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Introduction

Environmental crises and resource depletion have adversely affected environmental resources and food
security in the world. Therefore, with the global population growth in the coming years and the rising need to
produce more food, attention must be given to environmental issues, energy consumption, and sustainable
production. The purpose of this study is to evaluate the pattern of energy consumption, environmental impacts,
and optimization of the studied energy indicators in dairy cattle breeding industrial units in Khuzestan province,
Iran.
Materials and Methods

This research was conducted in Khuzestan province, located in the southwest of Iran. Energy indicators
including energy ratio, energy efficiency, specific energy, and net energy were used to determine and analyze the
relationships between the output and input energy. Additionally, the life cycle assessment methodology was used
to assess the environmental impact. Life cycle assessment includes a goal statement, identification of inputs and
outputs, and a system for assessing and interpreting environmental impacts, and can be a good indicator for
assessing environmental issues related to production. The life cycle assessment method used in this study was
CML-IA baseline V3.05, which includes the four steps of (1) selecting and classifying impact categories, (2)
characterizing effects, (3) normalizing, and (4) weighting. Overall, 11 impact groups were studied. The Data
Envelopment Analysis (DEA) method with the Anderson-Peterson model was used for optimization. This
method identifies the most efficient production unit and makes it possible to rank all of the farms in the region.
In this study, each production unit (farm) was considered a decision-making unit (DMU), and its production
efficiency was determined based on two models. Namely, the Charnes, Cooper, and Rhodes (CCR) model also
known as Constant Return to Scale (CRS), and the Banker, Charnes, and Cooper (BCC) model also known as
Variable Return to Scale (VRS).
Results and Discussion

The results showed that the input and output energies per cow per day were 173.34 and 166 MJ, respectively.
Livestock feed and electricity accounted for 65.47% and 27.2% of the input energy, respectively, while the oil
used for tiller-scraper lubrication of fertilizer collection accounted for only 0.01%, making it the lowest input
energy. Energy efficiency, specific energy, and net energy were calculated as 0.95, 0.13 kg MJ™, 7.51 MJ kg™,

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution
@ ® 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
B reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source.
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and -7.20 MJ per cow, respectively. In the abiotic depletion impact group, animal feed, machinery, and livestock
equipment had the highest environmental impacts. The results showed that animal feed had the highest
environmental emissions in all impact groups except for abiotic depletion of fossil fuels where electricity had the
greatest effect. CRS model determined that 7 units were efficient; with an average efficiency of 0.78. In the BCC
model, 20 production units were calculated as highly efficient, and the average efficiency was computed to be
0.78.
Conclusion

In dairy farms in Khuzestan province, animal feed and electricity were found to have the highest energy
consumption. In most impact groups, animal feed had the highest environmental effects. Specifically, in the
abiotic depletion impact group, animal feed, livestock machinery, and equipment had the highest environmental
effects. Considering the length of the heat period and the intensity of the solar flux, the installation of solar
panels on the farm's roof to generate electricity can help reduce the consumption of non-renewable energy and
mitigate radiation intensity under the roof.

Keywords: Data envelopment analysis, Environmental impacts, Industrial dairy farm, Life cycle assessment
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Table 1- Status of cattle and calves in Iran and the province of Khuzestan based on data from 2020
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Table 2- Inputs and outputs Equivalent in industrial units of dairy cattle in Khuzestan province
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ol >l Enef ”; iji\‘/:ent il
Item Unit (E}l{] Snit'l) Reference
Wodks (Input)
el S h 1.96 Bilalis et al. (2013)
Human labor
u‘ﬂ"x’ ’ Lmuwl‘ h 62.7 Canakci, Topakcei, Akinci, & Ozmerzi (2005)
Machinery and equipment
J5d Cogw L 56.31 Kitani, Jungbluth, Peart, & Ramdani (1999); De,
Diesel fuel ' Singh, & Chandra (2001)
(e g ondle s)its)) 08y L 478 Hamedani, Rajabi, Shabani, & Rafiee (2011)
Oil (lubrication machine and equipment)
et 75 KWh 11.93 Ozkan, Akcaoz, & Fert (2004)
Electricity
“91““ =2 kg 2.2 Yaldiz, Ozturk, Zeren, & Bascetincelik (1993)
Silo corn
pa5 ol kg 1 Komleh, Omid, & Keyhani (2011)
Wheat straw
g kg 1.5 Shortall & Barnes (2013)
Alfalfa
23lS kg 6.3 Komleh et al. (2011)
Concentrate
Sypae ol m 1.02 Karimi, RajabiPour, Tabatabaeefar, & Borghei
Consumption of water ' (2008)
Woastw (Output)
’“ kg 7.14 Average studies
Milk
> 355 kg 03 Celik & Oztiirkcan (2003)
Manure

S (5)195 slaly 53 (51 Bran (oI b)) 5 (5l slapasls =Y Jgua
Table 3- Energy indicators for evaluating the energy consumption pattern in dairy farming units

oaxWi (Index) aalg (Unit) 4!, (Equation) X (Reference)
S5l s Output energy (MJ ha'l)
Energy use efficiency ) Total input energy (MJ ha™)
3 saere kg M Yield (kg ha™)
Energy productivity Total input energy (MJ ha™) Omid, Ghojabeige, Delshad,
&l s MJ kgt Total input energy (MJ ha™) & Ahmadi, 2011
Specific Energy Yield (kg ha™)
S35l Al 0338l MJ hal Output energy (MJ ha') -
Net energy Total input energy (MJ ha')
2 il ¥ Jgas Lalgy illan " (555 palls o398 5 s Jeoslas g odiliv (65,51 G balyy Jdod 5 e 61
(Omid et al., 2011) A & 5] sty ¢ 85y Coms Lol (65,0] glosasls
3- Energy Specific 1- Energy Ratio

4- Net energy gain 2- Productivity Energy
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Fig.1. Decision-making units in milk production

X1p
XIP —®
XMP ]
N N
maxf = Z u,Yy, subjected to Z UnYy
n=1 n=1
M
- Z VX <0
=1 (¥)

M

Z vmx,];l = 1forallj = 1,2,....]

m=1

u, = 0,1, = Oforalln = 1,2,...,.N and m

=12,.,M

csypas M g N (8 oS (coaiad L 6 Lalgy oyl jo

9 PN (3959 shm cal i Vin gUn L2939 bais3g)9 2l

@ CaSil o) jledlil b palle (38 (2L sl oM (295

S imyiolp dliie S gty 45 20 o dpwloee pxie wlide

(Huang et al., 2021; Khoshroo sy e aslis oyl Jas
.& Singh, 2021)

max Z=uy,-u; subjected to Vx;=1

-vX+uY-u, e<0 (¥)
Z and u, are free-sign

Vg U cliiwd dx o g (0 slayioly 9 Z Loy, cpl )
Syl X g Y dits b 295 5 isd9)9 (559 lapm sle

3PS o) iy glaasly jl el pm (imgi (ol
50 4By 1L )3 oy S 22l o lsiees (lags gl
JHe g olide 4 ctSil sy Juo olilyy sy slassly 28
A8 pe Loy loglS 5l pS’ pm el jesite olide 4 cuiSiL
oaxLd imets ool o (Huang, Shen, Sun, & Li, 2021)
aS cowl jasls SO 8 ohE 0 8 dule 5 a8 LK
dplre plie & CliSil Jao ool 1) 5555 a5l ya 28
e 551l S g sho e Sie S b S S e
i 45 Cosl ol (re 4 WL S Ll (28 2D a3l
A8 dplbre (V) datly 18 (2D )l (2L sl (2L g
(Singh, Singh, Sodhi, & Sharma, 2021)

J* * Iy

uy +uzy2 +..t uy (Y)
7 7 IS

VX v+t v X,

Efficiency=

ylj*, yzj*, cery ol Lh‘_s.'>9)> 09 Un, Uz, ..oy un ui 0 LY

. VM W»IJ d)—‘fw ..\_'>|9 u—?BPVN )
el | (1S maonai 23y (63959 X3, Xy, e, Xpy Canol W 6399
(Charnes, s as (V) adaly 4y ad yg oy doles oy

.Cooper, & Rhodes, 1978)

*

LJ)9 Vi, Vo, ..

1- Decision-making unit (DMU)
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(Hosseinzadeh Lotfi et ai a5 (F) dlayly & yguody ygm yin

al., 2013)
Min Y0=9—8(Z sr++z §7)
= 1

St:
Zj]:l N Yy -s; Yo
i1 Axijts;=0xio (1=1,2,...,m)
NSy 58,20 (G=1,2,...,n)
daasly olas N 099 dlaai M i >gy3 dlawi S o] o a8
3P e 3 398 57 (S8 it «Sa g8 Sl ke Sy

(r=1,2,....,8) )

1- SE= Scale efficiency

2- TE= Technical efficiency

3- PTE= Pure technical efficiency
4- Anderson & Peterson
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Fig.2. The main Phases of life cycle assessment methodology

Jullien, & Ventura, 2010)
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Fig.3. Distribution of 11 categories of environmental impacts based on the CML-IA V3.05 method
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Fig.4. System boundary in life cycle assessment in units of Industrial dairy units
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Table 4- Emission coefficients caused by the diesel fuel consumption in dairy farms

e un Wil (Emission) aslg (Unit) ,lade Value (kgMJ™)
lgd 4 J393 Cdgw B mao jI Ol LLS! kg
Emissions due to diesel fuel to air
281 e5:0,5 (Carbon dioxide (COy)) kg 745
2uSlies ysilsw (Sulfur dioxide (SO,)) kg 2.41E-2
ke (Methane (CHy)) kg 3.08E-3
o= (Benzene) kg 1.74E-4
pawedls’ (Cadmium (Cd)) kg 2.39E-7
p9,S (Chromium (Cr)) kg 1.19E-6
»5 (Copper (Cu)) kg 4.06E-5
JuSlgise )39, 65 (Dinitrogen monoxide (N,0O)) kg 2.86E-3
JS (Nickel (Ni)) kg 1.67E-6
&3, (Zink (Zn)) kg 2.39E-5
932 (Benzo (a) pyrene) kg 7.16E-7
posgel (Ammonia (NH,)) kg A.TTE-4
posiko (Selenium (Se)) kg 2.39E-7
281 59,50 (Nitrogen oxides (NOX)) kg 1.06
2uSlgige op,S (Carbon monoxide (CO)) kg 0.15
3, )3 (Particulates (b2.5 pm)) kg 0.107
Sk 4 ol Las) (Emissions to soil) kg
pawedls” (Cadmium (Cd)) kg 3.98E-09
o (Lead (Pb)) kg 1.75E-08
39, (Zinc (Zn)) kg 1.07E-05
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Table 5- Energy values of inputs and outputs per cow per day

9 D.’L@ )‘.\5.9
olys sy ol S35 ylae oy
Item Unit Theamountof  Epergyvalue  Percentage
input and
output
Woaks (Inputs)
Sl 59,5 (Human labor) h 1.86 3.66 2.1
Sliss g sl (Machinery and equipment) h 0.04 277 1.6
Jpd cé 9w (Diesel fuel) L 0.10 5.53 3.1
S5 g ol L-;)&;_é”) &9.) Oil (lubrication L 0.01 0.25 0.01
machine and equipment)
i SUI (Electricity) kWh 3.96 47.20 27.2
o yae ol (Consumption of water) M3 0.43 0.44 0.2
pls STy (Animal feed) kg 75.66 113.49 65.4
8939 &3 JS (Total input energy) MJ - 173.34 100
Wosiliw (Outputs)
w5 (Milk) kg 23.06 164.62 0.99
545 (Manure) kg 5.02 151 0.01
95> &5 JS (Total output energy) MJ - 166 100

390 2 Sy o8 Loly Ko slils (51 slapasls b)) ol =T Jgan
Table 6- Results of evaluation of energy indices per dairy cow per day

(Energy indicators) (5! s asls

(Unit) ..\»'5

(Amount) ,laie  (Percentage) ww,»

<3y L (Energy efficiency) 0.95 -

oA ;50 (Net energy) -7.20 -

&35 s (Specific Energy) MJ kg™ 7.51 -

&5 502 (Energy productivity) kg MJ* 0.13 -
osiias g5, (Direct energy) MJ kg™ 56.64 33%
st pé 5,0 (INdirect energy) MJ kg™ 116.70 67%
»haiss ¢! (Renewable energy) MJ kgt 117.59 68%
pibyass 65,50 (Non-renewable energy) — MJ kg™ 55.74 32%
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Iy Shesd bas gp b wloy Jile a1y Sl clbasia Ll
Rafiee, ) Lo 5 =3, .(Kumbar, 2015) sa> i34l
(Khoshnevisan, Mohammadi, Aghbashlo, & Clark, 2016
b olnl 53 ojuygil jed Mg (ot sloasa (i)l L 58
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Fig.5. Share of direct, indirect, renewable, non-renewable energy, and inputs per dairy cow
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Table 7- Optimization of energy consumption using VRS and CRS methods for inputs

. i s i g5lwdine
. ' &5 B o G995 3 s (g5l 4 CuS 3l s,
ot/ sl Energy  stepubleacussit T
Input/ Output consumption  Optimization after the et
(cow per day) VRS method Optimization after
the CRS method
o .] .
Sl g5 3.66 3.09 15.58 3.15 14.05
Human labor
e 5 loogile 2.76 251 9.23 2.43 12.07
Machinery and equipment
o coge 5.53 5.04 8.75 459  16.88
Diesel fuel
o9
Oil (lubrication machine and 0.25 0.23 8.66 0.21 15.48
equipment)
. 47.20 43.70 7.41 35.13 25.56
Electricity
iPrae ! 0.44 0.42 5.02 0.40 8.73
Consumption of water
P Sy 113.49 110.02 3.06 100.15 11.57

Animal feed
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Table 8- Optimization of environmental indicators in 11 impact groups using VRS and CRS methods for environmental
impacts
IS eaate  SaS Cn CuiS b gy b ilwaine jlary CudS 5 g, b g5lwdingg o
Sy sLasly JeiS Cardg .. . e s
e wliie 4 b oo
56 elddiws ol Current status of Lo T
»E S J production units After optimization by VRS After optimization by CRS
Impact group Unit method method
0l Jlo s 04D yeasS oddJlo 00Dy odd oy 0D yas
Normalized Characterized Normalized Characterized Normalized Characterized
Abiotic depletion  kgSbeq  5.0084E-12  8.68008E-07 4.8166E-12 8.34765E-07 4.39343E-12 7.61427E-07
G'ng'tg’r‘:?g’l“”g kgeioz 1.14331E-12  4.0542787 1.07791E-12 3.82239142 0.32832E-13  3.307914269
Ozone layer KgCFC- 5 43085E-12  0.627022298  2.29265E-12 0.590889736 2.02734E-12 0.522510138
depletion 1lleq
Human toxicity ‘ngliet 2.35809E-14  2.42602E-08 2.25304E-14 2.31794E-08 2.02413E-14 2.08244E-08
Freshwater aquatic lgslét 5.62596E-13  0.105950207 5.39512E-13 0.101602958 4.89028E-13 0.092095694
Marine aquatic Kgld- 630071E-12  0.047373757 6.04598E-12 0.045458478 5.48303E-12 0.041225776
ecotoxicity DB eq
Terrestrial kg 1,4-
ecotoxicity DBeg 4.27705E-11 1362117696 4.10079E-11 130.5983015 3.70821E-11 118.095708
Phg;‘;ggg’:r:ca' kg ecqu4 192565E-12  0.001766652  1.85144E-12 0.00169857 168211E-12  0.001543218
Acidification kgSO,eq  8.44675E-13  0.000153857 8.03866E-13 0.000146424 7.10954E-13 0.0001295

Eutrophication kg P~3, 9.70923E-12 0.00651626 9.28261E-12 0.006229942 8.32228E-12 0.005585424
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Introduction

The world’s growing population has led to an inevitable increase in energy demand, and this, in addition to
the depletion of non-renewable energy sources, can lead to several environmental issues. Wind power has proven
to be a reliable and sustainable source of electricity, particularly in light of the pressing need to mitigate
environmental impact and promote the use of renewable energy. The purpose of this research is to investigate
and compare the environmental effects of electricity production from two wind power plants, Agkand and
Kahak, using wind turbines with a capacity of 2.5 megawatts for a period of three different lifetimes (20, 25, and
30 years).
Materials and Methods

The present study investigates the environmental effects of electricity generation during the life cycle of wind
farms (Kahak and Agkand) during the construction and operation of these power plants and the cumulative
exergy demand index. The specifications of the wind turbines used in the current research are: turbine capacity
of 2.5 MW, rotor diameter of 103 meters, rotor weight of 56 tonnes, three blades, each blade is 50.3 meters long
and weighs 34.8 tonnes. The turbines are manufactured by Mapna and used in dry conditions. A functional unit
of one kilowatt of electricity was selected and the data were analyzed in SIMAPRO software using
IMPACT?2002+ method with 15 midpoint indicators and four final indicators.
Results and Discussion

The results showed that the stage of raw materials and production has the highest impact on the creation of
midpoint indicators, which is due to extraction, manufacturing, and production of parts such as steel casting
using non-renewable energy and activities such as high-temperature welding. The total environmental index of
Agkand and Kahak wind power plants for 1 kWh of generated electricity was 5.84 and 4.45 pPt respectively,
more than half of which belongs to the damage to human health category. The investigation of the ionizing
radiation index showed that the use of diesel fuel in the installation phase resulted in the highest amount of
emissions in both of the power plants, so the share of pollutant emissions in the raw materials and production
phase is more than 40%, and in the installation phase due to diesel fuel consumption was more than 48%. The
investigation of the eutrophication index showed that the raw materials and production stage accounted for more
than 95% of the damage to the ecosystem quality category, and in the meantime, copper and electrical
components had the highest amount of contribution to the raw materials and production stage. Additionally,
diesel fuel accounted for the largest part of the result in the installation stage, and the transportation and
maintenance stage included less than 1% of this result. The investigation of the renewable energy consumption

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution
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index showed that the stage of raw materials and turbine production in the Agkand power plant with a share of
68% and the Kahak power plant with a share of 70% had the greatest effect on the category of resource damage.
Also, the installation and commissioning phase was the second most effective factor in the category of resource
damage due to the use of diesel fuel. The study of the cumulative exergy demand index showed that non-
renewable-fossil resources had the largest share in exergy demand (0.15 MJ) to produce one kilowatt of
electricity generated from power plants.
Conclusion

In this study, the results showed that in both plants, about 70% of various respiratory effects, 60% of human
health issues, and 25% of acidification and global warming are caused in the raw materials and manufacturing
phase. Furthermore, the installation phase is responsible for 17% and 16% of climate change in the Agkand and
Kahak power plants respectively, and between 14% and 26% of other environmental factors.

Keywords: Cumulative exergy demand, Environmental impact, Iran, Wind energy
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Table 1- Share of raw materials used in the construction of Agkend and Kahak wind power plants per 1 kWh operating

unit
JSE Sk
3lgo aaly Agkend Kahak
Materials Unit  JWw Y- Jw Yo JWw Y. JWw Y Jw Yo Jw Y
20 Years 25 Years 30 Years 20 Years 25 Years 30 Years
Ul oS 258 kg  143E-03  1.14E-03 9.52E-04 1.12E-03  8.93E-04  7.45E-04
Low-alloy steel
O Sl Y8 kg  2.52E-04  2.02E-04 1.68E-04 1.94E-04  155E-04  1.29E-04
Chromium alloy steel
‘J» kg 1.93E-04 1.54E-04 1.28E-04 1.48E-04 1.19E-04 9.88E-05
Cast iron
o kg 2.77E-05 2.22E-05 1.85E-05 2.18E-05 1.74E-05 1.45E-05
Copper
55 9 45l dlge pasisos]
Raw T kg 7.66E-05  6.13E-05 5.10E-05 5.84E-05 4.67E-05  3.89E-05
_ Aluminium
materials ol
and il kg 1.99E-04 1.59E-04 1.33E-04 1.53E-04 1.23E-04 1.02E-04
production Polymer
oF kg 6.56E-03  5.25E-03 4.38E-03 5.05E-03  4.04E-03  3.37E-03
Concrete
‘“i‘ffs’“i*‘"” kg  1.09E-04  8.69E-05 7.24E-05 8.40E-05  6.72E-05  5.60E-05
Ceramics and glass
Cjc))r kg 7.31E-08  5.85E-08 4.88E-08 5.64E-08  4.51E-08  3.76E-08
oSS s kg 131E-05 105E-05  8.76E-06  102E-05 8.16E-06  6.80E-06
Electrical components
9 o
SIS ot kg  1.03E-04  1.42E-04 1.41E-04 1.65E-05  1.32E-05  1.10E-05
Repair and Qil
maintenance
D‘_J}'J'J | kg 3.59E-04 2.88E-04 2.40E-04 2.77E-04 2.21E-04 1.85E-04
cual iese
Installation Ky S
. kwh  2.06E-03 1.65E-03 1.37E-03 1.44E-03 1.15E-03 9.60E-04
Electricity
Total IS tkm  1.43E-03  1.39E-03 1.25E-03 2.09E-03 1.67E-03  1.39E-03
transport Transportation
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Table 2- Environmental pollutant emissions in all stages of the life cycle of Agkand and Kahak power plants for the
production of one kilowatt hour of electricity in three lifetimes using Impact2002 in SIMAPRO software

s3] SeS
oyl aaly Agkend Kahak
Emissions Unit Ju Y- Juw Yo J Y Ju Y- Juye Jls ¥
20 Years 25 Years 30 Years 20 Years 25 Years 30 Years
pares kg 122E-06  979E-07  BITE-07 9.47E-07 758E-07 6.31E-07
Aluminium
’_‘ kg 1.89E-08 1.52E-08 1.27E-08 1.48E-08 1.18E-08 9.87E-09
Arsenic
o kg 6.21E-07 4.99E-07 4.17E-07 4.81E-07 3.85E-07 3.21E-07
Benzene
Sl 008 kg 953E-04 7.81E-04 6.58E-04 7.27E-04 5.82E-04 4.85E-04
Carbon dioxide
o m’”db kg 3.04E-07 2.44E-07 2.04E-07 2.38E-07 1.91E-07 1.59E-07
Carbon disulfide
S 05 deuS e kg 8.53E-05 6.84E-05 5.71E-05 6.63E-05 5.30E-05 4.42E-05
Carbon monoxide, fossil
s . kg 1.24E-08 1.03E-08 8.77E-09 9.29E-09 7.43E-09 6.19E-09
Chlorine
F”S_ kg 3.97E-07 3.18E-07 2.65E-07 3.08E-07 2.46E-07 2.05E-07
Chromium
VI‘?”S kg 9.96E-09 7.97E-09 6.64E-09 7.72E-09 6.18E-09 5.15E-09
Chromium VI
o kg 6.71E-08 5.41E-08 4.52E-08 5.35E-08 4.28E-08 3.57E-08
Copper
OIar S gige kg  3.73E-07  3.01E-07 2.52E-07 282E-07 2.26E-07 1.88E-07
Dinitrogen monoxide
ol kg 3.41E-07 2.77E-07 2.32E-07 2.62E-07 2.09E-07 1.75E-07
Ethane
2- 2 4 ~dichloro-1y o (!
cfc-114 detrafluoro- kg  -856E-12  -7.22E-12  -616E-12 6.81E-12  -5A5E-12 454E-12
Ethane, 1,2-dichloro-1,1,2,2-
tetrafluoro-, CFC-114
Ao b kg 5.41E-08 4.36E-08 3.65E-08 4/.8E-08 3.35E-08 2./9E-08
Formaldehyde
Oigen 25 kg  1.09E-06  8.75E-07 7.31E-07 7.96E-07 6.36E-07 5.30E-07
Hydrogen chloride
Olsrn 2yolé kg  192E-07  1.54E-07 1.29E-07 1.44E-07 1.15E-07 9.60E-08

Hydrogen fluoride
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05923 Spilgw
Hydrogen sulfide
S
Lead
o9
Mercury
Halon Bromochlorodifluoro- « ke
1211

Methane, bromochlorodifluoro-,
Halon 1211

Halon 1301 Bromotrifluoro- ..
Methane, bromotrifluoro-, Halon
1301
HCFC-22 Chlorodifluoro- ke
Methane, chlorodifluoro-, HCFC-22
cfc-12 dichlorodifluoro- . ke
Methane, dichlorodifluoro-, CFC-12
e el
Methane, fossil
CFC-14 Tetrafluoro ke
Methane, tetrafluoro-, CFC-14

alyis
Nitrate
0595 S
Nitrogen oxides
il sz Sy Slogl slage S50 PAH
PAH, polycyclic aromatic
hydrocarbons
Y0> ol
Particulates, < 2.5 um
Umy-> 5 umv,p < .l
Particulates, > 2.5 um, and < 10um

Y

Phosphorus

3,565 awSlied

Sulfur dioxide

A5glél3Sn il

Sulfur hexafluoride
R274
Toluene
okl
Xylene

S
Zinc

kg
kg

kg

kg

kg

kg
kg
kg
kg
kg

kg

kg

kg
kg
kg
kg
kg
kg
kg

kg

6.40E-08

6.42E-08

4.80E-10

1.36E-11

5.55E-11

1.75E-09

3.57E-12

3.68E-05

7.17E-09

5.38E-10

2.26E-05

1.34E-08

2.10E-05

1.25E-05

2.80E-09

3.01E-05

1.36E-09

4.78E-08

5.48E-08

5.89E-08

5.16E-08

5.15E-08

3.86E-10

1.13E-11

4.79E-11

1.40E-09

2.87E-12

2.97E-05

5.74E-09

4.60E-10

1.84E-05

1.08E-08

1.70E-05

1.00E-05

2.39E-09

2.45E-05

1.10E-09

3.99E-08

4.50E-08

4.75E-08

4.31E-08

4.30E-08

3.23E-10

9.56E-12

4.12E-11

1.17E-09

2.39E-12

2.49E-05

4.79E-09

3.94E-10

1.54E-05

8.97E-09

1.42E-05

8.38E-06

2.05E-09

2.05E-05

9.17E-10

3.38E-08

3.79E-08

3.97E-08

4.95E-08

5.02E-08

3.63E-10

1.01E-11

4.10E-11

1.36E-09

2.76E-12

2.74E-05

5.47E-09

5.16E-10

1.70E-05

1.02E-08

1.61E-05

9.73E-06

2.03E-09

2.20E-05

9.99E-10

3.54E-08

4.03E-08

4.60E-08

3.96E-08

4.02E-08

2.91E-10

8.08E-12

3.28E-11

1.09E-09

2.21E-12

2.20E-05

4.38E-09

4.13E-10

1.36E-05

8.17E-09

1.29E-05

7.79E-06

1.62E-09

1.76E-05

799E-10

2.83E-08

3.22E-08

3.68E-08

3.30E-08

3.35E-08

2.42E-10

6.73E-12

2.73E-11

9.06E-10

1.84E-12

1.83E-05

3.65E-09

3.44E-10

1.13E-05

6.81E-09

1.08E-05

6.49E-06

1.35E-09

147E-05

6.66E-10

2.36E-08

2.69E-08

3.06E-08
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Table 3- Diesel fuel burning emissions per 1 MJ of produced energy (Saber, Esmaeili, Pirdashti, Motevali, & Nabavi-

Pelesaraei, 2020)

Kee]] SeS
Emissions 1, Lics! Agkend Kahak
(gM'Diesel) Juo v Juwye  JlYe Juo v Jwye  JlYe
20 Years 25Years 30 Years 20 Years 25 Years 30 Years
Carbon dioxide 1.19E+03 1.16E+03 1.04E+03 1.74E+03 139E+03 1.16E+03
Sulfur dioxide 3.85E-01 3.75E-01 3.37E-01 5.64E-01 4.51E-01 3.76E-01
Methane 4/2E-02  479E-02 431E-02 7.21E-02 S5.77E-02 4.81E-02
Benzene 2.78E-03 2.71E-03 2.43E-03 4.07E-03 3.26E-03 2.71E-03
Cadmium 3/2E-06 3.72E-06 334E-06 559E-06 447E-06 3.73E-06
Chromium 1.90E-05 1.85E-05 1.66E-05 2.78E-05 2.23E-05 1.86E-05
cuprum 649E-04 631E-04 568E-04 950E-04 7.60E-04 6.33E-04
Nitrogen dioxide 457E-02 4.45E-02 4.00E-02 6.69E-02 5.35E-02 4.46E-02
Nickel 267E-05 260E-05 234E-05 391E-05 3.13E-05 2.61E-05
Zinc 3.82E-06 3.72E-06 3.34E-06 5.59E-06 4.47E-06 3.73E-06
Benzo(a)pyrene 114E-05 1.11E-05 100E-05 1.68E-05 134E-05 1.12E-05
Ammonia 762E-03 7.42E-03 6.67E-03 1.12E-02 8.93E-03  7.44E-03
Selenium 3.82E-06 3.72E-06 3.34E-06 559E-06 447E-06 3.73E-06
Polycyclic aromatic hydrocarbon  1.25E-03  1.22E-03  1.10E-03  1.84E-03 1.47E-03  1.22E-03
Hydro carbon 1.09E+00 1.06E+00 951E-01 159E+00 1.27E+00 1.06E+00
Nitrogen oxides 1.69E+01 165E+01 148E+01 28E+01 1.98E+01 1.65E+01
Carbon Monoxide 240E+00 2.33E+00 2.10E+00 3.51E+00 281E+00 234E+00
Particulates(<2.5um) 1.71E+00 166E+00 1.50E+00 2.50E+00 2.00E+00 1.67E+00
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1- Nitrogen Oxides
2- Deoxyribonucleic Acid
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Table 4- Midpoint environmental categories and values for different lifetimes

XK oS
o padli aaly Agkend Kahak
Midpoint categories Unit Jwye Jw Yo Jw e Jwye Jw Yo Jlw Y.
20 Years 25Years 30Years 20 Years 25Years 30 Years
')U'”?’” e kg C,HsCleq  4.25E-04 3.42E-04 2.86E-04 3.26E-04 2.61E-04 2.17E-04
Carcinogens
bl Jse kgCoHiCleq 6.39E-04 5.14E-04 4.20E-04 4.94E-04 3.95E-04 3.20E-04
Non-carcinogens
(s S '.”‘ e ) kg PM2/5eq  2.63E-05 2.13E-05 1.78E-05 2.01E-05 1.61E-05 1.34E-05
Respiratory inorganics
B ”:*_U i BqC-l14eq  1.96E-02 170E-02 147E-02 144E-02 1.15E-02 9.62E-03
lonizing radiation
e ) kg CFC-1l1eq  8.60E-10 7.32E-10 6.27E-10 6.39E-10 5.11E-10  4.26E-10
Ozone layer depletion
i Sl kgCHeq  7.83E-06 7.11E-06 6.24E-06 5.26E-06 4.21E-06 3.50E-06
Respiratory organics
ol Cangonse kg TEG Water  2.66E+00 2.15E+00 1.80E+00 2.03E+00 1.62E+00 1.35E+00
Aquatlc ecotoxmty
) Ctgenes kg TEGsoil  8.61E-0 6.96E-01 5.82E-01 6.66E-01 5.33E-01 4.44E-01
Terrestrial ecotoxicity
JB. "““""_‘5_":‘“l _ kg SO,eq 1.67E-04 16E-04 1.14E-04 1.25E-04 1.00E-04 8.35E-05
Terrestrial acidification
2l JL“'_ M2org.arable  5.86E-04 4.75E-04 3.98E-04 4.59E-04 3.67E-04 3.06E-04
Land occupation
%ﬁ' s kg SO4eq 4.89E-05 3.98E-05 3.34E-05 3.62E-05 2.89E-05 2.41E-05
Aguatic contamination
 oulSdg 451 .
OIS kg PO4P-lim  8.48E-06 6.83E-06 5.71E-06 6.59E-06 5.27E-06 4.39E-06
Aquatic eutrophication
e JleS kgCO,eq  121E-02 9.80E-03 821E-03 9.24E-03 7.39E-03 6.16E-03
Global warming
2l glasipl dpae 0 primary  1.52E-01 1.26E-01 1.07E-01 1.13E-01 9.02E-02  7.52E-02
Non-renewable energy
odles gl MJsurplus  5.38E-03 4.31E-03 3.59E-03 4.19E-03 3.35E-03 2.79E-03
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Fig.6. Environmental damage in the Agkand power plant at all stages of the life cycle during the life of 20 years
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Fig.7. Environmental damage in Kahak power plant at all stages of the life cycle during the life of 20 years
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Table 5- Damage categories and values for Agkand and Kahak power plants in three different lifetimes

LS| SeS
Ol ld dwd asly Agkend Kahak
Damage category Unit  Jlw Y+ Jw Yo Jlw Y. Juw Y. Jw Yo Jw Y.
20 Years 25Years 30Years 20Years 25Years 30 Years
ool cadl WPt 3.02E+00 2.44E+00 2.05E+00 2.3LE+00 1.85E+00 1.54E+00
Human health
Pt Coude . pPt  5.67E-01 4.58E-01 3.83E-01 4.38E-01 3.51E-01 2.92E-01
Ecosystem quality
. el et pPt  1.22E+00 9.90E-01 8.29E-01 9.33E-01 7.46E-01 6.22E-01
Climate change
gl pPt  1.03E+00 8.57E-01 7.26E-01 7.70E-01 6.16E-01 5.13E-01
Resources

9 4yl dlgo ad>yo )3 (Jend Slacdgw Sl odlatul (e JyuS
2 S5 B (i (n S sl 958 S g Mg
D9 (el phof 4 baye (g Mg g adgl dlge gl el
Ol sxio g gy gaw ) pdinaes lagsyl i edlitl 1y 5
5 Sl by sl e lil Wy sbal ) )5 Logase
by 55 Spae il @V e w2 jen phlbnses slags il

Sad o olaidl D

8 5 4o

SLoll g (apocn; CLSl (cwyp 4 3l Glagh 5
SSEl 5 oS (o3 slaolSg i 5 dt S A (2025 (55 S
oy Hlis ol b adldy Jlw ¥e g YO ¥+ yos 0)9d dw Job jo
P IV 390 ol S g5 93 ) A 5 4yl dlge gl il als jo oS
T sl oM Juumils dlowl p3 78+ (iSOl 31 glgil sl
D92 5138 51 (e o) (8 p)S 9 (b Gl (Slvog)S bl 1

e (5 peus) LA padlidl il
Sl 2025 58T gL 5> iz sl adll ()
5 4S8l LS 505 93 )3 (53l it ySUI sl SlgolS S A)g
5 YL aSGl 08 g5 55 oalol sla sl a5 oy olis oS
Ay L & JS 5o sdelcusddy guls pzmen g SgS ol5g
(e (5pS1 (Lol (o ydiy (ewd pdpyiod glie o
a0l sl o9y 93 2 jl g (52 Clashs S Mg ol
doul 1 oliwds phao a5 2l s W w0l olaid] 25
0395 j A 008 (b il iod gla e Ls
b 3l 9 g5 g adgl slge dlsye 4y by e Clile- pdbayaos
kb pdobnaos 4o 3o CEXD I gy BB (i )50
Glise glaanlys o Lol lisl 5l (SO Jpd Bpas oS ol
J- 5 Jox s5llel 5 cuai s als yo Joli) o555 (s 5llel,
loseg) 9 L gu sl osliul (pizman ol (Slyass 5 )15 4
—piabanaed slasi sl Bpae o ot il Cllh ans
Sloslarwl a s oly s b pawyp oA (Sdxe Dlge g cl3ls ( Lod
85 aalgs 15 s (e ) (ed lie gV (sla639)9



Yy

cor (60L o g i ) iy yiSIN Ui oo § O 5T (b 351 (o550 5 590 ($39595

o gy cilises yoo Job du j3 S@S g LS8l 09505 (5 ST slols =T Jgan

Table 6- Exergy demand of Agkand and Kahak power plants in three different lifetimes
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Introduction

With the emergence of new automation and mechanized technologies in the production and processing of
agricultural products in Iran, which aim to accelerate the food supply process, adopting appropriate management
models in the field of maintenance becomes inevitable. This is crucial to maintain and enhance the operational
reliability of agricultural machinery, tools, and equipment. Furthermore, proper management of various physical
assets in the agricultural industry, including operation and maintenance, is one of the most important
requirements. This is due to their crucial role in ensuring readiness and high availability during the seasons of
planting, cultivating, and harvesting agricultural products. These needs differ from that of other continuous
production processes.

Materials and Methods

To achieve an efficient model in the field of maintenance, the following steps have been investigated:

a) Reviewing and identifying the most important criteria and sub-criteria driving the maintenance
management. This is based on the previous literature and the experts’ opinion.

b) Evaluating and prioritizing the main criteria and the interactions between their sub-criteria using the Best-
Worst Method (BWM).

¢) Providing improved solutions for maintenance management of Iranian agro-industries.

We decided to employ BWM because, compared to similar methods, it (i) provides more reliable pairwise
comparisons, (ii) reduces the possible anchoring bias that may occur during the weighting process by
respondents, (iii) is the most data-efficient method, and (iv) provides multiple optimal solutions which increase
flexibility when accessing the best weight point. The process of weighting by BWM is summarized in five steps:

1) Determine a set of evaluation criteria identified by the experts or decision-makers.

2) Identify the most important (Best) and the least important (Worst) criteria according to the experts or
decision-makers, each of which may have their own Best and Worst.

3) Determine the preference of the Best criterion over all the other criteria using a number from 1 to 9 (where
1 represents equal importance and 9 represents extremely more important).

4) Determine the preference of all the decision criteria over the Worst criterion.

5) Compute optimal weights.

Results and Discussion

According to the preliminary surveys, the most important criteria in the excellence maintenance model were
identified as “organizational management”, “human-related factors”, and “organizational aspects”, respectively.
The results of the BWM revealed that sub-criteria such as "top management support,” "fund allocation and

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution
4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
By reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source.
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inventory resource management,” and "appropriate maintenance strategies" had the greatest impact on
maintenance management in agro-industries, with global weights of 0.108, 0.075, and 0.067, respectively.
Additionally, these findings were compared to previous research conducted in the field of agricultural and
production system maintenance models.

Conclusion

The findings of this study could assist managers in revising and developing maintenance management models
in the agro-industries. Future studies could consider calculating the interactions among the criteria that were
omitted in this study to simplify the evaluation process which might improve the accuracy of weighing criteria.
This can be achieved through the combination of the Decision Making Trial and Evaluation Laboratory
(DEMATEL) and structural equation modeling.

Keywords: Agro-industry, Best-Worst method, Machinery, Maintenance, Mechanization
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F‘g"?_“ksson ‘_;Lo laass Sharma L;“édl")'u '!)g‘i?) ‘L“u:’?) 9 La’)‘)"‘ ‘“""‘\"J"ﬁi’ dh”c"“’[:-“’
o012y Organization and leadership, participation,  (2013) Strategies and goals, human aspects management,
( ) planning and scheduling, education and support mechanisms, maintenance policies, tools and
methods, organization approach

culture, methods and tools, support
systems, financial aspects




VPe¥ lomo F o lois Y alo (g5y9liS somiilo 4 ypis Y'Y

dodyly o Jlo din ¢ potiue deupn ( Sl mbio

2359) o Jpile el el o a5 pass) Il gl

_ p3ele dasbyy g o)l dincumliw ¢ 3 lojls Milana, L 5l la gy Jgslo (leMbl (515 olga oyl 5 liagons
A;zrrlia,& RS g siglej 5 (sl el Khag M. (6 bscsgzt s 5 SEML] ¢ m30 kol canlins)
Saleh Human resources, continuous improvement, Munive- Activities module (repair, maintenance, design,
(2014) financial aspect, strategies, organization, Hernande  Modification), resources module (people, equipment and
policies, tools and methods, support 7 (2017) tools, materials, information technology),
mechanism, planning and scheduling, procedures/mechanisms module (policy, organization,
maintenance commitments. information and documentation, outsourcing)
9 D5y (839350 Cu e «uligSS 338y e «leMbl cy e
. ‘ . Naji, A gy g polte Cple bl Sy e Cuslow (S5 g,
Pajlogsgn 49y Slojlwcigy gy (Sldl @lie  Qumami, e
B?zk(;iggz 23 2 (e Sl Bou(lg,our, Information management, maintenance contract
Human resources, internal procedure, Beidouri management, inventory management, maintenance
external procedure, data-based technologies (2019) procedure and method, senior management policy,
continuous and continuous improvement, financial
aspect
Sl sl csisle) 5 syl Wlodd  BIFuoly i ¢S Loy (slodoliy g liebl culild
- : a Gomes, Sl gl w3391 Cuppto dacllibay gy Mmoo (ol
Gandnare & Ol g SleMbl g e dagrgege Yasin, & (e G T T TR ) AR e )
Akarte . . L Reliability and predictive plans, service response
Planning and scheduling, development Simdes - - -
(2020) policies, organization, financial aspect (2020) system, effectlvgness, and quality, failure an_d _safety,
human re‘sources inveﬁto mana emeﬁt energy and environment problems, team efficiency,
information me,ma emelgan d sug ort ' activity procedure problems, budget management,
g PP human resources
5 S35 Sl 5 (5 lSem (g3 9 SBigel )
privantha S Sl s o S gmany  Rodag e ey SR el Sapne e
(2%21) Education and training, cooperation and Macchi Selfjlearnlng, online S|tuat|on_mon|tor|ng, decision-
partnership, technology and innovation, (2021) making based on data, revolutionary change, human

budget allocation, policymaking, program-
oriented maintenance, problem-solving
culture, organizational structure

resource management, interactions, and possible
interactions.
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Table 2- Information related to all types of machines, tools, equipment, along with all types of products in agro-

industries

o 5515 b el (ogase SaS claysiST il a0 5 4050 Slocdlls pogaie )5 slagSTy

Tractors Large tractors for farm and livestock activities, small tractors for garden activities
s oty 5 Sy daalsls SiSE pogatce
Plows, discs and levelers, chisels Tillage process

Lo ylS iy, oISl S s Sl lf pogaze
Cultivation/Planting
Planters and seeders
process
w5 bpasle (K05 g lgal sloyhad g lid ot (oyll (glapiums do 3bdsS @ 30Kedes § wd sla whow

&l bany gl (oo Clgal glgil daciolls Sin el .\.41)9 oy’

Implements and other
farm machines

Y epile lgil
ol 390

Types of
machines used

Manual and semi-mechanized sprayers, fertilizer sprayers, pressurized
and drip irrigation systems, microelements, pruning tools, pumps

Maintain process

b geliaS ey o S ol S5
Harvesters, Shakers, Balers, Combines

a9 iy Sl o guase
2N
Harvesting and packaging
process

BB oguaste Oljass
Special greenhouse
equipment

(2libgy g Gyt JyiS epises syl 5 oS JUS eloptuns ¢ sslo pu Sluspusls e otslo )5 Ol etygas Sl

Sl jaghy Slies

Ventilation facilities, heating facilities, cooling facilities, canalization and irrigation systems,
electricity and lighting control systems, and humidification equipment

gygyeld s ) Sljuges
Livestock farming
equipment

o (5950l cBpiam o adslo o Slusl ( dalo Sl i 9o5 Slamwli o pwiblo (53,5 dgle o
ol sladiee Sy 58) b N SE Glapiass (o592
Mixer, fodder crusher, baler, ventilation facilities, heating facilities, cooling facilities, drinking
systems, milking systems, milk cooling systems (milk coolers), heat exchangers

e g JB 5 Joo i
Transportation

Loy guelS” dlany1y )3 el j3g) oy s 5
Trolleys, loaders, graders, trucks

equipment
9 rwJ..'f Dlﬂ)ﬁ: C,uf)l.}ﬁ QLQ)' ;olA)ST U R cuss L.)L")'
wheat and barley Cultivation time is from October to December, harvest time is in July
RVEPRVEES Olj”p(ambﬂ Olej ol (1193958 U wil cuisS lo
=5 oY guame Sugar beet Cultivation time from March to April, harvest time is in October and November
Crops sladgle @)d oloype Cudldyy o olo D33 oS yloj
fodder corn Cultivation time in June, harvest time in October
|)l§ oLeblbl& CA.:)‘.))J' Ol‘j wlo )y)g(u: S Ol”}
Canola Cultivation time is in September, harvest time is in June
&Y gazmo S e gS oloyg pe Cudld yy (yloj cole Cgubind )] cuisS™ lo
Sls b Tomato Cultivation time in May, harvest time in September
Summer oy oloyge jied el loj coledls 3 cutS ke
products Melon Cultivation time in June, harvest time in September
[ olojge U 52,008 Cudlyy lo
Apple Harvest time from September to October
ey ooy o by oo
Pear Harvest time in September
Lo ol olo sy B g cutigud,l cuilyy oo
ey Peach Harvest time in May and June
Garden . c L s o o] sl o
products o d2g5 olo dh S g Cudipmd,l Cuiibyyy ploj
Greengage Harvest time in May and June
il oloyss Cutly loj
Nectarine Harvest time in July
wMj nLa):J C&fsb){ ul‘:)

Cherry

Harvest time in July
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Fig.2. Steps of conducting research (identifying and prioritizing criteria / sub-criteria affecting efficient maintenance
and repair management)
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Fig.3. Classification of criteria and sub-criteria affecting maintenance and repair management based on available
literature and expert opinion
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Table 3- Information related to the experts in agro-industries
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Table 4- The weight and rank of the sub-criteria for the economic criteria at the second level using BWM

Jlre Jbrep; 9 ol Caglel b ad,
Criteria Sub-criteria Weight Rank
CublagSS ujLo)‘L» (.jl-"’d)bsw.t.:“.’ 9 syl 0142 3
Strategies and policies
CusligS Slojle copie o Jle e coles 0246 1
Top management support
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ol Cu e Fund allocation and inventory resource management
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Awareness of maintenance and safety activities '
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Performance measurement and monitoring '

Change management and alignment of all stakeholders
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Well-established organizational structure
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&l Jolge Adequacy of IT infrastructures and facilities for operations
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Environmental and operatorial conditions
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Table 5- Critical equipment in agro-industries based on the type of crop/product and season

(Ltasss
Type of product (crop, orchard,
livestock, greenhouse)

05159 32 Jgpad] Jucd

Dense operating season (s)

S0 Ol g Lomile
Critical agricultural fleet

$ 9 PS5
Wheat and Barley

P9 paS
Wheat and Barley

L5|4é5l.c yd
Forage corn

shdgle @3
Forage corn

Sugar beet

Sugar beet

=5 9 (b Y gz U2
Most orchard and crop products

BB Y gare
Greenhouse products

Lf;‘fj 9 Lfb u\fym
Livestock and dairy products

oLo)S’l b ygeo cudS g L;)‘L.uobl.oj .\.UI)B oles
Preparation and cultivation times
from October to December

Harvest time in July

olodls 3 oS g (gilwodlel a3 yloj
Cultivation time in June

oLa).e(a g';\.‘f)l.\).g OLo)‘
Harvest time in October

00095 b bl €iS g (gjlwonlel il 3 lo
olo
Cultivation time from March to April

Ol 5 e cxdby oo
Harvest time in October and
November

Ol g lee
Spring and summer

bl g )lee
Spring and summer

Jls b i >
In most seasons

(L) dnyalals dacSunys) (65,55 Sloal 15 g Lo yoiS] 5
a5y, daylS
Tractors, tillage implements (discs, plows, rollers),
seeders
Slagdle dacnles daygsly & Jate slajky 9 1s)S5) gl
(bogeels) J& 5 Joo
Harvesters and balers attached to tractors,
combines, transport machines (trucks)

(Lo Jg) dlagyalsls dacSiusd) (5,586 lgal 55 g banygiSTys
a5 5
Tractors, tillage implements (discs, plows, rollers),
seeders

JB g Joo slagpile daygsly 4 Juate (slasly 5 a9, gl

(logygelS)
Harvesters and balers attached to tractors,
combines, transport machines (trucks)
() dnyalsls dacSuys) ()5Sl lodl 35 5 baygiS] s
a5

Tractors, tillage implements (discs, plows, rollers),

seeders

JB g Joo slagpile daygsly 4 Juate (slajly 5 a9, gl
(bggt)

Harvesters and balers attached to tractors,
combines, transport machines (trucks)
slaygige g lacie dacially Seo sylol 05l (slappian
L yileows ¢ J 320
Mechanized irrigation systems, micronutrients,
diesel pumps and engines, sprayers
55155 g (St (olaloyw 5 (lale)S (ot
Heating and cooling systems, ventilation systems,
generators

ol b puSso dn 5S35 (i yguels iy giS] )5 el
Q95 (St (892 b
Tractors, trucks, shredders, mixers, milking
machines, ventilation systems
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Table 6- The overall weight of the sub-criteria for maintenance and repair management in agro-industries
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Sub-criteria Weight Rank
CslanSS Sbojle Copte jd e pie colos 0.108 1
Top management support '
L“L5>9?9‘° Ak Cuppde i g 4‘5\1 Ao uow‘ 0.075 2
Fund allocation and inventory resource management
CiligSS Slojle sl g i cunluw 5 sadynl, 0.067 3
Maintenance strategies and policies '
(uw‘“" dﬁ)ﬁ") CBIRSS Jhwpy liaily g oMo 0.066 4
Adequacy of maintenance personnel
Slile g Jelss b Jolsi 09 g Laoly)l8 cslis g e 0.061 5
Contracting out maintenance
ClaSs Juoy 3 653 5 Gisel ool 5 el 0.059 6
Training & education
Olejlw @N‘ 9 W‘J{’i’ cale cyonl )l L;a’lﬂ O‘}?‘ 0.053 7
Awareness of maintenance and safety activities
W‘v\aﬂd shf«.ﬂ«f Siloditus 0.052 8
Documentation of maintenance works
Adequacy of IT infrastructures and facilities for operations '
Change management and alignment of all stakeholders
ClagSSs gyl (50,5 50 caslio lojle Hidle Sl g)lo )58 0.038 11
Well-established organizational structure
CuligSS gledld p Slles 5 e Jolse o pie 0.035 12
Environmental and operatorial conditions
Workflow management and standardization
ol LF;L"?L“ ‘-5’:“”)5 SIRTSLIY 3" 0.029 14
Organizational culture
CulinS gledls ) Lm‘j yodaane €S jlie g 3,81 dps 0.028 15
Participation and commitment
“"“’I”{i’ )}‘" @ J99?)“’ u"’l95 9 L“d?’““’ L}’“B)f )14’ » 0.024 16
Incentives and rules related to maintenance
sl b paly g laal jl iy 25T 0.021 17
Employee awareness of maintenance goals and strategies

Performance measurement and monitoring
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Introduction

Nowadays, machine vision systems are extensively used in agriculture. The application of this technology in
the field can help preserve agricultural resources while reducing manual labor and production costs. In the field
of agricultural automation, accurately detecting crop rows is recognized as a crucial and challenging issue for
weed identification and the automatic guidance of machines. Therefore, it is necessary to explore practical
solutions to optimize this process. Hence, the purpose of this study is the precise identification of basil
cultivation rows to enable the automatic navigation of robots in the cultivation field.
Materials and Methods

In the first stage of this research, six images from each growth period of basil plants (third, fourth, and fifth
week) were taken and weeds were removed from the area between the crop rows using three different methods
of area opening, dimensional removal, and masking. In the next stage, six images of crop rows without weeds
were examined by performing image processing operations and implementing several routing algorithms,
namely, Hough transform, wavelet transform, Gabor filter, linear regression, and an additional algorithm
proposed in this study. The output of each of these algorithms was compared with the ideal path identified by the
user. For this purpose, after capturing an image, green areas were extracted from it by performing the
segmentation process. By applying each of the routing algorithms to the image, plant cultivation lines were
identified and their equations were determined. Finally, the performance of the designed robot was evaluated
using the most appropriate routing algorithm.
Results and Discussion

Examining the performance of three different methods of weed removal in three periods of plant growth
(third, fourth, and fifth week) showed that during this interval, the masking method had the lowest error rate
compared to the ideal path and the shortest average operation time of 1.64 seconds, followed by the dimensional
removal and the area opening methods. Comparing the routes detected by different routing algorithms with the
ideal routes and according to the results of the t-test at 5% probability level, the order of the studied routing
methods from the most superior is as follows: the proposed algorithm, Gabor filter, linear regression, Hough
transform and wavelet transform algorithm. Overall, the proposed algorithm had the highest rate of adaptation to
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the ideal path (with an average error of 3.65 pixels) and the shortest operation time (4.79 seconds) and was
selected as the most appropriate routing algorithm and the performance of the designed robot was evaluated
using it.
Conclusion

A reliable crop row detection algorithm can reduce production costs and preserve the environment. In this
study, the masking method was used for removing weeds from the images. The new proposed routing algorithm
has superior performance when compared with common routing algorithms such as the Gabor filter, linear
regression, Hough transform, and wavelet transform. Additionally, it was shown that the designed robot using
the proposed algorithm (with an average error of 3.65 pixels) has the desired performance.
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Fig.9. Showing (a) Mean values, and (b) The standard deviation of the distance between points of the main path and
points of the path extracted from the image by the proposed algorithm using three different methods of weed removal
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Table 1- T-test between user-defined main path points and path points detected by the proposed routing method using
three different weed removal methods
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Fig.10. The extraction of crop lines using the a) Hough transform algorithm, b) Wavelet transform algorithm, ¢) Gabor
filter, d) Linear regression algorithm, and €) The proposed algorithm

S sl jebate o A5 a8 g odd s Jlo]

o gy bwgs sadosly yase 5 bLa Lo RMSE' als e

1- Root Mean Square Error

= 2l oty 5SS gilwosly 5l am sl s
Jos_la.'>5]ol_5.: dl)_’>u| U‘)—""u—‘*’))"‘\—")iﬁ‘—“""dﬁ)
o Ay Coad Lol oSl cpl 51 <SG jo bawgs sadodly jaseis



VPe¥ limo F o lois Y alo ((g5)9liS somiilo 4 ypis  YFPA

Los Slayye (1o jio jlade o jieS Jold Soge i (o9,
kA o )5 99 lagdyy paw S L)y Lidg
Ol e (250 U (05 SesS G Sl hias 5 Sage
el g pylay CulS B3y 53 (5 )L8 s cpl b ) el
Sla had Ghey o0l gy (ks (gmesS) 09y J sl ©)le
bwgie gawlone | o iopin Sage bls by g
9Kl ym bsss gt ] sl utS Las 5 RMSE
) s glagbsy olae 2 48 005 (asule (ol yws
oS oLoj O U (oolodiiy oy ) o yiome blis ccaiS
LS5 s s |y (i WV/¥VY) Ll ol 5 S5e o
Obgy i ol i g iy Jlol e (59 ok
Sage Jodd B9y 5 Bl b (g (oS g5y 9y 9
VAUYFAY 5 VOV VAY. AVF/ o5 EVNSE @bl ool Lasgio b

A8 5 ey

8 daliie dj90 )5 bawg 0ad s b 5 (ol e i
e Jolsh June Bl 5 0xlin foga5 s (Y pi) 265
ok 45 jeblen (VY USS) 00,5 paw s oddb0dld yaisuds
9 (s 2295 iy 3 S CudS udy b Gl I A5 o)L
oasde ¥ Joda 3 S S5y L eaey g poe i) i)
i oSl Cds e U s 48 )8 a3 10 jbolisu] & ygody (o
o S (Jlodn] yomno) 1) Lausgs 00b s yooms S| 59 5
20,5 dunlie 35 paius CudS b3 5l e b 0 K0S
dyee CdlS Caydy i j0 4 A odalin ¥ Jods illas
ShIS (el e Glapi )5S b 4 Consd (ol (Bg) (s
2 ol gy 3l dx bl 0 RMSE jli o oy, 5wl
iy bl S Gaudy 5 pgd gl patiwe S slacad,

9 B> G )Sy Oy «Bla bas by, gelS ey cud i

blﬁf WS ‘_ngou) g9y ¥ );)lf ,‘4.»93 onzJ Jo‘.a; 9 LE’L)MM ulou dl.muas) ]a.n.)?) b.).mo.)‘.)uw ]DLQJ RMSE —Y ‘JSA?
Table 2- RMSE of points detected by different routing methods and user-defined points on plant cultivation rows
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Fig.11. Showing (a) Mean value, and (b) The standard deviation of the distance between the points of the six paths
extracted from the image and the main paths of movement using five different routing methods
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Table 3- T-test between user-defined main path points and path points detected by different routing methods
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Introduction

The development of mechanization and machine technology can have positive and negative effects on the
economic, social, and environmental conditions of a region. Conflicts in these areas complicate the selection and
optimization of sustainable mechanization systems. One of the basic questions in the selection of a sustainable
agricultural mechanization system is how and with what methodology would it be possible to propose the closest
mechanization model that will overcome the simultaneous contradictions between the three npillars of
sustainability; taking into account the natural and technical limitations in agricultural production. What is the
appropriate approach considering the economic, environmental, and social aspects? The current research aims to
provide a framework for an optimal mechanization model to achieve the goals of agricultural sustainability so
that it can be implemented and applied practically. It is possible to provide a model that addresses the conflicting
economic, social, and environmental aspects by quantitatively optimizing the level of mechanization.
Materials and Methods

In this study, a framework is applied whereby contradictory goals of agricultural sustainability can be
achieved simultaneously. After selecting the indices and data collection, by combining Shannon entropy and
TOPSIS, the similarity index was obtained for each objective. The similarity indices and values of the Benefit-
Cost Ratio calculated for each system were considered as coefficients of three objective (economic, social, and
environmental) functions in multi-objective optimization. The multi-objective optimization model was applied to
achieve sustainable mechanization patterns and was solved using the NSGA-II algorithm. For framework
validation, paddy production mechanization systems in the Ramhormoz region located in southwestern Iran were
analyzed with constraints: land, water, and machinery. The five mechanization systems of paddy production
included puddled transplanted, un-puddled transplanted, water seeded, dry seeded, and, no-till.
Results and Discussion

Pareto-optimal solutions of different scenarios with water and machine constraints showed that this
framework cannot only meet the sustainable goals, but also the optimal allocation of mechanization systems is
identified and the effect of different scenarios under different constraints can be examined. The sustainability
goals between the no-tillage and planting with puddling systems are highly contradictory. The no-tillage system
has the highest score in the environmental aspect and the lowest score in the social and economic aspects. This
modern system was developed in Ramhormoz three years ago and has faced technical, economic, and social

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution
4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
o reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source.
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challenges ever since. The cultivated area using this system was 43 hectares in 2019. Despite the speed and ease
of planting with this system, and its direct environmental benefits, the possibility of fungal outbreaks is raised
due to the presence of wheat residues from previous cultivation and the warm and humid environment of
cultivation. Additionally, weed outbreaks caused by periodic irrigation have greatly affected the satisfaction and
profitability of this system, leading to the highest amount of pesticides consumed among the studied systems.
The results of multi-objective optimization of sustainable rice mechanization systems in Ramhormoz city
showed that the total surface area of optimal point systems is in the range of 2700 to 3200 hectares, which is
close to the area under rice cultivation in Ramhormoz (3310 hectares) and it indicates that the output of the
model is according to the applied restrictions and close to reality. The limitation of machinery and water has
made the two planting systems of un-puddled transplanting and dry-seeding better than other systems. Removing
only the machinery restriction can lead to an increase in the area under rice cultivation by about 700 hectares.
This means that the requirement for the development of sustainable rice cultivation in Ramhormoz is to
strengthen and support modern mechanized systems of no-tillage, dry-seeding, and planting with puddling, with
a focus on systems with less water consumption which are the systems with higher levels of mechanization.
Without water limitation, if the model is subject to the current machinery limitations, the optimal mechanization
systems are the more traditional ones such as transplanting without puddling and wet-seeding.
Conclusion

One of the most fundamental challenges in the development of mechanization is identifying systems that can
best balance the economic, social, and environmental aspects of sustainability and minimize environmental
damage whilst maximizing economic and social benefits. Using the framework for sustainable mechanization
will not only accomplish sustainable goals in identifying the optimum agricultural mechanization level, but it
will also allow researchers and implementers in the agricultural sector to examine the outcome of various
scenarios under different constraints. This framework can be used to find the optimal model for mechanization of
all stages of tillage, planting, harvesting, and post-harvest in diverse geographical areas.

Keywords: Agricultural mechanization, Multi-objective optimization, Optimal pattern, Sustainability
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Fig.1. Optimal sustainable mechanization framework for rice production in Ramhormoz region, Iran
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Table 1- Values of stability indices and the calculated weight of the indices in Shannon entropy
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Table 3- Pareto optimal solutions of sustainable rice mechanization systems in Ramhormoz- with all restrictions
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Transplanting with puddling Dry-seeding Wet-seeding No-tillage Area under consumption
without puddling (ha) (ha) (ha) (ha) cultivation (m°)
(ha) (ha)
1886 166 899 78 12 3041 82962373
1351 316 1275 213 13 3169 82994714
2698 0 1 12 10 2721 82999997
1264 340 1336 235 14 3190 82999995
2527 15 237 12 11 2802 82961626
1276 539 1177 184 13 3188 82999997
2712 0 1 0 11 2724 82999997
2094 65 788 33 12 2992 82952086
1643 237 1057 145 13 3094 82980004
1264 340 1336 235 14 3190 83000000
1618 340 1014 121 12 3106 82979981
1276 539 1177 184 13 3188 82999996
2221 41 629 31 12 2934 82934402
1968 308 712 16 11 3015 82826449
1834 180 935 91 12 3053 82965469
2710 1 1 0 11 2724 82980670
2427 24 364 18 12 2845 82954600
2009 117 813 56 12 3006 82959032
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600 hectares of power of planting machine with puddling
1440 hectares of operational power of dry-seeding machines
64 hectares of operational power of no-tillage machines
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Limitations: 5642 hectares of cultivated area
83 million cubic meters of water
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Table 4- Pareto optimal solutions of sustainable rice mechanization systems in Ramhormoz- with machine restriction
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without puddling - seeding naet consumption

puddling (ha) (ha) (ha) cultivation 3

(ha) (ha) (ha) (m°)
0 0 0 5642 0 5642 208749362
1222 76 82 4259 3 5642 198425726
4572 283 306 469 12 5642 170166224
4470 59 64 1045 5 5642 177823206
4547 0 0 1092 3 5642 179159195
3419 219 237 1749 10 5635 179380325
3500 264 290 1536 10 5600 176107325
1476 222 240 3645 10 5593 190400514
2813 215 134 2472 8 5641 185374613
598 45 49 4943 2 5638 203290491
2318 146 159 3004 6 5633 188763438
2421 276 258 2585 11 5551 181679059
1720 66 71 3781 3 5642 195499081
5466 49 29 62 5 5611 170895987
0 0 0 5641 1 5642 208744350
5639 0 0 0 3 5642 172058983
2095 130 140 3271 6 5642 191060368
4119 259 282 954 11 5626 173227704
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600 hectares of power of planting machine with puddling
1440 hectares of operational power of dry-seeding machines
64 hectares of operational power of no-tillage machines

Limitations: 5642 hectares of cultivated area
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Table 5- Pareto optimal solutions of sustainable rice mechanization systems in Ramhormoz- with all restrictions

(drought)
»j o
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e Sy b 5,0 i G L R ol o
; ; Transplanting with Dry-seeding i No-tillage Area Water consumption
without puddling puddling (ha) (ha) seeding (ha) under m)

(ha) (ha) cultivati

on (ha)
0 270 662 0 0 932 19999989
0 171 779 0 1 951 19997295
0 148 806 0 1 955 19985138
0 14 966 0 1 981 19988213
0 59 911 0 2 972 19980398
0 182 766 0 1 949 19999967
0 0 982 0 3 985 19999993
0 0 984 0 0 985 19999994
0 212 731 0 0 943 19993736
0 118 843 0 0 961 19995990
0 34 944 0 0 978 19999990
0 134 823 0 1 958 19939460
0 160 793 0 0 953 19990671
0 69 902 0 0 971 19997817
0 235 703 0 0 939 19998322
0 89 876 0 2 967 19999552
0 38 938 0 1 977 19989284
0 269 663 0 0 932 19992559
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600 hectares of power of planting machine with puddling
1440 hectares of operational power of drying machines

Limitations: 5642 hectares of cultivated area
20 million cubic meters of water

64 hectares of operational power of no-tillage machines
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Introduction

Remote sensing is defined as data acquisition about an object or a phenomenon related to a geographic
location without physical. The use of remote sensing data is expanding rapidly. Researchers have always been
interested in accurately classifying land coverage phenomena using multispectral images. One of the factors that
reduces the accuracy of the classification map is the existence of uneven surfaces and high-altitude areas. The
presence of high-altitude points makes it difficult for the sensors to obtain accurate reflection information from
the surface of the phenomena. Radar imagery used with the digital elevation model (DEM) is effective for
identifying and determining altitude phenomena. Image fusion is a technique that uses two sensors with
completely different specifications and takes advantage of both of the sensors' capabilities. In this study, the
feasibility of employing the fusion technique to improve the overall accuracy of classifying land coverage
phenomena using time series NDVI images of Sentinel 2 satellite imagery and PALSAR radar imagery of ALOS
satellite was investigated. Additionally, the results of predicted and measured areas of fields under cultivation of
wheat, barley, and canola were studied.
Materials and Methods

Thirteen Sentinel-2 multispectral satellite images with 10-meter spatial resolution from the Bajgah region in
Fars province, Iran from Nov 2018 to June 2019 were downloaded at the Level-1C processing level to classify
the cultivated lands and other phenomena. Ground truth data were collected through several field visits using
handheld GPS to pinpoint different phenomena in the region of study. The seven classes of distinguished land
coverage and phenomena include (1) Wheat, (2) Barley, (3) Canola, (4) Tree, (5) Residential regions, (6) Soil,
and (7) others. After the preprocessing operations such as radiometric and atmospheric corrections using
predefined built-in algorithms recommended by other researchers in ENVI 5.3, and cropping the region of
interest (ROI) from the original image, the Normalized Difference Vegetation Index (NDVI) was calculated for
each image. The DEM was obtained from the PALSAR sensor radar image with the 12.5-meter spatial resolution
of the ALOS satellite. After preprocessing and cropping the ROI, a binary mask of radar images was created
using threshold values of altitudes between 1764 and 1799 meters above the sea level in ENVI 5.3. The NDVI
time series was then composed of all 13 images and integrated with radar images using the pixel-level

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution
@ ® 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
oY reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source.
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integration method. The purpose of this process was to remove the high-altitude points in the study area that
would reduce the accuracy of the classification map. The image fusion process was also performed using ENVI
5.3. The support Vector Machine (SVM) classification method was employed to train the classifier for both
fused and unfused images as suggested by other researchers.

To evaluate the effectiveness of image fusion, Commission and Omission errors, and the Overall accuracy
were calculated using a Confusion matrix. To study the accuracy of the estimated area under cultivation of main
crops in the region versus the actual measured values of the area, regression equation and percentage of
difference were calculated.

Results and Discussion

Visual inspection of classified output maps shows the difference between the fused and unfused images in
classifying similar classes such as buildings and structures versus regions covered with bare soil and lands under
cultivation versus natural vegetation in high altitude points. Statistical metrics verified these visual evaluations.
The SVM algorithm in fusion mode resulted in 98.06% accuracy and 0.97 kappa coefficient, 7.5% higher
accuracy than the unfused images.

As stated earlier, the similarities between the soil class (stones and rocks in the mountains) and manmade
buildings and infrastructures increase omission error and misclassification in unfused image classification. The
same misclassification occurred for the visually similar croplands and shallow vegetation at high altitude points.
These results were consistence with previous literature that reported the same misclassification in analogous
classes. The predicted area under cultivation of wheat and barley were overestimated by 3 and 1.5 percent,
respectively. However, for canola, the area was underestimated by 3.5 percent.

Conclusion

The main focus of this study was employing the image fusion technique and improving the classification
accuracy of satellite imagery. Integration of PALSAR sensor data from ALOS radar satellite with multi-spectral
imagery of Sentinel 2 satellite enhanced the classification accuracy of output maps by eliminating the high-
altitude points and biases due to rocks and natural vegetation at hills and mountains. Statistical metrics such as
the overall accuracy, Kappa coefficient, and commission and omission errors confirmed the visual findings of
the fused vs. unfused classification maps.

Keywords: Confusion Matrix, Normalized Difference Vegetation Index (NDVI), Radar Image, Sentinel 2
satellite, Support Vector Machine
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Fig.5. Original and cropped DEM of radar satellite
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Fig.6. NDVI Time series dataset cube
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Fig.7. Procedure for preparing the mask layer from radar imagery and fusing it with the Sentinel 2 satellite imagery
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Table 2- Specifications of ground truth annotation for supervised classification
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1- Confusion matrix
2- Overall accuracy
3- Kappa coefficient
4- Omission Error

5- Commission Error
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Fig.8. Comparison between output classified maps and the effect of image fusion. Left: output map of Sentinel 2, Right:
output map of Sentinel2+ALOS
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Table 3- Confusion matrix for classification of unfused image of Sentinel 2 satellite

Referenced
1) awsled clas _ . . .
(C)ommissLison Ere 2l P adp Sk e s = w8
Total Others Wheat Tree Soil Residential Canola Barley Class
Error(%)
0 78 0 0 0 0 0 0 78 7
Barley
0 118 0 0 0 0 0 118 0 bl
Canola
0 47 0 0 0 o0 47 0 0 s
Residential
0.92 108 0 0 0 107 1 0 0 JL:;
Soil
10.71 56 0 1 50 3 0 0 2 e ) .
Tree L XV XWETAS
227 132 1 129 0 0 0 2 0 P Classified
Wheat
olw
2.47 81 79 0 0 0 2 0 0
Others
620 80 130 50 110 50 120 80 Eyoze
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XWX L;Uai
125 077 0 273 6 167 250 (%)
Omission Error
(%)
LS () &5 <8
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Kappa coefficient
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Table 4- Confusion matrix for classification of Fused images of Sentinel 2 and radar satellites
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Referenced
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%) Total Others Wheat Tree Soil Residential Canola Barley Class
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‘.
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Canola
0 45 0 0 0 0 45 0 0 S
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Sk
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Tree L XV XWETAS
4 1250 1 120 0 4 0 0 0 ¢ Classified
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slicdis olbs
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Omission
Error (%)
L (7) 5 e
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Table 5- An overview of related literature
& el avds P! (o) Oy £
Reference Results Summary Fusion method Type of land cover
I . . Sentinel2+
. The overall accuracy was 76% with Sentinel2 + SAR and 72% with - e el
Rajah etal., Landsat8+SAR, while the accuracy for single unfused images were 65% and SAR/SdentmeI ! o
2018 53%, respectively Landsat8+ American Bramble
' ' SAR/Sentinel 1
T'\éll?:zsiltvael- The overall accuracy of classification in fusion mode was 84.1% with 11.5% Sentinel2+ PSPt
2022 " improvement for single imagery. SAR/Sentinel 1 Palm oil tree
Abdikhan, S Landsat8+ SR g
2018 Improved the overall accuracy by up to 7% in fusion mode. PALSAR/ALOS Forest
Sl 2l S adgs
Improved the overall accuracy by up to 30% in the fused image versus single blio Lyl "
Hunaer et al imagery. The producer’s and user’s accuracy were significantly improved in Sentinel2+ ‘oRly sl
2016 B cultivated land and urban area classification. The Forest and fallow lands SAR/Sentinell E e (3bln o JKa

classifications were not significantly different. The water body was negatively
affected in the fused mode.

Palubinskas et Improved the classification accuracy of infra-structure and reduced the errors
al., 2011 by 32%.

Worldview-2+Terra
SAR/ Spotlight

Water body, Cultivated
and Fallow land, Forest,
and Urban areas
S g lu
Urban infrastructure
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Table 6- Measured vs. predicted cultivated area in the region of study
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Difference percentage
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7 55
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bl 36
Canola
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Introduction

Precision agriculture is a modern approach to farming that ensures the crops and soil receive exactly what
they need for optimum health and productivity. Precision agriculture offers the potential to automate and
simplify the collection and analysis of information. It allows management decisions to be quickly made and
implemented in small areas of larger fields. Measuring acoustic signals with a cone penetrometer is an advanced
and inexpensive method that provides a lot of information about the soil within the shortest amount of time and
with the lowest cost. The texture of the soil determines the percentage of the constituents of the mineral part of
the soil such as sand, silt, and clay.

In this study, an acoustic penetrometer is developed to provide an accurate method for determining the soil
texture. This system uses a microphone to record the sound produced by the cone-soil contact and correlates this
data with the soil texture.

Materials and Methods

An acoustic cone penetrometer (ACPT) was designed to determine if there is a relationship between the
sound produced at the cone-soil contact and soil particle size. Three types of cones with angles of 30, 45, and 60
degrees, diameter of 20.27 mm, and rod length of 300 mm according to ASAE standard S313.3 FEB1999ED
(R2013) were used to determine the relationship between sound and soil texture and to choose the best angle. A
microphone (20-20,000 Hz) suitable for fast dynamic responses was used to record the audio signals produced
from the soil. Audio signals were stored online through the oscilloscope section of Matlab software. To create
the controlled vertical movement of the cones, a mechanical mechanism with electronic controllers was
designed. This mechanism can be connected to the rails of the soilbin available in Urmia University, Iran, and is
made of a 5 hp electric motor with a gearbox, an inverter for controlling the rotational speed of the electric
motor, and a digital ruler for recording vertical movement. Soil samples were tested in 19-liter bins.

Acoustic signals received from the microphone were processed in the time-frequency domain using wavelet
transform. In this research, Daubechi function type 3 is used to analyze acoustic signals. It is not possible to use
the processed acoustic signals directly for statistical analysis. Therefore, the relevant features should be extracted
from them. From the 30 features of time domain signals, the most effective and main features include: SUM,
Max, RMS, average, Var, kurtosis, and Moment4. They were ranked using the feature selection section of
WEKA 3.9.2 software to avoid increasing the volume of calculations, increase processing speed, and reduce
errors. The characteristic vector of the sub-signals of several different soil samples was analyzed to distinguish
the soil type and constituents namely sand, silt, and clay.

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution
@ ® 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
oy reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source.
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Results and Discussion

The best type of cone was selected using WEKA software. The number of features in the d1 sub-signals was
higher for the 45-degree cone, and it can be concluded that with this cone, the soil type can be better recognized.

The average values of characteristics in clay, loam, and sand had an increasing trend, respectively, and were
statistically significant with a probability of 1% and 5%.

Acoustic signals for clay soil, which has a heavy texture and small particles, have minimum amplitude, and
for loamy and sandy soils, they were observed as medium and maximum, respectively. This will cause the values
of the selected features of clay soil to be low, and as a result, the average values, variance, and standard
deviation are also low. They would be higher for loamy and sandy soil which have larger particles. It can be
deduced that, as the size of the soil particles increases, the particles hitting the cone wall would become heavier
and would affect the frequency and amplitude of the signal. This will result in the increase of signal amplitude
values and, the sum, max, and mean values as well.

Conclusion

Among the sub-signals, the maximum effect of soil texture type changes was related to d1 sub-signals for the
45 cone, and these signals had more potential to identify the soil texture type. Among the features, the sum,
average, VAR, and RMS were significant at 1% probability levels. Therefore, these features have more potential
to detect the type of soil texture in the mentioned sub-signal. Additionally, the effect of soil texture change on
Moment and Kurtosis characteristics was significant at 5% probability levels.

Keywords: Cone penetrometer, Microphone, Signal processing, Sub-signal, Wavelet transform
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Table 3- The results of prioritizing the features under detail signals and proximates

BYUSwyr; byt 4l; B 559 (i gl
Sub-Signal  Cone type Prioritize features

30° Max

dl 45° Sum- mean- var- moment4- RMS-kurt- max
60° Sum- meanaby- moment4
30° Max-Var

d2 45° Sum
60° max
30° Max

d3 45° Sum
60° Max- kurt- moment4- moment6- CF
30° Max

d4 45° Max
60° Max- moment4
30° Max

d5 45° Max
60° Max- sum
30° Max

a5 45° Moment6- max/s- sum- mean
60° MOment6

Sk ol S8 Gy AL Sgo s i o Sy oubly 4558 @i —€ Jgaa
Table 4- The results of variance analysis of acoustic signal characteristics d1 for soil texture separation

b S5 Sk gy e Slxe Sl il Ol ggeme o905l SIS
Properties Soil type Mean Standard deviation  Sum of squares F Sig.
clay 16.403 1.107
Eyoe loam 18.755 1.486 145.271 22.141 0.001
Sum sand 23.2501 2532
e clay 0.002909 0.000197
o loam 0.003439 0.000389 0.000 17.045 0.001
Mean sand 0.004123 0.000449
1 clay 0.0000154 0.00000225
i loam 0.00002072 0.0000055999 0.000 12.028 0.001
VAR sand 0.00002998 0.000006724
Y 4530 oo clay 0.00000000158 0.00000000099
P42 0 loam  0.00000000253 0.00000000211 0.000 3.356 0.050
MOMENT4 sand  0.000000004394  0.00000000238
e clay 101.00922 0.6671
Slup ofbeade; 0 97.07258 0.9039 46.584 19.061 0.010
RMS sand 99.19299 1551
. clay 6.8079 2.1825
S5 loam 6.5549 1.6303 5.571 2.247 0.050
Kurt sand 5.0269 1.2829
L clay 0.0289 0.002393
e loam 0.0549 0.01753 0.003 6.868 0.010
Max sand 0.0579 0.01876
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Introduction
Anaerobic bacteria break down organic materials like animal manure, household trash, plant wastes, and
sewage sludge during the anaerobic digestion process of biological materials and produce biogas. One of the

main issues in using biogas is hydrogen sulfide (H,S), which can corrode pipelines and engines in concentrations
between 50 and 10,000 ppm. One method for removing H,S from biogas with minimal investment and operation
costs is biofiltration. Whether organic or inorganic, the biofilter's bed filling materials must adhere to certain
standards including high contact surface area, high permeability, and high absorption. In this study, biochar and
compost were used as bed particles in the biofilter to study the removal of H,S from the biogas flow in the lab.
Afterward, kinetic modeling was used to describe the removal process numerically.

Material and Methods

To remove H,S from the biogas, a lab-sized biofilter was constructed. Biochar and compost were employed
separately as the material for the biofilter bed. Because of its high absorption capacity and porosity, biochar is a
good choice for substrate and packed beds in biofilters. The biochar pieces used were broken into 10 mm long
cylindrical pieces with a diameter of 5 mm. Compost was used as substrate particles because it contains nutrients
for microorganisms. Compost granules with an average length of 7.5 mm and 3 mm in diameter were used in this
study. For the biofilter reactor, each of these substrates was put inside a cylinder with a diameter of 6 cm and a
height of 60 cm. The biofilter's bottom is where the biogas enters, and its top is where it exits. During the
experiment, biogas flowed at a rate of 72 liters per hour. Mathematical modeling was used to conduct kinetic
studies of the process to better comprehend and generalize the results. This method involves feeding the biofilter
column with biogas that contains H,S while the biofilm is present on the surface of the biofilter bed particles.
The bacteria in the biofilm change the gaseous H,S into the harmless substance sulfur and store it in their cells.
The assumptions that form the foundation of the mathematical models are: the H,S concentration is uniform
throughout the gas flow, the gas flow is constant, and the column's temperature is constant at a specific height.

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution
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Results and Discussion

In the beginning, biochar was used as a substrate in the biofilter to test its effectiveness, and the results
obtained for removing H,S from the biogas were acceptable. H,S concentration in biogas was significantly
reduced using biochar beds. It dropped from 300 ppm and 200 ppm to 50 ppm where the greatest H,S
concentration reduction was achieved. The level of Methane in the biogas was not significantly impacted by the
biofilter. This is regarded as a significant outcome when taking into account the goal which is producing biogas
with a high concentration of methane. The H,S elimination effectiveness was 94% with the biochar bed and
biogas input with 185 ppm H,S concentration. The removal efficiency reached 76% with the compost bed and
input concentration of 70 ppm. Using mathematical models, the simulation was carried out by modifying the
model's parameters until the predicted results closely matched the experimental data. It may be concluded that
the suggested mathematical model is sufficient for the quantitative description of H,S removal from biogas
utilizing biofilm in light of how closely the calculation results matched the experimental data. The only model
parameter that was changed to make the model results almost identical to the experimental data was the value of
the maximum specific growth rate (umax) Which has the greatest influence on the model results. The value of pmay
for the biochar bed was calculated as 0.0000650 s~ and for the compost bed at 70 ppm and 35 ppm
concentrations as 0.0000071 s™* and 0.0000035 s™, respectively.
Conclusion

The primary objective of this study is to examine the removal of H,S from biogas using readily available and
natural substrates. According to the findings, at a height of 60 cm, H,S concentration in biochar and compost
beds decreased from 185 ppm to 11 ppm (removal efficiency: 94%) and from 70 ppm to 17 ppm (removal
efficiency: 76%), respectively. The mathematical models that were created can quantify the H,S elimination
process, and the pna Values in biochar and compost were calculated as 0.0000650 st and 0.0000052 s?,
respectively.
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