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3 S « S5 vyl (Shamshirband et al., 2015)
Oy Lo hed b aS Coul Lol Slawlos g,
sanlive slaais] b 5 ol b o650l (ol el 00,5 log
)l 6).'}0 )9.144 9 Cnl 00 8|).._‘>‘ @...Jo J.AlS) B 03
e‘) G AJGA oolawl Coro> s_i: 3O 999w 6@.:&.9 w‘o
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Ol ol Jds el sais 0,91 5 (Khanali et al., 2019)
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Table 2. Input and output energy in cake production

o0 (MJ day™) Jslee (55 5! 393 3% M9 9 B pan ylude (a=lg) plgne
Percent Equivalent energy Consumption and production per day Title (Unit)
Inputs leoslys
13.11 34168.76 51661.90 (kg) Flour s,
26.10 68002.38 4023.81 (kg) Sugar S
431 11226.21 153.57 (kg) Oil 5,
0.61 1577.33 216.666 (kg) Egg ¢ 5o o35
5.13 13371.43 1114.28 e i8I
(kWh) Electricity
49.35 128582.1 2597.619 b
(m®) Natural gas
0.29 765.88 41542 el 598
(h) Human labor
1.1 2836.42 11.30 2 (ytlo
(kg) Machinery
S5 s09)5 551
100 260532.5 Total input energy
(MJ day™)
Output sasliw
100 74827.5 4157.14 (kg) Cake .5
8 >92 655
100 74827.5 Total output energy
(MJ day™)
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Table 3. Environmental impacts per ton of cake

&l L5 Js s PR P P Js aslg S i
Inside the factory Outside the factory Total Unit Impact category
0 44.55 44.55 kg Sb, St slagie Sl
' Abiotic depletion
5.91 63.15 69.06 kg SO, , O e
' Acidification
e 2 ‘
0.24 11.34 11.58 kg PO, slezlys gl
. eq . .
Eutrophication
1793.94 11305.55 13099.49 kg CO, i and
' Global warming
5959 Y lads
0.0001 0.0001 0.0002 kg CFC-11 ORTET e
Ozone layer depletion
160.52 4079.60 4240.12 kg 1,4-DCB ool Sopagoe
e Human toxicity
41.65 766.21 807.86 kg 1,4-DCB _
<q Fresh water aquatic
ecotoxicity
194920.87 148050.21 342971.08 kg 1,4-DCB _ _
o Marine aquatic eco-
toxicity
0.29 823.74 824.03 kg 1,4-DCB e
“ Terrestrial ecotoxicity
sl isid Ggmlans]
0.35 2.67 3.11 kg CH,

Photochemical oxi-
dation
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Fig. 1- Frequency of units in terms of efficiency score in energy use of cake
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Table 4- Efficiency amount of cake production units

JeCEe NERS oo G oSl ol
Maximum Minimum Standard deviation Average Title
el
1 0.20 0.31 0.59 : )
Technical efficiency
1 0.95 0.02 0.99 oAl 8 2l
Pure technical efficiency
1 0.2 0.31 0.59 e @l

Scale efficiency
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Table 5- Optimal and stored energy consumption in cake production by data envelopment analysis

o..)..'.':a).:."’.‘b..»o).b o e).:.';.': ‘_gj)ﬂ Wd)m Looly
Saved percentage Saved energy Optimal consumption Inputs
(%) (MJ day™) (MJ day™)
3.82 1305.68 32863.08 3
Flour
2.05 1349.49 66607.89 S
Sugar
5.26 396.78 7149.43 Ol S s,
Sunflower oil
3.35 123.42 3556.58 Lo %9,
Soy oil
6.41 101.15 1476.18 Ero s
Egg
2.68 0.05 191 <!
‘Water
1.41 187.94 13183.89 Lo 55|
Electricity
1.54 1974.72 126607.42 b 5B
Natural gas
2.40 18.41 74747 S 9
Human labor
b il
3.55 100.60 2735.83 M o=
achinery
2.15 5603.26 254929.28 2959 551 S

Total input energy
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Fig. 2- The contribution of different inputs in energy storage in cake production by data envelopment analysis
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f(1)=(-1) x(0.026 X;+0.045 x X5 + 0.080 x X3
+0.109 x X4+ 0.036 x X5 +1193.218 x X5+ (A)
0.338 x X7-0.016 x Xg+ 14.813 x Xo-8.013
x Xiot+ 1.918 x Xq1)

f(2)= 12778 x X1 -0.857 x X5 - 19.89 x X3 +
65.854 x X4+ 2.179 x X5 +30056.54 x X - ®
27.312 x X7-106.469 x X5 - 16.305 x Xo+
49.088 x Xi0- 9.676 x X4
1b=[20560;50700:5483;1840;728;1.53; A\
9600;99000:470.4; 94.2; 2257.2]

ub=[51400;84500;10929;16442;2184:2.

Q)
43;15600;143550;799.68;301.44;3511.2]
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Fig. 3- Percentage reduction of environmental indicators based on consumption pattern of data envelopment analysis
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Table 6- Amount of environmental indicators based on the data envelopment analysis

e g o g
eaueSons. M Emissions in terms of optimal Unit Impact category
energy use
2.58 41.97 kg Sb It e Jelis
' “ Abiotic depletion
2.69 66.37 kg SO, e et
' “ Acidification
0.579 11.001 kg PO, slazl s glas!
' “ Eutrophication
550.18 12549.31 kg CO, Sz oleS
' “ Global warming
0.00002 0.00018 kg CFC-11 Osisl &Y plaki
' “ Ozone layer depletion
602.09 3637.22 kg 1,4-DCB Lo sl Copopae
<q Human toxicity
315 77636 ke 1.4-DCB N
q Fresh water aquatic ecotoxicity
3258225 310388.83 ke 1.4-DCB Al sloT Cpoganna
eq Marine aquatic ecotoxicity
32.96 791.07 kg 1.4-DCB S Congans
oq Terrestrial ecotoxicity
0.15 2.96 kg CH, leerdgid grlizns]

Photochemical oxidation

5 ol el 00 (550 Bpae > (o3 TYEY
2 el 4 base 6551 0 57 adpo S0y lie
‘c&mm d)b g @Lu e .J.S‘ooy (AN EJ"
ke 0,00, s 42315 o5 sy sler Ll ol
(Khanali et al., 2019) ols e YAYYIVE
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Fig. 4- Optimal-Pareto in decision-making sector in ideal conditions for the production of cake
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Table 5. Optimal and stored energy consumption in cake production by multi-objective genetic

0U 0 D oy ou 0 3 (65 Kooy b pco Woolys
Saved percentage (%)  Saved energy (MJ day')  Optimal consumption (MJ day™) Inputs
37.92 12956.1 21212.66 3!
Flour
25.36 1724381 50758.57 A
Sugar
10.33 779.64 6766.57 IS s
Sunflower oil
37.39 1376 2304 b 025
Soy oil
42.53 670.91 906.42 & o
Egg
2.04 0.04 1.92 !
Water
19.85 2654.2 10717.23 gt S
Electricity
45.34 58303.55 70278.59 b S8
Natural gas
6,5)15 S
61.37 470.02 295.86
Human labor
o uile
4.11 125.89 2710.54 o
Machinery
$395 S35 IS
36.30 94580.2 165952.36 Total input energy
by Jelos by B 0sd ol (Brae IS 555 2 plon aoals (g Jolns 5 aban i S35 0255
Jlo o e 5 Juils @lin gbsg o .ol bosls MW@ooQgpélﬁA%w&»}oQ—l@ud
IS SBras 65,80 Gl cazglS adgr jo sl Las V-4 odl la IS Brae 6550 Ol cubal ol il onlls
Yo IAY e 4y cddow sz S5 o, s3l awgi ool = ylae FeS 2o, YA jlade 4 dun aiz Sl o 5638 lawgs
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Table 8- Comparison of energy use pattern based on genetic algorithm and data envelopment analysis
in cake production

kosls ;qw»" "'% [WES)

Data envelopment analysis

S5 i 595!
Genetic algorithm

gy wuo yo S pan (2ly ol e ool
. Amount of actu- ool
Percentage difference (B) st 5551 (A)aisgs g551  al consumption  pppugs
(A-B/B) Optimum energy Optimum energy (MJ day™)
(MJ day™) (MJ day™)
-35.45 32863.08 21212.66 34168.76 1
Flour
23.79 66607.89 50758.57 68002.38 S8
Sugar
Q'%—fﬁbﬂ o9,
-5.36 7149.43 6766.57 11226.21
Sunflower oil
35.22 3556.58 2304 1577.33 by %9,
Soy oil
-38.60 1476.18 906.42 1.962 &r oS
Egg
0.52 1.91 1.92 13371.43 <!
Water
-18.71 13183.89 10717.23 128582.1 ooy S|
Electricity
-44.49 126607.42 70278.59 765.88 ek S8
Natural gas
e
-60.41 747.47 295.86 2836.42 S5 S
Human labor
-0.92 2735.83 2710.54 260532.5 o orile
Machinery
$9959 541 JS
-34.90 254929.28 165952.36 34168.76

Total input
energy
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Introduction: Sustainable development necessitates the supply of energy resources in a sustainable manner, with a reason-
able cost and with minimum negative social and environmental impacts. Thus the optimization of energy consumption, and
as a result, the reduction of environmental emissions is of particular importance. The purpose of this study was to assess
the amounts of consumed energy and pollutant emissions, optimization of energy consumption, and reduction in environ-
mental emissions in the cake production industry in Guilan Province using data envelopment analysis (DEA) and genetic
algorithm (GA).

Material and methods: The efficient and inefficient units considering energy consumption were identified using DEA
models. The optimal energy consumption pattern based on efficient units was presented for other cake production units,
and the environmental assessment was performed based on the optimal pattern. Finally, using the multi-objective genetic
algorithm (MOGA) and considering two objective functions aiming at increasing the yield and reducing the global warm-
ing (GW) index, the optimal energy consumption pattern in cake production units was presented.

Results and discussion: The results of this study showed that 260532.25 MJ of energy was consumed for a daily produc-
tion of 4157.14 kg of cake. The highest share of energy consumption was allocated to natural gas with 128582.1 MJ. Also,
GW index was calculated 13099.49 kg CO, eq. per ton of produced cake. According to DEA results, from a total of 21
cake production units, 17 units were recognized efficient based on variable returns to scale model. Based on DEA results,
the total energy consumption for optimum consumption of inputs, the energy saving percentage, and the reduction of GW
index were determined 254929.28 MJ day™, 2.15%, and 550.18 kg CO, eq. per ton of produced cake, respectively. Also,
the energy use pattern proposed by the MOGA resulted in 36.3% reduction of energy consumption, in which the highest
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percentage of energy savings was associated with human labor. Based on the optimization results of MOGA, GW index for

production of one ton of cake was calculated 10038.44 kg CO, eq.
Conclusion: MOGA optimization method in comparison to DEA, resulted in more reduction of energy consumption, GW
index, production costs, and environmental burdens as well as higher income. Thus, the use of MOGA will pave the way

for achieving sustainable development in cake production industry and staying in competition with other food industries.

Keywords: Genetic algorithm, Energy, Data envelopment analysis, Cake, Global warming.
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