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SOMMARIO

Al giorno d'oggi, considerando tutti gli sviluppi che hanrspro continuamente in atto nel campo del
design, & diventata una necessitdportante considerare l'impatto ambientale dei materiali da
costruzione che il progettista sceglie. Per questo e stata recentemente introdotta I'analisi Life Cycle
Assessment (LCAche viene utilizzata in diverse valutazioni per valutare I'impatto anatgent

L'obiettivo e creare una connessione tra il modello BIM e le sue proprieta dei materiali con i database
LCA al fine di rendere possibile I'estrazione diretta dell'energiapocata, dell'impronta di carbonio

e di altri indicatori ambientali dal molie BIM. Questa estrazione di informazioni pud essere
effettuata applicando determinati processi e filtri al modello e quindi utilizzata per eseguire I'LCA in
conformita ai criteridi certificazione LEED. Cio ridurra un processo lungo e ripetitivo di imssrto

di tutte le informazioni dall'inizio negli strumenti LCA gia disponibili, poiché I'analisi stessa comporta
un'enorme mole di lavoro e controlli per estrarre e valutaredjtatori ambientali.

Questo processo puo trasformarsi in uno strument® peit la progettazione ambientale degli edifici e
contemporaneamente integrare il processo BIM con gli sviluppi sostenibili nel settore AEC.

Parole chiave Building Information Maleling (BIM), Life Cycle Assessment (LCA), Dichiarazione
ambientale di prodotto (EPD), Impatto ambientale, Conformita LEE@,edure 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 Life Cycle Assessment (LCA) analysis has been
recently introduced and is being used in different assessnmn&valuating the environmental
impact.

The goalis 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 envirmmenta 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 repe&ipvoess 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 wseful tool for the environmental design of buildings and
simultaneously integrating the BIM process vdtistainable developments in the AEC industry.

Keywords: Building Information Modelling (BIM) Life Cycle Assessment (LCA), Environmental
ProductDeclaration (EPD), Environmental impact, LEED compliance, automated procedures
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1. INTRODUCTION

This master thesis is aboatitomated procedures for LCA analysis in a BIM proj@te aim of this

work is to examine the implementation of Biktegrated life cycle assessmgmbceduresThe
digital evolution and recent developments in the AEC industryehad toan increasein resource
consumption and have made the process more confidexresult, the environmental impacts and the
sustainability concept is gaining more attention indbestruction field and is being considered since
early stages fodesign in a building project. The reduction of the environmental impact is directly
affected by the decisiomaking process during the design phases by the professionals. The
optimisation ofthe sustainability process building design can be achievedly by taking the right
decision during this phasndby putting the biggest responsibility the hands of the designers and
engineers

With that in mind, this studgxplares the BIM integrated procedures for sustainability analydisein
design process and proposes a new integrated tool by asisyal programming intertae like
Dynamo.

The first three chapters give an overview on the state of art of Building InformM&dalling, Life
Cycle Assessment, rating systems and standamdsthe methodology of how they are and can be
further integrated to improve the sustaileatlesign process.

In the following chapter, the automated tools for LCA are explored and the rasaltompared.
Firstly, the Tally plugin in Revitis used for thesemiautomatic work proces3.he fully automated
LCA process was supported by the softwsokitions from On€lick LCA used with the interfacesf
Revit and Smplebim. The calculation resultshow that when IFC files are use@venfrom simple
modek, large deviationan occur As a result, the opeBIM approach is not yet mature enough to
allow BIM-integrated life cycle assessmerts calculate fully automaticallghe LCA results In
addition, theremay be obstacles to corrdgt assignmaterial inputwith OneClick LCA. This happens
in the caseof composite materialsvhich cannot be displayedoorectly. In the case ofTally, the
calculation was only possible according to LEEEBndard and the stored data sets are mainly
optimized for the American markeandthere is no interface for readingdependent manufacturer
EPDs or Gobaudatatabase

For the reasons mentioned above, the next step was to create a separate LCA calculbyiasitopl
Revit, Autodesk Dynamo and Excel. The tawkates a connectidretween the componespecific
materials andthe respective materiafrom the specified databasecatalogie and automates the
calculation of the LCA parameterall the mmponents relevant to theCA calculation areextracted
via Dynamo, although issues may lmcountered duringhe geometrical export of datd&or more
precise resulihowever, these are corrected by manual gostessing.

In general, BIMintegrated life cycle assessments are vertablaé due to their simple arfdster way
of working.

Erasmus Mundus JoiMaster Degree ProgrammeéeRASMUS+
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2. BUILDING IN FORMATION MODELLING

2.1. The definition

Building Information Modeling is working method which shares a digital representation of physical
and functional characteristics of any built object (@dohg buildings, bridges, roads, etc.) which
forms a reliable ks for decisions. (BS ISO 294812010) It is a digital working method in the
constructionfield which provides a great depth of information which is not limited only on the
planning and conruiction phase, but also on the operational phase, in otheswiarthe entire life
cycle of the hilding. Besides geometric datéie BIM modelalso containsome other information,
such as costs or technical properties, all of these collected in @ datglmodel.

The generally accepted definition of BIM is in Maial Building Information ModelingStandard
defined as follows!Building Information Modeling (BIM) is a digital representation of physical and
functional characteristics of a facility. A Blis a shared knowledge resource for information about a
facility forming a reliable basis fatecisions during its life cycl&rom inception onwarddefined as
existing from earliest conception to demolition. A basic premise of Bldt@laboration by diierent
stakeholders at different phases of the life cycle ofdilify to insert, extract, uade or modify
information in the BIM to support and reflect the roles of that stakeholder." (NBIMB 201

Building Information Modelling represents in a digitahy the physical and functional traits of a
facility by creatinga single and shared informatioesource and a consistent base for decision making
during the whole lifecycle of the project, from earliest conception to demolition. (RIAC) Itis a
metlod that creates possibilities for interdisciplinary collaboratbased on an-dimensionalirtual
presentation of the building. As r@sult, it can haveeconomicand ecological effects simulated,
evaluated and optimized since early phases of the prdBA, CPIC)

2.2. Dimensions of BIM and the BIM process

Often BIM only implements thredimensioml modelsbut it offers significantly more dimensions. In
fact, BIM is initially based on 3D planning, but the dimensiafs expandn time and cost. This
allows the project to start early planning phatbetare simulatedvalidated and subjected tdféirent
analyzes by creating higher qualities in the respective dimensiomdso, the dimension of
sustainability leads to a consistent consideration regamieggy analyzes and the verification of
sustainability certificas and enables new innovatiangh as theradle tocradle materiatatalogie
(Forth 2018.

Atfter all, BIM also offers great potential in facility management, to digitally manage the butidamg

in the usage phase alaiver therate ofinformation loss fforth 2018. In the following,the focus of

the BIM method is placed on tliesigningprocess, since thauilding and operation areot object of

this work. For thedesignprocess there are sme advantages, such as the consistent, automatic
derivation of vews, floor plans and sectioriom the modelcollision checks between the partial

Erasmus Mundus Joint Master Degree PrograinBBRASMUS+
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models of different trades and the connection to calculation and simulation pragramerto check

for compliancewith different standardsFprth 2018. Furthermore through the digital model, an
acairate extraction of the quantities can be made to calculate cost® dve usedas a basis for
calculatingthe buildinglife cycle assessmeruring the desigiphase, thelecisionmaking processes

is also affected bysing he BIM method Changes can bapplied 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 latestages of the design of running compliance checks relatedfeécedi standals This

also gplies in connection with sustainability certificates for sustainable buildings. Through an earlier
involvement of thelife cycle calculationsthere is still a geater and more direct influence tre
sustainabilityof the buildhg design The early calculatin of a life cycle assessment also leads to a
more sustainabland optimized solution ofhe building materials and thereby a higher ecological
quality of the buiding.
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Figure 1 Dimensions of BM according to biméd.es

2.3. BIM application methods

Althoughthere is not just one firmly defined method for BBdpporteddesign,there is a distinction
between"Opert and"Closed BIM and "Big" or "Little" BIM and their combination"Open" BIM
means thatpen data exchange formats afitfierentprogramproviders can be used, whereas "closed"
BIM is based on manufacturer software and whose exchange format remains Hixitézl. BIM
means onlypartial use of the BIM methoby individual users like the useof only the software
packagesin contrast,'Big" BIM refers to the continuous use of BIM of all disciplines and over the
entire lifespan of the buildind@ldwin 2019.

The combinatioriLittle closed BIM describes the lowest BIM cooperation with omglividual BIM-

compatible programs. With "Big closed BIM", however, there are seslesiginspeciaitiesinvolved,

andthe same software is used internally. "Little op¢i "identifies the excange of dataia an open
exchange format, but onhetween a fewdesignersThe most extensive BIM cooperatiori'Big open
BIM", a complete BIM procesghere the use &n open exchange fornmtakes place.
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BIG|OPEN
_ BIM

PROCESS STAGES

Figure2Fr omi titLl etoowBdrMds ABigo BIM (Buildi ngSMART

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

LOD in the BIM methodlogy is understood to mean two different terr@ one hand is meant as
an acronym for Level of Development, on the other harehabbreviation for Levelof Details. The
level of development is also undemstl as thedegree of completion, maturity or elaborati@Forth

2018. The WB. representative of buildin@MART International BIMforum (BIM forum 2QL9) has
the individual levels oflevelopmat defined

The level of development should not be confused thithlevel of detailBy the level of detail of the
model their elementsare determined. The AEC UK distinguishes between the following six levels
(AEC 2015): symbolic, conceptual,mgric, sgcific, constructive, built

The level of information (LOI) isnderstood to mean thidegree of information of an object, which is
recorded in the building model or in a Bl§atabase (Forth 2018. The LOIs are directly related to

the LODs. Withthe propety informationroom types are defined from LOI 100 in orded&termine
requirements and estimate costs. The creation of a room book and a cost calculation can be achieved
with LOI 200. Manufacturemdependent product information spéeffithe canponentsin the next

stage LOI 300. LOI 400 and LOI 500 are based on fiesatwrerspecific product information for
detailed calculations.

These LOIs are also of great importance in the subsequent life cycle assessment. Because in early
stages, wen less iformationis available in the design phasesréare initially generidata used. In

the construction, however, prodtspecificdata sets are included in the calculation depending on the
components installedForth 2018)
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2.5. Exchange formats

In the consuction ndustry there are different exchange formats, which differ atiogr to their
complexity of subdivisionWith BIM, the dataof the modelsachieve a newevel of complexity at
which the 2D representation on 3D objects in combination with semafitiomiation about their
assemblies is expanded@here is a general diffenee between "Open" and "Closed" BIM. In the
further course of the work, both approaclaes explainedy using the IFC (Industrial Foundation
Class)f or t he A CagmeAutodesk RevitmiRVIr", the most widespread formdipr the
"Closed"BIM approach.

2.5.1. IFC exchange format

In order to implement th&ig open BIM' approach, the international organizati®milding SMART
was founded in 1995 in the USA and thiwe othernational branches. Thegoal is a"successful
development, application and disseminatioh open IT standards and process definitions for
interoperability like the Industry Foundation Class@suilding SMART 2017). Building SMARTs

an initiativeformedof various companies aratganizations under the name International Alliance for
Interopeability (IAl).

The IFC 2x3 version is widespread and is now supposed to be replaced by the SE@datBQ is
defined in 1ISO standard 16739 and is based on the datdlingdanguage EXPRSS, which in turn
is based on the STEP standard. The orgaoizdiuilding SMART Internationally certifies software
products thatan have an interoperable exchanggh thelFC interface.

2.5.2. RVT and PLN exchange formats

Autodesk was the main initiator ofuitding SMART and hascome over with the Revit software
solutionin 2002 for a longime marketready and the most widespread product in BIM applications
(Eastman 2011 The Revit exchange formata result othe respective version of the Revit Software
It is abbreviated as "RVT" and is not an open format, whichnsgaat it is only available from the
three Revit software packages Revit Architecture, Revit StruanaeRevit MEPand only from tem

can be opened.,Itherefore follows the "closed" BIM pproach. However, as the market leader with
Revit, Autodesk islao a major developdor IFC, which contains less information than a Revit file.
accordingly requigs more storage space and can increase in large pmjeecisse delays
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2.6. Integration of BIM in Green Building Design

In the following sub-chapter,the integrationof the BIM method and the sustainal@ealuation of
buildingswill be analyzedvith reference to sustainability certification systems amude specifially
to theintegrationof the BIM methodwith the LCA process.

2.6.1. Potential of the combinaton of BIM and Green Buildings

The first comprehensive publication on the subject appeared in 2008 by Krygiel and Nies, who
describe the combination bBBuilding Information Modeling and "Gren Building" combined in the

term "Green BIM" (Krygiel and Nie2008 Forth 2018) The Authorspoint out already existing
possibilities through BlMcapable programs influencing the sustainability design of buildings. To the
possibilities of influening the building shapgethey include theanalysisof the building orierdtion,
environment and facadgsgems as well as thdaylight simulation. The topic of building systems
includes water usegrergy design, renewable energies and sustainable materials (KaygielNies
2008). As early as 2005, Autodesk had the potentiattegrate green Building tool®cognized in

their BIM-enabled drawing program Revit and inWhite Paper presented some of these topics
(Autodesk 2005).

In its extensive market analysis, 8araw Hill Construction (McGrawdill Construction 2010shows
great need and demand for BliMtegratedanalyticaltools regardingsustainabledesign In addition,
Green BIM is used as'd@he use of BIM tools to achieve sustainability and / or improvedingil
performance in a projéc{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 whapreaelss steps avhat
managemenstrategy to dllow for the implementation of Green BIM (Gandhi and Jupp 2013)
However, there are alreadylarge number of BIM applications which contribute to green building
certificates (Soltani 2016).

As early as 2005, Autodesk had the potential to integrate ddeiding tools recognized in their
BIM-enabled drawing prograiRevit and in aVhite Paper presited some of these topics (Autodesk
2005). The steadily growing number of publications shows the increasing sciegidffance of the
topic in the following ars.
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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)?

Environmentallyfriendly construction materials are not a guarantee for sustainability. Construction
materials are intergdiate productstheir influence on the environment depends aanynfactors,
develop their characteristics and properties once they are part of a buBdihgwith an EPD
available the architect is able to choose the right materials in order to plastaireble building and
have it certified

EPDs are documenthdt communicie a producs environmental impact over a specified portion of

its lifecycle. They are developed in accordance with product category rules and the international
standard ISO 14®and use LCA data. The specific stages of LCA that are coireted EPD asvell

as the environmental attributes that are measarel reportedin it are specified in the PCR
(Environdec2020)

The EPD is completeand fully transparent information on all the propertiesd asnvironmental
impacts onconstruction materialdt is not anevaluation but a source of clear information regarding

its ingredients and environmental impacts throughout its entire lifecycle is based on international
standards and verified by indepentlexaminers(Institut Bauen und Umwelt)

Manufacturers of constction materls, 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 respectiveanstruction material groug@he PCR enables manufacturers ofstoiction magrials

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 fomugtion of raw materials to the

end of buildings life. The EPD is submittedfor verification by independent third parties and then
published and available online to professionals

Theycover multiple environmental parameters using LCA data, as desanitieal PCR Also, specify
the unit that is used to calculate thik impactgieclared in the EPD. This functional unit is specified in
the PCR on which the EPD is bas@@reenCe, USGBC)

The EPDs are developed to:

- Stay in lines withthe expectatioror the market

- Increasehetransparency of environmental impacts
- Differentiate from tle competitors

- Reduce environmental impacts and save money
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eAgreed upon standards for conducting LCA of a
PCR product

*Quantifies the environmental impact of a product
LCA throught its lifecycle as defined by the PCR

*Reporting of LCA data in accordance with PCR
EPD

EPD *EPD report is independently verified

verified

EPD *Verified EPD is registered with a Program Operator
posted

Table 1 EPD development phasefGreenCe, USGBC)
3.1.2. The relation between EPD, LCA and PCR

LCA is fundamental in undetanding EPDsthey are scienebased 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, manufactoespobduct at

the factory,prodict transportation from the faatoto thestore, the product use by the consumer and
disposal or recyclingossibilitiesin the end of the produstlife. Having transparernycthrough EPDBs
organizations can reduce their paial risks and better undersththeir environmental impacts of
their products that they purchased ®nsumers can use EPDs to compare the environmental impacts
of products that theyant to buy (GreenCe, USGBC)

EPDs are based on the results of lifecycle assessmengestudhich quantify environmentattributes
These studies thabntribute to the declarations aleenthird party verifiedand can be used hbiding
procedure or in environmental rating systems such as LEE@vdenCe, USGBC)

The 1SOs provide guidelines for LCA but regecific methodologies to beads
ISO 14040: Environmental magemeni LCA - principles and framework
ISO 14044: Environmental managementCA - Requirements and guidelines

The LCA info is usedo help manufacturer identify and reduce environmentalaichwf product,
which canresult in cossavingsand throughouthe supply chainby makingmanufacturers want to
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choose greener partghich will resultin final product with less environmental impaetsd make
companies want to buy greener gardducts

Sametimes the areas whereetgreatest amount of environmental aopoccurs are not obvioasd

that is why thePCRs (product category rules) amgplemented. They argpecific rules, requirements
and guidelines for developing EPDs for a particular prodatetgory Theyare the stadard for how to
conduct a lifecycle ssessment and prepare the EPD for a particular product category. (ISO-14025
theinternational standard that stipulates requirements for environmental product declarations)

PCRs standardize:

- LCA for a particular produdype
- The way the info is communicatédan 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). Thtognelude impacts

that have significant environmental effects 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- Programinformation
(PCR, program operator, registration number, of |aedtion, further information)
2- General product information
(name of the product, logo, contact, manufacturer, scope, declared unit, name of the
independent verifier, raw material extractiondatransportéion, LCA background
information, further informatin)
3- Environmental performance
(potential environmental impacts, use of renewable andranewable resourcgs
4- Interpretation of the results
(environmental impacts in percentajes
5- Differenceswith previous versions
6- Verification
7- References

In the summar 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 1ISO 14040 standards. An example of how
these reglts ae provided in an actual building material EPD is showeithé following Figure8. 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 modelderto extract LCA data.
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Global Warming
(Kg COreq /m?)

2,57E+00 | 2,59E-02 | 1,30E-01 Notrelevant | 9,20E-03 1,28E-01 2,86E+00

Ozone layer depletion 8,52E-08 | 4,96E-09 | 456E-09 | O 0 0 0 o 0 0 |Notrelevant | 1,69E-09 | 0 | 3,02E-09 MND 9,94E-08
(Kg CFC 11-eq/m?)

Acidification of soil and water 1,04E-02 | 1,04E-04 | 5,28E-04 | O 4] 0 1] o 0 0 |Notrelevant | 3,68E-05 | O | 8,12E-05 MND 1,12E-02
(Kg S0z-eq/m?)
Eutrophication 1,35E-03 | 2,34E-05 | 6,90E-05 | O 0 0 o o 0 0 |Notrelevant | 8,33E06 [ 0 | 6,18E-03 MND 7,63E-03
(kg POsTeq/m?)
Photechemical oxidation 6,30E-04 | 4 35E-06 | 3,17E-05 | O 1] i} o o 0 0 |MNotrelevant | 1,57E-06 | O | 2,59E-05 MND 6,93E-04

(Kg ethylene-eq/m?)

Abiotic depletion of resources- 1,2BE-06 | 4,36E-08 | 6,72E-08 | O 1] i} o o 0 0 |Notrelevant | 2,71E-08 [ 0 | 1,57E-08 MND 1,44E-06
Elements
(kg Sh-eq)
Abiotic depletion of resources- 5,59E401 | 4,27E-01 | 2,82E4+00 | 0 4] 0 1] o 0 0 | Notrelevant | 1,47E-01 | O | 2,92E-01 MND 5,96E+01

Fossil fuels
()

Table 7 Potential envirenmental impacts of 1 m? DANOPREN® insulation board

Figure 3 Example of the list of environmentalindicators of an insulation board EPD

The information obtained by the EPD on a product level will be the information upon which the
lifecycle assessment dfie whole building will be calculated. The combined data ofitgle 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 builditifpcycle.

3.1.4. Databases for building materials and EPDs

The complete lifecycle asserent of a product (in this case a building material) fioencradle to the
grave, containing the required information to lead in the choice sfistainable material in an
objective anctalculated way is an Environmental Product Declaration.

It is now undeniabl¢hat 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 ohpact
single naterial during its whole lifecycléOne Gick LCA)

The amount bliterature about EPD and LCA databases is very largkvaried, containing many
different materials and combinations of them to be analyzed and taken into ad¢t@uahoice of the

material depends on the goal of the design and stakeholders. In thitigituto be able for the
interested parties to choose the best alternatihey, need to have accessaaeachand reliable
database which offers them a precise and accurate source oflkiatgrocess takes more value
during the design phase as it haglirect 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 diffeert materials in the environment and as a result make thelhase 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 v&eneric database

It is understood thatneEPD databaseis one that puts together stihguished amount of construction
material EPI» from a broad range of countries and productions companies. Each one of these EPDs is
the result of the Lifeycle analysis of the sole buildjrmaterial from itsnanufacturer and available on

the free choie of the designerrduilder.

On the other hand,generic LCA databases considered the one that contains a variety of LCAs that
are average for a certain group of materials. This LCA<am@ilated as an arage value of all the
materials of that grquacross different manufacturers.

Consequently, the information from an EPD database is more accurate and can produce more reliable
results overall. Nevertheless, the generic LCA databastlli® good optionto use when the EPD
database is missinfOnce click LCA)

Several EPD databases are presented in this study as follows:

- Environdec, International EPD system
Thisis a database for type lll environmental declarations complying with ISO 14025 verified
andregistered by the International EPD System. The librans gfublicly 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 awmvdth
EN15804. The search engine of the database is easge tandl several filters can be used to
search by country, manufacturer, category and other standardization dfiteviesondec)

- The EPD registry, Worldwide EPD registry system
This is a global databasa emstruction materials EPDs. It is a good choice for prodihetis
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 matefials by country, map, address, name of the product, maotgactr distance
from the construction site. The database is also divided in several subsectors representing
Turkish, United Kingdom, European and World construction mate(iEt&epdregistry

- Institut Bauen und Umwelt-EPD, German EPD system
This database is provided Hpstitut Bauen und Umwelt and offers Environmental Product
Declarations from a considerable number of building materials manufacturers. It is an open
and public database which providesEsFn both pdf and XML format, in this way they can
directly be usedo 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 nmber, language etdInstitut Bauen und Umwelf
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- Ireland Green Building Council T EPD, Irish EPD system
This is an EPD database provided by the Ireland Green Building Council. It provides a variety
of materials from differentrish manufactures and in compliance with ECO Platf&RD, EN
15804 and 1SO 14029 he EPDs are open to the public and ba downloaded in pdf format.
(IGBC)

- GreenBookLivei EPD, British EPD system
Green Book Alive is provided by BRE Global and is a free online database that offers material
EPDs among many ath libraries and services related to the improvement of the built
ernvironment. It is useful for the designer and builders who want to identify and choose green
products with a low impact on the environment. Although, -uwdse, | found it more
confusing ad time-consuming than the other platforn&reenBookLive)

- Spot solutionsi 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 certificatioamsyst is
useful for builders and designers not only in terms ehiilying 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 dddehe BIM object. The BIM
category is also added as a filter e tsearch engine of the site. The Environmental Product
Declarations of EPD ltaly are also part of this database. It is considered one of the biggest
EPD libraries with more than 100.00€rtfied articles(Spot)

3.2. Rating systems, standards and certification of tildings
All rating systems for LCA and building certification approve either ISO or EN based LCA
3.2.1. LEEDv.4and LCA

LEED is arating system developed bySUGreen Building Council (USGBC) withs focus in
sustainability in the design and construction die(USGBC) LEED offers the guidelines and
assessment mechanisms that outreach towards the optimisation of natural resourcesjoagartbrat
restorative strategies, maximisation of the pesitimpact in the environment and human life
providing highquality environments for the inhabitants. LEED v4 is thest updated version of this
rating system(Vigovskaya 2018)

Leadership in Engy and Environmental Design (LEED v.4) has included idistsof criteria the
LCA evaluation. The certification is divded into eight environmental categories

- location and transpation (LT)
- sustainable sites (SS)
- water efficiency (WE)
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- energy and atosphere

- materials and resourcé¥R)

- indoor environmentajuality (EQ)
- innovation(IN)

- regional priority(RP)

and LCA andysis isincludedwithin the "Materials and resourcesdtegory, in the criterion "Building
Life-Cycle Impact ReductidnIf these regirements are met then 3 out of 110 points can be obtained
In order to satisfy the credits and obtain the certificatibis necessary to model a baseline building
that is within the given terms for the location, shape, orientation and function ardkthenstrate the
ability to reduce the baseline value ohtad by 10% for at least 3 of the environmental impact
indicatorsand to not overcome the others with more 5% e@ihce Click LCA)

The environmental impaatdicatorsto be considered are:

- global warming greenhase gases, in CO2e

- ozone depletion in the stratosphearekg CFG11

- formation of tropospheric ozone, in kg NOx

- potentialacidificationof land and water, in kg SO2

- potential eutrophicatiqrin kg nitrogen or kg phosphate

- use of primary energy fromonrenewable sourcegn MJ(Once Click LCA)

We consider a lifecycle of 60 yeasrfthe materials of the structure and the building envelopeawith
cradle to grave approacAnd with the quantification of impacts during the production-8\1
transport to the constructicite (A4), use (B¥7) and end of life (C#) phasesvhen we calclate the
environmental impactsThe LCA environmental impact agories refer to 1SO 14044, ISO 14025,
ISO 14040, ISO 21930, EN 15804 and to the indications provided by the US Green Boadimgjl,
which regulate thdaseline building indicator® the ndications of ASHRAEThe LEED protocol
rewards with 1 additioacredit if the choices of construction materials fall on at least twenty
products,of at least five different manufacturersriified with Environmental Product Declaration
(EPD).

The Life Cycle Assessment methodology within LEED v4 still has applinatieficiencis as he
analysis conducted concerns only the life cyclecarfistruction without any consideration on the
envirommental impacts generated by the use phase of the building, hééchlways been the phase
responsible for the greatest enviromtag impact.

3.2.2. Living Building Challenge(LBC) and LCA

The Living Building Challenge (LBC) is an international building cerdifion system focused on
sustainability. 1t was founded in 2006 hwternational Living Future Institute, a nqmofit
organisatia. It is a tool and certification program that promotes advanced sustainability ratings for the
built environment. It is applable to buildings (new construction or renovation), infrastrectur
neighbourhoods and communities, landscape and has a difsgmprdgach from other green rating
systems like LEED or BREEAM]Iiving-future.org)
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The LBC version 3.1 is organized into 7 fielthat are represented as petals:

- place

- water

- energy

- health anchappiness
- materials

- equity

- beauty

Each petal contains a seriesrequirements which must be met to achieve the Living Certification
(Gardner, 2019)These mandatory and crucial requirements cover a wide range of sustainability
concepts including ngiostive energy and water, biophilic @nenment, beauty and spirit.o 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 aduatkenging experience.
(Collinge, 215)

The Red list under thmaterials 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 @an further be broken down into 815 specific chemicals ana hemoved from the list of
construction materials in the project. Althougiere are not any mandatory specificatioglgted to

the embodied energy in the materials, except for one thatesdhat only for theonstruction phase.

In this case, the eltation of building material selection becomes an important component of the LCA
referring to the stages of material extraction, manufacturing process and transportation.

Environmental impadndicators to be cons@ted from the Red List for the architectbiand structural
materials during LCA:

- theozone depletion

- theglobal warming

- thesmog formation

- theacidification

- theeutrophication

- theecotoxicity

- thefossil fuel depletion

- theland useand water use

- thehumanhealth cancer

- thehuman health noncancer
- thehuman health criteria pollutaniiéving-future.org)

3.2.3. BREEAM and LCA

(Building Research Establishment Environmental Assessment MeBfdelt AM is an English rating
system founded and put into practice in 198ith the focus on environmental standabdsed
assessmentAs dted on the official website'BREEAM is the worlés leading sustainability
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assessment method fmasterplanningprojects,infrastructureandbuildings It recognises and
reflects the value in higher performing assets sxrthe built environment lifecycle, fronew
constructiorto in-useandrefurbishmerit BREEAM rates sustainable values in various categories
from energy to ecology including thedtection of carbon emissions, green design, resilience, climate
change adaptaticend respect for biodiversitgpVigovskaya 2018)

The BREEAMcertification is divided into ten categories

- management

- water

- health and welbeing
- materials

- energy

- waste

- transport

- land use and ecology
- innovation

- pollution

and the LCA analysis if®undwithin the "Materials" categoryl he obtainedscore that can beached

to meet the criterion is 5 points, with accurrence 06% on the final total result. Reward points are
awarded to the project using a progreatculation, BREEAM International Calaibr Mat01, which
measureshe environmentaimpactsrelated tathe building construction to be calculatedd places it
within a rating system from A + (3 points) to E (0O @sjn Each environmental impact indicator is
assigned a letter from A + to E aagercentage value of the impact weight with respect to thesothe

- 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 (A13), construction (A4) and end of life (C#) phases are considered.

3.2.4. Conclusion

Eachone of the abovstated systemsals its own features according to which can be selected and
aligned with the project requirements. The choice of the certification program to be pursuedtoelongs
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the design team, environmental and sustainability consulfaamtinvestor and depends onfeliént
factors like physical context, project goals.et

In the World Green Building Trends 2018 it is stated that the first environmental reason for lailding
green project is the reduction of energy consumption (wi#)&&s it has been like that sin2@08.

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

With these reasons in mind, the mosprapriate certification systems to consider these criteria are
LEED and LBC. They are highlighteas primary examples of different levels of Green Buildings
Rating System.

In this thesis the proposed processes and filters to extract the quantities férobCthe BIM model
are going the be selected and pursued withénLEED rating system.

3.3. Building life cycle assessment (LCA)
3.3.1. Life Cycle Assessmentlefinition

Life cycle assessment (LCA) means the "compilation and assessment of the input and output
influences and the potential environmental impact of a product systeéhe icourse of its life(ISO

14040). First of all to perform a Life Cycle Assessmemststem boundaries and environmental
indicators are defined. Basically, however the period of time mbduct, goods and services, from

the cradle to the grave.

LIFE CYCLE ;
ASSESSMENT 5

Gy

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

In the standard&N 156432 andEN 15978 the generdife cycle assessment broken down to the
building level by estdlshing a predeterminegtocedure to guarantee the comparability of the

Building Assessment Infarmation

Building Life Cycle Information [ Beyond building
life cycle
CONSTRUCTION USE stage | | END OF LIFE stage
Bl B2 B3 B4 B85 € c2 G and loads
Al A2 A3 A4 AS

D

Reuse-
: Recovery-
| Recycling-

Refurbishment
Replacement

]

a

u
3

potential

De-construction /demolition

Construction- installation

process

=
-
o
a
e
o
-
5
£
2
1
2

Waste processing

o0
&
=
=
£
F]
£
s

Transport
Transport
Transport
Disposal

n n n
. - .

Z EC mat (comp)i + Z EC transp (comp)i + EC constr  + >_‘ EC refurb(comp)i + EC endlife EC recover

i=1 i =

i=1 i=1
A

‘Initial’ embodied impacts “Recurrent’ or ‘recurrent plus end of life” impacts ‘End of life benefits’

Key: A4 | Transport | Life cycle stage included in ECEB tool

Figure 5 Life cyclestagesrom BS EN 159782011 Sustainability of construction works
Assessmet

research framework. This is divided into four phases withtad bf 16 modules and adidihal module

D. The four phases are the manufacturing phase3jAfhe construction phase (%} and the usage
phase (B17) and the phase at the end of the lifeleyC%t4). The phases are complemented with a
module D, which pts for reuse, recovery oecycling outside the life cycle and the system boundaries
(from the cradle to the gravefdrth 2018

3.4. Life cycle methodology
3.4.1. Parameters for LCA calculation and evaluation of environmental impact
The environmental impaatdicators tdbe consideredccording to LEED standardse:

- global warming greenhouse gases, in € (GWP)

- ozone depletion in the stratospheérekg CFC!'eq (ODP)

- formation of troposphericamne, in kg NOor kgGHq2eq (POP)

- potential acidificatiorof land and wéer, in kg SGeq (AP)

- potential eutrophicatigrin kg nitrogen or kg phosphategy PQ*eq (EP)

- use of primary energy from naenewable sourcegn 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 dhgdke database for performing LCA
analysis in terms of reliability and credibility. To comply with the LEED certification crit¢nie
databases should be recognised by the standardihis isnot always clear by the software providing

the servie of the LCA inventory. For example, at presedie only databases deemed reliable are
Ecoinvent(which however is not specific for the airuction sector) an@kobaudathowever related

to the German ED). (Green Building Council Italia) In addition, those who carry out an LCA
building evaluation need of data also relating to the other phases diuilding's life cycle: a
dedicated datalsa is required to designers who contain data not only relatadltiing products, but

also to the other phases of the life cycle (e.g. impacts of energy consumption in the use phase, water
consumption, etc.)Qreen Building Council Italia)

3.4.2.1 KBOB/Eco-bau/IBP database

KBOB/Eco-bau/IBPis a Swiss database. It & materialbased database and provides information
about LCA parameters in regard with the environmental impacts that different building matarals h
The information is provided by the $ace area (square meters) or mass (kilogram).

This database offs a variety of materials that are commonly used in the building industry
accompanied by the environmental data. An ID number is attributed to edehaihwhich can also
be used in the BIMrevironment for material identificatioKkBOB)

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 inigey (LCI) data for its use in life cyclessessment

(LCA). (Frischknecht, Althaus, Jungbluth, Dorg05 The Ecoinvent database consists of more tha

2500 products and services related to LCA.

The information which is chosen to be downloaded by thabdak is converted in XMtile and it is
saved in the local PC. XML files facilitate the process of interapility between LifeCycle
inventories and LCA performing software.

3.4.2.30Okobaudat database

The Okobaudatdatabase provides information for buildingCA in relation to benchmarks and in
compliance with different environmental certification standards. # fsee of charge database and is
based on GaBi data set¥he Okobaudat contains data records from environmental product
declarationswhich arealso known under the abbreviation EPD (Enviremtal Product Declaration)
and are defined in the standard DIN E5804.

Okobaudatonsists of generic data sets to a large extent. In Germany, the IBU (Institut fur Bauen und
Umwelt - Institute for Building and Environment) is making intensive efforfgravide more produet
specific data sets for construction progum the form of tandardized EPDs. (Lambertz, Theil3en,
Hoper and Wimmer 2019)
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The database has a standard inter{f&d i application programming interfac&r the exchange of
information with other tools and applications and is also equipped withathieorisations fothe
corresponding materialslhe APl documentation is provided in HTML and PDF formats in the
zip.file. (T Brockmann 2019)Okobaudatprovides information for building LCAni relation to
benchmarks and in compliance with different enwnental certificatn standards.

3.4.3. LCA application methods
3.4.3.1 Conventional method

This method is mostly prastd currently by many construction compani@iso, the procedure is

used by the geeric LCA tool which are mentioned above like Spreadstiestedand Online
componentcatalogies. 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 BIMlelo Then thevalues are inserted

in the tool to be multiplied with the envimmental 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 bding phase othe project as it needs to have enough information to perfoem t
LCA. In the endthe process is timeonsuming in general and can reflect a high error rate since the
calculations are performed manually. Another disadvantage is that tnmatfon flow ges in only

one direction as the LCA results are not conneabeth¢ 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 tpeocedures andalculations for LCA with conventional tools.

R

BIM LIBRARY
LCA DATABASE

l LCA INFORMATION

Ty
BOQ EXTRACTION
> % MANUAL INPUT @ LCA RESULTS

LCA
LCA EXCEL
SOFTWARE CALCULATION

BIM MODEL

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 p&#y tools.
The information is extracted by the BIM model in a standard exchtorgeat that makes it possible
for the tools to do the calculations.

Figure 7 LCA static method diagram

For examplethe use of an IFC file of the BIM modéh this caseprovides dfrect access to the model
by avoiding the repetition of data insertion in the LCA tdalyway, the information passes in only
one direction, from the BIM modeb tthe LCA tool and not in thepposite. Interoperability issues can
appear when changes arededo the BIM modeland the data has to be reloaded in the tool. The
positive sidesof this method are that it excludes the manual entry of thesitata thebegnning by
replacing it with IEC or gbXML format exchange and there can be achieved a moie sE&ICA
analysis thn 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)

relatedwith the changes of the BIM model and reloading the information in the LCA calculation tool.
Also, the data extracted in the exchange forgti€, gbXML) is limited and loss of information can
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