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Introduction

Energy analysis offers significant benefits by establishing a foundation for resource conservation, quantifying
the energy consumed at each stage of production, identifying processes that require minimal energy input, and
supporting sustainable management practices. In sustainable agricultural systems, maximizing the productivity of
input energies is a key objective. This study aims to assess energy consumption patterns within the sugar industry
and to compare the optimization of energy consumption indicators using two meta-heuristic algorithms, ultimately
seeking to enhance resource efficiency and promote sustainable production methods.

Materials and Methods

This study evaluated energy efficiency and environmental impacts in sugarcane-based sugar production at
Dehkhoda Sugarcane Agro-Industry Company (in Khuzestan Province, Iran), during the 2019-2020 agricultural
cycle. Data collection integrated field questionnaires, expert interviews, operational records from the facility, and
national agricultural databases (Ministry of Agriculture Jihad statistics and energy balance sheet). Energy flow
were analyzed using MATLAB statistical software and the Equinonet database, with comparative optimization
through genetic algorithms and imperialist competitive algorithms to identify efficiency improvements.

Results and Discussion

The results showed that, for the majority of indicators evaluated, the imperialist competitive algorithm
outperformed the genetic algorithm in optimizing energy consumption. In addition to reducing the environmental
impacts of this profitable industry in the country, it has a high potential for energy savings. The total energy input
reduction with the genetic algorithm was 17.05%, while the imperialist competitive algorithm achieved a higher
reduction of 26.40%. Natural gas consumption decreased by 3.82% using the genetic algorithm, and by 27.60%
with the imperialist competitive algorithm. Direct energy savings were 16.97% for the genetic algorithm and
27.48% for the imperialist competitive algorithm. Soil acidification reduction was 23.03% with the imperialist
competitive algorithm and 19.19% with the genetic algorithm, compared to conditions before optimization.

Conclusion

In general, it can be concluded that, given the growing demand for sugar production and related industries, as
well as the high efficiency of the sugar production sector, it is advisable to utilize expert knowledge and apply
meta-heuristics methods to optimize energy consumption and available inputs with the aim of reducing harmful
environmental impacts.
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Table 4- Energy indicators in sugar factory before and after optimization using genetic algorithm

Silwdiga 5l ax
&P sl aaly Silwaiaga 51 JB After optimization
Energy index Unit Before optimization S5 ok 4951 Sl Culdy oy 4951
Genetic algorithm  Imperialist competitive algorithm
3 s - 0.21 0.24 0.28
Energy ratio
&35! 50904 Jﬁ)li" eSS 0.01 0.01 0.01
Energy efficiency kg MJ1 ' ' '
2k 55 PRS2 Jsilse 74.42 61.72 54.72
Specific energy MJ kgt
<) S 03¢ 38 «|&
siAl el >9)f & 2 Jsie -59015.16 -46328.03 -39367.82
Net energy gain MJ ton™!

s 1y (6551 Byaae oy yiidin o w0 Jo5Ke FFYY/ND (ooue
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Table 5- Different forms of energy in the sugar factory before and after optimization

Silwdine 5l
& J asly Sl 31 JB After optimization
Forms of energy Unit Before optimization S5 i 59! &lomiw!l Culd,y 1 16X
Genetic algorithm  Imperialist competitive algorithm
el 535 & 2 Jailse 60302.47 50071.72 43729.78
Direct energy MJ ton!
efiane i (S5 R 14112.69 11656.31 11038.05
Indirect energy MJ ton!
R 55 s 13375.75 1098.02 10427.67
Renewable energy MJ ton!
b5 5] & 2 Jsilse 61039.41 50747.01 44340.15
Non-renewable energy ~ MJ ton'!
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Table 6- Life cycle assessment indicators in the sugar factory (per one ton of sugar production) before and after

optimization
Silwdine 5l an
1 e, sy Silwaiaga 51 Jad S After OptImIZ?.tIOI’l S—
Effect Category Unit Before S w93 Solosil Culd o oS!
optimization Genetic Imperialist competitive
algorithm algorithm
Lol Sy kg C2HsCl g 1785.74 1452.39 1383.23
Carcinogenic substances
Bolb et Jse kg CaHsCl eq. 11666.68 9490.33 9038.41
Non-carcinogenic substances
S (o Sgs kg PM2/5 « 2.85 2.30 2.19
Respiratory minerals
. Dﬂy “wb . Bq C-14 ¢q. 1472.19 1198.52 1141.45
lonizing radiation
9”'9' Y o kg CFC-11 ¢q 0.0003 0.0002 0.0002
Depletion of the ozone layer
i 30 kg CoH 1.67 1.34 1.27
Respiratory effects g Larla en. ' ' '
ol Cargens kg TEG 591034.41 479603.11 456764.87
Aquatic poisoning water
085 Sangaee kg TEG soil 351216.27 285493.93 271898.98
Earth poisoning
Sk O &3l
kg SOz eq. 64.21 51.89 49.42
Soil acidification Ehath
w2l JL;.;;I_ m2org/arable 1449.86 1179.80 1123.62
Land occupation
s Cangonss kg SOz eq 11.76 9.42 8.97
Water poisoning
Cpeel5sds kg PO P-lim 0.24 0.19 0.18
Eutrophication
e "wlﬁ; kg CO2 eq. 1923.42 167.67 1531.11
Global warming
23bnaod lagf il Bpae
Non-renewable energy MJ primary 50889.10 39279.08 37408.64
consumption
ol gl MJ surplus 69.61 59.54 56.71
Mining
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Table 7- Reduction of life cycle evaluation indicators in the sugar factory after optimization

Silwdinges 3l o o S slla Dl ials

Pl e, aaly Reduction of impacts per ton after optimization
Effect Category Unit S5 o 49591 &slomins! Cold ) o 4501
Genetic algorithm  Imperialist competitive algorithm
Dol dlse kg CaHsCl eq 333.35 402,51
Carcinogenic substances
kb e 2 Slye kg C2HaCl «q. 2176.35 2628.27
Non-carcinogenic substances
oS (e Slge kg PM2/5 o 0.54 0.65
Respiratory minerals
o3 M Bq C-14 e 273.66 330.73
lonizing radiation
O &Y e kg CFC-11 e 0.0000766 0.0000871
Depletion of the ozone layer
s 28 kg CoH 033 0.39
Respiratory effects g Lot e ' '
Ob] Cogone kg TEG water 111431.30 134269.54
Aquatic poisoning
) Ceges kg TEG soil 65722.33 79317.28
Earth poisoning
Sk O dw\
i kg SO2 eq. 12.32 14.79
Soil acidification 9>02 e
w2l Judl m2org/arable 270.06 362.24
Land occupation
st Cogms kg SO2 eq 233 2.78
Water poisoning
CoeelSids ] kg PO P-lim 0.04 0.05
Eutrophication
e SeleS kg CO2 e 315.74 392.30
Global warming
nbaes Slasiyl Spae MJ primary 11610.02 13480.45
Non-renewable energy consumption
odlee gl MJ surplus 10.06 12.90
Mining
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Fig.1. The contribution of each of the consumption inputs and their effect in the category of damages in the sugar
factory after optimization
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Fig.2. Comparison of the impact on the category of damages in the sugar factory before and after optimization
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