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Table 1- Energy coefficients of different inputs used and output in sugarcane production in plant farms
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17.55 (Kitani et al., 1999)
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1- Energy Ratio (ER)

2- Energy Productivity (EP)
3- Specific Energy (SE)

4- Net Energy Gain (NEG)



IAY 290 Jluous oF oylods A e (65,95 sloouilo 4y YAY

3 iyl 3590 0 glguinl jutne wlie 5l gjy5liS Y s
dop YO =Y+ 5l iy (Khoshnevisan et al., 2013a) 5,5
Lo s o 9 oS o ) St oS S daws (VL (ologe: Sl
A5 ) 48 (3-8 n 43S 15 o & Loges o) wimd e St
S8 S il aBl e Cgllasls Mo 5 S8 Wy
il 315 (yglsm 5 5yg0 0 NS 0 26 1) il il
=3,k ;I (Sandhu et al., 2013) a2 o Lilj-dl el
Sl o St Sy g gLt iligm (b clmosn Y
cpl Ll e b o deSTien )8 dles 5l oobj (slmon Y
Sy g ELb p oS SO pm (il £, 8 gkS VYT 0aiyY]

(Franga et al., 2012) .l .

9 (s sl 5 )90 At i) 398 00 o5 i U1 (65 5
3 S olyisar bl Jload e S8 ol (lse 209l sl
980 dple GHE opd b 550 Bpan 0o My slaodles
slajl8 a4 wlxe g, (Khoshnevisan et al., 2013a)
sboosleg g 3dbe (351 (hg) wlde (3L 3920 U (IS
SaSBE lajls i e 0ad 0 po dbgiye culps 5> Lil
il oo Cawdey (F) abarly Gl laooles 51 e o ol
GHG emissions= Slconsumptionx ECemissions  (¥)
SIS LS 5,86 LS Ll ol5ee GHGemissions o] 5> &5
o3lgd y & ylade Sleonsumption S sty 13 0dlgs (gly o it
Hliiil oy ECemissions 9 dbogrpe dly 4y gy b, uslg 5o
Sl slalbds a8 i gl okl Colps adl oo 3 lukiul

Sl a5 s 5kl colys =Y Joas
Table 2- Greenhouse gas (GHG) emission coefficients of agricultural inputs
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Table 4- Energy inputs and output for sugarcane production in plant farms (MJ ha™)
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S5 oy 72.47 <1
Human labor
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Machinary
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Diesel fuel
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Pesticides
039548 355 28237.56 16.45
Fertilizers Nitrogen (N)
Slad 398 722.8 0.41
Phosphate(P,0s)
sl 18195.68 10.44
Water for irrigation
Wy Sl 90978.42 52.2
Electricity
9
Output
JLee 111000
Sugarcane
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Table 5- Energy indices in sugarcane production in Plant farms

olys 2y Ol
Title Unit Average
S5l o i 1.52
Energy ratio
&35 oo kg MJ™: 06
Energy productivity
Gl s MJ kg™ 165
Specific energy
il palls 03938l MJ ha'l -48223.9
Net energy
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Table 6- Greenhouse gas (GHG) emission coefficients of agricultural inputs

Oolps (kg COpeq.ha) uile KW
Title (kgCO,eq. ha) Average Percent
Lm‘}"fm 902.52 <1
Machinery
> o 237.12 <1
Diesel fuel
sttt pye 367.95 <1
Pesticides
ol 35 4771 1.14
Fertilizers Nitrogen (N)
Slind 38 60 <1
(P205)
ot 5 13432.47 3233
Electricity
Spgple 26060 62.73
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Table 7- RMSE and R? for learning algorithms of modeling energy in farms Plant

PSR BIFY O o9l 0313
Test data Train data NH2  NH1
R? RMSE R? RMSE
0.94 0.0079 0.98 0.0037 15 7
0.42 136.9 0.85 12.36 15 10
0.23 52.35 0.55 62.32 19 6
0.52 49.65 0.62 32.512 3 5
0.74 13.235 0.78 9.6 10 7
0.42 36.22 0.42 37.2 4 6
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Table 8- RMSE and R? for learning algorithms of modeling GHG emission in farms Plant

o901 sasls o900 (go3la
Test data Train data NH1
R? RMSE R? RMSE
0.99 6.82x10° 0.99 4.52x10° 5
0.82 0.0085 0.85 0.0012 3
0.65 0.0132 0.72 0.0036 4
0.86 1.23x10™ 0.89 1.52x10° 7
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Table 9- Important factors model derived from the Cobb-Douglas function

Change Statistics

R Square F Sig. F
Change Chamge Dfl D2 Change

R Adjusted R Std Error of
Square Square the Estimate

Durbin-

Model R Watson

1 0.976°  0.92 0.923 0.03795 0.921 204.088 4 40 .0005 1.067
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x10° Test: R=0.943
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Fig. 2. Comparing R? between actual and predicted values of energy training data (a) and test data (b)
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Fig. 3. Comparing R? between actual and predicted values of greenhouse gases training data (a) and test data (b)
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Table 10- Modelling of Cobb-Douglas Output information

Model Unstandardized coefficients | Standardized coefficients t sig
B Std.Error Beta
(Constant) 2.231 2.303 1.008 0.317
Ln(N) 0.714 0.056 0.844 12.734 0.949
Ln(P) -0.509 0.079 -0.719 -6.451  0.007
Ln(sam) 0.25 0.09 0.275 2.79  0.0001
Ln(elec) -0.088 0.103 -0.095 14.861 0.0001
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Introduction

One of the most important sources of the sugar production is sugarcane.Sugar is one of the eight human food
sources (wheat, rice, corn, sugar, cattle, sorghum, millet and cassava). Also sugarcane is mainly used for
livestock feed, electricity generation, fiber and fertilizer and in many countries sugarcane is a renewable source
for the biofuel. The efficient use of inputs in agriculture lead to the sustainable production and help to reduce the
fossil fuel consumption and greenhouse gases emission and save financial resources. Furthermore, detecting
relationship between the energy consumption and the yield is necessary to approach the sustainable agriculture.
It is generally accepted that many countries try to reduce their dependence to agricultural crop productions of
other countries. The being Independent on agricultural productions lead to take more attention to modern
methods and the objective of all these methods is increasing the performance with the efficient use of inputs or
optimizing energy consumptions in agricultural systems. Energy modeling is a modern method for farm
management that this model can predict yield with using the different amount of inputs. The objective of this
study was to predict sugarcane production yield and (greenhouse gas) GHG emissions on the basis of energy
inputs.

Materials and Methods

This study was carried out in Khouzestan province of Iran. Data were collected from 55 plant farms in Debel
khazai Agro-Industry using face to face questionnaire method. In this study, the energy used in the sugarcane
production has considered for the energy analysis without taking into account the environmental sources of the
energy such as radiation, wind, rain, etc. Energy consumption in sugarcane production was calculated based on
direct and indirect energy sources including human, diesel fuel, chemical fertilizers, pesticides, machinery,
irrigation water, electricity and sugarcane stalk. Energy values were calculated by multiplying inputs and outputs
per hectare by their coefficients of energy equivalents. Input energy in agricultural systems includes both direct
and indirect energy and renewable and non-renewable forms. Direct energies include human labor, diesel fuel,
water for irrigation and electricity and indirect energies consisted of machinery, seed (cultivation of sugarcane
has been done with cutting of sugarcane instead of seed), chemical fertilizer. Renewable energies include
machinery, sugarcane stalk, chemical fertilizer while non-renewable energy consisted of machinery, chemical
fertilizer, electricity and diesel fuel. Energy values were calculated by multiplying inputs and outputs per hectare
by their coefficients of energy equivalents. The amounts of GHG emissions from inputs in sugarcane production
per hectare were calculated by CO, emissions coefficient of agricultural inputs. Energy modeling is an attractive
subject for engineers and scientists who are concerned about the energy management. In the energy area, many
different of models have been applied for modeling future energy. An artificial neural network (ANN) is an
artificial intelligence that it can applied as a predictive tool for nonlinear multi parametric. Artificial neural
network has been applied successfully in structural engineering modeling ANNs are inspired by biological
neural networks.

Results and Discussion
The total energy used in the farm operations during the sugarcane production and the energy output was
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1742883.769 and 111000 MJha, respectively. Electricity (52%) and chemical fertilizers (16%) were the most
influential factors in the energy consumption. The electricity contribution was the highest due to the low
efficiency of energy conversion in electric motors which were used for irrigation in the study area. In some
areas, inefficient surface irrigation wastes a lot of water and energy (in forms of electricity). Another reason is
that electricity energy equivalent for Iranian electricity production is higher than developed countries because
Iran’s electricity grid is highly dependent on fossil fuels, so that 95% of the electrical energy in Iran is generated
in thermal power plants using fossil fuels sources. In addition, the electricity transmission system is too old.
GHG emissions data analysis indicated that the total GHG emissions was 415337.62 kg ha™ (CO2eq) kgCO2eq
ha in which burning trash with the share of 62% had the highest GHG emission and followed by electricity
(32%), respectively. The ANN model with 7-5-15-1 and 5-5-1 structure were the best model for predicting the
sugarcane yield and GHG emissions, respectively. The coefficients of determination (R?) of the best topology
were 0.98 and 0.99 for the sugarcane yield and GHG emissions, respectively. The values of RMSE for sugarcane
production and GHG emission were found to be 0.0037 and 4.52x10°®, respectively.

Conclusions

The statistical parameters of R? and RMSE demonstrated that the proposed artificial neural networks results
have best accuracy and can predict the yield and GHG emission. It is generally showed that artificial neural
networks have good potential to predict the yield of the sugarcane production.

Keywords: Artificial neural networks, Energy, GHG emission, Modeling, Plant






