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sazpgadoyalsnslsziiuigdnsyia (Life Cycle Assessment: LCA)
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a

vunnmanaanasnu il 1kwh Iaeds 1PCC 2007

1 (%)) 4 a 3 [
GWP 100a version 1.01 WU M HET0UNTZINNAATUAIAITI U1

4 [ y a a
AMIun vl maFounszannnannmsnaa liihvesdszmealng 1kwh

Hany

1330 e

manan Tnives)szmealne

0.5610 kg CO,/ kWh

1 9 ] 1 1 9 a o { o 9
Gluﬁ%umm@uﬁlmy‘ajﬁﬂmﬁﬂ Gl,uﬂ’]iﬂ@ﬁiq\?igﬂﬂwaﬁﬂ’lcﬁ%jﬂ’lw ﬁu']ll’lslalfslUﬂ'li

a o 2] A g [ = a [ A g 24 A
ﬂ@ﬂ1u3mﬂ%ﬂ1mfﬂ‘ﬂﬂi’i)uﬂigﬂﬂuullﬁﬂﬂﬂﬂﬁ'ﬁN 2 cmi]zu’dmmwﬂumumﬂummaau

[ g‘/ d' a o 9 1 9] A d' a 49! 1 gl.l
N52aNIUY (Ho991n TuauIde lmamzmUsnamaisaunseanNAT MUY

A = a 2] A A a a o 1
AN V2 ﬂﬁMTﬂJNﬁWEﬂiglﬂﬂﬂTWﬁﬂuﬂﬁg%ﬂ‘ﬂlﬂﬂﬁnﬂﬂ”ﬁNﬁﬁ?ﬁﬂﬂﬁ&kﬂ‘ﬂ@ﬂ\iﬂ1

nlansu
Emission Factor y
18N ; RANGS
Hie IEELY
Man kg CO/kg | 1.7600 Ecoinvent 2.0, IPCC 2007
03 kg CO/kg | 0.2391 Ecoinvent 2.0, IPCC 2007
ADUNIA kg CO,/ m 261.0000 Ecoinvent 2.0, IPCC 2007
PVC kg CO,/kg 1.1983 Convert data from JAMAI Pro using
Thai Electricity Grid
auaue kg CO,/kg 5.3360 Convert data from JAMAI Pro using
Thai Electricity Grid
L kg CO,/kg 1.6878 Convert data from JAMAI Pro using
Thai Electricity Grid
waaan PE kg CO,/kg 2.6360 Convert data from JAMAI Pro using
Thai Electricity Grid
g kg CO/kg 1.7600 Ecoinvent 2.0, IPCC 2007
msihiauge kg CO,/L 0.0012 JEMAI
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d' a [« A d' a a v 1 \
M1319N VU2 Trﬁ»ﬂmﬂﬂwyﬂigmﬂﬂ'l"lﬂiﬂuﬂi%ilﬂ‘i’l!ﬂﬂ‘iﬂﬂﬂﬁﬁlﬁﬂ?ﬁ@ﬂi%!ﬂﬂﬂ]ﬂ‘] (n9)

Emission Factor N
18MI ' 919049
HiHe TG
floduvisd @laude) | kgcoskg | 0.1097 Ecoinvent 2.0, IPCC 2007
-NMIHEN
mswan Iihves kg CO/kWh | 0.5610 mswae Iihveszmelng
Uszma'lne

Wnesmsusmamsvamsmaseunszan(Thailand Greenhouse Gas Management

Organization), 2011

mamamsdanilasuiwiseunszanvad MAToUNIZIN (Greenhouse Gases)

o Aa ' A A [ Yy o
NIFNUHNAADNIISLIDUNTSIN ﬁi@ﬂ’mgIaﬂﬁﬂuﬂﬁgﬂﬂllﬂ?ﬂﬂ']cﬁ 6 ﬂﬁglﬂﬂ

= = ' ¥ / . = o R oA
“]f\?ﬁ]g‘lJWﬁﬁi’)ﬂTJgIaﬂﬁ@u Global Warming Potential (GWP) Glumu’]ﬂﬂll@lﬂ@]’mﬂu JWUNIT

o v A A 2] J S R W (%
mwmﬂ?mmmmﬂmﬂuﬂmwaﬁﬁmmmmmauau”lﬂaaﬂ”lwwuwuuﬁmmmiwﬂ.3

A o o q ¥ v o A
AT NN U3 ﬁﬂﬂﬂTWGluﬂ'lﬁ‘Vl']“lﬁIﬁﬂi'ﬂuﬂl'ﬂﬂﬂ?‘ﬂﬂﬁ@uﬂﬁgﬁ]ﬂ

[+4 A
MBLIDUNIZIN

sgnamwlumsilrilanien
[y d d
heumpumsvelaeenlaa)

(Global Warming Potential: GWP)

mfueulaeenleyd (o)

1

UMy (CH,) 21
lunaoonlad (N,0) 310
laTasvlges Ismsuou (HFCs) 140 - 11,700
nlesvlgenlsmiveu (PFCs) 6,500 - 9,200
FarlaSiananilglo'lsa(SF,) 23,900

u: IPCC Working Group I Report Climate Change, 1995
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A 2 1 < A Y =
MINN V4 F1gazpgaLazIuIn 1o PVC pyeauulanesisey

v
1Y

v
v

v
[

FUAMNN 5 FUAMNIN 8.5 FUAMMIN 13.5
& ANUHUI AT | ANUNUI AT | ANUNUT AL g
'\ y A ywin |, ywin |, Wniin
uRgUENaNg duRngUENaNg FURgUENaNg
(nn.) (nn.) (nn.)
Meuon-1u Meuon-1u Meuen-1u
18(12") 2.0 yu. 0.72 2.5 4. 0.88
(22*18.0) (22%17.0)
20 (3/4" ) 2.0 Wu. 0.86 2.5 4. 1.06
(26%22.0) (26%21.0)
25 (1" ) 2.0 Ju. 1.15 3.0 Y. 1.67
(34*30.0) (34*28.0)
35(11/4") 1.5 . 1.09 2.0 Y. 1.44 3.1 . 2.17
(42%*39.0) (42 *38.0) (42 *35.8)
40 (112" 1.5 . 1.25 2.3 Y. 1.89 3.5 . 2.80
(48 %45.0) (48 *43.4) (48 *41.0)
55 (2") 1.8 Y. 1.88 2.9 Yu. 2.98 4.3 Uy. 4.30
(60*56.4) (60*54.2) (60*51.4)
65(21/2" 2.2 Y. 2.92 3.5 yu. 4.56 5.4 Uu. 6.85
(76 *71.6) (76 ¥69.0) (76 *65.2)
80 ( 3" ) 2.5 U 3.89 4.1 Y. 6.26 6.4 UU. 9.50
(89 *84.0) (89 *80.8) (89*76.2)
100 ( 4") 3.2 4. 6.37 5.2 Wu. 10.17 8.1 Uu. 15.41
(114 *107.6) (114 *103.6) (114*97.8)
125 ( 5") 3.9 yu. 9.55 6.4 UU. 15.40 9.9 Wu. 23.23
(140 * 132.2) (140 *127.2) (140 *120.2)
150 ( 6" ) 4.6 . 13.28 7.5 Uu. 21.29 11.7 W, 32.37




109

(165 *155.8) (165 *150.0) (165*141.6)

200 ( 8" ) 5.4 Wu. 20.48 8.8 1. 32.87 13.7 Ju. 50.06
(216 *205.2) (216 *198.4) (216 *188.6)

250 (10" ) 6.6 Wl. 30.96 10.9 yu. 50.37 16.9 Uu. 76.43
(267 *253.8) (267 *245.2) (267 *233.2)

300 (12") 7.8 W. 43.61 12.9 Uu. 71.07 20.1 yu. 108.40
(318 *302.4) (318%292.2) (318 *277.8)

350 (14") 9.1 Wu. 59.22 15.0 Uu. 96.22 23.4 Uu. 147.01
(370 *351.8) (370 *340.0) (370*232.2)

400 (16" ) 10.3 Uu. 76..12 17.0 Uu. 123.89 26.5 Uu. 189.23
(420 *399.4) (420 *386.0) (420 *367.0)

450 (18" ) 11.6 Uu. 95.16 19.0 Yu. 155.07 29.7 Uu. 237.58
(470 * 446.8 ) (470 *432.0) (470 *410.6 )

500 (20" ) 12.7 Wu. 116.32 21.0 Wu. 189.78 32.8 Wu. 290.65
(520 *494.6 ) (520 *478.0) (520 *454.4)

600 (24" ) 15.3 W 169.97 25.4 Wu. 278.57 39.7 . 427.32
(630*599.4) (630*579.2) (630 *550.6)

' <) [ Y I v YA a
HNaLv e 1. N9 PVC Ll,"lNﬁWii‘UGl"]men@quJ Waﬁﬁ']ilil’lﬁiﬂ’lullaﬂ.l7'2532

1 [ 1
2. U1RIZIUANNYIINS PVC UUN 81IN0UAL 4 LUAT

@ { g’/ 1 I [
3. AuauiszyFunanIwe PVC 5, PVC 8.5 uag PVC 13.5 luanuauly
91U (Working Pressure) nangdennuaugeganmnualndimivldaula
a 1 I A a o ~ 1 < a @ 1
aagounaiuiy Ngungii 27 °C IwWiselluAlaniy 13aen1319
FUANAT (kg/em’)

%’ o 1 1 1 I ’.f o
4. 1hwinneaeney Huihvin lastlseanm

11: H.T. (BANGKOK) TRADING Ltd., PART, 2011
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wianidunaadine # CONSTRUCTION STEEL ROUND BAR

wvitin kg
10m

] 0222 2220 2.660
IMAnLAUARL 9 0.499 4.990 5.890
ROUMND BAR 12 0.8aa 2.8380 10.660
SR-24 15 1.387 13.870 16.640
19 2278 22260 26.710
25 3853 38.530 46.240
10 0.617 6.170 7.400
wandiadan 12 0.888 5.880 10.660
DEFORMED BAR 16 1578 157380 18.940
SD-30 20 2 466 24 660 29590
25 3853 38.530 46.240
28 43834 43.340 58.010
32 6.3132 63130 75760
10 0.617 6.170 7.400
wmandadan 12 0.838 8.880 10.660
DEFORMED BAR 16 1.578 15.780 18.940
3D -40 20 2 466 24 660 29.590
25 3853 38530 46240
28 4834 48.340 58.010
32 6.313 63.130 75.760

a & 9 19 3 g 3 9
?"ﬂ V1 FYLPYAHANUTUNDA I TN ANITUNDY LasiVanUDooy

: guésminasveyaiagnoaiia E-build, 2011
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LWﬁTﬁLmuLﬁﬁlﬁ}uﬁﬂmaﬂm 304

!,Wﬁ']ﬁlmumm’cgijﬂﬁll 304

SIZE WIHUD SIZE HUD
12 4.50 1/8' 0.38
5/8' 10.30 3/16' 0.86
3/4' 14.80 1/4' 1.50

L 26.70 5/16' 2.30

11/4 40.20 3/8' 3.30

1172 58.50 12 6.00
5/8' 9.60

Y A A
aauaUAEIFUTIMaY 304 34 13.60

SIZE KU 7/8' 18.40
1/ 15.00 20 MM 15.00
5/8" 16.20 I 24.20
" 1730 118 30.70

v 3020 11/4 37.10
L 14 48,00 13/8 46.00
15/8 63.60
adUAUIAa316L
o 13/4 73.70
SIZE WIHUN
2 96.30
12 6.00
2 1/4 121.80
5/8' 9.60
2172 151.00
3/4' 13.60
23/4' 183.00
it 24.20
3 216.67
11/4 37.10
31/4 254.00
11/2 54.20
3172 298.00
13/4" .
4 388.00
2 96.30
4172 490.50
21/4' 121.80
5 605.00

71 12 MwazREAMaImA LR

N :http://www.ohkgroup.com/stainless_axle.html
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A Yszianii 2
szoni 1 ° .9 4
2o . 730 I1¥NT 5;@'3’(3']14?']{0 Q@]ﬁ'l?iﬂﬁill s oU
NNNDIAY
Commerce, Government Agency,
Residence
State Enterprise and Industry
YSwanily 1A YFuanhld 5IANN
QnINANIAS UIN/QRINANINAT QNLNARINAS VINGNUIRRINAS
Volume (cu.m.) Baht/cu.m. Volume(cu.m.) Baht/cu.m.
31-40 10.03 11-20 10.70
41-50 10.35 21-30 10.95
51-60 10.68 31-40 13.21
61-70 11.00 41-50 13.54
71-80 11.33 51-60 13.86
81-90 12.50 61-80 14.19
91-100 12.82 81-100 14.51
101-120 13.15 101-120 14.84
121-160 13.47 121-160 15.16
161-200 13.80 161-200 15.49
11NN 200 11NN 200
14.45 15.81
(over 200) (over 200)




NANUIN A

S18aIPUANIAIUIN



114

4
Tumanuin a ‘ﬁ!*ﬂ%ﬂﬁTJﬁ\ii']fJﬁ%L%fJﬂﬂ']iﬁ"lM’Jﬂ!SUENQTH’J%EJ ulﬁlll,ﬂ Msmdsunams

1 2] 1 [ 4
1Jaaﬂmcm%uﬂimﬂ“lmmazﬂizmumi HAAIATH

EnamsilaeaMaui3ounIZaNVBITZUUNAAMBTININ 100 ALL.N.
o A 1 9] [ I 1 ]
TumsduradSuamslassmaiFounszanaivisontsesndu 3 aru 1dun
o o a a © =) ) 9 &
NIZUIUMITIANIANAY, NTZUIUMIHAAM TN taznszuaum i Tl 1dau Fawams
Y
AU LAAIAIT
\ (<4 A (3 (Y3 a a (<4
1 PSnamsiddesmsiTounszanveinszuIUNIIAKIITAQAVVBISTUVNAAN
39N 100 V..
[ (Y] a (4 ~ o 1 [+
NTZUIUMTIANTIAQAVVOITZUUMFTFINN dunsomuiudiunansdaosnas

a = a

o ' <3
%’anW%']ﬂﬂ'ﬁﬂl%jjﬁﬂ Ulﬁllﬂ Wan 93 ABUNITA PVC 030 WanaAnNPE uazauauiad

a9

mi‘lmaﬂﬂwaﬂmnmanmu

Q

MAN RB 6WN. 11U 61 @y v 61x0.222=13.542 Alansy
MAN RB 9WW. WM 136 @y 1R 136 x 0.499 = 67.864 A lan3y
WMAN RB 1203, 194 91 U Win 91 x 0.888 = 80.808 N lansu
a1 niin 365 nlandy
sahminmannanua Wun 198.71  nlansu
mdnlszans maldesmadounszanveuninie 1.7600 kg CO,/kg
szezna1lngans Ao 15 il

v
[ Y

' [ A 3 A
NUU ﬂ']fl'ﬂﬁﬂﬂaf]flﬂ1clfliaUﬂ§$ﬂﬂﬂlﬂ\1m@QLWaﬂ o

(198.71 x 1.7600)/ (15 x 1,000) = 2.33x10”°  ton CO,-eq®1l

v L4
% = v A

M3y Tagnnanandg aail

Y
4

1¥0gnaviua U 537 M91AT
9y 199N nin 93.75 nlansuy

YT 53.7M1511UAT WD 53.7x 93.75 = 5,034.375 N lansy

[ a =)

Mduszans mstldesmaisounszan veedy A 0.2391 kg CO,/kg

3

= =
528217911A59N15 D 15 1l

9
[ Y

] (4 A a L= Y v dy
auiu msdaaaesmaiseunszanuesdy aollladaell
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(5,034.375x0.2391) / (15 x 1,000)= 8.02x 10" ton CO,-eq1® 1]

v L4
U S A N v A

M3 aaNHaANDINADUNINA I

Q
Y

1¥nouniananua IUIU 29.60  A1TIUNAT

T W a £ 1 9] A ~ A 3

mMauszans msdaeemewEoUnIZINVDINBUNIA A 261 kgCO/m
= =t

52821121 1A5901T AD 15 )

v
[ Y Yo

1iu mytlaatlacsmaisounizanuesnounia aoll lanail
(29.60 x 261) /(15 x 1,000) = 0.515 ¥395.15x 10"  ton CO,-eqei01)

M35 IaaNinanIn PVC Al

N9 PVC 1" ¢ 8.5 Sy 4ve  hwinsanue 4x 115 =46 kg
N9 PVC 2" ¢ 8.5 Sy 3ve  dhwiinsanue 3x2.98 =894 kg
N9 PVC 4" ¢ 8.5 S 1690 thmiinsanua 16x 10.17 =162.72kg
19 PVC 6" ¢ 8.5 Sau 4ve thwinnanua 4x21.29 =85.16 kg
sanfindie Pve  Hanua'lg 261.42 kg
mdnlszans veensidesiaitounszanves PVC Ao 1.1983kg CO,/kg
szeznalngams Ao 15 il

aaniu mitlaatldesmaSeunszanueans PVC aoil ldaeil
(261.42 x 1.1983) /(15 x 1,000) =2.09x 10°  ton CO,-eq01)

M3l¥Taniinanainaln Al

Q
9

1¥a2an3rua NUIY 4030 nlansu
Y] a Q( 1 4 A A
Adulszans mMsasemwFeunszanvodala Ao 1.6878kg CO,/kg
A =
52821121 1A59715 AD 15 )

9
[ Y Yo

1 %) A = dy
guiumstanlassmeiseunszanvotaitanoll laaatl

(40.30 x 1.6878) / (15x 1,000) = 4.53x10°  ton CO,-eqf01)

U

ﬂ]iﬁl‘lf aanWanINNaIannPE a3y

Y
ldwa1a@n PE Nanua  9117U 119.6 nlapsu
T @ a Q'{ 1 [ =\ a A
AMaulszans NsUaeeMwEToUNIZINVDINANTAN AD 2.6360 kg CO,/kg
A =}
528217811A59015 A 15 )

9
[ -

] [+ A = L= 9 o dy
wumsdanlassmaisounizanuyeanounia aoil lanail
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2

(119.6 x 2.6360) / (15 x 1,000) = 2.10x10°  ton CO,-eqf®ll

v v
A A v A

M3l Yaanuannaauaaaail

Q
9

¥ aaumananua NUIU 2752 nlany

Y a a"' 1 [+

mdulszans midaesmaisounszanveIaaULAd AD 5.3360 kg CO,/kg
= =

52821721 1A59015 AD 15 )

A3

g‘/ Yo A

1 9] A L=t
wumsilasassmaiseunizanvsimauma avil laaqil

(27.52x5.3360) / (15x 1,000) = 9.79x10°  ton CO,-eqfi®ll

v [+3 A a o =S a
2) unamsdaesmMai5ounILANVBINTZUIUMSHAAM BT ININUYDITZVUNEA

<4 IS)
MBBININ 100 aV.N.

13199 a1 YSuams1g Wi lutednuu/nsianite vodszuule 100 adl.y.

ginsal maddiih | Aundereiialuede 334601
M
2 7
IATRIGUIN 0.75 8 2190
A3 I IUEIUHEL 1.1 6 2409
33U 4,599
NUBING) 528219a1U8IM 3 1FNUVDITL VUM IHAAMBFINNYDI1UIT8 1% 365 Tu
AREA SRS KIREREY 4,599 x 0.561 = 2,580.04 kg CO,-eq#0l) 130 2.58 tonCO,-cqAD 1)
vesnniude
Thieshszun Suaz 11 a1,
wihhi@ednsz 365x 11 = 4,015  avu.u.Al
mduszant vesmathimiude fie 0.0012 kg CO,/L

9 v
qaiu mitlandassmaEounszan NanuAfAD (4,015x 0.0012)/1000 = 4.82 x 10° tonCO,-eq

a0l



117

Q‘l (44 =
ﬂ"lii?lul‘ﬁﬁ“lli’)x‘l MBNINY

[ (] @ Y o a o =y a
Tala 162 Ioasimsmamasinin 5 ans
1n14 8,400 61 1¥6ns1MIsIAANIETININ 8,400 X 5= 42,000 ans

A
130 42 IR
a o = ~ 9)3’.;4 ~
Uszanamsnansyininn lanail 15,330 au.3.Al

nasimuslva 10 % veamsFImninanla

9
[

aaiulsmnatimuss lvaluwilal minu 15,330 X10% = 1,533 av.y. /1
ANMUHUMUUVDITINY 0.668 kg / av.u.

v
v v ]

aquuaMuruuvesdimuluniistlining 15,330 X 0.668 = 1,024 .044 kg CH, /1)

1,024.44 .
Wio ——— =1.02 tonCH, / 1/

1,000
[ g‘; 1 9 A 1 A o Y o ,3
gaivfSuamslassmaisounszanasilaiua laail

a1 8,400 drrlasmeiFounszan 1.02 X 25=25.50 ton CO2-eqdl)

9
tln 1 67 suoaldast Jo> =3.04x 10" ton CO,-eq1l
8,400

3)  PSnamsiassmaiFeunszanveamsrin i uvesszuunaamsFInIN
100 av.\.
o ] a I 1 (] =Y
Tunszurunsii ldIFauutanmsiasanesmilu 2 a1 1dun arudSuans
[ (7] o 1 1 9]
YassMmaFaunszananmsrillldau uazdruvesnsnaunumsiassmwseunsanain
M3 1)1
\ (24 o o = Y
msdassMmaainmsinmazimwld]lFau
NADITUITILAL WAUINAINIUUATNIA V1IN Fea1ny AsFININ
Uszneudelitmu 65 % NANuMUILIL 0.668 kg dasMsHan IW# ogh 1.4 kWh do av.u.
1 @ a o = a [
waz'ln 1 &7 MamaFInIns ans /u
[y U o 1 [ A o & ~
M30e19 msmuumstlantlassmasaunszananmsriimaainin laen
v A a 9 a o A
Tusfinemsnan Trihveaszuunaninia®dInIn 100 a1y,

1019 8,400 #1 1760 31M31AARIETININ 8,400 X 5= 42,000 ANTHID 42 A4, /U

Y
v A o ©

a ~ A a 9|
N1U7 EJU‘LHﬂT"H%’JﬂTWLW@V]ﬂLW]UﬂWiWa@]ll'V‘I‘V\h
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AU 42 X 365 = 15,330 av.u. /Al
65% X 15,330 =9,964.5
9,964.5 X 0.668 = 6,656.286 kg CH, /1

.2 =
£,656.268 =6.66 tonCH, / 1/
1,000
W i 1 2] A oA 16 1A
Auiulsuamstassmaseunszan aell A 6.66 X — =242  ton CO,-eqfdl)
44
Y
w1810 1 @ wddesmamSounszan dail 222 —2.88 x 10” ton CO,-eqaioll
8,400

| [ o o = Y
msnaunumsilassmaainmsinmadininlflyau
[ [ @ a o Y
1n'l% 8,400 §2 NAMEFININ 42 1. /T
Y
AaiY 42x 1.4 = 58.8 kWh/3u %39 21,462 kWh/il
v Y
Wunawanymnavuanmsnaanaann il 1kwh Taeds IPCC 2007 GWP 100a
. (=Y (9 A A a da!
version 1.01 WUNMHUTMNUMBToUNIZINMAAIY 0.5610kg CO,/ kWh
Y
AU 21462 x 05610 = 12,040.18kg CO,-eq@0l) 130 12.04 tonCO,-eqAdll
3namsideamMaSoUnIzanUBITZUUNAAM BT ININ 300 a3l
o =Y 1 (%)) [ I 1 1
lumsmuadsuansdassmaSounszanaiuisouuesniilu 3 aau laun
[ [ a a o = o %
NIZUIUMTIANTIARAY, NTZUIUMIHAANMSFININW taznszuaum i Tl 6o Fawams
9
AU LAAIAIY
U v A (Y] w a a v
1) PBnansdaesmnai3oHnsanveInIzUIUNSIARINGAVYDITZULNANN 1%
391N 300 V..
[ o a (%)) = o U 4
NILUIUMITANIIANAVVOITLUUMFFINW eusamuInsuamslassnia

a = a

[ 1 <
%’JﬂWW%1ﬂﬂﬁGl‘]95}’Jﬁ@] Ulﬁ}l,l,ﬂ 1ian 93 ADUNTH PVC a0 Na1daAnNPE Liagaualad

a3

v L4
% = v A

M3 lE TagnnanInmanaail

Man RB  6WN. 11U 155 1@UHIN 155 x 0.222 = 34.417 lansy

MAN RB 9 WW. 91U 211 @y w211 x0.499 = 105.29 nlansu
MaN RB 12 W, 911U 200 @ wiin 200x 0.888 = 177.60 N lansu
az1) niin 1040 Tansu
sunhinmannanua nin 42130 nlansu

mdudszans mstdesmaisounszanveunanie 1.7600 kg CO,/kg
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ek

A
528217811A59N15 D 15

9
[ Y

' [ A 3 A
Wy MstandaosmaisounszanveIveuKan Ao

(421.30x 1.7600) / (15 x 1,000) = 4.94 x 10”

Y d' a a % dw
ﬂTﬂ‘U’m’ﬂ‘ﬂNaﬂﬂ1ﬂi’)§ NH
v

Q

ton COz—eq@i 1)

1¥8gaviua U 85 MINIAT
09 1 M151UNAT nin 93.75 nlansuy
gNMIU 85 MITIAUNAT Win  85x93.75= 7968.75  dlan3u

1 o a £ J 2] A a A
maudszans msdassmaiseunszan UDNDY MO

A =
528217811A5IN15 D 15 il

Y
g‘/ Yo A

W MmstandaesmeiSeunszanvesds aed) ldnell
(7968.75 x0.2391) /( 15 x 1,000)= 1.27 x 10"
Y o d' a = % dw
M3 1Y TagNnanaInnaUNINALH
T¥nounsanariua U

1 o a £ ' 2] A = A
ﬂWﬁﬂJﬂ‘iZﬁ‘Wﬁ ﬂTi‘]Jﬁ@ﬂﬂWGﬁLifluﬂ‘EZi}ﬂﬂlE}\iﬂ@uﬂiﬂ o

o

A
52821721 1A59NT AD 15

9
[ Y

(62.50x 261) /(15 x 1,000) = 1.09

U

M3liTaginanan PVC sl

1 9 A G 1~ Y o dy
@91 MsvanilaesmMwEoUNTLINVDINDUNTA A1) 1anail

0.2391 kg CO,/kg

ton COz—eq@' 1)

62.50  MINUAT

261  kgCO/m’

ton COz-qul'fﬁJ

N9 PVC 1" ¢ 8.5 Swou 2%e  vhwinnanua 2x 115 =230 kg
19 PVC 2" ¢ 8.5 Sy 6o thwiinsanua 6x2.98 =17.88 kg
19 PVC 4" ¢ 8.5 S0y 38ve hmiinnanua 38x 10.17 = 386.46kg
19 PVC 6" ¢ 8.5 Swu 2190 thwiinnanue 21x2129  =447.09 kg
saunhminne pve  wanuald 853.73 kg

1o a £ ' 4] A A
ﬂ?’dllﬂi%ﬁ‘ﬂ‘ﬁ "U’E'Nﬂ13ﬂaﬂﬂﬂ1“ﬁliGUﬂi$ﬁ]ﬂﬂl®\1 PVC fd

=

52821121 1A9NT Ao 15
1iu mstaailacemsiEsounszanuesne PVC aotl laaall
(853.73x 1.1983) / (15 x 1,000) =6.82 x 10—2

%]

¥ 4' a U dw
ﬂhﬂ‘l‘ annNanIINaIN AU

1.1983kg CO,/kg

ton COz-qui 01
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Y
I¥aran3rua NUI 105  nlansu
LY a Q'{ 1 (4] A =
AMaulszans mstasenwiseunszanvedala Ao 1.6878kg CO,/kg
A =
szeza1AsaNs Ao 15 )

Y
v

1 (9 A L= Y o dy
wumsiandassmaisounizanvyeialnasil laaail

2

(105 x 1.6878)/ (15x1,000) = 1.18x10°  ton CO,-eq#d1)

v
% A A a

M3l YaanwananNaafAnPE Al

Q

9
1“]95)Wﬁ1ﬁ£5]ﬂ PE MIHUA 911U 156.40 ﬂIﬁﬂﬂJ
1 o a £ J 2] A a A
maudszans msdaosmaisounszanveInaIgan no 2.6360 kg CO,/kg
A =
5292101 1A59N15 AD 15 1

9
v

wumstantlassmaiFounszanvesnardan PE avil ldaail
(156.40x 2.6360) / (15x 1,000) = 2.75x10°  ton CO,-eqfi®il

ﬂ"ﬁ‘l‘lnﬁﬂ‘ﬂﬂﬁﬂﬂ]ﬂﬁ!ﬂu!ﬁﬁﬂﬂu

Q

AAAAVUIA 3/16 191U 35 11AT WA 0.86 x 35 = 30.1  nlansu
Fepuaanavua T1UIUY 30.1  nlansu
mdnlszans maldesmadounszanvesmanuad fo 5.3360 kg CO,/kg
szezna1lngams Ao 15 il

Y
[ Y

1 9] A L= Y o dy
auiumstanilassmsiTaunszanvosaauad aoll laaail

(30.1x 5.3360) / (15x 1,000) = 1.07x10°  ton CO,-eq01)

v 4 A a o =S a
2) PnamsdaesMe5aUNTLANVBINTZVIUMIHANM BT INIWUYDITVUNAN

<4 =
MBBININ 300 aV. 4.

a13190 a2 Usuams1g Wi lutednuu/nsianite vodszuule 300 adl.y.

ginsal madlwih | aundwaeililusde M1
M
3 7
195 09gUIN 1 10 3,650
IATOINIUTIUNAN 1.1 6 2,409
33U 6,059

a o o av [
U8R i3,’813L’Jiﬂ"llENﬂﬁ1%}\1TWU?Niz‘U‘UﬂﬁNaﬂﬂWcﬁ%ﬁﬂWW“{l@\iﬂu’J%ﬂﬁl%} 365 U
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AREAS AN RIREREY 6,059 x 0.561 = 3,399.10kg CO,-eq@01) 13 3.40 tonCO,-eqAD1)

| Z 2
UDIINUAY
S ao’ = 9 [
UUNFYWITSVUD UL 30 au.u.
a3 o Y ~
CUUNTYVTSUD 365x30= 10,950 au.u.A
1 o a £ o o 3
ﬂWﬁllﬂigﬁ"Vl‘ﬁ "lJENﬂ1TLITLIﬂ‘L!'IL%EJ ﬁ@ 0.0012 kg COZ/L

v
[ Y

wiu mavaaassmaiEounszan Naruane (10,950x 0.0012)/1000 = 0.01 tonCO,-eqADl)

v w oA
ﬂ]‘i’ifl?‘iﬁ‘llf’)ﬂﬂ]%ﬂ!‘ﬂ‘l—!

Tnly 16 Id8asmanameanin 5 ans

10149 24,000 61 THSRIIMIAAMETININ 24,000 X 5= 120,000 ans
130 1202.41.

Uszinamafamaaanini 1dnaeial 43,800 a1.3./)

Emnadimusalva 10 % veamaiimnnwanla

Y
[ Y

fFuinsuaiimus Ivaluniiel whsu 43,8000 X 10% = 4,380a1.%. /1)

ANURUUUVOIUINY 0.668 kg / QL.

v
v o 1

asuanuruiuvesdimuluniisdiviny - 4,380 X0.668  =2,925.84 kg CH,/1]

. 292584 /
wio ——— =2.93 tonCH, /1
1,000
Y Y
aaiulSinanmstdesmaiEounszanaotlaiuin lanail
1ns1191 24,000871)apeMeri3ounITZIN 2.93 X 25=73.25 ton CO,-eqd1)
Y
tln 167 fdowlaasi 325 _ 305 10"ton CO,-eqAe 1]
24,000

3) YSuamsdasamaiSeunszanveamsiinlflFnuvesszuunaamasFinin
300 av.N.

Tunszuaumsii T 1dauuiamsnasaneenilu 2 du 1dun drualsnans
Yaesmaizounszanainmsii 1 ldau uazdivvesnsnaunumslaesmiwisounsanain

RCRTRNCINCART:
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msdassmaainmsrinmaamn ¥
A1 UITILA WAL INEINIUUATNIA UH1INe1aTFealny A1sFi0 1N
Usznoudlelimu 65 % NANwHLLIY 0.668 kg BaTIMsHan 1WH ogh 1.4 kWh Ao av.u.
1 v a o ~ a [
uaz 1 1 @9 NAMFFINING aaT /U
LY | o J 2] A o & = ¥ A a
Meea Mimuamstlanassmaiseunszananmarinsyinin ldwn ludinensnas
a o
TlihaeeassuuNaamEFININ 100 ALY,
[ ] @ @ a o a [
1014 8,400 a7 1R IIAANIFTINTIN 24,000 X 5= 120,000aA5H38 120 a1, /31
Ao t;‘ o & ~ A a Y
mvetihmsIImenaunumsmas i
Y
AaU 120 X 365 = 43,80000.%. /1)
65% X 43,800 =28,470

928,470 X 0.668 = 19,017.96 kg CH, / 1/

19,017. a
15.017.96 =19.02 tonCH, / 1/

1,000

o AY J [2) A oA 16 1A

aaiulfsunanisiaesnaisounszan aed AD 19.02 X — =6.92 ton CO,-eq01)

44

1294 1 & o A o & 6.92 4 " A

azlaln 1 a2 szilasemaisounszan Aall =2.88x 10" ton CO,-eqol)
24,000

msnaunumsdassmaarnmsinmataninlflyau
1019 24,000 62 AAMIETININ 12081130, /T
Yoy 120x 1.4 = 168 kWh/TU #3530 61,320 kWh/il
Bnawaiisiifatunnmswaandaanu i 1kwh Tag3s IPCC 2007 GWP 100a
version 1.01 nuiunafsdeunszaniinaty 05610 ke CO,/ kWh

9
v @

ALY 61,320x  0.5610 = 34,400.52 kg CO,-eqAdl) 130 34.40ton CO,-eqADil

fZnanmsidesmMaSounIzanUaITZUUNAAM BT ININ 700 all.il.
o =) 1 9 ] I 1 1
lumsanadsuansdassnaSounszanaiuisouuosniilu 3 @iy laun
[ (% a a o = o X
NIZUIUMITIANTIARAY, NTZUIUMIHAANSFININ taznszuaum i 114 Fawams

9
AU LLAAIAIY
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1 PBnamsildesMaseunszanvenszuiumsdaningauve sz UUNAANY
F3MN 700 av.u.
[ ] a 9] = o 1 (%))
NIZUIUMITANIIANAVVOITZUDMFFINW emsamuIndiuumslasenia

(% ' 3 a a
Fammanmsldiag 1aun 11an 83 AoUNIa PVC ada Wad@nPE tagauauad

o

ﬂ"lﬂ‘lnﬁﬂ‘i’mﬁﬂi]"lﬂ!ﬁﬂﬂﬂﬁu

Q

AN RB  6WN. 311U 309 1&U 11N 309x 0.222 = 68.60 nlansu
MAN RB 9 WN. 911U 407  1du vi1in 407x 0.499 = 203.00 1 lan3y
MAN RB 12 W, 911U 462 1@ 11in 462 x 0.888 =410.25 nlansu
az1) niin 23870  nlansy
saunhminmannanua WU 920.03 nlansu
mdnlszans maldesmsdounsyanveuninie 1.7600 kg CO,/kg
szezna1lngans Ao 15 i

v
[ Y

' [ A 3 A
ANUU ﬂ']fl'ﬂaﬂﬂaf]flﬂ1clfliaUﬂ§$ﬂﬂﬂlﬂ\1ﬂlﬂ\3[waﬂ o

(920.03x 1.7600) /(15 x 1,000) = 1.08 x 10" ton CO,-eq01)

ﬂ1‘ﬂ‘lﬁlﬁﬂﬂﬂi‘lﬂ‘iﬂﬂ®§ U

Q
9
v

T¥0gnaviun U 33220 AITNINAT

09 1 NI NUAT niin 93.75 nlaniu
DI 33220 MTNINAT WA 332.20x 93.75 = 31,143.75 nlansu
mduszant msldosmaiounszan Y9IDg A 0.2391 kg CO,/kg
szeznalngams Ao 15 il

e

g‘/ Yo A

] (4] A a L=
wiu myasaesmaiseunszanuedy aollladell

(31,143.75x0.2391) /(15 x 1,000)= 4.96x 10" ton CO,-eqai®1l

v
% A A G %4

M3 aaNHaANINADUNINA I3

Q
9

I¥nouniananua UIU 139.90 @1519UNAT
7 a £ 1 2] A G A 3
AMaulszans MslaseMwisounIzINUINDUNTA AD 261  kgCO/m

= =
528210911A5IN5 A9 15 il



124

9
[

1 9] A = 1 A Y o Ay
i mMstlamdassmaiseunszanveinsunia aell laadil

(139.90x 261) / (15x 1,000) = 243  ton CO,-eqf®l)

o

M3 IaaNINanaINPVC ASHl

19 PVC 2" ¢ 8.5 Sy Ive  thwiinsanua 1x2.98 =298 kg
N9 PVC 4" ¢ 8.5 Sou 32 thwinnanue 32x10.07 = 325.44 kg
19 PVC 6" ¢ 8.5 Sy 24ve  hiinstanua 24 x 21.29 =510.96kg
19 PVC 8" ¢ 8.5 Sou 3e  thwinnanua 3x32.87 =98.61 kg

sunhmiane pve  wanuald 937.99 ke
mduszans veamsldesmaiounszanued PVC Ao 1.1983kg CO, kg
520212811A59015 A9 15 il

9
[

1 9] A 1 = Y o ,é’
a9 MsvaalassmMeSounszanveans PVC aoll laaail

(937.99 x 1.1983) / (15 x 1,000) =7.49x 10°  ton CO,-eqa® )

v [
A A v A

M3l aanHanaINala Al

Q
Y

Idarananua MUY 168.20 nlansu
Y a Q‘{ 1 [ A =
AmMaulszans msdaeemuiseunIZINVDIAIA AD 1.6878kg CO,/kg
A =t
528210811A59N15 A 15 )

v
[ Y

1 9 A L= Y o dy
aaiumstanilaosmsiseunszanvotatanodl ldaail

(168.20 x 1.6878) / (15 x 1,000) = 1.89x 10" ton CO,-eqoll

v ¥
A A a IS

M3l iaanwanInNaannPE Aall

Q

Y
l¥wa1adn PE Manua  s1u7u 469.20 nlansu
1 U =) QJ 1 =)
mauilszans msdaesMaBounizanueanardan no 2.6360 kg CO,/kg
A =
szeza1nsans Ao 15 7]

9
v

1 9 A a = Y o dy
wumsiandassmaisounizanusinarann PE Aol 1aaail

(469.20 x 2.6360) / (15 x 1,000) = 8.25x 10" ton CO,-eqe01)

ﬂhﬂ‘lﬁQﬁ@ﬂwﬁﬂ%1ﬂﬁ!ﬂ‘l~!!i‘lﬁﬂﬁu

AAUAFVUIA 3/16 UINUIYU 80 LUAT WU 0.86 x 80 = 68.80 nlansu
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Y
I¥aaumananun NUI 68.80 nlany
LY a Q'{ 1 [+
maulszans msdassmaisounszanveaaaULad AD 5.3360 kg CO,/kg
A =
szeza1nzans Ao 15 )

Y
[ Y Y v

1 (%) A L=} dy
wumsiandassmaiFounizanvysmauaa ail laaqil

(68.80x5.3360) / (15x 1,000) = 245x 10> ton COz-qui’EﬁJ

v 4 A a o =S a
2) PnamsdaesmMau5aUnIzaNVBINIZUIUNSNAAMBTININYDITSVUNAN

<4 IS)
MBBININ 700 aV.N.

13199 a3 USuams1g Wi lutednuu/nsianite voeszuule 700 adl..

ginsnl fadldih | aundedeilialusne 53R
M
p) 7
195 09g U 1.5 8 4,380
ATDINIUTIUNAL 1.1 3 2,409
A
210504
33U 6,789
a o =) a o [
WL 52EAVBINT IFNUVBITZVUMIHAAMTTINNURIUIT1F 365 Tu
AREA S AN KIREREY 6,789 x 0.561 = 3,808.63 kg CO,-eqA01) 130 3.81 tonCO,-cqAD1)
: N,
Yosausinde
= %‘ =S %
Ihdenszuy Tuay 60 IR
A YA ~
RS IRIG EICREEATEY 365 x 60 = 21,900 a1.3./]
1 % a Q( o -5 90} =S
Mauilszans vesmsthiaiude Ae 0.0012 kg CO,/L

9
[ Y

Wiu malaaiassmaiEounszan NavuaRe (21,900x 0.0012)/1000 = 0.03 tonCO,-eqADY)

0:1 [ =
M35 lviaveamasRimu
[ ] Y Y v a o =) a
Tala 162 Ioasimamamasinn 5 ang
[ [ @ [ a o a
1n'l4 56,000 #1 TionsIMTNAMIEFININ 56,000 X 5= 280,000 ang

130 280 QLY.
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Usznamsnamasinini lansll 102,200 au.u.A)

Eanamimuslva 10 % veamasFimuinanla

Y
%

gnfutSnadimua lvaluniisdl whdy 102,200 X 10% = 10,220a0.3./1]
ANUHU WU UVDININY 0.668 kg / av.i.
Aoy luv sty 10,220 X 0.668 = 6,826.96 kg CH, /1
- 6,826.96 -
wio ———— =6.83 tonCH, /1
1,000
SniFnamaldesmadounszandetimuan 1wl
1ns119u 56,000 frtlavemesizounszan 6.83 X 25 = 170.75ton CO2-eqA®Y
1A 1 e Ideal ;ZOO'ZS =3.05 x 10 ton CO,-eq#01)

3)  dSnmamsdasamaiseunszanvaamsinifl¥nuvesszuunanmiasinin
100 av..

Tunszurunisi 1 1Fnuuamsiiasaneendlu 2 dau 1dun drualSuunms
Yaesmaizounszanainmsri 1 ldau uazdivvesnsnaunumslaesmwisounsanain

RCRTRNCINCART:

\ (4 o o = v
m3ytaesmaainmsinmasaimwliflya
v o Aaw Y @ a a @ [

VNADITUITEUAHAUINGIIUUATAIR W InerdeiFealul nsFinm

Usznoudelimu 65 % Nanunuin 0.668 kg oasnswan 1W# ogh 1.4 kWh deo av.u.
J @ a o = a v

uaz1n 1 42 NamaFInINs ans / u

LY v ° ' [ A o & v A

fege mimuiumstaadassmaisounszananmsiiimadanim luwn luifiie

Aa Y a o ~
ﬂﬁNaﬁvhl\lﬂﬁl’t)\‘i‘i%‘UUNﬁGlﬂWGﬁ%”Jﬂ1W 700 . 4.

1714 56,000 67 17603 1IMIAAMETININ 56,000 X 5= 280,000 ANTH3I© 2808111, /

(9 Aaw dy o ® =~ A a 9,
'Juﬁ’lu')%ﬂuu’lﬂ’]“]f%?ﬂ’lW!W@‘ﬂ@LW]uﬂ'ﬁNaﬁVlV\IV\h

v v

Y] 280 X 365 = 102,200a1).%. /1]
65% X 102,200 = 66,430
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66,430 X 0.668 =4437524  CH,/%
4,375.24 =44.37 tonCH, /
1,000

[ ?zl.l 1 (=Y 16 (=
doiulfinamsdassmaGounszan aell Ao 44.37X— =16.14  ton CO,-eqAiDl)
44

16.14
56,000

[

J Y 1 2] -
i]ghl@gﬂﬂ 1 i1 vwwanemaisounszan aall

=2.88x 10" ton CO,-eq01

' 4 o & = Y
iTl57]ﬂ!!7]1!ﬂ]ﬁﬂaf’)ﬂﬂ'lclfﬂ]ﬂﬂ1§u1ﬂ1°]5“lfjﬂ]‘w“lln‘lﬁ]u

11149 56,000 617 (AAPIFEFININ 2808111, /T

Y
[ Y

@91 280x 1.4 = 392 kWh/31 39 143,080 kWh/A)
Wunauansinavuanminaanaanu il 1kwh Iaeds IPCC 2007 GWP 100a
version 1.01 WuMiffanamaiseunszanithaiu 0.5610 kg CO,/ kWh

Y
[ Y

AU 143,080x 0.5610 = 80,267.88 kg CO,-eq@dl) 130 80.27 ton CO,-cqADil

\ (] A a (<4 =
f3anamsdassMaiTeunIzanVRITTVUNAAN BT ININ 1,000 aV.N.
o =Y 1 (4] [ I 1 ]
lumsamadsuanmsdassmnaEounszanaiuisoutesniilu 3 aau laun
[ [ a a o = o %
NIZUIUMTIANTIARAY, NTZUIUMIHAANMBFININ taznszuaum s Tl 1dau Fawams

Y
AU LAAIAIY

1 Bunamsildesiaseunszanveanszuiumsdanm Ingauve sz uuNan Y
FIMN 1,000 av.3.

[ (% a [+ o J %)
ﬂi%”]JTJ‘L!ﬂ”liﬁ]ﬂ‘l’in@fr]ﬂﬂﬁllﬂﬂigllllﬂ"l‘ﬁ)’%’JﬂTW gunsamulsnumsdasena

a = a

[ 1 <3
%’JﬂWW%1ﬂﬂﬁGl‘]95}’Jﬁ@] Ulﬁ}l,l,ﬂ ian 93 ADUNTH PVC a0 Na1aANPE Liagauavad

a9

v L4
A A < =S

M3l daanwanaInvianaal

Q

MAN RB 6N, 119U 392 1 @UNIN 392x 0.222 = 87.02 nlansu
MAN RB 9 Wy, 911U 431 1@u 11in 431x 0.499 = 215.07 A lansy
MAN RB 12 ¥y, $117u 485 1 @W 11170 485 x 0.888 =430.68 nlaniu
az1) niin 267.00 Alaniy

¥ Y < g @ a @
FIVUIHUNUANTINTUA UUN 999.77ﬂ1aﬂ53~l
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Y a £ 1 4 A 3 A
mauseans msdassmaiseunszanvearianie

e

A
528210811A59N15 A9 15

9
[ Y

' [ A 3 A
A9l MIvanilaesnwSoUnITLINVOIVOUNAN AD

(999.77x 1.7600) / (15 x 1,000) = 1.17x 10"

Y d' a a % dv
ﬂ]‘ﬂ‘lﬂﬁﬂ‘ﬂﬂﬁﬂ%]ﬂ@ﬁ N
P

Q

ya o
1515’0*151/]\114%@1 MUIU

09 1 3193 niin
BITIUIU 332.20 AITNUNAT

a A

1 o a £ 1 2] A
maudszans nsdaoemaisaunszan Voo A

a9

A =
528217811A59N15 D 15 1l

wg‘/ Y v

1 9] A a =Y ,i’
aaiu midandaeemasounszanueedy aoll laadll

1,175
93.75

WUn 1,175x 93.75 = 110,156.25

1.7600 kg CO,/kg

ton COz—quia?J

AT UNAT
Alansy

nlansy

0.2391 kg CO,/kg

(110,156.25x0.2391) /( 15 x 1,000)= 1.76 ton CO,-eqf®1)

m{lmaﬂﬂwaﬂmnﬂaummm

Q

Y
U

9 o
l¥naunIaNIriue U

1o a £ ' 2] A = A
ﬂleI“lJ‘iZTcTTI‘ﬁ ﬂﬁﬂﬁ@ﬂﬂW%Li@uﬂiZi]ﬂﬂl@iﬂ@uﬂiﬂ o

o

A
52821721 1A59NT AD 15

Y
[ Y

1 4 A =~ 1A Y o da/
Al Msdanatassmeisounszanvesnounia G]’EJ“]JVlﬂ NU

238.75

ATTNULUNT

261  kgCO/m’

(238.75x 261) / (15 x 1,000) = 4.15  ton CO,-eqA®l)
msl¥Taaiinanain PvC dail
19 PVC 3" ¢ 8.5 Sou se  Thwinwanua 5x6.26 =31.30 kg
19 PVC 4" ¢ 8.5 Swou svie  Thwinnanua 8x10.17 =81.36 kg
19 PVC 6" ¢ 8.5 Sou 26%0  Thwinnanue 26 x 21.29 =553.54 kg
19 PVC 8" ¢ 8.5 Swou 7o Thwinnanue 7x32.87 =230.09 kg
sanhmiinie Pve  wanwa'ld 896.29 kg

1w a £ ' 2] A A
ﬂ?’dllﬂi%ﬁ‘ﬂ‘ﬁ "U’E'Nﬂ13ﬂaﬂﬂﬂ1“ﬁliGUﬂi$ﬁ]ﬂﬂl®\1 PVC fAd

A
52821721 1A59NT A 15

1.1983kg CO,/kg

1
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9
[

1 9] A 1 = Y o dy
i Mslamdassmaiseunszanyeane PVC aodl lanatl

(896.29 x 1.1983) / (15x 1,000) =7.16 x 10°  ton CO,-eqi® )

Y d' a v d“
ﬂ]‘ﬂ‘lﬂﬁ@‘i’lﬂﬁﬂiﬂﬂﬁ?ﬂ AU

Y

9 U o a o
Gl%ﬁ’m%ﬁ‘ﬂllﬂ MUIU 265.80 ﬂIﬁﬂﬂJ
Y a Q( 1 (4] A A
ﬂ?ﬁ'llﬂizﬁ"]/l‘ﬁ ﬂﬁ‘]JﬁE)fJﬂW‘;IﬂifJuﬂigﬂﬂﬂ]ﬁ]\?ﬁ’m o 1.6878kg COZ/kg
A =
5383&361Iﬂiﬂﬂ15 o 15 “]J

wg‘/ 9 o

1 9] A =Y dy
agaiumstanassmaiseunszanvetaitanoll laaatl
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Abstract

Currently, the increasing number of layers farms in Thailand has been
affecting the increasing of environmental situations as well as pollution both
in farms and in neighboring community. Those problems include odour
pollution and larger number of flies resulting from the chicken daily manure
which is the primary cause of carbon dioxide and methane emission. Chicken
manure converted into organic fertilizer before an implementation of biogas
technology system will generate approximately 4 kilograms CO.-eq of
greenhouse gas per layer per year. The biogas technology system is considered
useful as its treatment system can reduce such problems including methane
emission. Moreover, methane gas can be used as an effective renewable
energy. This research study conducted the assessment of greenhouse gas
emission throughout life cycle of Chiang Mai University Channel Digester
(CMU-CD) with the capacity of 1, 000 m*and the ability to handle 80, 000
layers. It was found that biogas technology system could reduce greenhouse
gas emission at 1.96 kilograms CO,-eq per layer per year.

Keywords:. Life cycle assessment, Greenhouse gas, Chiang Mai University-
Channel Digester (CMU-CD)

Introduction

At present, there are only a few number of layer farms in Thailand where biogas
technology system is installed. Chicken manure as raw material has a good potential
for the production of biogas anaerobically. (See table 1) Primary compositions of
biogas comprise of Methane gas (50%), Carbon Dioxide (30-40%) and other gases.



90 Sasirinna Chomchuen and Pruk Aggarangsi

Table 1: Potentiality of Biogas Production from animal manure [1].

Typesof Animal Manure Volumetric Biogas (m®)
per one kilogram of animal manure
Cattle Manure 0.023-0.040
Swine Manure 0.040-0.059
Poultry Manure 0.065-0.116

The biogas technology system is considered an effective option since Thailand has
been an agricultural country where number of layer farms has been increasing rapidly.
Larger amounts of chicken manure could be a main cause of carbon dioxide and
methane emission; therefore, the biogas technology system can help to reduce such
pollutions as chicken manure can be a primary output to produce biogas as a
renewable energy such as generate electricity using in the farm.

Owing to the layer farms potential survey in Thailand, it was founded that there
were a total number of 280 million layers and broilers which maximun capacity to
produce biogas is aggregated 462 million cubic meters (m°) per year. This amount of
biogas is able to generate 554.4 million units of electricity per year which is
equivalent to 1, 663.2 million baht.[ 3]

At present, most of the poultry farm owners pay lots of interest in biogas
technology system due to the epidemic diseases such as bird flu causing difficulty in
selling chicken manure. The biogas technology system, anerobic digestion is the best
as animal waste will be treated and be converted into renewable energy using in
farms. (Table 1) However, there is no official analytical data for the total amount of
carbon dioxide emission from biogas technology system. This research project is an
initiative idea to evaluate greenhouse gas emission throughout the life cycle of biogas
technology system for layer farms.

M ethodology

The CMU-CD assessment was conducted by utilizing the International Organisation
for Standardisation (ISO) which provides guidelines for conducting Life Cycle
Assessment (LCA) within the series 1SO 14040. The calculation was carried out in the
form of carbon dioxide equivalent (kg CO,-eq).The main phases of an LCA are as
follows:
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e
1. goal and scope definition
#
f 1 LY
_ interpretation
2. Inventory analysis
Tl
h
3. impact assessment
#

Figure 1. LCA Assessment Phases

Goal and Scope Definition
Goal Definition
Assessment on the environmental impact throughout the life cycle of the biogas
system for the laying farms.

Perform the environmental impact assessment (EIA) throughout life cycle of
biogas technology system for layer farm

Knowledge on the impact reduction towards environment that received the impact
from the Chiangmai University Climatic Digester Draft (CMU-CD) biogas production
system.

Perceive the guideline to reduce environmental impact towards CMU-CD biogas
technology system

Functional Unit

The functional unit is used to quantify reference unit for all data in the study. In this
research, functional unit is the biogas technology system CMU-CD with the total
capacity 1, 000 m* that can be used for 15 years maximum. [5]

Scope of the study

LCA is conducted by collecting all data and evaluate the greenhouse gas emission
obtained from the life cycle of biogas system excluding other environmental impacts.
Life cycle of biogas technology system from chicken manureis divided into 3
processes. Providing raw materials for biogas system, biogas production process and
application asillustrated in figure 2



92 Sasirinna Chomchuen and Pruk Aggarangsi

1. Raw materials for
biogas construction

- Provide equipment

2. Biogas Production

Input Process 3. Output
Raw -Garbage Trap : -Greenhouse gas
Materials

-Sand Trap/ Effluent

1

1

1

1

1

1

|

1

-Collecting Tank i
1

:

1

1

Tank '
|

1

1

-CMU-CD

3. Application

- Electricity Generator

Figure 2: Scope of the study-Assessment of Greenhouse Gas Emission throughout
Life Cycle of Biogas Technology System

Inventory Analysis

In this research, inventory analysis means collecting all relevant data involving
environmental circumstances from all various processes as determined in the goal and
scope definitionas well as calculating quantity of inputs and outputs of the product
system. [6] Details of each step are asfollows:

Inventory of raw materials providing process for biogas system construction
Inventory of raw materials providing and using process for biogas system applied
database from abroad. Primary raw materials for biogas production process is Stedl,
Brick, Concrete, PV C, Aluminium, Plastic PE and Stainless.

Inventory of biogas production process from layers manure
Table 2 indicated the data collection and the entire process of biogas technology
system.
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Table 2: Data collection inventory for the study of LCA of biogas technology system

Main Process | Minor Process Collected Data
Biogas Garbage Trap Raw Materials,
Production -Wastewater is forced through multiple water resource,
process garbage traps to prevent clogging before electrical power
fromlayers entering the Collecting Tank
manure Collecting Tank Raw Materials,
- Wastewater is forced to flow to the Sand water resource,
Trap using electronic pump electrical power
Effluent Tank / Sand Trap Raw Materials,
- Trap out non organic materials before water resource
entering into the system
CMU-CD Raw Materials,
-Treated wastewater water resource,
- Organic sludge electrical power
Sludge Drainage Raw Materials,
- Drain sludge at the bottom of the CD and water resource
UASB
Sludge Drying Bed Raw Materials,
- Indigestible sludge acquired from CD will | water resource, and
be forced out to the Sludge Drying Bed and | pollution
require 5-7 days to dry before saleable
Treated wastewater Water, resource and
-Treated wastewater obtained from CD can | pollution etc
be used for agricultural purpose
Post-Treatment Pond Water, resource and
- Post treatment facility for farms intended to | pollution etc
rel ease wastewater to public reservoir

Inventory of biogas application to generate electricity
The equation for use in the calculation of electricity production using the biogas.
The equation for use in the combustion of methane gas.

CHy+ 20, = CO, + 2H,0 (1)

This research is used for the environmental impact assessment in terms of global
warming. In order to generate electricity, 65% of Methane (CH,4) which is the main
composition of biogas and is a good source of renewable energy could run 100 kw
electrical generator in Thai Rungrueng Farm. ( figure 3)
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Figure 3: Generator size 100kw[7]

Impact Assessment
Impact Assessment means environmental impact assessment of biogas technology
system utilizing data of resources exploitation and waste (inputs and outputs) obtained
from an environmental inventory analysis by comparison of al effects in order to
prepare data for interpretation of environmental impacts of product system.

In this research project, the result from raw materials, energy usage and waste
during the life cycle of biogas technology system was calculated to evauate
environmental impacts in terms of global warming.

Interpretation

Interpretation of environmental impacts assessment process enabled us to perceive the
road map to reduce environmental effects. Moreover, it enabled us to realize other
factors causing environmental impacts as well as an improvement for better
environment.

Results and Discussion
The environmental impact assessment result throughout the life cycle of biogas
technology system from chicken manure revealed the amount of greenhouse gas (the
main cause of global warming crisis) emission at 1.63 X 10° ton CO,-eq per year. It
was founded that biogas production process released most greenhouse gas which is
2.46 X 107 ton CO,-eq per year while raw materials for biogas construction released
greenhouse gas at 8.66 ton CO,-eq per year.

Biogas which is used to generate electricity was able to replace greenhouse gas
emission from transmission line at 91.62ton CO,-eq per year. As a result, the overall
process could decrease the amount of greenhouse gas emission to the atmosphere.
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Figure 4: The result of environmental impact assessment throughout life cycle of
biogas technology system from layers manure

In comparison between before and after the implementation of biogas technology
system in layer farms with 80, 000 layers, the research resulted indicated that the
amount of greenhouse gas emission in layers farms without an implementation of
biogas system was 0.1097 kg CO,-eq, meaning that fertilizer production process
caused 8.77 X 10° kg CO,-eq of greenhouse gas emission per day or 3.20 X 10°ton
COz-€eq per year.

It could be said that one layer released 4 kg CO,-eq per year. For layer farms after
an implementation of biogas technology system, the assessment of greenhouse gas
emission throughout life cycle of biogas technology system from layers manure
revealed that one layer released 2.04 kg CO,-eq per year; therefore, one layer (after an
implementation of biogas technology system) reduced 1.96 X 10° ton CO,-eq per
year.

Table 3: The result of greenhouse gas assessment in biogas technology system

I mpact Assessment Volumetric Biogas
(kg CO2-eq)

Before biogas technology system installation 4.00

After biogas technology system installation 2.04

Concluding Remarks

According to the life cycle assessment of biogas technology system, it was founded
that greenhouse gas emission, the main cause of global warming and the main impact
on environment was aggregated 1.63 X 10°ton CO-eq per year. The biogas
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production process released most greenhouse gas which is 2.46 X 10% ton CO,-eq per
year due to the fact that methane leakage in the biogas plant. Considering layer farms
without biogas technology system, one layer released greenhouse gas at 4 kg CO,-eq
per year while one layer with an implementation of biogas technology system released
2.04 kg CO»-eq of greenhouse gas per year; therefore, after the implementation of
biogas technology system, one layer could reduce the amount of greenhouse gas
emission at 1.96 kg CO,-eq per year.
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