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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

©2025 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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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 3- The stored energy of the inputs in the sugar factory after optimization

S5 i 9! S lorinn] Sl s 4551
Genetic algorithm Imperialist competitive algorithm
olys Slado oyd Sade KW
Title Amount (MJ ton?) Percentage Amount (MJ ton!)  Percentage
bl 30 12.95 8.67 23.90 16.00
Manpower
bayile
- 39.71 18.39 58.88 16.33
Machines and tools
b 55 10202.16 3.82 16520.55 27.60
Natural gas
et 7SI 15.63 5.28 28.23 9.54
Electricity
<! 13.34 17.04 26.81 7.68
Water
“.m 34.90 11.01 91.58 17.42
Lime
S 2368.43 6.63 2897.35 22.50
Sugar cane
laoslyd oo (sl JS 12687.13 17.04 19647.34 26.40

The total stored energy of the inputs
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Table 4- Energy indicators in sugar factory before and after optimization using genetic algorithm

Silwdinga 3 o

&P pasla asly Silwdiaga 51 L8 After optimization
Energy index Unit Before optimization S5 i yeNI & yloxiw! Culdy ok 4451
Genetic algorithm  Imperialist competitive algorithm
S35 Coms - 0.21 0.24 0.28
Energy ratio
35! 9ok Joi&e y pSsks 0.01 0.01 0.01
Energy efficiency kg MJ?
29 37 PHS 2 Lyl 74.42 61.72 54.72
Specific energy MJ kgt
il ool o2l e -59015.16 -46328.03 -39367.82
Net energy gain MJ ton!
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Table 5- Different forms of energy in the sugar factory before and after optimization

Slwdinge 5l o
i I asly Silwdinga 5 J8 After optimization
Forms of energy Unit Before optimization S5 4951 &lomiw! Culdy oy 4o
Genetic algorithm  Imperialist competitive algorithm
s 557 & gt 60302.47 50071.72 43729.78
Direct energy MJ ton't
et 55 o n gilse 14112.69 11656.31 11038.05
Indirect energy MJ ton
R 555 & 2 Jgitss 13375.75 1098.02 10427.67
Renewable energy MJ ton
2ibaes (55 & 2 J5ie 61039.41 50747.01 44340.15
Non-renewable energy ~ MJ ton™

oy yials aagi BB jlade a1y (6550 (slayadls g 0dg ol
wlaasl L &5 (Namdari, Rafiei, & Hosseinpour, 2015)
sl 039y guad yu|
2 o dpge e ) 131 (Sod) o ke Il S
4 el Gl GaleS pasls o S35 6 5 o) Sllas

3 odliil Ly iByisn 45 (gjlodiage Bun b &5 i

b bl S5 Ay s &2 2Lyl 5 oleminl i) pi Sl
|y ognne LS (gilusinge 5| o o855 cilisn SIS (e
olwlid 4y o bodly iiigy Julow g,y aS (g ysboay by ol
Byino e b wlide Lo 5l cunlio (650 iyl 5 ST slassl



1404 L 2 o)locs 45 ol o (5355LiS gbacritlo & pii 256

p,59-LS 1531/11 4 1607/67 o5 ey (g Lol culBy s 55l
(6 Jgi) cdl LialS Jolae aaST (65 o0)8

3 3 55 o o g el 5 o ob ol adllas ol gl
3l yhamel 4 Jolee Sl 63 ()8 p,SokS 1923/42 ¢iluain
9 Sl vyl o Hlade ol (g5lwdigy 1 G &S Cawl oiid

iloatate S ax 5 U8 (155 (5 S g i) S5 adg Bl o (S5 @ )l slepesls =6 Jgse
Table 6- Life cycle assessment indicators in the sugar factory (per one ton of sugar production) before and after

optimization
“ s 2
JRIPITY aly d}la:b-;@-g BN — S After optlmlzatl(‘)n . =
. erore o3y A Lo Co -
Effect Categor Unit P i S e liad
gory optimization Genetic Imperialist competitive
algorithm algorithm
Lol dlye kg C2H3Cl eq 1785.74 1452.39 1383.23
Carcmogenlc substances
ooyt lge kg C2HsCl eq. 11666.68 9490.33 9038.41
Non-carcmogenlc substances
i hdaa g kg PM2/5 «q, 2.85 2.30 2.19
Respiratory minerals
R O Bq C-l4eq 1472.19 1198.52 1141.45
lonizing radiation
93l &Y kg CFC-11 e 0.0003 0.0002 0.0002
Depletion of the ozone layer
S &0 kg CH 1.67 1.34 1.27
Respiratory effects gLzl e ' ' '
obil Coogona kg TEG 591034.41 479603.11 456764.87
Aquatlc poisoning water
) Cuegens kg TEG soil 351216.27 285493.93 271898.98
Earth poisoning
Sk O.x.i} LSM‘
* kg SOz eq. 64.21 51.89 49.42
Soil acidification g2 =
w2l _JL;;,\_ m2org/arable 1449.86 1179.80 1123.62
Land occupation
] -
st Tyt kg SO 11.76 9.42 8.97
Water poisoning g5tz e
B kg PO P-lim 0.24 0.19 0.18
Eutrophication
e ohleS kg CO2 . 1923.42 167.67 1531.11
Global warming
shbaes o)l Bpae
Non-renewable energy MJ prlmary 50889.10 39279.08 37408.64
consumption
e gl MJ surplus 69.61 59.54 56.71
Mining
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S ledy  gilwdigs | Gw FSS Gl @l ials
sLood, plas ) (gjludingy 1,3 5l e b oaalie &5 jgbolon
(T Jgaz) 0l (5 pwgumo 20lS" 3

G o dbimsi S oy )8 Lawgi (ol g6l (sl el
2 25y o Joy> Cpyiin a5 3 ialS ws s 21162 1, (5]
el (wlwlp i oad daalS 0 Jg 13 93,5 Gy jd (55l
g il Gl plale)S padls (liee wdiaiiy (gjludiee
o Joleo 10uS1isd 08 p S5kS 2923[T4 0 4 o5 S,

Silodige jlam S8 g Al 50 (Swj s e b)) clapasls pials =7 Jgas
Table 7- Reduction of life cycle evaluation indicators in the sugar factory after optimization

S 3l o oF Sy gl las O WG dals

Sl gy, aslg Reduction of impacts per ton after optimization
Effect Category Unit S5 eI & lomiw! Culdy oy 445!
Genetic algorithm  Imperialist competitive algorithm
ol dlye kg CoHaCl e 333.35 402.51
Carcinogenic substances
oty s lpe kg C2H3Cl «. 2176.35 2628.27
Non-carcinogenic substances
i shdne Slge kg PM2/5 0.54 0.65
Respiratory minerals
o o Bq C-14¢ 273.66 330.73
lonizing radiation
0939l &Y 0% kg CFC-11 e 0.0000766 0.0000871
Depletion of the ozone layer
s 2l kg CH 033 0.39
Respiratory effects g Larla ey ' '
okl Congo kg TEG water 111431.30 134269.54
Agquatic poisoning
O Sngans kg TEG soil 65722.33 79317.28
Earth poisoning
S 0 s kg SOz e 12.32 14.79
Soil acidification
w2l Jusl m2org/arable 270.06 362.24
Land occupation
st Coogone kg SOz e 2.33 2.78
Water poisoning
G5y kg POs P-lim 0.04 0.05
Eutrophication
e oiale s kg COz e 315.74 392.30
Global warming
pibaes gl Spae iy 11610.02 13480.45
Non-renewable energy consumption
oolee gl MJ surplus 10.06 12.90
Mining
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health quality change health quality change
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u Electricity = Electricity
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m Direct publications - sugar production [ = Direct publications - sugar production
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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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m Befor optimization = After optimization ® Befor optimization  ® After optimization

Imperialist competitive algorithm Genetic algorithm
(il 5l 2 9 S8 S5 Mg G5 53 Ol aiod b nlia =2 JSS
Fig.2. Comparison of the impact on the category of damages in the sugar factory before and after optimization
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(Vatani Nezafat, & Golroo, 2017
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