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WICHITRA WITAYAPAIROT : ENVIRONMENTAL IMPACT
EVALUATION OF SUGAR PRODUCTION FROM CANE USING LIFE

CYCLE. THESIS ADVISOR : CHATPET YOSSAPOL, Ph.D., 195 PP.

LIFE CYCLE ASSESSMENT/CANE SUGAR/ETHANOL/PARTICLE BOARD/

LIFE CYCLE INVENTORY

The objective of this research is to develop a life cycle inventory, which
consists of resource and energy use and pollutant releases, and evaluate the
environmental impact associated with a production of one ton of cane sugar using
Life Cycle Assessment (LCA). Scope of the assessment begins with planting,
maintaining, cultivating, transporting, and milling of sugar cane. The assessment
also extends to the use of milling by-products which are making of ethanol from
molasses, generating of electricity and making of particle board from cane bagasse.
However, environmental impacts associated with the consumption of cane sugar
and waste disposal are not accounted for. Inventory data are obtained from both
primary field data and secondary source. SimaPro software and
Eco-Indicator 95 method are used as the tool for life cycle impact assessment. The
obtained results assist in identifying what life cycle stages posting the major
environmental impact, i.e., making of particle board posts the most global warming
impact while planting of sugar cane posts the most acidification impact and milling
of cane sugar posts the most carcinogen impact and energy use. The results also
shows that should the by-products are utilized (molasses for making of ethanol and

bagasse for generating of electricity and making of particle board),



less global warming, energy use, and acidification impacts are achieved compared
with the case where by-products not utilized. On the other hand, utilizing of
by-products posts more carcinogen and eutrophication impacts. The application
demonstrated in this study shows that LCA can be used as a tool to identify
environmental impacts associated with production processes. LCA not only enables
manufacturers to improve their production efficiency, but also shows the way how
to lower environmental impacts. As a result, products can be characterized as an

environmental-friendly one.
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ANMIBAY3 | 714,835.600 1017 | 313,224.00 | 102,050.00 251,431.70 0.00 | 666,705.70 93.27 44.22
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1A 90.
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(16 1%19)
q?uwzf 1,156,724.090 12.29 461,610.00 461,622.50 330,999.70 0.00 1,254,232.20 108.43 41.88
LAty 861,919.460 12.15 355,444.00 0.00 509,459.20 0.00 864,903.20 100.35 35.79
Uaswa
- 1,683,485.440 12.41 46,208.50 486,794.50 1,216,417.50 3,113.50 1,752,534.00 104.10 41.44
(MWAUT)
NYUY
. 221,910.900 12.47 0.00 0.00 170,813.10 | 52,810.50 223,623.60 100.77 37.88
(WUH1)
INHAIND 1,118,458.340 12.03 481,229.00 10,010.00 652,843.80 0.00 1,144,082.80 102.29 40.87
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f}iJﬂ’JﬁJ 1,129,934.930 11.90 473,285.50 245,300.00 386,660.40 10,080.00 | 1,115,325.90 98.71 44.30
VOULUNY 1,872,981.480 11.77 675,240.00 680,133.00 533,515.30 0.00 | 1,888,888.30 100.85 43.32
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1 £ Yo P
aszme Fvansoaslladuaasluaisiei 2.9 2.10 nag 2.11

{ 9 g’ { A 3}
A151997 2.9 M3 lsiazyaasinan 1ssanuiiiea

Flow
Type ; Pollution Potential
(m /tc)*

Cane Washing 5 Organic Matter,(180 to 500 mg/l BOD)

Organic Matter (10 to 40 mg/l BOD), Temperature
Barometric Condenser 6 .

around 50 C
Fermented Cooling 3 Temperature around 50°C
Distillation Condenser 4 Temperature around 50°C

Grease, Oil, Acid, Caustic and Sugar (all in very
Waste Water 4

small quantities)

nuve @ * m’/tc : cubic meter per ton cane "lgljmgaiﬂﬂ Elias Neto A., 1996, quoted in M.

Regis Lima Verde Leal, 2005

A A A a J
$1519% 2.10 Yo uFeNNA1N 15991108

Uszinnvesveudy A

:’ ' . S A a A d 1
UININA (Vinasse) NﬂﬁNWﬂ!@uﬂﬁﬂﬁWiLLﬁ%LLﬁ‘ﬁWﬁ]q@

3 a da 2 o v
L‘]Jusll'f)\‘l!,ﬁﬂ‘ﬂLﬂ@ﬂlu1u‘ﬂuﬂ3l!ﬂ33ﬂiﬂﬂﬂ1ﬂﬂ'EIEJ
NNNENOU (Filter Cake)

Y a a J
Uszanm 40 nn/Audes TUSuusunsdasga

NUYLHE ﬁi’fmgamﬂ M. Regis Lima Verde Leal, 2005
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Asocana Darly and
Shearrer EPA WHO
Colombia Learman o . ®
Pollutant W o 1971 1977 1997
1992 1995
(kg/t) (kg/t) (kg/t)
(kg/t) (kg/t)
Particulate 2.8 3.6 1.26 2.5-3.5 8
CcO - 353 8.4 25-33 42
HC - 5.2 1.68 2.0-6.6 15
NO, - - 0.17 - 3

HULYE): “'Measured ® Estimated ﬁﬁlayjamﬂ M. Regis Lima Verde Leal, 2005

2.3 Ms5Us2iv995%In (Life Cycle Assessment : LCA)
231 anuningvesmslsziinieasiia

United Nations Environment Programme (UNEP) 1Al MsnaauueINg
15212995 %aﬁlﬁﬂ “Life Cycle Assessment (LCA) is an environmental assessment tool for
evaluation of impacts that a product (or service) has on the environment over the entire of its life-
from the extraction of the raw materials from which it is made, through the manufacturing,
packing and marketing processes, and the use, re-use and maintenance of the product, and on to its
eventual recycling or disposal as waste at the end of its useful life.” (UNEP, 1996)

o w

Society of Environmental Toxicology and Chemistry (SETAC) 181%8dda
a aa Y [ a a Y A A Y
ANuueImMsdsziiuaessia 13 funszurumsdsadunisgnndaadeuiinerdo
o a o 4 a o a [ @ { :zl
AUKAAT AT NTZUIUMS HToNINTSH TAeM sz SwunlSinamdenu uaz Yagh 19 soumia
A A ' =) 9 09: dy A a a A o a v
youFenildoseangdunadon natimoeszylsmaazlsaiiulemanazlsulyadanadon
Sldd?l a dy 2K o o Y qgj a % 4 A A 3 1
1aUuMssslinilsuneiginsFInNIMNAYIHAAN UNNTEVIUNITHIONINTTY AR
msanaiagay myvuds nazmasimiie m3ld maihgedne mss lefatazmitansves
=
158 (SETAC, 1997)

aa

A Y Y a Aaa 1 g

HaUsaUna fJﬁJll‘VIEJ (2551) Tnanuminemstsziuieesyiad Wunssuiums

a 4 a a a A1 A 9 [} ana a [ 4

AnTIzvtazlsiuransgNy (!ﬂf\iﬂiﬂﬂﬂ!) NUABDTILIATDUAADAY INFIAUDINAANUN
9

TAgNTUIAIUANAIUAY (Cradle to grave) Tﬂﬂwmmmsamquﬁqmzmumiwammz

ﬂﬂﬂiﬁﬂﬂlﬂﬂlluﬂﬂﬂujuzﬂﬂlﬂﬂ’Jﬂf}ﬂﬂllﬁ&WﬁN'}u
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k4
ﬁmiﬁﬂmmsﬂszmu’m%ﬁm WANHUMIMUTUADUMTUT 2T UITTIA

TuonsuNATFIU ISO 14040 (ISO 14040, 2006) Ha%i 4 YunoU Adaalugili 2.10

LCA Framework
- 4 )
HENNMAZVDIULUN
vouihwane 4 )
(Goal and Scope Definition) ﬂ’liﬂ‘i%féﬂﬁﬁﬂﬂﬂiﬂ
- mMsvanezluily
NN nanfan
- - - mﬂmmuﬂaqu
NMIUATISHUYYUDYA ﬂ15!!ﬂaﬂ'ﬂ?~lﬁu1ﬂ - msthviuauleung
[ d
(Inventory Analysis) VBINAANS - MIeaNa
(Interpretations) - Bug
/I_
N——
mstsedivmanszny
(Impact Assessment) \ /

A 09/' a an anA 9
E‘]J“I/I 2.10 199 4 TUADUVDINTUTLHUINNTEIA (M“aU‘ﬁﬁ\‘lL!’Jﬂﬁ?JNllﬂfJ, 2551)

2321 msmrvahvsnaguazveUIunmMsankn (Goal and Scope Definition)
o M3t muathvune (Goal Definition)
o I QBJJ I o o o
mimﬂum"ﬂmma nJu611uﬁaummmuﬂumhmﬂﬂﬂmmim
3 an‘ o 1 ) §
LCALWinLﬂuﬂJuﬂfJualumiﬂ?ﬁuﬂﬁmﬁwuw m@wammmsﬁﬂm m'imwaﬁllﬁ’ﬁnﬂ

msane 11 wsizmndnsdmuadhvineg hidanu o1z ldgmsdnun bigndes
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Y J 9 ° ! a Aa 9
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o MIMNUAVOVAMIAN (Scope Definition)
<3 v dy o A Ay =2 9 =2 o
WumsisFuazsmuadandosnisdne Tasdedinistiua
Ay = Y v & v a o 4
YOULUAVDITZU (System boundary) Ndesmsan ldFany suiluvetvasznimaasuai
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Wﬂ?ﬂﬂﬁ?ﬁﬁ?@ﬁﬁ?ﬂ’jﬂWﬁﬁu"llﬂxﬁz‘ﬂll (Functional Unit) A

o @ =l =\ 1 A [ A v W 1 a [ | 9
daglumsnfTouMeunaved LCA 3¢1INTEUUNANAUKNTOAIIATLHINHAAAUN 1o 14
< A o @ o o A g g 9 2 v
WuNug @M uiIvuan1sIanIoNUYoyaveIa15vId11aza1591900 FI9LAD
Usgneudl013una (Quantity) AMUNUNIY (Durability) 1aABINN (Quality)

UASHIMUAITNTANY AL I UANANTENY MIMUUATAYUL
Yooy aNiAeIN1sANY1 aunagIuLazdod1iaueIn15ANYI (Assumption and Limitation)
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a @ 4
cradle (U3z1a5g nadua, 2552)
I A
e Gate to gate LT UMTNIITUURANIZATZUVIUNIT IANTLUIUNS
1 v

91N T¥NsHan

< a [ a
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f19aan Fegduuniiduunutionldlun1sienars Environmental Product Declaration
(EPD)

3| a v W a 3
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2.3.2.2 MOIATERDYT TMSA A U0AaN (Life Cycle Inventory Analysis : LCT)
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Emissions Environmental impacts
CH, »  Global warming

CO,

NO, » Eutrophication

SO, P Acidification

Cd > Toxicity
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3. MIMUIUANIMNNTINANANTZNY (Characterization)
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4. M3tNeUNUIY (Normalization)
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2.3.2.4 msuana199553a (Life Cycle Interpretation)
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{ Q‘ { o a a a a [ 4
A1519% 4.9 waﬂizmumumﬁ’auﬁmmwmimﬂums‘ﬂszmmwﬁmwammmmné’aa

Nammﬂ?{mmé’aﬂ Impact categories Unit
annzlaniou Global warming Potential : GWP kg CO,-eq
anzanuiunga Acidification Potential : AP kg SO,-eq
mMariAuYeaLs ﬁmmmﬂmmdﬂﬂy1 Eutrophication Potential : EP kg PO -eq
AIABNLIS Carcinogens kg B(a)P
M3 lemdeau Energy Resources MJ LHV

432  nsdwundeyaluiiyd51ems (Classification)

o I ] . . o W
%']ﬂﬂ1'§ﬁ]TLLuﬂNaﬂﬁzﬂUﬂ@ﬂlﬂUﬁuﬂﬂﬁH (Classification) Tﬂﬂmﬁumﬂﬁ

a { g [ 1
519N 5A91IAa0N (Environmental Flows) ftnu571594'14 udanquuanizny Tasdenain

[ [ 4 { g 1 3 v
ﬂ?111ﬁﬂJW‘L!‘ﬁ‘]Ji‘)\?ﬁ"liﬁlﬂl,%}ulagﬁ"lﬁ"lﬂ@@ﬂﬁlﬂuﬁ“ﬂ@]ﬂl@ﬂﬂquWaﬂig‘ﬂ‘ﬂuu g aaaadly

A1319N 4.10

{ o 9y % a Y
ﬁ’]i’l\‘lﬁ 4.10 ﬂ'ﬁﬂ’ILLUﬂ"Uauyaﬂqﬂﬂm%i']ﬂﬂ'ﬁﬁ\uljﬂaau

HANIZNUAUNAGON

(Impact Category)

Y

aFIeMsdunadon

(LCI data)

M3 ldndeau (Energy Resources)

Electricity, Steam, Fuel

annzlandou (Global Warming)

CO, NO, CH, CO SPM HC

1 <
T13NDWLLII (Carcinogens)

SO, Formaldehyde NMVOCs

1]
NMZANUIUNTA (Acidification)

SO, NO, HCI NH,

v 4 9
m'imuﬁumamiﬁmmmﬂmmmﬁw (Eutrophication)

PO, NO NO, Nitrate NH,
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HansENUALNAN
m31lgndes ms 1% e M3 | AzAny | MIdinaues
wasow | Tandou | wzde | dlunsa ui"ﬁmsluﬁyw
159191 (Input) NiuuReAUd0Y
Wugdea(nn.) 136.74
ﬁy1(au.u.) 221.0
ils (N-P,0,-K,0, n.) 5.700
il (onTuoudaa) | 5.700
Atrazine (N0.) 0.090
Glyphosate 0.090
ﬁywﬂ’uﬁwa(ﬁm) 3.260
1591000 (Output) WieReA DY
Co, (nN.) 9.714
CO (nn.) 23.974
NO_(nn.) 1.615 1.615 1.615
S0, (nn.) 0.750 0.750
CH, (PM.) 1.003
SPM (nf.) 0.114 0.114
HC (nn.) 139 x10” 1.39x10”
NMVOC (nf.) 1.094 1.094
N,0 (nn.) 0.110 0.110
Nitrogen (N1.) 0.380
Phosphorus (Nf.) 7.29x10°
BOD (nn.) 4.19x10°
wnludos (nn.) 273.47 273.47
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HANTENUALNIARON
MIVUE ms 1% e M3 | Az | MImiuTLes
wasow | Tandou | wzde | dlunsa us'msﬂm%

159191 (Input) NiIeReAUd0Y
ﬁyﬁuama(ﬁm) 1.424
1591000 (Output) NiIeReA DY
Co, (nn.) 4.244
CO (nn.) 0.151
NO_(nn.) 0.036 0.036 0.036
SO, (nN.) 0.017 0.017
CH, (nn.) 5.65x10"
SPM (N1.) 1.39x10° 1.39x10°
HC (nn.) 6.11x10° 6.11x10°
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HansENUALNAEN
mananhag ms 1% e M3 | AzAny | MIdinaues
wasow | Tandou | wzde | dlunsa u,i"ﬁmsluﬁyw
159191 (Input) NiuuReAUd0Y
908 (7N.) 1,000
v (auar) 4.6x10”
5FU (NN.) 9.700
Yuv1 (M) 1.500
Flocculants (NN.) 6.540
NaCl (nn.) 0.430
HCI (n1.) 5.61x10"
Filter Aid (N.) 7.73x10°
pgiiiieugama (nn.) 0.011
Tydenlalnaelsd | 9.86x10™
T (kwh) 14.740
o111 () 573.00
1591900 (Output) NiluReAUd DY
CO (nN.) 2.62x10"
NO, (N.) 1.79 x10” 1.79x10° | 1.79x10”
S0, (nN.) 137x10" | 1.37x10"
TSP (nN.) 6.59x10°
Nitrate (f.) 344x10"
Phosphate (Nf.) 6.92x10°
BOD (nn.) 7.65x10°
Filter cake (nDN.) 40.250

NUL1E : Flocculants = Polyacelamide, Filter Aid = Diatom Silicon oxide
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WANTZNUAUIAZOL
MINAADNIUDA M3 e e M3ne | azany | mMIiuIuved
] Y < I~ 1 :’
nasny | lansew | wiSe Wunse 13519 1w
9 1 " v Y
159101 (Input) HUIIADAUDDY
Tuana (nn.) 55.00
11 (a1.34.) 0.137
Yaa (nn.) 579x 10°
d (pn) 6.875
T (kwh) 3.994
To1in (nn)) 1.484
1591900 (Output) B EREAGGL
CO (n.) 7.11x10”
NO, (nn.) 487x10" 487x10"° | 4.87x10"
S0, (NN.) 3.72x10° | 3.72x10”
TSP (PA.) 1.79 x10°
Fusel oil (PN.) 0.029
1mnal (An.) 6.51x 10”
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HansENUALNAEN
mswan i ms 1% e M3 | AzAny | MIdinaues
wasow | Tandou | wzde | dlunsa ui"ﬁmsluﬁyw
159191 (Input) NiuuReAUd0Y
¥Ud (AN.) 2429
vh (@u.a.) 112.71
VA (@n9) 4.01
#1501990 (Output) NUeAAUDDEY
CO,(MN.) 11.950
Co (nn.) 0.425
NO, (nn.) 0.102 0.102 0.102
S0, (nn.) 0.047 0.047
CH, (nn.) 1.59x 10°
SPM (nn.) 3.91x 10° 3.91x 107
HC (nn.) 0.017 0.017
TSP (Nn.) 447x 107
18 () 7.290
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HaNTENUALNARON
mswanthsanavesa | msle Y M3 | Az | MImiuTLes
wasow | Tandou | wzde | dlunsa uﬁ'ﬁmim‘;1
159191 (Input) NiIeReAUd0Y
¥Ud (AN.) 37.1
gi3ovlosiad lod 4.839
vl (kwh) 10.40
ﬁywﬁuﬁwa(am) 14.786
1501000 (Output) NU7EAA U DY
CO, (nM.) 44.067
CO (nN.) 1.567
NO, (nn.) 0.376 0.376 0.376
SO, (nN.) 0.174 0.174
CH, (N.) 5.87x 10°
SPM (nn.) 1.44x 10° 1.44x 10°
HC (nn.) 0.063 0.063
TSP (A1) 4.65x10°
Formaldehyde (nf.) 7.26x10°
Hu (An.) 2.320
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433  msanadnemMnlumsinarNanszNy (Characterization)

o 9 a 1 % Q' 9 a
nnmsiideyalsuaasai q ludyssiemsdaaaeuuilssiiuna
a a 1 =& a 9 9 a
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oy [ 1 [} Y L!'
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1 3 1 1 I { 4
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a a T W a Ja A 4
NILUIUMIHAADMIUDANANANTZNUIINY 0.310 kg SO,-eq NITVIUMIHANIITAINALDIA
Y Y
neliiiaNanszNUINIAD 0.162 kg SO,-eq ¥1910013 1 1TUIF0INAS (Riwa) Lagn1a
~ o A 4 a 1 Y a 1w
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9 Y 1y ' Y a > & A
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 50'ln n50 Budn 8 36.36
ﬁymﬁﬂmsnﬂ CLD) 2 2.5 2.13 200 | 023
USnaniniud % (Basniien) 1 2 1.50 150 | 0.53
sygzmalumsvues () 3 5 425 450 | 0.89
(v) T0OuAU 8 36.36
ﬁymffnmﬁqﬂ (Funiien) 3 4.5 3.88 4.00 | 0.58
Wil Gasafien) | 2 3 2.63 275 | 044
srozmalumsvuda (i) 2 7 425 400 | 2.05
() 30UTIND 4 4D 4 18.18
ﬁymﬁﬂmsnﬂ (Funiien) 5.5 6 575 5.75 0.29
WSinaniuud e Gasafien | 25 | 10 6.25 625 | 433
sygzmalumsvues () 2 15 8.50 850 | 7.51
(3) I0UTINN 6 4D 2 9.09
ﬁymﬁﬂmmn (Funiien) 7 7 7.00 7.00 | 0.00
USinaniuiufi e Gasafion) | s 10 9.00 9.00 | 141
segzmalumsvuas (n.) 6 8 7.00 700 | 141
(?) 50U5INN 10 30 0 0.00
1il1ﬂﬁﬂ1Jﬁ‘1Qﬂ (ﬁu/g‘ﬁ'm) - - - - -
USnaniiuiile (Rasniien) - - - - -
srozmalumsvuas (ny.) - - - - -
(R) 307124 18 4 0 0.00
ﬁ”mﬂ’ﬂminﬂ (Funii) - - - - -
USinanivfi e Gasfier) | - - - - -
seozmalumsvues () - - - - -
59U 22 100
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Uszansofil¥lumsussnn | Min | Max | Average | Median | SD. | $1wau | Jevaz
 50'ln n50 Budn 3 14.29
ﬁymﬁﬂmmﬂ (Funiien) 2 2.5 2.17 2.00 0.29
manisufi e Gasnfien | 1 2.5 2.00 2.50 0.87
seozmelumsvuds (i) 2 6 433 500 | 2.08
() S00UAU 0 0.00
ﬁymﬁﬂminﬂ (Funiien) - - - - -
Vnanhuild Gasifivr) | - - - - -
sroynalumsvuds (nu.) - - - - -
() 30UTIND 4 4D 9 42.86
ﬁymﬁﬂmmﬂ (Funiien) 5 6 5.11 5.00 0.33
el Gasfien) | 4 5 4.67 4.50 0.35
seoznelumsvuds () 3 35 14.00 1400 | 9.14
(3) TOUTINN 6 4D 7 33.33
ﬁymﬁﬂminﬂ (Funiien) 8 10 9.57 10.00 | 0.79
Vnanhuild Gasifivr) | s 20 13.57 1600 | 6.13
sroynalumsvuds (. 1.5 15 9.79 1200 | 5.61
(?) 50U559N 10 40 2 9.52
1.{1ﬁﬁﬂniinﬂ (Funiion) 22 25 23.50 2350 | 2.12
el Gasafion | 20 25 22.50 2250 | 3.54
szoznlumsvuas (nu.) 8 10 9.00 9.00 1.41
() 5094 18 A 0 0.00
ﬂyWﬁﬁ’ﬂ‘]Jiﬁ]ﬂ (Funii) - - - - -
Vnanhuild Gasifivr) | - - - - -
sroznelumsvuds (nu.) - - - - -
59U 21 100
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Uszansofil¥lumsussnn | Min | Max | Average | Median | SD. | $1wau | Jovaz
 50'ln n50 Budn 31 38.27
ﬁymﬁﬂmmﬂ (Funiien) 1 3 1.85 2.00 0.45
Banhsufi e Gasnfion | 1 5 2.55 2.00 1.52
seozmelumsvuds (i) 0.2 21 8.17 7.00 5.34
() S00UAU 30 37.04
ﬁymﬁﬂminﬂ (Funiien) 1.5 4.5 2.30 2.00 0.77
el Gasafien) | 1 5 2.53 2.00 0.86
seazmalumsvuds () 0.2 12 4.65 4.50 2.97
() 30UTIND 4 4D 7 8.64
ﬁymﬁﬂmmﬂ (Funiien) 5 7 5.57 5.00 0.79
el Gasifien) | 4 7 5.29 5.00 0.95
seoznelumsvuds () 5 21 10.14 8.00 5.52
(3) TOUTINN 6 4D 13 16.05
ﬁymﬁﬂminﬂ (Funiien) 7 15 9.69 10.00 1.93
el Gasifien) | 4 20 10.69 1000 | 5.07
seazmalumsvuds () 1 20 7.92 4.00 7.48
(?) 50U559N 10 40 0 0.00
1.{1ﬁﬁﬂnii1qﬂ (ﬁu/;ﬁm) - - - - -
Wsnaniuilg (@a3/iien) - - - - -
szoznelumsvuas (ny.) - - - - -
(R) 307124 18 4 0 0.00
frmﬁﬂmmﬂ (Funii) - - - - -
el Gasfivr) | - - - - -
sroznelumsvuds (nu.) - - - - -
37U 81 100
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UszansofilFlumsussnn Min | Max | Average | Median | SD. | $1uau | Seoaz
 50'ln n50 Budn 24 20.00
ﬁWﬁﬁﬂUﬁ‘i@ﬂ (Funiien) 2.00 | 3.00 2.65 2.50 0.31
USnaniuiuiild @asifien | 050 | 2.00 1.21 1.00 0.49
szozn lumsvua () 0.70 | 8.00 3.60 3.00 2.17
() S00UAU 83 69.17
ﬁymﬁ”ﬂmmﬂ (Funiien) 3.50 | 10.00 |  4.63 4.50 1.04
Vnaniuuild Gassfivn) | 100 | 1000 | 261 2.00 1.61
seognlumsvuas (nu.) 1.00 | 40.00 7.42 6.00 6.41
() 30UTIND 4 4D 8 6.67
ﬁWﬁﬁﬂUﬁ‘i@ﬂ (Funiien) 450 | 7.00 5.38 5.00 1.03
el Gasafien | 200 | 5.00 3.88 4.00 0.95
szozn lumsvuas () 3.00 | 10.00 6.25 6.00 2.71
(3) TOUTINN 6 4D 5 4.17
ﬁymﬁﬂminﬂ (Funiien) 6.50 | 7.50 7.10 7.50 0.55
Vnaniuild Gasafivn) | 500 | 800 6.80 8.00 1.64
srgznalumsvue (hu.) 4.00 20.00 13.60 20.00 8.76
(?) 50U559N 10 40 - - - - - 0 0.00
L{Wﬁﬁ'ﬂniinﬂ (ﬁu/;ﬁm) - - - - -
Wsnaniuilg (@a3/iien) - - - - -
szoznelumsvuas (ny.) - - - - -
(R) 307124 18 4 - - - - - 0 0.00
frmﬁﬂmmﬂ (Funii) - - - - -
Wmaniuiufi e Gasifion) - - - - -
szozn lumsvud (nw.) - - - - -
379U 120 100
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1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 2
1. fuilgndos (15) 9 20 14 9 10 14 10 20 9 50 60 25 60 40 25 64 35 15 15 35 40 60
2. wuidoelullugd (13) 0 5 10 2 5 5 10 10 5 4 30 10 20 12 10 25 15 5 10 10 20 20
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wazidun 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 2 23 24 25 | 26 27 28
1. ﬁuﬁﬂgné’aa (&) 136 10 20 80 17 127 | 101 | 140 15 125 | 20 17 127 | 126 | 25 20 20 | 220 | 126 15 17 | 236 | 130 | 80 30 25 17 29
2. wuidoelullugd (13) 136 5 10 70 13 28 101 | 120 15 101 10 17 28 | 126 | 25 8 10 | 150 | 126 15 13 150 | 100 | 70 30 15 13 6
3. ﬂ?mmﬁauﬁ’mfﬁ%ﬂgn #u/ls) 1 1 1 1 L5 2 1 2 1 1 1 L5 2 2 1 1 1 15 1 1 1 3 L5 2 1 1 2 2
4. Pnaenqamehild on./19) 1 1 1 1 1 1 1 1 1 1 1 1 1 05 1 1 1 1 05 1 1 1 1 1 1 1 1 1
5. Winoenshuasild on/13) 1 1 15 15 15 15 1 1 1 1 15 15 1 1 1 15 15 15 15 15 1 15 1 1 1 1 15 1
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0. Winadoeildanmsifufe @i/ls) 12 8 10 10 15 9 10 12 10 10 12 9 8 10 10 10 13 10 10 10 15 12 12 11 8 10 15 17
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1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 | 17 18 19 20 21 2 23 24 25 2% | 27 28 29
1. ﬁuﬁﬂgné’av 9 50 | 30 60 20 80 4 40 | 47 | 80 30 | 40 | 40 | 40 | 20 | 48 | 60 | s0 | 47 | 30 20 30 20 70 | 130 | 35 35 | 140 | 230 | 70
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A58 V.1 MIMUUAVUIAAI0E19VDIULTUAR

Population Confidence Level Population Confidence Level
Size 90% | 95% | 99% Size 90% | 95% | 99%
10 9 9 9 160 100 113 129
15 14 14 14 170 104 122 135
20 18 19 19 180 108 127 141
25 22 23 24 190 111 131 147
30 27 27 28 200 115 136 153
35 31 32 33 210 118 140 159
40 34 36 37 220 121 144 165
45 38 40 42 230 124 147 170
50 42 44 46 240 127 147 176
55 45 48 50 250 130 151 181
60 49 52 55 260 132 155 187
65 52 55 59 270 135 158 192
70 55 59 63 280 137 162 197
75 58 62 67 290 140 165 202
80 61 66 71 300 142 168 206
85 64 69 75 320 146 174 216
90 67 73 79 340 150 180 225
95 70 76 83 360 154 186 233
100 73 79 87 380 158 191 241
110 73 85 94 400 161 196 249
120 83 91 101 420 164 200 257
130 88 97 108 440 167 205 264
140 92 102 115 460 170 209 271
150 96 108 122 480 173 213 278
500 175 217 285 1800 235 316 484
550 181 226 300 1900 236 319 491
600 186 234 315 2000 238 322 498
650 191 241 328 2200 241 327 509




A58 V.1 MIMUUAVUIAAI0E19VDIULTUAR (GI'E])
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Population Confidence Level Population Confidence Level
Size 90% | 95% | 99% Size 90% | 95% | 99%
700 195 248 340 2400 243 331 519
750 199 254 352 2600 245 334 528
800 202 259 362 2800 246 337 536
850 205 264 372 3000 248 340 543
900 208 269 382 3500 251 346 557
950 210 273 390 4000 253 350 569
1000 213 277 399 4500 255 354 578
1100 217 284 414 5000 256 356 585
1200 220 291 437 6000 258 361 597
1300 224 296 439 7000 260 364 606
1400 226 301 450 8000 261 366 612
1500 229 305 460 9000 262 368 617
1600 231 309 469 10000 263 369 622
1700 233 313 477

WUOINE : N1 : Darwin Hendel, 1997 (81904 1uifosagen o3 gv)
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Gas Bagasses
Gas Emission MW Con.
Composition , Emission
(kg/ m")

(%) (kg/kwh)

CO, 14.75 44 0.169 0.897
co 0.024 28 1.75 x10™ 9.31x10"
NO, 0.001 46 1.20x10° 6.37x10°
SO, 0.0055 64 9.19x10" 488 x10"

d‘ o 1 o 1 a a dy a 9
MINN A3 @l’)’é]ﬁlNﬂﬁﬂﬂ!’JﬂlﬂﬁﬂﬂﬂﬂﬂﬂﬂiJﬁW‘HiﬂﬂﬂﬁWﬁ@]'l‘V\lﬁ11?]8&%@&1"1%1\1“]511&@@8

srwazdeamnaa i 65 Mw

SIEETRL!

9MN351MIMITEVIeIMA luang

345, 027 m’/hr

gamgiomaluilass 89 °C
idurugudnailaes 3.4m
ANUgVeIaea 35.5m
#1081 5A UM

ANUNTUUD AN ENII NS mass | ug | ul

AN lunoe ppm Volume | m’ L

at STP (°C) uder 1 Twa 15unas 224 v2 = vi Pl | TI

p2 | T2

24L | latm | (273+89)K
273 K

‘ 1 atm

fariu USuasufe 1 Tua 9189°C 1 atm = 29.7 L

ANUANTUVDY CO, 1R 14.75% = 147,500 ppm = 147,500 uL/L



MW : CO, = 44 ug/umole =

onsimsdantlassuaiylugil co, =
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0.169 kg | 345,027 m’ 1 | 1 MW

3

m | hr | 65 MW | 10° KW
0.169 kg/ m’
147,500 uL/L | lu | 44 ug | 1000 L
L | 29.7L | umole | 1m’

0.897 kg/kwh U84 CO,

9 Y
aatiu wansanmawan i Taayemasnudeslugil co, i 0.897 kg/kwh U943 CO,

v 1 Y
A13199 0.4 UTnaanivnnmsvudannannms lsniiudesa 1 ans

UaNLoINA Usmauany N7y

CO, 2.98 nlansuy

Co 1.06x 10~ nlaniy

NO, 2.55x 10-° lansuy

SO, 1.18x 10-° nlansuy

CH, 3.97x 10-' nlansuy

SPM 9.74x 10-* nlaniy

HC 429 x 10~ nlansu
Wuee : Yoyalumuaiuues CO,, CO, NO,, SO,, CH, taz SPM 1 ngiuya audyn

= o v v A k4
1999 lunerun, 2550 nazmsaniase HC (aaniudanadey ne, 2551)
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AT N A.5 ﬂ’lﬂigﬂ'lmﬂ']i"ll@\ﬁ\law'H‘VIQﬂﬂﬁﬂﬂaﬂfJi]’lﬂ’lﬂW’lul“YTll@ﬂﬂblu‘ﬂiﬁ\i (El‘nlSSIOIlS from

cane trash open burning)

Cane trash open burning
C fraction N/C
Pollutant Emission ratio Emission
of trash = (ONEP,
(ONEP, 1990) (g/kg dry mater)
A 1990)
CH, 0.5268 5 g C/kg C in trash - (Ax5x16/12)=3.5
CO 0.5268 60 g C/kg C in trash - (Ax60x28/12) =73.8
N,0 0.5268 7 g N/kg N in trash 0.012 (Ax0.012x7x22/14)
=0.07
NO_ 0.5268 121 g N/kg N in trash 0.012 (Ax0.012x121x46/14)
=25
NMVOC - - - 2-6 (US EPA, 1995)
So, 0.1 Assumption: 60% S - 1x0.6x64/32 =1.2
(IEA, convert to SO, (Reddy
2007) and Venkattaraman,
2002)

Y ' A 9 Y As
WNTEJL‘HG! . mayjamﬂixmmmimamawmmmimﬂwmaﬂ‘luﬂm (Nguyen, 2008)

o 2 d A a . - .
ﬂ1§?n‘I«!'Jﬂﬂj5N1ﬂ!ﬁ1cﬂlluiﬂ§!ﬂullﬂﬂﬂﬂllcﬂﬂ ﬁlﬂﬂ“ﬂ1ﬂﬂ§$ﬂ3ﬂﬂ1ﬁ Soil Emission

AATMIATUIN

_ N-fertilizer Consumption x EF fertilizer_used x Conversion factor of N,0/N,
Average Yield of cane field

N,O

Taeh

N,0 Ysua (M Tansu N0/ 19)

Soil Emission

4
EF fertilizer used = duisg@nimsiaeenadis (Emission factor) voamsldijeowni]
9
(e Wniin N/N) aunag i 1dimny 1.5%

Conversion factor = 44

OfN,0/ N, = 88



N-ferlizer Consumption

Average Yield of cane field

HANIIAILI =(50x%x%}/(10.97) = 0.1074 D lansunedusoy

a ) s A dy 1w a v 1w Y
ANUU ‘].Iiiﬂil!ﬂ?"’]f]luiﬁiﬁlu]lﬂﬂﬂﬂhl%ﬂﬂlﬂﬂﬂluﬂnﬂﬂ 0.1074 ﬂIﬁﬂﬁll@'l@@]‘L!i’)@fJ
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50 Alansu N34l (Smualdidluilo N,

Fagav/asiall NFLUIUMS 1518 (nn) % cut-off

1. Filter aid asyelumsnseslu 7.73x10° <0.1

Y
(Diatom Silicon Oxide) | NILVIUNITHANTIA

2. 1181 (Mash) i ldanmsnsinlu 6.875 0.1

NILUIUNITHAN

NMuUaa

E4 E4
HUGLYia - %Cut-offﬂﬂﬁ]”lﬂ‘ﬂiNWmﬁ”lﬁslﬂlsng}W]’EJ‘]J511”Iﬂlﬁﬁﬂl”ll"fﬁﬁﬂﬁﬂﬂﬂlﬂﬂﬂi%‘ﬂ’luﬂﬁfm il

v v

PMISAIUIUH CO, emission 1INHUTLTUDADINNIZVIUMINANIINE

5
auudgwld BOD = C_H,0,, (Sucrose) Avaumisae il
C,H,0,+120, ——»  12CO, +11H,0
Aviuald C,H,0, = (12x12)+(Ix12)+(16x11) = 342¢
120, = (12x32) = 384¢g
120, = (12x44) = 528¢g
BOD = 354x10" g

MnaumMstaduayld

1gof0,/gBOD = 384/342
= 1.12¢g
1 1.12 g BOD 1iia CO, = 528¢g

1 g of BOD = (528/1.12) g



187

47142 ¢g

Y
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Wiy azina Co, (471.42 g) (3.54x10" g)

0.116 g CO,

1.16 x 10" kg CO,
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Abstract

Cane and cane sugar industry is playing an important role in Thai economy. Even though
Thailand is a great sugar producer, but the production cost is relatively high compared to that of other
countries. Life cycle assessment (LCA) of cane sugar may be utilized as a tool to determine energy and
raw material costs and environmental impacts associated with production processes. The outcome of the
LCA may assist in cost reduction planning and put more value added to cane sugar and its by-products
as environmentally-concermed products. This may gain more opportunity to expand sugar export from
Thailand in the global market. This study covers the scope of LCA beginning from farm preparation, cane
cultivation, farm maintenance, cane harvesting, transportation, and sugar production. The scope also
extends to the LCA of the downstream by-products of cane sugar production, i.e., ethanol production from
molasses, particleboard and energy production from bagasse. The major objective is to prepare the life
cycle inventory and conduct the LCA of produets from cane sugar plant. The assessment is conducted
according to 1SO 14044:2006 which consists of four LCA phases: goal and scope definition, inventory
analysis, impact assessment and interpretation by using Eco-indicator 95 methodology. Primary and
secondary data are gathered and analyzed to identify the major environmental impacts. Impact categories
included in the LCA are energy consumption, global warming, human foxicity, acidification, and
eutrophication.
Keywords: Life cycle assessment: cane sugar: ethanol: particleboard: life cycle inventory

1. Introduction sugar international organization will expect the

In each year Thailand has had the income sugar consuming of the world in 2008 up to 159.2

more 50,000 million baht from sugar sale which
has values in exporting up to 30,000 million baht
[1]. Sugar products of the country increased but
Thailand still lose the advantage in the competition
in the world market, because they have the capital

in cane sugar higher than rival countries. Although

million tons (increase 2.7%) but it's quite difficult
for the tendency of sugar price in the world market
will be higher, because the market still have
condition of the sugar demand, which affects from
the world sugar production is more than the

consuming requirement for 2 years conseculively




190

ICGSI::

[2]. From the energy crisis in the present, the
sugar production and by-product from sugar are in
the topmost to adjust the production efficiency and
the appropriate administration, and then LCA is
important  strategy to apply for analyzing the
environment effect through the product cycle. So
this research emphasize to study covers the scope
of LCA beginning from farm preparation, cane
cultivation, farm maintenance, cane harvesting,
transportation, and sugar production. The scope
also extends to the LCA of the downstream
by-products of cane sugar production, i.e., ethanol
production  from molasses, particleboard and
electricity production from bagasse. The study will
bring to develop efficiency of the sugar production,
by-products and be able to decrease the effect on
the environment in the future.
2. Methods

The assessment is conducted according to
ISO  14044:2006 which consists of four LCA
phases: goal and scope definition, inventory
analysis, impact assessment, and interpretation
[3].
2.1 Goal & Scope Definition

The goal for this research is to analyze
the environmental impact evaluation of sugar
production from Cane Using Life Cycle
Assessment and the major objective is to prepare
the life cycle inventory and conduct the LCA of
products from cane sugar plant covers the scope
of LCA beginning from cane cullivation,
transportation, and sugar production also extends
to the LCA of the by-products of cane sugar
production, i.e., ethanol production from molasses,
particleboard and electricity from bagasse at four
factories in Northeastern Thailand. The functional

unit was set to 1 ton of cane. The steps of the life

cycle of cane production included in the study are
shown in a flow chat (Fig.1)
2.2 Inventory Analysis

Inventory analysis is the calculation, and
identify quantity of resource using and air
pollutant happened from procedure of each step
in the life cycle of sugar production, for making
the environment list, which consists of  input

substance i.e, raw material, energy, water,
chemical and output substance i.e, waste water,

air pollution, and waste from procedure

Ethanol Production

i
I
: Ethanol
: Process : ................
| 1
! 1
! 1
' 1
! 1
: Molasses !
I A 1
{ i 1
! 1 Raw Sugar
Sugar : 1
Cane T Sugar Production ! Refine Sugar
I
Water —> Process | . SuperRefine
: 1 Sugar
: ‘ Electricity and Stream | - oolid Waste
S A > Waste Water
| Bagasse i 1
i . > Air emission
I H
P Electricity [ g, :
I §ous i
: Production Process | | Blecheity
| : ...................
| 1
! 1
! 1
I| Particle board !
1 Pioduchion | :,. .................... ;
: » Particle board :
| process : : !
! L e

Fig. 1 System boundary for life cycle of cane
2.3 Impact Assessment
The environmental impact evaluation
which happens through the life cycle of sugar
products, by using the data collected from
inventory analysis. The environmental impact
evaluation of this study is emphasizing at the mid

point of environment impact, by having the way of
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affective evaluation in 3 steps such as selection,
classification and characterization. [4].
2.3.1 Selection
Data Selection which concerns with
procedure of each life cycle, affecting on the
environment from locality level until world.
2.3.2 Classification
It is the Environmental Flows which
collected to enumerate and looking at the relation
of input/output substance causing the effective
groups. The this research has grouped the
environment effects into 5 groups of impact
categories such as Energy consumption, Global
Warming, Human Toxicity, Acidification and
Eutrophication Potential.
2.4 Interpretation
In the interpretation step is used the results
of the impact assessment to identify impact and
possibilities of reducing the negative environmental
effects of the subsystemn under analysis.
3. Results
3.1 Inventory
The base for the primary data inventory
of cane 1 ton by collecting the data from
Literature review, questionnaire, interviewing from
sugarcane farmers and factories are divided into
3 stage: Agricultural Stage Transporiation Stage
and Industrial Stage. The main data sources for
the six subsystems are provided in Table 1.
3.1.1 Agricultural Stage
The agricultural step (cane cultivation,
farm maintenance, cane harvesting) for cane 1
ton using cane seed 136.74 kg, fertilizer 11.39
Kg, herbicide .18 Kg, irrigating 221 maiﬁ], diesel
3.26 | and produce soil emission: N.0, Nitrogen,
BOD, Phosphorus equal 0.11, 0.38, 4.151)(104 and
7.29x10° respectively. Agricultural waste about

273.47 kg and air emission from cane trash open

buming are presented in Table 2

Table 2 Default parameters for estimating
emissions from cane trash open burning [6]

Pollutant Emission (g/kg dry matter)
CH, 3.5
co 73.8
N.O 0.07
NO, 25
NMVOC 2-6
S0, 1.2

3.1.2 Transportation Stage

The data collection of cane to sugar
factory has the average distance form farm about
47.66 km and fuel use for transportation 27.69 L
based on cane 1 ton
3.1.3 Industrial Stage

On the average of 1 ton of sugar cane
will get the main components as follows sugar
105-110 kg, water 500-510 kg, bagasse 270-290
kg, filter mud 28-40 kg and Molasses 50-60 kg.
To estimate energy use and emission with
molasses input in ethanol production and
bagasse input in particle board and electricity
production based on their contribution to the
economy was set up. The allocation for raw
sugar, refine sugar, super refine sugar, molasses
and bagasse are 40%, 25.33%, 14.13%, 12.84%
and 7.7% respectively.
3.2. Impact Assessment

For each inventory compariment, the
impacts calculated based on Eco-indicator 95

methodology by using SimaPro 7.1
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Table 1 The six stages of the life cycle inventory of cane 1 ton

Main unit process Data required

Collecting Method

Data Procassing

Cane cultivation - Cane seed use

- Fertilizer use

- Herbicide use

- Irrigating use

- Fuel use

- Agricultural wastes
- Cane trash burning

- Diesel Emissions
- Soil Emissions

Transportation - Fuel use

- Distance

- Capacity

- Matenal use
- Electricity use
- Steam use

Sugar production

- Matenal use
- Electricity use
- Steam use

Ethanol production

Particleboard production - Matenal use
- Fuel use

- Electricity use

Electricity production T

- Fuel use

- Electricity use

- Cuestionnaire
- Interview
- Literature

review

- Questionnaire
- Interview

- Sugar factory

- Sugar factory

- Ethanol factory

- Particleboard

factory

- Electricity

factory

Emissions:
- Soil: N,O [4] Nitrogen,
Phosphorus, BOD [7]

- Air emission: cane trash

burning [6]

Emissions: Diesel

Waste water: BOD, Nitrate,
Phosphate

Air emission: Electricity

Air emission: Dust,
Formaldehyde, Diesel

Air emission: TSP, SO,
NO, as NO,, Diesel

4. Conclusions and Discussion
The result of impact categories for
global warming potential (GWP) was shown that
the score of cane cultivation is highest for all
subsystems (187.14 kg CO,) and the electricity
production is lowest score for GWP (0.014 kg
CO,).The highest wvalue for
potential (HTP) was
(4.09E-06) kg B(a)P and the second was the

human toxicity
the sugar production
cane cultivation (3.96E-06) kg B(a)P. Therefore,
Acidification Potential, AP was shown that the

cane cultivation was the highest value (2.086 kg

S0,) and the second was sugar production

(1.895 kg SO,).

eutrophication
production

consumption

production and cane cultivation was 3,396.58 M.J

LHV and 2,787.42 MJ LHV respectively all data

shown on Fig.2

(1.177

potential

The highest walue of
potential, EP was the sugar
kg PO,) and Energy
shown that sugar
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Global Warming (Kg CO,) Acidification (Kg S0;)

Human Toaxicity (Kg B(a)P) Energy Consumption (MJ LHV)

Fig. 2 Subdivision of the environmental index by impact categories and subsystems
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Eulrophication (Kg PO,)

]
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Fig. 3 Environmental impacts on a relative scale (Characterization)
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Characterization results are presented
on a relative scale. (Fig.3) Electricity production
seems to be the system with the smallest
impacts in all categories, because the major fuel
of electric surplus derived from bagasse
(biomass) can sale to the grid and the energy
(steam) can wusing in sugar and ethanol
factories. Electricity production from bagasse
2429 kg can produce electric surplus 69.4 kwh.
Therefore, their can reduce using lignite 14.37
kg, Fossil fuel 0.81 L, diesel 0.02 L and natural
gas 489.96 CF. [8] Ethanol production from
molasses can reduce using crude oil about
12.93 L for gaschol 95. Particle board production
from bagasse cane reduce using wood about
0.0067 m’.For all impact categories mentioned,
the relatively high contribution made by cane
cultivation and sugar production. Cane
cultivation is due to the use of fertilizer and cane
trash open buming from agricultural waste for
emigsions of wvarious air pollutants. Also, to
reduce impact from fertilizer and cane trash
open burning should be recommend the farmers
to use organic fertilizer and use the residue of
agricultural waste lead to substantial reduction of
mineral fertilizers. The government should be
support the policy for using beneficial of
biomass, by-product from sugar factory for
improve value and reduce impact, emission to
the environment.
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