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NATHAKAN SOMTUA : ENVIRONMENTAL PERFORMANCE
EVALUATION OF RESIDENTIAL BUILDINGS BY LIFE CYCLE
ASSESSMENT. THESIS ADVISOR : CHATPET YOSSAPOL, Ph.D.,

262 PP.

GREEN ARCHITECTURE/ LIFE CYCLE ASSESSMENT/

LIFE CYCLE IMPACT ASSESSMENT/ RESIDENTIAL BUILDING

Residential housings are architectural structure that can be considered as a
product that poses environmental burden along its life cycle stages. Architectural
design employing life cycle assessment (LCA) approach focuses on the design that
aims at less resource use and less waste emission from the production of materials to
their final disposal. The assessment provides the potential environmental impacts
associated with energy and material use for a housing project. Furthermore, it also
provides magnitude of the impacts and opportunity to improve environmental
friendliness of the house. This research selects four Thai-style housings as the case
study for the assessment purpose namely; northern region style, central region style,
northeastern region style, and southern region style with their functional area ranging
from 242 to 339 square meters. These houses were designed by Thailand’s Department
of Public Works and Town & Country Planning and the drawings are free of charge to
the public.

This research begins from the collection of inventory data associated with bill
of quantity in the construction stage, average energy use in every day’s life and
maintenance in the use stage, and energy use and debris generation in the demolition

stage. Then the environmental performance of the housing projects is assessed using



Eco-Indicator 99 and BEES 4.0 life cycle impact assessment (LCIA) methods. This is
done with the focus on the capability evaluation of the methods and their database as
an environmental performanceassessment tool for structural and architectural
materials. It is found that Eco-Indicator 99 is a capable one in terms of its convenience
of use and product stage simulation, comparative assessment capability for the entire
life cycle stages, and a comprehensive inventory database. Meanwhile, BEE 4.0 is
capable of the assessment between different construction materials and economic point
of view. The assessment from both methods suggests that the central region style
housing has the highest score in terms of environmental performance. In other words,

it is the most environmental friendliness one.

School of Environmental Engineering Student’s Signature Nedhakan

Academic Year 2010 Advisor’s Signature K‘&[{ Jj
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Items Conventional New
Produced in 1977 2003
Product Life 10 Years
Product Mass (kg) 96 89
Internal Volume (L) 450 416
Annual Power Cons. (kWh/Y) 980 190




Life Cycle CO, (kg/L) Emission / Internal Volume 8.02 2.10
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Items Conventional New
Produced in 1994 2003
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H4.2kW/3.07 H4.0kW/5.93

COP (C & H averaged) 2.8 6.01
Seasonal Power Cons. (kWh) 1,982 909
Life Cycle CO, (kg/kW) Emission / Cooling Capacity 2,509 1,172
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Uane CO, mnmMsas1auine de (Asif, Muneer, and Kelley, 2007)
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anuaeamsnasulumsnaaiuanaranu dautladedu q Nlradedugandsaunas CO,
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aInesvieaNuulIduatenmsaadulatazismstanmissu n1slgmalulaglu
a A 4 dy A Aq Y A Y A = a 3 =<
NTZUIUMITHAATINUA 1F0INA9N 19 uazmudonveans l9n3onss lanAaman 39013
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sanuvesnny lumiveunazanulsdwiuiumseniszuenoonainiu - aaeg1auru
1 [ a a [ P v 1 { a A 1 [ v A
Tsanuannueanaanaasusnmiounuua ldnszuiumshiidsz@nsamaenu uaiogn
o (% Y A v o o Y (= 1
i lsawsumuiesnanansenasiagri liues imiuanuuanaig
HANTENUADAIIADUUDINTTUIUNMTAD I 1LALDIYNS 1F VD Tdanaas19q
N v Yy 9 =2 Y ' o ' 9 sda 9y
annulatdaulafinyudrvateniuausy sansznuveans lse Teminaunazogns 14
@ ' {1 o & I a
nuvesiagneaiviannugailumsdsziiulunsaiveslnsadielduaz Tnssadwaounia
wuaIasead e lfldwdsarunazldes co, esni1lnssad1eaounia (Borjesson and
= Y o = ~ o @ 9 9
Gustavsson, 2000) FIaAAREINUMIANEIvEIINIEIaUIEZyTIURINaNINUMS IFunn i
wunlassadlidases co, desniInseaduiiminiagou Taemsnasan s ltems
@ a 4 U
IANTVYILLAZNIITUINITIAITUDU (Carbon Flows) Tuihédne (Petersen and Solberg, 2005)
o w = Y 9 FY = = o a
dFumsaneiens lnseadelduaz Tassaduaounia msnldeuntasidslumsnaa
] a a J a = a <3 a A
(U MIKAATITOAANEIR MINANUDITNUA MIvadu M33 lmAaman Uszaniamlums
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)
a 1 UK 13
Woddauazaanistans CO, g¥UVTIBINIA (Gustavsson and Sathre, 2006) HANIHAITU
= 2 4 J Yy k) 1w a 9 A
msanusunaznldinansznuduauaednenmmananiiz landoumszmaryi o
= v @ o q Y g A .
MIAINAVFINAaNTDINNITANga CO, vz 11T una1anI ot uuan (Peuportier, 2001)
dy ~ v A = Aav A A J = 9
wennni lulssmaaaudilinisdnyiditednnargranumumsnfsouney Tnsaaing
1 1 9 = F) a3 .
91131 U M3V 1I IATIdI 1A UNIALAL IATIAT 1M AN (Jonsson, Bjorklund, and
1 1 a < J
Tillman, 1998) daumsifSeuiiouszninlaseadieliuaz Tnseadedglungsadeonladun Tag
Jd a 1 I 1A 1
T¥gornsgelseiiiu SimaPro 6.0 wunthulassadlifilusedunadeninnnii (Bajpai,
Ekane, Wang, and Lin, 2005)
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?:' ] { a3 % [ { 3’, %
dun s lueumvuz gl udunuiion 30% voawdsaunldnmua Tasnasnunly

I 1 % I a % . o o
ndeuiluamilsznevvesisasnasnuluaseunsuazninisuvesnsounsa FalianudiAy
YNNI (Treloar, Fay, Love, and Iyer, 2000)

] U ¥ 2 A ~ 9 =<

uuanems Irauld IdnadadinnunesnsswesgiudoyanaznanisAny1vo901A13
2 o I ¥ { ) o a [
fulgnadrduiludowaasieazideavestoyaiugiunlddmsunmsdsadudivilsznou
Y9391A15 (Papadopoulos and Giama, 2007) FAINFINUALANTIY (Embodied Energy) BIJBQ’SJE‘TSE]
' Y A o A g 9 Av a1
noas191M339U5 A8 (Cole and Kernal, 1996) Miilumssausamdoyannauiseinium
a A 4 ~ P a [ 9 Y I = 1
(HrFuaus eomaside g1y uauian awin dange) lauaasliiiudnnuuana1ainms
UszinamaalianuulsAuunna 10 1

[ I YR a o 1 A 9 o [y

drulutlszmalne'ldidanuiidonansznudedaadouveseinisdninau
(Kofoworola and Gheewala, 2008) Tagiaonfny101a15Nogna1aiios #a1samanszny 3 au
A [ d' o Y A 9 [ 1 Y a a % d' a
Ao Ananmimlvmaniiglansou, Angnnlumsnelmnadunse, tazmseongasunmna
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dlant uazyhmsvaiuiindoyams 14 1Wih 1ineundl Tae lddeyariuiludumudoyans

J o J { [ ' <} <] a
19 19#h aavvesiagneadnildvan q ldun asunia manlassade manasunounia
b~ { I 1% 1 H
uazdy wanlduaaseonuilugldueslanzuazaounia msiziuiaganoadeignldlu
~ g v g ¥ Q¥ o A 4 a ]
Ysunann Tagluvuaeunmslynuoimsiluiusounlsnasnuuniga ioaniniins
o A o g U A o I A A 9| '
WaLUINA5 09N eu nTeshanubu InTeeszuee A N ea1F 1WA o uazms
Uszneuermsmelunsaisou
a o 9 a dy a o ' a )
nmswaanasnu iihvesdszmalnenenauriiadomamasnunyi waaonnas

a J a a 14 o ¥ o o
FITUINA 64.1% orurunazanlud 20% waeni 4.8% e 1% Wiufiaa 0.1% 1nszu

a [ 1 A 14 Y a 9, 1 [ A
MIHAANAIIUTIVIAZIATOIoUAM Vo IHan T ENTU 10% LAz NUHAINAINUDY 9

Y v v x 1 1
(ﬂﬁJW@JH"IWﬁQQTL!ﬂﬂllﬂullagﬂkﬁﬂ']sl‘Wa\NTL!, 2551) é]?\iﬂ”lﬂTi‘]Jﬁ@flﬂﬂﬂ (Emission Conversion

Factors) ¥aEN1991meAve4159 117 (Pongvipa Lohsomboon, 2002) LeAIAIA519% 2.4

M15199 2.4 Mm3dassuaiznigermaueelse 1 (Pongvipa Lohsomboon, 2002)

Emission CcO SO NO CcO N,0 NMVOC CH Dust

2 2 X 4

kg/kWh 7.06E-01 | 8.24E-04 | 2.10E-03 | 1.81E-04 | 2.19E-05 3.42E-05 1.92E-05 | 7.88E-05
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o) o a d @ { [ a . . 1
dmIumMsIns i nasun 19naeaininsdaa (Life Cycle Energy Analysis: LCEA) WU

[ 1 9

wasui 19 lumswaaidqneoad 19 (Embodied Energy) lioruesim ll ldnnmsvaugandaa

a

I
A A =

(LCE Balance) 59uduiilafimss lanAatagneadnazamnsodszndanasauldszunm 8.9%
(Kofoworola and Gheewala, 2009) #s5mmwasaunldlumswaniagnoadwamisoagyl1d

A9 199 2.5 daudeyansilaesoenvosiagned e s aLEARINIG 19N 2.6

M15191 2.5 WAUAL AT (Embodied Energy) Yodiganoaia

Jaanead MJ/kg" MJ/kg"
n3ziioawsiin 2.20 2.5
Huunstia 0.70
o9 1.86 0.97
B 331 44
agiition (analvi) 216.50 197-227
i@ 8.50 10.4
YuSud 0.20 0.1
N3N 17.10 15.9
AoURTANAEATY (17.5 MPa) 130 1.0-1.6
manduasunaUnIa 11.10 8.9
manlasead 22.10 35
aAKNIHAN 13.30 12.5
Yududng 3.60 5.8°1.7-4.7°
YumauFud 1.20 (Fine), 1.4 (LWB), 2
3.2 (LWB, Bricklaying),
1.0 (Normal Bricklaying),
1.1 (General Plastering)
GO 81.50 88.5 (Water),
90.4 (General),
95.4 (Polypropylene),
98.1 (Solvent)
Nn319 0.1 0.1

NU8LNE) : *Kofoworola and Gheewala (2009)
°Alcorn and Haslam (1997)
“Lensink (2005)



M13190 2.6 Aoyansavenaiinvesidgnod3 19 (Kofoworola and Gheewala, 2008)

44

el ﬁ]ﬂ'@ﬁ 14 t-CO, eq/Baht t-SO, eq/Baht t-C,H, eq/Baht
AN 1.2614E-05 7.06341E-07 1.24336E-08
Huunsia 2.1092E-05 4.86349E-07 9.59945E-09
nszifiealaiia 1.1578E-05 6.26746E-07 1.74583E-08
09 2.8396E-05 7.49718E-07 1.79165E-08
Yumwmiia 4.5044E-06 1.13819E-06 1.61232E-08
GG 1.1248E-05 3.71803E-07 1.48949E-08
aglitioy 3.5433E-06 2.13622E-07 6.73871E-09
G 1.2293E-05 5.2572E-07 1.45153E-08
13 1.603E-06 2.88267E-07 5.61752E-09
Yudmua 1.1248E-05 3.71803E-07 1.48949E-08
ufivdauiiuseu 4.5044E-06 1.13819E-06 1.48949E-08
ApurzAvdnd Tz 4.5044E-06 1.13819E-06 1.61232E-08
AU dana 6.6398E-06 5.32445E-07 1.04928E-08
N32N 3.7137E-05 1.03293E-06 1.91681E-08
AOURSANEETY 1.951E-04 3.25873E-06 3.85205E-08
manlasead 2.5842E-05 1.44828E-06 2.63157E-08
aAKNIKAN 8.055E-06 9.2302E-07 1.58452E-08
manduasunaunIa 2.5842E-05 1.44828E-06 2.63157E-08
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a Q' % . .
2.4 miﬂszmuammuzmemmﬂaau (Environmental Performance Evaluation)
a A 9 YA A o Y v 1 J A
MsUsslvansTauzNawadey (EPE) laisuiimstnlsnuegiaasiiiouniig
< Aq Y d o ddy 1% o A a oA 9 A Y =
Wunszurumsnlmdudsigiamsautivay mslfinauniauawadey 5909
N 1A 9 =< - Yo o A < 1A
ATLUIUMITUTUNUNANTLNUADAUIAADY Farnaslyia lasunsaaaenitluod1ea
A3LUIUMST EPE dzinatlszanimnuazaawalu@uinaedainden (Kuhre, 1998)
v ° Y} 4 ' ' ' ) ' A A P} o
EPE lagnihiwn1dluesdnsaie q edrsunivaltenalanludiuiinerdeany
a a k) 1 4' 9] Y 1 1
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o v A o o a y A v ¢ v X < o
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4 o a % v o 1 [
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(Putnam, 2002)
Putnam (2002) 1852 YUnaNnN15v09010551U 1SO 14031 131U Draft Submitted to
L~ { a
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AszUIUMIEIMTUMIUsdiumamsauiuaumuawadon g lilsuasgriudmiums
) ] =3 @ ~ I A A o Y a
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IANINEINUANNUUFDDOUALNTATIIADVIDYAVDI0IANT EPE 1Tuaandaeisnd sy
o 2~ ] ~ o o @
MIMTLVVNIATIIU ISO 14000 FeTyasarimnenazaivayuosnns lums lan13suses ISO
{ I A § o [ o
14001 Taed 150 14031 1fudsiauisoir Il ldnvesAnsnnyuia ndszian nazlu
o Ao Y = v P ' A A o
ANHAULNFUFOU %9 ISO 14031 vz 1viwatlsz Tosu luaiuNuo N1l INTLULNITIANT
A 9 s 9
AINIAADNUDIDIANTAY
o P 1 o A
Tunsdszgnalduinsgiu IS0 14031 89ANTNTNISIANITAINIAROUAITUNS
A o A 4 4 ' A 4
U TUNANITA UL UIIUVDIDIANT N IUTIUVDIU TV UFILIAZDUUDIDIANT
o S Y s AN Yo 2 ) ' s Ay 1
Tanuszasa thuune nazinusians q Alddmuadulunsuvesnissams aavuesansi il
o A v v - A ) ¢ A o
FTUUMITANMITAIWIAADND1Y 1% EPE Tums s dymaunadouuodeaansiiefiivua
{ A 1 ¥ o w [} o o a A
Yyminansannideddnuie i Tasadrunasilunsduivausudanadounas
a 4 o a [ 1 2’,
UL UAUNMTAUTUNUAINAIDNAT

Y o v A 9

I o =< ddy ~ [ [
EPE (Huszuumsvamsnelugeddsasiasiamemdoyanndseumouludiuais q

U

pazuaAINaMIA I UOUAIUFUNAdeY HUABIATTINYDIMIAUHUOIUAIUFUIAd oY

{ Y 1 o a [ [
Taoh EPE laszyedluniasgiuainanazins@ uiuauaiunanvosssuun1saanig



46

Fandoy (Environmental Management Systems : EMS) A9 NTIWHY MIAUTUMST AT
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51 2.6 thu lneeysnd Ineninld
Al v Al y
2.6 TsunsunlFlumsilszdivwansznunedunaden
2.6.1  Visunsa SimaPro 7.1
v lz a W
TUs51n5y SimaPro 7.1 Qﬂwmuwuiﬂﬂmum PRe’ Consultant Y0152 1n#
< { ' { o S
nusesuaua luTdsunsunlFunivaeminigalumss Lca msglidoanoiullsunsy
S < 9 Y a =
NMsnusITINgIUToya ivanvated1vIniskaa Tagimwiz Eco Invent NAT0UAQY
N3ZUIUMINAADY 4,000 N5z IUMS Fadm Tnguimsany LCA Tuglsilnnmagaavingsy

[ a [ 1

] 9 a { A 2 a o
U UoYa3ngal Wadiau ﬂ'li"lluﬁQLL@%ﬁﬂWWMﬁWHﬁLﬂWﬁH%iQ uazmmmuﬂﬂmmum
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Uszgnd lfnomuadnemnlumsifanansznuasaaadouveanansuy Ineglugilve
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= Yy A Y & & o @ = = v Y v
YwianuauaunedeusuilusauduaviawnsanSeuieunu e drumsudaaind
I @ dyw 2 Y dy ] Y I A .
emailuii¥ianansznudunadoniingeldiluaownameio (1) Problem Oriented Method
I a 2 ] ] o [
Humsdszitiumansznudanadouaiunalg (Mid-point Impact) 154 113 19N WeINTHAZ WA
MIUNITNTEPVDIAT WY Msnlasuulasaningiionia msnadunsa A1061935013
9
Uszidiuuunii 1A CML Baseline Method (2001) EDIP 97 and EDIP 2003 t1ag IMPACT 2002+
3 Aa 4
118z (2) Damaged Oriented Method 1HumsyUsziliunansenunUaien1e (End-point Impact)
a { Yo a 1 A a o o
Usziiundsumansznues e 1aun wansgnuawadoun A uszuuinal guoue uaz
] )
Yymaunadouszaulan wu manan1gTandou (Global Warming) n15v1a1e%u e Tau
. axy a dyd . .
(Ozone Depletion) 35013 s uVUTAND Eco-indicator 99
I 1% y‘v a a A I 1
Eco-indicator 99 1 uas g Fatrsimiunisuasdoyalidiiuan
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o ' Y v o @ ¥ A & A =2 Y
swmsiaaneadgvestiiulnesysnd Inens 4 n1a MiunsaiAnivesgrudoyalu
T151n5% SimaPro 7.1 48% BEES 4.0 uaad 1115199 4.2 uag 43 9198191 1uaiuued

5190210 NNITUWONLAAZHUIANULAAI TUNARUIN F. LHAZMANUIN D, AUEIAY

1 Y
M990 4.2 aglfFinaazemsiaqreadisveaiu Inseyiny lnewa 4 mn

TugudoyaTdsunsy SimaPro 7.1

e , Wsmadagnld / dhu 1 vaa

i']flﬂ1§'3ﬁ@;lﬂﬂﬁ§'lﬁ Uy 4 - "

mamile MANANY MAdau Mald
ADUATABALT S ALy, 122 123 113 106
IMan an. 15,520 7,098 10,057 10,853
N3y ay.u. 28 30 6 26
AOUNTANEIL AL 43 3.0 6.1 5.9
1 I avu.u. 10.6 13.2 11.2 7.7
WaNA% - Yugihiu nn. 2,077 2,676 2,411 2,601
anunan A3, 160 226 211 217
A3zt DaFe A1, 270 333 246 250
Yum A1, 1,625 1,268 900 1,112
3 av.u. 480 745 630 630
ogiition n. 7.4 39.4 6.1 15.3
fiduuesa A3, 265 271 181 203
1A39A3I 10NN AT, 265 271 181 203
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M13197 4.2 agifFinaazemsiagneasveain Ingeyiny lnens 4 n1n

TugudoyaTisunsy SimaPro 7.1 (s10)
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s , Wanaaqild/ T 1 nda
1M iaanodig M1 ” - »
mAaiie MANAN MAdEIU mald
aulouh n3.30 102 100 76 104
pgitionvlosd ERY 102 100 76 104
o9 A3 479 303 298 272
nsziioawsiin A5.u 195 153 195 45
AMFUUA an. 822 643 826 183
Mngy n. 2.6 1.7 23 2.9
STz an nn. 23 - - -
Tavig an. 1.2 0.6 0.6 0.3
waaan an. 0.5 0.3 0.3 0.2
Tawne n. 4.0 2.8 2.8 0.6
NTLINI n. 45 3.0 3.0 1.5
Fnaadnmouen/melu A5.4 919 814 437 572
i I 1Y A5.3 260 267 254 376
NOWIF an. 167 103 60 65
manvae nn. 4.9 24 - 12
manedansd nn. 0.2 0.1 0.1 0.1
Wa@@n (HDPE) an. 120 80 40 40
Tawne n. 12 12 10 12
fion an. 0.3 0.3 0.2 0.2
NoILA n. 26 26 19 25
AR an. 0.03 0.03 0.03 0.03
Taviz (AYyn) n. 0.05 0.05 0.04 0.05
Tavig (Meenau) nn. 0.004 0.004 0.003 0.004
W% an. 27 27 39 27
nszheuin fn. 0.03 0.03 0.02 0.03
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Tugudoyalsunsu BEES 4.0
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s , Wanaaqild/ T 1 nda

M Iagnoas 19 N0 » - ”

maitle MANaN MAdEY mala
ADUNIA v 123 124 113 106
Man fn. 17,597 19,774 12,468 13,454
Iunn, It SIRTE 10.7 12.1 10.7 73
Tifas av.u. 103 12.6 252 44.4
anundn A3 160 226 211 217
N3z amUA A3.1 270 333 246 250
Yunw A5.3 1,625 1,268 900 1,112
sz (egiiidion) u. - 32 - 7.5
fildunesa 3.3 265 271 181 203
auaulouia A4 102 100 76 104
o9 A3 479 303 298 272
AU UL AU NAS auu 3.4 2.1 2.1 1.9
nszifio s A5.3 195 153 195 45
vunda'ls GIRY 0.03 0.05 - -
awaradanmeuen/nieluy CERY 1,179 1,081 691 948

4.2.2

VUABDUMI Y NUTNIUWNO Y

Y v
TuruaeumslFanuldanasansasims ldnaanu Il nasveahusineds

1 v 1

[ % < aa v
HAUNINY 4,166 kWh aell Fuilusieniuniadavesms lWihuasnais Taefiengnis I

9 o o o

9
yosthunnedegnimuall so I (eFure13udrluide 3.2.1.2) Aniuaaeaoigns 19

sudludoaldwaaaru Tnih 208,300 kwh

4.2.3

MIBFONBHNINFIS DTN U
2 ' o o va o Y o Y,
ludupoumsgouusuihgeinulannsaisasinislawasnuldihves
v 9
huineds Taaidenlddoyaniui Adalberth (1997) laviuaues 1391 lutduaounssouusy
o [ 9 @ a I Y] g}/ A [ = 9
hyessnpgldnasnuaaiu 15% veandnunsue iesninludszmalneds hifideya
Y ! A ) Y o 9 = v o o A
luduaoumsgounyuNuuveu uazandoyans lanasau Il undevesdiineden
v Y Y Y oq¥ ' 2 ! o o Y o Y a d
uaasluidednsdu sildnsiwnluduaeumsgounsnhsssnuegldnwasan luihaadlu

31,245 kWh
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A o o
4.2.4 ﬂ]ﬁﬁﬂﬂﬂu!!ﬂ%u"ﬂﬂﬂﬁ]ﬂ
?11/ dy 9 a A Y [ %1 C=
mu@]@uﬂ’liﬁ@Iﬂﬁ\?ﬁﬁ'l\?ﬂﬁ]uﬂﬁ@llﬂﬁ'lllﬁﬂ\iﬂ'lﬁWﬁQ\“l']ufl]'lﬂunJuﬂLc]fa 51.5

MJ/m’ R LTJ UA1N Thomas et al. (1996, quoted in Kofoworola and Gheewala, 2008) 1 @91) NIN13

= Aau Y 1 A A4 a X X A "o 2 < 1A N
ﬁﬂ'hl’l')i]ﬂ]l:] 'ﬁTL!ﬂ5ll']'[1161]831/]Lﬂ@ﬂluﬂ’lﬂﬂ’]iﬁﬂﬂﬂuuﬂ’]iﬂ’lﬂﬂ 984.66 g/rn TﬂEJL‘]Jum“VI’EJHmEJ

= [ (Y a o Y o a J =
RuzIaDes LAz 99931 OAIFINATY (2550) TavhmsdsziiviSinaazesdlsznovvesveude
' P X =2 QY o o y akX dqu
1NNINDA3 1ALTO00UDINT TUAFUNNUNIUAT FuTluThuWneds 2 ¥u Inunlddos
= A a ds! 2 1 9 a o dy 9y a
332 maaues waztlSnavezineavuananeaivesnudteil Inlsziiuwanszny Tay
o o v 9 aq gl.l A v ! 9 Y L= A
i hlfvaaaeismsdenaunavua esninmstamsvezanmsneasieds lulzUuuna

HUUOU

4.3 msﬂizsﬁuwanizﬂuéamﬂé’au (Life Cycle Impact Assessment : LCIA)
ransznuAunadeuvesi Ineeusnlnes 4 ma i 19unsaidnni 18Usziiuna
Tae1311)5un51 SimaPro 7.1 waz BEES 4.0 #¢1§vmsdszidiu 3 uuudresude (1) Jszidin
#1811/511n5% SimaPro 1Ag®IAYAT Eco-indicator 99 (2) Ysziiiuale 1U5unsu SimaPro Tagefiy
3% BEES waz (3) Ysziiiualelalsunsy BEES 4.0
4.3.1 SimaPro-Ecoindicator 99
Eco-indicator 99 5l133msszifiunansynudanadeniiatonia (End-point

1 Yo

Impact) #1913 NNQUATUHANTENUITI TAgazaaInalugveanguau@eniy (Damage
o o a 4 1 [} a
Category) 3 #1UAD M1A0FUANVDINYHE 5EUVTNAILALUNEINTNOINTFITUHIA 911NN
1 Y ] a d' .
FINGUUDY 11 Hanszny Teglugiazuun®afen (Single Score)
43.1.1 hulneeusny lnemamile
a [ YY) aa Y v 4 A
pansilsziiiuaasainginsdinvestiulneeysny Inenamile
WU FINAADIUHAINTNOINTFITUFIANINAGANIND 5.13E+05 MJ  surpluses ATUAI0TZUL
A P o ™ {
1A 3.79E+04 PDF*m’yr Hag qUATWUOINYBY 3.43E-01 DALY aduaadluaiinei 4.4
9y ]
AU 10azI00AUBINEUNANTENUNY 11 Wansznundwnanenguadeie lauaaq 131y

MARUIN QY. (A3 QY1 a3l a1)
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A U =S 9 [ =
A1TNN 4.4 NQUANULTYHIY (Damage Category) mmmu"lmamﬂﬁ"lmmﬂmua

15210UA287F Eco-indicator 99

I

) M3 M350

, . , M3 M3 14 , .
NENANMTH Y Mg D gounwy | uazill) | 59

LGERN A Lo .

hgesne | e
FUNNUDINY LT DALY | 8.53E-02 | 3.84E-02 | 9.11E-02 | 1.28E-01 | 3.43E-01
sruiinemi PDF*m’yr | 4.71E+03 | 9.89E+02 | 4.85E+03 | 2.73E+04 | 3.79E+04
UAAINSNOINTFITNIA | MIsurplus | 6.99E+04 | 3.16E+05 | 1.17E+05 | 9.77E+03 | 5.13E+05

) 9 Y
Tagiieiosanluuaazduaouny TuasumMsnoaite mslgam
HAZNIFOUUFVINFITNY AINAADUHAINTNIINTTITUFIANINNGANAUNINY 6.99E+04
9 4
3.16E+05 11a% 1.17E+05 MJ surpluses M@0 @auvunounsianaziiiliidadinane

sEUUHNMBNAAGAMIND 2.73E+04 PDF*m’yr

~ A 9 A A . Y [
MINN 4.5 WaﬂizmummﬂaauiugﬂﬂzuuulfmmEn (Single Score) ﬂlﬂﬂﬂWu”lVlﬂﬂialiﬂHﬂlVlfJ

A a vy ax . .
MAYUD U52UUA82T Eco-indicator 99

s p
, , s , , mssouay
nguAANIZND wide |, msldon | gewuwy |
noase o i

11395

UMWY IYBE pts | 2.22E+03 | 1.OOE+03 | 2.37E+03 | 3.34E+03
szuuiingmi pts | 3.67E+02 | 7.72E+01 | 3.79E+02 | 2.13E+03
UHAINSNOINTTITHA pts | L66E+03 | 7.51E+03 | 2.79E+03 | 2.32E+02
3 pts | 4.25B+03 | 8.59E+03 | 5.54E+03 | 5.71E+03

= 2 g a a A .
10015199 4.5 Fuduwanssziiulugazuundafed (Single
1 g’; 1 { [ a I v
Score) NUAIUABUMS IFNUTINANTZNUMINAGANINY 8.59E+03 pts AALLIY 35% voeifins
an 9 3}1 t&l o o w g’; ] o [ é S 9Y A
Fia awaretuaoumssouazii llida tazvuaeumsgeuusuihgsinugdia lndifes
[ [ Y] a I o w g’/
AUIMIND 5.71E+03 L1ag 5.54E+03 pts AntTlu 24% waz 23% aud1a uazganisnodunou

NTADEI19 4.25E+03 pts Aatdlu 18% aanaininidia euisouaana lanagali 4.1 dou

U
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a Aad A A o, ' o
i18@1&6Uﬂﬂlﬂuﬂzuuulmmmmmﬂﬂ 11 ﬂquwaﬂ’imfmhlﬂLLﬁﬂﬂﬂHﬂMNMOﬂ 8. ®IN ﬂluz

wazgln q2)

900E+03

8.00E+03

7.00E+03

6.00E+03

5.00E+03

4.00E+03

UM (pts)

flz

3.00E+03

Z00E+03

LOOE+03

0.00E+00 T

WHE NIRRT BT 1A
= o
BB 5-uute

o
I TR LY

d‘ A 9 a d‘ .
E‘IJVI 4.1 waﬂim‘}maﬁmmaau“lugﬂzmmmummmm (Single Score)

vosthu Ingousni Inemamile 1s2iiiud163% Eco-indicator 99

43.12 1hulneeyini Ineninnais

a v v a [ o
nan1sdsziliunaeaininssiaveiiulneeysni lnenianai

WU AINAROUHAINT NENTFITUMANINNFANINY 5.08E+05 MJ surpluses AR I0TZDUHNAT

3.38E+04 PDF*m’yr 102 §UANUDINYHE 3.24E-01 DALY Feaunsnagdna lanemsiaii 4.6

dausieazidenvoInquransznuidinanenguadonie lauaas1dlunamuan g.

(13197 ®y3 HazgUn 3)

A1519% 4.6 NAUANNIFENY (Damage Category) Y0411 Tnsouiny Insninnang

15 zgﬁuﬁ"w'ﬁ Eco-indicator 99

i

) M3 330

, . , M3 M3 la , .
NQUANUIFINIY WY D fouuan | nazihll | 5w

OGERN U L. .

hgesne | v




&3

AUNINVDINYHE DALY | 8.56E-02 | 3.84E-02 | 9.11E-02 | 1.09E-01 | 3.24E-01
sruviinemi PDF*m’yr | 4.85E+03 | 9.89E+02 | 4.85E+03 | 2.31E+04 | 3.38E+04
UNAINTNONTEITUBIA | MJ surplus | 6.63E+04 | 3.16E+05 | 1.17E+05 | 9.11E+03 | 5.08E+05

) Y Y
Tagionarsan lunaaziuaounu Tuaounsnedad1e mMsldau
HAYMITONLYUIIFITAY FINAADUHAINTNGINITITUIIAVINNFANAUNINY 6.63E+04
9 4
3.16E+05 1@ 1.17E+05 MJ surpluses MUA19 D d3uTuaaun1ssanaziiilmiaainane

szuutinaiunnfgaIny 2.31E+04 PDF*m’yr

~ A 9 A A . Y v
MINWN 4.7 Naﬂiz‘lﬂ‘umLnﬂa’mﬂugﬂﬂmummm‘c’n (Single Score) "llmmuhlﬂﬂmgiﬂﬁ'lwﬂ

a 9 Aaxn . .
7ANA19 U UAI8IF Eco-indicator 99

s 2
, , ms ) , mMsseuay
NQUAANIENY Wi |, msldan | sowuwy |
noas Lo ililmda

1139511

qUAMVBINYHE pts | 223E+03 | L.OOE+03 | 2.37E+03 | 2.84E+03
sruvtinemi pts | 3.78E+02 | 7.72E+01 | 3.79E+02 | 1.80E+03
UREINTNINTTITUHIA pts | 1.58E+03 | 7.51E+03 | 2.79E+03 | 2.17E+02
3 pts | 4.18E+03 | 8.59E+03 | 5.54E+03 | 4.85E+03

{ I a a {
9013199 4.7 Huwamsisziiulugiazuuudufe) (Single Score)
v 2 ' { 1w a g [ a
WUNTUADUMS IFOUTIRANTENDINA AN 8.59E+03 pts Anilu 37% ¥0937Tn533n
Y Y ¥ v
auAIsTUAoUMITaNLANTIFITNEY tazvuaeumssouazii lfida aelia IndiReany
[ Y a I o w 2
A 5.54E+03 1Az 4.85E+03 pts ATl 24% 118z 21% MUEIRY HazgANIeABIUADUNT
1 J a I v a @ 1 1
nea319liaA1 4.18E+03 pts Antllu 18% naoadninsdia aunsoudanancgii 4.2 dau
a AaAd A A o ' o
swazdeanduazuuFufeivesis 11 nquranszny lduaas 13 unanuan g (1519 4

wazgn 4)
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900E+03

8.00E+03

7.00E+03

6.00E+03

5.00E+03

UM (pts)

4.00E+03

flz

3.00E+03
Z00E+03
LOOE+03

0.00E+00

39, {\'\\ 3, wa'\ 2 '9\.&\
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& o 5N
< N N
& 5
5 N
o S
& 3
,.\'\ ‘4\\
< S

WHE NIRRT BT 1A
= o
BB 5-uute

o
I TR LY

A 1A ) a A A
gﬂﬂ 4.2 Wﬁﬂ‘i%‘ﬂﬂﬁ@ﬁdu’maﬂuiugﬂ!tﬂﬂﬂ%tluutﬂﬁmm (Slngle SCOI‘G)

vosthu Ingoysni Inennnans Usziliud1e7% Eco-indicator 99

9 o =
43.13 ‘1J11ﬂ‘|/l‘c’l’e]1§iﬂ‘1ﬂ1’lﬂﬂ1ﬂﬂmu

a v a @ o
nan1slsziiunaoninginssinvestiu Inseyin Inenindaiu

WU AINAROUHAINT NENTFITUMANINNFANINY 4.90E+05 MJ surpluses AR I03ZDUHNAT

2 47E+04 PDF*m’yr Uag gumMnueuyus 2.62E-01 DALY 3eamnsoajlnalanea1sieh 4.8

dausieazidenvoinquuansznuidinanonguadenie lauaas1dlunamuan g.

(19199 QY5 wazgln ws)

A J =S Y [ =
M1719N 4.8 NQUANULA YN8 (Damage Category) %aﬂﬂ1u1ﬂﬂ®1§iﬂyﬂ1%ﬂﬂ1ﬂ@ﬁ1u

15 zgﬁuﬁ"w'ﬁ Eco-indicator 99

I

} M3 M350

, . , s M9 , .
NENANTIN Y Wi D gounwy | uazill) | 59

LGERN A L. .

gesne | e
FUNNUDINY LT DALY | 6.02E-02 | 3.84E-02 | 9.11E-02 | 7.23E-02 | 2.62E-01
szuniinen] PDF*m’yr | 3.58E+03 | 9.89E+02 | 4.85E+03 | 1.53E+04 | 2.47E+04
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URAINTWINTFITUIA 5.11E+04 | 3.16E+05 | 1.17E+05 | 6.24E+03 | 4.90E+05

MJ surplus

x s Y
Tagiieinsanluuaazduaouny TuaoumMsnoaie msl4an
HAZNITEOUUTNLIFITNHT AINAADUHAINTNIINTTIINFIAWINNGAINIAY 5.11E+04
9 4
3.16E+05 1@ 1.17E+05 MJ surpluses MUa191 d3uduaaunissanaziii lmiaasnane

sEUUTNMBNAAGAMIND 2.47E+04 PDF*m’yr

~ A 9 A A . Y [
M3 1N 4.9 Waﬂix1/1umu’ma@uiugﬂﬂmumﬁmmEn (Single Score) ﬂlﬂﬂﬂWu”lVlfJﬂialiﬂHﬂlVlfJ

= a 9 as . .
MAD AU U5 UAI8IT Eco-indicator 99

s p
, , s , , mssouay
NguAHANIZND wide |, msldon | gewuwy |
neas L i

1395
UMWY IYBE pts | L57E+03 | 1.OOE+03 | 2.37E+03 | 1.88E+03
szuuiiogmi pts | 279B+02 | 7.72E+01 | 3.79E+02 | 1.19E+03
UHAINSNOINTTITHA pts | 1.22B+03 | 7.51E+03 | 2.79E+03 | 1.49E+02
3 pts | 3.06E+03 | 8.59E+03 | 5.54E+03 | 3.23E+03

{ I a a {
1013199 4.9 Wurwamssaiulugiazsuuudafe (Single Score)
v ¥ 1 1 1w a g [ a
WUNTVUABUMT IFOIUAINANTZNUIINNFAMINDY 8.59E+03 pts AntTU 42% v0977Tn3537n
H i ) @ 1 1w a g J g {
AWRIBTUADUMTTONUTUIFIS NEITAWAINY 5.54E+03 pts AALiln 27% drudunounsso
) o w g’/ [ 9 R A Yy v A a d
sazih llMvatazruaeumsnods udelin IndiReanune 3.23E+03 uag 3.06E+03 pts Aty
o w [ A [ = A I A A
16% 1ag 15% Auaay ansaudadnanigli 4.3 aausgazdeaniuazsuuudung)ves

9 ]
na 11 nguwansznulduaas 3 lumanuan g. (11319 g6 a1l we)
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& 5.00E+03 -
S A00EH03 7 UHAINTHEIAT BT THTIR
& 3.00E+03
= o
2 00E+03 —/ BB s-uuude
LO0E+03 7 = A HUDIN YN
0.00E+00 I r . ,
o N2 R S
‘thf‘ @\“%@ B \,5\\\
e{\\ "\“ °’\$‘n 8.,
N > N\'\X o~
o) ~N
< N
' &
b
,.\'\6‘ ‘4:\
A ,&\"\
~ 1 A v a A .
E'IJ‘VI 43 NﬁﬂiS‘VITJ@]f’)f’NLlﬁﬂﬂﬂﬂiugﬂuﬂﬂﬂglluulsﬁﬂma? (Slngle Score)

voe1hu Inseysni Inenndau Usziliudae3s Eco-indicator 99

4314 thulneeysndlneninld

nanssyiliunaeainginsiinvestiu lnseysny Inenialdnui

[ 1 1 [ a { 1 o a 4
?f\‘INaG]E]LWiﬁ\?‘1/]51/‘!81ﬂ5ﬁ55ﬂ%1ﬂﬂ1ﬂﬁ’gﬂ!ﬂ1ﬂﬂ 4.89E+05 MJ surpluses G]'IEJ@%}’JEﬁgU‘UuL"Jﬁu

2.88E+04 PDF*m’yr LAz U N8N HE 2.80E-01 DALY Faamnsoajiwa lddemsiadi 4.10

dausieazidenvoInquransznuidinanenguadonie laudas1dlunianuan g.

(M13199 QY7 naggln a7)

~ ' = Y 1% Y
A15 19N 4.10 NQUANNIFYYINY (Damage Category) ﬂl@ﬂﬂ11&1ﬂﬂ@1§iﬂ‘kﬂﬂﬁlﬂ1ﬂ1@l

15 zaﬁuﬁw?’% Eco-indicator 99

Fi
) s M330
, . , s M 1% , .
NGUANUFENIY Mg L gouuan | wazihll | 9w
foain N L. .
s | Mida
AUMWUBIYHE DALY | 593E-02 | 3.84E-02 | 9.11E-02 | 9.08E-02 | 2.80E-01
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a 4
TEUVULIAU

PDF*m’yr

3.57E+03
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4.85E+03
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LHAINTNOINTFITUHA

MJ surplus

4.92E+04

3.16E+05

1.17E+05

7.01E+03

4.89E+05

x Y Y
Tﬂmﬁawmimﬂmmazmumuwum ‘lJ‘L!G]’E)'L!ﬂ']iﬂEJﬁ%}N ﬂ?ii%}QWU

HAZNITEOUUENIIFITAY AINAADUHAINTNEINTFITUHIANINNGALNINY 4.92E+04

3.16E+05 1@ 1.17E+05 MJ surpluses MUA19 D @3uTuaaun1ssanaziii lmiaainane

szuuinmibnafgawindy 1.936+04 PDF*m’yr

d' A 9 a d' . Y [
MINN4.11 waﬂ'iz1/1ummﬂaau"lugﬂﬂzuuummEn (Single Score) ﬂlﬂﬂi_l"luhlﬂflﬂiéliﬂkﬂ%ﬂ

Mald Usziiud1e95 Eco-indicator 99
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, , ms ) , msseuay
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noai L liliva
113951

AUMNUBIYHE pts | 1.54E+03 | 1.00E+03 | 237E+03 | 2.37E+03

sEuuiinmg pts | 2.79E+02 | 7.72E+01 | 3.79E+02 | 1.51E+03

UHEINSWEINTTITUINA pts | LI17E+03 | 7.51E+03 | 2.79E+03 | 1.67E+02

39U pts 2.99E+03 8.59E+03 5.54E+03 4.04E+03

A < a a A .
910015199 411 Wuranisszivlugiazuunaaufen (Single

v 2 U { v 1w a I
Score) WUV UABUNT LFNUTINANTZNUNINAGATAUNINY 8.59E+03 pts AnLilu 41%

v
v o a o 1 o [ 1 [ Y a g
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YA
URY iy U 3
NGUHANITZNY A 5 auth oy IGH autlszg- | aula N L | fzuuu
UNAIA QUMA
Taseadhe WA | AnueIAd | anued wihee | uazam | gqudwel (pts/house)
1ie fiaity 1ula

azanutunia 0.00E+00 | 3.91E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.91E-02
Psuravamsluema 2.15E+00 2.74E+00 4.07E-01 2.36E+00 3.01E-01 0.00E+00 4.13E-02 1.08E-03 0.00E+00 | 8.00E+00
mmﬁ"]uﬁwiaszuuﬁwﬁﬁ 1.57E+01 1.71E+01 6.83E+00 | 8.16E+01 4.37E+00 1.69E-01 2.15E+01 8.61E-03 2.03E-02 1.47E+02
mm?mﬁuimjmﬁ%% 2.98E+00 | 7.18E+00 | 1.58E+00 | 1.09E+01 | 7.21E-01 | 2.57E-02 | 2.71E+00 | 2.15E-03 | 0.00E+00 | 2.61E+01
AnzoanosYeaImAMloada 341E+00 | 427E+01 | 3.70E+00 | 2.28E+01 | 2.05E+00 | 2.59E-02 | 2.81E+00 | 1.08E-02 | 6.74E-03 | 7.75E+01
maﬂaﬂ%'au 7.99E+00 2.29E+01 3.47E+00 | 3.08E+01 2.29E+00 4.62E-02 5.49E+00 8.61E-03 6.74E-03 7.30E+01
manasunlasiiegord 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
danagegUN MUY BT 1.68E+03 | 6.47E+01 | 8.54E+01 | 2.57E+03 | 1.77E+02 | 2.49E+00 | 3.37E+02 | 1.58E-01 | 1.35E-02 | 4.92E+03
AunmoInanieluoins 4.03E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.19E-01 | 3.60E-01
ToTasulusunssome 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
MINANNDNATU 5.14E+00 1.30E+01 1.72E+00 1.66E+01 1.62E+00 2.56E-02 2.79E+00 6.46E-03 7.47E-02 4.10E+01
Winumsldh 7.88E-01 | 1.95E-01 | 5.99E-01 | 8.61E+00 | 5.14E-01 | 2.06E-02 | 2.68E+00 | 2.15E-03 | 0.00E+00 | 1.34E+01
FIWALUUY (pts/house) 1.72E+03 | 1.71E+02 | 1.04E+02 | 2.74E+03 | 1.89E+02 | 2.80E+00 | 3.75E+02 | 1.98E-01 | 4.41E-01 | 5.30E+03
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M50 4.17 mansgnudanadenvestihu Inseysny lnsaanasTasiianrsanuenawmuiaau YsaiiiudieTsiunsy BEES 4.0

UUIATU
NUHIT AU o
, " . AZUUY
AYUHANTENY A 5 e oy uag nulszg- | 1ula N .
v PUNIM VA , v v . NUMEF | (pts/house)
Iﬂi\iﬁiN IWATU ANLIAINT ANLIAN UUIAN HagIN fjgllﬂm"ﬂ
N o & .
1T AN 1u'la
azanutunia 0.00E+00 | 3.70E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.70E-02
USuawads lueima 2.17E+00 | 2.70E+00 | 4.18E-01 | 1.65E+00 | 3.02E-01 | 0.00E+00 | 4.34E-02 | 5.38E-04 | 0.00E+00 | 7.29E+00
anuduiivAesuuimi 1.61E+01 | 1.71E+01 | 6.95E+00 | 5.32E+01 | 4.66E+00 | 4.32E-01 | 2.11E+01 | 4.31E-03 | 1.86E-02 | 1.20E+02
masgan Tavesiai 3.02E+00 | 6.96E+00 | 1.61E+00 | 7.15E+00 | 7.30E-01 | 5.78E-02 | 2.66E+00 | 1.08E-03 | 0.00E+00 | 2.22E+01
AMzoanasvaeIaIpaFa 345E+00 | 4.08E+01 | 3.78E+00 | 1.48E+01 | 1.88E+00 | 5.80E-02 | 2.78E+00 | 5.38E-03 | 6.18E-03 | 6.76E+01
Az lanfou 8.30E+00 | 222E+01 | 3.54E+00 | 2.02E+01 | 225E+00 | 1.11E-01 | 5.40E+00 | 4.31E-03 | 6.18E-03 | 6.20E+01
mnfasunlasnegends 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
danagegUN MUY BT 1.70E+03 | 1.34E+02 | 9.13E+01 | 1.76E+03 | 2.01E+02 | 6.36E+00 | 3.32E+02 | 7.91E-02 | 1.24E-02 | 4.22E+03
AunmoInanieluoins 5.80E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.93E-01 | 3.51E-01
Tolgulugsuusserms 0.00E+00 | 6.89E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 6.89E-02
MINAruBNATU 520E+00 | 1.27E+01 | 1.75E+00 | 1.I0E+01 | 1.58E+00 | 5.76E-02 | 2.75E+00 | 3.23E-03 | 6.85E-02 | 3.51E+01
PFnamsldi 798E-01 | 1.85E-01 | 6.02E-01 | 545E+00 | 4.91E-01 | 5.36E-02 | 2.63E+00 | 1.08E-03 | 0.00E+00 | 1.02E+01
SIUAZUUY (pts/house) 1.74E+03 | 2.37E+02 | 1.10E+02 | 1.87E+03 | 2.12E+02 | 7.13E+00 | 3.70E+02 | 9.90E-02 | 4.05E-01 | 4.55E+03




99

2= P I
aninihvivae Ml la
SEULTAT 3% vaafimin 1% Famaaleada
1%
MsnATiIanAINL

1% Mazlanien 1%

AaraAegun I

VOUNIHA 93%

A v 1 Y [
sUn 4.10 ﬁﬂﬁ')uﬂflﬂﬁzﬂﬂﬂlﬁ]ﬂﬂ’]uq'ﬂflﬂialiﬂ‘]%ﬂﬂﬂﬂ'lﬂﬂa'lﬁ

U

sziiude Tas1n3y BEES 4.0

Y @ =
4333 1hulneeysni Inenndau
a 9 [ = [ A

nansdszidiuiiuIneoysnd Inemadaudwaasluaiiiei 4.18
WUIMUIANUHITIAZANUAIAIMTIAINANTENUADTWIARDNNINAGAMINY 1.61E+03 pts
a g d v D, a g A
Ay 44% VDIHUIANUNINUA MUAIBNUTATIASTN 1L.STE+03 pts AaTlu 43% uazilie
A 1 1 [ 1 4 { a g o {
WOIFANNGURANTZNUNLIN eaNanoguMMoIuyBaunnganailu 92% aaaaslugiin 4.11

d‘ o U
wagi 4.12 awdrdy



100

MUTILaz 31141]-53::53—1111'1551'13

ANLIAIFITIN

200

% TAGYRG EAL

43%

SRITTIS TR N _/

ANLLAIFIIFRIY

44%

aihwmans 29 maraIm 4%

'ﬂﬁ 4.11 ﬁﬂﬁ’JH‘Vill’JﬂﬁLl'ﬂﬁQNaﬂiwﬂﬂ‘]]@QUWu]lTIﬂﬂuiﬂ%ﬂﬂEJﬂWﬂ’e)ﬁTL!

UsziiuareT151n33 BEES 4.0

2 - T T o
annihiivde N3k i!f_“‘” la )

_ Vsl 1% wewiasvleada
SRV 3% VBWITUT 1%

200

MsnATiIanAINL

1% Mzlanion 1%

AaraAegun I

VBUNIHA 92%




101

Ld' [ U 9 [ =S
E‘IJVI 4.12 ﬁﬂﬁjuwaﬂigﬂﬂﬂlﬂ\iUWl‘lUl‘ﬂﬂﬂuiﬂ]ﬂﬂlﬂﬂﬂWﬂﬂﬁWU

1sziiiudeTasiunsy BEES 4.0



M50 4.18 mansznudanadenveathu Inseyiny InsandeuTasiinrsanuonammuinau YsaiiiudreTsunsy BEES 4.0

101

NUIAITU
Queis | i .
, ) au | atiula AZUUY
NANNANTENUY U o Q"ILWh g g 41U - U
Y UHANA1 , . SIEEE 1azsNn L | numa + < | (pts/house)
Iﬂi\iﬁiN IWATU ANLAN ANLAIANT Y o qUOUN aman
L e wiha | dula
WINUN WU
amganuilunse 0.00E+00 | 3.72E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.72E-02
Pmawaaslueimea 1.98E+00 | 2.62E+00 | 2.86E-01 | 1.34E+00 | 1.93E-01 | 0.00E+00 | 1.76E-02 | 8.61E-04 | 0.00E+00 | 8.29E-02 | 6.52E+00
anunilufinaoszuniinmd 1.40E+01 | L.63E+01 | 7.47E+00 | 4.99E+01 | 3.69E+00 | 3.30E+00 | 1.16E-01 | 6.89E-03 | 1.19E-02 | 6.63E-01 | 9.54E+01
N33 A Tavesiyi 2.67E+00 | 6.83E+00 | 1.50E+00 | 6.82E+00 | 6.09E-01 | 4.16E-01 | 2.15E-02 | 1.72E-03 | 0.00E+00 | 1.66E-01 | 1.90E+01
ﬂW’J%ﬂﬂﬂﬂﬂ‘Uﬂ\iL%ﬂlwaﬂ
R 3.07E+00 | 4.07E+01 | 2.96E+00 | 1.40E+01 | 1.55E+00 | 4.16E-01 | 2.89E-02 | 8.61E-03 | 3.95E-03 | 829E-01 | 6.36E+01
veoada
azlanfou 724E+00 | 2.18E+01 | 3.14E+00 | 1.88E+01 | 1.76E+00 | 8.28E-01 | 5.90E-02 | 6.89E-03 | 3.95E-03 | 6.63E-01 | 5.43E+01
m3nfasunlasnegende 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
AINAAD UMWDY HE 1.54E+03 | 6.27E+01 | 1.01E+02 | 1.50E+03 | 1.17E+02 | 4.87E+01 | 1.37E+01 | 1.27E-01 | 7.94E-03 | 1.22E+01 | 3.40E+03
AuMmeIMANylueIng 5.45E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.88E-01 | 0.00E+00 | 2.42E-01
ToTosu lusuusseme 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
msinavNenaiy 4.67E+00 | 1.24E+01 | 1.60E+00 | 1.01E+01 | 1.21E+00 | 4.16E-01 | 4.39E-02 | 5.17E-03 | 4.39E-02 | 4.97E-01 | 3.09E+01
Psnamsldi 6.57E-01 1.86E-01 | 7.46E-01 | 5.35E+00 | 4.66E-01 | 4.12E-01 | 2.54E-03 | 1.72E-03 | 0.00E+00 | 1.66E-01 | 7.98E+00
FIUALUUY (pts/house) 1.57E+03 | 1.64E+02 | 1.I8E+02 | L.61E+03 | 1.27E+02 | 5.44E+01 | 1.40E+01 | 1.58E-01 | 2.59E-01 | 1.53E+01 | 3.68E+03
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NUIAITU
Queis | i .
, ) au | atiula AZUUY
NANNANTENUY U o \TI“L!Ph g g 41U - U
Y UHANA1 , . SIEEE 1azsNn L | numa + < | (pts/house)
Iﬂi\iﬁiN IWATU ANLAN ANLAIANT Y o qUOUN aman
L e wiha | dula
WINUN WU
amganuilunse 0.00E+00 | 3.73E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.73E-02
Pmawaaslueimea 1.87E+00 | 2.62E+00 | 3.48E-01 | 1.46E+00 | 1.69E-01 | 0.00E+00 | 9.69E-03 | 6.46E-04 | 0.00E+00 | 3.18E-03 | 6.48E+00
anunilufinaoszuniinmd 132E+01 | L.63E+01 | 6.13E+00 | 4.75E+01 | 1.58E+00 | 2.75E-01 | 9.13E-02 | 5.17E-03 | 1.63E-02 | 2.54E-02 | 8.52E+01
N33 A Tavesiyi 2.54E+00 | 6.84E+00 | 1.34E+00 | 6.45E+00 | 2.85E-01 | 3.76E-02 | 1.38E-02 | 1.29E-03 | 0.00E+00 | 6.35E-03 | 1.75E+01
ﬂWU%ﬂﬂﬂﬂﬂ‘UﬂQL%ﬂlwaﬂ
R 291E+00 | 4.08E+01 | 3.00E+00 | 1.32E+01 | 6.50E-01 | 3.76E-02 | 235E-02 | 6.46E-03 | 5.42E-03 | 3.18E-02 | 6.07E+01
veoada
azlanfou 6.79E+00 | 2.19E+01 | 2.93E+00 | 1.80E+01 | 8.76E-01 | 7.15E-02 | 4.29E-02 | 5.17E-03 | 5.42E-03 | 2.54E-02 | 5.06E+01
m3nfasunlasnegende 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
AINAAD UMWDY HE 1.46E+03 | 6.19E+01 | 8.39E+01 | 1.57E+03 | 1.24E+02 | 4.06E+00 | 8.18E+00 | 9.49E-02 | 1.08E-02 | 4.67E-01 | 3.31E+03
AuMmeIMANylueIng 5.83E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.55E-01 | 0.00E+00 | 3.13E-01
ToTosu lusuusseme 0.00E+00 1.61E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.61E-02
msinavNenaiy 443E+00 | 1.24E+01 | 1.49E+00 | 9.88E+00 | 6.79E-01 | 3.76E-02 | 3.32E-02 | 3.88E-03 | 5.96E-02 | 1.91E-02 | 2.90E+01
Psnamsldi 6.36E-01 1.86E-01 | 5.54E-01 | 4.86E+00 | 5.60E-02 | 3.40E-02 | 0.00E+00 | 1.29E-03 | 0.00E+00 | 6.35E-03 | 6.34E+00
FIUALUUY (pts/house) 1.49E+03 | 1.63E+02 | 9.97E+01 | 1.67E+03 | 1.28E+02 | 4.55E+00 | 8.39E+00 | 1.19E-01 | 3.52E-01 | 5.84E-01 | 3.56E+03
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@Aeanufe NurmisazanuaIRImisdanansznuIniga auaieauIasaade lasaana
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ASLUUY (pts/house)

NUIAIY ~ — "
NMAUD NIANAN NADAIU mﬂ“l@l
ulasaadi 1.72E+03 1.74E+03 1.57E+03 1.49E+03
NUAFIM 1.71E+02 2.37E+02 1.64E+02 1.63E+02
Aufhmanu 1.04E+02 1.10E+02 1.18E+02 9.97E+01
UATILAZ ANUAIHINIY 2.74E+03 1.87E+03 1.61E+03 1.67E+03
nuituazanus sy 1.89E+02 2.12E+02 1.27E+02 1.28E+02
nulszg-haa 2.80E+00 7.13E+00 5.44E+01 4.55E+00
i latazsiivla 3.75E+02 3.70E+02 1.40E+01 8.39E+00
nuguSan 1.98E-01 9.90E-02 1.58E-01 1.19E-01
Auma 4.41E-01 4.05E-01 2.59E-01 3.52E-01
Nutianan 0.00E+00 0.00E+00 1.53E+01 5.84E-01

R a a <3| A
Tagluntivzveusniinsawanssziiivesnilu 2 nydine
a dy Aq ¥ g}.l v 9 o o
1) wosaniui lsaesnardivesiuine de
A Y ~ a = o ' 9 o =
e ldemsanFouovsiianazUSmaiagnedaiianan q A
T¥dmsuihuIneeysnd Inoawisoazyllddemsei 421 aaumansgnudedaunadonly
JUBUUAZLUMFURYY (Single Score) @WNT0AUIAAINITINN 4.22 LazuAAIANITTOULN
v Y H
aunadenveaiungoyiny lnona 4 mn lddsgli 4.16

7Y

M50 4.21 Painadagneadwnlgd i lneoysntne 4 nn

1M Taanodig MAHile MANAN MAdAIU mald
ADUAIA, ALY, 123 124 113 106
mian, . 17,597 19,774 12,468 13,454
Yunu, as.u. 1,625 1,268 900 1,112
99, A3 479 303 298 272
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J1AZDIANIAY . ,
51813 ‘ U | 1
SIEETRLY! 113
o K ~ A 9 I Y o Y I
23. Antherih langgu Tasdouriaduuidaiyu ldsoudiniounon Tanzau 2 %A
Tasiiey (90)
- NOUNADI 1.34 an.
- wanaan 0.20 nn.
24. dmiszaeoeu 3 %A
¥ 1
HrinAeYA 0.30 nn.
10819901 | 160.1607 n3Y
PNTOINIY | 4.5331 nsu
NAAAN (FHIRA+NUVIY) | 68.3695 N3N
wawaadn | 1.6202 nsu
Winsoumannneurassyy Insdion | 65571 A5y
fion | 5.6240 N5
- g9E1UPoU 0.4941 nn.
- wagan 0.2100 nn.
- NOUNABI 0.0365 an.
o 14 a dy =)
25. 19NIN0T AFA.-HIYNTIouAADL 2 %)
P ’ M) X \
PINDT 2 13 1¥nseiiiod 30 i
¥ ¥ 1] T
MMIANTZIDIABUAHY 0.5 an.
A A ) X \
Wun 1 ens1awes l¥nsziiios 25 T
A A B ~ B
NN 11519003 lEnsuuea 4 An.
A 2 ]
WU 1 ans1amas lajueuun 0.25 nn.
Fli
- AIYPAFIINN 15 an.
= 4
- AU 2.4 nn.
- Yugun 0.2 n.
26. UHIEIATULIA 8 DI WIDUINU 32AT, 2P, IC10kA 1 Set
Y
Wnin 2.7 an.
- Tane 2.5944 ne.
- flon 0.0056 an.
- wanaan 0.1 nn.
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SwaziBoaiuAy . ,
510M3 I | Mg
IEFVRL N
27. MCB 16AT, IP 3 Set
waaan | 44.6558 a5y
NVAUA | 30.2032 N3
NOUNADY | 6.0091 n5u
a1l39 | 0.7685 a5y
flon | 6.3214 a3
Tane Ayn) | 13.1792 n5Y
Tang (mdn) | 10.7814 a¥u
Taviz (Medau) | 1.1144 n5u
- wWandan 0.1340 an.
- NIAY 0.0906 fn.
- NBUNADY 0.0180 fn.
- afsq 0.0023 an.
- flon 0.0190 | nn.
- Tawg (Ayn) 0.0395 nn.
- Tawe (man) 0.0323 an.
- lavig (Medau) 0.0033 fn.
28. 6 THW 10 m
dhminmeaasrene 1 was | 55.0720 N3
- NoWAY 0.5507 fn.
dminiiadenuen 1 was | 20.7120 N3
- W% 0.2071 an.
29. 10 THW (144oya 16 THW) 10 u.
dhmifnneauasdene 1 was | 39.8310 N3
- NOWAY 0.3983 fn.
YhminiB3aaennuen 1 was | 37.9900 n5u
- WY 0.3799 nn.
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SwaziBoaiuAy . ,
510M3 I | Mg
IEFVRL N
30. 2x2.5/1.5 VAF-GRD (19401ya 2x4/2.5 VAF-GRD) 180 u.
dhminneaasiene 1 was | 97.9400 N3
- NIAY 17.6292 | 1.
Yminitadenuen 1 was | 114.8970 N3
- W% 20.6815 | .
31. 2x10 VAF (1940ya 26 VAF) 10 u.
dhifnneasdened 1 was | 116.7060 N3
- NOWAY 1.1671 fn.
Yminii3aaennuen 1 was | 100.6480 n5u
- WY 1.0065 nn.
32. 2x1.5 VAF 130 u.
dmianeauasienue 1 was | 26.8840 N3N
- NoWAY 3.4949 fn.
dhminii3aaenuen 1 was | 46.7590 N3
- W% 6.0787 fn.
33. anlauvlgeasdiwud nasunanildeovana 18 (200 W 5 Set
Aaeuwman | 300 a¥u
awll (W) | 8.0967 nu
NOUIAI | 6.1848 N3
Mdaal3a meanaey) | 2.5982 A5y
foaTion (UNINDUKAY) | 4.6136 A5y
a133 | 1.7104 A5
fion | 3.0053 a3
wanadan | 352515 N5
- Tawe (man) 1.5000 | nn.
- WY 0.0405 nn.
- NIAY 0.0309 fn.
- NBUNADY 0.0361 fn.
- afsq 0.0086 an.
- flon 0.0150 | nn.
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SwaziBoaiuAy . ,

510M3 I | Mg

IEFVRL N
33. anlnulgesisaiud nasunanasoviana 18 (20) W (#0) 5 Set
- wWandan 0.1763 an.

Waanad

agiifloy | 417.9125 Ny

NOIAY | 54.6050 N3N

WaEAn | 5.4603 N3N

Tang (man) | 483317 N3
- aglitie 2.0896 | nn.
- NOWAY 0.2730 fn.
- wWandan 0.0273 an.
- Tawe (man) 02417 | nn.

ansnned

NOAI | 0.0522 N3N

Tang (man) | 0.3900 N3

nszithzudd | 15343 a5y

nownany | 0.7815 nsu

wanaan | 3.5023 N5
- NOIAY 0.0003 an.
- Tawe (man) 0.0020 | nn.
- nyzihzum 0.0077 n.
- NBUNADY 0.0039 n.
- Waadn 0.0175 nn.
34. anlauvgoasaisud naounannldosraen 36 (40) W 12 Set

Aaouman | 580 a¥u

a1l (W3F) | 15.8013 nsu

NOAUA | 11.5345 N3

fbaaLse (meunang) | 2.6024 nu

oAt (UNINDUKAY) | 4.5792 A5y

alse | 1.7315 N3N

flon | 2.8894 a3
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SwaziBoaiuAy . ,

510M3 I | Mg

IEFVRL N
34. anlnulgesisaiyud nasunanassvana 36 (40) W (#0) 12 Set

wanaan | 33.7186 a5y
- Tawg (man) 6.9600 | nn.
- W% 0.1896 fn.
- NWAY 0.1384 n.
- NPUNADY 0.0862 fn.
- mfsq 0.0208 an.
- fion 0.0347 | an.
- wWandan 0.4046 an.

Waanad

oguition | 444.1580 N5

NOUAI | 64.1209 N3N

waaan | 5.0965 N7

Tawe (man) | 452870 n5Y
- aglitileu 5.3299 n.
- NOWAY 0.7695 fn.
- wandan 0.0612 an.
- Tawe (man) 05434 | nn.

aminaes

NOUAI | 0.0522 N3N

Tawe (man) | 0.3900 nsy

nszithzudd | 15343 a5y

nounany | 0.7815 n5u

wanaan | 3.5023 a5
- NOWAY 0.0006 fn.
- Tawg (man) 0.0047 | nn.
- nsznheudn 0.0184 | fn.
- NBUNADY 0.0094 fn.
- Wandan 0.0420 an.
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SwaziBoaiuAy . ,
5103 NUIU | Wue
IEFVRL N
35. @3ATIALY 16A, 250V 16 Set
31U (NADINATANUULADY)
waaan | 49.4668 a5y
flon | 3.9634 AU
- wWaadn 0.7915 an.
- flon 0.0634 | nn.
UHINEININ 1 ¥4
waaan | 38.6479 n5u
fion | 1.5777 n3u
- wWandan 0.6184 an.
- fion 0.0252 | an.
AINFMAUREI 16A
wanaan | 14.9535 N3N
Hon Mouwded) | 1.1713 A5
ontion (MoAUNand) | 3.5872 A5
- wandan 0.2393 an.
- NPUNADY 0.0761 fn.
36. AIAFEUMA 16A, 250V 2 Set
31U (NADINAIAANUULADY)
WaEan | 49.4668 N3N
flon | 3.9634 AU
- Wandan 0.0989 an.
- flon 0.0079 | nn.
UHINTNA 1 T4
waaan | 38.6479 N5
fion | 1.5777 n3u
- wWandan 0.0773 an.
- flon 0.0032 | nn.
TN 16A
wadan | 21.3901 N3N
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SwaziBoaiuAy . ,

510M3 I | Mg
IEFVRL N

36. AINTAIWNI 16A, 250V (D) 2 Set
fba (neauad) | 3.5981 nu
Tanig (man) | 1.8182 s
a1f39 | 02898 Ny

- Wandan 0.0428 an.

- NWAY 0.0072 n.

- Tawz (man) 0.0036 an.

- mf3e 0.0006 fn.

37. ISugHaY ¥1a 16A, 250V 15 Set
waaan | 45.8017 a5y
fidation Moandes) | 16.0883 N3
#1n501 housing (lane) |  5.4046 n3Y
flon | 6.4012 a3

- Waadn 0.6870 nn.

- NPUNADY 0.2413 fn.

- Tawe (man) 0.0811 an.

- fion 0.0960 | n.

WG IgAT 352AUNN (2550)

*k o a @ o @ ' o !
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M3190 ¥1 T1emsTaaneadielugiudoya Tsunsy SimaPro 7.1 az BEES 4.0

e gudeya
FYNMITIAANDAIN
SimaPro 7.1 BEES 4.0

Q1ul’3ﬁ’lﬂiiiﬂﬂ'ﬁﬁ%}ﬁ
- ADUNIA Concrete, sole plate and Generic 100% Portland Cement

DAL foundation
- man Reinforcing steel Generic Steel Framing
- Nn3Ig Sand -
- ABUNIA Concrete, normal Generic 100% Portland Cement

ne1y
- A ETRTRY Hardwood, stand establishment/ Generic Wood Framing-

llﬁ}f’%l 1 tending/site development, under Untreated

bark

- l3insn - Generic Wood Framing-Treated
- IMand Steel cold rolled Generic Steel Framing

Y
& (Wugihdn)

- T o0 Alkyd paint, white, 60% in solvent | Generic Consolidated Latex
1N Paint
NUNAIMN
X
- N3YLUDY | Concrete roof tile Generic Clay Tile
= 4
SHIUUR
- ﬂ”um‘u Stucco Generic Stucco
- 157 Wood chips, hardwood, from Generic Wood Framing-Treated
industry, u = 40%
- 5 1 3| AlCuMg2 (2024) 1 Generic Aluminum Siding
321181 (agiiitiow)
9|
AuEhway
- g1 & Gypsum fibre board Generic Gypsum Board
4
UaIA
- Tasaq Aluminium, production mix -
ERRLINATIEY
- Man Reinforcing steel Generic Steel Framing
- 3 Wood chips, hardwood, from Generic Wood Framing-Treated

industry, u = 40%




212

- ﬂ”um‘u Stucco Generic Stucco
- audule | Glass fibre Generic Fiberglass Batt R-38
Y
1N
- oguition | Aluminium foil B250 -
Woud

UHNULBEANLAIHINGS

Brick Generic Brick and Mortar

22

5]
- ﬂ”um‘u Stucco Generic Stucco

- AOUNTA Concrete, normal -

M35190 ¥1 1emsdaaneadialugiudoyalisunsy SimaPro 7.1 uaz BEES 4.0 (A0)

e gudeya
FYNITIAANDAIN
SimaPro 7.1 BEES 4.0
NUATLAZANUAIAINIY (71D)
- tgudunay | - Generic 100% Portland
MUNVYA Cement 5KSI
- T3 - Generic Wood Framing-
Untreated
- 157 Wood chips, hardwood, from Generic Wood Framing-
industry, u=40% Treated
- Man Reinforcing steel Generic Steel Framing
- ﬂizlﬁl@ﬁm{ 31 | Porcelain I Generic Ceramic Tile with
in Recycled Glass
- AT Adhesive mortar -
amﬁuuammwﬁﬁaﬁu
- 1Jumu Stucco Generic Stucco
- ﬂizzﬁymm 31 | Porcelain I Generic Ceramic Tile with
in Recycled Glass
- AMIBUA Adhesive mortar
- 8 Wood chips, hardwood, from Generic Wood Framing-
industry, u =40% Treated
- Man Reinforcing steel Generic Steel Framing
- fmm‘q Glued laminated timber, indoor -
use

Y
uUYsEa-1i1ag
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- 1l5¢ f Door, inner, wood -
- Tane Bronze -
- Tavie Chromium, at regional storage -
- 89FUATIEH | Synthetic rubber -
- Man Reinforcing steel Generic Steel Framing
- RGEREETEN Polyurethane rigid foam E -
naeran
- 15 @ﬁeﬁf PVC (suspension -
polymerisation) E
- E‘JQﬁLﬁfﬂJ Aluminium, production mix -

M3190 31 1emsdagneasialugiudoyaTisunsy SimaPro 7.1 1az BEES 4.0 (Ap)

o gudeya
F1UNMTIAANDAIN
SimaPro 7.1 BEES 4.0
Nu1sza-1a (Ap)
- 1ot Wood chips, hardwood, from Generic Wood Framing-Treated
industry, u =40%
- VIUINGA Generic Cedar Siding
14
- gqndolu | Nylon6 -
G}
- nszanla | Flat glass, uncoated -
- 137 Fibreboard hard -
i lavazsiniula
- ADUNIA Concrete, sole plate and Generic 100% Portland Cement
foundation
- 1Ju¢nu Stucco Generic Stucco
- E]Qﬁlﬁﬂu Aluminium, production mix -
- W% PVC calendered sheet E -
- 137 Wood chips, hardwood, from Generic Wood Framing-Treated
industry, u =40%
- Lvoan Reinforcing steel Generic Steel Framing
nand
- N3y L‘IAJS(’E) 3 | Porcelain I Generic Ceramic Tile with
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CERITY Recycled Glass
- 1 7| Adhesive mortar -
Fraug
- auauee | GX12Crl4 (CA15)1 -
Nuguiual
- RN Sanitary ceramics, at regional -
storage
- waaan | ABSI -
- NOUKADY | Brass -
- auauae | GX12Crl4 (CA15) 1 -
- Ehﬁm‘m% PMMA I : (polymethyl -
ozAsan methacrylate)
- 8 1 3 | Synthetic rubber -
dunsied
- Tavg X6Cr17(430)1 -
- wagan Acrylonitrile butadiene styrene -

copolymer, ABS

15197 ¥1 s1emsdagnoaielugiudoyalilsunsy SimaPro 7.1 18z BEES 4.0 (70)

A
Y
o JIUUBYA
51ﬂﬂ1§"flﬁﬂﬂﬂﬁi1\1
SimaPro 7.1 BEES 4.0
1% 4 1
NUAUVOIUN (§1D)
- Tavig G-ZnAlCu I -
- N3LINNT | Solar collector glass tube, with -
silver mirror
F

- n35211U09 | Porcelain I Generic Ceramic Tile with

155130 Recycled Glass
- N1 7| Adhesive mortar -

s 14

HIUURA
Quma
- anadan Acrylic varnish, 87.5% in H,0 Generic Virgin Latex Paint

meuen/melu

f= )%
o
=)
ﬁe
=
=

LEAntd

Alkyd varnish ETH S

Generic Virgin Latex Paint

f=)}
Toe
>
=
=
=

Alkyd paint, white, 60% in

Generic Consolidated Latex
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WMan solvent Paint

Nuitiaman

- N3y L‘IAJS(’E) 3 | Porcelain I Generic Ceramic Tile with
155130 Recycled Glass

- N1 72| Adhesive mortar -
Fua

NUILVUFINLNA

- NN PVC pipe E -

- MAn¥ae | Castiron -

- 8 1 3 | Synthetic rubber -
Faunser

- L GRE AlZnCuMg (7075) 1 -
daned

- NOUNADY | Brass -

- wadan Polyethylene, HDPE, granular -

auszyniih

- Tang Steel (sec) | -

- fiom X10Cr13 (mart 410) T -

- wandan Polyurethane rigid foam E -

- NBILA Cu-E1 -

- NOUNADY | Brass -

- GRIEN 38Si6 1 -

- Tawge Tin, at regional storage -
@yn)

M3199 ¥1 1emsagneasialugiudeyalisunsy SimaPro 7.1 11az BEES 4.0 (Ap)

s1emsiganoaiig

gudoya

SimaPro 7.1

BEES 4.0

sz i @e)

- Tawne Tungsten I -
(Nean)
- W PVC (suspension polymerisation) | -
E
- agiifloy | AlCuMg2 (2024) I -
- nszilg Packaging glass, white -
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e , Wmnadagn 1y / thu 1 nda
sMIiagnods nU9Y ” - »
MAMile MANA AU mald
AOUNTADALT AL, 121 122 109 102
L‘Hﬁﬂ . 14,878 16,620 9,701 10,569
N3y av.u. 28 30 6 26
ADUNTANETL IR 1 1 4 4
T 198 a1, 10.6 13.2 11.2 7.7
2 wa 2 <
MANAI - Jugaion an. 2,077 2,676 2,411 2,601
dAnunan PRV 150 216 203 217
A15197 2 AUHAIA
L , Wsmnadagn 1y / dhu 1 waa
M3 Iagnoas 1 NUY ” - ”
RGIVTE) AANA MADA mald
N3z aFmud CERY 270 333 246 250
Yun CERY 18 102 21 14
a7 GIRY 1 2 1 2
s1sznerdy (egiiitien) u. - 32 - 7.5
A 9
15190 ¥3 U unaIu
L , Wnariaanld / thu 1 nad
M3 Iagnoas 1 NUY ” - ”
AL MANA MADAU mald
Slduvosa A3 265 271 181 203
LGERGERRE LAY CERY 265 271 181 203
Man an. 34 34 4 31
137 GAIRY 32 32 43 3.1
Yuny A3 11 17 9 16
auulauia PRV 102 100 76 104
egiliiowlosd CERY 102 100 76 104
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e , Wmnadagn 1y / thu 1 nda
i']ilﬂ'li'Jﬁﬂﬂﬂﬁi'N HUIY 4 - "
mamile MAanan MmadaEu mald

o9 PR 479 303 298 272
Yuny A3 987 773 509 684
ADURIA au.u. 3.4 2.1 2.1 1.9
37 av.u. 22 25 15.4 7.6
an an. 446 282 278 253
ﬂiglﬁﬂﬂlﬂﬁ1ﬁﬂ 3.4 46 28 17 15
AMFLUA an. 196 119 73 64

d' dy 1T Aa dy

ATNN B5 NUNULAZANLAININY
L , Wsmnadagn 1y / dhu 1 waa
eMsiaqneaig IEYY — — "
NALYIUD NIANAN NADHIU ﬂ']ﬂﬁlﬂ

Yunw A3.Y 143 169 79 131
ﬂiglﬁﬂﬂlﬂﬁ1ﬁﬂ 3.4 137 112 100 26
AMFUUA an. 582 476 425 111
4 A, 2 2.3 2.3 29.5
Man an. 13 14 14 -
nngy nn. 2.6 1.7 2.3 2.9
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e , Wanaagild/ dhu 1 nda
sMIiagnods M ” - »
maitle MANaN MAdEY mMala
szg A3 33.0 32.6 15.8 17.8
Tavng (UsouH) an. 15.2 15.2 6.1 9.0
Tanz (Insidion) fn. 16.7 15.3 5.9 124
g dUATIEN nn. 0.8 0.8 0.7 0.6
man an. 32 32 23.1 1.9
mos luyadanaiadn nn. 0.3 0.3 0.3 0.2
Uszg e n. - - 20.0 -
aglitioy n. 13.0 7.5 28.5 12.9
4 A, 1.7 1.4 1.4 1.2
gnde luaeu an. 0.2 0.2 22 0.1
nszanle fn. 2542 233.8 291.1 2223
137 (iwesuesa) AL, 0.03 0.05 - -
a15197 w7 i laragsiiula
e , Wanaaqild/ $hu 1 nda
sMIiagnods g MU ” - »
maitle MANaN MAdEY mMala
ADUNIA av.w. 1.4 1.4 0.7 -
Yuny A3 1 1 - -
oIty u. 34 34 18 -
W i 34 34 18 -
37 av.u 0.3 0.4 0.5 1.4
Mannand . 21 20 - -
N3N A5.3 11 12 - -
AMFLUA an. 42 46 - -
duavad . - 8 - -
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e , Wmnadagn 1y / thu 1 nda
TeMsiagnoain ATRT » - ”
MAMilo MANAN MADA U nala
Rt nn. 95.8 70.2 69.2 293
nagan ne. 46 3.1 3.1 1.6
NOUNDDI an. 7.1 5.7 5.7 1.8
auauad an. 0.8 0.5 0.5 0.2
21901119 AT AN nn. 23 - - -
PNTUATIER . 110 55 55 28
Tany nn. 1.2 0.6 0.6 0.3
nagaan nn. 0.5 0.3 0.3 0.2
Tany nn. 4.1 2.8 2.8 0.6
NFZANKI a5, 9 6 6 3
AsZIDULIIN ERY 1 1 1 1
AT an. 2.6 13 2.0 15
g ~
AT NN 69 NUNT
e , Wsmnadagnld / dhu 1 vaa
TeMsiagnoain ATRT » - ”
MAMilo MANAN MADA U nala
ananaanmeuen/nelu ERY 919 814 437 572
ATATEIRYRN PRTITR P A3.3 260 267 254 376
Fhunuan CERY 10 10 8 -
A =] 3
AT NN F10NULUALHIAN
e , Yinadagnld
TeMsiagnoain ATRT » - ”
MAMilo MANAN MADA U nala
ASZIDULIIN ERY - - 77 3
AT an. - - 327 8
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e , Wanaagild/ dhu 1 nda
sMIiagnods M ” - »
maitle MANaN MAdEY mMala
GITRE n. 167 103 60 65
Mannao an. 5 2 - 1
gFUATIZH a. 133 97 43 43
manewdansd an. 0.2 0.1 0.1 0.1
NPIUNADY fn. 1.6 1.6 1.0 1.0
wadan (HDPE) n. 120 80 40 40
a15197 w125z Wih
e , Wanadaqild/ $hu 1 nda
M3 iagnoas Hue ” - ”
maitio MANaN MAdEY mMala
Tang an. 12 12 10 12
fion an. 0.3 0.3 0.2 03
waaan an. 3.6 3.6 2.9 3.4
NoIUIAY fn. 26.1 26.1 19.4 254
NOUNADY fn. 0.2 0.2 0.2 0.2
39 f. 33 33 27 35
Taviz (Ayn) . 53 53 40 53
Tang (Maau) f. 45 45 33 45
W an. 27.4 27.4 19.0 26.6
oIty an. 7.4 7.4 6.1 7.8
nszihzudn . 26 26 22 28
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e , Wmnadagn 1y / thu 1 nda
s1emsiganeaiig N ” — ”
MAMile MANAN MAdeY mald
AOUNTA A, 122 123 112 106
L‘Hﬁﬂ . 16,954 19,295 12,112 13,169
T, 1998 SIRTE 8.9 10.9 95 6.3
Tias a1, 1.8 23 1.7 1.4
Anunan EERY 150 216 203 217
@l’]ﬁ’l\‘]‘ﬁ 02 \1’]1!1’?5\3?”
e , Wsmadagn 1y / dhu 1 vaa
s1emsiganoaing N ” - .
MAmile MANAN Madeu mald
NTIIDITIUN CPRY 270 333 246 250
Yunw A3.Y 18 102 21 14
z
Tfiilonds IR 1 2 1 2
NszeEy (egiiitiow) . - 32 - 7.5
A 9
15199 213 AU uwau
e , Wsmadaginld / dhu 1 waa
s1emsiganoaing N ” - ”
MAmile MANAN MAdeu mald
fildunnsa 5.4 265 271 181 203
man an. 34 34 4 31
Iifiitouda IR 3.2 32 43 3.1
Yun CERY 1 17 9 16
auloudn TRV 102 100 76 104
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e , Wmnadagn 1y / thu 1 nda
s1emsiganeaiig N ” — ”
MAMile MANAN MAdeY mald
o9 PR 479 303 298 272
Yuny A3 987 773 509 684
D ULATMUNUNA av.u. 34 2.1 2.1 1.9
Tt a1, 1.8 1.1 1.1 1.0
man an. 446 282 278 253
AR UYIIND RRY 46 28 17 15
Iifiitouda AL, 0.4 13 14.3 6.5
= L VA A
AT NN U5 NUNULASANLAIAINY
L , Wsmnadagn 1y / dhu 1 waa
s1eMsiaanoddng N ” — ”
MAMTID MANAN MADAUY mald
Yunw A3.Y 143 169 79 131
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U']?\ﬁﬂ‘]eﬂ N19A
mstlanilaseasnenzis DALY 7.99E-03 | 1.54E-04 | 8.01E-03 | 1.06E-01
AIouUNIININanemIviiele DALY 9.88E-05 | 1.51E-05 | 1.01E-04 | 4.34E-05
arsotiunsentmnanon el DALY 6.40E-02 | 1.26E-02 | 6.59E-02 | 6.52E-03
anmzmsialsingmsalisou
DALY | 130E-02 | 2.56E-02 | 1.69E-02 | 1.61E-02
NITIN
MIUHT I DALY | 2.38E-04 | 4.15E-06 | 2.38E-04 | 2.88E-05
sav o Tau DALY 3.80E-06 | 6.23E-06 | 4.74E-06 | 1.53E-06
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) M3 M350
, . s M3 19 . .
NRNRaNIENY HUIWY v SEDULLEN L!ﬁ%ﬂfl‘ﬂ
NOEI N AU L. .
YIITNH N13A
m3vantassasnensii DALY | 7.46E-03 | 1.54E-04 | 8.01E-03 | 8.89E-02
AsdunNIsNIHasensniale DALY 1.00E-04 | 1.51E-05 | 1.01E-04 | 3.76E-05
AseiuNIINIHanemsviele DALY 6.50E-02 | 1.26E-02 | 6.59E-02 | 6.19E-03
anmzmsialsingmsalisou
DALY 1.28E-02 | 2.56E-02 | 1.69E-02 | 1.37E-02
NITIN
MIUHTIT DALY | 235E-04 | 4.15E-06 | 2.38E-04 | 2.56E-05
seau o Ty DALY | 3.54E-06 | 6.23E-06 | 4.74E-06 | 1.48E-06
anutluivdeszuutinam PDF*m2yr | 1.99E+03 | 5.91E+01 | 1.91E+03 | 2.25E+04
manuiunia PDF*m2yr | 1.22E+03 | 6.98E+02 | 1.29E+03 | 2.20E+02
M3 ldlse Teminau PDF*m2yr | 1.64E+03 | 2.33E+02 | 1.66E+03 | 4.04E+02
m3lHussg MJ surplus | 7.11E+03 | 1.07E+02 | 6.70E+03 | 1.64E+02
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aseiunidninanemsnaly pts 1.69E+03 | 3.29E+02 | 1.72E+03 | 1.61E+02
anmzmsialsingmsalisou
pts 3.33E+02 | 6.66E+02 | 4.39E+02 3.57E+02
N32N
MIUET T pts 6.13E+00 | 1.08E-01 | 6.21E+00 | 6.65E-01
seau o Ty pts 9.23E-02 | 1.62E-01 | 1.23E-01 | 3.85E-02
anutluivdeszuutinam pts 1.55E+02 | 4.61E+00 | 1.49E+02 | 1.75E+03
manuilunsa pts 9.53E+01 | 5.44E+01 | 1.01E+02 | 1.72E+01
sl Teminau pts 1.28E+02 | 1.82E+01 | 1.29E+02 | 3.15E+01
m3lHussg pts 1.69E+02 | 2.54E+00 | 1.59E+02 | 3.89E+00
ms lHemaseada pts 1.41E+03 | 7.51E+03 | 2.63E+03 | 2.13E+02
33U pts 4.18E+03 | 8.59E+03 5.54E+03 4.85E+03
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) M3 330
, . s M3 19 . .
ﬂi]llWﬂﬂ'igﬂ‘]J YUY , v HOILLEY uazm‘l‘ﬂ
QG EAN AU . .
TJ'IE\‘liﬂ‘]eﬂ N19A
mstlanilaseasnenzi5 DALY 4.98E-03 | 1.54E-04 | 8.01E-03 | 5.89E-02
AIouUNIININanemIviiele DALY 8.60E-05 | 1.51E-05 | 1.01E-04 | 2.52E-05
arsotiunsentmnanon el DALY 4.63E-02 | 1.26E-02 | 6.59E-02 | 4.29E-03
anmzmsialsingmsalisou
DALY | 8.68E-03 | 2.56E-02 | 1.69E-02 | 9.11E-03
NITIN
MIUHT I DALY | 1.78E-04 | 4.15E-06 | 2.38E-04 | 1.73E-05
sav o Tau DALY 2.84E-06 | 6.23E-06 | 4.74E-06 | 1.03E-06
anutluivdeszuutinam PDF*m2yr | 1.26E+03 | 5.91E+01 | 1.91E+03 | 1.49E+04
manuilunsa PDF*m2yr | 9.76E+02 | 6.98E+02 | 1.29E+03 | 1.53E+02
M3 ldlse Teminau PDF*m2yr | 1.34E+03 | 2.33E+02 | 1.66E+03 | 2.81E+02
m3lHussg MJ surplus | 4.41E+03 | 1.07E+02 | 6.70E+03 | 1.13E+02
ms lHemaseada MJ surplus | 4.67E+04 | 3.16E+05 | 1.11E+05 | 6.13E+03
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= a A . Y 1% =
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1 1 =
N nrlasdaseaisnoue
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' . s M3 19 . .
NQUNANIENY Ny D goutwy | wazihly
GLERN nu o .
133511 Mia
msvantlassasnensisa pts 1.30E+02 | 4.01E+00 | 2.09E+02 | 1.53E+03
Asounsdninanemsmele pts 2.24E+00 | 3.93E-01 | 2.63E+00 | 6.57E-01
aseiunidninanemsnaly pts 1.21E+03 | 3.29E+02 | 1.72E+03 | 1.12E+02
anmzmsialsingmsalisou
pts 2.26E+02 | 6.66E+02 | 4.39E+02 2.37E+02
N32N
MIUNSF pts 4.64E+00 | 1.08E-01 | 6.21E+00 | 4.50E-01
seau o Ty pts 738E-02 | 1.62E-01 | 1.23E-01 | 2.69E-02
anutluivdeszuutinam pts 9.82E+01 | 4.61E+00 | 1.49E+02 | 1.16E+03
manuilunsa pts 7.61E+01 | 5.44E+01 | 1.01E+02 | 1.19E+01
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m3lHussg pts 1.0SE+02 | 2.54E+00 | 1.59E+02 | 2.70E+00
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) M3 330
, . s M3 19 . .
NUHANTZNY N D oy | uaziill
GLLERN AU L. .
1hyesnm | mida
mstanilaosesneusis DALY 4.98E-03 | 1.54E-04 | 8.01E-03 | 7.46E-02
AIouUNIININanemIviiele DALY 1.07E-04 | 1.51E-05 | 1.01E-04 | 3.08E-05
arsotiunsentmnanon el DALY 4.74E-02 | 1.26E-02 | 6.59E-02 | 4.70E-03
anmzmsialsingmsalisou
DALY | 6.65E-03 | 2.56E-02 | 1.69E-02 | 1.14E-02
ATLIN
MIUHS I DALY 1.76E-04 | 4.15E-06 | 2.38E-04 | 2.06E-05
sav o Tau DALY 2.64E-06 | 6.23E-06 | 4.74E-06 | 1.10E-06
anutluivdeszuutinam PDF*m2yr | 1.31E+03 | 5.91E+01 | 1.91E+03 | 1.89E+04
manuilunsa PDF*m2yr | 9.56E+02 | 6.98E+02 | 1.29E+03 | 1.67E+02
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3199 8 wansenulugUazuuuFauen (Single Score) vourhu Ingoyiny lnoaald
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) s 11530
. , s M3 19 . .
NQUNANIENL N D Fouusy | waziirl
NG ERR U L. .
Mg | M9a
azlandeu gCO,eq | 6.15E+07 | 1.22E+08 | 7.98E+07 | 8.21E+07
anzanuilunsa H moleseq | 1.52E+07 | 5.07E+06 | 1.59E+07 | 2.24E+06
daNanegUNNVBINY BBl
e ve gCH,eq 4.41E+05 | 5.83E+03 | 4.42E+05 | 2.28E+05
nolvnaNgI3 4
dananogUNINVBINYHILA 13
e gCHeq | L.OSE+09 | 1.98E+07 | 1.08E+09 | 1.30E+10
nolriRauzIE e
WSnamadslueima microDALYs | 1.56E+04 | 5.97E+02 | 1.57E+04 | 5.87E+02
M3y Tnveaipi gNeq 8.78E+04 | 7.17E+03 | 8.89E+04 | 8.77E+05
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NNIZDADDYUDILKAY
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NSNINTFITNIHIA
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NMI20AN0oUed 1o Tau Tuuy
g CFC-11eq | 1.81E+00 | 5.08E-01 | 1.89E+00 | 1.16E+00
UTTOIMA




M13197 2 wansznuveauIngeyiny lnemanars

237

) s 11530
, , M3 M3 19 , .
NGUHANTENL N D gouyy | wazihly
NGGERR U o .
gesne | Mive
azlanieu gCO,eq | 6.04E+07 | 1.22E+08 | 7.98E+07 | 6.97E+07
azanudunia H' moles eq | 1.59E+07 | 5.07E+06 | 1.59E+07 | 2.10E+06
daNanegUNNVBINYBEIAY
e g gCH, eq | 438E+05 | 5.83E+03 | 4.42E+05 | 1.93E+05
nolvinaNgI3 4
daNaneguN YNy BEia 11
Ve o gCH eq | 1.I2E+09 | 1.98E+07 | 1.08E+09 | 1.09E+10
noldinauzise
WSnawaaslueims microDALYs | 1.57E+04 | 5.97E+02 | 1.57E+04 | 5.52E+02
M3y Tnve sy gNeq 9.41E+04 | 7.17E+03 | 8.89E+04 | 7.38E+05
anutluivdeszuutinam g24-Deq | 2.11E+06 | 4.07E+04 | 1.95E+06 | 3.42E+06
M3NAruENAIY gNO_eq | 228E+05 | 1.58E+05 | 2.50E+05 | 4.52E+04
ANILOADDIVDILKAY
. - MJ surplus 6.53E+04 | 3.80E+05 | 1.27E+05 | 9.06E+03
NSNINTBITUIIA
AamwoImeanielueins kg TVOC eq | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
manfasuu)asnegende T&E count | 1.85E-09 | 1.99E-08 | 4.93E-09 | 3.75E-09
PFunamsldi liters 1.85E+08 | 2.75E+06 | 1.89E+08 | 1.35E+07
AMzonnoeund 1o Taulusu
gCFC-11eq | 1.77E+00 | 5.08E-01 | 1.89E+00 | 1.13E+00
UTFOINA
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) s 11530
, , M3 M3 19 , .
NGUHANTENL N D gouyy | wazihly
NGGERR U o .
gesne | Mive
azlanieu gCO,eq | 4.10E+07 | 1.22E+08 | 7.98E+07 | 4.63E+07
azanudunia H' moles eq | 1.24E+07 | 5.07E+06 | 1.59E+07 | 1.45E+06
daNanegUNNVBINYBEIAY
e g gCH, eq | 2.86E+05 | 5.83E+03 | 4.42E+05 | 1.28E+05
nolvinaNgI3 4
daNaneguN YNy BEia 11
Ve o gCH eq | 7.13E+08 | 1.98E+07 | 1.08E+09 | 7.23E+09
noldinauzise
WSnawaaslueims microDALYs | 1.07E+04 | 5.97E+02 | 1.57E+04 | 3.81E+02
M3y Tnve sy gNeq 5.99E+04 | 7.17E+03 | 8.89E+04 | 4.89E+05
anutluivdeszuutinam g24-Deq | 1.30E+06 | 4.07E+04 | 1.95E+06 | 2.27E+06
M3NAruENAIY gNO_eq | 1.84E+05 | 1.58E+05 | 2.50E+05 | 3.14E+04
ANILOADDIVDILKAY
. - MJ surplus 5.16E+04 | 3.80E+05 | 1.27E+05 | 6.21E+03
NSNINTBITUIIA
AamwoImeanielueins kg TVOC eq | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
manfasuu)asnegende T&E count | 1.34E-09 | 1.99E-08 | 4.93E-09 | 2.46E-09
PFunamsldi liters 1.40E+08 | 2.75E+06 | 1.89E+08 | 9.07E+06
AMzonnoeund 1o Taulusu
gCFC-11eq | 1.44E+00 | 5.08E-01 | 1.89E+00 | 7.89E-01
UTFOINA




A 9 o Y
ATNN 4 NﬁﬂiS’JVI‘]J‘iJi’NUTH"lTIﬂ@uiﬂkﬂﬂﬂﬂTﬂ%’l

239

) s 11530
, , M3 M3 19 , .
NGUHANTENL N D gouyy | wazihly
NGGERR U o .
gesne | Mive
azlanieu gCO,eq | 3.13E+07 | 1.22E+08 | 7.98E+07 | 5.82E+07
azanudunia H' moles eq | 1.24E+07 | 5.07E+06 | 1.59E+07 | 1.61E+06
daNanegUNNVBINYBEIAY
e g gCH eq | 2.90E+05 | 5.83E+03 | 4.42E+05 | 1.61E+05
nolvinaNgI3 4
daNaneguN YNy BEia 11
Ve o gCH eq | 7.35E+08 | 1.98E+07 | 1.08E+09 | 9.17E+09
noldinauzise
WSnawaaslueims microDALYs | 1.14E+04 | 5.97E+02 | 1.57E+04 | 4.22E+02
M3y Tnve sy gNeq 6.17E+04 | 7.17E+03 | 8.89E+04 | 6.20E+05
anutluivdeszuutinam g24-Deq | 1.38E+06 | 4.07E+04 | 1.95E+06 | 2.87E+06
M3NAruENAIY gNO_eq | 1.82E+05 | 1.58E+05 | 2.50E+05 | 3.42E+04
ANILOADDIVDILKAY
. - MJ surplus 4.86E+04 | 3.80E+05 | 1.27E+05 | 6.98E+03
NSNINTBITUIIA
AamwoImeanielueins kg TVOC eq | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
manfasuu)asnegende T&E count | 1.32E-09 | 1.99E-08 | 4.93E-09 | 3.04E-09
PFunamsldi liters 1.38E+08 | 2.75E+06 | 1.89E+08 | 1.10E+07
AMzonnoeund 1o Taulusu
gCFC-11eq | 1.35E+00 | 5.08E-01 | 1.89E+00 | 8.42E-01
UTFOINA
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YA
URY iy U 3
NGUHANITZNY A 5 auth oy IGH autlszg- | aula N L | azuuu
UNAIA QUMA
Taseadhe WA | AnUAIAd | anued wihee | uazam | qudaal (pts/house)
1ie fiity 1ula

azanutunia 0.00E+00 | 3.91E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.91E-02
Psuravamsluema 2.15E+00 2.74E+00 4.07E-01 2.36E+00 3.01E-01 0.00E+00 4.13E-02 1.08E-03 0.00E+00 | 8.00E+00
mmrﬂuﬁwiaszuuﬁnﬁﬁ 1.57E+01 1.71E+01 6.83E+00 | 8.16E+01 4.37E+00 1.69E-01 2.15E+01 8.61E-03 2.03E-02 1.47E+02
mm?mﬁuimjmﬁ%% 2.98E+00 | 7.18E+00 | 1.58E+00 | 1.09E+01 | 7.21E-01 | 2.57E-02 | 2.71E+00 | 2.15E-03 | 0.00E+00 | 2.61E+01
AnzoanosYeaImAMloada 341E+00 | 427E+01 | 3.70E+00 | 2.28E+01 | 2.05E+00 | 2.59E-02 | 2.81E+00 | 1.08E-02 | 6.74E-03 | 7.75E+01
maﬂaﬂ%'au 7.99E+00 2.29E+01 3.47E+00 | 3.08E+01 2.29E+00 4.62E-02 5.49E+00 8.61E-03 6.74E-03 7.30E+01
manasunlasiiegord 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
danagegUN MUY BT 1.68E+03 | 6.47E+01 | 8.54E+01 | 2.57E+03 | 1.77E+02 | 2.49E+00 | 3.37E+02 | 1.58E-01 | 1.35E-02 | 4.92E+03
AunmoInanieluoins 4.03E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.19E-01 | 3.60E-01
ToTasulusunssome 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
MINANNDNATU 5.14E+00 1.30E+01 1.72E+00 1.66E+01 1.62E+00 2.56E-02 2.79E+00 6.46E-03 7.47E-02 4.10E+01
Winumsldh 7.88E-01 | 1.95E-01 | 5.99E-01 | 8.61E+00 | 5.14E-01 | 2.06E-02 | 2.68E+00 | 2.15E-03 | 0.00E+00 | 1.34E+01
FIWALUUY (pts/house) 1.72E+03 | 1.71E+02 | 1.04E+02 | 2.74E+03 | 1.89E+02 | 2.80E+00 | 3.75E+02 | 1.98E-01 | 4.41E-01 | 5.30E+03
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UUIATU
NUHIT AU o
, " . AZUUY
AYUHANTENY A 5 e oy uag nulszg- | 1ula N .
v PUNIM VA , v v . NUMEF | (pts/house)
Iﬂi\iﬁiN IWATU ANLIAINT ANLIAN UUIAN HagIN fjgllﬂm"ﬂ
N o & .
1T AN 1u'la
azanutunia 0.00E+00 | 3.70E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.70E-02
USuawads lueima 2.17E+00 | 2.70E+00 | 4.18E-01 | 1.65E+00 | 3.02E-01 | 0.00E+00 | 4.34E-02 | 5.38E-04 | 0.00E+00 | 7.29E+00
anuduiivAesuuimi 1.61E+01 | 1.71E+01 | 6.95E+00 | 5.32E+01 | 4.66E+00 | 4.32E-01 | 2.11E+01 | 4.31E-03 | 1.86E-02 | 1.20E+02
masgan Tavesiai 3.02E+00 | 6.96E+00 | 1.61E+00 | 7.15E+00 | 7.30E-01 | 5.78E-02 | 2.66E+00 | 1.08E-03 | 0.00E+00 | 2.22E+01
AMzoanasvaeIaIpaFa 345E+00 | 4.08E+01 | 3.78E+00 | 1.48E+01 | 1.88E+00 | 5.80E-02 | 2.78E+00 | 5.38E-03 | 6.18E-03 | 6.76E+01
Az lanfou 8.30E+00 | 222E+01 | 3.54E+00 | 2.02E+01 | 225E+00 | 1.11E-01 | 5.40E+00 | 4.31E-03 | 6.18E-03 | 6.20E+01
mnfasunlasnegends 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
danagegUN MUY BT 1.70E+03 | 1.34E+02 | 9.13E+01 | 1.76E+03 | 2.01E+02 | 6.36E+00 | 3.32E+02 | 7.91E-02 | 1.24E-02 | 4.22E+03
AunmoInanieluoins 5.80E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.93E-01 | 3.51E-01
Tolgulugsuusserms 0.00E+00 | 6.89E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 6.89E-02
MINAruBNATU 520E+00 | 1.27E+01 | 1.75E+00 | 1.I0E+01 | 1.58E+00 | 5.76E-02 | 2.75E+00 | 3.23E-03 | 6.85E-02 | 3.51E+01
PFnamsldi 798E-01 | 1.85E-01 | 6.02E-01 | 545E+00 | 4.91E-01 | 5.36E-02 | 2.63E+00 | 1.08E-03 | 0.00E+00 | 1.02E+01
SIUAZUUY (pts/house) 1.74E+03 | 2.37E+02 | 1.10E+02 | 1.87E+03 | 2.12E+02 | 7.13E+00 | 3.70E+02 | 9.90E-02 | 4.05E-01 | 4.55E+03
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NUIAITU
Queis | i .
, ) au | atiula AZUUY
NANNANTENUY U o Q"ILWh g g 41U - U
Y UHANA1 , . SIEEE 1azsNn L | numa + < | (pts/house)
Iﬂi\iﬁiN IWATU ANLAN ANLAIANT Y o qUOUN aman
L e wiha | dula
WINUN WU
amganuilunse 0.00E+00 | 3.72E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.72E-02
Pmawaaslueimea 1.98E+00 | 2.62E+00 | 2.86E-01 | 1.34E+00 | 1.93E-01 | 0.00E+00 | 1.76E-02 | 8.61E-04 | 0.00E+00 | 8.29E-02 | 6.52E+00
anunilufinaoszuniinmd 1.40E+01 | L.63E+01 | 7.47E+00 | 4.99E+01 | 3.69E+00 | 3.30E+00 | 1.16E-01 | 6.89E-03 | 1.19E-02 | 6.63E-01 | 9.54E+01
N33 A Tavesiyi 2.67E+00 | 6.83E+00 | 1.50E+00 | 6.82E+00 | 6.09E-01 | 4.16E-01 | 2.15E-02 | 1.72E-03 | 0.00E+00 | 1.66E-01 | 1.90E+01
ﬂW’J%ﬂﬂﬂﬂﬂ‘Uﬂ\iL%ﬂlwaﬂ
R 3.07E+00 | 4.07E+01 | 2.96E+00 | 1.40E+01 | 1.55E+00 | 4.16E-01 | 2.89E-02 | 8.61E-03 | 3.95E-03 | 829E-01 | 6.36E+01
veoada
azlanfou 724E+00 | 2.18E+01 | 3.14E+00 | 1.88E+01 | 1.76E+00 | 8.28E-01 | 5.90E-02 | 6.89E-03 | 3.95E-03 | 6.63E-01 | 5.43E+01
m3nfasunlasnegende 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
AINAAD UMWDY HE 1.54E+03 | 6.27E+01 | 1.01E+02 | 1.50E+03 | 1.17E+02 | 4.87E+01 | 1.37E+01 | 1.27E-01 | 7.94E-03 | 1.22E+01 | 3.40E+03
AuMmeIMANylueIng 5.45E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.88E-01 | 0.00E+00 | 2.42E-01
ToTosu lusuusseme 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
msinavNenaiy 4.67E+00 | 1.24E+01 | 1.60E+00 | 1.01E+01 | 1.21E+00 | 4.16E-01 | 4.39E-02 | 5.17E-03 | 4.39E-02 | 4.97E-01 | 3.09E+01
Psnamsldi 6.57E-01 1.86E-01 | 7.46E-01 | 5.35E+00 | 4.66E-01 | 4.12E-01 | 2.54E-03 | 1.72E-03 | 0.00E+00 | 1.66E-01 | 7.98E+00
FIUALUUY (pts/house) 1.57E+03 | 1.64E+02 | 1.I8E+02 | L.61E+03 | 1.27E+02 | 5.44E+01 | 1.40E+01 | 1.58E-01 | 2.59E-01 | 1.53E+01 | 3.68E+03
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NUIAITU
Queis | i .
, ) au | atiula AZUUY
NANNANTENUY U o \TI“L!Ph g g 41U - U
Y UHANA1 , . SIEEE 1azsNn L | numa + < | (pts/house)
Iﬂi\iﬁiN IWATU ANLAN ANLAIANT Y o qUOUN aman
L e wiha | dula
WINUN WU
amganuilunse 0.00E+00 | 3.73E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.73E-02
Pmawaaslueimea 1.87E+00 | 2.62E+00 | 3.48E-01 | 1.46E+00 | 1.69E-01 | 0.00E+00 | 9.69E-03 | 6.46E-04 | 0.00E+00 | 3.18E-03 | 6.48E+00
anunilufinaoszuniinmd 132E+01 | L.63E+01 | 6.13E+00 | 4.75E+01 | 1.58E+00 | 2.75E-01 | 9.13E-02 | 5.17E-03 | 1.63E-02 | 2.54E-02 | 8.52E+01
N33 A Tavesiyi 2.54E+00 | 6.84E+00 | 1.34E+00 | 6.45E+00 | 2.85E-01 | 3.76E-02 | 1.38E-02 | 1.29E-03 | 0.00E+00 | 6.35E-03 | 1.75E+01
ﬂWU%ﬂﬂﬂﬂﬂ‘UﬂQL%ﬂlwaﬂ
R 291E+00 | 4.08E+01 | 3.00E+00 | 1.32E+01 | 6.50E-01 | 3.76E-02 | 235E-02 | 6.46E-03 | 5.42E-03 | 3.18E-02 | 6.07E+01
veoada
azlanfou 6.79E+00 | 2.19E+01 | 2.93E+00 | 1.80E+01 | 8.76E-01 | 7.15E-02 | 4.29E-02 | 5.17E-03 | 5.42E-03 | 2.54E-02 | 5.06E+01
m3nfasunlasnegende 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
AINAAD UMWDY HE 1.46E+03 | 6.19E+01 | 8.39E+01 | 1.57E+03 | 1.24E+02 | 4.06E+00 | 8.18E+00 | 9.49E-02 | 1.08E-02 | 4.67E-01 | 3.31E+03
AuMmeIMANylueIng 5.83E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.55E-01 | 0.00E+00 | 3.13E-01
ToTosu lusuusseme 0.00E+00 1.61E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.61E-02
msinavNenaiy 443E+00 | 1.24E+01 | 1.49E+00 | 9.88E+00 | 6.79E-01 | 3.76E-02 | 3.32E-02 | 3.88E-03 | 5.96E-02 | 1.91E-02 | 2.90E+01
Psnamsldi 6.36E-01 1.86E-01 | 5.54E-01 | 4.86E+00 | 5.60E-02 | 3.40E-02 | 0.00E+00 | 1.29E-03 | 0.00E+00 | 6.35E-03 | 6.34E+00
FIUALUUY (pts/house) 1.49E+03 | 1.63E+02 | 9.97E+01 | 1.67E+03 | 1.28E+02 | 4.55E+00 | 8.39E+00 | 1.19E-01 | 3.52E-01 | 5.84E-01 | 3.56E+03
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Abstract

Sustainable architecture or green architeciure is a concept that is gaining more interest as it
could be applied as an approach for sustainable thinking. In this concept the environmental impacts are
taken into account in the design, construction, usage, and end-of-life stages of a building or a structure.
Up to date, however, architects mostly focus on the environmental impacts associated in the use stage of
a building as it poses the most energy consumption compared with other life cycle stages. Furthermore,
there is little tool that architects can be employed 1o assess the environmental impacts for the entire life
cycle stages of a building project.

Life Cycle Assessment (LCA) is a tool that can be used to assess the environmental impacts
associated with an entire life cycle stages of a product or a service. However, the application of LCA for
sustainable architecture is rather limited. In this paper, a comparative life cycle assessment for residential
buildings is performed using two life cycle impact assessment (LCIA) methods namely BEES 4.0 and
Eco-indicator 99. Four Thai-style single residenfial buildings which are Northern style, Central style,
Northeastern style, and Southern style, are selected as the subject for the assessment. These residential
buildings were designed by the Department of Public Works and Town & Country Planning by which the
drawings as well as the bill of quantity are made free to the public. Although the useable space of these
houses varies from 242 1o 339 square meters, the assessment is conducted on the same basis of
functional unit which is one square meter of the useable space of the house over a life span of 50 years.
Life cycle stages taken into consideration are material manufacturing, construction, usage, maintenance,
demolifion and disposal.

Keywerds: green architecture, life cycle assessment, life cycle impact assessment, residential building

1. Infroduction sustainable thinking. In this concept the
Sustainable  architecture or  green environmental impacts are taken info account in
architecture is a concept that is gaining more the design, construction, usage, and end-of-life

interest as it could be applied as an approach for stages of a building or a structure. Up to date,
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architects mostly focus on the environmental
impacts associated in the use stage of a building
as it poses the most energy consumption
compared with other life cycle stages.
Furthermore, there is little tool that architects can
be employed to assess the environmental impacts
for the entire life cycle stages of a building
project. Life Cycle Assessment (LCA) is a
methodology used to evaluate environmental
loads throughout all stages of the building life
cycle, from origin (raw materials) to end of life
(disposal waste) [1]. Life cycle assessment of a
building will give result that help practitioners to
choose the system or materials which are more
environmental friendly. There are three types
residential building structure in Thailand they are
wood, concrete, and steel structure. From life
cycle assessment of building in the foreign
countries compare between wood structures with
brick structure is found to be the wood structure
is most environmental friendly system [2]. But in
Thailand, wood is expensive and not well
managed. Therefore, concrete structure is more
used. Steel structure is recently introduced but
still not so popular. Form research compare life
cycle assessment results of concrete and steel
residential building structure with the same usage
area. It has been found that steel structure is
slightly more environmental friendly [3]. In terms
of residential environmental loads, the operation
phase (usage) is that most critical because of the
high  environmental  loads from  energy
consumption for heating, ventilation and air
(HVAC), electrical

conditioning lighting,

appliances and cooking [4]. However, the
application of Life cycle assessment for
sustainable architecture is rather limited. In this

paper, a comparative life cycle assessment for

residential buildings is performed using two life
cycle impact assessment (LCIA) methods namely
BEES 4.0 and Eco-indicator 99.
2. Methods
Life Cycle Assessment follows the
international standard series of 1SO 14040.
Although there are plenty of valuable sources
documenting the technical and practical details,
LCA methodology is based on four essentials
steps: goal and scope, inventory, impact
assessment, and interpretation [9] as illustrated in

the figure 1 below.
[T ———

Gol and Scope
Defition

Applications

Fig. 1 Phases of a Life Cycle Assessment
2.1 Goal and Scope Definition

The goal of this study is to comparative
life cycle assessment for residential buildings are
performed using two life cycle impact assessment
(LCIA) methods namely BEES 4.0 and Eco-
indicator 99. Four Thai-style single residential
buildings which are Northern style, Central style,
Northeastern style, and Southern style, are
selected as the subject for the assessment. The
useable space of these houses varies from 242 to
339 square meters, as shown in Fig. 2. The
assessment is conducted on the same basis of
functional unit which is one square meter of the
useable space of the house over a life span of 50
years which corresponds both of research in

Thailand [5] and the foreign countries [6-8].
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Northem Style Central Style

Northeastem Style Southem Style

Fig. 2 Four Thai-style single residential buildings
2.2 Life Cycle Inventory Analysis (LCI)

The life cycle inventory analysis
component is a technical, database process of
quantifying energy and raw material requirements,
atmospheric emissions, waterbome emissions,
solid wastes and other releases for the entire life
cycle of a product, package, process, material or
activity. The data used for the purpose of this
study comes from the Department of Public
Works and Town & Country Planning by which
the drawings as well as the bill of quantity are
made free to the public, that the details of Four
Thai-style Single Residential Buildings as shown
in Table 1. Life cycle stages taken into

consideration are  material manufacturing,
construction, usage, maintenance, demolition and
disposal shown as illustrated in the Fig. 3.

Material
manufacturing

Disposal Construction

Demolition Usage

Maintenance

Fig. 3 Life cycle stage of residential buildings

taken into consideration

Table 1 shown the details of Four Thai-style

Single Residential Buildings

Item Northern Central Northeastern | Southern

2 storey,
3 22 22 gl
bedroom/bathroom

Foundation without pile

{baht)

1,999,000 2,125,000 1,632,000 1,541,000

Foundation with pile

2138000 | 2257,000 1,748,000 1,633,000
{baht)

Usaablearea (m?) 33288 33837 247 24330

Real estate size (wah’) 100 100 76 80

2.3 Life Cycle Impact Assessment {LCIA)

The impact assessment step analyzes
and evaluates the magnitude and significance of
the potential environmental impacts of the life
cycle of residential buildings. The results of the
inventory analysis are translated inte contributions
to relevant impact categories.

2.31 Life Cycle Impact Assessment (LCIA)
Using BEES 4.0

The BEES (Building for Environmental
and Economic Sustainability) software implements
a consistent, systematic technique for selecting
environmentally preferable, cost effective building
products. The technigue is based on consensus
standards and designed to be practical, flexible,
and transparent, includes actual environmental
and economic performance data for 65 building
products [9]. BEES measure the economic and
envirohmental performance of building products
using publicly sanctioned methods of decision
making. Environmental performance measures
are based on the LCA approach specified in ISO
14040 standards [10, 11]. The BEES user
specifies the relative impartance weights used to
combine environmental and economic
performance scores and may test the sensitivity
of the overall scores to different sets of relative
importance weights. The Equal Weights and
Discount Rate {Excluding Inflation) 6% [12] used

in this research. Table 2 and Table 3 are
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presents the environmental impact in construction
stage of Four Thai-style single residential
buildings by using BEES 4.0 method.

Table 2 Environmental impact follows work

category in construction stage by using BEES 4.0

Scora (pisihouse)
Work Catagory
Northatn Cantral Nerthaastarn | Southern
Structure 1.18E+03 1. 20E403 BEAEHI? 20dE40Z
Rooftop 1.21E+03 1.50E403 1A1E+33 1.12E+03
Cailing 218E+01 2TTEH 1 B3E+D1 23TE+0
Partition 1.4TE+03 1.07EH3 B24EHZ BE4EH2
Fleor Z88E+01 237EH1 ZA4E+ TEAEHID
Stair SASEO2 SASELR 281ED2 Q.00E+00
Total 3826403 382F403 282E+03 231E+03
Scera (pis/m’) 118E+01 1138401 121EHH 51400

Table 3 Environmental impact follows impact

category in construction stage by using BEES 4.0

Score (psihouse)
Impact Category

Northarn Contral Morthaastern Southarn
Acidification 29EM 353601 2.856-01 2 .89E-01
Crit Air Pollutants 2ME+1 286EH1 2A3E+M 207E+0
Easlogical Toxicity 1.54E+02 1.79E402 1.33E402 131E+02
Eutrophication SATE+D TO4EHD1 S24E+01 SZ1E+
Fassi Fus| Depletion 338E+02 A 08E €02 A03EHP 306E+02
Global Warming 1.81 E+02 22TEH2 1 B9E+2 1.68E+02
Habitat Alteraticn Q00E+00 Q.00E+00 QO0E+D0 Q00E+00
Human Health 304E+03 277EHS ZA4E+03 1.54E+03
Indeor Air Q00E+0D Q.00E+00 QO0E+DD Q.00E+00
Ozone Daplation 732603 732E-08 3.88E-03 Q.00E+00
Smog 1.08E+02 1 Z9EH12 BHAEHN B56E+N
Water Intaks 265E+00 2A2E400 232E+00 1.88E+00

In Fig. 4 and Fig. 5 shown the impact
follows work category and impact category

respectively.

1.0E+04

1.0E403

1.0E+02

Scors (ptsihouse)

1.0E+01

10E+00

M Northernstyls [ Central style [ Nertheastam style [l Southern style

Fig. 4 Comparison environmental impact follows

work category by using BEES 4.0 method

1.0E+04
105403
&1 oEw2
F10E401
2
7 10E+0
5
& 1.0E-01

c
-

1.0E-02
1.0E-03

Ecological Toxi
EulrJnh\cal

M Northernstyls [ Cantral style [ Northeastern siyle [l Southern style

Fig. 5 Comparison environmental impact follows
impact category by using BEES 4.0 method
2.3.2 Life Cycle Impact Assessment (LCIA)
Using Eco-indicator 99

The Eco-indicator 99 is a state of the ar
impact assessment method for LCA, with many
conceptual breakthroughs. The methaod is also the
basis for the calculation of eco-indicator scores
for materials and processes. The Eco-indicator 99
scores are based on an impact assessment
methodology that fransforms the data of the
inventory table into damage scores which can be
aggregates, depending on the needs and the
choice of the user, 1o damage scores per each of
3 comprehensive damage categories (Human
Health, Ecosystem Quality, and Resources), or
even to one single score [13]. Method and
normalization/weighting set is H/A when H refers
to the weighting set belonging to the hierarchist
perspective and A refers o the average weighting
sel. The H (Hierarchist) version is a default. In
Table 4 present the environmental impact in
construction stage of Four Thai-style single
residential buildings by using Eco-indicator 99
method and Table 5 shown the impact in
construction and usage stage which energy use
during the life cycle of the residential buildings

valuable equal to 4,180 kWh/yr [14].
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Table 4 Environmental impact follows work
category in construction siage by using Eco-

indicator 99

Table 5 Environmental impact follows impact
category in construction and usage stage by

using Eco-indicator 99

Scora (ptsihouss)
Impact Catagory
Nerthern Central Northeastarn Bouthern
Carcinogens AZTE+I? 4 00E+0Z A55E+02 3TIE+O2
Resp. organics 210E+01 208E+01 208E+01 2 08E+D
Rasp. ingrganics. B.02E+03 5T8E+H3 544E+03 5.E2E+03
Climata change 1.10E403 QESEHZ AS1E+Z SSIEHZ
Radiation B.09E+00 SEBE+0D A4.TOE+00 513E+00
Czone layer 1.34E01 1TMEM 848E-02 B.68E-02
Ecotoxicity 1.08E+032 1.0TE+02 TAAE+01 SI0E+D
Acidification 545E+02 SADEH0Z S23EH0Z 515E+2
Land nse 1.05E403 1.34E+03 1.50E+03 119E+03
Minerals BEOEHD1 BAZE+01 3.95E+01 SBEHT
Fossil fuals 1.25E+04 1 22E+0d 1. 18E+04 1 A8E+d
Total ZABE+(4 ZA4E+04 ZOTEH4 ZOBEHY
Beore (pls./mﬁ B56E+01 BE+01 A53E+01 BASE+O1

Seera (ntsfhouss)
Work Category
Northern Central Northeastern Bouthern
Ceiling ZRE+CZ 28TE+Z 281E+02 248E+02
Door-Window 1.T3ESEZ 1 48E402 11182 1 T2E+02
Floor BAPEHE 34SEHZ 2BIEHZ 2ESEHR
Mixed : : : ;
"‘ SOED | SR | PHEH) | TR Fig. 7 Show impact assessment in construction
Paint 2.04E40 187E+01 1205401 1.62E+01
Partition 1.92E403 147E403 1.80E403 1.43E403 and usage stage of Four Thai-style single
Pipa ZADEHCE 1586402 8236401 8.50EHN
Roofion e il Vaeaen ey residential buildings in a Single Score
Sanitary Wares IHEE 733E401 & TBE01 243401 < .
2.4 Life Cycle Interpretation
Stair 4.57E+0 S30EH 2HEHN 3.83E41
Structurs ZATEHR ZA4EHD 1.83E+03 1.83E+03 The results of this study evaluated by
Total 5.62E408 S21E+08 2 45EH03 4.35E408
Scora [pts/m®) 1.89E401 154E401 1256401 1.73E+01 using BEES 4.0 and Eco-indicator 99, which

aggregation info a single score, that is to say
BEES 4.0 (Building for Environmental and
Economic Sustainability) combine a partial life
cycle assessment and life cycle cost for building
and construction materials into one tool. Eco-
indicator 99 is a damage-oriented method (end
point). Damage of the impact categories result
including damage to human health, ecosystem

quality, and resources.

Z.EHM

2.EHM
Table 6 Environmental impact follows Damage ;g
i - Z e
Category in construction and usage stage by :
8
using Eco-indicator 99 5640
Damags Northaast
Catagery Unit Northern Central o Southern 0540
Human Haalth | DALY 281EM | 277E01 | 2SsES | 265E01 —— — s ——
E e POF* S ZABEH4 2556404 Z83EH04 Z.30E+0d MR T Rzl i bl
cosystom ™
Quality yr melE 189601 15441 1 82E1 178E41
Resources Ml S.Z28EH05 SA3E40S 4.83EH5 4.58E 05
surplis

Fig. 8 Show Environmental Impact in construction
stage compare between BEES 4.0 versus Eco-

indicator 99 Method
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Fig. B Comparison environmental impact of Four
Thai-style single residential buildings between
construction and usage stage by using Eco-

indicator 99 method

3. RESULTS

3.1 Construction Stage

Environmental impact by using BEES 4.0
method are presents in Table 2 that found
Northeastern Style have environmental impact
highest valuable equal to 1.21E+01 ptsr’m2 as well
as using Eco-indicator 99 shown that
Northeastern Style have environmental impact
highest environmental impact equal to 1.85E+01
ptsj’mZ as shown in Table 4.
3.2 Usage Stage

The total energy required for residential
buildings in usage stage for ventilation and air
conditioning (HVAC), lighting, electrical
appliances, heating, and cooking amount 209,000
kWh that calculated on the basis of a 50 years
life-span. This in the usage stage, BEES 4.0
cannot add the value in a program. Thus in this
stage can assess especial SimaPro 7.1 only,
which from the assessment meets that Central
Style there is the best environmental performance
follows the Northern, Southern, and Northeastem
Style, valuable equal to 6.34E+01, 6.5B6E+01,
845E+01, and 8.53E+01 ptsj’m2 respectively as

shown in Table 5.

4, CONCLUSIONS AND DISCUSSION

This study provides an estimate of the
environmental impacts of a typical Four Thai-style
single residential buildings in Thailand. The
system studied included construction and usage
stage. The results indicate that the largest
contributor 1o the impact calegories by using
BEES 4.0 were emissions related to Human
Health and by using Eco-indicator 99 were
emissions related to fossil fuel combustion during
the usage phase, paricularly for electricity
production. There was therefore a need to
evaluate opfions for reducing emissions from the
usage stage. The results from life cycle
assessment of residential buildings in Thailand by
using BEES 4.0 methods, a fact Southern Style is
the most environmental performance that equal
9.51E+00 pis.’mz, portion  Eco-indicator 99
methods, Central Style is the most environmental
performance equal 6.34E+01 ptslmz.

The activities that are involved during the
usage phase may include direct and indirect
patterns. For instance, direct patterns may relate
to energy consumption resulting from leaving
blinds open. Indirect patterns may include the
whole process of producing, transmitting,
transforming and distributing the electricity
needed 1o meet the energy consumption of every
Thai  household. From the resulls of
environmental impact can induce to apply
designing green architecture and can plan
designed a building and construction. There are
some uncertainties and limitations of this study
such as readiness of Life Cycle Inventory in the
database sfll have not enough, which in the
assessment this choose especial the database
that exists in a program BEES 4.0 and SimaPro

7.1 only. Thus supposed to the education adds
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about a program can evaluate the impact
assessment can compare the results.
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