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## 5573359225 : MAJOR ARCHITECTURE
KEYWORDS : THERMAL CONDUCTIVITY/ MASSIVE WOOD/ RESIDENTIAL

THITIRAT LIMPIYAPUN : THERMAL PERFORMANCE COMPARISON OF WALLS MADE

OF HORIZONTAL CUT MASSIVE WOOD. ADVISOR: ASST.PROF.ATCH

SRESHTHAPUTRA, Ph.D, 85 PP.

Wood has less Embodied Energy than the other materials. It's a renewable resource and
sustainable material. Moreover, it is suitable for using in resident buildings in hot and wet weather
like in Thailand because it can transfer heat rapidly. The objective of this research is to study
thermal performance of solid wood walls which have different thickness values and different kinds
of leak prevention materials such as polystyrene foam, concrete and those without leak
prevention materials, and compare them to normal plastered brick wall.

The research methodology is comprised of two parts. The frst part is the testing of
prototype materials by using a 60x60x60 cm test box, which resembles the real condition. This
prototype material is vertically installed in the test box and heated by two 500 watt infrared lamps
for 3 hours and a half, then turned off and wait about 4 hours until the material cools down. The
temperature is collected every 2 minutes by using a thermal data logger and then analyzed for
heat-discharge performance and lag-time of the materials. The second part is conducted in the
laboratory under expert supervision following the ASTM C518 standard method. After that, the
thermal conductivity results from the laboratory are implemented in a computer-simulation
program “Visual DOE 4.1” for simulating the energy performance and value of economics. This
research will propose the alternative way of using wood as the main component in walls which is
suitable for the weather in Thailand.

The prototype materials were tested by using the test box and then analyzed for heat-
discharge performance and lag-time of the materials, the conclusion is as follows: The 9
prototype materials can discharge the heat faster than normal plastered brick walls. The massive
wood walls with polystyrene foam leak prevention can delay the heat slower than the massive
wood walls without leak prevention and it still good at discharging the heat. From the computer-
simulation result, the massive wood walls with polystyrene foam used for leak prevention used
the least amount of energy for the cooling system and the fastest recuperation.
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Material MJ/m® MJ/kg
Timber 1,380 2.5
Hardboard 13,310 24.2
MDF 8,330 11.9
Concrete (30 Mpa) 3,180 1.3
Brick 5,170 25
Aluminum (recycled) 21,870 8.1
Aluminum 515,700 227
Steel (recycled) 37,210 8.9
Steel 251,200 32
Glass 37,550 15.9
Zine 371,280 51
PVC 93,620 70
Polystyrene Insulation 3,770 117
Gypsum wallboard 5,890 6.1

(ﬁm: University of BATH, Inventory of Carbon & Energy (ICE) version 1.6a)
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fnaasiannlAiANqAKFauLaNsiulAseiL  TnsdaulugidanniaanumuLiuiin

'
o =

(NIAR1TUNN) LU B ABUNTH AU ﬁﬂﬁmwﬂmm%‘@u@ﬁﬂdmmmﬁmqwmLuiurﬁh (NNa&NT

q

o

4 dld 1 < ¥ o < v b4 o 4 % dl 1 o/
tiae) dapniArafivANFaugeasiniuauiauldliuin vinldasieunlvaciunii
v

HudadmiunisAnAANANNFaLTaINIRY (C,) ANANgAINTaLTesTaRE NI e

AMNANNIT
c=P s

Tae?
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C = ANAINAANNFRUABITARTABIE ( Keal/m® °C %3 Kcal/m® "C)
[ = AN ULIBITARAYTOURINII (kg/m’ 1130 kg/m®)
S = ANAIINYAIINTDUANNLIBTAR (Specific Heat) mudaenilu Keal/kg'C

o

AINGAINIIMIAIANAANTaUNTNRE L 2 Tlady Aa AMAINAAINTRUAINIY LAY
AIAINTUILILERTARTN aziiulid AirdNgAtINTauRnzaesianlaariAnlugad

wansinefiuldnnntn TuanisiAipnumubiutesianseasidanuandeiuuin Tnaazau

v
o o

agfiuuaaansrediantiupiundn  Awenanannlddn  Arpanqaanentesianlnazutlsdu

munaagIresdaniududiulug)

2.3.2 MaUUUNHEIAMNTa LTINS (Time-lag)

]
[ aa

TnatnfudadanninaaarsainaziAnisuasantaaaniauldlduiundidaning

q

NIAANTTRENT LLm’lummwmﬂ%\ﬂm??qmmm\amﬁmm*m%’@ummd”@m:%u@g’ﬁumﬂ‘
dsznaunanilsznig LL@xﬁ'z&’]ﬁfyﬁ@ﬂ?mmmm%@uﬁmnmﬁ%ﬁﬂﬁi@@IuLLﬁi@:%u%u
@uﬁwm%‘luﬁf; (Fill up the heat capacity) Aauiastnendlutusalyl Anufeufinssyinduen
RqnilsaAsaziinnisnamaAnyiay  (Heat  Transmission)  nguiisennnsdenaliiiig
ﬂmngmmﬂﬁqﬁ pANANTANAZA1eAY A Feutuda dunsdauy ﬂiﬁﬂgmiaﬁ

% 1 o/

leanauaniFauilueuurasiaaildainaAduilsz@nsnistnemaniudau (U-Value) AN
A
7

©

= o

U gernAgaiinuantimaciduanau

o

= X
ANINAULNTIUY

% ¥

NataanalfainnisnisspnnFeusesiansunsedinas ldfauiunngnaauiau

q

nazvinfuuen wavariunadiiszazniudoudnmuantAaesian niafiuinandeutienin

U 2 v 1
[ % a

wirlswanlunnanidaawmiienan N FauiauInTuyinty - JaniiANgAINFauNINazAIN9T
fuazananfeuldluiiadanlfuinasdidnsnisinamaninienlddinindanniaangaay
Fautlae/28]  TnadmsnlunisonamaniniansesianiaziansaanunluglaasaAinisosns

wsansmnamtienAnFeU (Time-lag) AvaixnsnAuIniliangms

Time-lag = 1.3 x thickness /(heat capacity / conductivity)

=)

1ngl
thickness = ANUU (WR)
heat capacity = AYINqAINFAUAWE (Btu/Ft  F)

conductivity = dudsz@nsnisinaanndau (Btu-F/ hr.Ft °F)
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2.3.3 ARTIMSANENANNSAUNIUIAR UTRBATIMITUIANNTBULBITAR

(Thermal Conductivity : k)

[ % ]

8m31n1911ANFRUIDTAR (Thermal Conductivity) A AnuANTTRUENaDITAATLINLIAN

q

1
= o A |

ndmsNsnemANFauNuIanNUAUNRUaRaiW gnituueA il k A8 AU British

q

' |
a 1

Thermal Unit sladalas (Btu/h) Adnameinudagauin 1 a1anaandaonumu 1 8o wWeniuly

[

Tanignmnianas 1°F aalfaninnistnemaiuiaumsi (Steady State Conditions) miag

299AN k AB Btu/h ft F INELYINALITULINEEINAS AUaudRATNamNIuIARIWIA 1 AN9I9LNAS

IHaMANAAAT 1 °C MUNEBBITLULLNETNAD W/m'S

2.3.4 ARSIMIONLLNANNIDUSIN (Thermal Conductance : C)
ansnsinemANFaulung) 1 dalussiamanuuundan 1 9 A1 Conductance
nualue C Weguu)ianad 1°F milogueda C Aa Btuh f'F WeuwiniussuuusEnae

W/m'C grslunisaupe
C = K/Auuu1dan (m)

2.3.5 AdNUsEANEMSaaL A NSaUsIN (Thermal Transmittance Waa U-Value)

4n3luN19AUIIAS
U=1/3R

AdutlszAnsnistnamanaFeuson  luAriuenauaiunsnresianlunisaany

! '
a v =2

AwFaumnaHnuladananaNa N ARUNAARIA W LSRN N AR N AARIMTS
ansuniaasian dAnudiunduresdnilsz@nsnissituniuansdeu (R) dmdaedlu wm?
'C IeswannsnAwnslE e nfeuntinudniidlAlaenisawiiages  Wensy

ANFMLLITNRINAZAINITD AU UUNA AFINNTDNUINANGR U L AanaNn 1 9sa T

Q=U"A"AT (1)
LR
Q=U"A"CLTD ., 2)

Tne
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o

= duilsz@nsnisnnemaanuian (BTU/hr.SgFt.Fo)

3 1

A = NuRR9dIuNanemANNFau (SqFt.)
AT = ANuAnsNesgaunginnglulaznieuen (F°)
CLTD = n13zAnNuLANANNANNSauiiauin vise Cooling Load Temperature

Difference (F°)
al’ da‘l aAa a dl v dl o 4 |
aunsi 1 agldlunsinliianinanesuasiaanfendes Seazvinliaauuansng
szmangguuninauenuazn e luilA1An (Steady State Condition) wsaludnnati Aaie
S . . - da
ANNAZAN LUNIUN IANER A ENAN luNNIATUINIAT Heat Load 18981ANFLHENMLG T90adn
BNENAAINNIAANT N1IUUNLIAT Wredw] Hluiaiandd Safety Factor lunisAnuans
aun19i 2 ayldnsniniananazesuasuan A1 AT gnulasiluen CLTD iedliuls
Indmsiuanuiluaannign  maZluan nanuiiuas A LANFNTaIaINIATE U1
meuwanfungluldinensn  azwaauulasliasaningiennienulasulilnaeana s
AUINY Peak Load 18981AN3asldanni1s 2 4@ CLTD unw AT A1 CLTD ludisauilas
x1an AT weilSulidnAvavinaanniauenuaisadAlsznay @y 1081 Ju Reu Lazie

1
a =

AzAAANINA  Peak Load N’J@ZQ’]?LL@Z% NITYUNTAINAT  ARAAAUNANTENUURILAILAR

a

a ¥

AUNYRUAZANTNUIARDN[T1]
nsldnaemaaesnnkuLiveAnLszAnininlunisaiaaniniendan 189N
AUIAUBINAANLTIUNNTANABINIT AT UUIANIANAY  TunFauieuss@ninanlunng

a

pIeANTauTEUddanseAssiedld Q vive WriaiannFeulunisnfrauinauldldgumg
niuldlaanss niameasssaanasmasesinluszuutagegniinieuaniaznielunasmd
Lsif@nsnaannuaseniing

AmiunisunfiununansFeuanunsalilaagnadasioliil

Q = CFM(1.08)AT

a8
Q = A nFaungnszunalnganiA(Btu/h)
CFM = 151nun17lnaa9981n 1A TN A 29N AR TLAARNNRAANIZLNLD N AN

1 (> /minute)

AT

AN ANANNTTNINGUNYHTRIBN AL LA g N NT9sTLNE RN A

Aan(F°)
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2.4 UANMIIAAIENTNUIAINTAU (Thermal conductivity)

Fanlaisz@nsnmnisihannfeusvisa lidusauisaiansan ldainAaninii
ANERY (Thermal conductivity, K-Value) @Nuanfeauansnsnlunisiiaauiauaesian
Y e e Y o 4 s o 4 Ao
HulnednAdnsninnunnuienliasenisanaiainqaszaeniamiianeananiland
gruniuansiusambanunuindanluanulndaefuinssewns-1naiu (W/m.K)
UANANNRANNTUUIUTUAINFAUAINIT NI LAANN AT A NAIUNI WA NEAL
(Thermal resistance, R-Value) TATUIDMAINEAIIAIUIBIANNNAUIFADAIRNINUNAINSGAL

a

1e9daniniseniiunnsanns - 1adu fedns(m2.KW)auiuiuAFaunRseEA1an W

ANFRUNFN LaHANIANAIIUANNERLG [12]

ANENINUIAINFAU (K E1H1TDA1UIRLARN

L 1 o/ 6 | =
k= E&-.]: NUAVFBIBBLNAT-LAAY (W/m.K) (1)

ek = ANTNUIAINNFTBL NUIBTRAFLNAT-LARTL (W/m.K)

Q = AoxFeunluan A NUNEAFAI 819 NETRHA(W)

dal dldl v 1 1

A = NUNRAMHTUL MUY UUEIRIINAT(M2)

L = ANINVWUITRITUNAZAL WNUILILNAT(M)

AT = QUULNALANANIZUI WATARNA UM NGILAZ A UGIUUONFN UllieAa
U (K)

ANAHNFANUNILANNSAY (R)AIN1TDA ULl AR

R= PUILATILNAT-LAAIUERTRF(M2.K/W)

Il

waTANEANLUILANTNNDNEIMAINSRUIIN(Overall heattransfercoefficient, U-value) A8

AMUNALIDIAIANNATUNIWAIINTDU AR LANNT

1 6 1 a
U= ﬁ UUAVFBIFI AR TINNAT-LARAL (W/m2.K)
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mMenAdaULLU Heat Flow Meter

NNINARBLMANANTNUIAINTBULAZAIATNATUNIUAYINIDULBIRUILTUAIINTDU
WLl Heat Flow Meter AMNNIATFNE ASTMC 518, ISO8301,BSEN 12667 waz JISA1412 [11]
Mdudnnnsreanistnemannuien  AewdwnuenafeuasiedeuiianiSnuiitgnugigsld
LUSnfiflgaumgfisnngd

fupeunsueNTuNAREL %uwmzﬁﬂmzﬁwmiﬂu@mmmmé’@uﬁ@mugﬁ22 + 5°C
uaz psIURnEYenaz 50 + 10 athalien 24 Fuludlneunaveddunaaeuiininasuas
LsiinuFeaay 1 uﬁamnﬁuﬁﬁummmulm’lﬁhLﬂ’f}mmmmu‘immwﬂgswdwLLciumm’f@uLL@z

WHuANLEY Aanandlugl

VDT system =
Haoisting device
Upper heat sink —| 0000000000000 0000000
Peltier system b
& E
- T
2%
Heat flux " e
transducer ] 2
Direction of g2
Test sample heat flow § %
Heat flux o
transducer
Peltier system -
Lower heat sink —| 00 0000000000000 0C0C0O0O
=
Cooling system

71171 2.1 JUFARAAIANHUENNINUBIATRITALLL Heat Flow Meter [13]

HFM NETZSCH

000
000
9004 -
00« 5

71/71 2.2 1A399 NETZSCH U HFM 436 Lambda 1 14ann1suuy Heat Flow Meter [13]
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ANTUAIAIUNYRIALANFNAU (AT) FEUINUEURINYHAINTDU LATILILAMIEY

e lUATRIMAAL UHAUIUABNIALIAABALUIAIHNIUITBIUH UGN NI AT UN AR LN 1

a

flasiunisgoyidaannien  esasazdausasuliiinnesninandume fianandnanesiui

u

2
%

109U UGN RTIAelntN1edaNI s lnaTesnaNFauLAT MR LANGINAUITUINIUELT
asvieszuuatluan1nzAsd (Steady-state condition) [12]
\AT89 NETZSCH HFM436 Lambda @aiflunisnaaeuuuy Heat Flow Meter il

¥

naaaudansuwuLlungtdel  Firat1vaesianninlineasusesiawiandie 300 HadAmmg

q

279 300 HAALNAT wazANULIaE luga9 6-80 NaRLNAT [13]
2.5 ANHUENINIMEATNUBILNNIF)

g uldEudy Sauiiladsnuginhemnsen UszmAunTauazily vl
audnli Trerniudleadandt e (Cao Tehu) uiladndulifedly aufied w.a. 2313
(1770) Tawn WFaFaL WU18941H1TDUEINIALTIDLANTBIAUAD LS A9FTENINLINALNTBFIAL
(Rubber) %aLﬂuﬁwﬁ'lf’iﬂ,uﬁmqmm:mm@:‘“Lmuﬁwhﬁu @uﬁﬂ@%ﬂmﬂﬂﬁ’imﬂ:ﬂ@ﬂLLZW%@?I’}EI

1
1

esluawdn liuddumnegnigLn(Para) 2890918 e9TtintAiTe AN 89NI9 [4]

u

[ %

- . =
9N NdULsTNaLse Al
2.5.1 g iluseuunuio
2.5.2 A1 NANAN Usenaufiadiud1Aty 3 42ude

ﬂg/ 14 o ¥ dw 1 é’ vala A Y d %
- il answnsdnduliiteden weldiasnthuraesetfuluansiu
49/ d’ a 5| &l 1 dy v v dl % a a 9 1
- laieimiagyy Whadeuneeglnesey weldlurihnaiisauasoiulaliun
%
eI

I~ 4 ! dl 1o dl a 1% 1 v o dl
- Li/@@ﬂZlI Lﬂumummmmmﬂ@m?m@@ﬂmmuu@m@m Taflaniuaunsan

1) o

= o

[l v

ATNINTINUAUEN  1lAaNLesuENNAMNANATY AN EATNITINAIUENNNIN  HiBsAINYiat

1 ! dgl 1 QI A ¥ dla 1o dl a IS ch: 1 dl
avavetludoull Inaannzetsdaaendulunsnegiuitamsy azivierhaveguinign

2.5.3 T Taewiald 1 fuasiiludes 3 u Audhandanlunisileis wela wazang
v v ! v !
W Tugnsazuaneanuiduwiu@unds 4n9 sraznanuuandnsauieluludnaiuunfiniay
Tantsznins 2-3 wen evazudnluluggudsemnt snduaisfudanidsliunnieiou
a171 vizeanydaling 3 Yazlindn’ly

A o [ 1 = ZJ/ o v o A 1 1 = [ o
2.5.4 aan Nanwniiluge ll‘VN@‘ﬂﬂlFl"JEJILL@Z@@ﬂ[ﬂ')LNEI@%IH‘H@@@ﬂL@EI’Jﬂu ABNEINNT
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wiinaniug Inaflunisuaniuguunite aang1eazeann nlanafiareseanaeRaInsuena
MR b
A o | ] = < 1 1 aa A 1aal aé

2,55 ua Aanwoziiluy luwsasyasimdnagnigly nadeuldwen nawiiauinia
wATHAN BT

256 Wan Jumas1gredeReesuAnazis a1qtsvanm 2-2.5 wuRwas nd
Uszanns 1.5-2.5 iumiums wintszanm 3-6 n3N wdneailenaulud-psiiesidunissengs
N wsiefifunisenazanasademaiie luganmidnsiwanensazineanainnsalunig
sanllanes 20 Fuminiii

257 wignw  ureanatdrnivancdumaesguiue luveuansaaGeadaiuag Ty

- ’ v 4 Cde o a4 Ao X . d

waanaessiueng luihensmiidaudszneundniddtyeg 2 dou Ao douiiluiasny uazdoun

Tudliiasne AuUnd ludng1earlitiasnallssanns 25-45%

dlenReudeulfoemnnmlidn  dvinuazarsudusslunsiudmin - azerlu
it indLaesiu aandayarasniseuldaasissnveuldnuds nsauldenanis w2 i az
a8 10-12 fusazdandnnseulffndszana 2 wih nswani@emaainnisauiies lu
srunisuasnaadldanannslusnuiaiuazsudnda aclndipasiulddn waznisasgtlanuyld
nuasdldananiafisgluinousilalea panenndrelunsnnusedneiasesins  lfenannsiy
duldifeudeunans Teanansausgl viedessin vielalding dumguadonaiarinlild
enamnsiiliflgnannadenuibdlmanzauunasunudsgiteldlunisiea¥ars, 147 &n

s lddan luiestudaudunnsdasanuansznusasssuaiiainnisneainglaansos

2.6 msulgnenewisluilszinalng
natlgnansluszmdlnglaifinsdufindundngufiuiuey  wiaadinazEufinng
Ugnludnstlszanndd w.a. 2442-2444 %qm:m?ﬂygmﬂi:ﬁwj uiAsinA (pefind nu szueq)
Aidteamsaluaniziy Ifimdaenamnsundgniienariu JdansadupSiuen S
ﬁmﬁﬂnﬁummmmﬂﬁdﬂ "SueemA” wazsann liinsrenaiusenamlgnlunsinadmda
pionazuanang Tl we. 2454 TETnsugenenngnluswdadumFtegnieaniansiu
aanaeatsewmalng  Tasvaneawluss (Ju Ynue®) ufiniuganntgn waztiuanniy
LﬂuﬁumiﬁﬁmﬂmﬂﬁuﬁﬂQﬂmqw*miﬂﬁq;h 14 qadnlunials uay 3 Aamdnluniansdu

aan wananiainisreeiugananlgnlunianay neszdueen@enwie Lazn1Awile

1
a a o o

Z// 1= [~ £ [~3 [~ A al
RGBT W.A. 2534 LTIWAUNI mqu’mﬂmmﬂuwmLﬁmﬁmmmm&lmmﬂmmim LAZHNNNG
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o @ e e d
nasuduAUuilenasian

ANNTILIEnMenehy waaATT s wazldanawis annsnelinisdeaanidu
fuduaesesszme awnisastednduitAssgiandAyresdezmalng waziinnsdeasn
aesssnT AN TususuntsraslanuFuaT w.e. 2534 a9lull w.A. 2543 AnananaINeng
899N AUTENNY 2.4 AU NyaAviaduLszanns 124,000 AN RNRBIRANI9LgNang
doulvnjavetlunalsivaznipnzdueen weluilaqiiuinisueanisdgniinaulidiniamile
nARzdeen@emia  LazniArzduan  TnglanIzaNnITIaInNNIARzIeanieNIlana il
A luandandnyeing  wardadnaviny dalugnannsannana iR A HARRN
Twaanalduaznianzdueen Nunfimsnzinnislgnensiotsemaiiaunn 55.1 41l wel
d’j dl a a % I I ZI/
nuntlgnaseiitlszann 12.4 fruldiviniiu

'
1 =R

Uszmalnailaqriudnunlgnanamisuania 12.4 duls aagnuiudusuaessasann

a
3 1

Uszmadulatide Tnatlgnuinlunials Tnanants 85.3% aeanunviauun lu w.a. 2454 14
2e18N19UgNNIMNAINTAdUNLT  MenIARzTuasnaading  warasefaNInINIARYILean

weruilalull w.A. 2534 [3]

1
vl a

Ifenansniuldminstaudulnaiinaslgnnaunulszan  Wasannileangsulssanm

25 Hfazliarunsaliihenandauninlinde dunaldadiunnneynlisesainiinislauany

en9tlszinns 3 waunanls udatlgnnaunu Jusnlud Aaduwile ldlszunn 8 fugnunatiues



A1229%1 2.1 fuilgnanenisnluniale

ST fuiidgneanenam (19)
ﬁu‘ﬁlﬂqﬂ ﬁuﬁmmmmmd’] 61
1. gaupisil 1,871,907 1,674,267
2. UAIATAITNING 1,447 643 1136190
3. A9TAN 1,444,302 1,222,119
4. 59 1,310,188 1,109,178
5. 81ZAN 1,046,872 892,493
6. W31574 1,005,871 896,029
7. W9 757,025 541,437
8. nazil 625,231 516,498
9. MQ9 538,477 470,200
10. TUNT 464,622 391,891
11. tiamnil 295,185 255,358
12. 469 290,019 223,432
13. TYUBY 150,529 100,667
14. ifim 91,787 84,417
gauNALE 11,339,658 9,514,176

= e X A A
NHN 1 NTENTWINBATULASAVNTIU, Wumﬂqﬂmqwqiﬂuﬂi:mﬂim S BARNNIAN

www.moac.go.th

21



= & o = =
AT NN 2.2 wumﬂgﬂmqmiﬂumﬂmmu@@ﬂLfammu@

S8R0 fuiidgneanenam (19)
‘ﬁuﬁﬂ@ﬂ ﬁuﬁmmmmmd’] 61
1. YUBIA"E 637,824 300,671
2. 1l 382,497 39,365
3. gAI8NH 295,000 52,000
4. gUATITEIT 214,856 54,144
5. 135l 178,331 75,956
6. ATazinNy 176,096 49,162
7. aNauAs 171,665 40,286
8. UATNUN 140,517 41,544
9. NG 137,398 19,838
10. ¥NAMT 110,000 25,633
11, yuasiiagang 94,288 7,762
12. gauns 90,686 32,578
13. ellaas 49,657 14,969
14. 81UNALATTY 42,418 4,635
15. TAUNU 38,507 8,336
16. Fani 31,431 7,012
17. WAFINTANN 25,833 4,978
18. Se18n 24,657 8,082
19. NMI@NIATN 3,881 2,071
saunA s 2,845,542 789,031

- e X A oA
NHN L NTENTWINBATULASAVNTIU, Wumﬂqﬂm\‘mwﬂuﬂizmﬂm S URNNIAN

www.moac.go.th
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2.7 nszusumsdaasmanaisuaulaaanlds (CO,Emissions)

2.7.1 35ansA15uau (Carbon Life-Cycle)
o o - o o A A A a - = | A Aaa A
dpansanfueuduipginsTeasiliadl MnanAFUaUNUANLAEUITHINRINTIN W
Au W1 wazduussaanmrasian AdueuwllusindAtysinuiaesdsdldan uesdlsene
Usznnn 50% 289iaEe189dNTIn warlugdafuenlaeanlas delavnaniusenisasyy
a A = 6 a ] v dl
wulpaeaie nisuyunaurasafuauluszuuBnAwilAily 3 wuy auszazanldlung

wnuRsuliATUTALAS TrzAl THENANRAYIZHZRND [15]

7171 2.3 wunHaeeiAnsAIfuen

MSUNURLUTEEZAY
[ a 6 |- [ c Y
dunisvyuiauaesnsuenluglaifueulaeenladiiunszuaunisdunnzidasuas
N = =2 -y & 2 o g
wazn1svnglaguaniasisearfueulaeenlad luusseniaN A ziiiluansauntnsuen

=< dl ¥ % A a 49( 9,1:’/ 93 o
"Q’]m_l‘i?ﬂ’mﬁﬂ'ﬂ\‘lLﬂ@‘ﬂuﬂﬁﬂLﬂl’]éW“ﬁ Aerulansununuazludn Aeaunis

6CO, + 6H,0 — C,H,,0; + 60,

©

Tunsdannziimangs Nazilasundsnunasenindiilundsnueil unsdaugnld

De

1) vdaugniiuazanlugiaasanslulamen Geaztnanaaliaiuviogideaing afuaumanil
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aznduguesannialaanisngla  waznistesaanedsaIndeldianiuasll  nistesanneil
anaazlarfueulugtlasueulaeenlafvsefalmundupugusseinia Tnanistesdanaves
a a & a d” v A dld 1 a dld a o
qauriiinauliaetanior Ae annenduarlifeandiay Tuaniazidesndiau Arfueuly
N a ' o & ! S 2 o
ansauvstiazgnildeseanuilugldafuenlaeanlss  douluaniazlifiesndian  Arsueaugn

daasaanunluglfnadimu

arfuenneuantefiluglvilsresnifuenuniinainyfisamauniuaaeddiing - vve

¥ = a g & ) ! a Aaa |r5alal Aala

annsn bdresusadanmiaednd ArsueuneuanlaifluansfiusiedalTtn wARNGIRTIm
unguldmsueunanenlafiduwnamdsuld  Teenisulasuansueuneuantasd iy
prfuaulaeanlafluaninziieandian douluaninzliieandiauazidanu
prfuauneuenlaflufigiing  weenlasussueuneuenlafilunsnesiinudousatinues

wUANEe [15]

MSUNUILUTEELNAY
nsuyuRuIasAfUaunnadeiua B U luAuAzNeY  tuliu WduRy
899098 IiAanAfueuluglansturisdlunauazdndiaands gniivnsaunaneuauiu

prsuaulugtiaznaumuiiunnsueulaeanladndumaugussainiAlaenisn g

MINYULIEUT L]

Lﬂuﬂwmuﬁﬂum@qmfuaumm:uuimNzﬁﬁmm‘ﬂm%ﬂuuﬂuﬁu NMNAYNTUAY
iy evddszneudAnypesiivluAsupaidsnanfuaiun ﬁugmﬂuw@immmﬁmuﬁ
dqﬁmm@qﬁu‘iaﬂ nsAsuutaseesannenniALarMIiAENzazTTUAAEEN  FAMY WAY

ANFLBUBANANULUAIANNNS

CaCO, + CO, ™ Ca, + 2HCO,
CaSiO, + 2CO, + H,0 = 2HCO, + SiO,

adlearnnisinmnzazasguaitiuazlilfamagms Ca,” uay HCO, Unedauazgnlyl

1
= = o

1 lun12a59lAreai 1A NTI AN N LAaLEa AT U AL uesAUIENeY  ulAenvay 11g
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2.7.2 msimiuAISuUaL (Carbon Sink)
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Afuaulpaanlafiiuaaadsainnisvialanes@aldan waluwuadannns1eaane wWan1sua
wensiaeanananidazlsanagiuluan unuiledaizendn Carbon Sink @9 Carbon Sink 7
Tnngngalulan he thuazaiayns

o

Natural Resources Canada (2007) tityniAnaiumungaadA1dn Carbon Sink 1391 1flu
wiasiniiuafueuaIndauseludnansafueuniniu wazavtantasadeuimaeainnig
v & d? 1o < Iy a 1 [ yallo/ Aala ' ~ ¥ %
AnivTuguesenIA wiasinifiuAfueunnassugd i Ul tn wslasuldnne
wazFnnitles Aszilaswanndluginduaisueiuilantdeauwny

U.S. Environmental Protection Agency (2001) lalanumaumunaaasdnyiaidn
Carbon Sink 1841 gainifiuAnsueuiiasinasnsalunisinifiiuaisuen wazdougadufing
Geunszanidleaiulfluglassansuan  Iastuazimaynaduwnaeinfivafueuilngy
d' a o o rd' d' ¥ A . = =2 ! <
Nan waziAAnyinineqdesda Carbon Sequestration NAMNUNNEDY NsUantaseiaziiy
prfuen svatatu Auld warianssausneinisaniasufintlinegadunisuenlneantad
duensueuld wavtlandaeseandiaueanunluglaesing  wasnwaemaRnWeadaninig

AnueAFuauldiduty wazazlilanlastaanuiaungeianini s lugl
2.8 msilsziiudgans@an (Lift Cycle Assessment, LCA)

38N19UsnidndnaneTin (Life Cycle Assessment; LCA) 109NARAINITLAUNIINAS
YIRNITLINNT Lﬂumiﬁﬂmﬁqmmzwué’m?ﬁlqmmr&’@umaﬂmigﬁﬂﬁqmmmamﬁmﬁ 130984
NITUIUNIHEB M?@mmm@u?miffuj B9ANNITENI WY TENATIANENITNINITIU
(International Organization for Standardization; 1SO) 1AReNNANUNNEIDY LCA 1*’51‘1&@1@?3\1
NIMIFIU 1SO 14040 41 “dlunisifiususaniaznislszidurzesdsadniazanszneansan
5qm@m:mum\1§qLLf;mﬁﬂuﬁ'ﬁ‘ﬂ@m@Lﬁm%ulm:uumamﬁmﬁmmff{ﬁm” %’@mﬂ@ﬁié’@fmmi

dszidindpdanstin  awnsndhan AN ieduiwnislunseenuunaniuel  vivered
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NILLNUNIHER YideraenTsENITIThuTnsrUAsu AR eN T Y (EcoDesign) ieLsenAn
W’f@ulumﬁmj*ummm?ﬁmqﬁLﬁ'm%’mﬁuﬁqmeﬁﬂmmmjuﬂ?:mmﬁlumqu‘lﬁimmx
ﬂizmﬂﬁmmﬁluj %I\m@'mqmmumiuﬁ@ﬂﬁﬁum@m:mmmmmmimmﬁtﬁumjuLwﬂﬁ@
ngngpavnssulninuasgiaansating ﬁfmﬂ'wmmmmm@ﬁhﬂﬁ'@xﬁﬁuiﬂu@mmﬁﬂn@”
viu suilauaesanninglstlindosansiall (Registration, Evaluation and Authorization of
Chemicals; REACH)  suiflendndaanissnianisldanssunsaunainlunaninsiiees
A wazBidnnsafind (Restriction of the use of certain Hazardous Substances in
electrical and electronic equipment; RoHS) ?:Lﬁﬂumﬁﬁmamﬁm’fnﬂmmﬂumiﬁﬂﬂﬁum
ﬂauﬁﬁﬁummﬂ (Waste Electrical & Electronic Equipment; WEEE) uaznguunanisuilsgy
Lavinndunn dlndaesnansouiasasllninluas G‘?@ummﬂizmmjﬂu [17]
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£19229 2.3 UARNITHENATNU wazfFunninistaes A fueutesiansine

INVENTORY OF CARBON & ENERGY (ICE) SUMMARY

EE - MJikg EC - kaCO2/Kg EE = Embodied Energy, EC = Embodied Carbon
Agaregate
General 0.1 | 0.005 |
JAluminium
13.8 MJ'kg Feedstock Energy (Included). Assumes UK
General 155 B.24 ratio of 25.6% extrusions, 55.7% Rolied & 18.7% castings.
_'_.f._'orldwide recydee_l_ tent of 33%.
Wirgin 20.7 MJ'kg Feedstocl
Recycled
Cast Products
Wirgin
Recycled
Extruded
Wirgin
Recycled i e i
R 13.8 MJ'kg Feedstock Energy (Included). Worldwide
olied
recycled content of 33%,
Wirgin
Recycled
a‘mlln = _— >
General 2.60 0.045 1.81 MJ'kg Feedstock Energy (Included)
Road & Pavement 241 014 0.82 Ml'kg Feedstock Energy (Included), reference 123
EXAMPLE: Road 2,672 MJISgm 134 KgCO2/Sqm 906 MJSgm Feedstock Energy (Inciuded)
itumen )
377 (7) MUkg Feedstock Energy (Included). Feedstock
General 47 0.48 taken as typical energy content of Bitumen, uncertain
carbon dioxide emissions
poor data availability, largely dependent upon one grade.
General 44.00 242 (7 Very poor carbon data, uncertain of estimates, which were
taken from average guoted emissions per MJ energy
Viegin B IS RO -1 N
Recycled 20.00 1.1(7)
|Bricks S —
General {Common Brick) 3.00 0.22

EXAMPLE: Singla Brick

 BdWJperbrick [

~Rd kgt U2 per gk

. Assuming 28 kgperbrick

Facing Bricks 8.20 0.52 Very small sample size
EXAMPLE: Single Facing Brick 23 MdJ par brick 1.46 kyCO2 par brick Assuming 2.8 kg per brick N
Limastong (.85 K
|Bronza =
General 77.00 | 41(7) | Reference 155
[Carpet
General Carpet e TR0 380 ).Forpersquare metersee materalprofe .
Falt (Hair and Jute) Underlay 18.60 0.96 Reference 77
Nylon 67.6 to 140 3.55 to 7.34 WVery @-‘ﬁcult to select vallue_ few sources, large range,
value includes feedstock’s ]
Palyethylterepthalate (PET) 106.50 5.55 includes K's
Polypropylens 95.40 5.03 ;1;%1'[;3 s, for per sguare meter see material
Polyurethane rzde N 376 lincidesfeedstodes ]
Rubber 67.5 to 140 391 to 8.11
Saturated Felt Underlay {impregnated
with Asphalt or tar) s s W, JITRIIBRHE, s |
For per square meter see material profile, References
Wool 106.00 5.48 57186 & 234
[Comant
General (Typical) 4.6
Fibre Cement

Mortar (1:3 cement:sand mix)

Mortar (1:4)

Mortar (1:6)

Mortar (1:%::4%: Cement:Lime:Sand
mix)

Mertar (1:1:6 Cement:Lime:Sand mix)

Valuas estimated from the ICE Cement, Mortar & Concrete
Model

Mortar (1:2:3 Cement:Lime:Sand mix) 1.08 0.143
Soll-Cement 0.85 0.14

% Cementitious Replacement 0% 25% 50% 0% 25% 50% Note 0% is a 'standard’ CEM | cement
General (with Fly Ash Replacement) 4.6 352 243 0.83 .62 0.42 Portland Cement
Ganaral {wit Blas! Furnace: Sing 46 | 381 | 301 | 083 | oB4 | 045 Portiand Cement
Replacement)
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INVENTORY OF CARBON & ENERGY (ICE) SUMMARY

EE - MJ/kg EC - kgCO2/Kg EE = Embedied Energy, EC = Embodied Carbon

Caramics "
General e 000N 085 | Verylarge data range, difficult to select best value.
Fittings 20.00 1.05 Reference 1
Refractory products 5.50 N SN U
Sanitary Products 29.00 148 N
Tile 9.00 0.59 Very large data range
Clay
_General (Simple Baked Products) | 300 022 | Goneralsimplebaked clay products finc teracotta)
Tile 6.50 0.46
Vitrified clay pipe DN 100 & DN 150 6.19 R e et e o
Vitrified clay pipe DN200&DN300 | ~~ 7.03 0.49 o I
Vitrified clay pipe DN 500 7.86 0.53
[Concrete
General 0.95 0.130 Use of a specific concrete specification is preferred to gain
greater accuracy.
NOMINAL PROPORTIONS METHOD (Volume), Proportions from BS 8500:2006 (ICE Cement, Mortar & Concrete Model Calculations)
| 1:1:2 Cement:Sand:Aggregate | 138 ) 0208 | (Highstength)
1:11.5:3 111 0.159 {used in floor slab, columns & load bearing structure)
124 0.85 e 0.129 (Typical in construction c s eys)
1:2.5:5 [T 0.109
1:3:6 0.77 0.086 (non-structural mass concrete}
1:4:8 0.69 0.080
REINFORCED CONCRETE
For reinforcement add to selected ;
coofficient for aach 25k rebar 0.26 n.0o18 Add for each 25 kg Steel per m3 concrete
EXAMPLE: Reinforced RC30 {below) 212(1.08+026" 4) 0.241 (0153 + 0.01B * 4)
CONCRETE BLOCKS (ICE CMC Model Values)
Elock - 8 MPa Compressive Strength 50 0:09)
Block - 10 MPa 0.074 Estimated from concrete biock mix proportions:
Block-12MPa | . en 0.080
Block -13 MPa 0.088
Autoclaved Aerated Blocks [AAC's) 0.28 to 0.375 Mot ICE CMC model results
MISCELLANEDUS VALUES
Profabricated Concrote 2.00 0.215 h:’;n;flturﬁ resources suggest this value, unknown why so
Fibre-Reinforced FaE - N NC e e
Concrete Road & Pavement Gy I T T o i o e S S e S
EXAMPLERoad | 2,085 MJISqm _A87.7 KgCO2/Sqm
Wood-Wool Reinforced 2.08 = Reference 12
% Cement Replacement - Fly Ash 0% 25% 50% 0% 25% 50% Mote 0% is a standard concrete
GEN 0 0046 | Compressive Strength CE/B
GEN 1 0.058 CR/MD; Mass Concrete, ass foundations
GEN 2 0.082 | c12/15
GENS FLELLE IR
RC20 C20/25
RC25 C25/30 .
RC30 C30/37; {Strong) founc
RC35 C35/45; Ground floors
RC4D C40/50; Structural purposes, in situ fioors, walis,
superstructure
RC50 L e e
PAWVY C25/30
PAVZ C28/35
% Cement Replacement - Blast
Furnace Slag 0% 25% 50% 0% 25% 50% Note 0% is a standard concrate
GEN 0 L0391 054 ) 0071 | 0058 | 0048 | Compressive Strength CBBMPa . ...
GEN 1 068 0.62 0.085 0.078 Q.061 C8/10; Mass Concrete, mass fill, mass foundations
GEN 2 Q.70 085 | 0.103 0.083 | 0085 | C12/15
GEN 3 L0768 | 08T R oat2 | 0081 | 0070 § CABED ]
RC20 0.84 0.73 0.128 0.103 0.079 C20/25
BL25 088 | D78 ) 0436 | 0010 | 0.083 § CIS0
RC30 Q.95 0.82 0.153 0.122 | 0.092 | C30437; {Strong) foundations
RC35 0.89 0.8s 0.161 0.128 | 0086 | C35/45; Ground fioors
C40/50; Structural purposes, in situ floors, walks,
RC40 1.03 0.8 0.169 0.135 | 014 supersirugiure .
RC50 S22 | 103 ) o212 | 0468 | 0124 ) CS0 ]
PAVY 0.91 0.9 0.145 0116 | 0088 | C2530
PAV2 .95 0.82 0.153 0.122 (.092 C28/35
COMMENTS

The first column represents standard concrete, created with 100% Portiand cement. The other columns are estimates based on a direct substitution of fiy ash or
blast furnace siag in place of the cement content. The ICE Cement, Mortar & Concrete Mode! was applied. It was assumed that there will be no changes in the
quantities of water, aggregates or plasticiser/additives due to the use of cementitious replacement materials.




29

INVENTORY OF CARBON & ENERGY (ICE) SUMMARY

EE - MJ/kg EC - kgCO2/Kg EE = Embodied Energy, EC = Embodied Carbon

[Copper
Conflicting data, possibly due to farge variations in ore
General 40 to 55 2,19 to 3.83 (7) grade. Assumes recycled materials of 46%. See material
profiles for further details

Large data range, very difficult to select possibly due to
Virgin 70 (7)) 3.83 (7) large variations in ore grade and thersfore embodiad
enargy and carbon,

Recycled from high grade scrap 17.5(7) 0.96 (7)
Recycled from low grade scrap 50 (?) 2.75 (?)
|Glass

Poor data availability on recycled glass. Virgin Glass
releases 0.185 Kg COZ during production processes

(Additional to energy emissions) this has been factored in
Genaral %00 98 {Fact taken from British Glass). Recyciing rate from British
glass report towards sustainable development 2004,
difficult to select embodied carbon

Fibreglass (Glasswool) 28.00 1.53
Toughened 23.50 1.27 Cniy three data sources
|Insulation

General Insulation Estimated from typicai market shares, Feedstock Energy

Cellular Glass ; 4
Cellulose 0.94 to 3.3 =
Cork 4.00 0.19 Reference 49 e
Fibreglass (Glasswool) 28.00 1.35 Poor data difficult to select appropriate value N
Flax {Insulation) 39.50 1.70 Reference 2, 5.97 Md'kg Feedstock Energy (Included)
Mineral wool TR A0 R R i
Rockwoaol (stonowsal) .80 \ 105
|_Paper wool e 2O 083 | Reference2 ; L
Polystyrene See Plastics See Plastics see plastics
Polyurethane Soe Plastics See Plastics see plastics =
_Woodweol (loose) | I == s JoBEOANLEABR e
Woodwool (Board) 20.00 Referance 49
LAl ey Cied: ceal = Hafetancss 57106 & 234
|iran 7 =
General 25.00 | 1.91 (7) | Uncertain
General 25.00 133 Allocated (divided) on a mass basis, azsumes recycling
rate of 51.5%
Wirgin 49.00 2.61
Recycled 10.00 0.53
Virgin If produced with zine 13.6 10 23.6 0.72 10 1.25 Allgcatad by systamexpansie (La- anargir cantibutabie o
Zinc b othar Eroces:soc]
Limge - o X,
General 5.30 I 0.74 J Embodied carbon was difficult to estimate
Linoleurn N AT
General 25.00 | 121 | Data difficult to select large data range.
|Miscolianeous —_— ==
Asbestos - Reference 4
Calcium Silicate Sheet v Qg 2 A3~ o
Chromium 5.30 7
Cotton, Padding 1.28 Reference 34 )
Cotton, Fabric 678 | Reference 34 ~ ~ N
Damp Proof Course/Membrane 4.20
Felt General = i
Flax 1.70 Reference 2
Fly Ash
Grit
Carpet Grout &)
Glass Reinforced Plastic - GRP -
Fibraglass o | Bafmence
Lithium Reference 52
Mandelite ’ B e ]
Mineral Fibre Tile (Roofing) ar Referance 1
Manganese 52 Reference 21
Mercury TIPS, I [ N Beforanced® oo oo o oo
Molybedenum 378 Reference 21
Mickel 000000000 K 164 Reference 92 Ki
Perlite - Expanded 10.00 Reference 92 o
Perlite - Natural 0.66 Reference 92 N
Quarizpowder | TTo8E D e e R e DA S
Shingle 11.30 Refersnce 62 -
Silicon 2355 = Reference 138 . N
|_Slag (GGBS) S, - .. 0.07 .Ground Cranulated Biast Fumace Slag (GGBS) |
Silvar 128.20 6.31 Reference 124
Straw . D03 References 57,186 8234 i "
Terrazzo Tiles 1.40 0.12 Reference 1 N
Vanadium 3710.00 228.00 Reference 21
[ Vermiculite - Expanged | 720 T a5z TRete . "
Vermiculite - Natural 0.72 0.03 &
Vicuclad 70.00 - Referance 1
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EE - MJ/kg

INVENTORY OF CARBON & ENERGY (ICE) SUMMARY

EC - kgCO2/Kg

EE = Embodied Encrgy, EC = Embodied Carbon

Water

Wax

Reference 138 o
Reference 139

EXAMPLE: Single Coat

EXAMPLE: Double Coat

EXAMPLE: Triple Coat

Wood stain/Vamish Reference 1
Genoral Wool : _Reference 155
Yitrium Reference 21
Zirconium Reference 21
lFalm,
General 3.56

D53 kgCo2isgm |

Large variations in data, especially for carbon emissions.

Assumlng B.68. Sqm Col.-erage pnr kg

1.06 kgCO2/Sgm

Assuming 3.33 Sgm Coverage per kg .

1.60 kgCO2/Sgm

Paperboard (General for construction

Assuming 2.22 Sgm Coverage per ka

General {Gypsum)

tiss] 24.80 1.32 Exn:lud'mg CW of wood, excludes carbon sequestration
|_Fine Paper ....2820 150 eoue
Wallpaper 36.40 1.93
|Blaster

Froblems selecting good value, inconsistent figures, West
et al believe this is because of past aggregation of EE with
cement

Plasterboard
[Blastics
35.6 MUikg Feedstock Energy (Included). Determined by
General the average use of each type of plastic used in the
i 1 _Eurcpean construction industry L SRR
ABS 43,8 Md.ikg Feedstock Energy {Iﬂcluued]

General Polyethylene

54.4 Mlkg Feedstock Energy (Included). Based on
average usi of types of PE in European construction

High Density Polyethyiene (HDPE)

HDPE Pipe

Low Density Pelyethylene (LDPE)}

54.3 Md'kg Feedstock Energy (Included)

55.1 Mlikg Feedstock Energy (Included)

51.6 Mlikg Feedstock Energy (Included)

LDPE Film

Nylon &

.55.2 MJ'kg Feedstock Energy (Included)
386 Mdkg Fﬁeds‘ta-ck Energy tlncludsd_)_

Nylon 6,6

Polycarbonate

Sb‘ 7 MJ'kg Feedstock Elj_e_[gy__(l_sj

Polypropylene, Orlentated Film

55.7 Mk Feedsteck Energy  (Included)

|_Polypropylene, Injection Moulding

Expanded Polystyreno

General Purpose Polystyrenc

54 MJ'kg Feedstock Energy (Included)
462 Mikg Feedstock Energy ilncludsdjl

46.3 Mlkg Feedstock Energy (Included)

High Impact Polystyrene

Thermoformed Expanded Polystyrene

kg Fes ergy (In
49.7 MJ.I"".Q Feedstock Energy (Included)

Polyurathane el av‘a;labllll}: of feedstock ener
281 Mlkg Feedstock Energy (Incluued] Assumed market]
PVC General T7.20 2.41 average use of types of PVC in the European construction
aenevonpclioo ey ndustry e o
PVC Pipe 67.50 2.50 24.4 MJ.I'KQ Fcedstn-c:k Enarg}' {Includcl:i_) _____ |
Calendered Sheet PVC GB.60 2.60 24.4 MUikg Feedstock Energy (Included)
_PVC Injection Moulding T8EA0 |20 |35 1 Mikg Feedstock Energy_(Inciuded)
UPVC Film E_!i.dll 2.50 253 MJlkg Feedstock Encrgx-I {Included)
Rubbar
4411 Md'kg Feedstock Energy  (Included). Assumes that
Ganeral 101.70 3.18 ratural rubber accounts for 35% of market. Difficut to
estimate carbon emissions.
42 MJ/kg Feedstock Energy (Included}. Difficult to
Synthetic rubber 120.00 4.02 estimate carbon emissions.
39.43 MJ/'kg Feedstock Energy (Included). Feedstock from
Natural latex rubber GT.60 1.63 the production of carbon black. Difficult to estimate carbon
Emissions.
General 0.10 0.005 |
Saalants and
Epoxide Resin 139.30 428 Mlkg Feedstock Energy (Included) .
Mastic Sealant 62.3 to 200
Melamine Resin B D T P B R D U PR S S R
Phenol Fermaldehyde B7 to 89.3 -
Uraa Formalduh ] 4010 76.2 1.3to 226
Saoil o
General (Rammed Sail) 0.45 0.023 |
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INVENTORY OF CARBON & ENERGY (ICE) SUMMARY

EC - kgCO2/Kg

EE = Embodied Energy, EC = Embodied Carbon

EE - MJ/kg
. Estimated from UK mix of materials. Woridwid led
stimat om UK mix of materials. Woridwide recycle
General {average of all steels) 24.40 1.77 content of 42.7% ki
Wirgin 35.30 275
Recycled 9.50 043 Could not collect strong statistics on mix of recysled steels
Bar & rod 1.71 Recycled contant 42
Viegn T
Recycled -
Engineering steel - Recycled 13.10 0.68
Pipe - Virgin 34.44 2.70
Recycled Mot Typical Production Route
Plate - Virgin
Racycled o s
Section weled content
Virgin 2.78
Recycled 0.44
Sheet - Virgin 2.51
Recycled Mot Typical Production Route i
Sheet - Galvanised - Virgin Gf ) g R e i e e e
Wire - Virgin 2,83
4.3 MJ/kg Feedstock Energy (Included). This data has
been difficult to select, there is highly conflicting data,
finally selected world average data from institute of
Blaiigas 50 215 Stainless Steel Forum (ISSF) due to the large extent of the
study. Watues specified are for the mast popular grade
(304).
|Stong - /Dgta gn stone was difficult ta seiect, with high-standard deviations and data ranges.
|_General 100 PRER AR e
Stone Gravel/Chippings 0.30 0.017
Granite 01t013.9] 0.006 to 0.781 Reference 22
Limastone 0.30 RN e
Marble 2.00 0.112
Shale 0.03 0.002 Reference 36
Slate 0.1to 1.0 0.006 to 0.056 Large data range
Al Tinber valios eeledehe Calorie Valus TCV) of wood, 1imber vauss wem partcularty dificull 1 selec
Genaral 8.50 T S [Estimated from UK consumptionoftimber
Glue Lami d timber 12.00 0.65 {7}
Hardboard . 1800 TR B e e
Laminated Veneer Lumber 9.50 .51 (7) Ref 126
MDF 11.00 0.59 Only 4 data sources
| Particle Board ST 081 | Verylarge data range, dificult to salect bestvalue |
Plywood 15.00 0.81
Sawn Hardwood 7.80 0.47
Sawn Softwood 7.40 0.45
Veneer Particleboard (Furniture) 23.00 1.24

Tin Coated Plate (Steel

JAe2t0847 | 103t0203

Recycled

Tin 250.00 13.70 | iack of modemn data, large range of data
Virgin 361 to 745 - lack of modern data, iarge range of data, small sample size
Recycled 258.00 - lack of modern data, large range of data, small sample size

Vinyl Flooring
23.58 MJ/kg Feedstock Energy (Included), Same value as
Sananl ek e PVC calendered sheel
Vinyl Composite Tiles (VCT) 13.70 - Reference 77
jZine
GB:?rmi:: g;gg ggé uncertain carbon asﬁmam;;u{:;nﬂy estimated from typical
9.00 0.48
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INVENTORY OF CARBON & ENERGY (ICE) SUMMARY

EE - MJ/kg EC - kgCO2/Kg EE = Embodied Energy, EC = Embodied Carbon

Miscellaneous:
| Embodied Energy-MJ |Embodied Carbon - Kg €02}
— ——
Modules - MJisgm Kg CO2/sgm
Monocrystalline 4750 (2580 to BE4D) 242 (132 to 440) Assumed typical industrial fuel mix to estimate CO2 |
Palyerystalline 4070 (1945 to 5660) 208 (99 to 289)
ThinFilm 1305 (775 to 1805) 67 (40 to 92)
[Windows MJ par Window
;mm :'"“'“ Gla‘“jj_’_“"“' 286 7 14,60 Assumed typical UK industrial fusl mix to estimate CO2
1.2mx1.2m Double Glazed {Alr or ~ _ _
Argon Fllled):
Aluminium Framed 3470 279
PVC Framed 2150 to 2470 {40tp426 }
Aluminium -Clad Timber Framed 950 to 1460 48to 75
Krypton Filled Add: 510 26
Xenon Filled Add: 4500 229

2.9 AUANUTAURIVER

2.9.1 141 (Wood)
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Netzsch HFM Test Report

Netzsch HFM Test Report

General Information

Run Id:

Operator:

11-01-13_09-17Wood box Date/Time:

DSS

Sample Information

1/11/13 01:00 PM

Sample ID: Wood Box
Material: Wood
Sample Size:
Density: 0.00 kg/m”3
Remark:
Test Result
0.20
]
¥
£
=3
Z0.15
2
o
3
5
o
0.10 - -
20 25 30
Temperature (°C)
Nr. MeanT DeltaT Thickness Conductivity Resistance Gradient
°C € cm W/m*K mA2*K/W K/m
1 24.0 19.9 4.395 0.185 0.238 452.2

http://www.netzsch-thermal-analysis.com/
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setzsch HFM Test Report

Netzsch HFM Test Report

General Information

Run Id: 29-01-13_07-59 Date/Time: 1/29/13 05:01 PM
Operator: BT
Sample Information
Sample ID: Wood Box
Material: Wood and Foam
Sample Size:
Density: 0.00 kg/m”3
Remark:
Test Result
0.20
L)
=
g 4
=3
Z0.15
2
o
3
&
o
0.10 ~ - -
20 25 30
Temperature (°C)
Nr. MeanT DeltaT Thickness Conductivity Resistance Gradient
°C °C cm W/m*K mA2*K/W K/m
1 23.9 19.8 6.429 0.182 0.353 308.5

http://www.netzsch-thermal-analysis.com/
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stzsch HFM Test Report

Netzsch HFM Test Report

General Information

Run Id: 6-02-13_08-04 Date/Time: 2/6/13 01:13 PM
Operator: BT

Sample Information

Sample ID: Wood Box
Material: Wood and Cement
Sample Size:
Density: 0.00 kg/m”3
Remark:
Test Result
0.25
X
£
A
g 0.20 °
5 ]
3
5
(& p
0.15
0.10 -~ -
20 25 30
Temperature (°C)
Nr. MeanT DeltaT Thickness Conductivity Resistance Gradient
°C “©C cm W/m*K mA2*K/W K/m
1 241 19.8 6.591 0.200 0.329 300.5

http://www.netzsch-thermal-analysis.com/
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