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Pornpamol Pattamanont 2011: Losses, Resource Utilization and Carbon Footprint of Pasteurized
Fresh Milk Produced at Kasetsart University Dairy Center. Master of Science (Agriculture), Major
Field: Animal Science, Department of Animal Science. Thesis Advisor: Associate Professor

Pravee Vijchulata, Ph.D. 100 pages.

The objective of this study was to study losses, resource utilization and evaluate carbon footprint of
pasteurized fresh milk 200 milliliters in plastic pouch produced by Kasetsart University Dairy Center, which
is a medium size processing factory in central Thailand. System boundary of carbon footprint evaluation
pattern is cradle (raw material production) to gate (final manufacturing at factory) as a Business-to-Business
(B2B). The study was separated in 3 parts. Part 1: Evaluation of pasteurized fresh milk mass balance and
productive efficiency, the data was randomly collected for 30 production days. It was found that there are 5
traits of milk losses; however, only 4 traits are responsible for greenhouse gas emission these include losses
during pre-pasteurization, pasteurization, after pasteurization and during packaging and leakage of milk
pouches after packaging. The percentage of losses are 0.11, 0.23, 0.45 and 0.36, respectively. Part 2: The
study of resources used for pasteurized fresh milk production consisted of raw milk, electricity, diesel, tap
water, film packaging, cleaning agent and sanitary agent. The data was collected for 238 production days.
These resources used was for the calculation of greenhouse gas emission. Part 3: Evaluation of greenhouse
gas emission from cradle to gate of pasteurized fresh milk product. The evaluation of greenhouse gas
emission from pasteurized fresh milk process was based on primary data from part 1 and 2. The evaluation of
greenhouse gas emission from production and transportation of raw materials was based on secondary data
from Food and Agriculture Organization of the United Nations (FAO), Technical Committee of Product
Carbon Footprint and Intergovernmental Panel on Climate Change (IPCC). The results showed that total
carbon footprint, from cradle to gate, of 200 milliliters pasteurized fresh milk was 0.32 kilogram carbon
dioxide equivalent (kg CO,e). Greenhouse gas emission of raw material production, raw material
transportation and pasteurized fresh milk process were 0.25, 0.01 and 0.07 kg CO,e, respectively. It is evident
that most important contributing factor to greenhouse gas emission in pasteurized fresh milk processing from
this factory is electricity which is responsible for 61.92 percent of the total emission. On the other hand, milk
losses represented only 1.20 percent. As far as milk losses are concerned, leakage of milk pouches after

packaging is the most important factor contributing to greenhouse gas emission.

Student’s signature Thesis Advisor’s signature
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N filsznoums YA 159970 NIAINITHAA (AU/IU)
<
1 ¥9RUMIANIAMUUNAA an 8.00
A o v dJdo o <
2 asu aantiihyeiugdadanauns an 8.00
d a ] <
3 vhiuvulyws 1an 4.00
v 9l v <
4 ngudaeeTauunuera b an 4.00
A o w <
5 AneIgnIse 910 1an 5.60
L4 = o w <
6  @AvNIDlAULTFE5IE NN 1an 8.00
9 = o @ <
7 TauysouIvenie 9109 1an 9.60
g o w I~}
8 awnniallauuunaslsy N 1an 4.00
L A @ ¢ o w I~
9  @¥AIAIAUUILDIIUNT 10A an 8.00
L o w <
10 avnsallauuaesal 310a an 4.00
L A o w I~
11 avnsallAuNgAIHIl 3109 an 6.00
4 v ~ <
12 avnsallgdadinuge 91913 an 5.60
A [ <
13 wnImeraema lulaggsuis 1an 8.00
a [ I <
14 Messnuasuazmnaluladiosda 1an 8.00
a @ o <
15 enasnyasiazing 1u 1ag munanss 1an 6.40
a @ 1 <
16 Ieasnyasiazmna 1ulaguounis 1an 8.00
a ] <
17 Inerasnyasuazing 1ulagain 1an 3.04
a ] <
18 Anedenyasuazmalulasunsalssa 1an 8.00
a ] <
19 Inedenyastazma luladmysiys 1an 2.80
a ] ~ <
20 neasnyasiazng lu lageasaviny 1an 4.00
a @ <
21 Inenasnuasuazma Tuladaszuii 1an 2.80
A o o <
22 measnyasiaznalulagy vy 1an 8.00
A o o <
23 Ameaunyasiazma lulaggnesii 1an 5.60
= a a 14 <3
24w (MPWYAFITUNT) 1an 8.00
AAa o <
25 wannlulags1vuanasiive 1an 8.00
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~ Ja d o w <
26  u.Aaeulnaaiaa 10a an 9.60
~ <
27 van. JAuNgUaTIYHI an 8.00
a @ v A <
28 uMIANdeIFAYNYadaInT I an 8.00
A = 1 <
29 ?FA.MAUDINDULY (Lﬂfﬂﬂwu) mn 8.00
___________ e
30 u.AUNIINSY A 48.00
=% 901 d o U
31 annsallaundaiudy nag 41.60
32 TATINTAIUNTZOIAAIUINTAA A 16.00
a o = ] a o
33 ysENFee lvuvsyiaa nag 48.00
34 UTHNUOULAULAT NN nag 16.00
Aa o 1 ~ d o w
35 UIEMINa uasad 3109 AN 32.00
36 UsHN ISy e AN 16.00
a o = a = o 3
37 USHWYRonesa leansy $10a A 24.00
A v o EY d o w
38 UIENANIiad 1A naNg 17.60
39 USHNAITAUAEAT 310A nag 16.00
40 Ui¥ngueiian naN 16.00
a o I~ ~ d o @
41 vsHngludauasad Sina nag 16.00
Y ~ P
42 WIN. UWUAAT Yad nag 12.00
Aa o < [ d o w
43 UTENYOY Inanamn 3100 naa 16.00
' aldal d' 1 [
44 nguiiaedlauueuidn nag 15.20
Y
45  AUATAMIINEATAND A 16.00
46  AVNTAIAUNVDULAY T10A naa 16.00
47 Tauuyed1-#aenile 3na NAN 12.00
o = 1 o w
48 avnsal lauuaealyl 10a A 16.00
o 9 =1 o w
49  avnIal lauuIuie 9109 nag 12.00

50 ﬁwmaﬁﬂuuﬁmwmﬁu 1N9 NAN 21.00
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51 awnsal lauusings 91na na 48.00
52 UMANBEBINEATMART na 32.00
53 Anendonuasuazimalulatyziud naN 12.00
54 Aneasinyasuazna lulagdvan naN 10.40
a o Ida o o w
55 u3EnInadnaa 31na nang 12.00
56 U3HNH.A uastlad Siia na 44.00
57 WABUUAY (AU NARDI 1.500109) nag 16.00
4 a 7
58 Wan.giuginlsriian nang 24.00
a v oA [ 4
59 U3EN N 1ol 10w e Wad N 32.00
60 TSaUUNTUNANGUNT (WAGANFNA) nang 40.00
61 oan.MANZITUBENIRENTD (VoULINY) naNg 48.00
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62  annIglIAuNNUEd INT1¥1T 91nA Tvigy 120.00
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63 UIHNgAsUAIYad 3100 Trigy 60.00
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65 oan.nmala (Usimi) Tnq) 80.00
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MTEUINT V1 AUAANIAAITVDINTLVIUNTHAAULIAMIADS |5d

&7

R VA (A7) pARSuN () waadmal Bes)  uugde (@e9)
1 6,323 30,916 5,964.80 358.20
2 5,890 30,048 5,653.35 236.65
3 4,683 27,210 4,359.30 323.70
4 4,541 23,024 4,096.80 444.20
5 6,634 31,565 6,298.00 336.00
6 9,302 43,397 8,729.50 572.50
7 10,246 49,441 9,540.40 705.60
8 9,561 49,466 9116.25 444.75
9 8,501 35,638 8,027.60 473.40
10 3,700 17,813 3,562.60 137.40
11 9,188 43,570 8,839.15 348.85
12 3,750 17,834 3,566.80 183.20
13 6,120 28,226 5,785.90 334.10
14 4,150 31,130 3,925.40 224.60
15 10,717 50,129 10,110.80 606.20
16 5,000 9,356 4,669.60 330.40
17 3,988 15,452 3,756.50 231.50
18 4,800 22,912 4,582.40 217.60
19 8,098 37,818 7,763.00 335.00
20 4,500 21,219 4243.80 256.20
21 8,070 38,608 7,721.60 348.40
22 4,750 22,795 4,559.00 191.00
23 8,686 41,936 8,387.20 298.80
24 4,640 22,255 4,451.00 189.00
25 7,656 35,440 7,238.00 418.00
26 4,900 23,609 4,740.00 160.00
27 4,756 20,420 4,547.25 208.75
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M519NUINT V1 (91D)

Asail uuA (@n3) pARAIN () waadmal @es)  uugde (@e)
28 15,800 69,801 14,598.00 1,202.00
29 4,400 21,354 4,256.88 143.12
30 4,350 21,057 4,191.20 158.80
Average 6,590.00 31,565 6,243.74 347.26

d' = 1 Z’, a A 4 Jd a
AT NANUINT U2 ﬂ?mmunqmumﬂ“lmmamumumswamumwwmmm”lsa (@919)

At USwns ﬂ‘?’uﬂauﬂﬁwamﬁgﬁﬂuuqﬂujlﬁﬂ
UYLy A B C D E

1 352.60 9.98 10.54 32.75 236.54 23.50
2 227.85 18.68 1031 26.03 111.63 31.85
3 317.70 8.24 8.31 3431 211.55 8.40
4 439.80 5.09 6.36 21.00 188.84 24.10
5 293.88 531 11.94 27.86 22091 27.86
6 604.40 5.75 8.25 51.37 385.73 22.75
7 464.14 9.22 15.37 42.01 369.88 27.66
8 408.25 6.69 15.30 42.07 327.94 16.25
9 326.54 4.25 17.00 39.96 249.08 12.75
10 168.66 2.90 7.77 24.05 124.69 9.25
1 413.45 4.59 7.35 29.40 329.85 42.26
12 165.77 3.38 9.75 24.38 106.88 21.38
13 274.17 7.96 16.52 21.42 209.30 18.97
14 190.50 7.47 9.55 25.32 137.37 10.79
15 224.60 9.65 18.22 31.08 381.53 20.36
16 330.40 7.89 16.51 32.22 163.44 16.80

17 227.90 5.30 25.80 10.87 139.23 6.75
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MS1INUINT V2 (710)

asalt  USuas ﬂ‘iy’umuﬂﬁwamﬁgﬁﬂuuqmugﬁﬂ
UNgYIFY A B C D E

18 217.60 1.61 10.23 30.94 243.90 15.50
19 329.20 6.61 15.17 23.49 148.53 13.80
20 207.90 6.75 15.30 23.40 148.50 13.95
21 313.11 1.61 9.68 14.53 251.78 35.51
22 186.01 7.13 22.80 42.75 91.00 22.33
23 270.72 521 3.47 30.60 210.23 21.21
24 163.51 10.67 1.86 13.66 115.71 21.61
25 189.00 4.73 4.68 25.99 132.68 43.43
26 171.68 4.90 14.68 9.37 124.60 18.13
27 184.31 13.41 5.19 14.53 92.71 20.20
28 611.53 18.96 41.08 48.98 420.28 82.23
29 146.44 13.20 5.28 14.52 92.84 20.60
30 127.03 3.05 10.88 20.01 67.86 25.23
ANty 284.96 7.34 12.51 27.63 201.17 23.18

(A = noumaes Isd B =wimief 1sd € = vasmnaes lsduazussy D = ussqlSmasinu

AT E = SIFUNAINITUTTY)
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d' = 1 3/ a A 4 4
AT NHUINT U3 ﬂ‘%mmunqmmaimmamumumﬁmswamummwmmm"lsﬁ

(Govazapuua)
Asail AL Ysmnauugyas
(@n9) A B C D E OGRS

1 6,323 0.16 017 052 3.74 0.37 4.96
2 5,890 032 018 044 2.42 0.54 3.90
3 4,683 0.18 018  0.73 4.52 0.18 5.79
4 4,541 0.11 014 046 4.16 0.53 5.40
5 6,634 0.08 018 042 3.33 0.42 4.43
6 9,302 0.06 017 047 3.53 0.29 4.52
7 10,246 0.09  0.15 0.41 3.61 0.27 4.53
8 9,561 007 016  0.44 3.43 0.17 427
9 8,501 0.05 020 047 2.93 0.15 3.76
10 3,700 0.08 021 0.65 3.37 0.25 4.56
11 9,188 005 008 032 3.59 0.46 4.50
12 3,750 009 026  0.65 2.85 0.57 4.42
13 6,120 013 027 035 3.42 0.31 4.58
14 4,150 0.18 023 0.61 3.31 0.26 4.59
15 10,717 009 017 029 3.56 0.19 4.30
16 5,000 0.16  0.33 0.64 3.27 0.34 4.74
17 3,988 0.13  0.65 0.27 3.49 0.17 471
18 4,800 0.07 031 0.51 3.34 0.55 4.78
19 8,098 0.02  0.13 0.38 3.01 0.19 3.73
20 4,500 0.15 034 052 3.30 0.31 4.62
21 8,070 002 012 0.8 3.12 0.44 3.88
22 4,750 0.15 048 090 1.92 0.47 3.92
23 8,686 006 004 035 2.42 0.24 3.11
24 4,640 023 033 0.29 2.49 0.47 3.81
25 7,656 006 006 034 1.73 0.57 2.76



M519WUINT U3 (91D)
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R A Ysnaung e
(@n3) A B C D E RGEEREY

26 4,900 0.10 030 0.19 2.54 0.37 3.50
27 4,756 0.09 031 0.45 1.97 0.15 2.93
28 15,800 0.12 026 0.31 2.66 0.52 3.87
29 4,400 030  0.12 0.33 2.11 0.45 3.31
30 4,350 007 025 0.46 1.56 0.58 2.92
Aumds 659000 011 023 0.45 3.02 0.36 4.17

' o TEA L A o N a
(A= ﬂ@u‘WTﬁﬁ]’Oivliﬁ B= W'I’(?flﬁ]ﬁ]ihliﬁ C= wmwmmeﬂﬁmmzmﬁ; D= mﬁ;ﬂ?mmmu

11A59 U E = SIFUNAINIussg)
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~ Y o a A M S A
MINNHUINN Al ﬂ%lﬂmﬂ151"]ﬁ/]5‘wEJ"IﬂﬁGlL!ﬂ15Na@]ulﬁ]ﬂ‘w1ﬁﬁ]’ﬁ]515ﬁﬁﬁ]m@u

iAou NI Tl e ih Nduitqade nyA AN vhensinie

@n3) (Aladadin ) @ns) @ns) (MTansy)  (Mlansu)  (Mlansw) (M Tan3w)
qanan 2552 131,012.14 67,500.00 1,492.00  559,000.00 72.53 155.00 330.00 75.00
WOATNIBY 2552 307,845.77 78,400.00 2,421.00  920,000.00 135.22 225.00 510.00 125.00
FUNAN 2552 268,039.59 77,400.00 2,138.00  848,000.00 128.21 170.00 390.00 100.00
UNIIAN 2553 295,702.31 82,500.00 2,195.00  883,000.00 132.66 260.00 510.00 100.00
AUAWUT 2553 335,423.20 93,000.00 2,525.00  999,000.00 145.86 200.00 490.00 100.00
VA 2553 156,433.07 79,700.00 1,647.00  666,000.00 80.93 195.00 360.00 75.00
WY 2553 64,864.19 46,400.00 894.00  458,000.00 35.26 180.00 220.00 50.00
WOHAIAY 2553 147,117.91 69,200.00 1,578.00  584,000.00 71.04 295.00 380.00 25.00
uguien 2553 384,128.21 88,100.00 2,749.00  993,000.00 183.34 360.00 530.00 150.00
NINYIAY 2553 355,343.77 78,000.00 2,494.00  784,000.00 178.18 135.00 480.00 125.00
fgamay - 2553 333,683.68 71,500.00 2,383.00  822,000.00 148.71 125.00 570.00 125.00
AUy 2553 376,452.55 79,400.00 2,585.00  955,000.00 171.89 315.00 570.00 125.00
Ainge 263,003.87 75,925.00 2,091.75  789,250.00 123.65 217.92 445.00 97.92
e 64,864.19 46,400.00 894.00  458,000.00 35.26 125.00 220.00 25.00
Mgaga 384,128.21 93,000.00 2,749.00  999,000.00 183.34 360.00 570.00 150.00

€6



=
MW HINT A2

AUADNIAATUDINTLLIUMITHAALLIAM AT 5T AR

94

iAou YA HaRf I uugYay Sooazuw
@ns) (@n3) (@n3) quay
qanay 2552 77,746.16 69,948.55 7,797.61 10.03
WOAINIYU 2552 245,404.27 233,367.80 12,036.47 4.90
TuNAY 2552 216,972.73 191,495.70 25,477.03 11.74
WAIIAN 2553 226,598.80 223,248.45 3,350.35 1.48
AUATWUT 2553 275,868.40 263,178.55 12,689.85 4.60
WAy 2553 110,159.52 106,732.40 3,427.12 3.11
WY 2553 36,117.36 34,845.50 1,271.86 3.52
WYHMAY 2553 109,146.37 99,255.45 9,890.92 9.06
uguieu 2553 325,173.50 313,819.95 11,353.55 3.49
AINYIAN 2553 306,101.11 287,686.50 18,414.61 6.02
fgaman 2553 285,977.02 268,392.65 17,584.37 6.15
AUeU 2553 318,156.29 283,346.40 34,809.89 10.94
Aunas 211,118.46 197,943.16 13,175.30 6.25
Mga 36,117.36 34,845.50 1,271.86 1.48
AMgaga 325,173.50 313,819.95 34,809.89 11.74




d’ = Y o a A 4 4 1 a aa
A1 NHNUINT A3 ﬂ?mmmigmmmazmﬂﬂmswmﬂﬂumﬁNa@umﬂwmmm"liﬁwmﬂmﬁ; 200 Haaang

iAou UYLy Tl e ih Waugade n3A AN vhensinie

@a3)  (Rladaddalue) (@) @n9) (M Tansw) MTansy)  (Alaniw) (M Tan3w)
qanan 2552 0.0223 0.1088 0.0024 0.9008 0.0001 0.0002 0.0005 0.0001
WOATNIBY 2552 0.0103 0.0538 0.0017 0.6310 0.0001 0.0002 0.0003 0.0001
TuNAN 2552 0.0266 0.0610 0.0017 0.6679 0.0001 0.0001 0.0003 0.0001
UNIIAN 2553 0.0030 0.0589 0.0016 0.6304 0.0001 0.0002 0.0004 0.0001
AUAWUT 2553 0.0096 0.0585 0.0016 0.6288 0.0001 0.0001 0.0003 0.0001
VA 2553 0.0064 0.1076 0.0022 0.8989 0.0001 0.0003 0.0005 0.0001
WY 2553 0.0073 0.1510 0.0029 1.4907 0.0001 0.0006 0.0007 0.0002
WOHAIAY 2553 0.0199 0.0993 0.0023 0.8381 0.0001 0.0004 0.0005 0.0000
uguien 2553 0.0072 0.0484 0.0015 0.5458 0.0001 0.0002 0.0003 0.0001
NINYIAY 2553 0.0128 0.0463 0.0015 0.4658 0.0001 0.0001 0.0003 0.0001
fgamay - 2553 0.0131 0.0452 0.0015 0.5201 0.0001 0.0001 0.0004 0.0001
AUy 2553 0.0246 0.0445 0.0015 0.5356 0.0001 0.0002 0.0003 0.0001
Ainge 0.0136 0.0736 0.0019 0.7295 0.0001 0.0002 0.0004 0.0001
e 0.0030 0.0445 0.0015 0.4658 0.0001 0.0001 0.0003 0.0000
Mgaga 0.0266 0.1510 0.0029 1.4907 0.0001 0.0002 0.0007 0.0002
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ﬂ1‘§1QN‘H3ﬂﬁ 41 5$EJ%‘V]'Nﬂ15muﬁﬂullﬂﬂﬁ]’lﬂ1/\hﬁlltﬂyﬁﬁﬂﬁll'lfl\?fjfuflﬁ'lllull Iﬂﬂgﬂllﬂﬁﬂ'ﬁ

yudafuanaeiy

S sUuvuMIVUAS FLEENIMIVUE (N Tawas)
1 ABAUIDY 3.00
2 AIBAUIBS 6.00
3 ABAUIDY 6.00
4 AIBAUIDY 2.00
5 AAUIDY 3.00
6 AIIAUIDY 2.00
7 AEAULDY 1.00

mae 3.29
8 fB3TUI 20.00
9 fe30TUIN 10.00
10 fe30TUI 5.00
11 R CEGERIERN 30.00
12 AB305UIN 25.00
13 A830TUIN 5.00
14 A8305 U 10.00
15 AB30TUIN 15.00
16 A8305UIN 2.00
17 AB30TUIN 5.00
18 A8305UIN 20.00
19 A830TUIN 3.00

naY 12.50
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MTNEUINT 92 T2ELNNNTVUEUVANNFUITIMUNNEIGUINAASaATUN Wi INedo

NYATAEAS
FLUTNG Suwnwienly  szeznsy

UMASgUIT LY (M lawas) MIVUE (M lawas)
avinsol lnuy Inemuuinoios 295.00 184 54,280.00
aNn3al IAUNNINHIAD 128.00 22 2,816.00
avingal Iauy Inemuansnihnyes 153.00 14 2,142.00
WEndeuduss aodilosdu s1ia 144.00 6 864.00
avinsal lauuamiiny 140.00 2 280.00
annsal Tauy Inaansnauuziie 140.00 2 280.00
annsal laun Inamuaniniedadlve 249.00 2 498.00
szazmamasmudagius o lunsauda 263.62

d‘ v a Q"' 1 (2 A gjdy a
A1 NWNUINT 33 ’L’fiJ‘]J§$ﬁ1/]‘ﬁﬂ1§ﬂﬁﬂﬂﬁﬁ)ﬂﬂ?cﬁﬁﬁluﬂig"l]ﬂ"lﬂﬂﬂ?ilﬂflﬂlll‘]f@tWﬁﬂiHﬂWi

YPUAIINYAL
o Emission factor (kg/TJ)
Uszinnionag

CO, CH, N,O
motor gasoline 69,300 33.00 3.20
diesel oil 74,100 3.90 3.90
petroleum gases 63,100 62.00 0.20
kerosene 71,900 - -
lubricants 73,300 - -
natural gas 56,100 92.00 3.00

u: IPCC (2006)
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MWD 34 Msanaudsuanmslewasnurazlsnamstandassnsiseunszanainms lgnasnulumsvuasingau

a

Q

9
WSuamsldyemas

PR FLYTNN asnsaunldes USinaniemas Conversion factor PSinaniemas
Hoa (km) Fomad (1/km) (kg) (TI/kg) (TJ)

A B C=AxBx0.845 D E=CxD
vhifuRiea 3.29 0.10 0.29 43x10° 12.47x10°
(59N52VL) 12.50 0.10 1.06 43x10° 45.58x10"

39.40 0.10 3.33 43x10° 143.19x10°
vhifuRiera 263.62 0.36 80.19 43x10° 3,448.17x10°
(50UTINN) 39.40 0.36 11.98 43x10° 515.14x10°
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(7] A
ﬂQ ﬂ%uWﬂ!ﬂW“mﬁ@uﬂig*ﬂﬂ
JUIM
P 2 A CO, Emission CO, Emission CH, Emission CH, Emission N,O Emission factor N,O Emission
ISRIYIGN ISRIYIGN
an factor (kg CO,) factor (kg CH,) (kg N,O/TJ) (kg N,O)
(kg CO,/T)) (kg CH,/T))
IRIEIE T 12.47x10° 74,100 924,027x10° 3.90 48.63x10° 3.90 48.63x10°
(50NTLUL) 45.58x10° 74,100 3.377,478x10° 3.90 177.76x10° 3.90 177.76x10°
143.19x10° 74,100 10,610,379x10° 3.90 558.44x10° 3.90 558.44x10°
WuAsa  3,448.17x10° 74,100 255,509,397x10° 3.90 13,447.86x10° 3.90 13,447.86x10°
(G0usInn)  515.14x10° 74,100 38,171,874x10° 3.90 2,009.05%10° 3.90 2,009.05x10°

001





