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Abstract

Purpose: In a city, there are different sectors in operation, and each sector also plays a role in the production of municipal waste,
which draws attention to waste management methods. The present study explains a model to identify the factors affecting waste
production in Bushehr.

Methodology: The main dimensions of the model are taken from the review of the theoretical literature. A dynamic systems
approach has also been used to identify urban waste management strategies. First, we identified and modelled the factors affecting
municipal waste production with dynamic systems. The reasons for using the dynamic systems approach for this research can also
be enumerated as follows: 1) an appropriate approach in determining and predicting the effects of factors affecting waste production,
2) helping to understand the relationships between variables and examining the behaviour and structure of systems, incredibly
complex systems (creating a conceptual model), 3) a flexible approach with the ability to analyze quantitatively and qualitatively, 4)
the ability to review the system in the future under different scenarios and policies of decision makers and 5) dynamic system models
are considered as simulation models; therefore, they have the advantages of using the simulation method over the analysis methods.
In the next step, the organization's internal and external factors in urban waste management were performed by referring to the
SWOT analysis method, urban waste management strategies in Bushehr.

Findings: The results of the SWOT method showed that the vulnerability threshold of urban waste management in Bushehr is very
high, and it is necessary to provide appropriate policies to address weaknesses and threats using strengths and opportunities. In the
next step, Mikhailov's nonlinear method was used to rank the four strategies. This approach shows that among SO strategies,
increasing awareness and changing citizens' attitudes towards proper waste management is in the first place. Among ST strategies,
culturing for recyclable containers weighing 0.51 is in the first place. Employing knowledgeable people for proper waste segregation
and disposal among WT strategies, with a weight of 0.57, was ranked first, and finally, the strategy of encouraging the private sector
to invest, with a weight equivalent to 0.43 among WO strategies, Ranked first. Pollution from poor waste management in urban areas
imposes itreversible health and aesthetic consequences on society. Among the consequences of poor waste management will be a
variety of diseases. Environmental issues are also at the top of all human problems.

Originality/Value: In this research, an attempt has been made to examine innovation from three aspects: theoretical, technical and
practical gaps, which can be mentioned as the strengths of the current research compared to other research. From a theoretical point
of view, it has been tried to conduct a relatively comprehensive study of factors affecting urban waste management to formulate
strategies. Also, from the technical point of view, the current research is innovative by focusing on combining fuzzy logic with the
dynamic systems modelling approach and the Delphi method. Finally, it has been tried to reduce the practical vacuum of previous
research in this field by formulating optimal strategies.
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Figure 1- Flow diagram of factors affecting the urban waste management system.
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Figure 2- Population chart of Bushehr city.
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Figure 3- The graph of waste types' production and the simulated amount.
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Figure 4- Burial capacity diagram of waste types and simulated amount.
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Table 2- Evaluation matrix of external factors of urban waste management.
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Table 3- Evaluation matrix of internal factors of urban waste management.
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Table 3- Continued.
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Table 4- Swat matrix of urban waste management.
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Table 4- Continuation.
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Table 5- Results of Kendall's correlation coefficient among panel members.

Pomw 590 P90 395 Jol ye0 Fali]
0.435 0.452 0.542 e Bl . Sile
0.85 0.79 0.68 Jus Koler o y0

&8 sl (5,185 Cuglgl gy Jolpe -T-F

JTSMJSM;JJLW‘-’MC}L*‘)\ aJLl:\...ﬂ\bbﬁw.p;bﬁwjbu&fw\)}_(‘ﬁsbﬁwﬂh:'évbmj) \ ‘d\’JA

e3Y o0nl3l ens K85 QIS S e S bl 1y (636 ogliad (B15 (gla e Slo (531 Dgliad e sle JoS053) ¥ a0
S slaulids ool “"’J—M:’ Coygeo b5 cpl 53 e o) 45.»J§ oslaiul LAQTJ?;;MJEAJ Sl Oloea 5 ol 55 (556 slael 5l ol
[23] L[l?] Sl 0l QL;.: F d‘j-\’.' BN LS)L‘!

($38 (S slapwldie -7 Jgu
Table 6- Fuzzy linguistic scales.
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Maximise A,

s.t.
(m; =1, )Aw, —w, +Lw, <0,
(u; —m;)Aw, + w, —uw, <0,

n

Zwk =1,

k=1
w20, k=12,..n, i=12,..n-1 j=2,3,.n, j>i
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Table 7- The number of university professors and
experts used in this research.
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Table 8- Pairwise comparison matrix of factors related to SO strategies based on
the integration of experts' opinions.
SO, SO, SOs SO,
SO1 - - - - - - - - - - o

SO; 15 3 35 - - - - - - - - -

SOs 35 45 55 15 2 25 - - - - - -

SOs 25 375 49 12 161 23 105 15 22 - - -

Q.
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Maximise A,

S.t.

(3-1/5)ASO, - S0, +1/ 550, <0,
(3/5-3)AS0,+S0,_3/550,<0,
(4/5-3/5)ASO, -S5O, +3 /550, <0,
(5/5-4/5)180,+50,_5/550,<0,
(2-1/5)AS0, -S0, +1/ 550, <0,
(2/5-2)AS0,+50,_2/550, <0,
(3/75-2/5)AS0, - S0, +2/ 550, <0,
(4/96—3/75)AS0, + SO, _4/ 9650, <0,
(1/61—1/21)ASO, —SO, _1/ 2150, <0,
(2/3-1/61)ASO, +S0, _2/ 350, <0,
(1/5-1/05)AS0, — SO, _1/ 0550, <0,
(2/2-1/5)AS0, +S0, _2/ 250, <0,
SO, + 80, + SO, + S0, =1,

SO, >0,k=1,2,3,4.
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Table 9- Weight and ranking of factors related to SO strategies derived from the fuzzy nonlinear model.
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Table 10- The matrix of pairwise comparisons of the following factors related to ST strategies
based on the integration of experts' opinions.

ST ST, STs

ST - - -
ST, 2.40 3.30 5.60 - - - - - -
ST3 2.2 2/98 4.5 1.09 2.05 4.02 - - -
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Maximise A,

St.

(3/30—2/40)AST,— ST, +2/ 40ST, <0,
(5/60—3/30)AST, + ST, -5/ 60ST, <0,
(2-98—2—2)AST, — ST, +2/ 25T, <0,
(4/5-2/98)AST, + ST, —4/ 55T, <0,
(2/05-1/09)AST, — ST, +1/ 09ST, <0,
(4/02-2/05)AST, + ST, —4/ 025T, <0,
ST, + ST, + ST, =1,

ST, >0,K =1,2,3.
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Table 11- Weight and ranking of factors related to ST strategies derived from fuzzy nonlinear model.

&bl as,) 03 b us L g 351 !
ERVS

2 0.3559699 ST, ol aizpn b Bl3L slaask ; Cagis

03677686 1  0.5136857 ST, sl B gl 5l oolinul gz (g 3LocSinb

3 0.1303444 STy il 5 slooSiiSs 5l solizal 5 (sl linioes 35T a (s laslel,

ilowy 285k

WT (sl s 55l il 4 bgs o Jolge (guivas, -F-¥

Jader 53 o8 4 Cond WT slags 31l 42 b o Jalse 55 Dlalie oo 5ile 08,5 (sl 5 (sl panr bl ol Josy omion 3 Do
Sl 0 03l QL:‘..: \Y
2 WT slaggssilynl & bys po Jolge (o295 Slunliio (i ilo -1 ¥ Jguzr
~abwlad )5 Ol o ele sl golil

Table 12- The matrix of pairwise comparisons of factors related to
WT strategies based on the integration of experts’ opinions.

WT, WT, WT;
WT, - - - - - - - -
WT, 25 3 35 - -
WTs 4 5 6 15 2 25 - - -

Maximise A,

S.t.

(3-2/5)AWT, —WT, + 2/ 5WT, <0,
(3/5-3)AWT, + WT, -3/ 5WT, <0,
(5—-4)AWT, —WT, +4WT, <0,

(6 —5)AWT, + WT, —6WT, <0,
(2-1/5)AWT, —WT, +1/ 5WT, <0,
(2/5-2)AWT, +WT, -2/ 5WT, <0,
WI, +WT, + WT, =1,

WT, >0,k=1,2,3.
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Table 13- Weight and ranking of factors related to WT strategies derived from fuzzy nonlinear model.
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Table 14- Matrix of pairwise comparisons of factors related to WO strategies based on the integration of experts’ opinions.
WO, WO, WO3 WO,

WO, - - -
WO, 115 165  2.06 - - - - - - - - -
WOs 1.65 2.71 3.74 165 271 374 - - - - - -
WOs 115 189 257 1 132 156 037 049 0.76 - - -

Maximise A,
St.
(1/65—-1/15)AWO, —WO, +1/ 15WO, <0,
(2/06—1/65)AWO, + WO, _2/06WO, <0,
(2/71-1/65)AWO, —=WO, +1/ 65WO, <0,
(3/74—2/71)AWO, + WO, _3/ 74WO, <0,
(2/71-1/65)AWO, —WO, +1/ 65WO, <0,
(3/74—2/71)AWO, + WO, _3/74WO0, <0,
(1/89—-1/15)AWO, —WO, +1/ 15WO, <0,
(2/57—1/89)AWO, + WO, _1/89WO, <0,
(1/ 32—1)AWO, —-WO, _WO, <0,
(1/56—1/32)AWO, + WO, _1/56W0, <0,
(0/49-0/37)AWO, —WO, _0/ 37WO, <0,
(0/76—0/49)AWO, + WO, _0/ 76WO, <0,
WO, + WO, + WO, + WO, =1,
WO, >0,k=1,2,3,4.
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Table 15- Weight and ranking criteria of WO strategies derived from fuzzy nonlinear model.
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Table 16- Comparison of the present research with other research.
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