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ABSTRACT

Solid waste generation in Dar es Salaam City has been increasing due to rapid population growth and
economic development. Using a population growth rate of 4.3% and a generation rate of 0.815kg/cap/day,
it is estimated that Dar es Salaam could be generating over 12,000 tonnes of solid wastes per day by 2025.
The waste materials have the potential to cause adverse environmental impacts including odour nuisance,
litter problems, adverse visual impacts, and vermin and pests. A sound solid waste management is a result
of the efficient and effective management of the supply chain of solid wastes which is composed of waste
generation, storage, transportation and disposal. In this study, we apply Intuitionistic Fuzzy Sets (IFS) to
assess the contribution of each element to the Solid Waste Supply Chain (SWSC). The data was collected
from a random sample of ninety five (95) respondents consisting of practitioners, researchers and
community members. The computational results reveal that, the contribution in descending order to the
underperformance of SWSC in Dar es Salaam City are Storage of solid waste, Collection of solid waste,
Disposal of solid waste and Transportation of solid waste. This study will be of great help to
environmentalists, town planners, researchers and policy makers.
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1. INTRODUCTION

Solid waste generation in Dar es Salaam city has been increasing due to rapid population growth
and economic development. Dar es Salaam (DSM) which is the largest industrial and commercial
centre of Tanzania is expected to reach a population of 6.2 million by 2025 [1]. Extrapolations
show that by 2030 Dar es Salaam will be the fifth largest city in Africa. In addition, more than
seventy percent of the population in DSM live in unplanned and under-serviced areas. The Dar es
Salaam Municipal Government (DMG) which is responsible for Solid Waste Management
(SWM) is composed of the Dar es Salaam City Council (DCC) and the five contiguous municipal
councils (Dar es Salaam Local Authorities) of Kinondoni, Ilala, Temeke, Kigamboni and Ubungo.
The Dar es Salaam Local Authorities (DLAs) deals with city cleaning waste collection and fee
collection at the households and the markets whereas DCC provides an adequate treatment
infrastructure. Final disposal activities of solid waste in DSM city are carried out at Pugu
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Kinyamwezi Dump Site (PKDS). This is the only formal disposal facility in DSM with 65
hectares located in the outskirts of Ilala, west of the Julius Nyerere International Airport and
30km from the city centre. It was estimated by the DLAs that, approximately 4,200 tonnes per
day of solid waste were generated in DSM in 2011[1]. This represents a generation rate of
0.93kg/cap/day based on a population of 4.5 million [1]. Using a population growth rate of 4.3%
and a generation rate of 0.815kg/cap/day it is estimated that DSM could be generating over
12,000 tonnes of solid waste per day by 2025[1].

The waste materials have the potential to cause adverse environmental impacts during generation,
storage, transportation and disposal. More specifically, if not appropriately managed, generated
solid waste may give rise to adverse environmental impacts which include odour nuisance if
putrescible material is not collected on a frequent basis; wind-blown material causing litter
problems; vermin and pests in the waste storage area if it is not well maintained and cleaned
regularly; as well as adverse visual impacts.

The Solid Waste Management (SWM) analysis provides a sound basis for the design of measures
intended to improve the SWM in the city. The improvement of the SWM would complement and
supplement other similar efforts all of which have the overarching goal of improving public
health and environmental protection in the city. A sound solid waste management is a result of the
efficiency and effectiveness of the supply chain of solid waste which is composed of waste
generation, storage, transportation and disposal. Thus, the assessment the contribution of each of
these elements and sub-elements would give stakeholders the necessary information for well-
versed decision making. Nonetheless, practitioners and researchers find difficult to assess
qualitatively i.e. in linguistic terms the performance of factors and/or sub-factors due to fuzziness
and uncertainty.

In this study we apply Intuitionistic Fuzzy Sets (IFS) to determine the contribution of factors
and/or sub-factors to the supply chain performance for solid waste in DSM city. The paper is
organized as follows: Section 2 gives a review of previous studies; Section 3 presents an
overview of intuitionistic fuzzy sets; Section 4 proposes intuitionistic fuzzy evaluation approach
and Section 5 applies IFS to determine the contribution of the factors and sub-factors influencing
the supply chain performance of solid waste in DSM city. Lastly, Section 6 gives the conclusions.

2. REVIEW OF PREVIOUS STUDIES

Solid waste management has been investigated by many scholars and practitioners. Agyeman et
al. [2] demonstrate how a lack of attention to the role of urbanites in Municipal Solid Waste
Management (MSWM) has contributed to poor state of Solid Waste Management (SWM).
Adeniran et al. [3] present solid waste generation and characterization in the University of Lagos
for a sustainable waste management. Liu et al. [4] apply both life-cycle inventory analysis and
impact assessment to determine the advantages and disadvantages of each waste management
strategy. Simatele et al. [5] present perspectives on the challenges of integrating solid waste
management into the urban development and planning policy in Johannesburg, South Africa.
Maalouf and El-Fadel [6] examine the carbon footprint of introducing a Food Waste Disposer
(FWD) policy and its implications on solid waste and wastewater management with economic
assessment of environmental externalities emphasizing potential carbon credit and increased
sludge generation. Soni et al. [7] present a study based in India on Municipal solid waste
management. Chifari et al. [8] propose an approach which builds on metabolic network theory
and multi-scale integrated analysis of societal and ecosystem metabolism to generate informed
deliberations about policies over Municipal Solid Waste Management. Fernandez-Gonzdlez et al.
[9] analyse the economic and environmental costs of different Municipal Solid Waste (MSW) —
to-Energy technologies in an area comprising of thirteen Municipalities in Southern Spain. Zhu
and Huang [10] conduct optimization analysis of the solid waste management system under
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different contracting out situation by formulating and applying a Waste Management
Privatization Model (WMPM) to compare the private and public services. Khoshnerisan et al.
[11] propose a number of incorrect assumptions and methodologies employed in the analysis led
to invalid results and conclusions reached from the article “Prognostication of energy use and
environmental impacts for recycle system of municipal solid waste management”. Liu et al. [12]
compare four garbage treatment systems, including separate collection and transportation,
sanitary landfills systems, fluidized bed incineration system, and the composting system in
Beijing. Rajaeifar ef al. [13] aim at comprehensively assessing electricity generation potentials
from Municipal Solid Waste (MSW) using an integrated solid waste management system, while
the consequent GHG emission reduction potentials as a result of their implementation are also
explored.

Kumar and Samadder [14] review the current global scenario of Waste to Energy (WTE)
technological options (incineration, pyrolysis, gasification, anaerobic digestion, and landfilling
with gas recovery) for effective energy recovery and the challenges faced by developed and
developing countries. Ibrahim and Mohamed [15] aim to improve solid waste management in
Egypt by exploring the options by which solid waste can be sustainably managed, and reviewing
international models of sustainable management systems. Melaré et al. [16] present a systematic
review on scientific review on scientific publications concerning decision support systems applied
to Solid Waste Management (SWM) using ICTs and OR. Gupta et al. [17] present an overview of
current status of solid waste management in India which can help the competent authorities
responsible for municipal solid waste management and researchers to prepare more efficient
plans. Deus et al. [18] aim to evaluate the environmental impact of inserting a recycling,
composting and integrated program in a region of Sao Paulo State in Brazil through the waste
reduction model method simulation of greenhouse gases emission and energy use. Sukholtthaman
et al. [19] state that a public-private-community partnership is a potential way to alleviate the
impacts of ineffective waste management.

A sound analysis of waste management is reached after evaluating the performance of influential
factors and sub-factors of SWSC. Since these factors and sub-factors are associated with
uncertainty and vagueness, we resort to fuzzy based evaluation approaches. Nonetheless,
Intuitionistic Fuzzy Sets (IFS) has been proven to be an effective tool for dealing with uncertainty
and vagueness. The distinguishing feature and advantage of this approach over other vague
methods is that it gives the assessor the flexibility to determine the degree of membership, the
degree of non-membership and the hesitation margin.

On the other hand, there are many problems in the literature that are investigated under
intuitionistic fuzzy environment. Wang et al. [20] investigate the technique for clustering analysis
under intuitionistic fuzzy environment. Tooranloo and Ayatollah [21] propose a novel model for
failure mode and effects analysis based on intuitionistic fuzzy approach and apply it to internet
banking services. Liu et al. [22] propose a method based on the sentiment analysis technique and
the intuionistic fuzzy set theory to support consumers’ decisions more conveniently on online
purchase. Peijia et al. [23] propose a thermodynamic method for Multi-Criteria Decision Making
(MCDM) with intuitionistic fuzzy numbers (IFNs) and the empirical studies demonstrate that the
proposed method can effectively solve the practical decision making problems. Pei [24] proposes
a novel concept of intuitionistic fuzzy variable as an attempt to extend the uncertainty theory,
which possesses a decent self-dual property compared with the fuzzy set theory. Huchang et al.
[25] propose an intuitionistic fuzzy multiplicative best-worst method with intuitionistic fuzzy
multiplicative preference relations for multi-criteria group decision making. Govindan et al. [26]
use intuionistic fuzzy set theory to handle the linguistic imprecision and the ambiguity of human
being’s judgement in the automotive industry. Wang and Sun [27] apply intuitionistic fuzzy sets
to evaluate risks in projects of energy management contract. Long and Geng [28] present a
decision framework of photovoltaic module selection under interval-valued intuitionistic fuzzy
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environment and uses a case study to demonstrate its effectiveness. Kucukvar et al. [29] propose
a fuzzy MCDM which uses intuitionistic fuzzy entropy and intuitionistic fuzzy averaging
operators for pavement selection problem. Wu and Chen [30] propose the intuitionistic fuzzy
ELECTRE method for solving multi-criteria decision-making problems which uses imperfect or
insufficient knowledge of data. Wu et al. [31] use intuitionistic fuzzy set to select wind farm
project plan. Biiyiikozkan et al. [32] propose an integrated approach including intuitionistic fuzzy
sets with group decision making. Zavadskas et al. [33] propose an extended version of weighted
aggregated sum product assessment with interval-valued intuitionistic fuzzy numbers to be
applied in uncertain decision making environment.

From the literature we reveal that limited studies investigate Municipal Solid Waste Management
(MSWM) under intuitionistic fuzzy environment. To the best of our knowledge none study
investigates supply chain performance for solid waste in the Dar es Salaam city based on
Intuitionistic Fuzzy Sets (IFS). This study therefore fills in the identified gap from the literature.

3. OVERVIEW OF INTUITIONISTIC FUZZY SETS

Intuitionistic Fuzzy Set (IFS) is an extension and generalization of the ordinary fuzzy set
[34]. The IFS considers not only the degree of membership to a given set but also the
degree of non-membership such that the sum of both values is less than one [35].

Definition 3.1: Let X be a set (space), with a generic element of X denoted by x i.e. X={x}.
Then a Fuzzy Set (FS) is defined by equation (1).

A={(, a,(x))|x € X} 1)

where  a,:X — [0,1] is the membership function of the fuzzy set A, a,(x) € [0,1] is
the degree of membership of the element x to the set A.

Definition 3.2: For a set X, an IFS A in the sense of Atanassov [36] is given by equation (2).
A= {(X ay(x),Ba())|x € X} (2)

where the functions a,:X — [0,1] and  S4:X — [0,1] with the condition 0 < a,(x) +
Ba <1, Vx € X. The numbers, a,(x)€[0,1] and pB,(x) €[0,1] denote the degree of
membership and the degree of non-membership of the element x  to the set A, respectively.
For each Intuitionistic Fuzzy Set A in X, the amount yax)=1- (aA (x) + B4 (x)) is
called the degree of indeterminacy (hesitation part), which may cater to the membership value,
non-membership value or both.

Generally, y,:X—-[0,1] and 0< y,(x) <1, Vx €X.

Definition 3.3: Suppose we have the following:

X: a set of all potential respondents served with a questionnaire,

A: a set of all respondents who filled in the questionnaire,

ng(x): The number of respondents who are in favour of the factor/sub-factor under
consideration,

np(x): The number of respondents who are against the factor/sub-factor under
consideration,

ny(x): The number of respondents who are indecisive in relation to the factor/sub-
factor under consideration,
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|Al: The total number of respondents who filled the questionnaire when assessing
the factor/sub-factor under consideration,

Now,
_ ng(x)
" |A(| ) (3)
_ X
" lfél) (4)
_wlx
Yalx) = ] o
Thus,
(x) np(x) ny(x)
(6 £a1 ) = <nTAT ’nll)AT ’nLllAT > (6)
Hence,
— ng(x) np(x) ny(x)
A_{<x’ 4] 7 14] 7 A >|XGX} -

4. INTUITIONISTIC FUZZY EVALUATION APPROACH

We develop the Intuitionistic Fuzzy Evaluation Approach (IFEA) which consists of the following
sequential steps:

Step 1: Establish Intuitionistic Fuzzy Judgement Scale i.e. Intuitionistic Fuzzy Assessment Scale.
We develop a linguistic scale of three units namely, ng(x) , np(x), and ny(x), vx € X.

Step 2: Establish a Judgement Matrix of the factors/sub-factors as given in table 1.

Tablel. Judgement matrix of the factors/sub-factors.

Fu ﬂ_‘.'m (x) ﬂﬂm .__x} 1y, x)
o - oy

F, n:1{x) npt{x) nyx)
T a5 T

F2 ng x) np2(x) nyi(x)
Fa n"{x) np™(x) ny™(x)

Ey,: Factor/sub-factor m € {1,2,... M},

ng™(x): No. of respondents who are in favour of the factor/sub-factor m € {1,2, ... M},

np™(x): No. of respondents who are against the factor/sub-factor m € {1,2, ... M},

ny™(x): No. of respondents who are indecisive in relation to the factor/sub-factor
me{12,..M},

Step 3: Establish Intuitionistic Fuzzy Judgement Table of Importance (IFJTI) of the factors/sub-
factors under consideration. The IFJTI is table 2 presented below.
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Table 2. The IFJTI of the factors/sub-factors.

Fu (@a™(x), Ba™(x),y.a™(x))

N o 17 r .
Fy (a;-li (x), Ba (), ya2(x) )
F:

(02200, :2(0),7,2(0))

"(x)

wr M My =
Fu (ﬂ'.a;' "), B ()74

Step 4: Determination of Weight of Factor/Sub-factor m € {1,2, ... M}.

The weight of the factor/sub-factor m is computed by taking into account the hesitation margin
i.e. adding half of the indecisive margin to the membership function to get a more realistic value
of the membership degree.

We define the Weight of Factor/Sub-factor m as

1
WFm = E [ZaAm(x) + yAm(x)]r m e {1,2, M} (8)
Step 5: Compute the Normalized Weight (WFmN )

W, N _ 2a,™(x) + v (x) ’
™M (2agk () + vak ()

vm, k € {1,2,...M} 9)

Step 5: Determination of the Overall Contribution of the Sub-factor.

The local contribution of factors is aggregated to obtain final contribution of the sub-factors as
follows:

ocg, =wg Vwp ¥ (10)
OCp,,..: The Overall contribution of the sub-factor (Fp,, );
WFmN : Local contribution of F,, with respect to the goal,
WanN : Local contribution of F,,,, withrespectto Fp,.

5. APPLICATION OF INTUITIONISTIC FUuzzy SETS TO DETERMINE THE
CONTRIBUTION OF THE FACTORS AND SUB-FACTORS INFLUENCING THE
SuprPLY CHAIN PERFORMANCE OF SOLID WASTE IN DAR ES SALAAM CITY

Literature review and opinions of supply chain professionals reveal that a typical Solid Waste
Supply Chain (SWSC) is a network of nodes (i.e. chain members) involved in the collection of
solid waste, storage of solid waste, transportation of solid waste and disposal of solid waste. The
nodes are the factors that influence the supply chain performance as solid waste move from the
source (generation point) to the point of disposal. As the performance of a supply chain depends
on the performance of its nodes (sub-systems), this study considers the nodes as the major factors
that influence the efficiency and effectiveness of a supply chain. Thus, the four main factors and
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sub-factors that can affect the Supply Chain Performance of Solid Waste (SCPoSW) in Dar es
Salaam City are shown in table 3.

Table 3. Influential Factors and Sub-factors for the SCPoSW in Dar es Salaam City.

Factor (F,, ) Sub-factor (F,,,)
Fy: Collection of solid Fy1: Availability of collection facilities
waste

Fy,: Competence and/or hygienic of the collection staff

Fy3: Awareness of the public on solid waste management

Fy4: Quality of collection containers and conditions of areas around
them

F,5: Availability of sweepers and/or sanitation workers

F,: Storage of solid waste | F,;: Availability of community bins (storage points)

F,: Segregation of solid waste

F,3: Management of solid waste

F;5: Transportation of F;: Adequacy of transportation vehicles
solid waste

F;,: Suitability of transportation vehicles

F;;: Traffic congestion on transportation routes

F34: Skills of vehicle operators

F,: Disposal of solid F4;: Treatment of garbage at the dumping site
waste

F,,: Safety precautions at the dumping site

F,3: Availability of compactor or graders at the site

F,4: Security at the dumping site

5.1. Determination of the Contribution of the Factors/Sub-factors to the Supply
Chain Performance of Solid Waste

This study uses data from ninety five (95) assessors who were supplied with a survey
questionnaire. This team comprises practitioners, academicians and community members around
Pugu Kinyamwezi Dumping Site (PKDS) with a sound knowledge in solid waste management.
The assessors’ data is used to compose the Judgement matrix of the factors and/or sub-factors
from which we compute the Intuitionistic Fuzzy Judgement Table of Importance (IFJTT).

5.1.1. Contribution of the Influential Factors to the Supply Chain Performance of Solid
Waste

The assessors’ results on the contribution of the factors to the supply chain performance of solid
waste (SCPoSW) gave the Judgement matrix in table 4.
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Table 4. Judgement Matrix of the Influential Factors to the SCPoSW.

Factor (Fu) ns™(x) np™(x) ny™(x)
F, 7 87 1
F, 6 g8 1
F: 10 79 6
F. 7 85 3

We apply equation (6) to establish the Intuitionistic Fuzzy Judgement Table of Importance
(IFJTT) as shown in table 5.

Table 5. IFJTI for the Factors Influencing the SCPoSW.

Fr (o™ (x), Ba™ (2], ya™(x)
F {0.07, 0.92, 0.01)
F- {0.08, 0.93, 0.01)
F3 {0.11, 0.83, 0.08)
Fs {0.07, 0.90, 0.03)

We apply equation (8) to get the weight set of the factors for the supply chain performance of
solid waste i.e. equation (11).

WSp = {Wg, = 0.075, Wy, = 0.065, Wy, = 0.14, Wy, =0.085} (11)

We apply equation (9) to get the normalized weight set of the factors for the supply chain
performance of solid waste i.e. equation (12).

wseN = (Wi, ¥ =0.205, W,V =0.178, Wy, = 0.384, WV = 0.233} (12)

Equation (12) reveals that the storage of solid waste is the least performing factor to the SCM of
solid waste. This result is largely contributed by ineffective segregation of solid waste. The
second least performing factor to the SWSC is the collection of solid waste which is aggravated
by the inadequacy of collection facilities in the city and low quality of collection containers and
conditions of areas around them. The third least performing factor to the SWSC is the disposal of
solid waste which is largely contributed by ineffective safety precautions at the dumping site and
ineffective security at the dumping site. On the other hand, transportation of solid waste is the
most performing factor to the SWSC. This result is largely contributed by availability of qualified
vehicle operators. More specifically, assessors believe that most vehicle operators have enough
skills for the job i.e. most drivers have attended Driving schools and have valid driving licences.
Nonetheless, the performance of all factors including the transportation of solid waste (F3) is not
full satisfactory since ng™(x) # |A|, vm € {1,2,3,4}. Thus, all interested parties to the SWM in
DSM City are called to take measures that would make the SWSC optimal.

5.1.2. Contribution of the Influential Factors to the Effective Collection of Solid Waste

The experts assess the contribution of the factors to the effective collection of solid waste to give
the Judgement Matrix (JM) in table 6.
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Table 6. The JM of the Influential Factors for the Collection of Solid Waste.

Factor (Fuu) g™ x) ng™(x) g™ {(x)
F1 4 85 &
Fi 6 74 15
Fi; 13 72 10
Fi g a6 1
Fi: 39 56 ]

We apply equation (6) to establish the IFJTI as shown in table 7.

Table 7. The IFJTI for the Factors Influencing the Collection of Solid Waste.

Fu (@a™ (), Ba™" (), ¥ ™ (x))
F (0.04, 090,  0.06)

F (0.06, 078 0.16)
Fi: (0.14, 076, 0.10)
F

F

14 (0.08, 091, 0.01)
(0.41, 059, 0.00)

We apply equation (8) to get the weight set of the Influential factors for the collection of solid
waste i.e. equation (13).

WSg, = {Wg,, = 0.07, Wy, = 0.14, Wy = 0.19, Wy, = 0.085, Wy = 0.41} (13)

We apply equation (8) to get the weight set of the Influential factors for the collection of solid
waste i.e. equation (14).

wsg N = {Wp N =0.078 W, " = 0157, W N = 0212, W,V = 0.095, W, "
= 0.458} (14)

Equation (14) shows that the ineffective collection of solid waste is largely contributed by
insufficiency of solid waste collection facilities. The second contributing factor to the ineffective
collection of solid waste is low quality of collection containers and poor conditions of areas
around them. Other factors contributing to the ineffective collection of solid waste to less degree
are incompetence and/or unhygienic of collection staff and low awareness of the public on SWM.
This calls for the DMG to make sure that the solid waste collection facilities in the DSM City are
available and improve the conditions of the environment around the collection facilities.

5.1.3. Contribution of the Influential Factors to the Effective Storage of Solid Waste

The experts assess the contribution of the factors to the effective storage of solid waste to give the
Judgement Matrix (JM) in table 8.
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Table 8. The JM of the Influential Factors for the Storage of Solid Waste.

Factor (Fuu) ng™"x) np™(x) ny™x)
Fi; 7 g4 4
Fa; 2 90 3
Fa: 4 86 5

apply equation (6) to establish the IFJTI as shown in table 9.

Table 9. The IFJTI for the Factors Influencing the Storage of Solid Waste.

P (g™ (x), 8, (x), 7™ (x))
Fa (0.07, 0.89, 0.04)
Faa (0.02, 095  0.03)
Fi: (0.04, 091, 0.05)

We apply equation (8) to get the weight set of the Influential factors for the storage of solid waste
i.e. equation (15).

WSk, = {(Wr,, = 0.09, Wr, = 0.035, W,, = 0.065} (15)

We apply equation (9) to get the normalized weight set of the Influential factors for the storage of
solid waste i.e. equation (16).

Wsp,V = {Wg, ¥ = 0.474, Wy, ¥ = 0.184, Wy, ¥ = 0.342} (16)

From equation (16) we deduce that the non-optimal storage of solid waste is mostly contributed
by ineffective segregation of solid waste. The second contributing factor to the non-optimal
storage of solid waste is inefficient management of solid waste. Thus, the government and non-
government organizations should always conduct training to the public on SWM. In addition, the
DMG should make sure that proper community bins are available at various locations.

5.1.4. Contribution of the Influential Factors to the Effective Transportation of Solid Waste

The experts assess the contribution of the factors for the effective transportation of solid waste to
give the Judgement Matrix (JM) in table 10.

Table 10. The JM of the Influential Factors for the transportation of Solid Waste.

Factor (Fuu) ne™x) ™ x) g™ x)
Fx 3 a1 5
F:; 11 76 3
F:; 14 81 0
F:: 0 45 50
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We apply equation (6) to establish the IFJTI as shown in table 11.
Table 11. The IFJTI for the Factors Influencing the Transportation of Solid Waste.

Fuu (@™ (x), 8™ (x), ¥ s (x))
Fi1 (0.10, 0.85  0.05)
Fs (0.12, 0.0, 0.08)
Fis (0.15,  0.85  0.00)
F:: (0.00, 0.47, 0.53)

We apply equation (8) to get the normalized weight set of the Influential factors for the
transportation of solid waste i.e. equation (17).

WSg, = {Wg,, = 0.125, Wy, = 0.16, Wg,, = 0.15, Wy, = 0.265} 17)

We apply equation (9) to get the normalized weight set of the Influential factors for the
transportation of solid waste i.e. equation (18).

WSg," = {Wg, N = 0179, WY =0.229, W N = 0.214, W,V = 0.378} (18)

The factors contributing to the non-optimal transportation of solid waste in descending order are
inadequacy of transportation vehicles, presence of traffic congestion on transportation routes,
unsuitability of transportation vehicles and shortage of skilled vehicle operators. The government
i.e. DMG should supply enough and suitable transportation vehicles. In addition, transportation
network design and vehicle scheduling should be carried out to reduce the traffic congestion.

5.1.5. Contribution of the Influential Factors to the Effective Disposal of Solid Waste

The experts assess the contribution of the factors to the effective disposal of solid waste to give
the Judgement Matrix (JM) in table 12.

Table 12. The JM of the Influential Factors for the Disposal of Solid Waste.

Factor (Fun) ng™"(x) np™(x) ny™" (x)
F:; 1 76 13
F:: 2 a2 11
F; 3 75 17
F:: 1 79 15

We apply equation (6) to establish the IFJTI as shown in table 13.
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Table 13. The IFJTI for the Factors Influencing the Disposal of Solid Waste.

Fun (@ ™ (x), B, (x), Y 2™ (x) )
F:; (0.01, 0.80, 0.19)
F:: (0.02, .86, 0.12)
F:: (0.03, 0.79, 0.18)
F.: {0.01, 0.83, 0.16)

We apply equation (8) to get the weight set of the Influential factors for the disposal of solid
waste i.e. equation (19).

WSg, = {Wg,, = 0.105, Wy, = 0.08, Wy, = 0.12, W, = 0.09} (19)

We apply equation (9) to get the normalized weight set of the Influential factors for the disposal
of solid waste i.e. equation (20).

WS,V = {Wg, N =0.266, WY = 0202, W, N = 0304, Wy, " = 0.228} (20)

Equation (20) shows that the non-optimal disposal of solid waste at the PKDS is mostly
contributed by ineffective safety precautions at the dumping site. Other factors listed in
descending order contributing to the non-optimal disposal of solid waste at the site are ineffective
security at the dumping site, ineffective treatment of garbage at the dumping site and shortage of
compactors or graders at the site. These findings are also supported by [37] who state that the
PKDS poses a number of challenges to the solid waste disposal including the site has no
infrastructure for environmental protection; there is almost no physical barrier between the waste
and the surrounding settlements; waste is all around, inside and outside the site’s boundaries;
waste is floating in surface water, leading to the formation of leachate; the internal roads are
accessible in the dry season; and several hundred scavengers are working, eating and living on the
site under inhuman conditions. Thus, the government has the obligation to improve safety
precautions and security at the PKDS.

5.1.6. Overall Contribution of Influential Sub-Factors to the Supply Chain Performance of
Solid Waste

We apply equation (10) to evaluate the contribution of the sub-factors to the Supply Chain
performance of solid waste as represented in table 14.

From table 14 we deduce the overall contribution of sub-factors in descending order to the
performance of SWSC in Dar es Salaam City as follows: Availability of collection facilities;
Quality of collection containers and conditions of areas around them; Competence and/or
hygienic of the collection staff; Segregation of solid waste; Awareness of the public on solid
waste management; Safety precautions at the dumping site; Security at the dumping site;
Management of solid waste; Treatment of garbage at the dumping site; Adequacy of
transportation vehicles; Availability of compactor or graders at the site; Traffic congestion on
transportation routes; Availability of community bins (Storage points); Suitability of
transportation vehicles; Availability of sweepers and/or sanitation workers and skills of vehicle
operators.
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The DMG and other stakeholders are therefore able to identify areas that need urgent attention so
as to take corrective measures that would make the SWSC more effective and efficient.
Moreover, a sound SWM in Dar es Salaam city entails an optimized solid waste supply chain.
This would necessitate a hundred percent collection coverage, optimized storage and transport
systems and a hundred percent of the waste being processed on a properly engineered and
operated landfill site.

Table 14. Overall Contribution of the Sub-Factors to the Performance of SWSC in Dar es Salaam City.

Factor | Local Weight | Sub-factor | Local Weight Overall Performance Rank

Fr) Wz, ") Fun) We ) We, " W, )

F 0.203 Fu 0.078 wg, W, ¥ = 0.016 16
Fu 0.157 we, ., Y= 0.032 14
Fu 0212 We e, Y= 0,043 12
Fu 0.093 We, ™ W, ¥ = 0.019 15
Fis 0458 We, ™ We, = 0.084 z

F. 0.178 Fu 0474 We "W, ¥ = 0.084 4
Fu 0124 We, ¥ .Wg, ¥ = 0.033 13
Fu 0.342 We, " We, ¥ = 0.061 9

Fs 0.384 Fu 0.179 We, " We ¥ = 0.069 7
Fx 0229 We, ™ W, ¥ = 0.088 3
Fx 0214 We, " . We ¥ = 0.082 5
Fu 0.378 We, " W, = 0,145 1

E. 0.233 Fa 0266 We, ¥ W, ¥ = 0.062 8
Fa 0.202 We, " We, N = 0.047 11
Fi 0.304 Wg, " We, "= 0.071 6
Fu 0228 We, ¥ W, = 0.053 10

6. CONCLUSIONS

SWM is becoming a serious concern in Dar es Salaam City due to the ineffective Collection,
Storage, Transportation and Disposal of solid waste. This implies that significant proportion of
waste generated end up in the environment in an unacceptable ways of disposal which accentuates
environmental and public health risks. In this study, an Intuitionistic Fuzzy Model is applied to
analyse the performance of the supply chain for the solid waste in Dar es Salaam city. The
analysis is carried out as follows. Firstly, the literature review and expert opinions are used to
identify the nodes (factors) that influence the supply chain performance of the solid waste.
Secondly, we apply IFS to determine the contribution of each factor and/or sub-factor to the
supply chain performance. The assessment results reveal that the supply chain performance for
solid waste in DSM city is affected by the following nodes as listed in descending order: Storage
of solid waste, Collection of solid waste, Disposal of solid waste and Transportation of solid
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waste. Thus, more deliberate efforts from all stakeholders are needed to improve the supply chain
performance for solid waste in Dar es Salaam city. More importantly, the model based on IFS can
be used for analysis of supply chain performance of solid waste in other Municipalities and cities.
Our future research is to carry out an in-depth study to assess the performance of the reverse
logistics for glass materials in Dar es Salaam city.
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