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Abstract: Organic waste management (OWM) has always been a fundamental aspect of human
populations. Approaches to OWM must be matched to the characteristics of a certain population.
In this conside ration, the Kingdom of Saudi Arabia (KSA} is noexception. Organizations awe being

aligned to focus on sustainability matters sharing si features with universal trends, especially
the integration of 3Rs (reducing waste, reusing, and recycling resources). However, the degree
and nature of advancement in the direction of sustainability vary depending on the economic level
of a state. High-income economies can afford to pay a higher price to integrate 3Rs technologies.
Most mcent endeavors have focused on achieving “Zero Waste’, which is costly for low-income
developing countries. The expectations of OWM systems in KSA must be estimated. In this work,
the situations in KSA and other countries are analyzed, and pertinent aspects are explored. Matters
relating to the sustainability of OWM are conceptually assessed. This study proposes an integrated
method for an organic waste management system to achieve sustainable OWM in the context
of state policy and appropriate frameworks, suitable technology, institutional order, operational
and monetary administration, and people consciousness and involvement. A genetic-based waste
collection transpartation algorithm that enhances the efficency of waste collection truck management
is presented in line with this technology. The selacted routes based on the Ry, and IPo are the most
efficient among those available for the examined smart bin destinations. The minimum Ry, of selected
routes is less than the maximum Ry, of available routes by 2.63%. Also, the minimum IPD of selected
routes is less than the maximum IP0 of available routes by 27.08%. The proposed integrated approach,

the waste

P n algorithm, would be beneficial across a variety of

country-specific layouts.
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1. Introduction

Millions of Muslims visit the Kingdom of Saudi Arabia (KSA) every year to do Pil-
grimage (Hajj) and Umrah. Muslims visit hely areas of worship, such as the holy mosques
al Haremeyn (Makkah and Medina) and Al-Masha'ir (Arafat, Mina and Muzdalifah) [1]
The number of pilgrims arriving in KSA for Hajj (the 12th menth of the Islamic lunar
calendar) and Umrah has significantly increased in recent decades due to the ongoing
expansion of the holy mosques, enhanced transportation services and safety, and decreased
aggregate cost and time, with an annual increase of 1.15% from 1993 to 2014 [1-3]. The KSA
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Abstract: Organic waste management (OWM) has always been a fundamental aspect of human
populations. Approaches to OWM must be matched to the characteristics of a certain population.
In this consideration, the Kingdom of Saudi Arabia (KSA) is no exception. Organizations are being
aligned to focus on sustainability matters sharing significant features with universal trends, especially
the integration of 3Rs (reducing waste, reusing, and recycling resources). However, the degree
and nature of advancement in the direction of sustainability vary depending on the economic level
of a state. High-income economies can afford to pay a higher price to integrate 3Rs technologies.
Most recent endeavors have focused on achieving “Zero Waste’, which is costly for low-income
developing countries. The expectations of OWM systems in KSA must be estimated. In this work,
the situations in KSA and other countries are analyzed, and pertinent aspects are explored. Matters
relating to the sustainability of OWM are conceptually assessed. This study proposes an integrated
method for an organic waste management system to achieve sustainable OWM in the context
of state policy and appropriate frameworks, suitable technology, institutional order, operational
and monetary administration, and people consciousness and involvement. A genetic-based waste
collection transportation algorithm that enhances the efficiency of waste collection truck management
is presented in line with this technology. The selected routes based on the R and IPv are the most
efficient among those available for the ined smart bin desti The Ry, of selected
routes is less than the maximum Ry, of available routes by 2.63%. Also, the minimum IPv of selected

routes is less than the maximum IPv of available routes by 27.08%. The proposed integrated approach,
including the waste collection transportation algorithm, would be beneficial across a variety of
country-specific layouts.

Keywords: genetic-based waste collection; [oT; truck waste collection management; Zero Waste

1. Introduction

Millions of Muslims visit the Kingdom of Saudi Arabia (KSA) every year to do Pil-
grimage (Hajj) and Umrah. Muslims visit holy areas of worship, such as the holy mosques
al Haremeyn (Makkah and Medina) and Al-Masha’ir (Arafat, Mina and Muzdalifah) [1].
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(2. Food Waste Is a Problem

According to the World Bank report in 2020, more than two billion tons of MSW O 3

were produced annually, with at least 33% of this being ecologically harmful. On a global
scale, the average amount of waste produced per individual each day is 0.74 kg. These

values range from 0.11 kg to 4.54 kg. Despite accounting for just 16% of the world’s . - N - - - N .
8 8 8 SF 8 for) - - “« . . » . | * &
population, high-income exports account for approximately 34% or 683 million tons of (@] j ) L)A @ MJ M J ’ AN (@R )
Lod e -~ . o -

global waste [12,13].

Waste generation has enormously increased across the world in the last decades, and . o
there is no indication of it decelerating down. Global MSW generation is expected to have L@A uaj;_\j\ d‘)LJ L@QJ} LM 4_\3_\5} utcw\ LJ!_\;_A \M} ij\

increased by 70% to 3.4 billion metric tons by 2050. This situation is a result of a number

of factors, such as world population growth, urban expansion, economic evolution and o e \ JS\ \ \ 1 n-’ JS 1 !S
consumer shopping behavior. People generate millions of tons of waste each year, and LUA L_il.u:“) uau JL&.& LAS } \ @Aﬁ L@A Lf L@‘ ‘)SJJ

this is rapidly becoming a worldwide problem. The necessity for authorities to provide
appropriate waste remediation and disposal facilities has become ever more significant Dot ! . . ‘o b \ - ‘ 1 wx‘ l M S 1 > \J\ . E
with the massive quantities of waste accumulating. However, less than 20% of waste is u-c J P J j 4.@ C L;
. . . s " . Lod . ] . - . o

recycled each year, with massive aggregates still transmitted to landfills. Waste is frequently . >
disposed of in hazardous open tips, particularly in developing countries. High-income "’ !S & “ S \ w!S - S\ S‘ o \ ;1 y\ 13 \y‘ 1 - ‘ - ‘ JS‘
countries produce more waste than low-income poorer countries, but they often have better ¢ 024 GA - (-] - e J L;“ j 4:’& L;Aj M J
waste management systems to help address these issues [14]. ~ -~ -~

Waste generation statistics by billions of metric tons are presented in Figure 2. These . ‘ ] IJ . \ . ‘ . \l ! “ \ d\ 'E'“ \ . \ . d‘ b “
statistics clarify the amount of MSW produced globally in 2016, with projections for 2030 ( 3 ‘5“ j ¢ “\54-\-“ J j u:t-] ‘\:’J - Qc 5 e.&.&ﬁ u&: (‘aJSj

and 2050. According to estimates, approximately 3.4 billion metric tons of MSW will be

B yaad) g zall o so A A gumall i) 3 10y daiall

n
E : 5 14 « Food and green
= 3 o « Paper and cardboard
= s
£ Plast
= 20 « Plastic
;
= Glass
E = 5
£ « Metal 4
= 1
H
I+ « Rubber and leather
@ 05+
0 * Wood
2016 2030* 2050*
» Other
Figure 2. Worldwide municipal solid waste generation planning (2016-2050) [15]. * Prediction
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Table 1. Experiment scenarios.
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Call giol:rigmart List O:hi“l;::lims "™ Residual Free Space %  Importance Priority uu‘-“\ej 43\3\.@;;\ elﬁ)\ 4.?_}»4 ‘f g)\é:\l\ L)A @w &;‘J.S‘ c&éj
01511 2 12 o e - e W e . - e . o
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02311 11 20 PR - . R . - . -
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" 02711 28 16 3 = ) 0 S o -
021472211 29 16 < .
03640 11 29 30 - * . - . . - . d A - . .
P > i L_wbls.d\@;c_ﬁ_\l«s Lgmla.u_\.uu‘ﬁ\ 95;1\ Lﬁ‘ aliasy A:MJJ\P
0271611 31 21 .
0233818162611 49 32 ed\)—d\ L@J&AJ
01537 11 20
01437 16 26
02337 22 25 .
04537 23 24 Smart bin ID: 11
37 01937 23 25
003§593?;7 %t]; g M Residual Free Space O Caculated Importance values
0384537 35 33 10 32 ]
04834337 44 42 9
01541 1 13
0311141 13 39 8 23 I
01441 17 10 7 30 ]
02741 26 11 6
062441 28 48
| 0261141 29 10 5
01141 30 18 4
026541 30 28 3
0641 33 17
015364841 35 37 2 33 |
0321441 38 21 1
Figure 11. Evaluation routes to smart bin id: 11. )
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Table 2. Efficient route selected.

Smart Bin Tarcet List of Smart Bins in the List of Smart Bins in the Selected Smart bln ID: ]-1
8 Selected Route (R, Priority) Route (Equal Priority) 60
11 01511 01511
37 01537 01437 50
41 01541 01541
40
30 B RFS
20 mIPV
Table 3. Residual free space Rg, and importance priority value IPo.
10
Call from Smart Residual Free Space % Importance Priority
Bin ID Min Max Selected Min Max Selected 0
11 2 49 2 4 33 12 Min Max Selected
37 11 44 11 21 42 20
41 1 38 1 10 48 13 Figure 14. Residual free space Ry, and importance priority value IPo to smart bin id: 11.
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