IMPACT: International Journal of Research in f
Engineering & Technology (IMPACT: IJRET) "H i"t"‘n jﬂ =V E
ISSN(E): 2321-8843; ISSN(P): 2347-4599 NURU Y b= J A L

L

Vol. 2, Issue 3, Mar 2014, 81-92
© Impact Journals

TOWARDS AN INTEGRATED TOOL TO ESTIMATE CARBON EMISS IONS FROM LIFE
CYCLE ASSESSMENT OF BUILDING MATERIALS IN EGYPT

AHMED ABDEL MONTELEB ALI, ABDELAZIM NEGM, MAHMOUD B ADY
& MONA GAMAL ELDIN IBRAHIM
Department of Environmental Engineering, Egypt-dapaiversity of Science and Technology (E-JUST),
Alexandria, Egypt

ABSTRACT

Life cycle assessment (LCA) program developmentsevitended for the construction of life cycle intary
(LCI) database for refrigerators, computers, andega consumer products. But buildings are diffefeom general
consumer products for their long life span, andspes different characteristics from consumer goBdamples of the
various programs developed or commercialized ferprformance of LCA are Be Cost, BOUSTED, ECOLOGIEA,
PEMS, TEMIS, SIMAPRO, ECOPACK2000, TEAM, OfE, LIFEA, LCAIT, GaBi, KCL-ECO, and LCAIT each of
them special country-specific, the paper introdadwief on each program. From aforementioned, Edgptot have tool
to estimate carbon emissions from building LCA,sthbie paper sheds light @e Cost tool to take advantage from it,
furthermore to be a guide in creating ECE-LCA Tddius, the main aim of this paper is to develdpah to estimate the

life cycle carbon emissions (Global Warming Po&rGWP)) of the residential building materialsHgypt.
KEYWORDS: ECE-LCATool, Building Materials, Residential Building, g
INTRODUCTION

Indoor environmental quality (IEQ) is an importaiément in building design due both to the largeam of
time spent indoors and the influence of designofacbn IEQ [1]. Life cycle assessment (LCA)a useful tool for
evaluating the environmental impacts of a systein For example, LCA can be used to quantifgegthouse gases,

energy and water usage, and emissions from a bgitdiife cycle phases. [2]

W. Omar et al[3] defined LCA is “a technique for assessing @mvironmental aspects and potential impacts
associated with a product, by: (1) compiling areimory of relevant inputs and outputs of a prodystem; (2) evaluating
the potential environmental impacts; and (3) intetipg the results of the inventory analysis angbdnt assessment
phases” [4] It outlines four phases to be performvbith encompass: (1) goal and scope definitiopjn(2entory analysis;
(3) impact assessment; and (4) interpretation. @asethe different system scopes and theory, LOAlm classified as
process LCA, input—output LCA and hybrid LCA. [5]

Process LCA (PLCA)

Process LCA is most preferred for the particulascpsses, products or manufacturing chains for whiieh
physical flow of goods and services can be easlniified and traced [6]Nassén et al[7] found that process
LCA induces systematic truncation errors due toitltemplete definition of system boundary. Almo8e® of specific

energy consumption was from top-down analysis duethe truncation error defined during bottom-up rapgh.
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Furthermore, the bottom-up approach underestimatedl energy consumption for transportation, seryicet.

During the production phase compared to the ussef@d. The main reason is that the use phasesil/ esstimated by
direct energy consumption. [8]

Input—Output LCA (I-O LCA)

The I-O LCA is calculated based on the flow of mate in an economy structure in order to deterntime
amount of primary energy required to produce aifipgroduct or service. The I-O LCA uses the eaoiwl-O tables of
a national economic structure, thus, it must be dach country has its own [-O tables. It uses adtmpn linear
macroeconomic approach to describe the compleximtieistry relationship in terms of monetary trastgms in industrial
structure. [5] Furthermore, it is the best suitedsystematically estimate the indirect effect ofbca emissions and
improve the method of assessment in a LCA framew®tk According toCrawford et. al[10], the use of I-O data
improves the reliability of LCA by increasing cormafgness and reliability of life cycle inventoriesngared to the
traditional inventory analysis. [10] An I-O tableaps the flow of goods and services between seotoasn economic
structure [11]. The flow of energy within an ecoriorstructure is possible to trace by assessingret and output of
monetary flows from the energy producing sectoisd eanverting it to a physical energy value [12]. @sing 1-O LCA,

all energy transactions within national economiacures are identified and captured. These cam liieeused to assess
inputs and outputs of energy. [7]

Hybrid LCA (HLCA)

The principal aim of HLCA is to combine the advayga of the more accurate process LCA and the estend
system boundary of the I-O LCA. [13] It combinesabbae among system boundary, specialization of inaglgicability

as well as time and cost efficiency. With HLCA, Ibaipstream and downstream processes of manufagforiducts can
be extended by considering both direct and indieegissions. [14]

Moon et al[15] mentioned, however, this method mainly adds ILCA-based CO2 emission data to the process
LCA-based CO2 emission data based database, orsedye adds process LCA-based CO2 emission data to

I-O LCA-based CO2 emission data based databaseantine them. The identifying system boundary bpgisnethods
of building LCA is given in Figure 1.
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Figure 1. System Boundary for LCA in Building Constuction Process, for Example [14]
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Figure 2, shows that LCI databases around the vesrdbiclarifies based on the methods of processdbasalysis,
I/O based analysis or hybrid analydi. Yokoo et al[16] summarized in his study that 42 databases and ofdste

databases are created based on the process based.
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Figure 2: LCA Methods in the World [16]

From aforementioned, although the input-output ésblre a detailed approach and can provide energy
requirements by industry, it requires the existeotan energy input-output table, which does nastefor Egypt [17].
In addition, this approach does not provide strididgivard price elasticities. Therefore, it wouldt e feasible to use it for
the evaluation of life cycle impact assessment wifdings. And by extension, it would not be feasilib use the
HLCA because it depends on the I-O LCA in Egypt.

INTERNATIONAL LITERATURE STUDIES OF BUILDING LIFEC  YCLE ASSESSMENT

From the start of the 21st century, interest in L& been increasing rapidly, as can be seen imetkteoverview
of case studies. Life cycle thinking is also grogvim importance within European Policy as i.e., destrated by the
Communication from the European Commission on hatisgl Product Policy (IPP). [18] A direct resulttbé IPP is the
development of the International Reference Life |I€y®ata System Handbook (ILCD), a practical guide f
LCA according to the current best practice publisine2010, complementary with the ISO 14040 [19]Akas been used
for environmental evaluation of buildings and binlgl related industry and sector (including congiac products,

construction systems, buildings, and civil engileggconstructions) through a very scattered liteeat[32]

L.F. Cabeza et a[20] summarized in a review paper with agreeing WithBuyle et al[21], shows that the case
studies found in the literature are difficult tongpare because of their specific properties likdding type, climate,
comfort requirements, local regulations, etc. A panson can be seen in Table 1Lifr. Cabezaet al.[20] where most
case studies considered in this review. Many ingmarphases of LCA are compared that is the scdpe/ifetime,
the functional unit considered, the system boumdarthe location, and the building typology. Ramesh et al22]
collected a literature survey on buildings’ lifectyy energy use was performed resulting in 73 casdies from
13 countries. Survey included both office and ressitl buildings. Data is collected for wood, stemincrete and other

structured buildings.

A. Sharma et a[23] summed up in another form, the results of masicase studies shows the effect of buildings
on various environmental categories, i.e., GHG siwis, energy use, AP and EP. Commercial buildimgie found to

have more impact on environment as compared toetsidential buildingsM. Buyle et al[24] dealt with 38 case study
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and comparison between them about the impact msthaddresidential, office and commercial buildingada

whole-building life cycle stages over the life spHrbuildings in the various countries of the world

P. Yung et al[25] shows that different authors have includededént life cycle stages of 38 research works

consisting of 206 cases, covering 16 countriese Hmen included. The majority of studies did natude either energy

used in transportation or construction stage oh.bdhe study comparison between the different caogon materials

such as; CW: cavity wall, RC: reinforced concr&esteel and T: timber.

From aforementioned, the international studies easjzies the importance of building LCA in the wdildm the

many views; construction materials, impact methbdgdding life span, used software and LCA stages.

Itis clear from figure 3, the distribution of LCgtudies in the world and Sweden has the largesbeuwnf studies

because it has significant database of building L&#d it is clear that Arab countries do not hang studies excluded

only one study in Bahrain and neglect significafithm the continent of Africa and especially Egypt.
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Figure 3: Summary of the Case Studies in the 27thdintries from the World
(Collected by Author from 205 International Case Studies)

Finally, L.F. Cabeza et al20] summarize the literature studies until 2014 ba seen in figure 4, which found

from America is LCA of the building industry or dfuildings, while in Asia and Oceania most cases L[EZEA.

Europe presents similar amount of LCA and LCEA pspEinally, only one LCCA of a building could beuhd.
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Figure 4: Summary of the Studies Organized by Areasf Assessment and Type of Study
Carried Out (Size of Circles Representshe Amount of Studies Carried)[20]
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INTERNATIONAL TOOLS OF BUILDING LIFE CYCLE ASSESSME NT

Examples of the various programs developed or cawialzed for the performance of LCA are BOUSTED,
ECOLOGIC, IDEA, PEMS, TEMIS, SIMAPRO, ECOPACK200DEAM, OfE, LIFEWAY, LCAIT, GaBi, KCL-ECO,
and LCAIT. [26] These and others add up to apprexéty 20 programs already completed, and many ifieve include
those still in development. A perusal of the reprgative LCA Programs and their main componentsaarshown in

Table 1. [27]

Some of the datasets listed in Table 1 are complatehere are extensive efforts of people workomg
completing them, but due to the wide range of nitein the construction industry, and the variefyconstruction
techniques, none of these tools and data setsbgdcamodel or compute the environmental impaé@® whole building
or construction, including all the life-cycle phasand production processes in detail. [1] The deteb and tools listed
vary according to study goal, users, applicaticatadand geographical location. Databases diffanfone country or
region to another according to many factors, iniclgdenergy sources, supply assumptions, productifgmions,
manufacturing differences and complications inébenomic activities. [28] Each of these factons peoduce significant
variations in the environmental impact assessnfentnstance, (whether delivered or end use) ensupply assumptions
can cause significant differences in the embodiettgy calculations, as different countries havéediint energy sources.
For example, France depends strongly on nuclearepowhile the UK depends more on gas and elegtricibd this

fundamental difference in the energy sources afféwt environmental impacts of production.

Johnson et al[29] emphasized that there are specific calculagiopcedures for performing an LCA inventory
analysis by hand, however these procedures have imestly superseded by computer software. Progrsuch as
SimaPro (www.pre.nl/simapro) and GaBi (www.gabitaaire.com), both developed in Europe, allow usersreate an
inventory using information collected by the usertaken from databases included in the softwargichy databases
include those developed by the software compaa®syell as databases like Ecoinvent which have beapiled from

years of data collected by research companies\@rgments.

Table 1: Some International Databases and Tools affe-Cycle Assessment [1]

Database Country Function Type Level Software Website
Database + . Whole building
Athena Canada Tool Academic design decision Eco Calculator | www.athenaSMl.ca
. Product .
Bath data UK Database Academic comparison No people.bath.ac.uk/cj219/
BeCost . .| Whole building ) http://virtual.vtt.fi/virtual/proj6/
(LCA-house) Finland Database Academic design decision Web-based tool environ/ohjelmat_e.html
. . Whole building
BEE Finland Tool Academic design decision BEE 1.0
. | Whole building www.bfrl.nist.gov/oae/software
BEES USA Tool Commercial design decision BEES Ibees.html
BRE UK Database + Public Whole building No www.bre.co.uk
Tool assessment
Database + . Product www.boustead-
Boustead UK Tool Academic comparison Yes consulting.co.uk
DBRI Denmark | Database Public No www.en.sbi.dk
Database
Ecoinvent SL Database Commercia Product_ No www.pre.nl/ecoinvent
comparison A
. . Whole building .
ECO-it NL Tool Commercial design decision ECO-it www.pre.nl
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Table 1: Contd.,

ECO France Tool Commercial Whgle buﬂdlpg Under www.ecomethods.com
methods design decision | development
Eco- NL Tool Academic Whgle buﬂdlhg Eco-Quantum www.ecoquantum.nl
Quantum design decision
. Whole building
Envest UK Tool Commercial design decision Envest envestv2.bre.co.uk
Gabi Germany Database + Commercial Product' Gabi 4 www.gabi-software.com
Tool comparison
.| Product
I0-database | Denmark | Database Academic comparison No | e
IVAM NL Database Commercial PrOdUCt. No www.ivam.uva.nl
comparison
KCL-ECO Finland Tool Commercial Product KCL-ECO 4.1 www.Kkcl.fi/feco
comparison ' T
. ._| Product . I
LCAIT Sweden Tool Commercial : LCAIT www.ekologik.cit.chalmers.se
comparison
LISA Australia | Tool Public Wh(.)le bu”(.j".]g LISA www.lisa.au.com
design decision
A Database + whole building
Optimize Canada tool | T design decision Yes | e
. Product
PEMS UK Tool Public comparison Web | e
. . Whole building
SEDA Australia | Tool Public assessment SEDA | s
. Database + . Product .
Simapro NL Tool Commercial comparison Simapro 7 www.pre.nl
Spin Sweden Database Public Product' No http://195.215.251.229/Dotnetn
comparison uke/
TEAM France Database + Commercial PrOdUCt. TEAM 3.0 www.ecobilan.com
Tool comparison
Database + . Product
Umberto Germany Tool Commercial comparison Umberto www.umberto.de
US LCI USA Database Public Product No www.nrel.gov/Ici

A major shortcoming is that most are centered ormofgan information. LCA, while extremely popular in
Europe, has not caught on perform more as quigklNorth America, so users must of their own dathection or

substitute European values where necessary.
Development Egyptian Tool to Estimate Carbon Emissins from LCA of Building Materials (ECE-LCA Tool)

From the previous tables which shown that Egyphdbhave tool to estimate carbon emissions froniding
LCA, ECE-LCA must include a building’s life cycland be devised to permit input and output of EgyptiCl database
for the respective stages of this life cycle. Ferthore, it is necessary to allow comparison betwatmnatives, and to
show the results of analyses in a quantitative &rof CO2 emissions. The research will study BeQost to take
advantage from it, furthermore to be a guide inattngg ECE-LCA Tool. ECE-LCA Tool should have thesput to
developed; Type of usage, Location, Structure, ddg dimension, Total area and volume of buildikigight of area,
Life span of building. Be-Cost is a www-based téml life cycle assessment of building structured &r the whole

building, Figure 5. [30] The program includes:
* Environmental profiles, costs and maintenance aafdisiilding materials produced in Finland.
* The structures for designing outdoor walls, indwatfls, roofs, floors, etc.

* Material quantity calculations
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*  Environmental profile calculation for designed sture.

* Result as plot of environmental profile (emissionshpergy- and raw-material use, and cost impacttlier

structure and whole building.

Be-Cost is an easy to use program - the user shiinsiddefine the building by making relevant chesc

by choosing the structure and materials, by gitirgvolumes in m2 and by choosing the servicedlifihe building.
This can be used for different purposes:

« To examine the ecological effect of building cheiaelated to materials used and service life of wimele

building (designer and constructors use);
» Verifying environmental characteristics' fulfillmienf such has been demanded (designer use);
* For owners to examine their building's environmeptafiles (owner use);
» Checking the effect of care, maintenance and rieyggéictions on the environment;
e Comparing environmental profiles of structures hguhe same functional units;

e Comparing environmental impacts of produced- andhpmting materials in certain structure or building

(use of building material producer).

Intended application and
audience

Studied product system
Functional unit
System boundary

Assumptions and
limitations
Data quality requirements

Data collection
Calculation procedures to
quantify relevant inputs The significance of
and outputs of a studied potential environmental
product system impacts are avaluated
LGl is an iterative process | using the LCI results. LCI

results are characterised
with categaory indicaters.
Mandatory: Selection of
impact categories,
classification,
characterisation
Optional: Normalisation,
Grouping, Weighting

synsa. jo uonejeldieiu|

Interpretation is the phase of LCA that evaluates the results of LCI and LCIA in
relation to the defined goal and scope to make conclusions and recommendations.

Figure 5: Development of Life-Cycle Assessment Fragwork in Finland [31]
In order to accomplish the research objectivessaarch methodology is set consisting of the falgvetages:

Stage One: Developing of Egyptian National LCI Dathase (ENLCI) involves the collection and quantitative
data on the inputs and outputs of material, enargy waste flows associated with a product oveeritire life cycle so

that its whole-life environmental impacts can beedained.

This stage will be done by doing survey field ie thgyptian agencies of Energy and Environmentalissuand
finding some questionnaire to the architecturalieegys, owner of buildings, customers of buildiagsl factories which

manufacture the mainly construction material in gy
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An LCA comprises three steps: [32]

e Compiling an inventory of relevant energy and miatanputs and environmental releases (outputspcated
with a defined system. Releases can be solid wastesiissions to air or water.

» Evaluating the potential impacts associated witts¢hinputs and releases, e.g. the global warmipgdtifrom
CO2 emissions.

* Interpreting the results to help make informed sieais.

Stage Two: Applying the Data in ECE-LCA Tool: The collection data from the first stage will be thput data
of the new Egyptian tool as a web-based tool,gork 6 the suggested framework of ECE-LCA toddalzulate in the end
of the process the carbon emissions from Egyptialdibg which will be the output data of the tool.

Stage Three: Verification and Validation of the Egytian Tool: Applying the tool after finish the modeling in
the exciting building in Egypt as a case study.

p
Majtena'ls [ Raw material extraction ] [ Recycled malerial]

[ Transportation J
[ Manufacturing of building products ]
Construction
phase l
[ Transportation }
. Replacement
Building ) Asscmbly of
B —»| | Excavation (electrical buildin,
construction consumptions) e
_ products and
assemblies /
—> Heating and DHW \
Natural gas consumption
—
Use phase — Appliances
Electrical consumptions |[—
— Lighting /

Building Demolition

[ Transportation }
End-of-life
phase l l l
Disposal of Recycling J ‘ Reuse of

building f . building
products atler serang products

Figure 6: Suggested Framework of ECE-LCA Tool: AlILCA Stages

CONCLUSIONS

Life cycle assessment has become an importantféoaetermining the environmental impact of matsriand
products. It is also useful in analyzing the impacstructure has over the course of its life cydlee International
Organization of Standardization’s 14040 series ifipschow to perform a formal life cycle assessmentvhich the
materials, construction, use, and demolition ofudding are quantified into embodied energy andoardioxide (CO2)

equivalents, along with representation of resouroasumption and released emissions. These reswdtsiseful to
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architects, structural engineers, contractors, awders interested in predicting environmental intpaitbroughout a

building’s life.

LCA can be classified as process LCA, input—outgli\ and hybrid LCA. Although the input-output tablare a
detailed approach, it requires the existence of eamergy input-output table, which does not exist fogypt.

Thus it would not be feasible to use the HLCA beaeaitidepends on the I-O LCA in Egypt.

The review can summarize that to calculate the €@isions and energy consumption from building nedte
Egypt from LCA view is more difficult because Egygoes not has tool/program to estimate carbon @nssrom
building LCA, ECE-LCA must include a building’s difcycle, and be devised to permit input and outguEgyptian
LCI database for the respective stages of thisclfde. The results from this review study can beduto standardize the
study of Life Cycle Assessment concept in Egyptaise it has a lack of LCA studies and to put trérdiek of Egyptian

tool framework ECE-LCA to build environment morea&hly from air emissions.
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