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1- Goal and scope definition
2- Impact categories
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Table 1- Input and output and their average value per one hectare of sugarcane (fresh stem) produced

SUS» > lake
ol Quantity per hec*tare »!_9
ey g5l50 ol &l Unit
Plant farms Ratoon farms*
529,59
Inputs
dl 30 18454 127.42 hr
Human labor
S8 slageile 761,59 413.98 kg.yrt
Agricultural machinery
> e 5 363.57 172.78 L
Diesel fuel
iliosd glodS kg
Chemical fertilizers
«_;55;*9.3 184.02 167.94
Nitrogen
lis 162.66 -
Phosphate
o poos 26.10 22.30 kg
Biocides
“S’L"{‘_ ‘*’_‘ . 24230.75 21940.75 m?
Water for irrigation
St 75 7125.60 5621.83 kwh
Electricity
i sl 9371.52 - kg
Sugarcane cutting plant
salw
Output
(5 8lo) i 100000 82375 kg

Sugarcane (Fresh stem)

A o e 5]y &)l50 addllas 350 ddlaie 3 *
* In the studied area, ratoon farms are four years old.
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2- Eco-Index
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Table 2- Impact categories, symbol and unit of each of them

Pl sy alod aslg
Impact categories Symbol Unit
J_l ’*;“"" 5 AD kg Sheq.
Abiotic depletion
ol sl AC kg SO; eq.
Acidification
sl slasl 3
S EU kg (PO, eq.
Eutrophication 9 (PO)"eq
e oo oW kg CO, eq.
Global warming
Sl Y kel
o RTOSE oD kg CFC11 eq.
Ozone layer depletion
U sl Capogounn
o e HT kg 1,4-DB eq.
Human toxicity
o bl Cogone FAET kg 1,4-DB eq.
Freshwater aquatic ecotoxicity
i1 sl cao
Sl stact Congoe MAET kg 1,4-DB eq.
Marine aquatic ecotoxicity
SE Comgne TE kg 1,4-DB eq.
Terrestrial ecotoxicity
s (el PhO kg CoH, eq.

Photochemical oxidation

g B oy Ly &b it 4 ol (sl B (e
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B o) 330 sizge o 8 (sl iz S o ol
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Samarasinghe, 2011)

1- Activation function
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(Renouf et al., 2010) (51, 9 ol £,150) SSubind Syl (514S j30 palliammne O Ui =3 Jgun
Table 3- Direct emissions from sugarcane production (plant and ratoon farms) (Renouf et al., 2010)

PO PR W ve)
Direct emissions aslg Sake
I & L) Unit Quantity
Emissions to air
o g.t* cane 90
Methane (CH,)
LS 550 (395 03 o.t cane 6
Nitrous oxide (N,O)
) S| ")_’“”:*j g.t* cane 33
Nitrogen oxide (NOx)
posizel 5 Sligel g.t* cane 120
Ammonia (NHzand NH,)
S5l gige ""’s g.t* cane 3944
Carbon monoxide (CO)
Sy _’"ﬂ > g.t* cane 41
Sulfur oxide (SOx)
e eyl ST oluS
e s g Jels s 1
NMVOC L g.t™ cane 204
st % applied P 0.59
Phosphorous (P)
ol 4 !
Emissions to water
Sub el ot % appl.N (as NOs-N) 6.5
leaching Nitrate via
s Sl Jol> jind % appl. P (as P) 128
Phosphorous via runoff
“*’u’f 5_‘ J‘”b oS el % active ingredient 1.5
Pesticide via runoff
<bls, _J“”b = kg COD?ton™ cane 4.3
Sugar via runoff
SB o L
Emissions to soil
Sl 90 0oy 2 % appl. N (as N;O-N) 172
N,O
S ‘f"";l U'é”‘f' @ 9%deposited NOx—N and NHa—N 2.58
2
381 (5 0 |
NO,, % appl. N (as NOx-N) 451
R i t CO,.t™ lime
CO; from liming 0.4
oygl 5| Jols Sligal
-~ i % appl. Urea N (as NH,~N
NH; from urea °app ( «N) 2.5

1- Non-methane volatile organic compound
2- Chemical oxygen demand
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Table 4- Environmental indicators for sugarcane production per one ton of sugarcane (fresh stem) in plant and ratoon

farms
Al isy aly iy g)l5 0¥l &5
Impact categories Unit Plant farms Ratoon farms
it Slge 4155 kg Sb eq. 0.80 0.63
Abiotic depletion
b e kg SO; eq. 0.516 0.34
Acidification
sl gl kg PO, eq. 0.165 0.097
Eutrophication
e oileS kg CO, eq. 12651 103.95
Global warming
ol &Y glaii kg CFC-11 eq. 0.000011 0.00000104
Ozone layer depletion
Lol Cnganns kg 1,4-DCB eq, 111.93 64.42
Human Toxicity
b (] Congone kg 1,4-DCB eq, 29.30 19.34
Freshwater aquatic ecotoxicity
Al slac! cogonne kg 1,4-DCB eq. 51636.91 35448.06
Marine aquatlc eCOtOXICIty
S oo kg 1,4-DCB eq. 1.42 0.416
Terrestrial Ecotoxicity
@by galinns] kg CoH, eq. 0.12 0.03

Photochemical oxidation
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Coly 4150 53 (57 Blw) Sl o S 1l §1 s yisw -3 JSi
Fig. 3- Impact categories per one ton of sugarcane (fresh stem) in plant farms
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Fig. 4- Impact categories per one ton of sugarcane (fresh stem) in ratoon farms
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Fig. 5- Comparison of environmental impacts between plant and ratoon farms in sugarcane production

hyBrae U adgi dopo 3 (aeacans 5l oyt i S
Aileals i g5 3l eas itie Lo Sa oY1 go) ,o
g owis Mg sl (gladllas yo (Khoshnevisan et al., 2014)
oie Jpame o5 o 15 Glp 4 ob L @l el 2959
sl ilo 5L dLaosl g Byuns jl (bb paiiuns L]
o3 32 o A2 L s ga el 355 g 3oy 365 ¢ jyolisS
et (213 2456 o5 o CutS sl g o> i g a0y 10
Lo 12 g uop a5 ann 25 s 4L cpa ely

ol aily oo ; (adls 10 &Mﬁl))ﬁj‘b Oyt
.(Elhami et al., 2016 a,b)

# Ratoon Sugarcane Production
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Table 5- Artificial neural network performance for modeling the environmental indicators of sugarcane production in
planted farms

S 3 o9l Js
Title Train Test Overall
NH* NH,** MAPE (%) RMSE R’ MAPE (%) RMSE R? MAPE (%) RMSE R?
L?""_" ""“*15?" 10 5 0.14 0.132 0.964 0.540  0.089 0.974  0.60 0.125 0.970
Abiotic depletion
o ff*‘_“‘ 10 5 0.007  0.116 0981 0.740  0.091 0.983 0.009  0.106 0.992
Acidification
L““?“”_éwf‘ 10 5 0.176  0.111 0.984 0.894  0.112 0.985 0564  0.115 0.992
Eutrophication
e u“"“f 10 5 0.005  0.105 0.986 0.074  0.168 0.981 0.064  0.132 0.989
Global warming
ol &Y plai . 10 5 0.015  0.163 0.964  0.043 0.198 0.943 0.054  0.175 0.953
Ozone layer depletion
Lol Sugoe 10 5 0.028  0.254 0.896  0.016 0.163 0.912 0.032  0.138 0.960
Human toxicity
o ‘5“’*‘_%"9‘“" . 10 5 0.187  0.112 0963 0.990  0.106 0.974 0.860  0.099 0.978
Freshwater aquatic ecotoxicity
el Cogonns 0 5 0113 0124 0979 0086 0138 0973 0115  0.126 0.960
Marine aquatlc ECO'[OXICIty
“ﬂf Cengene 10 5 0.009  0.098 0.986  0.013 0.102 0.984 0.011  0.095 0.983
Terrestrial ecotoxicity
oty bS] 5 0009 0125 0973 0009 0113 0988 0008  0.113 0.980

Photochemical oxidation

ped (e Y (gl ygy dlus Fx
**: Number of secondary hidden layer neurons

R% o b 45 A gl MAPE 5 RMSE (R? Jlisl ol (sl
5 (0/126 5 0/138) Laasli ool (sl RMSE ()lde 0y yiaS
Oyl 0/992 L, slaabys slasl g fud ol (23ls oy
R% 5lis plo 13,5 anle (0/115 4 0/106) RMSE e
ik gl50 50 9eil g oial (slaodls (sl MAPE 3 RMSE
g sl il e 5D oo en ol odd o3y (i D Jgas
Y 93 (6399 cam by 1-9 -6 10,15 5, £ )l30 5 St
ot lsear (295 ol 10 g ises (g b g 4l s
MAPE 4 RMSE (R? sl ol (sl ol o cppues s les
ol (o yieS 0/985 L (clasl s lusl asls glpy R® cups
Oid gl 23l gl g 0/164 oaxld oyl ¢l RMSE
awlxe 07116 jaslis ool gl RMSE (s oy ,220/995
5 Useel sbosls gl MAPE 3 RMSE (R? jslie plo .4y5,8

Jol iee &Y (gl iy oluss *
*: Number of first hidden layer neurons

SSis wal 65 s ) sLao sl T (s ludss (),
stlizee aluss ¢ pmac aSd LSl oy e 4 oliwd jelaied
saY 23306 S laggp s by aY 3 5 S L eyl )
5 et g Blosd _xiwlicl g 905l oMbodly bigel e
i3S e3ios (] 3 o3litnl 3,50 (Big0l (slapts oSl
leodly degasme | 00,5 Clswsl Gl Lo =S5 yig) bj9al
15 s ool (slym Wnodh ao > 70 Jse ol )3 o olil
o905l sl ol sy 15 91;9?‘4“’)1*.3" 0903 sly odls asyd
o8y 5 Sl e 3 Jin 33 (ol ol quls 03 555 s 5

ol 0 116 95 ola Jods ) cus
cily lie 3 S W Gl silede @l el

sl 00 (8 UL it plgiear (295 ey 10 g sk

1- Validation test



1399 ,leg « Loyl (12 alor o539l owlivis pop 4y 100

il gyl50 b awslio 0 oygily £)l3e (sly ol Candty Jao 4 av g 4 ang bl odd odls L B Jgas 0 o5l £)l50 5 9ejl
S o it YL edd b aoxecis j slajasli ploi o el Coansdy eguan mas aSud Jre bawg oS R jolie
L3 o i 1y yeily 9 cidy g)l5e o R® awlis 6 S L bl iz oYL cdo b (S g)lie o i 4 500 aslus

OF1) £330 35 Sl Mg el ; S ad LS (5jlwdae 1y (Sghan mas oSl 3 Slos -6 Jgua
Table 6- Artificial neural network performance for modeling the environmental indicators of sugarcane production in ratoon

farms
" 990! o3 5
ol :
Title Train Test Overall
NH*NH,** MAPE (%) RMSE R?> MAPE (%) RMSE R’ MAPE (%) RMSE R?
J_'”f e “‘1"‘ 9 6 0.046 0.234 0.978 0.041 0.236  0.926 0.069 0.135  0.986
Abiotic depletion
o 55*’*_“‘ 9 6 0.007 0.146 0.974 0.005 0.096 0.991 0.088 0.116  0.995
Acidification
shal s gl
v U 9 6 0.016 0.156  0.963 0.074 0.115 0.974 0.118 0.164 0.985
Eutrophication
Sl ‘)“LA)S 9 6 0.143 0.147 0.982 0.127 0.136  0.986 0.022 0.153 0.992
Global warming
o3l &Y gla ) 6 0.009 0.113  0.982 0.114 0.235 0.936 0.069 0.146  0.991
Ozone layer depletion
gl g 9 6 0.016 0.179 0.978 0.019 0.186 0.972 0.029 0.158  0.975
Human toxicity
w bl ey 9 6 0.036 0.148 0.976 0.018 0.142 0.954 0.036 0.139 0.986
Freshwater aquatic ecotoxicity
i o] cue
’_U sl e 9 6 0.052 0.123 0.978 0.009 0.156  0.942 0.115 0.142  0.995
Marine aquatic ecotoxicity
‘5\>_ 009 . 9 6 0.116 0.189 0.986 0.098 0.213 0.964 0.039 0.132 0.989
Terrestrial ecotoxicity
@L““““’s U’”‘“'“s ! 6 0.006 0.148  0.942 0.014 0.106 0.985 0.043 0.128  0.992
Photochemical oxidation
pgd sio Y (claygp dlas T ol ke Y (slaygp dlas *
**: Number of secondary hidden layer neurons *: Number of first hidden layer neurons

5 Olagidss ((Eoan pmas &S , 505 Slalllas
d)ﬁfw 93, Slas il 4o 4 (Khoshnevisan et al., 2013) ], 1S

L S gy acecnj Oyl obj)l 4 gaivs ol 5 Ol el 3 paS Jgae 55y 2 (CO) LS slajls Ll
A5 Byme 11 =3 -2 (a1 b ksl o i is by peus el

4 dogi b ol e dlm_\;i\ﬂ sl 5)91)). g Gldd > 350,
Ay e gy sl cpla by o MAPE g RMSE R? polde o

ol 024 , 0/032 .0/998 , 5 SLac 41, 0/73 , 0/105 .0/99 L
(Khanali ), ISen 5 (Jals 205,35 3,91 osis puiizie CO, 9S8

CS b eiuas aac aSd l odlatel b (63959 (sboodlys
bl ol zols b 4y (o)) (cued plel Camio g S
Jesly e a0l s adlllas oot Jauaze lisds >

; L ) L ol sl Silw Jao 4y i et al., 2017)
el plie 2 iy S 5 Sl e gy T2 e R

Jslas 255 L5 10395 4 126/51 Ly ply ccuiyids ol &) A504e5 plidl (Camellia sinensis) sl> aJg ) u.‘a.oz;wu)

«,— 0/019 s 0/002 40/124 s 0/053 40/990 Ls 0/887
Ol ls a0 dw b e oaSis aBly arwg sl Jae

3,5 359l cosd
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Fig. 6- Comparison between the coefficient of determination in plant and ratoon farms using artificial neural network
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Introduction

Sugarcane (Saccharum officinarum L.) cultivation as a strategic product with a high sugar content and having
side products can play a major role in addressing this need and disconnecting dependence. Life cycle assessment
in recent years has become an appropriate tool for assessing environmental impacts in agricultural and food
industries. The purpose of this study was to evaluate the environmental impacts of sugarcane production in Imam
Khomeini Sugarcane Agro-Industrial Company (IKSAIC) with the life cycle approach and predict the amount of
contaminants released according to inputs using artificial neural network.

Materials and Methods

This research was carried out in IKSAIC as one of the seven companies affiliated to the sugarcane
development and related industries of Khuzestan province during 2017-2018. In a life cycle assessment project,
all production processes of a product, from the stage of materials extraction to disposal of the remaining waste
from the product (from cradle to grave) are reviewed and the results of the reduction of environmental
degradation are used.

Each life cycle assessment project has four essential steps as follows:

1. Goal and scope definition

2. Life cycle inventory

3. Environmental impact assessment

4. Interpretation of results

Acrtificial neural network models were used to predict the environmental contamination of the product due to
different inputs used in sugarcane production for plant and ratoon farms.

Results and Discussion

Assessment of environmental impacts of sugarcane production

In order to evaluate the reduction of environmental pollutants in sugarcane production, the entire life cycle of
the product was investigated from primary sources extraction to harvesting in a field at plant and ratoon farms,
separately. Ecoinvent databases were used to access needed information and data analysis was done with
Simapro software.

In this study, the global warming potential per product in plant and ratoon farms is estimated to be equal to
126.51 and 103.95 kg CO,, respectively, which is due to the burning of sugarcane branches before harvest. The
studies also show that agricultural machinery and electricity have the most impact on this sector.

In order to better interpret the results of the other functional unit, it was considered as a unit of land. This
means that all indicators were calculated per hectare of production. When the functional unit is calculated on the
unit basis, the differences in the products are ignored for the different performance levels in the results.
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Assessment modeling of environmental emissions sugarcane production

Based on the results, in modeling for sugarcane production in plant farms, 9-10-5-10 structures with nine
inputs, two hidden layer with 10 as well as 5 secret neurons and 10 output parameters were identified as the best
structure. For this structure, R?, RMSE and MAPE were calculated. While the R? coefficient for the human
toxicity index and the marine aquatic eco-toxicity were obtained with the lowest values of 0.960, RMSE for
these indices were calculated as 0.138 and 0.126 respectively. Furthermore, highest values of R? coefficient for
the acidification and eutrophication index of the lake were resulted about 0.992, whereas RMSE were computed
about 0.106 and 0.115) respectively. Also, in modeling for sugarcane production in ratoon farms, the structure of
7-9-6-10 with seven inputs, two hidden layer with 9 and 6 secret neurons, and 10 output parameters are
determined as the best structure. For this structure, R?, RMSE and MAPE were calculated and R? coefficient was
obtained with the lowest value of 0.985, while RMSE for this index was 0.164. In addition, R? for the
acidification index was calculated with the highest value of 0.995, whereas the RMSE for this index was
calculated to be 0.116.

Conclusion

The results of the evaluation of product life cycle showed that the global warming potential in plant and
ratoon farms was estimated to be 126.51 and 103.95 kg CO,, respectively. Results of artificial neural network
modeling indicated that the best structure of the neural network to predict the environmental contaminants of
sugarcane production, is 9-10-5-10 and 7-9-6-10 for plant farms and ratoon farms, respectively.
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