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Improving Energy Consumption in Building
Products using Life Cycle Assessment and Energy
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Abstract: Modern building products have the potentials to save
energy and improve environmental impacts in comparison to
conventional products. However, in order to reduce of the energy
and environmental impacts of any building product, its materials
and energy consumption must be evaluated over its entire life
cycle. This study analyzed the energy consumption associated
with the total life cycle of the building products. It reviewed the
literatures and information provided in existing life cycle
assessment studies and reports to develop a comprehensive
analysis of the life cycle energy for the building products. The
analysis comprised three main phasess manufacturing,
transportation, and operation. The results confirmed that the life
cycle energy analysis could assign the useful metrics for equal
comparison the products types and reduced uncertainty
throughout quantifying the energy consumption and
environmental impacts of the entire life cycle of the building
products. Moreover, the life cycle energy analysis provided the
facility of continuing improvements to efficiency and operating
lifetime of the building products.

Keywords. Life cycle energy analysis; building materials and
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I.  INTRODUCTION

Buildings have an important role in use of worldaid

energy. Buildings are the largest energy-consuregggor in
the world, and account for over one-third of tofadal

energy consumption and an equally important soufe

carbon dioxide emissions [1]. The building sectbese
substantial affects over consumption of naturabueses
and related environmental impacts. A building useergy
throughout its life from construction to demolitioihe
demand for energy in buildings in their life cyitedivided
two parts: Energy for construction, operation, retmn,
and demolition and energy for production of materised
in construction and technical installations [2].

Into building construction and helps to decisionkara to
select environmentally preferable products, as wasllto
evaluate and optimize construction processes [9ih \ttie
current push toward sustainable construction, th@AL
gained importance as an objective method to ewaltiz
environmental impact of construction practices [1The
LCA was used as a powerful tool for the evaluatafn
environmental impacts of buildings. It had the ptitd to
make a strong contribution to the goal of sustd&ab
development [ 11 ]. It brings the benefits to review
sustainability initiatives throughout the entiréelicycle of
the building, including the design, detailing, gieliy and
deconstruction phases [12].

In addition to the LCA, there were other approactoes
assess the environmental impacts of buildings.lif&eycle
energy analysis (LCEA) was an approach to accolint a
energy inputs to a product, not only energy inpausing
manufacturing, but also all energy inputs needegrtaluce
components, materials and services during
manufacturing process [13].

The review of studies showed that the LCA was deed
low energy buildings that were designed and coostdl
using low energy products. There were very fewistidn
the LCEA and quantifying the energy consumption and
environmental impacts of the entire life cycle lné building
products. This has provided the basis for thisystiithe rest
of the paper is organized as follows: The nextisact
overviews in brief the necessity of solving the kdemn.
Section 3 presents definitions and general infoionadf the
LCA. Section 4 demonstrates the LCEA and the pregos
procedure. Section 5 highlights the features ofyapg the
LCEA through the proposed procedure and discudses t
results. Section 6 concludes.

the

The life cycle assessment (LCA) methods have been

used to assess product development
environmental evaluation of products in the indestrfor

many years [3, 4]. The LCA studies have focusedthmn

processes and I

Energy intensive building products in Iran

The energy consumption in building sector is almost

quantification of used energy and materials, andtega 40% and to produce the building products is 5%heftbtal

released into the environment throughout the lfele [5].

energy of final energy consumption. Thus, the potida of

Moreover, the LCA has been applied to the buildirgtors building materials and products accounts for 25%thef

for recent years [6, 7].

total energy embedded in the buildings sector am If14].

The LCA was developed as an environmentdiowever, the useful lifetime most of building pratsi is

assessment tool for green building design in thigdibpg

too short and estimated to be less than 35 yeatsam

approach to environmental evaluation.
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properly energy consumption and environmental irtgpat
building products.

lll. Life cycle assessment

The LCA was defined as a method to analyze

systematically environmental impacts of a prodpobcess,
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or system over their entire life cycle, includirayw material
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extraction, manufacturing, transportation and distion,
use, reuse, maintenance, and end-of-life (EOL)adiapand
recycling [15, 16, 17].

The International Organization for Standardiza{i30)
presented an environmental management standardiein
1990s as a part of its 14,000 standards seriels,thét 14040
series focusing on establishing methodologies ©AL[18].

The 1SO 14040 defined LCA as a technique for
assessing the environmental aspects and potentjzdcits
associated with a product, by compiling an inventof
relevant inputs and outputs of a product systerajuating
the potential environmental impacts; and interpgetihe
results of the inventory analysis and impact assess
phases [11]. The LCA characterized and quantified t

A major figure of the ISO standard was included rfouinputs, outputs, and environmental impacts of acifipe

distinct analytical phases for conducting LCA asaly.
defining the goal, scope and boundary, creatingaanadysis
the life cycle inventory, assessing the life cyicigpact and
finally interpreting the results (Figure 1).

oal, Scope,
and Boundary
Definition )

\

Inventory Impact
Analysis ! Assessment.

r Y
Interpretation —
g >

Figure 1. The LCA phases based on ISO 14040.

product or system at each life cycle stage [18F Similar
approaches consist of the four-stage frameworkse wer
presented by other international organizations .[Ilfe
International reference life cycle data system @)C
presented the handbook and the data network taderdke
governments and the businesses with a basis foriags
quality and consistency of life cycle data, metheis
assessments [19]. Some of useful definitions of L@#s
summarized in table 1.

Table 1. Definitions of LCA based on ISO 14040.

Acronym Concept Definition
LCA Life cycle Compilation and evaluation of the inputs, outputd the potential environmental impacts
assessment | of the product system throughout its life cycle
Life cycle . ; . : i i
i Phase of life cycle assessment involving data ctidle and calculations to quantify of
LCI inventory : i
. inputs and outputs for the product system throughsltife cycle
analysis
Life cycle Phase of life cycle assessment in order to recognand evaluating the magnitude and
LCIA impact significance of the potential environmental impdotsthe product system throughout the
assessment life cycle of the products
" | Phase of life cycle assessment in which the finglimigeither the inventory analysis or the
Ire cycle . . . : .
- : i impact assessment, or both, are evaluated inoeladithe defined goal and scope in order
interpretation ) )
to reach conclusions and recommendations
life cycle In order to demonstrate energy saving potentialyelsas the importance in continued
LCEA energy improvements to efficiency and lifetime, life cy@daergy estimates are provided for
analysis future products.

3.1. Defining the goal, scope and boundary of LCA

categories, data requirements, limitations, and lityua
criteria for inventory data. Definitions for thetsgms were

Defining the goal of the LCA study was depended oprovided in the ISO 14040 guidelines [18].

establishing the purpose and audience and desgribia
intended use of the results. Potential goals migblude
determining the energy saving and environmentabutgpin
life cycle of the products or process,
opportunities to improve the existing system, omparing
different systems and their potential impacts.

3.2. Inventory Analysis
The phase of life cycle inventory (LCI) analysisatved

identifyingdata collection and calculation procedures to ctatiph

and quantifies relevant inputs and outputs of thedpct
system(s). Data for each unit process within thedpct

The scope determined which product system or psocesystems boundary often included energy, raw materia

should be analyzed, the unit processes evaluaiedtidnal

unit, system boundaries, allocation procedures, aghp

products, co-products, and waste and emissionis, tvater,
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and soil. The LCI then involved determining the rgye effects of the flows, such as the health effectsed by the

consumption required to complete this unit process. inhalation of emissions and so on. A life cycle aop
The general life cycle phases of a product or systeassessment (LCIA) could be conducted using thesdtse
were grouped into four main phases. These included In the LCIA, the environmental impacts of various

materials extract and processing, manufacturing anmmdaterial and energy flows were assigned to differen
assembly, installation and operation, and endfef-li categories including global warming potential (GWP)
Transportation was often included between eachephtse  natural resources depletion, ozone depletion, mhetmical
LCI dealt with the collection and synthesis of imf@tion o0zone formation, eutrophication, acidification, ham
on materials and energy flows in various phaseshef toxicity, aguatic toxicity and land use.

products life cycle (Figure 2). 3.4. Interpretation

The final phase of life cycle assessment was
interpretation of results from both LCI and LCIAWi$ dealt
with drawing conclusions and making recommendations
from the inventory analysis, and or impact assessnm@
MLl both. Within this phase, several steps to completel CA

operation were identified and discussed. These steps weladied
identification of the significant issues, evaluatidhe
completeness, sensitivity, and consistency of thta,dand
drawing conclusions and recommendations.

Manufacturing

and Assembly

IV. Life Cycle Energy Analysis

Energy consumption was an important component pf an

Raw Materials LCA study. The majority of data collected for energ

_ Recycled . assessment of building materials and products were
Bxtractand | < { Soo oo 1| Endoflife provided from the information in existing LCA stediand
Processing reports. Several studies focused on the envirorahent

evaluation of buildings. The efforts of these stsdivere

mostly to enable selection of materials and prosiuny
Figure 2. Life cycle of a product. identifying sources of the most significant envimental
impacts [6]. Some of LCA based studies was sumradriz

3.3. Impact A ent and referred to table 2.

The energy consumption, environmental impacts sisch
emissions, and other waste products at each lifle ghase
were the results from the LCI analysis. The LClutes
focused on quantifying the different environmeritalvs of
the product system. The impacts were the downstream

Table 2. Selected LCA studies on building materialand products.

Study Materials and products Use Results
Jonsson et al. (1997) [20]]  linoleum, vinyl, solidwd floor solid wood was low impact
i ) the most energy consumirg
Mroueh et al. (2001) [21] | bitumen and cement varies
through LCA

Junnila  and  Horvath| . steel and concrete were high
Steel, concrete, paint - )

(2003) [22] impact

Guggemos and Horvatt concrete was low impact than
Steel, concrete frame

(2005) [23] steel

_ wood, aluminum, glass, concrete and o

Asif et al. (2007) [24] o varies concrete was high impact
ceramic tiles

Kofoworola and ) ) steel and concrete were high
Varies varies )

Gheewala, (2008) [25] impact

] thermal and sound insulating ) o o

Asdrubali (2009) [26] ] varies impact on lifetime of building

materials
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Douglas and A. Noy N i ; ;
new and traditional materials varies survey on alternatives
(2011) [27]
Bricks, tiles, Insulation materials, _
) steel was highly energy
Zabalza et al. (2011) [28]| Cement, concrete, Wood products/aries ) )
intensive
Other
Asdrubali et al. (2012 i i i
[29] natural and recycled varies survey on acoustical properties
) concrete and steel had the
Thiel et al. (2013) [30] concrete, steel, other uctinre ] ]
largest environmental impacts
Ximenes and Grant (2013 o ) floor and i
wood, acoustic insulation, other wood was low impact
[31] sub-floor

the studies on these products. However, most oh tHil
not clearly specify which unit processes were idehl
within their manufacturing analysis. It was likelyat some
estimates were incomplete and only representedggner

The following procedure was proposed by this study
order to standardize the information provided witlihe
LCEA for the building materials and products:

4.1. Performance and functional unit consumption from material extraction and processimg
It was necessary to determine the functional usiaa Manufacturing and assembly. _ _
metric for equal comparison of energy consumptinpacts The manufacturing energy consumption for a typical

across the types of the products. The functional was Product was usually assumed to be sum of the energy
defined through LCEA as a quantified measure dthermal, eIectrlpaI, and....) associated with _madmﬂar_lg
performance that served as the basis for compasigeen the bulk materials plus the energy associated hi
considering the environmental impacts of multipfedquct Manufacture of a single package multiplied by thenber
types or systems. of packages of this product.

Moreover, it could be considered several assumgtion 4 3, Transportation Phase
increase the efficiency or output of a typical protdas long . ) . -
as some of the features remained constant. Whijpieal It was ideal to define the energy impacts assodiaiéh
product provides the output less than the desinegbu transporting a typical product between each lifel€yphase.

value, the LCEA estimates should multiplied by thenber However, traditionally transportation was only desed
of products needed to reach this equivalence between the manufacturing and installation phase.
To calculate the energy use due to the transpontati

4.2. Manufacturing Phase phase, first the original manufacturing for eachduct was

Some of the most difficult and important life cyclecharacterized. Then, based on the distance ofptoatisand
phases to characterize were raw material extract afyP€ Of transportation vehicle, and the estimaggicity of
processing, and manufacturing and assembly. Thessep that vehicle (in terms of number- of products aldebe
could be energy and or emissions intensive; heitagas ransported), the total transportation energy wsea per
difficult to estimate energy and environmental imisa product basis, was calculateUast!y, the transpprtaﬂon _
through these phases without providing the inforomat €N€rgy was then converted using the functional unit
from manufactures. assumptions.

The manufacturing phase was presented as a prodydf |nstallation and Operation phase

result due to involving in how the LCA studies pmeted ) ) .
data for this phase and the difficultly in determin the The Installation and operation phase of a typicatipct

boundaries between material processing and mainuiiagt was associated with the consumlptio.n of energy m@e
The LCA studies that considered the impacts othan t the des'raple output thrqughout its life cycle._Telf)_estlng.

energy consumption either provided data on glotzahving LCA studies were utilized for t_he analysis mcIt_@m

potential or disassembled components and theircizged ©Stimates for the energy consumption from the typiahis

masses. Assuming that global warming potential WeﬂerdUCt _they consi.dered. Using the performance
entirely the result of carbon dioxide (CO2) emissio characteristics, the primary energy consumption éach

converted to energy consumption using assumptionthe YP€ Was calculated per functional unit.
metric tons of carbon dioxide per unit of energgdarction.
The majority of the LCA studies focused on the
manufacturing of some of products due to concean tine Until recently, only operating energy was considete
energy consumption during the process might outwéi@ gauge the energy consumption in the buildings. Hewe
energy savings during the installation and openafibase. due to increasing the advantages of energy efficien
Determining the manufacturing energy consumption faequipment and appliances, associated with morenadvda
some of conventional products was fairly straightfard and effective insulation materials, the potent ¢urbing
since the majority of previously conducted LCA a&std operating energy has increased and as a resultutnent

V. Results and Discussion
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emphasis has shifted to include embodied enerpwilding  studies had the advantages of covering performaneethe
materials and products [32]. whole product life and therefore could provide tmest
The LCA and LCEA could be used as tools to evaluaisomprehensive evaluation [33]. While assessing difele
energy and raw material consumption, and environahenenergy consumption, it was important that the pctslibe
impacts such as CO2 emissions, and other pollutamis compared on an equivalent basis. The advantagédeoing
wastes related to the entire life cycle of the piadgl or of the functional unit through LCEA was that theesgy
systems applied in buildings. However, there wakthe consumption values could be all normalized, thus th
high uncertainty, but the LCEA allowed using infation different lifetimes of the typical products causéukir
of the existing LCA studies and reports to reducenergy consumption to differ. Moreover, the totakided
uncertainty throughout quantifying the energy cangtion output was provided using the LCEA estimates foypécal
and environmental impacts. product multiplied by the number of products needed
The data from the previous studies provided forhbotreach this equivalence.
guantitative and qualitative analysis enabling the The functional units employed varied among theistid
development of a comprehensive LCA literature navie examined. For example, some of studies considened t
While many of the existing LCA studies consideradilar consumed energy per usable area and the lifetime of
products, the goals, scope and boundaries defioeddch building as the functional unit [34, 22]. Howevir order to
vary. The greatest variance in assumptions was isekie =~ demonstrate energy saving potential for buildingdpicts,
cycle phases included, as well as the level ofgdisegation as well as the importance in continued improvemeats
provided within each study. In light of these gapdy three efficiency and lifetime, some of important speafions
major life cycle phases was considered by this ystudassociated with energy consumption in the buildings
manufacturing, transportation, and operation. proposed for the construction materials and praduobst
used currently in the building sector in Iran (&8). Each

of specifications could be considered as the foneti unit

Considering .several assumptions thrqughout the LCEf% compare the products types. The specific weightsthe
helped to _descnbe the energy consumption of tbglets thermal conductivities were provided from [35] affb]
more detailed and accurate than those analyzeukih €A respectively. The reference of the thermal and tetec

studies. Moreover, it was po_ssible to describelifhecycle embodied energy was the standards of ISIRI [37¢ Stdy
energy consumption of a typical product with higbetput of Douglas and A. Noy was utilized for the lifetim@7].
performance than those analyzed in the existing LCA

studies.
Each of the previous LCA studies considered aryasfa
the products each having different specificatioffse LCA

5.1. Performance and functional unit

Table 3. Some of building materials and products itran.

& Sciences Publication Pvt. Ltd.

) Specific Thermal Electric -
Material or ) o Thermal Lifetime,
Use weight, conductivity, energy,
product energy, GJ/t years
kg/m3 w/c.m kWh/t
Iron varies 8770 72 1.0 110 50
Steel varies 7780 52 0.6 500 50
Concrete
Cement 400-2400 0.15-1.75 0.7-1.2 90-135 30-50
structures
Concrete
Brick 1000-1900 0.46-0.8 1.9-2 48 20-40
structures
Ply hardwood varies 800-1000 0.29 2.14 1-2 10
Ply softwood varies 600-750 0.23 1.9 1-2 6
Ply chips ]
varies N/A 0.15 0.7 3-5 6
wood
Glass varies 2700 1.25 1.9 95-110 20-40
Aluminum varies 2700 203 N/A 13.5 N/A
Chalk bleaching 1600 0.7 0.9-1 12.0 6
_ Covering,
Tile ] - 0.7 2.5-6.9 0.03-0.1 20
facing
Lime facing 1700 0.9 3.78 N/A 3
Published By:
5 Blue Eyes Intelligence Engineering




Improving Energy Consumption in Building Products using Life Cycle Assessment and Energy Analysis

PVC coating 20-50 0.03-0.035 15 254 10-20
Polyester coating 20-50 0.035-0.04 1.1 114 10-20
Wool stone )
coating 20-30 0.04-0.045 N/A N/A 20-30
and glass
Covering,
Natural stone ) 800-3000 2.3-3.0 N/A N/A 20
facing
Asphalt Roof covering 1700-2100 0.5-0.7 N/A N/A 6

Note: kg/m3: kilogram/cubic meter; w/c.m: Watt/mekeelvin; GJ/t: Gigajoule/tone; kWh/t: kilowatt hdtone

The results indicated that the contribution froreest allowed for the package manufacturing energy eséima
iron, cement and glass to primary energy demanougir from the existing LCA studies to be utilized in
manufacturing phase were much than other mateaiats characterizing packages, which might have higher
products needed in the building constructions. Hawme efficiencies. Therefore, based on expected inceedre
these materials had the highest lifetime whole tfea product and package efficiencies, it was projectted the
building and did not need to be replaced. Moreovegverage number of packages required to produceetsieed
Aluminum, Iron and Steel were the thermal condwgteo output of a typical product would decrease.
could pass thermal energy and caused the energy los Furthermore, the manufacturing energy consumption o
through operation phase in buildings. Wood produwase the bulk materials to produce a typical product aemad
effective thermal insulators and used far less ggndp constant while the level of desired output did obange.
produce than brick, cement or steel. Steel and products However, changes in the desired output might affbet
needed more insulation to achieve the same thernelergy management and caused to a change in dasin
performance as wood products. material use of the product. The LCEA allowed eatihg
the typical product that had more average desingipud

according to the previous LCA studies to calculttie
The LCA Considered by [22] was inC|uded the phaﬂes embodied energy of the bu|k materialS.

building materials manufacturing, construction @sx; use
of the building, maintenance, and demolition. Thsutt of
this study showed that the most of the impactstedldo The study of [21] showed that the application ofA.C
buildings were associated with materials manufaogur could useful to minimize the environmental loadssaurce
phase. Particularly manufacturing maintenance eflst consumption and applied strategies such as regy@aimd
concrete and paint were identified as the mostifsigmt reusing of building materials. Moreover, the praitut and
aspects. However, determining embodied energy amgnsport of the materials produced the most Sicanit
environmental impacts through materials manufacturwas environmental burdens. Production of the bitumerd an
complex and time consuming [38], due to there wdack cement, crushing of materials and transport of riate
of accepted method available to compute embodiedggn were the most energy consuming through the lifdecyd
accurately and consistently and wide inevitableatians in  the construction.

measurements caused the results to differ [39]. The results indicated that traditionally the energy

The results indicated that the efficiency improvatee impacts of the transportation were defined as thergy
throughout the LCEA would decrease the energgssociated with transporting a packaged produch fte
consumption and environmental impacts of the prtsdand manufacturing facility to the retailers, thus theemy
thus potentially decrease the manufacturing enerdgmpacts through the transport to and storage itriligion
consumption of the bulk materials and packing oé thcenters before being shipped to the retailers oswmers
products. were not considered.

Considering the energy associated with packages was Moreover, some of the studies analyzed includireygn
useful to gauge of the manufacturing energy consiempf estimates for the transportation phase; all inditahat the
the typical products. The packages had incorporat®ntribution from transport was relatively insigo#nt
equivalent die areas, thus a typical product tlsadufewer representing less than one percent of total lifelecy
packages had lower embodied energy consumpti@onsumption. A few studies considered coefficiefus
compared to other product that used more packagd#snsport stage from production plant to buildiriig $28].
However, there was great uncertainty due to diffeeein However, these studies offered limited data desagibhow
the assumed number of packages implicated fdhhese transportation energy use estimates wereederand
manufacturing energy use and it depended on théeuof hence provided no way to standardize these estinfate
packages needed to provide the desired output. use in the future studies. Therefore, an independen

Moreover, the manufacturing energy consumption of wansportation profile was developed for each tygea
single package was not correlated to the efficien€ya typical product under accurately analyzing throughthe
typical product, as long as total die area remainstant. LCEA.

Thus, a package of a lower efficiency product migave
the same embodied energy consumption as a higher
efficiency product. The advantage of LCEA was that

5.2. Manufacturing Phase

5.3. Transportation Phase
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5.4. Installation and Operation phase energy required to raw materials extract and p<ings
 manufacturing and assembly, transportation, artdliation

building materials and products may make up as nagh
0% of the overall life cycle energy consumption.

The LCA framework was flexible to achieve to a litoa
range of possible outcomes. Hence, the energytsesulild
be presented throughout the existing LCA studied an
reports for a wide variety of conditions.

The functional units employed varied among the istud
examined, hence some of the important specification
associated with energy consumption was proposethisy
study as quantified measures of performance for the
construction materials and products most used i@ th

Some of studies such as [20] emphasized on negéssi
assess use phase and end-of-life phase impactvétog a
more comprehensive understanding. The LCA phasg
considered by [34] was included: manufacturingngport,
erection, occupation, renovation, demolition andhaeal
phase The occupation phase was accounted for &@sut
90% of total environmental impact of a building J4€o this
study emphasized to choose the building materiald a
products which had less environmental impact dutimg
occupation phase. Hence, it was important to ifientie
most used materials and products in the buildihgs$ had

the greatest effect on a building’s environmentgbacts in e
order to target specific areas to minimize envirental bwldmg sectors. Thes_e_m_e:_;\sures could be useftﬂ_trglet
impacts in future construction [30] specific areas for minimizing energy consumptiond an

Measuring operating energy of buildings was easy aﬁenvironmental i-mp_acts in future constructions. o
less complicated than determining embodied endngugh The results |nd|caFed that con(_:rete and steelmerity
manufacturing building products [38]. Designing lofw usgd_ for the excavation, foun_datlons an_d structpaai; of
energy buildings was achieved by reducing energy glwldmgs, .rep_resented the h|ghest environmentglaits.
operation phase using energy management technslogighe contribution from steel, iron, cement.and glass
However, reduction this energy was generally assedi primary energy demand Fhrough manufacturing phasn@w
with decrease in embodied energy issued of enetgpgive MUCh than other materials and products needed én th
building materials and products considered in LGE®. building constructions. However, these materialsl fiae

The efforts of LCEA studies identified life cyclégses highest lifetime whole life of building and did meed_ to be
with the highest environmental impacts and providdaasis '€Placed. Wood products were effective thermallatous
for overall building system assessment. Most ofs¢he @nd had a lower embodied energy than brick, coacvet
studies were related to energy consumption arﬁ}eel'

environmental impacts throughout operation phase of '"€ improvement performance for the building praguc
building products [ 41]. The LCEA application forthat was provided through LCEA could be appliedyasd

evaluation of energy consumption and environmentéﬁ"’mdardS for comparison and show the p.oFen'uaI and

impacts of construction processes and buildinggesys |mport¢_’:1nce_ o_f continuing !m_provements to efficienayd

involved more than the simple aggregation of irtiieil CPerating lifetime of the building products.

product and material assessments [7]. The most of the uncertr_amty in life cycle energy
The LCEA results confirmed that the energ)}tonsumpnon was on calculating the embodied enafgy

consumption and environmental impacts of building§onventional products and the manufacturing ofptfegiuct
through installation and operation phase could bgackages. The recommendations to utilize LCEA adldice

significantly reduced by better building productpect of uncertainty_ throughout the energy caIcuIation; dohk
insulation and useful lifetime. useful to improve the understanding of the impasts

The potential energy from future reuse or recyclafg building materials an.d products, linking .their erdizol .and
disposed end-of-life materials was not considergdtHis operating energy directly to the environmental iuipa

study. targets.
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