Conventional method  

This method is mostly practised currently by many construction companies. Also, the procedure is 

used by the generic LCA tool, which are mentioned above like Spreadsheet-based and Online 

component catalogues. The calculations start from first extracting the bill of quantities in a manual 

way from the 2D, 3D project or in an automatic way from a BIM model.  Then the values are inserted 

in the tool to be multiplied with the environmental impact indicators to generate the LCA results. The 

indicators are either put manually in the tool or connected with the LCA database. The whole process 

depends on the building phase of the project as it needs to have enough information to perform the 

LCA. In the end, the process is time-consuming in general and can reflect a high error rate since the 

calculations are performed manually. Another disadvantage is that the information flow goes in only 

one direction as the LCA results are not connected to the model and this can make the decision-

making process more difficult and complicated. In addition, an expert with specialised knowledge on 

the field is needed to perform the procedures and calculations for LCA with conventional tools. 

 

 

 

 

 

 

 

 

Figure 6 LCA conventional method diagram 
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3.4.3.2. Static method with BIM tools 

This method provides the LCA calculation from the BIM model information by third party LCA tools. 

The information is extracted by the BIM model in a standard exchange format that makes it possible 

for the tools to do the calculations. 

 

 

 

 

 

 

                                            Figure 7 LCA static method diagram 

 For example, the use of an IFC file of the BIM model, in this case, provides direct access to the model 

by avoiding the repetition of data insertion in the LCA tool. Anyway, the information passes in only 

one direction, from the BIM model to the LCA tool and not in the opposite. Interoperability issues can 

appear when changes are made to the BIM model, and the data has to be reloaded in the tool. The 

positive sides of this method are that it excludes the manual entry of the data since the beginning by 

replacing it with IFC or gbXML format exchange and there can be achieved a more result of LCA 

analysis than in with the conventional methods. The drawbacks of the static LCA approach can be  

Figure 8 Integration of LCA in a BIM environment. Static approach for LCA and BIM 

(According to Anton & Diaz 2014) 

 

related with the changes of the BIM model and reloading the information in the LCA calculation tool. 

Also, the data extracted in the exchange format (IFC, gbXML) is limited, and loss of information can 
























































































































