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This research study embodied energy and greenhouse gas emissions in

multipurpose building construction in Silpakorn University, Nakhon Pathom, Thailand
by Life Cycle Energy (LCE) with gate to gate . This reinforce concrete building has 10
floors and area of 17,OOOm2. This research is divided in to three phases. The first
phase is to study the embodied energy and greenhouse gas of building materials.
The second phase investigates the energy in transportation. The last phase is
research on energy usage in on-site construction. This building has 5 parts;
foundation, parking, multipurpose, residence area and roof-top area. The results
show that the total embodied energy is 162,134,147 MJ, from building materials is
161,392,442.41 MJ, transport for 643,934.89 MJ and on-site construction for 97,770.10
MJ. The total greenhouse gas emission is 14,386,918.71 keCO,e. There are from
building materials 14,322,490.18 kgCO,e, transport for 47,879.62 kgCO,e and on-site
construction for 16,548.91 kgCO,e. The embodied energy and greenhouse gas
emission intensity of this building is 9,537 MJ/m’ and 846 kgCOZe/m2 respectively.
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lanflgaumniiadeiay
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N1 (Organization for Economic Cooperation and Development) %38 OECD Way
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A iansNAaNAn A ugiA1 TuLILaznSHARNERAua A TnsduaI oo vland
FeninsUseliuindnstinvewdnsig (Life Cycle Assessment : LCA) Fuduiasasiion
TalunsimsgsinazUseiiunansenumeuoaWdnaeitug Nddedwindonnuanslaunds
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Eﬂﬁ 3 YAUIANITIATIZIA Life Cycle Assessment [4]

93U 3 \Jumsveuunvesinsiziues Life Cycle Assessment 993 J9azilunis

TATIARWANT AN TLINGAY NSHER N15vUEs NsldukagnIsMIngINToINEns
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voulwnveInTiesguululagiuiiegmeiu 5 sUwuulaun Cradle-to-grave, Cradle-to-
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gate, Cradle-to-cradle, Gate-to-gate uay Well-to-wheel n15Us8LlIUTnINTTINVDI
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1. iU RuNgLazUeuLRURIN1ANY) (Goal and Scope Definition)
2. msdnidadsenisdunden
3. m3UszdiunansgnuisindounaenininsTinnandng (Life  Cycle  Impact
Assessment: LCA)
4. msfenunaymsinsziliien1suulssfudaanden (Interpretation  and
Improvement Analysis)
UBNIINNITIATITAHANTENUN A IUAIMINEDLLED Life Cycle Assessment 69
aunsauszenaldlunisnisieseiladnvaeussan Wy N19IATILRN IR IuLATYgAIEnS
(Economic input-output life cycle assessment) #30 N15ATILRNAIUAITIENS 19U

(Life cycle energy analysis)

NMIIATIEENSIINSIUYSe Life cycle energy analysis : LCE tJunsiiasngs
Rnznsnginuiiintuwesnisansualnendnnnsadiefu Life Cycle Assessment Ao
Msinsesinmslindsnusaamslideagiu nslindsrludisnisndn nslindsn
Tunsvuas msldndsnulutamenasldanuuarnisldndsnulutiwenisidaen denns

Iondsnuluudazdaturelianslinadanunuansiiuduegiulssinnvomanduatug

1153403159 Life cycle energy analysis %38 LCE tuazsilimsnuiwansenusy
dlosnannslindsuveindn el Lanainaznsuianavesnsng e uLdaiauso
munlesnuneglusluuuvesysunuiiuseunssan (Greenhouse  gas) Fafimedu
Alansuasuoulaeanlaniisui (kgCOe) Tuninavas keCOse LANUNTAUDNTINANTENU
NIF AN DU TDIRIT L SOUASZANI 6 TaaTilanaTrludeduUsEnaudae
Asuaulneanlan (CO,), Twu (CHy), tunsaaenlad (N,0), lalasniglelsmsuau (HFC), twe
wiglelsnnsusu (PFCs) uazdailasiananrigeslse (SFy) ndsanillémsrunansenuvesnsly
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2.1 nufningtag

Tuunilazgnaniwmguiaeineidesivanuided Fwzdungeiilesiuiielnig
san1siinlafaiion Ineliviadensll

2.1.1 anmezlaniau (Global Warming)

2.1.2 waeunlglunisneass (Energy of Construction)

2.1.3 MTBATIBRININTNIITINVBINENS U (Life Cycle Analysis)

2.1.4 n15AssAnITionas U ulunivesininsieasiinvewmandunm  (Energy

Life Cycle Analysis)
2.1.5 AdudszAnsnisuaseinviseunseanyesdan (Emission Factor of Material)
2.1.6 MIAUIUNLIBUNTZIN

2.1.1 anmzlaniau (Global Warming)

annelanFeuindnnguing 6 ¥llnteoediniuiisansiiealn (Kyoto Protocol)
¥38L38nlAgTININNIUIBUNTEIN (Greenhouse Gas : GHG) NasUdeoyalagainn1suivnig

IansineiTeunszanUsenaunie

A7 1 AngAINA9LSaUNILIN

fingiFaunsean a1glutuusssnia | dneniwlunisinliiianslandau
@ (wiwasarsuaulnaanlad)

Asvaulaeanlen (CO,) 200-450 1

U (CHY) 9-15 23

lunSaeenlen (N,O) 120 296
lalnsniglelsasuau (HFCs) 100 10,600
Fawlosienazrigealsa (SF,) 3,200 22,000
wailgeslsansuau (PFCs) 50,000 5,700
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ardvoulneenlyd AAna nn1sa b dullusunafinuiniuegedetios Anw
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langedunuludig  Fafrwansueulneanlentdunusenuvesisansiiedls (Kyoto
Protocol) lasgyintengluduusseiniaseann 200-450 U [1]

2.1.1.2 Medni (CHy)
fnwfinu (Methane)  1Huansusznaulalasasuowduuialadd Aaluld 1Ju
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dusiuilifearauiuaziniveglutesidudouiiu fefimuduiidnenmilagsil
Tanfewnnnifneasueulaeenledis 23 whusilengeglutuussenmeaidios 11 9 (1)
2.1.1.3 wlupiaeenlas (N,0)
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wnnfingansueulaeenludiic 22,000 winuasliongeglutuussennietia 3,200 Y [1]
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2.1.2 waeunlglunisneairs (Energy of Construction)
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2.1.2.1 Tl
2.1.2.2 sz
2.1.2.3 Founas
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A a 1 14 v = ¢ o = %5 I a YRS
lITVI‘UﬁLmeﬂEJﬁﬁ'NLLagﬂﬂLﬂUbL'ﬂULLVI\“lﬂuWI@EJlIﬂ'ﬁisﬂﬂﬂiu’]LW@LWﬂJLLiﬂ@uu’]

2.1.2.3 \YoiWaa

mslfigomadumsneataiivaevassiuuuiedulidiasdunslddomadunis
auds nsldidemaduaniineadns naensumsiiidemadumssonoy Wounddldluns
roadafinanenaneviindsdnlnajanduring msdaa%ﬂuﬁwﬁ’udauimﬁa31%L%@Lwéﬂu
mssuua'qmmﬁ'qmLLazL%”aLwéqﬁméndau‘l,mj%LﬂuﬂfwﬂuaLeziaLLazmﬂ%’auuamaqﬂmxﬂiimmi
sEmiedguiainsenisiasundasaniwgfiennia (IPCO) [2] nuiUSinafeiieunszan

1 [
v 1

naslgududieaogil 2.7080 kgCO/liter  @enslafigaindslunisaudaiuaziue

Y

[y

eCe_
c

[

H o A = e v = ' o a &
sreznaaziminiussnsnluasssiansaildussyndaiianuuansiaiuly Tusuidel
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dielilddayafigndesuazuiugiaazlidoyaarnnisinudoyasseanldaunisg fausns

Y

yudsianaunsaiieasisarnsuudaasosdng dmsunislididemasdunisneasiseasile
finsldidemaiauinisvudeiaguazgunsalldlunisneatie msufuiiunlaeldsawuals

Hotuud nanIuTaLUYY

2.1.3 MIAAATINRININTINITIAV0INEN T (Life Cycle Analysis)

L% aa a

NTBATIFNNITIATIENTYINSTInvewm@ndudt (Life Cycle Analysis) 1Tuns

[

WA InsTinlutisegremdndusianelnesununisliuvesingiunenasnau
nsmdnenuaenisldanu Welnlarinenisluguuuusinge 9n3Ui 2.3 wanamdnniswag
YBULIATBINTTIATIEI Life Cycle Analysis Fsaziiiulainlunisimsgituazisusuainlu

[ a a o =

druvein1snaningiu naadan 1au uaznisslafanienisminen Tuwsazyaaiuasd
nsldnasnursedsnazneliiianansynudedindeniiananeiueanly FIn153AT1E9R
Life Cycle Analysis H#waInmsdinynuidenianaiuisaasulaindagiulaiinisuunis

Anngvinangeendu 3 Ussanlaun

Manufacturing Vehicle Use

Processing

Y Global Warming Potential ________ 2
Y Freg Consumpion 2

Global Warming Potential

Energy Consumption

gﬂﬁ 6 LAPIANEAIEUDINITILATIZN Life Cycle Analysis [10]

2.1.3.1 Life Cycle Assessment

L2 3

Jun1sdinseiazUselliunanssnunea A Indouvasnan S urinsnasniiady

INT AILANITANA NISHAR N1SUTENDU NISEEIU N1SUIUA AADAAUNISANIABINATENREINIT

'
a e

g IngluauddeaginisseydaUsunamdsnuiaringauild saufsvendenudegeanu

q
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dawndeuuarnisusziliulonanavdinansenusessuviliinkavaveundevesyuvy lny

¢ A Iy

AUTTAIAvRINITIAT e NIEMITNsluNsUSUU sendn Sl e lvilfianansenusie

daandeutosiign N39Sz Life Cycle Assessment tuazilunisiasizideyaves

= o

A3 aTEN VBN IINNGUTBIHANTENUNTsRAM NN AR TR WU AR

Greenhouse Gas
o
CHq Ozone Layer
S0, Acidification
e — g’
EEEL, Eutrophication
Benzene Hea\"y' Metal
S —— d
NO. Carcinogens
e Ol _;
Pb Photochemical Smog )
Winter Smog
DoT J

MIPWUNANTAWUTLNNTDAHANTENY
(Goedkoop et al., 1996)

1%

MEndIInMITndalunUseiavvemansznuiilnedunadeuwaifvzidoyailaun

'
a0

o a L3 - o o/ ! dl' I a ¥
insiwnseing e luldlunsusuusanun i aieanansenuniidedawinden

2.1.3.2 Life Cycle Energy Analysis

Jumsuszdiunisldndsusieg iiintulnensinaenisindnsvewanduaiiug
= ' Y o 1 a o ¢ Y [V S g va Y o 1%
oA sldnasnusiegvendadunuasysuusanislondsanutulaiinisldndanula
pUNHUTEANTAIMNINTY Lasn153ATIER Life Cycle Energy Analysis %58 LCEA Huawdl
sUwuuMTIAseiludnuaeilndifisanu Life Cycle Assessment ABagiiATIZMNTEUIUNNT

[y a a

ANAIANTIINNTITNOAU A1IRER N5TUES NTTTNURABAIUNITATATINULARLILATIZI

q

W IALANIE TUAIUVDINTSTINA I ULYINIUY FIndIunTinisiiudnsiziusznauluane

I Wamdaazuiuszun Wé’amuﬁngmmqaamﬂu 2 @2ulaANSIURFINAR S 9NN
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¢ o A a o ¢ YN

LﬁUi%LLﬁ%WﬁNﬁu\ﬂuﬁLﬁﬂﬁl’]ﬂﬂ?ii%}\ﬁu‘ﬂﬁ]ﬂmamﬁm% nasunnandunazaulinge

Embodied Energy @owdsnuiinainnisnanianuaznisitfanuindmdundndue

o
LY

WAIUAAAINNNTITIUKTD Operation Energy ABWAIIIUTAAIINAITITIUNAAS UgITIU

' v
) v v

dmsuoIAsaziinIInasuazauvise Embodied Energy fAndumeiiianiinanidlunis
Nea31901A5TINDINTIENS LUl Ug U IN1TNRAS1991ANT dIUNSIUAnINATIFY
%38 Operation Energy U9481A13A0NAINUAAAYTUTUAI9989715199UDIANT UL

2.1.3.3 Life Cycle Economic Input — Output Analysis

[
a

I3 a ¢ 1% sy A aa
Junslaszviglasd gunu wasiasugmansiuauelnesiueesszuy lnedsnisil

Y Y %

WATIEVnaoni)InsvonAninal ielnladayanisnnaiuasugaansvewin g

o

1%

uazymsMauNuUuUssely witeidevesistasmiaiarnuduguenanduasugaans
whtu Seildunsedimatisaninanmsinsizddanssnuieduindensgnann usmnas
annansenusedwndenlsiinansenulesfagbifumeinuasugmans

Tunsiaseat Life Cycle Analysis tuazvouanlunisiinisinszsiuansaiuly

o ea o

PNENwEYRIHARd ML IATIZY Ja90un133ies1es Life Cycle Ainsuusvauiannis
AT 5 JULUUAS

1. Cradle to Grave

(%
v v

N15BATIENALUY Cradle  to Grave ABNITRATIENTINININTIALLTUAILANITHER

[

ARAu NMsKARTaR N15UsENaU N1SITNIN N13TRTIMUTe MSLEI1UAaEAIUNITATALIN
wIon1ssLufadanndsnnasldauaunsauandlanegun 2.4 nsiengvianuaeillasu
AMUTEUDYINNA LU Nassén et al. [11], Hui Yan et al.[12], Chen et al.[13], Hui Gao et

al. [14] WWesnndumsiessiiuuasuindns ylinsiuurasiunvesdineglaeg e
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STORAGE/

RESOURES ASSEMBLY

MANUFACTURING

U7 7 3Uuansindnsuesnisiingizsi Life Cycle wuy Cradle to Grave [15]

2. Cradle to Gate

v
6 1 LY a a Y

AMTATILRLUU Cradle to Gate Lflumﬁlmqwmmeiwﬁmmamu ANINARNIER

9 q

Asusenavaundeuldudsldlasiudenisldaunasnisiidnenuseeiananladndunis

IATeiienIeiInsvemindueivintu aunsauandlanagun 2.5 nslleseianyaeil

a

finvedenldiundndamniiarenisldnudoutiseiuiunisldaunsaseylainaglday
dielasaufenisungeshenioladng Meg1aiwu 01a13 4A399903 s08ud WUy 19U Hong

et al. (2015) uaz Heravi et al. (2016) wiesnawipaiiueradnsiweluladlviqlunis

[

AMARLININILTITUY

STORAGE/
ASSEMBLY

MANUFACTURING

U7l 8 JUuansTndnsvesNTIATIZI Life Cycle WU Cradle to Gate[15]

3. Cradle to Cradle
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mMsieserdnvaziidunisiasziitonaziiduidure i ndoannis v unyii

[
[ v @

13 Recycle  savaadfiolildTngRunietagluitunnfiolivoavdofiinaniginsves
wARFeiTlAvinAugud ansauansléfesui 2.6 Famsaszidnuasisuiinsinsed
\inanTudos ) 1wy Peng Wang et al. (2017) Igvinisinsgiguuuuanudululduves
13 Recycle mﬁﬂiugﬂl,wum"mqiﬂaﬁmmmﬁﬂwms Cradle to Cradle uag Niero et al.

(2016) lsivinn5imsnzai Cradle to Cradle vasnsldnszdeoseqivilen \Wusiu

PRODUCE
& ASSEMBLE

COLLECT &
DISASSEMBLE

U 9 JUuansIndnsuesnsiinsest Life Cycle wuy Cradle to Cradle [16]

4. Gate to Gate
Wuniseuaanizludiutesnszuiruntsuandansasldnumindulalasiulnly

Y [y

druveansaningiu Msldunagnisnidnen fealaediuinnisnisdnyueidnieulyiu
nandaanldanunsassyegmstdauuasyssianiniiluldauls Wy Buchanan et al.
(1999) lavihmsieseinansevuvasnisuanazuusuliindanldlunisneasns deladladu

sudanstdnuazAauaulsguldiasamingu awnsouanalddagun 2.7
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STORAGE/

RESOURES ASSEMBLY

MANUFACTURING

5UT 10 gUuans¥ninsvesnisitaszs Life Cycle uuy Gate to Gate[15]

5.Well to Wheel

Junsiwaanizludivesnmsldndsnusasideamndslunisvudmannvieindns

% [

AausinsanaauisnIsndneInvasaaiun Inedwlngayldnsmuailiunandunninig
YUAIIIUIUNIN WU Rahman et al. (2015) naasigrinisiadammasiunisvudaindunulu
DLISNWMTe %30 Bicer et al. (2016) lavinnsiwsizsiwazsouisunsididamadlunis

YudwateUNIUElng R FULUNITIATIEILUY Well to Whell

STORAGE/

; 2} | ASSEMBLY
_

MANUFACTURING

JUN 11 Uuansindnsueen1sinsie Life Cycle wuu Well to Wheel[15]



18

2.1.4 MnTeinstinganuaulunivesiningeastinvenisneasne (Energy
Life Cycle Analysis of Construction)

Tusuid8ves Panagiotis et al. [17], Xining Yang et al [18] uag Luisa F.Cabeza

et al [19] laszunssiuinlunisieszinisldndsanulunivesingdnsiensiinvewansiom

[

g A ! o v a I a 3 Y v a 6 1 1
HuanNnanulumten 2.3.4 %Lﬂumﬂmewmﬂmwmmmmwamcusmmqﬂ Tudu

[
[ 1 [

yaensneastuasdunsinssinasisunanianeassliinasdunssedagiiol

q

lou nsnqeusiivelilamdn nsdaliiienvilduuy 8% seunnzduludiuvesnisuds

| < ¥ < <

sUTaAWU nsvasuman Tdyu wIedugunatadin wasniilandnduauainaziduludiu
Y94n15L3uneas1INaTdelmsldndunroud19as nendinnisadiaasawainaziin
nshindsnuluglsesnsldnuetmsdeannsanernuidedugnuindudraninisly
Y = - S v i v = o § va 9 o v v o
wasunnfiaaesniiugndnisldnuasutauulvhivinmaanunldazaul il

Usunann Weduganistdnufasduludinvesmsvatensenisidaeinlaenisidngin

=

[ Y 1 & o v & [ = Y v
ﬂﬁ]%llﬂﬂﬂ“(ﬁWﬁx‘N’ﬁ,ﬂUﬂ'}ueﬂ@Qﬂ?ii@ﬂ@ﬂLLﬁ%ﬂ’ﬁﬂ’]‘\]@%ﬁﬂ Imamiiaaauﬂ%umﬂﬁuwawmﬂlu

dy 1 o g o <l a Gl o 3 24 a 1
N153000U @run1smangnduetatrlUslaAanseaati luilenaviufesiasasaly

' £
L a a

woNINNITENRINUIINOIAITNITINTANEUTWAURAI T B ndIunTa N AnTu

seninemsafiunmsludgdnsiufenisoudaaznisdouwenuigasnelunisvudaiuaing

£

wenanluluiden 2.2.3 Sinaumsldwamaaiuastuediumainraiedade wu svezna

14 ' 1
o v A I

Wwtnussnnsluissinnsailddaiuludiuvesnsvudaielilddayanignsieusiug

Y

Jamsinisiivdeyasseannninnuity Tudiuvesnisdeuwauingeinwennisusas
O o o [ r-:l' 1 @ ¥ =3 1 v U Y o= g d‘ a v
91A5tuiinsU TS wanasiunsidanufuansisiudanuIadus esidoutienly

< v = o % a o ! =3 ¥ 1 dy
nsiivdeyadwihlianddedulngwesdwludnily

2.1.5 Ardudseansnisuaeeineseunsyanveaeian (Emission Factor of Material)

Tunsneasntunziifagivarnvatefiazihunldlunisneadauay Tannvzdiuildus

9

ISP

avUszinniazdanislindsnuindlunisndndsdunuideiazuedduyuvesnisdaanseny

' (%
1 a

mamLLamﬁaméﬁ’QﬁummmmﬁﬁLm%’agamiﬂdaaﬁ”wﬁaumizﬁmﬁumaqﬁmw%mﬁmmi

ngsaunszaninldlunsAmnanisUdesiwisounseanta lunisneasisiagmangildlu
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[
[

N15NES9ASINIAN

[y a

1Us¥anon1sUapeMgsaUns¥an (Emission Factor : EF) f4m157199

2.1 BEWAREIEALLNUNIRUS 2562

q

AT 2 A1T1eERIATENUTEANENSIUNa1U(Embodied Energy)iazAdulse@ncsnis

Uasefigisounsyan (Emission Factor) vasiagmaniithuildlunisneaing (Anuasain(9))

318019 AVeld Embodied Energy (MJ/kg) | GHG (kgCO2e/kg)
Wian kg 35.4 2.89
ADUNIA Kg 4.5 0.74
318 Kg 0.081 0.0051
147 Kg 10.00 0.31
PVC Kg 772 3.10
N3N Kg 15.00 0.91
aaililuy Kg 155 9.16
AuLad ke 56.7 6.15
93 kg 3.00 0.24

dAnsuANaNUazan (Embodied Energy : EE) HuADAINISIowasa U lugg

NARMKNANN UNUIBD1INA1IAITNAIUN AL AUVDINAAN UNUULIIINNAIUAUIINNNITHARN

[ = 1

a o ° Y v a o e= A v @ Y] a o e I3
npAuavihanldasndndunddelaindundinuasauvemandundadnuisidu Mi/kg
(unnegusentansy) Usunafiwiseunsyan (Greenhouse gas emission) Lluusunafine

Seunszaniunandagildlunisasisndnduniinuiedu keCoer/ke (Alansu

asuaulpeanlamisuinsanlansu)
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[

91nasdefdusziiuladnguianiiulangaziiainisuaeefieseunszani

[ A v

Aoudsganseausaesurednienialdinlunungulangiuninazunluianinfouldanu

q

a Y

Uuazsunszuunsig timsldndanuaeudiegelawilisiiausinegtuilagananuanald
Tupgadnesiu

2.1.6 MImuIMUTINUNMsUdosuazganduingiseunsean

nsAmaUSInansUdsswazganauesaunsEanUsEnaume

2.1.6.1 NISAIUATUNDUN AL

asAnsABIAmINUSINUNSUdRBuAgAndUA TS unsEanitinduneluvauln

[

YIIANTBEIATUMUINTE Y IaazTuiinduanednwald nwsa T un o UMl

1) msszyuvatasuazunatgatuiisaunsyan
2) ANSAMEBNIBNITATUIEY
3) miﬁ’mﬁammzLﬁuﬁa;&aﬁamiumiﬂéasuazqm%’uﬁ”wﬁaummﬂ

4) - pIsAmARNUIBNAUNATMNNLAESNISUaRLIaUNTEaN (GHG Emission
Factors) %38  Awnimasnisganduingiseunsyan (GHG  Removal

Factors)
5) ﬂﬂiﬁ’m’smﬂ%m’lﬂm’liﬂdaﬂLLﬁ%@ﬂﬂﬁUﬁ’]"Uﬁ@Uﬂizﬁ]ﬂ

2.1.6.2 M35 YUNaIUngUAZUNANINATUNITTOUN T2 9N

BIANTADITEYWMAIUABEUAT LA ATU BT DUNTEANTANTUIALATIINAINTTH

A neluveunvesasnnsuartuiinidualednwaldnys esrnsalsientuiinusunadiia

'
= o ¥

ANSAU U39 LaUNDNLIINANEUBNLNE ITIIUN18TURIANT NINBIANTVINNISAIUIN

Y

USnanisuaesuazganaduineiseunssanniedenduy AasuentufinunasUdesuasumas

o

ARTUNTITOUNTEANNNIDDUTIUY
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2.1.6.3 N15AMANI5N15AI114I0S

asRnsiasfndaniarldIsMsmuInUTInansUassuazganauitvTaUNsEANTIVIN
Ilanadnsesnuiegragnaeslitaudeiunazydivanaiulivineusg wauivnauna lng
aefnsausaldenisnislafliuddesdinanalsznounaziasuansdiasuieninins

WagukUaisnsauwiuiwelduineu

[

ada o o v dy
BNsmuIEINsai el

1) 27ANIIATIAIN
‘1/‘1’1mimaﬁ@ﬂ%mmmsﬂdaaLLaz@mﬂé’Uﬁ”wﬁaummﬂImamﬂ o LaIUaneNs e
N fufingsounszanagvseiiswiaiutinluszeslngldiniasdioniagunsalnsnsaing
lounsguaudsnsnuiasgiuainadsilateyausuianisudesuazganduiine
o~ aa v
ISounsEANNIANgNAD A
2) 21NANTAUIN
nmsmUsunaunisUdegiazganauineiseunsEanmIeIsN1sAwIMaNsavinlaviany
T8 wu nsaeluwayien siialnisinaasaNnansen s s iavduiusvsan1sAuIN
Inglddayananssunngmiindunigluasinspaiuaunninesnisudesseganduinuseu
v 1 ) % I3
nszanuaziansualieglusuvasilansuaiiveu
USunaufieiseunssan = deyananssy x Aunnmainisudesvisenaduinuisounsyan
3) 9INNITHTIVINTIUAUNITAIUI
asdnTansaIUSnaNIsUassLazganduinvsaunsEanmeIsn1InTIvinsiuiu
AsAUILe
A28 19U ﬂ’]iﬁﬂ%@%ﬁﬂ%ﬂ?ﬂdmﬂﬁ%@LwaﬁﬁﬂuﬂLﬁ‘ULL@%%@%aﬂ%iﬂmﬂ’liUéaBﬁﬂ%ﬂﬁ‘U@u
= = % Y ° ° a | o & fa a
yptanlendalnainnisnsiatauivinniseulIuUsuunsUassfiga1suaulaeanlanfiie

sl tngerduaunisuiaasauna [usu

2.1.6.4 msAndonuaziiuTayafanssunIsUaosuazgaduiinsounsyan

¥

PNINSIEUauaRNTTUUTLNDUNITAIUINABITNTARENLALLAUTRNARINTTY

Y

(%
(%

]
! o e a PRy Y o ad ° ay v oA vy Ay
ﬂ'ﬁﬂa@ﬂLLagaﬂ“U‘UﬂWGULia‘Uﬂ?S"UﬂV]bLlISU@LLENﬂU'Jﬁﬂ']iﬂ']u’JmV]l@La@ﬂl’l‘mﬂu @Nﬂamﬁﬂﬂ@ﬂ'ﬁﬁ

losumstuiinbiluguuwuuimunegauamiuldiiasgiwasniuasulasnegades 2 U
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2.1.6.5 msAmdenyionia A uNnmesnITUAIogANa U 1T TouN YN
mninslddeyafianssuusznaunsiulneAnIfeEaienrIeNauIALINKeS
mMsUdesniegandufimieunszaniivs
1) NIIUUMETIAN
2) wangaldiuunasUdevisegaduingisounsEanuAazumas
3) iuadertuluvazdilisnna
a)  dsdeenaliwiueulunsduinuazinldduaniielilinadnsd

U

AN

e

5) Lidaudenuanunslalunislanudydsemsdsinaiassounsyan

Tunsditlianunsadanudoyanuinwesnisvaesiesounsyanwuuigugdld awise

Henldteyanieginmuzaudmivianssuiaznszuiunisdesiililieglunisaivay

q

&

1AEATIVDIDIANTUIDATLNNLADINITUADEAIBLIBUNTEANN EASUNITLNE LN AR

1% =

wsadeyariuweie lngmndewmuanuaud iy ANuuseiowarAnN NYeITaLald
ail
- guteuanyNAnwkatieunslasesansaglulssinanilduneItes

TnenTeiuRaNTINTUe

[
= [

= gudeyadanindeuvedianug LAz Na s IuYesUsEnalig (Thai LCI

9 EE]

Database) #352usaumazdanslaegudimaluladlanzuay Faguisni

- deyaamingrdnusuaremAfeiiAeatosiinlulssimadsinunianses
e

- gruteyaiwounsyily laud Tusunsudifasuiunsusaidiuipgingdin
(LCA Software) F1udayalanIzVRINGUERAMNTTUYTOTIUTBYALRNITVRIUADY
Uszina s

- doyaiifuilagednsseninsUsema WU ANENIIINNTIENINASEUIATY

mglsaansidgulUasan ngienia (Intergovernmental  Panel on  Climate

Change: IPCC) 99ANSUD9@NU TV
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[y

2.1.7 MIAUIUMEounIEININNIsna UL Ja

TunisauaUsunufgEaunszantuariinIsuAduUsLa@nsS  wseA1  GHG
Emission Factor 3MAIUIMNAaNsEny nen198930nN15AUIMYBY Hai Yan et al [12] %9015

AUINIzRUIRRN T UdRd sl

2.1.7.1 m3fual GHG vo93an)

N1IAUINNANIENUADFIwInaauYasTanvzAesldUTuun sl Taguiasylinu

MU Beanansanal@annaunisi 2.1
— i i
E; = ZM]- X fj (2.1)
s Ej = GHG ves¥an
M]-l = Ui Tan ity

fjl = A1 GHG Emission Factor 484an)

2.1.7.2 093577114384 GHG U890 15Y4a

A15ANUIUNNSUAREAITEOUNTZINVBINITVUAS 9¢1Y GHG  Emission Factor 284

L%@LW%QﬁLLmﬂG]"Nﬁu@aﬂlU %ammaaﬁwmmﬁmﬂaumsﬁ 2.2
E; = IME X (T x fi'* + TS x fit) (22)
il J J l J s :

GHG v89n15UUd4

IWEJ Eii

[y

tinvesianivinisvuds

i
M;
le = 2uEN9lUNISVUAIIUN
fii

l

S ) H
Tj = STYLNSIUNITVUAINIIUN

fii
S

A1 GHG Emission Factor 984n159U&in1eaun

A1 GHG Emission Factor 984n150u@In19in
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2.1.7.3 115A14384 GHG Ya9m 5L aainasaInsunIsnaas e

A1SANUIUNISUARAIS DUNTEANVDINTS MLY DAl UNINBAS 199 A WILLARN

[y |

YSunaunsldaindveaniassinsuazgunsalaniue GHG Emission Factor ¥eayalnas

Y

WHATIUA AIANNISN 2.3
_ iii iii
Eiii = ZF} X f] (2.3)
e Ejy; = GHG vasmsldiwomasdmiunisnaadng
F}-”l = YSunaudamaantglunisneasng

iii | P ¥ o -
f}- = A1 GHG Emission Factor 999t3anadmazuie

2.1.7.4 715A1M384 GHG va9m 3L Wiamsunisnaa s

nsldlnihvesnisneaieiuasgninndnnaiuaduussansnisudesinuisou

nszanvaslviinaunsauandlamsdunisn 2.4
Eiv = ZE] X f}‘lv (2.4)

s Eyy = GHG vesmslgluihdusunisneasna

E:

= Usaneunsialulsi

F}-w = A1 GHG Emission Factor Ua3luiin

2.1.7.5 Aa7iuYee GHG

— i
E = )= (2.5)
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2.2 UIeNNeIVa9

TunAseliinadelddnumaAdefiiumvemansgnuidefifinsiidefisat
BesfiRadesiunuised dsludumesiidenuitefifordosiosndaninuddeildane
wud@uislfdulumMazUSsuisuvesuideiasi wu Tuaddeves Hui Yan et
al[12]  lavinmsimsigsinislandsnuaesnisneasislned@nenluldvesnisuaesingiseu
nsvantugeans nslusnwideainaniadnviinisnuiluguuuy Life Cycle Analysis %38
LCA Tagwautunvesmsanuniarldvounauuy Cradle to Gate Aemsanwinisldndasu

a =3 % <
LNESLLARNEAINNLE I

GHOG emissions

! 1 |

Production ™) Transportation of I, Erection
of building materials

e

building materials of building

Encrgy
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Manufacture and transportation
of building materials

{i) Embodied GHG emissions of
building materials

(i) GHG emissions from
transportation for building
materials

Energy consumption for
PrOCESSING resources

(v) GHG emissions due to
electricity used for processing
fresh water and sewage

Emnergy consumption of
construction equipment

(iii) GHG emissions from fuel
combustion of construction
couipment

(iv) GHG emissions due to
eleetricity used for construction
equipment

Drisposal of construction waste

{(vi) GHG emissions from fuel
combustion of transportation for
waste

JUT 13 518azidenvauvasiianveinsidesinuiseunsean [12]
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[

wanglamatl

Literature sources in chronological order

Included CHG emissions sources

(1)

Reference [3]
Reference [4]
Reference [5]
Reference [6]
Reference [7]
Reference [8]
Reference [9]
Reference [10]
Reference [11]
Reference [12]
Reference [13]
Reference [1]
Reference [14]

v
v

< 2

.

(2) (3) ) (5) (6]
v
v

v v v v
=.|'

v J v V
v

v J

v v v
v

Motes: (1) Manufacture of building materials; (2) Transportation for building
materals; (3) Transportation for construction equipment; (4) Energy consumption
of construction equpment; (5) Transportation for workers; (6) Disposal of

construction waste,

JUT 14 UuanimsiuTeuieuraunaiideau [12]
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M1 3 ATuanINsUdeefiwseunsranvesiagneasng [12]

Specific Quantity GHG (recycled Percentage GHG (virgin  Percentage
element (tons) materials) materials)
(tons COs-e) (tons C05-e)

Concrete, 61,0739 1038256 T7.89% 10,382.56 5281%
30 MPa

Steel, BOBE9.0 229555 17.22% B098.37 41.15%
rein forced

Glass, float 190.5 353.95 2.66% 353,95 1.BOEE

Steel, 366 213.85 1.60% 213.85 1.09%
stainless

Sand 196741 14559 1.09% 145.59 0745

Aluminum B6.7 44,42 0.33% 571.35 291%

Cement, dry 27 279 0.02% 2. 79 L01%E

Artificial 351 1.51 0L01% 1.51 L01%E
stone

Timber, 962 —109.76 —0DB2E —109.76 —0.56%
glulam

Total 872648 1333047 100,005 19,660.22 100,008

Iuawu%’aﬁlé’ﬂ,tﬂdmnﬁ‘usﬁayjaLLazﬂﬂiﬁﬁuamaaﬂLﬁu 6 @ lawn 1.n15Uanefne
I30UNTLININTANNATIS 20159UATAN0a5 19 3.5 Lndideindesgunsaiuay

1309305 d.n1sleliivesaunsaluaziasesdng 5.nsldluilumsthdaunde 6.n15vuds

goudennsneadng annsuUnasiiudeyauaznsfmndissutuausoagulangun

U

15.

Recycled materials Virgin materials

218%
34%

(0%
- 0.9%

O O OLa BEvy BE OFw O O OEx @Ev BE OFw

JUN 15 dndrunisudesingisounsyanveanisneasnenas [12]
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w84 Jingke Hong et al. [20] AlaAnwinsiindaulunisneadraduiuusazuanataiug

¥
o

Yauslaeuideliazuieuwndunmsatasnnedon lnevnmsetuazuialu wdsud
Anannisldiasesdiauazaunsallunisneasne nisvuds msldlniinlunisneasiuasfianssy
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wazgunsal Aanssuiieatasiunisneadrsualdlaluiiuiineadne iy seniln n1svuds

NN FTunounIvITIEUUaITaRanalanIgun 16.

[ 1. Deseribe the Project |

(3, 1dentify GHG sources

(4. Data Collection |

{1y Geographic location
{2) Structure
{3) Building area

| {4) Other available information |
. A

(z. Identify Account S:ope'\i

(1) Identify system boundary 1

[2) Determine types of GLIG

EMISS100S

(1) Direst emissions
= Energy consumption of
comstraction equipment
# Excavator
# Bulldorer
& Piling machine
- Ongite fransportation
= Construction electricity use
- Assembly and miscellaneons
works
& Chemicals use
» Welding process
* Waterproof paint
» Pipe hinder
* Reserve holes
# Thermal insulating
= Onsite worker activities
# Cooking oil consemption
# Fugitive discharge from
septic
® Waler prodection and

discharge

(2} Indirect cmissions
- Building materials
recduction and trnspartation
# 80 building materials
® 5 kiruis of transportabion
wekicles
- Transportation of
construction eguipment
& 2 kinds of tragsportation
wehicles
= Oiffsite staff activities
» Offsite electricity use
& Slall ranspariaiion
* Fugitive discharge from
seplic
® Water production and
discharge

{1 Determing the prianty of

1| data source

23 Callect data from different
siakeholders

i

_' 5. Emissions Caleulation M'_

Eq. (3}

- -
’.E GHG Reporting

(1) Interpret the final results
(2] Reduction pelentizl
analyzis

JUN 16 UanwauluauaztuneuYesnuidy [20]

waanilauvsveuwakarnsiudeyanainasiunmuamirnisudesfieisen
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Account = Y ,(CO,e); =

?zl(ADi * EFL * GWP) (1)
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M3 4 M9 ananIUSIN A ANdEUUsSEANSYR T TAR a4 [20]

Construction  Items (uantity Emission factor Priority Construction Iterns Quanticy Ermnizsion factor Priority

activity activity

Building Tubular pile 112623t 145 kglOy/kg 3 Building Wire entanglement 120t 284 kglOy kg 3

material mmaterial
production® production”
Concrete 4443.5m* 261 kglOy/m* 3 Fomwaork 460t B kgl0,/m3 3
Talcum powder G177t 125 kglla/kg 3 LPVC pipe 781 3.23 kglafke 3
Steel et 145 kpClskg 3 Marhle anat 0.436 kplOafkg 3
L. F.foamed plagic 1583t 291 kglCOy/kg 3 Grawel BEISS T 0.00241 kg0, kg 3
Polyamides safety net 264 t 927 kgllyfkg 3 Ceramic 146t 0,78 kgl ke 3
Cement 2442 0.759 kglOzfkg 3 Mosaic 345t 0.238 kglOakg 3
Aluminum HEt 58 kgllykg 3 Alcohol att 0.828 kglOylkg 3
Stainless geel product T2t 145 kgllafkg 3 Trarsportation  Lorry 3.5-7.5t 2B6X thm 0066 kgllyftkm 5
Glass 861t 109 kgl kg 3 Lorry 7.5-16t 263275tkm 0292 kgCOytkm 5
Slag 1766t 0443 kglOyjkg 3 Lorry 16-32t 1318493 tkm 0,168 kgCOyitkm 5
Clay haydite 2Tt 0327 kglOa/kg 3 Lorry =32t 245160tkm  0.117 kglOytkm 5
welding md ERE 205 kglOz/kg 3 Offsite activities Off-site electricity use 133096 6 kWh 0.7898 kg(03/kWh 1
Polyuret hane 134t 431 kgl0ylkz 3 Staff ransportation 177 ke 2.99 ka(O,/ke 1078 1
kgCHs kg 0345 kgNxOfkg

Perlite 4561 0995 kglOsfke 3 Fugitive discharge 84 kgBOD* 030 kgﬂ-ldl@ﬂn 2
Timber plates S06m* 563 kglOy/m* 3 Water production 3176 m* 0,42 kgCOy/m 1

* The guantification will follow the national accounting method as described in IPCC 2006 Guidelines Violume 5 Chapter 6.
" This part enly lists the materials accounting for more than (.1%

<

#819n7LAIIN15IAUToyalAI Az ARINA1INIINTATUIUA N LA U
voulualitsiuiemdayaundsiuivesnisyaesigisaunssan daandeyanliiinig
a ' gj Y & =2 a 1 3% & P = e I3
AnsgviiniusanslviuielSunanmsuaesinviseunseaniigeds 8,707,004 kgCO, laeiduy
MRSl 201,925 keCO,  M3pAmdu 2.42% voin15Uaasfalsounsy NI aMuALANIS
Udesfingiiounszannisdeutuiivsunurendvg@ednidu 97.58% Feaunsauanslinegy

seluil

Cooking oil Excavator
COnSImp i [L61%
1.83% Fugitive
discharpe from

Piling machine
D A4uaL

Vehicle
1,500
Water production
and discharpge

septic 07
1.35%
Combustion of
ncetylene
1.0%%

JUN 17. M3Udeeiisaunszanniemss [20]
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]-'*qm"::t?;“ StafT transportation
’ b bdnterial 1%.13%
transporintion

B

Fugitive discharge
04354

Water production
1.01%:
CH Bt Gl lnce &
Ectivilies
1. E%%

U 18 MyUaesiuiseunszanniesy [20]

Tun1sUaneAsisaUNIININNEINUNINTITUAZEIULAILADU 80% 119 NATY
nasulwiluiiuineadearumslondsnusugiuiiodudndiuineudats Fsnsuasy

AedounsyanainianssumegisonsUaseinmisaunsyanniewenlpsuiadunsudsuay

[y 1 [ a

NTVUAITAANDATI NINTINVDIAUNU LLﬁ%ﬂ’]S‘U‘HEsJI’]EJLﬂ%EJ\?’;]JﬂﬁLLa%Q‘Uﬂiﬂjﬂlaﬁ%}’]\‘i GREMED

q

waneladagui 18, anguilinandiulainmsvdesinniounszananwasun1adeuiundy

90% 11A1NNSHANTARNRATI

W Building material production W Building material ranspaortation
W excavator W bulldoeer
100z Wpiling machine . myehicle ) .
B Construction equipment fransportation WO and off-site electricity use
m Cooking oil consumpticn m Op and off-site fugitive discharge from septic
10000 1 mOn and off-site water production and discharge ™ StafT transportation [

TE00

3000

2500

Building material production and On and off-site human activities  Construction equipment and
transportation transperiation

SUN 19 uanslSunanisudesingseunszanainianssusie lunisneasng [20]
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] I

miﬂdaaﬁ”wﬁauﬂszﬁ]ﬂqwamﬂamﬁﬂuamauﬂ%mﬁmLﬂu 53.85% Way 14.53% UaI9NU

9

Feanunsauandlaagun 20.

Slag Clay haydite  Other
U530 5.51%

Aluminum

219

Polyamides
satety net U, F.
3.07% foamed
plastic

5.77%

Talcum powder!
G.6T%%

[y

U 20. dadiunnsudesiimsounszanvesianneasng [20]
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M5791 5 msradIsuiiigusdiuuemsiunuidedu [20]

Reference Country EBuilding type® Floor area (m®) Structure Method kgL Oye/m®
Massén, | et al. (2007) Sweden E - 10 analysis T2
a8
Rossi et al Belgian E 142 Masonry Process LCA 184
- Steel 164
Konig and Crist M) Germany [ 9T0-T292 - Process LCA 43
Erunklaus et al.(2010) Sweden 3 - Concrete, wood Process LCA 400
180
350
Salazar and Meil (2009) Canada E 207 Standard Process LCA 204
Wood intensve m
Blengini and Carlo (2010) Iealy E 250 Reinforced concrete frame Process LCA T
65
Ortiz et al.{2010) 3 125 Bricks based Process LCA 246
108 257
Elengini (2009) Iealy E 6110 Concrete Process LCA 308
ZahalzaBribidn et al. (20 Spain [ 222 Concrete Process LCA 257
Japan [i] 1857 1-0 analysis (]
LK [s] Reinforced concrete Process LCA 46T
Sweden o 3537 Reinforced concrete Process LCA 160
Schever et al. ( LsA o 7300 Steel columns and girders Process LCA 573
Ming et al (200 (China (5] 46240 Steel Process LCA 315
34,520 Concrete L]
Wu et al. (2012) China i} 36,500 Reinforced concrete Process LCA 803
Dimoudi and Tormpa (2008) Greece o 18491 Reinforced concrete pii]
400 28D
Van Ooteghemn and Xu (2012) C 586 Hot-rolled steel Process LCA 549
Heavy timber structure 8T
Pre-engineerad steel 355
Steel-PREDOM 52
Timber-P REDOM 451
Kua and W Singapore C 52094 Reinforced concrete Process LCA 121
¥an et al. {2 Hong Kong [ 4310 Reinforced concrete Process LCA 525
Filimonau et al (2011} Uk H 3300 Process LCA 761
H 2000 Process LCA BEE

* This is an adjusted value based on the assumption that embedied GHG emissions account for 20 of the total GHG emissions.
® =R represents residential building, “0° reprezents office building, “C” represents commercial building, and “H” represents hotel.
© This is an average value

UBNINNITANYINFIIUINTAPAT19MET Ambrose. Dodoo et al. [6] o
yhmsnunslindalunsldeinsusyfisdemmigiuinfaniivnanldhenesduiing
semslindanunaznisdesuonuainnislindanuialdimmeassusuildsuiagues
ormsiunuussndandssmuisunsiuisunts ndsadaaunsauandldfagui 21 wazsud

22 ndsanilavinsusunfeuianudafiazfineidl U-value 048113
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Description Roof construction Conventional design (top to Low-enenzy design
down)
CLT system Asphalt sheeting (2 layers) The loose stone wool is improved to 550mm for the

Beam-and-column system

Maodular system

[

16mm TG wood panels
Timber trusses

500 mm loase stone wocd

0.2 mem plastic film

2B mm » 70 mm timiber battens
2 13 mm gypsum board

Asphalt sheeting (2 layers)
45 mm LVL baard

45 mm = 300 men LVL beams
500 mm loase glass waol
0.2mm plastic film

2B mm » 70 mm wood battens
13 mm gypsum board

15 mm gypsum board

Asphalt sheeting (2 layers)

16 mm TBG wood panels
Timber trusses

400 mm loase glass wool

45 mm » 120 mem timber studs
120 mm glass woal

0.2mm plastic film

13 mm gypsum board

15 mm gypsum board

low-energy design. Otherwise the details are the same
as far the conventional design

The loose glass woal is impraved to 550 mm far the
low-energy design. Otherwise the details ane the same
as fiar the conventional design

The 400 mm loase glass wool is improved to 430mm
far the low-energy design. Otherwise the details are
the same 2= for the conventional design

JUN 21 nsdsuudadlassasiaveaidam (6]

Description

Carwenticnal design

Lew-energy design

Exterior walls

Details (outer to inner)

Exterior walls

Details (auter to inner)

CLT system

Beam-and-column
system

Modular system

Ventilated facade plaster
2Bmm » 70 mm woad lath

50 mm stane woal g
185 mm stone woal

45 mm = 195 mem timber studs

02mm plastic flm

82mm LT

15 mm gypsum baard

Ventilated facade plaster
2Bmm » 70 mm woad lath

50 mm stane woal

220 mm stone woal

45 mm » 220 mem timber studs
02mm plastic flm

2. 13 mm gypsum board

Ventilated facade plaster
28 mm x 70 mm wood
- 45 mm glass wool

—_—
-
-
-
-

o~

Ventilated Fagade plaster
26 mm = 70 mm wood lath
50 mm stone woal

=

532-mm

170 mm stone wool

Outer

45 mm x 17 Dmm timber studs
170 mem stone wacl

45 mm x 17 Dmm timber studs
02 mm plastic film

B2 mm (LT

15 mm gypsum board

Inner

Ventilated Fagade plaster
28 mm » 70 mm wood lath

£

50 mm stone woal

120 mem stone wacl

45 mm x 120 mm timber studs
220 mem stone wacl

45 mm x 2 mm timber studs
02 mm plastic film

2 » 13 mm gypsum bazrd

Wentilated Facade plaster
28 mm = 70 mm wood lath
50 mm stone woal, 70 mm

45 mm » 45 mm timber studs
220 mm glass woal

45 mm » 170 mem timber
02mem plastic flm

12mm plywood

13 mm gypsum baard

glass woal

45 » T0mm timber studs

220 mem glass wool

45 mm x 20 mm timber studs
02 mm plastic film

13 mm gypsum board

15 mm gypsum board

JUN 22 Maddguudasiaseasnevaaniis [6]
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TAgUBNANNAISANEIAT U-value Wwaznlsionadauyadannnswaldadnuiludiuues

nsvudsianneasandiunld Fanmsiesginslidwemadlddmiunsudniannasain

PfinsiUasuLUaawar91ngun 23 aziiulein Plasterboard wag Glasswool/stonewool i

[ ]

adunsldndanuigangauaruenildsiinisiiasies Carbon  balance uaw Carbon

stock nA3E

Fossil carbon emission for material production (kg C(')qu.-"m] [living areal)
0 ] 20 25 30 35

Plasterboard |
!
Glasswool/stonewool

Iron/ steel

Wooden materials

Concrete
Polyurethane
Glass

Aluminium

COpper |
Crushed stone
PVC
Paint
Putty and fillers
Mortar
Asphalt

Infill gas for windows

Ceramics

mCLT system mBeam and column system  mModular system

'
1Y 1

sUN 23 dodunisldidamaddunisudniagneatna [6]
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= B Conventional O Low-gnergy
g 150 g
Ed
=
b 11
E
=
=
=
P S0 4
3
E
a
5 0
= CLT  Beam & Modular CLT Beam & Modular CLT  Beam & Modular
B system  column  system system  column  system system  column  system
= system system system
Vixji climate Ostersund climate Kiruna climate

SUN 24 A5 mluaninisiIguiiigundsnuanvinevesermsndanineneniuansneiy [6]

W Demolition

W Space heating and ventilation (50 years)

0 Material production and construction

(3 End-of-life benefit from recycling of concrete and steel

300

T
8
B0
£
=

= 200 4
E
1.4
&
@]

g, 100
=
L
=
-E

£ 0
5
£
o
[

100 4

CLT system Beam & Modular CLT system Beam & Modular
column system column system
system system
Conventional Low-energy

JUN 25 nsudesigansusulaeenlesveseinsnasniging (6]
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Identification of materials, building components, and activities which use energy
during the construction of conerete and steel frames

¥ v
On-site Construction |

¥
Maierials and bui]dingl
components

‘ Transportation |

Assessment of energy
consumption in
transportation of each
unit of material and
building component

Assessment of energy
consumption in
production of each
unit of material and
building component

Assessment of energy
fconsumption of on-site
construction of each
unit of work package

]
i
i v
1 | Estimation of quantity of materials, building components and construction work
i packages of structural-frame of residential buildings

v v v
Assessment of energy Assessment of energy Assessment of e
consumption in consumption in : gy
. - A consumption of on-site
production of transportation of :
construction structural
components of structural|  |eomponents of structural frame of each buildin

frame of each building frame of each buildin, g

I v v

Evaluation of average of consumption of energy in construction phase of
structural-frame of residential buildings

pmmmm

1 i Goaland
o scape
1 |_definition

mmmm

ry

| T T 1 ceL Tt oI TTT T msmmm s e mmmm s 1
(] Discussion and validation of the resuls of the impact assessment L B

JUN 26 N58UMTITLALTINITIE [21]

» Production of

aggregate .l Material
» Production of cement Production
» Production of rebar
» Production of steel
timber and steel sheet
’ Transportation ’

Construction

%ﬁnsportatlon of aggregate \

» Transportation of cement

» Transportation of rebar, steel
timber, steel sheet

» Production and transportation of
concrete

» Fabrication and transportation of
steel frame

» Fabrication and transportation of
steel deck

»

» Fabrication and transportation of
Jjoist

> Construction of concrete frame and
installation of roof at building site

> Erection of steel frame and
installation of roof at building site

JUN 27 Tgazideaunasiunvesioya [21]
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Type Case Moo Ceiling type Number of floars Area (m?) Concrete volume (m?) Rebar wieight (ton) Steel weight (ton)

Concrete 1 Joist a 3200 850 190 o
frame 2 Joist a 5430 1500 300 o
3 Slab a9 3400 1700 300 Li]
4 Joist & 1000 250 55 0
5 Joist ] 3800 1140 110 0
[ Joist 0 4000 1700 21 0
Steel 7 Steel deck B 7o 410 18 200
frame k] Steel deck 0 1920 470 30 i) |
] Steel deck B 3030 GO0 30 330
10 Composite ] 2500 350 50 310
1 Joist & 1070 150 20 a5
12 Joist 4 584 60 17 80
12 Joist 7 1550 350 20 110
14 Compaosite & 2400 370 48 20

9307 28 WunslanganueenIsuanianuagni1snedsneIn1sueInIaueIns

a & = ] P Y 2 O a ja v
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[ a £ P PN ¥ =3 7 ¥ [ & aa I v

AU FmngnIun 29 daaztiuldinisldwdsnuveriniiiarAeutig
v a & = | > By a DY av o | o

FUUINIINNINEMMENTS 75% wazludiuvesnisvudsinaginislandsnuinlaiwansieiy

90 TuaruALanA19 U AR N USUIAUA TG UNITVULANAI A UYINTULDY

5 0.82
4.5 0.74
g 4 n_ssg
a 35 057 g
S 3 050 §
E‘z.s 0.41 E‘
g 2 0.33 g
gl.s 0.24 g
a2 1 0.16 5
0.5 0.08 mConerete frame

[=1

o OSteel frame
Optimistic Most likely Pessimistic

JUN 28 Anadgvesnsuanianneasnauaznislindanulunsneaineeiansms 2 wuu [21]
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80% - 750,
g T0% -
5 60%
; 51%
% 50% )
g 0%
EI | 8 Concrete frame
{E- 30% pELTA O Steel frame
o
= 20% - 16%
3 9% :
S 10% lﬁ‘ 6% 504 305 5%
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Phase Material  Energy flows included €0y flows included in carbon balance  Costs included Assumed land fhiomass use
Production  Wond + electricity and heat + energy related emisions + materials prod. costs + felling of mature forest
for materials prod. (incl. energy and Cl;) + altemative land use:
mature forest left
with slow growth®
Concrete » electricity and + energy related emissions + materials prod. costs
heat for materials prod. » calcination emissions (incl. energy and Cl;)
Steel + eleciricity and heat + energy related emissions + materials prod. costs
for materials prod. + iron edudtion emissions (incl. energy and Cl;)
Llze Wood » uptake in new forest » carbon uptake income + growing of new forest
Caoncrete « uptake by carbonation » carbon uptake income
+ slow uptake in matume foest
Stoel
End-of-life  Wood « replacing other heat prod.  « emissions from use in heat prod. « heat replacement income
+ avoided emissions fior + (0 emission cost
heat production
Concrete » uptake by carbonation » carbon uptake income
Steel + material replacement + materials replacement income
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Material Coal 0il NG Biofuel Electricity
Concrete 0.20 0.21 - - 0.08
Steel 0.28 0.36 1.95 - 2.19
Lumber — 0.62 — 0.99 0.58
Particleboard — 2.94 - 1.09 1.41
Plywood - 5.58 - 2.07 1.62
Insulation 7.88 1.42 0.08 — 1.25
Plasterboard — 3.73 - — 0.55
Plastic PVC - 19.44 11.99 - 6.93

U7 31 wdseililudan (GJ/ton) [22)
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Material Fossdal [18] Biorklund and Tillman [19] Increase
Truck Train Ship Truck Ship Truck Truin
Cement 0 450 160-250 00 1000
Aggregate 49 40 200
Concrete 5 153
Logs 45* k]
Wood products N0-25* 250-350 k] 100
Steel” 120 &0 1100 &0 35 00 L]
Plasterboard ns 25 200 1000
Insulation e 15 k] 100
Plastic k] 100
1500
1000 ~
500
0 : |

-500

O Wood-frame

Primary energy (GJ)

-1500
B Concrete-frame
-2000
2500
-3000
-3500
Primary energy  Primary energy  Biofuel used  Biofuel available Balance
for end-use for electricity internally for external use
fossil fuel

JUN 32 nsldndsanuresnsevenslivazaaunin [22]
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-80

-100 S
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Material Material Cement  Fossil fuel for Replacement Forest stock  Balance
production  production reactions biomass of fossil fuel change
(fossil fuel  (electric end- recovery by biofuel

end-use) use)

U 33 Carbon balance vanseuaimslduaznounsn [22]
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e

|
g Tap water flushing :
Scenario l: Houschold —»| P toilet ¢ Wastwater pipe | Sewage treatment
|

) ) |

Urine storage tank
Wastwater pipe |

| Urine diversion+ Urine storage tank L, Fertilizer
Scenario 4 | Household (— rianwater flushing I
| toilet Wastwater pipe | Sewage treatment

. | .
| Usins Gveisioni Urine storage tank Fertilizer
Scenario 5 | Houschold | S
composting toilet = : | i
| Composting tank Fertilizer

Scenario 2

Urine diversion+tap Fertilizer

Fipiestiohd. =¥ water flushing toilet

Scenario 3

Sewage treatment

JUN 34 gaziBunanunisainivualunmeass [14]
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Net trade
Unit: Mt/year 0 1l Steel products average lifetime Unit:year
s J
/
69,43
tandfil 1
-182 f
3578 |
( Current per capita stock In China
Fabrication (t/person)
— BC 1E R HA o1
‘ \ 244 | 092 | 0395 | 012 | 008
pAs % 666.2
>
in-use steel products Trade flow
BC IE | TR | WA O
7 19|57 |18 | 16 el
- = Landfill flaw
—mmﬁm- pes 385 >
c TRy Steel eyele flow
36| Secondary BC IE | TR HA | OT " eel cyele
e papeni B8] 3299 1250 534 | 364 | 126 o)
< $ Abbreviations
na-OT-I16 products
u
11 | 15 | 65 | 44 | 37
684 95— !
d il
_— s
35 —
= 1938 2
/ 5144
Waste 3 | D=
Mansgement ‘ Mining 13
A
14 769 4
» ‘ 2703
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JUT 37 Agdnsvennintun1side [23]

9197 9 AuVUNITNANNANL 2 19ans [23]

Contents Primary production route Secondary production route
Unit cost Factor Total cost Factor Total cost
|§ perGJ orton) |§ per ton of |5 per ton of
final product] final product]
Fuel 472 16.02 76 12 58
Electricity 168 1.78 30 4 67.2
Iron ore 3047 1.48 450 /]
Steel scrap 609.4 1] 0 1.06 6455
Labor cost 15 10
Capital charges 50 30
(Other cost 60 50
Total 581 8085
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Materials Location Dhistance (km) Amount [nit (tkm)
Bricks (mudland bricks) Midland 25 273 m* 12513
Conerete — Precast Maddington 15 625 m’ 1305040
Conerete — Readymix Welshpool 8 18443 m’ 1408
Cement (for mortar) 10 20 m’ 158
Sand (for mortar) 10 598 m’ 107 .64
Steel — Structural (one steel) Bibra lake n 847 tonne 18633
Steel — Reinforcing (one steel) Forrestfield 15 89 m* 69820
Window frame + glass Wangara k7] 19328 m’ 185.9
Door frame + gliss Wangara k1) 750 m® 72
Other glass Wangara 7 18,9 m* 18
Metal roof cover Maddington 14 996 m* 134266
Drainage gutter Maddington 14 13 m* TR N8
Trafficable grating 15 2580 m 387
Ceiling suspension system Welshpool 10 3240 m’ m’
Paints + accessories Osborne park 17 m* m® 536
Carpet + relevant accessories (sborne park 17 3593 m’ 733
Vinyl floor Osborne park 17 330 m® 280
Tiles Osborne park 17 83 m’ 4.6
Plasterboard (Boral) Canning vale 12 182 m* 28
Insulation (Boral) Canning vale 12 m’ m’ 7922
Timber-cladding (ks borne park 17 1.0 m’ 126
Timber-doors Osborne park 17 45 m’ 579
PVC pipe Osborne park 17 1200 m 1.3

Motes: Distances assumed as the nearest available supplier/retailer from Curtin University.

Actual location of manufacturing factory may vary. ‘thm" means that a km travelled to curry 4 tonne of construction material.

AN5197 11 S1eazennsanasnulunisneasis [24]

Main activities Sub-activities Total Uit
power
Builders mowving to Diesel for transportation 12 Litme
site
Crane operation 206 00y EwWh
Computers {200 watt) 1 5400 kK'Wh
Printer (350 watt) 175 kK'Wh
Avir conditioner | 1O watt) SO E'Wh
Telephons (10 watt) 25 kKEWh
Lightimg { 104 watt) 2,500 E'Wh
Fencing arcound the Fences 24 Litme
site
Tree chipper 2440 Litme
Site clearing Transfer/removal of green 250 Litme
waste
Levelling SO Litme
Excavation amnd Diesel for transportation e Litme
filling
Orperation of excavator L0 L] Litme
Installing tower Imstallation by crane 1030 EWh
crane
O peration 38 250 kKWh
Concrete pourng Diesel for Ready mix truck 1456 Litres
Concrete pump SO Litres
Operation F17 5 EwWh
Precast concrete Diesel for transporting 102 Litre
ma terials
G180 kEWh
Mortar preparation Diesel for transport 12 Litres
O peration 8254 EWh

Waste remowval a8 Litre

a5
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AN5197 12 S1eazennishandsnuluainng [24]

Appliances Number of Avg. operating  Capacity
appliancesfarea  hour/day
Lighting 500 7.75 12w
Computer — desktop 188 12 190 W
Computer — laptop 120 4 17W
Projector 16 f.5 25w
Photocopier 5 3 3500 W
Printer 20 1 B{ISW
Fax machine 2 0.5 20w
Telephone ] 0.3 10w
Microwave oven & 1 1500 W
Refrigerator 3 24 400 W
Coffee maker 2 1 1000 W
Lift 1 & 45 kW
Air conditioning 3495 m® 10 41.2kW
Heating/cooling 1.4 kW
Fan TEW

MNote: In the case of air conditioner, the variable air volume (VAV) system,
is connected to Curtin’s central air conditioning system.
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Heating pefrigerator Classroom desktops Kitchen
1.3%“ 1.3% /__and projectors /7/,_~1PP“«7;C€’5
Office equipment '\\ 0’?;’&-,/,1’@1“% 0-3%
B e

0.1%

2.7% \ N ==

Cooling
68.8%
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SUT 39

Glass Paint
Plater board 0.9% 0.1%
3%

Concrete
42%

Aluminium
37%

o |

dneuves GHG MAnnmsldndanuvesian [24]
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Glass

Plater board 1.8%
4%

Paint
__0.2%

Aluminium
39%

Floor cover
14%

Concrete
31%

JUN 40 dndruvamdinuazauluenans [24]
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Raw material
Mining/Quarrying

v ' Manufacturing
Biildhoia Material Producisn ;  Phase
Transport
v
¥ v
Building Shell Renovation
Construction
| Heating Ventilation and Air i
[ Conditioning (HVAC). Hot water ! Use Phase
supply, Powering Appliances and
Lighting
Building Demolition
‘ Demolition
Transport i Phase
\ 4
] v
Landfill Site Recycling Plant
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M5 13 T19aeBUAYINANTTULALUAITYeTaYR [25]

Life cycle phase Activity Possible sources of data

(a) Manufacturing phase Building material Production Manufacturing energy data of the building materials
from literature, economic input and output tables,
process analysis, hybrid analysis. Quantities estimated
from building drawings, bill of materials and from
interviews with building designer, contractor/owner

Transport Average distances for material transport. Energy data
fior transport operations
Building construction including refurbishment Energy use from site visit
(b) Use phase Use of electricity and fuels for heating, sanitary water and lighting Simulation software-ENERGY-PLUS, VISUAL DOE,

E-QUEST, DESIGN BUILDER, ENORM, TRNSYS,
ECOTECT, SUNCODE, etc., annual electricity bills, house
hold survey on energy use. Inventory data for fuel
production. Electricity mix data

(c) Demolition phase Building demolition Demolition operations and quantities from specific
measured data. Use of equipment and explosives from
data base

Transport Average distances for material transport energy data
fior transport operations
Recycling Specific measured data
(d) Life cycle energy Total energy use of the building in its life cycle Phase a+b+c
(&) Life cycle assessment Life cycle material and energy flow estimation Phase a+b+c
Impact assessment that building makes on the environment Greenhouse effect or global warming, ozone depletion,

acidification, eutrophication, photochemical smog, etc.
estimated using software - SIMAPRO, ECOBAT, LEGEP,
BEES, ATHENA, etc.
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ANS199 14 S18aLRUAVDIDIAITVY 4 Kiad [26]

Building  Floorarea(approx.) Roof-topheight Indoor clearance Roof-top wvindowarea  Side-wall window area
2 2 2

m m m m m

A 1.000 84 7.3 132 14

B 3.000 9.7 8.5 0 220

C 12.500 9.5 8 2.170 670

D 22,000 8.6 7.2 836 310
14000 1 Carbon Footprint €0000 Energy Footprint

Mwh

12000 + =5, Endat-ife

a.use

.......

()

20000
Floor area (m?) (a)

[

gﬂ‘ﬁ 44 USinaunsuaey Carbon Footprint (a) wag Energy Footprint (b) vatenansififiui

YUIALANANY [26]
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Alaska North Slope ~ California's Kern Mars Maya Bow River heavy oil
County heavy oil
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Step 1: Boundary, Scope and Goal Definition
Select boundary and scope and defines goals

Step 2: Data Collection
Collect the data required to conduct a hybrid LCA analysis

Step 3: EIO-LCA Model Run and On-site Emission Calculations
Calculate on-site and supply chain emissions by using the collected data

Step 4: Allocation of Emissions into Predefined Scopes

Calculated emissions are divided into scopes according to the WRI's boundary
definitions

Step 5: Interpretation of LCA Results
Summarize, highlight ond discuss the results

7l 47 %’umaumﬁmwﬁmﬂgﬂLL‘UUﬁum Life Cycle Analysis [28]
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n3UN 48 aniiuladnludiawenisldnuveseimstuivununisudesnisueu
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SuNUsennn 10%  ve901A15 Wueaiuluauideves Jamie Bull et al. [29] lag
nsAnwiasueurnuIuivesnisldndenulueinisvesdingy FausnananuTuim
ASUBUIAUSWYIRAIS RN wsunuraINsldndsnuluaimsmeuasinswseuiguennis

4 91ANSUWUSHUWEUNY 951888 DUAYDILAREDIANTANNITOLAAIAAINISIN 15

a I~ ) a L3
AT 15 A151ENITIEASLDYAVBIDIANTHANE DIATITVNUINIIATIEN [29]

Era 18701914 1914-1945 19451970 1970-1995
Representative building School A School B School C School T
Year of construction 1906 1936 19505 1982
Storeys 4 4 4 1

Roof type Pitched Flat Flat Pitched
Giross internal area® (GIA) m® 384 4532 5290 931

Net internal area” (NIA) m® 2435 3034 3836 675
NIAGIA () 0.63 0.67 0.73 0.73
Floor-to-floor heizht {m) 3.62 3153 134 150
Roofs area (m®) 1256 1470 2041 829
Giross wall area® (m?) 2490 IR75 2652 ™™

Net wall area” {m?) 2033 2537 1356 580
Ground floor area (m®) 1256 1471 38 932
Windows ares {m?) 457 1338 1296 141
Gilazing. GIA (—) 0.12 0.30 0.24 0.15
Gilazing fagade (—) 0.18 0.35 049 0.20
Skylight:roof {—) - - - 0.16
Surface:volume ( —) 036 027 038 .61
Perimeter:ground floor area (m/m?) 0.17 0.26 013 0.24
Boiler efficiency L1 8P B0% L

* Giross internal area (GIA) is the sum of all conditioned Aloor areas,

" Wet internal area is the GIA less the area of circulation, toilets, stores and reception areas.
© Ciross wall area is the sum of all external wall areas,

2 Wet wall area is the gross wall area less the area of windows and doors.
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A519% 16 M519UERIN1SIENS UV DILAATBIAS [29]

Model Adjusted B Standard error of
estimate (EWh'm :,-"y'car |

All 0.952 6,59

School A 0.969 4.64

School B 0.968 5497

School C 0.970 489

School D 0973 472

NAITNN 16 NUINITIINEINUADAITINUATVDIDIAT B UAINITIINAIIIUNALIN

[

ige Weanniinununniigaidwihlidesinslindsnunroutigs wenaintilunuideddsla

INTIATIER NPV 909911589813 30uanslansgu 49

Cumulative distribution of net present value

at 0,75 air change per hour

at 0.25 air changes per hour

200 T T T T 200 T T T T
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" | "
£ 100 & 100
B B
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. Y
o0 R q 50 _—
Iy J'
| ! !
% '-__‘. - , 1 1A
0 IR 1 1 0 1 NN !
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Percenlage of scenarios exceeding NPV

Percenlage of scenarios exceeding NPV

gih?i 49 NPV 98907A5Aaz81A1S [29]

YBNIINAITANBINISEIINAINUIUDIAITHAITINNITANYINS I ULALNISUADE

Asuaulaeanlenvasiagniunldlunisneadnedniie wu luawideves Andrew  H.

Buchanan et al. [30] lavinnsAnennisidliivaznisuassasuaulaeanlanvainisnaasia
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YT
o3 -
Volume 10°m »
Mass10tonnes ﬁﬁlm orests
Roundwood E
3.43
Industrial
roundwood
1.60
Sawlogs & Pulpwood
veneer logs 0.43
0.94
Other Sawn Plywood & Pulp Residue &
industrial wood vEneer malerial\ waste
roundwood 0.46 0.05 0.23 0.20
0.23 “-33 0.10
Fibreboard & Pulp F!esudues
particle bd .17 0.13
0.07 ’/_/
TN
Paper making
' 0.2 0. o?
Houses, Rejects
Fuelwood &  Poles, piles furniture ‘ HB'-‘-YCIB 0.071 ™~ A
charcoal aitc pallets ete Paper Waste &
1.83 0.23 0.58 products Losses;" biofuels
0.70 012 0.29 028 ——— 0.01 0.25

gﬂﬁ 50 nstalaiannda [30]

31N3UN 50 LﬁugﬂLLamm'ﬂfﬁmﬁmﬁm%ﬂlﬁmﬂﬂﬂﬁﬂaﬂ%aLLamﬂﬁLﬁuﬁamﬂﬁﬂu

anamnssuAnae Jsasiulaiinisidlddmiunsneadsiuiiviinareuiisgs uenainilds

logniegivainisaiernsluliguauaniiseasdennsiiTaniamnsen 17



57

M50 17 M19akanensiindsanu miveuwaznisldlivesnisneadeonansluguuuusingeg

(30]
Material Energy Carbon Wood Displacement factor
(1983) GJ/m®  (1996) GI/m"  Released [kgC;‘sz Stored [kg(.'“.-'mzl Transfer ratio (m’/m?)

Hostel
Concrete 37 32 64 10 0.04 Concrete to wood
Wood 23 21 42 31 0.12 1.05

Office
Concrete 6 4.7 94 5 0.02
Steel 6.6 4.8 96 5 0.02 Concrete to wood
Wood 37 30 60 35 0.14 1.1

Industry
Steel 32 21 42 2 0.008 Steel to wood
Wood 1.8 14 28 11 0.04 1.6

House
(a) High energy 59 4.1 94 9 0.04 (a) to (c)
(b) Low cost 42 34 68 19 0.08 2.1
(c) Low energy 25 1.7 34 37 0.15 (d) to (c)
(d) Typical 51 39 78 34 0.14 15

Column 1 2 3 4 5 6

wonandl Tusuisevas Joseph HK Lai et al. [31] l8vimsinszsdnisldndenu
Tnonnsaneinisldndasiulsausy Tnelsausufidandnwtagldlsousy 3 Tsausuditany
uananaf Tagldlsausy 5'a1 4 am uag 3 o muddu Sdumadeildnaiuioyanis
THuduszozinat 1 Tiftemanislandnuneodouluseu 1 Viflomauuansiees

A LENA 19UV TS UNTTEAULANANNAY TI510aZLDUAUBILTIBTUNUNINNIIATIEAANNIT

LAASLARINISIIN 18 WarmsIaN 19

A15197 18 5188210 8AVDILSILTUNITLUNITHATIEN [31]

Classification Emission activities Examples

Scope 1 Stationary sources combustion Electricity generation, boilers, gas cooking stoves
Mobile sources combustion Commuter shuttle bus services operated for the building
Fugitive emissions Refrigerants emissions during the use of refrigeration and air conditioning equipment
Assimilation of carbon dioxide into biomass Planting of trees

Scope 2 Consumption of purchased electricity Electricity used by electrical equipment
Consumption of gas Gas used by gas appliances

Scope 3 Methane gas generation at landfill due to Paper used for office work, newspaper disposed by occupants in the building
disposal of paper waste
Consumption of fresh water Electricity used for fresh water processing by the water supplies department
Treatment of waste water Electricity used for sewage processing by the drainage services department
Overseas business travels Flights taken by staff for attending business activities

Daily travels Local transportation taken by staff for travelling between residence and workplace
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A15197 19 518azenATRIAazlsTURlTluNNTIASIER [31]

Hotel A Hotel B Hotel C
Hotel grade S-star 4-star 3-star
Building age (years) 40 1 25
No. of floors (including basement floors) 20 29 25
Construction floor area (m?) 52 685 42313 7729
No. of guestrooms 492 262 150
Occupancy rate (%) 81.4 81.2 86.6
Food & beverage outlets (No.; m?) 5; 3087 5; 1866 2801
No. of regular employees 560 368 110

s‘z’iwwﬂﬂmﬁuﬁagaﬁmdn LWUNUILATIEITNSUADEUANEUYDINT bINAIINUVD

Tsawsuudazanunsouanslangud 51 gadugunisldndanusaioulutie 1 Ynnnsiiu

Toya Fednadiuvemslindsnutiuazannsauwantldnewisnn 20 Fezmuldindanuves

Tssusud@rulvginnanmstalaiivesernis Tusdeyermstuagiinmsldnasanulnidadu

Usg1184 90% VBINTSMNAIIUIUBIANTIINLA

I @Hotel A DHotel B mHotel C

(o]
Q
o

600

Total CO,-e emission (Tonne)
>
o
o

n
o
o

JUN 51 nsUdessaiiwvesmsiwdenululsususenou [31]

AN51991 20 S1eazdgnnsnasulueang [31]

Sources Haotel A Hotel B Haotel C
Electricity consumption 91.89 93338 37 .34
(:as consumption 331 162 .66
Staff daily travel 1.E7 .44 275
Water supply and sewage processing 1.19 060 .86
Refrigerant 055 0,00 212
Paper waste 055 0,95 267
Transportation for hotel guests 032 064 0.49
Business travels of hotel staff 025 030 NA
Cylinder LG consumption s 004 0uoa
Emergency power generator 0,002 0,029 0002
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TuauIdeves G.P. Gerilla et al. [32] I9YINNSANBINANSENUNIATUAILINA DU UL
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a

Yp9n15UansNafivIeINsiTliazianasumaunsnlunisneasiatnu Tunisanensetay
nsdnwifevazasurivindnsaglilafnwiiiesnisinate Tneivualaiiongnisldauves

81A158g7 35 U Faannsiaseideyalunsfinulanansauanslanaguil 52 uaggun 53

3000

|=CO, m Nox 050Ox OSPM

2500

2000 +

1500 ~

1000

Emissions (kg'yr)

500

WOOoD Steel Reinforced Concrete
Type of Construction

U7 52 nsSeuifisunisudesafivesiiuazdniesunounsn [32]

fg’gg 1= Wood m Steel Reinforced Concrete

1600 4
1400 4
1200 4
1000 4
800 4
600
400 4
200 4

CO, Emissions( kg-Clyr)

D T T T T

Construction  Maintenance Disposal Operation

Life Cycle Stage

5UT 53 nsUdeeuaiiuiivesining [32]
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93U 52 iunswinsiSeuiisunsdesuaiivresliazmdniaiunounin oy
duldhnsvdesuafiwvesifutesniuninaiurouninwaslugud 53 duidusuuansnis
Uaesuafiwwasormsluiisiisgaziiuldinnmsudesuafiviiinniigneglutisvesnisldau
p1maforanmislinuresernstuiidisveanislénuiidoudsunnisildlindos
vafiwiunuAefuauideneunin sesaunaziduluriavesnisneaiouaznis
th3e$nw niamnasdiuldhuminaiuneuninfimsUdosuaiivannndililunadises
sl dmsunsieneinslindinuremasudidenmnsaiinsgiasvouauiu

1N21ANS NPl uIUITEVes Zahra S. Moussavi Nadoushani et al. [33] 1#%i1n1s

AasgviaTueunnUIWIINlATEIwesIns Ingldguluuressneasnemunised 21

A15199 21 M1519N5EENANTIUNSIEIUTuNTSAEse [33]

Descriptions Crew Daily output Unit Total cost Equipment used

Excavating Continuous Footing 1° to 4 deep, B-11C 150 BCY. 713 3/8CY. excavatar,

3/BCY. excavator Crawler Loader 3CY.

Hauling, 12 CY. truck, 25 MPH ave, cycle 10 miles B-34B 144 LCY. 7.03 Dump truck, 12CY., 400 H.P.

Forms in Place, Beams and Girders, 18-, 1 use cz 250 SFCA 1158 -

Forms in Place, Columns, 24+, 1 use 1 190 SFCA 1047

Forms in Place, Elevated Slabs, Flat Slabs, drop 2 449 SF. B53

panels, to 15 high, 1 use

Forms in Place, Elevated Slabs, Floor Slabs with one cz 415 SF. 126

way joist, 1 use

Forms in Place, Footings, Continuous wall, 1 375 SFCA 10,61

Plywood, 1 use

Forms in Place, Footings, Square or Regtangular, 1 200 SFCA 781

Plywood, 1 use

Forms in Place, Walls, Plywood, Over B to 16 high, cz 291 SFCA B3

1 use

Reinforcing in Place, Beams and Griders, #3 to #7 4 Rodm 1.6 tonne 2020

Reinforcing in Place, Columns, #3 to#8 4 Rodm 15 tonne 20895

Reinforcing in Place, Elevated Slabs, #4 to #7 4 Rodm 29 tonne 1550

Reinforcing in Place, Footings, #4 to #7 4 Rodm 21 tonne 1770

Reinforcing in Place, Walls, #3 to #7 4 Rodm 3 tonne 1530 -

Reinforcing in Place, Unloading and Sorting s 100 tonne 36.35 Crane 25 tonne

Reinforcing in Place, Crane cost for handling, 90 s az tonne 305 Crane 25 tonne

picks/day, up to 1 tonne/bundle

Placing Concrete, Beams, Pumped 20 G0 CY. 56.05 Gas Engine Vibrators, Concrete
Pump (small)

Flacing Concrete, Elevated Slabs, Less than 6~ thick, C20 140 CY. 2405 Gas Engine Vibrators, Concrete

Pumped Pump {small)

Placing Concrete, Footings, Continuous, Deep, c20 160 CY. 21.04 Gas Engine Vibrators, Concrete

Pumped Pump {small)

Placing Concrete, Footings, Spread, Over 5 CY., C20 150 CY. 2245 (Gas Engine Vibrators, Concrete

Pumped Pump (small)

Placing Concrete, Foundation Mats, Over 20CY., c20 400 CY. B4 Gas Engine Vibrators, Concrete

Pumped Pump {small)

Placing Concrete, Walls, 127 thick, Pumped 20 110 CY. 0.6 (Gas Engine Vibrators, Concrete
Pump (small)

Columns, Structural, W Shape, AO92 steel, WEx24 E2 1080 LE. 39.08 Lattice Crane, 90 tonne

Structural Steel Members, Beam or Grider, W6x9 E2 600 LF. 2045 Lattice Crane, 90 tonne

[ v ! a Y x o a [ awv A = '
wianileAnsudetaiivesnuudIfaztluimeuivnwidedugieniniumig
Y89N15UABEANS U UNAUITWIVRlATIAI1981AT BN HUEURAIEIUNTOLARAS

1aman1s199 22
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= = = a s L s ao A
ATV 22 MU UUIINUAITUB IR UIUNN UMWY [33]
Author Embodied carbon of concrete Embodied carbon of steel Location Carbon databas
structures (kg/m® )} structures (kg/m?® )
M. phase T. phase . phase M. phase T. phase C. phase
Suzuki etal. [45] 538 and 731 - - 122 and 146 - - Japan [46]
Cale [10] - 8 7 - 0z 18 Canada [30.47]
Jonsson et al, [48] 128 - - 87 - - Sweden [49.50]
Dimoudi and Tompa [9] 147 and 218 - - - - - Greece 151]
Kua and Wong [52] 210 - - - - - Singapore 153]
This study 132-204 9-14 12-16 132-190 -1 6-7 UsA [19]

Tuswideues Xianwei Wang et al. [34] lavinnsuszananisuasuingaisueulosn

lasvesnisneasimnemuludu lnegfnwannisldian nMsvudaasiaiesdng laefdnwiaiy

WHURasiagUR 54

Project budget
sheet
\ L] v
) Distance of ,
Consumption of : Machine
raw materials e working hours
transportation £
o —— ! CC;I L"rrussfmn / €O2 emission |
[ COZ emission [/ f aclor o | I ~ .
{ [ _ — factor of
factorof | | material working
material | ' transportation | machine
production )
L J w Y
C02 emission CO2 emission CO2 emission
from material from material from onsite
production transportation construction

Total CO2 emission
from highway
construction

SUT 54 YaUlnN1sANYIYeINUITELaENTIAT N [34]
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TEEENN VI INNTIATIEITRLARA T HUANTALAAS AU 55 uagguN 56

Total length (km)
Design speed (kmjh)
Mumber of lanes
Subgrade width {(m)
Pavement structure
Mumber of bridges
Taotal length of bridges (km)
Mumber of tunnels
Total length of tunnels { km)
Taotal emissions (t)
Material production (t)
(Percentage among total)
Material transportation (t)
(Percentage among total)

Onsite construction (t)

(Percentage among total)
Emission density (t/km)
Proportion of bridges and

tunnels in the project

Project 1 Project 2 Project 3 Project 4
07455 23698 41.140 50.578
20
4
245
Asphalt concrete pavement
73 35 54 25
14315 8438 15.880 4840
MNone 7 o] MNone
MNone T.408 4.710 None
741,033 703,287 1,091,184 283691
626,187 627267 982,091 240,557
(84.50%) (89.20%) (90.00%) (8480%)
17,624 6830 11,989 No
(240%) (1.00%) (1.10%) data for
transportation
97222 69,190 7, 104 43,134
(13.1%) (98%)  (8.9%) (15.2%)
7604 29677 26,524 5609
14.69% BEETE 50,05% 9.57%

U 55 n1stdeemsueulasenladvesnisneasng [34]

40000 60000 BO00D0 100000

CO, emission (t)

20000

12000

1 fill work
M ordinary subgrade
treatment
) M special subgrade
B drainage works
Project 1
rojec B protection and
| reinforcement

JUN 56 nsUdesmsusulasenlenransyuIunsiaveInIsneaina [34]
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TunuIdeves Ambrose Dodoo et al. [35] lavihnmsiSeuiisuasusunausuminag

Energy Life Cycle wssa1ansiduasndsaindulaassusuiasueiasimiueiaisuuy

v o
¢ o A

Passive lumsliasienasslagyimsiesesilagldlusiuuuves Life Cycle Assessment
WuU Cradle to Grave Jaunsiiasziinasnindnsaudsludiuvesnisiatevsanisidn

N

AN5199 23 ANS19NT IENEINTUYDVDIDIANS IUBVDINITNDAS I [35]

Primary energy use ( KWh/m® | living area |)

Description CLT system Beam-and-column system Modular system
Conventional Passive Conventional Passive Conventional Passive
Energy use
Material production
Fossil fuels 307 341 404 418 359 370
Electricity 233 252 283 307 295 306
Bioenergy 144 156 13 139 116 122
Total 684 749 823 864 770 798
Building construction
Fossil fuel 14 15 16 17 16 16
Electricity 14 15 16 17 15 16
Total 28 30 32 34 31 32
Total 712 779 855 898 801 830

Energy benefit
Biomass residues

Forest harvest -268 -287 -259 =267 -161 -174
Wood processing industries -721 -759 -724 -744 -300 -335
Construction site -66 -72 -60 -63 -51 -55
Total -1055 -1118 -1043 -1074 -512 -564

Overall balance -343 -339 -188 -176 289 266
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M50 24 ansesansUSunaansusunUIuivesenans [35]

Description Carbon emission (kg CO,-eq/ m” [ living area |)
CLT system Beam-and-column_system Modular system
Conventional  Passive Conventional  Passive Conventional Passive

CO, emission
Material production

Fossil fuels 96 108 127 132 112 116
Electricity 9 10 11 12 11 12
Net cement reaction 9 9 13 13 9 9

Total 114 127 151 157 132 137

Building construction

Fossil fuel 5 5 6 6 6 6

Electricity 1 1 2 2 1 2

Total 6 6 8 8 7 8
Total 120 133 159 165 139 145
C stock / CO; avoided
Carbon in wood material -213 -231 -197 =204 -166 -178
Biomass residues

Forest harvest -108 -116 -105 -108 -65 71
Wood processing industries -283 -298 -284 -292 -117 -131
Construction site -26 -29 -24 -25 -21 -22
Total -630 -674 -610 -629 -369 -402
Overall balance =510 -541 -451 -464 -230 -257

= o Y o Pt | i o I
IINAITNN 23 LﬂumswLLammﬂ%wmmuwiﬂumwmmsnaaiwmmﬂmwz
[ & a Ko a [ 1 a o 1 I a v 1
LU‘H"LWWW LYBLNAY UBNIINIINUY ﬂﬂJWEﬂ\N’]UI‘Uﬁ’JU‘U@Qﬂ’]ﬁNaG]’Jﬁﬂﬂ@ﬁiﬁﬁ@ﬂ@l’)ﬂ Tudiuves
a131991 24 UumsiuansnisUaesmsueulnUsuivesetesluguuuussuunisneasng

91A17 3 JULUUY A CLT system , Beam-and-column system Wag Modular system

o Material production @Building construction m Space heating oVentilation electricity
o Tap water heating @ Household electricity o Facility electricity m Demolition
£ Demolition wood & Production biomass residues B Steel recycling m Concrete recycling
600
e
£ 400
o
% 200
=
o€
g 0
@
E -200
% -400
o
om
[
@ -600
o
£
5 800
CLT Beam & Modular CLT Beam & Modular o CLT Beam & Modular CLT Beam & Modular
system column system system column system system column system system column system
system system system system
Conventional Passive Conventional Passive

JUN 57 MsldnasnuuasinuTaunssanveudag seuuNg 2 fin [35]
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Mineral mining

v

Transporting to steel mills

y

Production of steel plate

Transporting to local
processing factory

] |

| Processing and forming

I construction site

i Transportation - Demolition & 4 Site assembly |4 Transporting to
! 1

JUT 58 Yaulunn15IAT eIy (36]
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W Structure mEnvelope ®Site construction

ISQ% Isz% I40%
1# 24 3#

JUN 60 Usunauansueunionansazauld [36]
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SUN 61 LAAINNNUBINAIUNDIANTATEY [36]
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Wurenuluauideess Malindu Sandanayake et al. [37] lavinisussifiunas
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Ermission distribution at
project Jevel

¥

Direct emissions

(DE)
. S
In-depth analysis at [n-depth analysis at
activity level equipment level
L 'l‘ Find the total emissions
' Transport emissions | -L-'qu.ipman emissions | ol o100 Tl iclizach
\ e = equipment
- | ——
| Estimate emissions from - l _(alegm_'un sum.hr
transporiation for the I-'l_nd_eqmpmem equiptient info equipment
netivities emissions [or cach L il
T activity *
Find activities with ] ¢ i Identify the significant
significant emissions Identify the significant equipment groups for each
contributions from emission activities from o emission substance
transporlation equipment for each *
emission substance — =
Identify similar capacity

|
|
- — ; : equipment within the same
Compare different | equipment group
!
!
!

transportation options lo
identify emission reduction ¥
possibilities Compare different
conditions to identify
emission reduction
possibilities

b
Finalize the most
appropriate emission
reduction options

JUR 62 AIBUMTANYINUITY [37]
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tufialigannisenariliiialiisdunnndedieuiviagyssianviniianisuaeefing

\SaUNTTANTIAUINIE

H §7u5n

® a1ul0a5a

¥ aruacunilsgase
H viagwn

= aavhuasen
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dwsudndrudsuiniivseunsyanvesnisidiagneainslueimseundssasa

wsrswiaunuiunituaunsawandlanagui 72 nuiieseunsyandiulnguuinainnig

I iagneasidludinredlaseainnionsnveseIn1sTallusunuvsay 4,545,503.90 kgCO,e

sesasunlawnlAsIasaueLunUseasn 4,069,883.33

keCOe TATIAS19dIUNDINA

3,795,025.22 kgCO,e 1A59@319514510 1,135,753.59 kgCO,e waglasaasnediuniaiii

WAIA1 776,324.13 kgCO,e MUAIAY

mslanassumnlnssas g s

M50 26 MT1MAAITIALBEANNSITTaNYRLATIATIGIUTIN

o . . y Energy Factor Embodied
VAANDHAINN umun (kg)
(MJ/kg) Energy (MJ)
Fuua 3,135,787.68 1.11 3,480,724.32
ADUNIANYTY 2,573,568 0.68 2,151,267.84
N9 268,150 0.081 21,720.15
wdn DB (Deformed Bar) n3awnandesst 139,751 29.2 4,080,729.20
Widn RB (RB Rounded Bar) vi3eluantdu 5,821 35.4 206,063.40
Ty 3,889.46 7.11 27,654.06

dmfulassadasdruginainduiinslévduudiuuduiniiandediviuuia
3,135,787.68 kg sesasundunauninneny 2,573,568 kg 1518 wian DB (Deformed Bar)
videwmdniedos En RB (RB Rounded Bar) iewdnidunaunassuarliuuuminiu
268,150, 139,751, 5,821 uay 3,889.46 kg 1uaaU uwalefulanUSunuen Embodied
Energy ¥833anfana1anuinA Embodied Energy wedainan DB ﬁ?uﬁﬂ'%mmmm’?iqm
{lo991ne1 Embodied Energy ve4.1dn DB ﬁ?uﬁﬂ%mmﬁﬁau%’wqq FaAnannsnanndn

[ 1

uiinsldndsnuiuinisiliiagdainanindsvasauuinaulaie(lasansinw
6 1% [ =3 o U b % | a1 .
naainsldndsnulugaainnssiinan) dmsulasasisdiugiusniian Embodied Energy
& Y 6 = v 6 a o
MnUAWAY 9.98 x10” MJ Feusznauluaiewmndn DB 4.08 x10° MJ w3adailu 40.9% dn

IAeTug 3.48 x10° MJ AaunIaveny 2.15 x10° MJ widn RB 0.21 x10° MJ lsfuu




27,654.06 MJ Wasns1e 21,720.15 MIusedndudeuay 34.9, 21.6,

puaduaEnsawandlanagu 70

0.3%
0.2%

2.1%

2.1,

[ RVl

L EHRTL]

= mdnLau (RB)
H AaUNTAUENY
= dhaue

= idnaiadas (DB)

gﬂﬁ 73 Embodied Energy 1A59@379631g114310

[
6 o

= & Y a a a ] a A o a
"i]']ﬂz‘lh/] 73 '{ISLWUIWQW%LNUWUUN‘UiﬁJ']ﬂJﬂ']ﬁlI‘UﬂJ']ﬂV]EjﬂLLWLN@ﬂ']u’Jm‘UiN']ﬂJ

Embodied Energy ndunuiniuan DB vSewantesestiu

=
WINTgn

¥
tY

MUIoUNTYINIINIATIATINGINTIN
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0.3 uay 0.2

fiuSunauen Embodied Energy i

Tunulassadnaiugiusnveteimsaiunysvasansssyisauiudun suuianninig

‘Lﬁii’mﬂﬂﬁqmié’uﬁ%muﬁ%aﬁﬂ%mm 3,135,787.68 kg 509031 lalNADUNIANYIU 2,573,568 kg
N918 268,150 kg Luan DB (Deformed Bar) sewnandesss 139,751 kg wan RB (RB

Rounded Bar) vi3awdnidu 5,821 kg wazliiiuu 3,889.46 kg

M50 27 ANTNMEAITIEABEANSITTaRURlATIATINgIUTIN

’Jlaﬂdaa%l’m ‘ﬁmﬁfﬂ 9 Emission Factor Greenhouse

(kgCO,e /kg) gas (kgCO,e)

Fruua 3,135,787.68 0.174 545,627.06
ADUNTANLIU 2,573,568 0.107 181,831.97
918 268,150 0.0051 1,367.57
\Widn DB (Deformed Bar) wieiiantasos 139,751 2.77 388,049.27
Wan RB (RB Rounded Bar) vi3aLnanidu 5,821 2.89 16,822.69
Tduuy 3,889.46 0.59 2,055.04
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93t 27 wansliiudauinanisldtaquasaduussaninnsudesfiindou
nszanvesiannoasineg s ldiluddsenouredasadagiusn anduldimaniy
fnslilusinuiligannudidesaniidduussansnsudesimeunssaniidoutnagad
yhlrUSnafuseunssanvesiandsnanivinadideuiisgaileiFoudivuiuuiinans

1470

01% 02% _1.5%

E v
m Lduuy

® ianL&u (RB)
E A2UNIAUENY
= dfuuuel

H iantadas (DB)

SUN 74 dadiufimseunseandniannediialaseasnegiusn

1 v

n3UT 78 wanslidiuianafedounsyanitistuainnisldsanneasndludu
suaaiﬂiqa%wag’]usﬁﬂ%ammﬂ%muﬁ 545,627.06 keCO,6 1%an DB vseinandesos
388,009.27 kgCOe AOUNIANBIY 181,831.97 kgCOe tian RB  w3ananidu 16,822.69
keCO,e el 2,055.04 kgCO,e agnsne 1,367.57 keCO,e visoAn ludiuud 48.0% wian
DB “iselnandases 34.2% mauUn3nne1u 16.0% wian RB wisewwanidu 1.5% Likuu 0.2%

ATNIIY 0.1% MINaIRU

n71519Ma39 4 INANETINA 1499950
dmsueulassadreduil 1 80 3 Jududiuveseraiseensa Wennlasadives
a’m‘\]aﬂiﬂﬁ?mﬁuiﬂi\iﬁ%’mﬂauﬂ%mLﬁ%ﬂLﬂﬁﬂLLazﬁmﬂ’ﬁﬂ’J’mLL“ﬁﬂLLiQQQLﬁ@ﬂWii@&%Uﬁ’IMﬁﬂ
FovilEnslsmdluUinannn Ssianuszneulumeduud wnsiln wmandu wmandodes
93 Iefuuunaz Uy Falusunanisldvinfu 7,732,455.36, 1,199,039.34, 438,275,
359,999, 359,273.20, 17,510.48 uaz 924.11 kg Mud1iu FeliveaziBonuanasianisnedi 28



M13NN 28 INTIMERITIEadunNsldianvedlasiainaIulensn
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o y Energy Factor Embodied
JAANDAITI Unun (kg)
’ (MJ/kg) Energy (MJ)
v 17,510.48 7.11 124,499.51
widn RB (RB Rounded Bar) #isainanidu 438,275.00 354 15,514,935.00
LATUR 1,199,039.34 11 13,189,432.69
Faud 7,7132,455.36 1.11 8,583,025.45
\ian DB (Deformed Bar) wisawiandedes |  359,999.00 29.2 10,511,970.80
?J‘Uefilju 924.11 6.75 6,237.72
§§ 359,273.20 3 1,077,819.60
[ CHISTET]

miantdu (RB)

H1Lnsiia

B Fuuus

® (wdn2adan (DB)

® Al

= Ay

gﬂﬁ 75 Embodied Energy lassai1saiuaiuaonsa

n3UN 75 Wunmuansdnaiures Embodied Energy dmsulasiasiadiuaiuaense

Fadmsulaseassludruiiuiuiunm Embodied Enerey visau 49.01 x10° MJ Usznauly

fewaNEY 1551 x10° MJ unsin 13.19 x10° MJ wmandeses 10.51 x10° M) Swus 8.58

x10°MJ 35 1,08 x10° MJ T8fuuu 0.13 x10° MJ wagdudu 6,237.72 MJ videAmdudesas
31.66, 26.91, 21.45, 1751, 2.2, 0.25 Uag 0.01 My
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dSUAIUDATAVDIDIANTOINUTLAIANTE IV TN UNTHUIL DY UTIUTUN 1-3

29997A15  BI9MNAN5197 29 wansliiudUsuanisiavaanniunlglugiureinisvinanu

[ A

Jansalue1n1sll andiuldintagiuinisianlduinfianle

q

1

A%Y

WU DI91NAUDA IO Ul

drulsenovnarsteazidunfout1laewdfoIn1TALLIIMsITgduuATIgniunly

Aoud1aNn lngludiuvesaruaensatuladinsladiuunie 7,732,455.36 kg sesasulaun

a I3 v & v v a _ada
LASUA LUANLAU LUaNUDD08ULaLdgNUU

43

359,999.00 kg tay 359,273.20 kg A UAGU

a

FUNUNTT

M1599 29 MT1IMARITIEaERERNTIETanYRIlATIATIIRILRRAT

THwindu 1,199,039.34, 438,275.00,

i’a@daa%ﬁq ﬁmﬁﬂ 0 Emission Factor Greenhouse
(kgCOLe /kg) gas (kgCO,e)
FLuum 7,732,455.36 0.0051 1,345,447.23
U 928.11 0.39 360.40
oy 359,273.20 0.24 86,225.57
widn DB (Deformed Bar) #iselnandoses | 359,999.00 2.77 997,197.23
wian RB (RB Rounded Bar) waeinanidu | 438,275.00 2.89 1,266,614.75
lduuu 17,510.48 0.59 10,331.18
wnste 1,199,039.34 0.17 839,327.53

893115 UTInsgTanuad Ui UTuiafiigseunssaniaeglyen

a

#1U52ANTN15UaR8 AT aUNTEINNUINMUEILYBIAIUIDATAUUTIUATUS IS UaRe A%

30UNTEINT 1,365,447.23 kgCOse Fndulsuaiaangaunlonansannin RB %38
WANLAUNTUSUan1sTTuesnIuntutundulassfneisounszaniy 1,266,614.75

kgCO,e FadulsununlndiAeaiuiudiuus
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90%

0.01% 2% 0.23%

m lajuuy

® idnt&u (RB)
Hunsiia

m duuuel

® 11dnvadaa (DB)
= faldfy

= Ay

U 76 dadiuimisaunszaniniagneasialasiainmiuiensa

9n3UT 76 wandbiiulivdndiunisuaesieisounszanvesiagneadesinuldly
ANUIDATONUIBLUUALFAAIUN1SUFDEASToUNTLAN 29.6% LNANLEY 27.87% WANTD

dou 21.94% unsiin 18.47% 95 1.9% vy 0.23% wasdUdusei 0.01%

n5lowasuanlasiasaruaiunyseas

TudhuresameunUssassiuduusnndnsud 4-6 vesonmmded saduauitls
1gvinAanssus99 %aﬁmﬂ%’i’a@ﬁaﬁ FLIUA- 3,929,143.49 kg unsiia 1,254,591.87 kg
Wanidy 603,014 kg B 428,671.14 kg wanteses 230,098 kg ldiwuy 7,955.20 kg
wasBUdu 2,361.16 ke

a a 1929) Y ¢
$1519% 30 G]']ﬁ']\‘iLLaﬂﬂiqﬂagL@U@ﬂ']ﬂ,‘l]'lﬁﬂﬁﬂaﬂiﬂiﬂﬁiqﬂaquaLuﬂﬂigaﬂﬂ

o . . v Energy Factor Embodied
AANDEIN umun (kg)
(MJ/kg) Energy (MJ)
Ui 2,361.16 6.75 15,937.83
Tluwuu 7,955.20 7.11 56,561.47
93 303,553.14 3 918,142.67
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Fuua 3,929,143.49 1.11 4,361,349.27
wan DB (Deformed Bar) 3awantosse 230,098 29.2 6,920,429.20
unsiln 944,763.07 11 10,392,613.82
\Wian RB (RB Rounded Bar) #i3ainanidu 603,014 35.4 21,346,695.60

A & al Yo ] s
1NAN1919N 30 L‘UUG]']TNLLEWNT]EJa3L’E]EJWUENﬂ']ii‘U'JﬁﬂsLUﬁ'Ju‘U@\‘la']u@L‘Llﬂ‘Ui%ﬁ\‘lﬂ

Y9901 TDLUNUSTANANTE I TIaUINIUNSUazAT Energy Factor Uadiansingg asiiiuledn

o = o

FUUALUTUS LN UNS N ADUT I N AL D9 N WA UN I LN TNANUUADUT AN TV LA

Aa v

mwé’wuazamﬁhjqammLﬁaL‘ﬁEJUﬁuwé’muazammmﬁmé’w‘%amﬁﬂ RB #flAmnasanu

= o U [ & [ ! v a < Y v =1
ﬁ%ﬁﬁ\l‘l/]fgj\‘i dnsuian RB ‘u“I,JﬂE)L‘lJ‘L!?I'J‘U‘Uigﬂ@Uﬂaﬂi‘Uﬂ’ﬁLaiuﬂ’J’]ﬁJLL‘U\‘]LL?\‘I&LﬁﬂULﬂ’] NULRE

W13 11dn RB Fsgnianldusuannludiumant

0.04%_ 9-13% _2.09%

® fxldf

= vy

® &5

B Fuarue

® wiandadas (DB)
®unsiia

= wiantdu (RB)

gﬂﬁ 77 Embodied Energy lassai1sdiuaiusiunuszaa

13U 77 uanslsifiufiaU3um Embodied  Energy  91an1sldTanvesay
ownUsvasAnaUSIastaaw 47,794,980.6 MJ U%mmwé’wmazammﬂmﬁ%’i’aqﬁ?umnmﬂ
WIaNLEY 21,346,695.60 MJ wnsin 10.40 x10° M) wdndeses 6.92 x10° MJ Fuus 4.36
x10° MJ 85 0.92 x10° M) 15Twuu 56,561.47 MJ wazdusu 15,937.83 MJ wieamdudouay
48.50, 23.61, 15.72, 9.91, 2.09, 0.13 laz 0.04 MIUAIAU
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MSounsvanaInlpsIaTINaIUaIUNYS YA

TuulAs9as19999a U UNUS L AIATBI91AITOLUNUS L AIANTETIT I UINIUNT UL

[ A

Judrsusinadun 4-6 Sanvauziduiodaswuinlng deianfildludiuresaiusiunusyasa

q

I IS (3

HufiswasiBendensed 31 aindeyadananmuirtaquandldluduidiufedumnd uas
unsde Tudmvesndndudlvgandumdndu Seuiinataniildtuusznousediuus
3,929,143.49 kg U4 2,361.16 kg B 428,671.14 win DB 230,098.00 kg Luan RB
603,014.00 kg LUy 7,955.20 kg uagnsiin 1,254,591.87 kg

M13199 31 MauansTIgazBunnslidiaguadiasiaiisauaiunysyasa

i’a@daa%ﬁq ﬁmﬁﬂ (ko Emission Factor Greenhouse
(kgCO,e /kg) gas (kgCO,e)
Fuua 3,929,143.49 0.0051 683,670.97
U 2/361.16 0.39 920.85
oy 303,553.14 0.24 73,152.08
\dn DB (Deformed Bar) v3ewandesss | 230,098.00 2.77 656,492.77
wian RB (RB Rounded Bar) wiselwanidu | 603,014.00 2.89 1,742,710.46
Ty 7,955.20 0.59 4,693.57
WU 944,763.07 0.17 661,348.51

a a

ndeyatranulatiunmuIns s ssansms

]
o =

UABYNYLI8UNTEINVDIIER

q

noassvesauaiuNUsEasfvateIAIInastinuInTanninsuaseingisounseaniiuiniian

q

lounmaniduvsoman RB IlUSuunisUdesfingsounseangsd 1,742,710.46 keCOe

NUTIUNSITNEs 603,014.00 kg widanUssinnauuanivsunanmslduiniganduiaee

(%

A19130UNTEINNEY 683,670.97 kgCOe MNToyatefutulilietiundinsizndadiunis
Uapefgisounsyannuinman RB duiin1suaseiieisounsyanie 45.59% vasnnsuane
faeunszanvesiagneasisiamueniiunldluauenuszasdsosamndudiuud wnsis

wiandedes 83 liuvuuagdududedidndruviniu 17.88%, 17.30%, 17.17%, 1.91%, 0.12%

wag 0.02% FUERU a@nsnsauanslansgun 78
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® faldfu

= Lajuuy

E i5

® e

= .anizaaas (DB)
B unsila

® wantdu (RB)

JUN 78 daduiwiseunszanainiagneatialasain@ueiunysea

17519 Wa99 1IN A TITTINOINA

EY
v A

Tuprmsaunyszasadusinadun 7 detun 9 ladnvindudruraaiaann geiinsly

v v
[y Y

Tanvdu 6,400,378.15 kgUsznaulUsie@iuus 3,302,858.04 kg unstis 1,319,143.47 kg

99 1,030,874.40 kg AN 524,497.79 ke wiindedey 187,124 kg BUdu  28,919.64

ke uazliiuuu 6,960.8 ke Feausauanslismsasd 32

P3N 32 A3euaneIEadea st Tanetlaseasnioin

Energy
o v Embodied
VENNDHIN wmun (kg) Factor
Energy (MJ)
(MJ/kg)
Tolwuu 6,960.8 7.11 49,491.29
FUF 32,037.95 6.75 216,256.15
oy 2,533,065.80 3 7,599,197.40
FLue 3,303,008.16 1.11 3,666,339.06
18n DB (Deformed Bar) viSalnantosas 190,641 29.2 5,566,717.20
WS 1,319,143.47 11 14,510,578.22
wan RB (RB Rounded Bar) visawidnidy | 524,497.79 35.4 18,567,221.88
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911915797 32 wandbiiuiludiuvssnulaswadiesintuiagudndiiunlduin

(%
¥ £y

.:4' Y i ¢ a a 1o ' Ko o .
Mgalawnguud unstauagdy wilagneasisisauysznmiliusunnues Embodied Energy

4 1 @ 1% =l [ 1 I~ v o A J v ¥ 1 a [ YR
UDYNIWNANLFAUNIDLNAN RB Lﬁnumsnﬂummﬂmﬂﬂwmmﬂuﬂszmumiwammamauuu

fimsldndanunaeudiegadsdmanioindnuazanluianvdenasnulume

0.1%_0.4%

[l CHISTET]

m g

m a5

B D

® Liantaaan (DB)
® unsiia

= wiantdu (RB)

g‘d‘ﬁ 79 Embodied Energy 1AS9a3 9@ 1% 090N

NNsAIUNGIRavauluTaanuIIuans Embodied - Energy YosduTidu
wosiniuiiiadu 50.18 x10° MJ Tnsanarnivdn RB videwmanidu figeianfe 18.57 x10° M
sosaanliuAunsin 85 windados Tuud suduuazliituudsdiavindu 14.51 x10° MJ
7.6 x10° MJ 5.57 x10° MJ.3.67 x10° MJ 0.22 x10° MJ uae-49,491.29 MJ anud iy uaziile
Andudnsainaznuinmanidulidndiunn Embodied Energy Winfiu 37.0% wnsiin 28.9%
95 15.1% iandeden 11.1% Tuiud 7.3% BUu 0.4% uazgavhefeliuuuiidndrundaany

- [ Yo ] k4 A & % v o
ALdUNINY 0.1% SUENW@N’]UE‘WE"{ZLIQWﬂﬂ']ﬂ‘mﬁ@]%@ﬂﬁ’l‘lﬂﬂiﬂﬁi’]ﬁ%L‘U‘U‘Vi@\‘i‘WﬂVI\‘MN@

MwaaunszanaNlATIaT 109N
Tudrurasnisesinermssiunyszasdazogiivinnmastu 7-9 Gaduiiinsldan
Fa57197 33 Usenausefiuiud 3,303,008.16 kg BUAu 32,037.95 kg 85 2,533,065.80 kg
wianteses 190,641 kg WAANEY 524,497.79 kg lIULUU  6,960.80 kg LarunIne

1w 1

1,319,143.47 kg andeyatnduaniulaintandiulvgiudinadudiug dguazunsiined

q o



Wnsanlassadrsdrusanarndulassadian

o & £ = Yo [ 1 a v
‘\]'1L‘U‘NG]’ENNﬂ?iiﬁ?ﬁﬂﬂﬂﬂﬁ']')%ﬂ@ﬂ?]']ﬂu']ﬂ

A a LY

92

fndalafiunazinis naniunayindunesds

A5 33 MsaanssIgaBeanisidTanvedasiasiaisain

ﬁ'ﬁ@daﬁ%ﬁﬂ ﬁlmﬁﬂ o Emission Factor Greenhouse
(kgCO,e /kg) gas (kgCO,e)
FLuus 3,303,008.16 0.0051 574,723.42
U 32,037.95 0.39 12,494.80
93 2,533,065.80 0.24 607,935.79
wan DB (Deformed Bar) visainandasas 190,641 2.77 528,075.57
wian RB (RB Rounded Bar) visowianidu | 524,497.79 2.89 1,515,798.62
Tduuy 6,960.80 0.59 4,106.87
unsiin 1,319,143.47 0.17 923,400.43
0.10%__0.30%
= Liuuy
m faldfu
m a5
o Fuarue

o

el' I [24 A Y ! b4 b 4 v
E‘U‘VI 80 ﬁ@ﬁ?ﬂﬂ']‘!]ﬁ@ﬂﬂi%ﬂﬂﬁﬂﬂ?ﬁﬂﬂ@ﬁi?ﬂiﬂiﬂﬁi?ﬁ%@ﬂ‘v\m

® wiantadas (DB)
® unsila

= waniau (RB)

wasniladeyavesusinamsldiaguanlaiinsinduiaienysinainvsey

N3zaNveINsiiannuBuudinisUaseieisounseania 574,723.42 kgCOe

12,494.80 kgCOe 85 607,935.79 kgCO,e

Wandedey 528,075.57 kgCO,e

'
o

gud

NERED
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1,515,798.62 kgCOye lfuu 4,106.87 kgCOye uazunsin 923,400.43 kgCOe 3oy
13.79%, 0.3%, 6.52%, 14.59%, 36.38%, 0.10% Wag 22.16% MUa1RU

mslonasuainlpsaas n e vadn
° v o a | ) Y aw PRy =3 v a
dmiutuin 10 uagdrnveaasntuliiagnianunainvaledausenaulunieds
< ¥ ¥ <@ 1 <@ % = I @ 1 1 < v < < Y]
WIANUD008 LAANWNY LAANLAY TLUUA LMANNADY Viawnan LwuU tManan wanaale

v A a

unsiauazminin®  Salluunanisldfmunsan 1,295495.45 kg lneuszneusieds
775,796.84 kg \dntad08 319,531.6 kg WMANUHY 62,130 kg wianidy 45,125 kg Fuud
44,072 kg wiannasd 28,687.8 kg valudn 6,795.12 ke ldwuu 4,556.16 kg 1u@nain
3941.16 kg wiandale 2,210.4 ke wnsfin 1,766.15 kg waziilnnd 882.72 kg 4
ﬁaazL%&lmaaﬂ%mmﬂ’lﬂsﬁa@ A1 Energy Factor WazA1 Embodied Energy a@s1salans

1amamn197199 34

a a Yo ¥/ (%
$135191 34 G’]’]ﬁ’]\‘iLLﬁ@]\ﬁ']EJagLE]EJ@ﬂ’]'ﬂfﬂﬂﬂ@ﬂ@ﬂﬂiﬂﬁﬁ?ﬂﬂ’]ﬂﬂ?ﬁﬁ\iﬂ?

Energy _
Janneasng arn (kg) Factor srmbodied
Energy (MJ)

(MJ/kg)

Ty 4,556.16 7.11 32,394.30
ANUEHL 62,130 32.8 385,404.85
93 775,796.84 3 156,438.00
Foud 44,072 1.11 861,134.49
\&n DB (Deformed Bar) v3ewvdndesss | 319,531.6 29.2 1,286,902.40
\&n RB (RB Rounded Bar) #Sowanidu 45,125 35.4 1,597,442.70
WAL 1,766.15 11 3,514,847.60
Wmannaes 28,687.8 29.2 837,683.76
viowan 6,795.12 29.2 198,417.50
WanaIn 3,941.16 29.2 115,081.87
WANFT 882.72 29.2 25,775.42
wandle 2,210.4 29.2 64,543.68
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13%__ 03% _0.7% __0.4%
1.7%

2.2%

LM RY[TRTET

B LURNLANY

B a5

B Fuue

® Mdnlagdas (DB)
= ianLau (RB)
B unsiie

B 1MdnAKaY

" vialudn

B anann
®anaad

= anea'la

gﬂ‘ﬁ 81 Embodied Energy lAsta31sdaunninnasa

NMIAUINMYTIIM Embodied Energy vaanslddaaludiuniaiimasaimuin
‘Lua"swuENm1m‘Wmé’qmﬁ?uﬁwé’qmuazau‘uaﬁaawhﬁ’u 9.08 x10° MJ B53191nunsiln 3.51
x10° MJ wnidu 1,60 x10° MJ ndntedes 1.29 x10° M) i 0.86 x10° MJ iwdnnaes
0.84 x10° MJ wilinusiu 0.39 x10° MJ viewdn 0.2 x10° MJ B 156,438 MJ 1wdinan 0.12
x10° MJ wdndale 64,543.68 MJ Iy 32,3943 M) wazivansg 25,775.42 M) viedn
JuSosay 38.9, 17,6, 14.2,9.5,9.2, 4.2,2.2,1.7, 1.3,07, 0.4 uaz 0.3 Auawiy

AM5ounTLINIINIAIAT NN AN IAIA )

[
v a =

dmsulassadsdruniaindsnaziudivvesuiiuduuugaveseinismdsi &
FananwlngudranduminuainvaneUssinnisznoumewmandu 4512500 kg wande
988 44,072.00 kg WanNNaBs 28,687.80 kg viownan 6,759.12 kg wanain 3,941.16 kg lwan
e 2,210.40 kg WBNUHY 1,766.15 kg ANFE 882.72 kg AIm1S197 36 31NANT19FINE
< Y1 < Y & v & LY o Ao o ! Y 1 =4 Y1
uinuldinuenannmanudiBiuuddnaduianraniiinisurnldludiuding1 asiuladn
Faudtugnmiranldludmilia 775,796.84 kg wenanilfaiunsiinignirunldsesasnviiiv

319,531.60 kg anulaunndguazliiindu 62,130 kg way 4,556.16 kg AuaRU
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i’a@;daa%'m ﬁ'mﬁ'ﬂ 9 Emission Factor Greenhouse

(kgCO,e /kg) gas (kgCOe)
Tduuy 4,556.16 0.59 2,688.13
ANUEHY 1,766.15 2.74 32,195.41
93 62,130.00 0.24 12,515.04
Fuug 775,796.84 0.0051 134,988.65
\dn DB (Deformed Bar) vi3ewandoses | 44,072.00 2.77 122,079.44
widn RB (RB Rounded Bar) sawanidu | 45,125.50 2.89 130,412.70
TRED) 319,531.60 0.17 223,672.12
Wannass 28,687.80 2.77 79,465.21
Viowan 6,795.12 2.77 18,822.48
Wanain 3,941.16 2.77 10,917.01
WMANAT 882.72 2.77 2,405.13
wandale 2,210.40 2.74 6,122.81

ndeyaninanatilediuifmuinmANIsYasEf1TsaunsEInveInsidTagmui

faniTusinansUdesAmsounsranainiigalduiunsinifinnsudesfindeunsranis
223,672.12 kgCO,e 509090 LALATIIUA 134,988.65 kgCO,e LnaNIEU 130,412.70 kgCOLe
WManTeo8 122,079.44 kgCOse WaNNABY 79,465.21 kgCO,e tnanuay 32,195.41 kgCO,e
Violnan 18,822.48 keCO,e 89 12,515.04 keCO,e anann 10,917.01 keCOse wiandiale
6,122.81

@ v

keCO,e liluuu 2,688.13 kgCO,e Uaglndndad 2,445.13 kgCOe w3oAnLTuY
WASTHR 28.81% Tus 17.39% wwantdu 16.80% wwanteses 15.73% wannaed 10.24%
WANWNY 4.15% viewian 2.42% 85 1.61% wanan 1.41% wmdneale 0.79% liwuy

0.35% LazlMansg 0.31% aunsananlanagun 82
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4.1.2 NS MWANIUIINNTVLES
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TunslandwnluniavesnisvuddlusiaisillagdrulugLaiuiannisaudsian

.

Y

Aeasanladnisdiunldluainsganisvudsdanuuiauuansiisiuluauusuna dnin

a

199n13UsTYN Ussnnessafilduarsinansevildlunisuuds dddumsdunabuazsosd
foyafitiuusznounisdiuaamasdiy Wy ssesvidlunisauds dividnTnanfussyn
Usplansnusan Sesmsiuthiu masasiselumsussyanuiingmnetmuaiag s
soUTivuds

Y I = o

lunsvudsTanuraveliniuasiinisds@e daniunaindvaniuiiuisinlinisvuds

9
(%

faqusiazussamiuiiauandsiuoonlulunuiseilévihnisinmeidoyannuiinunis
T¥Yanuazauaiusalunsussmnaminguanefmusiiielilédiuseulunisd wmda
Mntuashluduahutudanmsldideminossausmnuiamefldlunsusmntan
roadlasnisaoungfumaniieninisliidemadagsu Sseasdeniiunvesiagiu

A1150anIlARIlUnISI9N 36
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o -z o | sveemielu |
. wanluns | ansInIsnuUtu , AU
dn Udsstnsa N1TVUEHS
: uIIN (km/L)* 79U
(km)
ABUNIANENY 30k 75% 1.7 8.1 1800
ABUNIAUDIANS SOSALaD35 50% 3.2 88.4 129
7518 10 a9 75% 1.7 56.8 40
141 439 75% 13 56.4 8
WdnLdu .
—— SOLNTALADS 100% 1.8 88.1 31
WMAaNU009Y
< |
LABN LAY
wian I-H SDWTALADS 100% 1.8 57.2 3
VNowan
BUs 6 &0 75% 25 83.9 1
oy 6 a0 75% 2.5 180 29
nseiie 6 &9 75% 2.5 83.9 3
AUBLNTUUA SaWsaLans 100% 1.8 51.8 21
PVC 6 29 50% 3.2 50.9 10
A5¥aN 6 80 75% 25 115.2 12

*$MIINTTULYDLNAIDINDIAN - NANA WN1EER [40]

a < Y1 v 1 a & ¥ [
INNFEITNN 36 "i]gL‘W‘Lﬂ:ﬂ’ﬂ'ﬁﬁﬂLL@@S?}U@UU@JﬂWil%‘UiSLﬂ‘W?O anINNIIUVITNN

(%

SEYLNNILALIIUIUTDUNANAUY ANULANANUDINTVUAITAIUAINAA DN UL DNAINIFUY

Wy peuNIAvenuninsvuddasldsaldyunaziinuanansalunsussynaungvaneegi

1%
v

75% Juhlvidansinistdigenailigunndnnsssegnslilnadsdemalilinnsldigeunaslu

nsvudssiesouldas uiillaanintanusznnilfinisldludsuaunisdndudedinisvuds

wangseudnelminnislinasnulunisvudaUianaenn Fadsainlateyanuumnasninves

1 Y & 2 = o Vo 1 (-2 (Y] 1 LY Yo o
nsvudaNazdonsAwInmsldianlusdasUssnniniansenanuuladnisiilulalu

q

diulaveternsiiiossym1 Embodied Energy ludiutiuguasernisaendn laeainng

Fwnnudttunsvudsiaguetomsildidewmnds (wa) iadu 17,680.8 dnstasutaiugiu
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591 10,404.85 ANIIATIATNAIUIDATA 2,383.22 AnslATiadsatuslunyIzasd 1,982.42
anslAseadievieein 2,151.97 ansuazlasiaiienadiingsnn 75834 ans39n18nSI9InNNg
IeUSnandomaiildudrazthundaamaiaensidmduussansnden wwenisufioa
fio 36.42 MJ/L 2¢ldiAn Embodied Energy Wiy 643.93 x10° MJ Tasuvaidugiusin
378.94 x10° MJ Tnseadreanuensn 86.79 x10° MJ Tassadsanuaiunysyasd 72.2 x10°
MJ Taseadeveaiin 78.37 x10° MJ uazlaseadnaniafiingann 27.62 x10° MJ @ansowand

Ieiwsguii 83

4.3%

B §7UN

H 21UIaATA

® anuatunseaad
B Yiaewn

2 aavndvAn

5U71 83 Embodied Energy a1n15vudsian

N3UTN 83 wanslimiuinUsunamdsiuasaunss Embodied Energy 8dn15uuds
Janluoasildrulngazunannsvudsiagildludiugiusnis 58.8% dnunaziluludiu

Y04lATIETINAIUBATY 13.5% Woenin 12.2% anusiunlszasn 11.2% uavtosvianfodiu

ANANINIA NI 4.3%

dmiuUsinaiesaunsEaniiinTureIn1svuds 31nteyalunisned 36 e

foyavesnisvudmilimnumuimumsliidomauasinguiuidulssaninisUdes
Aadounszannuhemsiididomdmsuudeianuesenasiivau 17,680.8 Anslnsuady
§7U310 10,404.85  AnslAT9AT1981U0ATA 2,383.22  AnslATeaaaualunyITasA
1,982.42 Gnslassainsvionin 2,151.97 Gasuarlaseaianafivaenn 758.34 Gnstayauay

a

WinhunaufiuAmdussansnsuassingsaunseanaglauiiulassainegiusin 28,176.34
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keCO,e 1AT985198 10NN 6,453.75 keCOLe TAssas1saualunysyasa 5,368.40 keCO,e
TAS9Es9vRen 5,827.55 kegCOLe UagA1nTnndan 2,053.58 keCO,e MinAnlusnIaIu

WINAU 58.8%, 13.5%, 11.2%, 12.2% wag 4.3% mmﬁﬂﬁummmLLamﬂlﬁﬁqgﬂﬁ 84

4.3%

B 57uUsN

H R1UIaATA

® anuatuniseaad
B ia9wn

® aadnavAn

U7 84 Greenhouse gas 31NNIVUEN

N3UT 84 auituladigyinaniuldadiunisUaesiwsounseanegludndiu
Wenfiu Embodied Energy asnndeyasinantuiivuianisldidemdsivinidady

awmalidndun sUaseMesounsrantuivuiluursenfstudSinuna suasay

MslEWasIuINN I TYUANIaRFINTIN

o A

Tunsvhgrusiniuianfivhunlddulngzdunsunianerunasduudddinsvuds

9

Pdnuseulunsvudroudags mne1sanaInmsnd 36 asviuldinlunsvudsnaunsa

neUtUllsrurAout1elnafios 8.1 Alawasifiosannidudruninisvindennasdeviaiu

€

[ |

gpummLw]ﬂauﬂ%wmuﬁ?u%ﬁﬁi’wmuiaumwudaﬁﬁau%’wqq Ima’tumugmsmﬁguﬁmi
YudsnauNIANeIUa 1,800 seulagsalaiyuvuin 5 AaunsaussnnaeunIala 12 du/seu
sotaunAefiuud 129 soulausa 6 deuaznse 40 soulawsa 10 &0 FesaudazUszand
é’mwm'ﬁﬁuﬁnﬁuuazmmamﬂiﬂumimmﬂmmgwmsjﬁfmumﬁl,msi’mﬁ’uwu solayuly

anmzlvan 75% wilonsn1sAuLIl 1.7 km/L (thossapol,2013)



100

E e

m Liuuy
Hdnvadas DB
EianLdu RB

B A2UNIANLNU

= Fduust
Hunsie

m 1l

a5

B ARALKY
U1 85 Embodied Energy 31n15uuaiandiugiusn

mnmsnusdeyanuilunsvudsiagludugiusninisldidemas Guaa) siedu
10,404.85 an5 Tneu1aInnIstudsnounIaneny 8,281.65 ansiilasanaeuninneuiuil
Unaiildludiugiusingadwihlifinnsvudenn 1918 1,336.47 Gns Tuiud 615.88 ans
wiandeses 166.85 ans wandu 3.79 anstagliiuuy 0.21 Ansuazidiothundiuiamien
Embodied Energy wu:iﬂua'auﬁumg’mmﬂﬁﬂ%mmwé’muazauﬁy’wmm 378.94 x10° MJ Tog
1N9INABUNTANEU 301.62 x10° MJ 1578 48.67 x10° MJ Bisiud 22.43 x10° MJ wnde
Sov 6.08 x10° MJ widnidu 137.98 M wazlduuu 7.47 MJ vsedndumreuninneiu 79.6%

1518 12.8% TUUA 5.9% WAnte90s 1.6%

77
IS

UiinaufeiFounszanveanisuuddlasiainegusiniiviadu 28,176.34 keCOe G4
NADUNIANEU 22,426.72 kgCO,e N518 3,619.16 kgCOLe Tuum 1,667.81 kgCO,e Lan
Jodp8 451.83 kgCOe Wandu 10.26 kgCO,e warlduuu 0.56 kgCO,e wsoAndumaunsn

NI 79.6% N8 12.8% TuUs 5.9% nant0s08 1.6%
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MslonasavaInmsyuaianlnsiainaieenso

1Y) ! o a

d1nsuniseudadiannaasranuiunlelunisneasiediuaiusensaianninishy

q 9

o
v

Wwomddlunmsvudslaun@uud 85 unsin wanidy Buduuazliivuu Felunsvudsiuiings
THaondsvisdy 2,383.22  ans lnonuaduduud 1,518.69 Ans 85 289.12 dns unsiln

287.28 Ang WiaNLEY 285.24 Ans DU 1.96 ansuazlsiuuu 0.92 ans

E e

m lafuuy
Hanladas DB
m &NLEY RB

E AaUNIOULNU
= duiust
Hunsie

m 1l

Bk

B LAWY

sU7l 86 Embodied Energy a1msvudsiandiuaiuasnsa
9N3UT 86 uaRIdRAIUUDY Embodied Energy v83nsvudsianioainaitunlily
dIUY8IN1TAOAS19aIUENSE INASATUINUATdmTUaIuTensalue1Asiilan
Embodied Energy 7148w 86,796.76 MJ 1neiiinainduus 55,310.65 MJ 8§ 10,529.85 MJ

a

WNSn 10,462.88 MJ ianLdy 10,388.43 MJ-8Ushl 71.31 MJ wazldiuiuu 33.64 MJ Wonn

WuSovay 63.72, 12.13, 12.05 wag 11.97 audsu WesnFuudtuiuiunnnsligeds

o § va o | A O wa = 1 v v & a a %
'Vl'ﬂ‘mlﬂﬁ]']u’)u5@‘Uﬂ'ﬁﬂJuaﬂu’]ﬂ@ﬂVNUﬂuigﬂgwqﬂlﬂaﬂﬂﬁﬂw'ﬁi‘wﬂﬂ']{LGUL“U@LWﬁ\‘WIQQWWQJ‘lﬂW'JEJ

dmunisaudalaseadieaiueensatuivsunmunisUaosRneiieounseanaay
6,453.75 keCOse TnefifiunanTiuud 4,112.61 keCOme 95 782.94 kgCO,e unsiln 777.97
keCOLe Widnidu 772.43 keCO,e BUFU 5.30 keCO,e uazliiiuu 2.50 keCOe
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mslonasaainmsvuaaianlnseasaieuntszass

Tun1sneasaaueNUsEaIAT8991ANTBLUNUSLAIANSES1HIIEUINTUNS UL TAANT

q

nslddeudsunisuudunniignAomanidudldigenddunisvuds 815.52 dasdnulawn

B 771.7 Ans 95 344.97 ans 1ifuuu 31.81 Aas BUdN 16.85 AnTuazunsiin 0.57 Ans

[y 1 [

PSWINNUNISVURTIEANDAS19989aUBNUTYEIA LT DA ISaY 1,982.42 §9S

q

1.6%

m lajuuy

® 1idnYagdas DB
®iantdu RB

H AaunIaAuneNU
= dfuuel

H unsie

= faldfu

mag

= vialian

Wmdndad

5U71 87 Embodied Energy a1n13vuasiandauausiunysyase

9n3UN 87 uandliiiiutisdndiuves Embodied Energy Miiinainnisldizeindsly
nsvudsiagneasendnlelunsneassdinyesanusiunysyasAraseInsnTE 1Y IeEuny

[

[ s o 3 I 1 . v dy a 1
JUNT 21INNTANUIUUUNUINAT Embodied  Energy  apsnislaidoinaslunisuudsian

q
(% v

noas 19l uaAILVDIAUBUNUSEAIANT L1 TIA@UNIUNS TS AT9AY 72,199.82 MJ Taglaun
InLaNIEY 29,737.58 MJ T 28,105.36 MJ 85 12,563.82 MJ lduuu 1,158.62 MJ 8
§1 613.84 M) wazunsin 206 MJ vseAndusnsdiudosazarldvhiumanidusovas

41.2 Yuudiovay 38.9 dg5esar 17.4 lWiwuuiosay 1.6 wavdudusesas 0.9

[
N v oa A [24

Tudruvesnsvuddlassaitsausiunysyasavesormstuudusunufigseunszan
INMIULAITIRY 5,368.40 kgCO,e LR MWaNIEY 2,211.13 kgCOLe TLaud 2,089.77
keCOe B3 934.18 kgCOse iUy 86.15 kgCOe BUHu 45.64 keCOe Wazknstn 1.53
keCO,e
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NslINaIIMINNITVNAI TN ATIaTIDINN

o o 1 [

dmsunisneaiieenmsiudiuvesiesintuiinisidindeindaienisvudeian

[V Y] ' '

A a =

load1ansdu 2,151.97 dns lnemsvuddiagneasiniinisldivembsgeignredstsldiae

<9

waslun1sIUAN9EY 829.59 An5 9989 lALATILUS 648.70 AnS WAN RB MSoLnantadu

341.36 An5 WNSan 316.06 ans BUT 14.75 Ansuarlsiuuy 1.53 ans

m Lduuy
®ianLdu RB
= Fiuust
munsiie

m

= Ay

U1 88 Embodied Energy 31n1sauuasiandiuviadin

n§sanldusuiansididemacdlunisvudeiazinnniin1sauIunuI 1A
Embodied Energy vein1svuadsiannaadedmsunisneasiaieainueseraseiunyssasn
wszsTaundunsiuiien Embodied Enerey Wadu 78,374.92 MJ %ammamsqlé"j%ﬁ@
mﬂm'ﬂ%’l,%aLwémumiﬁuudaﬁg 30,213.65 MJ U 23,625.51 MJ wandu 12,432.17
M) unsidn 11,510.92 MJ BUdu 537.11 MJ wagldiuuu 55.75 MJ vseramdusnsndiuas
Winfudg 38.6% Fuiud 30.1% Wanudu 15.9% unsiln 14.7% SUdu 0.7% wazlsuuu 0.1%

PINENAUTIENLTOLANILARITUN 88

USinauAneideunseanuasmsvudslassadnsdiuiosinguilvieay 5827.55 keCO,e
sgaztdennisUaseinuseunszantsenauluniedy 2,246.53 keCOe Fuud 1,756.67
kgCOe WBMEU 924.39 keCO,e wN5Tin 855.89 keCOye BUTU 39.94 keCOse wazliiwuy
4.13 kgCO,e
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mslonasaaInmisyuaeianlnseasrmaimain

LY |

dmiumsneaisludiuvesmaimvanazifanndoutimvainvaswasldiaeinas

Tunsvudsluduilluidu 758.3¢ dns Tnsuuadunsoudsdy 624.32 8ns lanusy 56.6

a [

AnT IMANLEY 29.37 3RS WIANNADY 26.13 AT TLUUA 8.66 ARS VIBWMAN 6.19 ANT WANRIN

3.59 An5 Wansle 2.01 ans MaNEIR 0.8 ans wnste 0.42 Ansuazldiuuy 0.24 dn 270

3 v

ayat1eruaziiulaludiuvesnuaaiivdniresstaselunUssasanse sy isauny

e

(% L3 v A

Junstuiinsldiandeutaarnasuaianuanninisloweind slunisvudanignmedy
vsunamsldemaddunisvudadia 624.32 dnsillesangasusulunisvudaiulisseenig

= oA
ilnaniniandue

= anLEY RB
N AauNIAULNL
= Fuaruel
munsile

= fldfy

= ag

LU RN

= udnnday
= vialmdn

= mdnann

= wmdnddg

wm&nda I-H

U1 89 Embodied Energy a1n15vudsiandiunafinviaann

o 1 v

nndeyansliidemadunsudetagoadafithunldludiuvesnaimdsanes
aasud Wiethuduiamal Embodied Energy wuirludrurossumatngsantuiian
Embodied Energy WaAY 27,618.71 M) Imammmﬁm,uﬂlﬁﬁﬂﬁag 22.737.64 MJ WENLNY
2,061.38 MJ wmanidu 1,069.61 MJ lwannass 951.82 MJ &ud 31535 MJ viewnan
225.45 MJ wianain 130.76 MJ wandale 73.34 MJ 1wansa® 29.29 MJ unsiia 15.41 MJ

wazlduy 8.75 MJ seAndudnsdurindudy 82.33% Wwanunu 7.46% Lwanidu 3.87%
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WMANNAD9 3.45% TLUUF 1.14% vioLnan 0.82% wanain 0.47% ans Lwandale 0.27%

WIANGET 0.11% wn3in 0.06% wagliiwuu 0.03% Tadeyaninanaiusawanalanagui 86

Tudruvesnsvudetanniadhmdiaduinsudosfieounszaniadu 2,053.58
kgCO,e TananliiLuy 0.65 keCOLe WIdNIEY 79.53 keCO,e Fuus 23.44 keCO,e wn3in
1.15 kgCO,e 85 1,690.65 kgCO,e AN 153.27 kgCOLe wannaes 70.77 kgCOe ¥io
WIAN 16.76 keCOe Wanain 9.72 keCO,e 1nanda® 2.18 kgCO,e wavinandile 5.45

keCO,e

4.1.3 nstandsnulnitainnisneasta
AN5NBE319LASIAS199N1ANTALUNUTTAIANT 519 UILTUNSUULA S UNDAS19A LA
WoUdWIAL 2559 audLAauiiunAY 2561 MSyerIaNiedy 25 Wwou tagnsiawasanuly

druvaanisneadiaiudunsigndssnulwiiedu 97,770.10 MJ

B 57uU5N

E aulanTa

® anuatunilseaod
Hvagin

® aarnavan

JUN 90 dndrunisiindsnulunisneasisermseiunuseasanse sy isauuiuns

<

2n3U7 90 Hudadunslindsnuludisesnisieanseransiiiatu Tagaind
nanluisduienmsilainnsldndsnulugiswesnstoadisnadu 97,770.10 MJ @4
mmmf&muﬂLmdﬂﬁmlé’ﬁalﬂﬁIﬂiqa%ﬁaﬁ’mgmﬁﬂ 5,382.00 MJ lAS9&519871U90A50
31,847.83 MJ lassaseanusiunuseasa 32,825.60 MJ lassasneesin 22,237.60 MJ uag

lassasemeivaann 5,477.08 MJ 3efndulassadidiugusin 5.5% lassasnsaiuaen
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50 32.6% MJ TAs9as 19U UNUSEaIA 33.6% LASIAS19MRINN 22.7% warlasiasranindi

P89A7 5.6% UBIN15INE11UIUYI9UIN1TNBASIIDIANTNINUA

MleWasIuINNITNeas WA WIATIATNGIUTIN

dwsudlassasegusntussigislunmsidundugiusnludiasoun 1-6 3
Turrafoun 1-3 tuaztdur19999n1599IUAY LA NTUADN UFATIELD ULALNAFDU
< | - A & ° \ o v v & 5 ew
adukazluti9uaafoun 3-6 awLudr9vaInsyinludIurealAsIEs19warUgIn NLAULN LA
a (%] 6’5 <@ 1 < a 1 1 & a
Au wdsniuazlugisresnsinugavdaneslutiafoui 10 way 11

[V '

Tunsreadilassadisgiusndulimslindessisau 5,382.00 MJ Gsanansndiuun
seasdeavasmsieuliiuluioud 1 Saasvieu 1 dUai Mwdaeu 582.91 MJ e
7i 2 finsvhau ¢ dUani [ndsw 950.09 MJ ieud 3 dnasvineu 3 dUand Tandeenu
1,104.82 MJ iiioudi 4 fnnsvinanu 4 dUanni Tndse1u 775.28 M) ieudt 5 Sn1svineu a
FUnvi Tdndaeu 736.55 MJ howdl 6 #n1599m 4 dUanii Tmdsanu 210.94 MJ Heoudl
10 fn159ieu 1 dUans Tdndsan 463.36 MJ wWeufl 11 finsvha 1 dUai Tdndanu

598.06 MJ

1,200

1,000 -

800 -

(M)

600 -

WAYIU

400 -

200 -

1234567 8910111213141516171819202122232425
au

5UN 91 mslandsnulunisneaiisdiugiusn
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2307 91 wandliifuisdasmoamslindan ssdulfinludondoud 2-5 du
wiinslindsnudeuinsgaiesaniinslindesilentnAoutrann arnfinaaludisiuly
miﬂ'aa%wimm%’wgmmﬂﬁ?uﬁmﬂ%wé’wuﬁ”’qéu 5382.00 MJ @saafuioud 1 14
WENIY 10.1% Woudi 2 Tndsiu 17.7% Weoud 3 Tdwdau 20.5% Woudl 4 ldwdwnu
14.4% oud 5 Tandau 13.7%Heud 6 Tdndau 3.9% weoudl 10 Tdwdanu 8.6% uaz

woun 11 Tondenu 11.1% veanstanasanulunisneadnedinlasad g us i

N51IWANIUDINAITADAT NAIUAIUONTE

N3N0 19 1UBNTOVBIDIANTBLUNYSTaIANS TS TsauLTunsazidunsneasns
Fusidoudt 4-11 uarmsiiusvazBonnassaunsinuiuaatnenssulutiaioui 13-
25 duSuduresarusensaiinslidndnulumsneaiieiiay 31,847.83 M) Tnswvady
Goudt 4 Tindwu 193.82 M) iheudt 5 Tmdsu 368.27 MJ iieuil 6 Tdmdsu 210.94
MJ tioudt 7 T9wdsau 369.15 MJ wiouft 8 Tewdeeiu 2,525.60 MJ 1ioudi 9 Tdndsanu
3,461.64 MJ \foudl 10 [dwdsnu 926.71 MJ Heudl 11 ¥ 2,392.24 MJ (foudt 13
Tamdanu 695.84 M) ioudt 14 Hiwdau 1,591.66 MJ 1ieudl 15 Timda 3,044.31 M)
Aoudt 16 Tondsany 2,480.93 M) thaudl 17 Twawu 2,046.60 M) Lot 18 Tondsau
1,984.75 MJ \owdl 19 Tdndsnu 1,683.49 M iieudi 20 Téwdany 2,141.05 MJ iieud 21
Tondaanu 1,920.50 MJ ifouf 22 MwSseu 1,577.79 MJ weoudl 23 Tndanu 1,174.24 MJ

Aoudt 24 T¥nEaa1u 542.60 MJ Lieud 25 Tdnwdsy 515.71 MJ

4,000

3,500 A

3,000 -

(M)

2,500 A

2,000 -

WAIINIU

1,500 -
1,000 -

500 -

1234567 8910111213141516171819202122232425
iau

sUN 92 nisldndenulumsneasediuaiusensa



108

mﬂgﬂﬁ 92 6?13LflugﬂLLammﬂ%’wé’wWuiuﬂwsﬂ'aa%’]ﬂua";usuaamua]amasuaﬂmmi
oLunUsrasAnsyswTiaunTung daiiuunliunsldndsnuduaestisldungiausnaus
doud 4-11 Puthwemsvhausulaseadiwesaiusensedduioud ¢ Tmdsanu 0.6%
doud 5 Twdau 1.2% Woudl 6 Tdwdau 0.7% Woudl 7 [9wdwnu 1.2% oudi 8 14
WENU 7.9% ioud 9 Tandaeu 10.9% Weud 10 Tdwdanu 2.9% weud 11 Tdwdau

7.5% 91NNSNEI9UIUNITADES 1981 UIDATONINLA

Tugaaioudt 13-25 azdudivvesnisiaudiuauaaidnenssunaznisiiy
seazBunrisueanisneasslutindond 13 dnsldndanu 2.2% Woudl 14 ndaau
5.0% Woudl 15 Tdndsau 9.6% ioufl 16 1ndau 7.8% weoud 17 T9ndeu 6.4%
doudl 18 Tndasu 6.2% wWeudt 19 Tnasey 5.3% weuil 20 Tondsu 6.7% weud 21
THNEa9U 6.0% WWoudl 22 TSI 5.0% Woudi 23 Tdndsu 3.7% heoud 24 Tndaeu
1.7% ioudl 14 Tndse1u 1.6% vein1sldndsnuainnsieadrsaiusensanaun Tudiu
voanuandaonsuianiuldidinslindsnlugausniiguasmndaindufiazaosginig
Tnganufisuanasiosanudsnnidmsiauludguifinisldedesdiondnasaudifeed
msiadeuiregunsalfsnanliitludnduasvdeiissndesivunndnuaznsliuasaing

WINTIU

N751TWANIUDINAITADAT WNAIUS 1ML UNYSZadA

Tuduresnisieaiauaunyssassnsysuiaudunslinaineaiisimun 17
Mourausioud 8 taziiaudt 10-25 Fslutasvotiioust 8 aidunisiasounisieadng
wdsnilugaadoud 10-15 audutawesnisilessaiaasiouit 16-25 az1dutiwes
MsvauuannenssuLarMIRuTsandon SinsneadianusiunUsrasiuiinngly

wasuildlunisneadaieay 32,825.59 M



109

6,000

5,000 -

4,000 -

3,000 -

WA (MJ)

2,000 -

1,000 -

1234567 8 910111213141516171819202122232425
hau

JUN 93 mslindsnulunisieasnediuanueiundszasd

903U 93 wuinludteudt 8 Ansldmdssn 315.70 MJ ieudi 10 Tnsldmdsany
163.36 MJ fouil 11 Imsldwdaau 2,990.30 MJ ieuil 12 dnnsldwdasnu 5,656.52 MJ
Woudt 13 Snsldndasiu 4,175.05 MJ tioudt 14 Sa1sldndssmu 1,061.11 M) ifeud 15 i
AslENgsU 1,304.70 M) 1iouit 16 Snislandaay 2,658.14 M) ieudi 17 nnsle
WA 2,660 MJ tHoudl 18 An1sldndsanu 1,984.75 M) iiteudl 19 finnsldndeany
1,683.49 MJ \ftowdl 20 finnsldndsnu 2,141.05 MJ deud 21 finsldndsanu 1,920.50 MJ
Woudi 22 Snsldndanu 1,577.79 MJ wieudl 23 finasldwdsmu 1,174.24 M) ifeud 24 §
nsldmdsanu 542,60 MJ_ Weudi 25 dnisldndenu 515.70 M videanunsoAnifu 1.0%,
1.4%, 9.1%, 17.2%, 12.7%, 3.2%, 4.0%, 8.1%, 8.1%, 6.0%, 5.1%, 6.5%, 5.9%, 4.8%,
3.6%, 1.7% wag 1.6% auaisu avdiulainludiaioud 12 uay 13 ﬁ?uﬁmﬂ%wé’wmﬁqa
inilesanlutsiifudunshaudiuredessadisieinildiniode 1wy iefedliyy
\3esdin tedeudes udgunsalliuazainsdnuinnisdsmaliinnslindsnuiigny

Tuane

N5LIWAIIUDINAITADFT NAIUIDINN

ANNSUNSNOAS AU DINNYDIDIANTDLUNUSLAIANT TV TIAUILTUNTTUIZLS Y

[%
Y =

FUGLADUN 12-25 Tagaziadnan159inlasIas19dusfoud 12-18 wazifoun 19-25 azidy



110

P9v03udanInenIsuLazNIsIAUTITasByaveInITneadne dnisldndaulunisneas g

duiduresinieay 22,237.60 MJ

3,500

3,000 -

2,500 -

(M)

2,000 -

1,500 -

WAYIIU

1,000 -

500 -

1234567 8910111213141516171819202122232425
iau

5UN 94 nislindsnulunisieasisdiuiein

13U 94 uamdliiuinislindamivesniseadndaionin ddludeud 12 du
finsldwdsanu 628.50 M) ieudt 13 Tindanu 2,087.53 MJ ifeuil 14 Tdndsnu 3,183.33
MJ Houdl 15 Mndeau 2,609.41 M) wiieuit 16 Tdwdau 1,417.68 MJ doudi 17 14
WU 1,432.62 M) (Roudl 18 Towdsnu 1,323.16 MJ Heuil 19 Twdsau 1,683.49 MJ
Woudl 20 Towdsanu 2,141.05 MJ tioufl 21 Tondesu 1,920.50 MJ wioudl 22 T9ndsnu
1,577.79 MJ Wilouil 23 Mwdssnu 1,174.26 M) iilenit 24 [wdseu 542.60 MJ ioudl 25
Tdwdau 51571 M) wiedAndu Woudl 12 Tmdsu 2.8% eudl 13 1wy 9.4%
Woudl 18 THmdsu 14.3% el 15 Wndau 11.7% woudl 16 TSy 6.4% il
17 T 6.4% Weudl 18 Tdwdaau 6.0% Woudl 19 Timdsnu 7.6% weudi 20 19
WA 9.6% ioudl 21 Tmdsu 8.6% wioud 22 Tindsu 7.1% Weoudl 23 Mwdsnu
5.3% wWoud 24 Tindasu 2.4% weudl 25 Mndsau 2.3% vesnisldndsnulunisieasns

ANUNBDINNITINLUA



111
1151TWANILDINAITNOFT N IUAIANIVAIA]
Tudgrasnsyaairinistanasnulunisneas1anedu 5,477.08 MJ In1snedsid

2 999 52821287 9 1AW YUINAWALADUN 16-19 1Tu19U0In15vilATIAaS 1AL 97 2

Falfoun 22-25 Wuaeresnisinauandnenssy

1,800
1,600 -
1,400 -
1,200 -
1,000 -

800 -

(M)

WAYIIU

600 -
400 -
200 -

1234567 8910111213141516171819202122232425
iau

5UN 95 nsldnasalunisneadsdiumafindsnn

dmSunisneadininfiandsrndasusnieweudt 16 dmsldndasu 177.21 MJ
(3.2%) \ioudl 17 MN&19U 818.64 M) (14.9%) et ieufl 18 ldndsanu 992.37 MJ
(18.1%) WWoudl 19 19wdas 1,683.49 MJ (30.7%) iieuft 20 T9wdasu 535.26 MJ (9.8%)
wdntuduraei 2 wsemsvhaudiuaantnenssuluiioud 22 Tdwdanuy 525.93 MJ
(9.6%) \ioufl 23 Timdsanu 391.41 M) (7.1%) Wieufl 24 T¥mdsanu 180.87 MJ (3.3%)
deudt 25 Ty 171.90 M) (3.1%) luthaioudt 19 duludrwesmsyhdrundani
L‘f]uméﬂﬁaﬁ?um%'mﬁ@ﬁLﬁ'm‘*ﬁaaﬁ’umiﬁmLLazL%mmﬁﬂ%agﬂﬁmﬂﬁﬁmﬁaﬁqma‘l‘ﬁlu@auﬁ

19 Wuiinmsldwdanuas

{ i

USuaufoisounszanatnnsandsnulunisnaasis

aaaa U

dusulsunanisuassfnusaunseaniuaziinsAntnameeiuUsuuA9SaUNSEan

£ |

lunsvudenazddeyanisidndsnuunauiuadulsyansnsudesingsounssan e

a

Fulszavdnnsuaesfedeunseanvasnsldlnihdmsudsamnelnede 0.6093 kgCO,e/kWh



112

ndoyanuinlunmstindsnuanulunsieadisfivsuuiivsounseanyiedy 16,548.91
keCOe lnalaiainnisneasnadiugiusin 910.98 kgCOe N13NBA5I9AIUIDATA 5,390.68
keCO,e NSABATINANUBLIUAUTEENA 5,556.17 keCO,e NISNDES1IMBNNN 3,764.01 kgCO,e

wagmsneasdunIafvaeen 927.07 kgCO.e Tayadinddanunsauanslansgun 96

1,200
— 1,000
&
IS
% 800
=
3 600
2
3
£ 400
g
© 200
1 5 9 13 17 21 25
iaui
——=51U5IN  —E=RIUAATA  ——alualundssaed  —e—iagWn a1 udea
JUN 96 Greenhouse gas Yaen1skinawlunsnoas
Energy use in construction

120,000 8,000

100,000 [ %000
b= - 6,000
§ 80,000 - 5,000 E
2 g
o 60,000 - 4000 §
o
2 3,000 ©
T - 9 -
S 40,000 o
I.IE.I - 2,000

20,000 | 4.506

0 -0
1234567 8 910111213141516171819202122232425
Month

N Energy used Cumulative Embodied energy

JUN 97 nsmuananisiindsnusilunisneasnvedennis



113

NFUN 97 wanensldndsnusiunveimsneaineiaseiunUssaianse s iauy

[y

(%
Y

unsndUsinansldndanunsay 97,770.10 MJ Ingdrandnsldndsaugs

A 1 A

NENADYINLADUY

7 11-21 Ansviauluratedundeunu AolurieweInsiAusIgazdendIuaILannse

NSYNEIUATUBLUNUS L AIALALITBINNSIUDINTISIASHUTAIUA AT LA NRIAT

AN5199 37 MIUANNATUTIEaLIBYANG I UAYALYRID IANTOIUNU SN T U Teau

Funs
YaanaasiaM)) | msvuds(M) | nisneadiea(Ml) 594 (M)
FIUIN 9,968,158.98 378944.6759 5,382.00 10,352,485.65
AUIDATN 49,007,920.78 86796.76323 31,847.83 49,126,565.37
aupLUNUszadn 44,011,729.87 72199.825 32,825.59 44,116,755.28
odin 50,175,801.19 78374.92319 22,237.60 50,276,413.71
AIAHINRIAT 9,076,066.58 27618.70611 5,477.08 9,109,162.38
33 162,239,677.40 643,934.89 97,770.10 162,981,382.39

9NA15797 37 UG AL ALY AN TOUAN ST AIANTE ST S UL uNS
ﬁ?u@i’;umnmmﬂﬁ’a@daa%'w BRI uEvEURT 162,981,382.39 M) uIeandu 99%
YOINFIUATAL VRIS AT IR daunsrudnarnnsldndsnulunisieadnadusaufud
USinaufies 19 Yoendsd uagauUnIonnIso e wé’wmazammmmﬁﬁﬁmmﬁqmﬁadw

Y99A1NDATOLUBIATDUNUSLAIANTIY IIAUINTUNS

4.3 Y3u1eu Embodied Energy Wag Greenhouse gas fianuf
ANUNAINTLANINITAIUIUUTHIUNA IUF AN LAz UTUIUAIYLToUNTZANVD
=3 o [ [2] A oA A av & o vy A
91ANTNITUN NS U aNLarAgSaunTEansoNun Jelunuideiiaginislanundy
| ] 2, A o = a Y] au A Aa o Y a Y]
NUWADANTINNAT(M) WevinsiUSsuiisuiuanuideaugnildnwuglnaiissiu Tueiais
DLUNUTLAIANT 1 TIFUNLTUNSHUTNUA NS ITF089EY 17,000 A151960A5 TUSU8
v g 2 6 A e e gz 6
WAIUALALVDIDINNTNIEU 162.98 x 107 MJ wazdiUSunaineiseunseanyiedu 14.51 x 10
keCO,e  LHBUINAAAUNUNNUI1B1AITBLUNUTEAIAN T2 T ¥ TIFUNNIUN S UUTATWE 19U
. [ 2 a 122 Vel
dvaurse Embodied Energy vi1fiu 9,587.14 MJ/m” uagUSinaieisounszanagi 853.62

2 v Y] ' A o = = 1Y) Av A o A |
kgCOze/m Qqﬂ%aaaﬂﬂﬂﬁfnl,ﬂauqlﬂLU?EJULV]EJUﬂUQ']u’]QEJE]uGN@Tﬁ'NW 38 NUIN




A15197 38 MN91USHUTIE UNSIUALALVBIDIATDUNUSL IR AL DIA1SDU

114

No Referance year type Country | GJ/m2 Method
Xing Su and

1 | Xu Zhan [36] 2016 Resident China 3.33 Process LCA
Honey and New

2 | Buchnan [41] 1992 Resident Zealand 5 Process LCA
Jeyasingh and

3 | Sam [42] 2004 Resident India 6.4 I-O analysis
Giordano et

3 | al[43] 2015 Resident Italy 6.4 Process LCA
Ramesh and

4 | Khan[44] 2013 Resident India 8.07 Process LCA
Aneesh N.R. et Terminal

5 | al [45] 2018 station India 8.57 Process LCA

6 | This study* Mixed use Thailand 9.59 Process LCA

7 | Crawford [46] | 2008 Resident Australia 10.1 I-O analysis
Jie Wang et Hong

8 | alla7] 2018 Office Kong 1035 | Process LCA
Rauf &

9 | Crawford [48] | 2012 Resident Australia 13.4 Process LCA

10 | Fay et al [49] 2000 Resident Australia | 14.09 | Process LCA

el 38 adiuldhandimuaranresuitedeglussduilligunnidedey
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No Referance year type Country | kgCO2e/m2 Method

1 | Nassen J et al[50] | 2007 Resident Sweden 72 I-O analysis

2 | Rossi et al [51] 2012 Resident Belgian 189 Process LCA
Salazar and

3 | Meil[52] 2009 Resident Canada 294 Process LCA
Konig and

3 | Cristofaro [53] 2012 Resident Germany 430 Process LCA

4 | Yan et al[12] 2010 | Commercial | Hong Kong 525 Process LCA
Blengini and

5 | Carlo [54] 2010 Resident [taly 770 Process LCA
Georgios Syngros

6 | et al[55] 2017 Resident Greece I Process LCA

7 | Wu et al[56] 2012 Office China 803 Process LCA

8 | This study* Mixed use Thailand 853 Process LCA
Suzuki M et-al

9 | [57] 1995 Resident Japan 985 I-O analysis
Suzuki M et al

10 | [58] 1998 Office Japan 1,100 Process LCA
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Lhou MW WU W J MJ GHG
31.A. 2559 9.05 9048450.96 542907057.6 542.91 91.89
.8 2559 15.83 15834789.18 950087350.8 950.09 160.82
W.A. 2559 18.41 18413701.92 1104822115 1104.82 187.01
1.8, 2559 16.15 16151589.18 969095350.8 969.10 164.03
A.A. 2559 18.41 18413701.92 1104822115 1104.82 187.01
d.m. 2559 7.03 7031339.28 421880356.8 421.88 71.41
n.8. 2559 6.15 6,152,421.87 369,145,312.20 369.15 62.48
#.A. 2559 47.36 47,355,045.21 2,841,302,712.60 2,841.30 480.93
W.8. 2559 57.69 57,693,923.37 3,461,635,402.20 3,461.64 585.93
§5.Am. 2559 30.89 30,890,391.21 1,853,423,472.60 1,853.42 313.72
1.A.2560 99.68 99,676,718.64 5,980,603,118.40 5,980.60 1,012.30

AN2560 104.75 104,750,460.36 6,285,027,621.60 6,285.03 1,063.83
1.A.2560 115.97 115,973,723.97 6,958,423,438.20 6,958.42 1,177.81
b3.8.2560 97.27 97,268,284.62 5,836,097,077.20 5,836.10 987.84
W.A.2560 115.97 115,973,723.97 6,958,423,438.20 6,958.42 1,177.81
1.8.2560 112.23 112,232,636.10 6,733,958,166.00 6,733.96 1,139.81
N.M.2560 115.97 115,973,723.97 6,958,423,438.20 6,958.42 1,177.81
#.m.2560 104.75 104,750,460.36 6,285,027,621.60 6,285.03 1,063.83
N.8.2560 112.23 112,232,636.10 6,733,958,166.00 6,733.96 1,139.81
#.A.2560 115.97 115,973,723.97 6,958,423,438.20 6,958.42 1,177.81
W.8.2560 96.02 96,024,848.49 5,761,490,909.40 5,761.49 975.21
§5.A.2560 87.65 87,654,809.25 5,259,288,555.00 5,259.29 890.21
1.A.2561 65.24 65,235,592.98 3,914,135,578.80 3,914.14 662.52
N.N.2561 30.14 30,144,612.96 1,808,676,777.60 1,808.68 306.14
1.n.2561 28.65 28,650,292.92 1,719,017,575.20 1,719.02 290.97
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