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Introduction 
Global solid waste (SW) generation in 2010 
amounted to 10.4 billion tonnes, and is 
expected to increase to an enormous amount 
of 148 billion tonnes by 2025 (Kameswari et 
al., 2007). Developing countries contributed 
about 56% of the global SW due to rapid and 
consistent increase in population, urbanisation 
and increased standards of living, which is in 
agreement with a previous study by Abarca-
Guerrero et al. (2015). Proper solid waste 
disposal is increasingly important as every 
person is regarded as a possible generator of 
waste and thus an indirect contributor to solid 
waste-associated problems, whereby generation 
of wastes, the types of wastes generated and 
the ways these wastes are managed or disposed 
create multiple concerns related to solid waste 

management globally (Mukisa, 2009; Umeh et 
al., 2019). Solid waste is defined as unused solid 
materials, sewage sludge, domestic rubbish, 
wastes from manufacturing activities, discarded 
electronic devices, garden waste, etc (Aziz et al., 
2016). 

The collection, transportation, treatment, 
recycling, reusing or disposal of waste 
materials are a series of steps taken to achieve a 
sustainable approach in solid waste management 
(Manzhurov et al., 2019; Mugambwa & Kizito, 
2009; Okafor-Yarwood & Adewumi, 2020).  It 
is imperative to consider that waste management 
methods in developed countries are different 
from the ones in developing countries, and in 
urban and rural areas, as well as in residential 
and industrial processes (Mian et al., 2017). 
The amount and type of wastes from various 
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resources are indicative of how the waste 
management processes might differ in terms of 
its compatibility and management efficiency. 
It should be appreciated that the context of the 
waste sources is needed to arrive at a suitable 
method (Mukisa, 2009). It is possible to convert 
adequate handling and treatment of the generated 
SW into potential operational expenditure 
(OPEX), while simultaneously reducing 
environmental burdens. This may further reduce 
the pressure on demands for natural resources, 
while creating new job markets (Suthar et al., 
2016).

In economically and technologically 
developed countries, the enormous amount of 
daily municipal solid waste (MSW) is treated 
and disposed in a sustainable manner. Most 
of developed countries are already equipped 
with a well-established waste management 
system, which include processes such as 
composting, oxidation of anaerobic materials, 
burning, pyrolysis, gasification, and recycling. 
In modern sanitary areas, the remaining 
residues are disposed (Challcharoenwattana 
& Pharino, 2015). Developed countries are 
also more privileged in terms of having access 
to knowledge and technology transfer, while 
simultaneously improving innovative approach 
in waste recycling and recovery of the potentially 
valuable resources from MSW (Suthar et al., 
2016). However, in some developing countries, 
crude dumping and partial unregulated treatment 
of materials, fertilisers and energy recovery are 
commonly used to dispose the generated MSW 
(Harir et al., 2015).

Open Crude Dumping (OCD) in Yemen is 
the most common MSW management method. It 
is a conventional and unregulated waste disposal 
system, which was reported to cause detrimental 
effects to the environment worldwide (Ashraf et 
al., 2015).  Waste disposal is an integral part of 
the MSWM framework that needs tremendous 
effort to reduce emissions from the ecosystem. 
Unfortunately, only major towns have some 
sort of waste disposal system (Alam & Qiao, 
2020). The disposal of MSW in unregulated and 
poorly managed dumpsites/landfills can have 

significant adverse economic, biodiversity and 
human health impacts (Liu et al., 2016; Rafizul 
et al., 2011). SWM is an issue of concern, even 
though the state have an effective solid waste 
management system (Warunasinghe & Yapa, 
2016). This study aims to provide a quantitative 
sustainability assessment of solid waste 
management in Sana’a, Yemen, to overcome 
the challenges and convey suggestions for 
improvements. 

Methodology
Methodology Adopted for Quantitative 
Assessment 
This analysis consists of three steps, namely (1) 
the initial stage of reporting, (2) the stage of data 
processing, and, (3) the final stage of reporting. 
The initial reporting stage contains a few tasks, 
such as the beginning problem, sustainable 
evaluation method and research overview. The 
performance of the analysis of the literature is 
the element of this report, which is (1) the latest 
solid waste management practices; (2) the key 
challenges of solid waste management; and, 
(3) the improvement measures of solid waste 
management.

The second phase of this research consists 
of the data collection steps, which covers (1) 
questionnaire design and (2) questionnaire 
reliability testing; (3) data collection; and, (4) 
data processing. In developing a questionnaire, 
the variables learned from the literature 
review were used. Prior to the data collection, 
a test on the questionnaire’s reliability, also is 
known as the pilot analysis, was performed. 
After the minimum Cronbach’s alpha rating of 
0.6 has been obtained by the pilot sample, the 
questionnaire is considered valid.

If the value of the Cronbach’s alpha from 
the pilot study is not more than the minimum 
value of passing of 0.6, the questionnaire must 
be re-structured. In this study, collection of data 
is done out of the frequency percentage analysis, 
and relative index (RII) analysis is consequently 
important. 
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The final reporting phase has two main 
activities: which are the data analysis and 
conclusion, respectively. The elements of 
variable have been identified based on the 
agreement level for every component and 
the significance of each component, based 
on RII analysis. The items are subsequently 
ranked from most important to least important 
based on the RII value. Figure 1 illustrates the 
questionnaire’s suggested design.

Design of Questionnaire and Reliability 
Coefficients
The Cronbach’s alpha test was used to calculate 
the reliability of the results, in which a 
Cronbach’s alpha value of least 0.6 is required 
to confrm the questionnaire’s reliability and to 
eliminate correcting or excluding some of the 
variables(Cronbach, 1951). The questionnaire 
was updated based on comments and suggestions 
from respondents. The coefficient distribution of 
the Cronbach’s alpha and its degree of reliability 
are seen in Table 1.

Figure 1: Flow of quantitative assessment
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Table 1: The value of Cronbach’s alpha 
coefficient with its level of reliability

Coefficient of Cronbach’s 
Alpha

Reliability 
Level

A More than 0.90 Excellent
B 0.80-0.89 Good
C 0.70-0.79 Acceptable
D 0.60-.69 Questionable
E 0.50-0.59 Poor
F Less than 0.59 Unacceptable

Source: Adopted (D. George & P. Mallery, 2003)

In this survey, the questionnaire was 
distributed via a web-based survey composed 
of four (4) sections, where the first section 
involves questions on demography, the second 
section is on the current practice of solid waste 
management, the third section is on challenges 
in sustaining solid waste management, and the 
fourth section is on the improvement measures 
to sustainable solid waste management. Table 2 
summarises the variables and objectives of the 
questionnaire.

The answers are based on the Likert scale 
and consist of five level of measures that shows 
the statement of agreement from 1 to 5 as 
illustrated in Table 3.

Table 3: The agreement level based on the Likert 
scale from highest to least positive score

Answer Question’s Score
Strongly Agreed 5
Agreed 4
Neutral 3
Disagreed 2
Strongly Disagreed 1

Types of Data
The outcome of the study and data analysis has 
two major sources, primary and secondary data, 
respectively. The main data is a data gathered 
from the questionnaire sample and the data 
gathered from the previous analysis is secondary 
data. The questionnaire used for primary data 
collection is structured and tested for reliability 
based on the secondary data. The data would 
be correlated with the secondary data after 
reviewing the primary data. 

Primary Data 
Critical data is commonly viewed as data 
from the centre of information. The critical 
data is collected through the pilot study that 
involved 106 respondents, based on which 106 
respondents were also included, as previously 
stated. The pilot summary was evaluated 
through a pilot test means, which was performed 
on 16% of the usual example, which are 17 

Table 2: Variables of the performance management framework questionnaire and their objectives

Section Variable Number Objectives
I Demographic questions 4 Obtain the respondents’ particulars
II The current practice of 

solid waste management
9 The current practice of solid waste 

management in Sana’a City, Yemen
III Challenges in sustainable 

solid waste management
19 Challenges in sustainable solid waste 

management in Sana’a City, Yemen
IV Improvement measures 

to sustainable solid waste 
management

9 Improvement measures to 
sustainable solid waste management 
in Sana’a City, Yemen

TOTAL 77
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people, before the critical information was 
gathered. This study uses a questionnaire survey 
methodology to examine the existing solid waste 
management activity in the city of Sana’a, the 
key challenges of solid waste management in 
the city of Sana’a, and solid waste management 
improvement measures. The survey is estimated 
as one of the most effective methods to include 
a broad number of people in order to produce 
a good outcome (McQueen & Knussen, 2002; 
Taylor et al., 2015).

During a pilot study, 16% of the predicted 
sample was distributed (Connelly, 2008). 
Once the actual questionnaire survey is done, 
a pilot study was distributed to seventeen (17) 
respondents through a web-based survey. 
The purpose of examining the respondents 
was to understand the questionnaire, apart 
from evaluating whether the questionnaire is 
adequately detailed in obtaining the research 
details. A study claimed that the distribution 
of a questionnaire should be after conducting 
the pilot study to analyse the feasibility of 
the intended questionnaire, and to finalise the 
questionnaire concepts and wordings (Scheuren, 
2004). 

Secondary Data
Secondary data was collected from previous 
literature resources, such as journals, lectures, 
papers and publishing resources, increasing 
awareness of the concept of major problems for 
the management of solid waste and increasing 
measures for the management of solid waste. 
Secondary data is also important, aside from 
helping to achieve the objectives and goals of 
the research (Hart, 2018). 

It was reported that due to affordability 
and ease, the released data should be used as 
much as necessary. For this cause, a thorough 
literature review or activity in this analysis, 
a systematic literature review, outsourcing of 
articles, conference proceedings, published 
theses, and academic papers have been carried 
out. The literature review play an important 
role as a secondary data that assists in a better 
perception of implementing sustainable solid 

waste management in terms of definition, 
characteristics, and methods. Furthermore, 
the literature review assisted in structuring the 
design of the questionnaire, solidifying the 
findings of the analysis (Fellows & Liu, 2015).

Data Analysis
Both frequency percentage analysis and relative 
important index (RII) analysis are methods that 
analyse the data, while the tables illustrate the 
results.

Frequency Percentage Analysis
Frequency percentage analysis is a method that 
is used to analyse the questions of demographic 
in Section I of the questionnaire, which is 
identified in terms of standard deviation (SD) 
and means. The means level based on a scale 
that is illustrated in Table 4.

Table 4: The value of means based on the level 
of scale

Level Scale
High ≥ 3.00 
Low 1.00-2.99

Relative Important Index Analysis
Table 5 illustrates the level of agreement in 
comparing with RII scale used in this study, 
which was derived from Jarkas and Bitar 
(2012), while  the Relative Important Index 
(RII) analysis was used by Holt et al. (1996) and 
Nesan (1997).  The values of RII are acquired by 
using the following formula:

Relative Important Index   

=   ∑(1X1 + 2X2 + 3X3 + 4X4 + 5X5)
         5∑ (X1 + X2 + X3 + X4 + X5)
Where:

X(1) = respondents who “strongly disagreed”

X(2) = respondents who “disagreed”

X(3) = respondents who “neutral”

X(4) = respondents who “agreed”

X(5) = respondents who “strongly agreed”
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Table 5:  Agreement/importance level in 
comparing with the Relative Important Index 

(RII) scale

Scale Range Level of Agreement/
Importance

RII less than 60% Disagreed/not important

RII equal to or more 
than 60%

Agreed/important

Summary of Quantitative Assessment 
To sum up, the methodology of study is 
conclusive and should be emphasised as it 
will comprehensively affect the harmony of 
the study. The analysis of the data collected 
before the result interpretation phase used three 
methods; (1) frequency percentage analysis, (2) 
average index analysis; and (3) relative index 
analysis.

The model of the bowtie is a tool of 
management to plan actions that will be 
implemented (Hudson & Hudson, 2019). 
Generally, the bowtie involves the left-hand side 
and right-hand side symmetrically, and it has 
coloured levels to shows the most and least of 
critical issues. 

Figure 2 shows the conceptual bow tie, in 
which the left-hand side is filled up with key 
challenges and the right-hand side is filled up 
with improvement measures of sustainable solid 
waste management of this study. The adoption 
and modification of the conceptual bowtie is 
done by Cormier et al. (2019). In addition, the 
bow tie also points the coloured levels for each 
challenges and improvement measures. The 
coloured levels point to the rank of each item 
from a darker level to the lighter level (most 
critical to least critical), which was adopted 
from Zakaria (2015).

Figure 2: Theoretical bowtie on challenges and improvement measures of sustainable solid waste 
management (Cormier et al., 2019; Zakaria, 2015)
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Results and Discussion
Pilot Study
The conducted pilot study was used to estimate 
the reliability test of the designed questionnaire 
survey. The reliability was evaluated using SPSS 
Statistics version 26. The designed questionnaire 
was distributed to the public living in Sana’a 
City, Yemen. Table 6 summarises the results of 
the questionnaire’s reliability test. The essential 
variables in the questionnaire were entirely 
answered by 17 respondents and achieved a 
Cronbach’s alpha value of more than the 0.6 
as suggested by Jett and George (2003).  In 
addition, Tavakol and Dennick (2011) reported 
that a Cronbach’s alpha value of more than 0.8 
signifies high reliability.

Table 6 shows the Cronbach’s alpha values 
for 2 variables based on the number of questions 
and respondents. The variable of key challenges 
of SSWM in Sana’a City has a Cronbach’s alpha 
value of 0.924 and the improvement measures 
SSWM in Sana’a City variable has a Cronbach’s 
alpha value of 0.. Both of the variables are highly 
reliable as the Cronbach’s alpha values are more 
of 0.8, which is in agreement with the previous 
study by Tavakol and Dennick (2011).

Demographic Data
Figure 3 illustrates the respondents’ demographic 
data. The respondents’ details are based on the 
effect of the factors on sustainable solid waste 
management, which is (i) income; (ii) highest 
education level; (iii) age; and, (iv) gender.

Figure 3: Demographic data respondents from public of Yemen

Table 6:  The Cronbach’s alpha value for the key challenges and improvement measures of sustainable solid 
waste management (SSWM) in Sana’a City

Variable Number of 
Questions

Number of 
Respondents

Cronbach’s Alpha 
Value

Key challenges of SSWM in Sana’a City 19 17 0.924
Improvement measures SSWM in Sana’a City 9 17 0.876
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Key Challenges of Sustainable Solid Waste 
Management (SSWM) in Sana’a City, Yemen
In Sana’a City, landfills with capacity limits pose 
various challenges to the disposal of municipal 
solid waste, as well as the need to conserve this 
limited capacity for the future. 

Therefore, to reduce the huge volumes of 
waste, incineration is prioritised to overcome 
landfill limitations. Table 7 shows the key 
challenges of SSWM in Sana’a City. The 
maximum average rank of the key challenges 
of solid waste management is recycling, with 
average an RII of 77.8%. It is noticeable that 
the lack of encouragement for recycling is 
categorised as the highest challenge from the 
perception of respondents. In addition, the RII 
for both lack of recycling companies and the 
availability of technology is 80%. The markets 
of recycled materials should be encouraged with 
increased professionalism by the government.

The limited financial support for recycling 
leads to the low efficiency of the collection 
system, as shown in the ranks of 3 and 4, 
respectively, in Table 7. It has also been shown 
that while local policymakers are concerned and 
give priority to solid waste issues, they boost 
solutions that include more effective disposal 
processes, stronger maintenance and low-cost 
recycling technology. Success in recycling 
relies not only on the extent of involvement, 
but also on the performance of the machines 
and infrastructure. The second classification 
of average rank for challenges is the disposal 
of waste. High prices for waste disposal, the 
far distance of the disposal area and limited 
supply of waste containers are the challenges of 
disposal waste and their RII are 79.2%, 76.8%, 
and 76.2%, respectively. High price of disposing 
has the effect on recovery of waste generated, 
which goes to the value chains or beneficial 
reuse of waste. The supply of waste facilities 
significantly affects waste disposal choices, so 
the infrastructure, equipment and the containers 
on roadsides are essential for an efficient system. 

The steep slope of hills is as obstructive as 
long distance in disposing of the waste.  The 

third challenge category is the treatment of 
waste. The RII of lack of knowledge in waste 
treatment and poor sustainable infrastructure 
were 78.4% and 75%, respectively. 

One of the factors that affect the treatment 
of waste is the lack of knowledge of treatment 
systems through the authorities. In addition, 
a lack of infrastructure or environmental 
inefficiencies allow citizens to find alternatives 
for their wastes, such as domestic incineration 
and composting, insufficient control of the 
consistency of the compost being generated and 
incompatibility of the architecture of the plant 
with the characteristics of solid waste.

The average of RII of collection and the 
category of transport was 73.80% and it is 
ranked fourth. In most key challenges, RII 
of collection transport was 75%. The traffic 
control agencies were absent, and a lack of 
built-up streets and poor quality of available 
roads increase the difficulties of waste 
collection, transfer and transport. A lack of 
timely information on the collection of waste 
leads to improper management of the waste. 
A low number of community waste bins and 
the limited number of transfer stations hamper 
efficient management. Collection, transfer, and 
disposal practices are affected by insufficient 
infrastructure, such as insufficient manpower 
and collection/compaction vehicles.

The rank of generation and separation are 
five (5), with the average RII being 67.6%. 
Education and individual awareness contribute 
greatly to environmental knowledge, how 
society perceives a problem, and how they decide 
to face it in their day-to-day actions, especially 
in the management of solid waste. Furthermore, 
the high density of houses is one of the barriers 
in managing waste in developing countries. 
Cost effectiveness, and acceptability pf the local 
community are major attributes in achieving 
an efficient solid waste management system.  
However, in some of the developing countries, 
the majority of the people are unwilling to pay 
the service charge for solid waste management 
facilities provided to them.  
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According to the respondents, the containers 
required for the collection of solid waste were not 
sufficient to meet the demand. The segregation 
of solid waste is poor, demonstrating the critical 
nature of the problem.

Improvement Measures for Sustainable Solid 
Waste Management (SSWM) in Sana’a City, 
Yemen
Solid waste disposal and management is an 
ongoing critical problem in Sana’a City, with an 
enormous quantity of generated municipal solid 

Table 7: The key challenges of SSWM in Sana’a City

Category Key Challenges of Solid Waste 
Management in Sana’a City Mean RII % Rank Ave RII 

%
Ave 

Rank

Recycling

1. Lack of encouragement for 
recycling 4.10 82.00 1

77.80 1

2. Lack of recycling companies 4.00 80.00 2
3. Available technology for 

recycling is not enough 4.00 80.00 2

4. Limited financial support for 
recycling 3.87 77.40 3

5. Low efficiency of the collection 
system 3.71 74.20 4

6. Far distance to the collection 
area 3.66 73.20 5

Disposal

7. High price for waste disposal 3.96 79.20 1

77.40 2
8. The far distance of the disposal 

area 3.84 76.80 2

9. The limited supply of waste 
containers 3.81 76.20 3

Treatment

10. Lack of knowledge in waste 
treatment 3.92 78.40 1

76.70 3
11. Poor sustainable infrastructure 3.75 75.00 2

Collection 
and 

Transport

12. Lack planning on waste 
collection 3.76 75.20 1

73.80 4

13. Lack of infrastructure for waste 
collection 3.75 75.00 2

14. Poor road access for collection 3.75 75.00 2
15. Limitations on collection’s 

transport 3.68 73.60 3

16. Lack of information on the 
schedule of waste collection 3.51 70.20 4

Generation 
and 

Separation

17. Lack of awareness program 3.79 75.80 1

67.60 5
18. The big number of family 

members 3.27 65.40 2

19. High tax for solid waste 
management services 3.08 61.60 3

Note: RII= Relative importance Index; Ave= Average
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waste. Environmental safety, public health and 
the well-being of citizens could not be achieved, 
while the capacity of the landfill is very limited. 
Keeping in mind the present conditions and 
challenges, viable and efficient improvement 
measures are to be suggested to overcome 
the situation in Sana’a City, Yemen. Table 8 
demonstrates the improvement measures of 
SSWM in Sana’a City.  Compared with current 
practices in Table 7, the respondents obviously 
agreed with the importance of both of education 
and awareness to improve the measures for 
sustainable solid waste management, with an 
RII of 83.8% and 82.4% respectively. Moreover, 
providing sufficient technology and proper 
infrastructure are the priority of technology and 
facilities to improve the measures of sustainable 
solid waste management. The RII of introducing 
penalties for illegal dumping and providing 
affordable service charges is 82% and 78%, 
respectively. 

Interested residents can share product 
designs and models, while they can provide 
voluntary services to reduce waste generation 

and enhance the implementation of innovative 
business models for the reduction of waste. Solid 
waste facilities are cost-effective like all other 
service offered, But, in general, the expenses 
are not recovered. The central government’s 
financial assistance, the involvement of local 
representatives in waste management concerns, 
the engagement of service consumers and the 
effective operation of the funds are important to 
a modernised sustainability system.

Summary of Results 
In Sana’a City, three-quarters of respondents 
have solid waste containers, while around a 
quarter of them do not. In addition, more than 
half of the respondents do not separate waste as 
ones that could be reused or recyclable. The lack 
of both containers and segregation of the waste 
generated leads to an increase in improper solid 
waste management in Sana’a City. Furthermore, 
around half of respondents do not reuse the 
waste generated. Most of the respondents agree 
with the importance of segregation of waste and 
public participation in solid waste management 

Table 8: Improvement measures for SSWM in Sana’a City

Category
Improvement measures 

for sustainable solid waste 
management in Sana’a City

Mean RII Rank Ave.
RII

Ave.
Rank

Socio-culture

1. The importance of education 4.19 83.80 1

81.50 1
2. The importance of Awareness 

campaigns 4.12 82.40 2

3. The importance of solid waste 
celebration’s day 3.92 78.40 3

Te c h n i c a l / 
Facilities

4. Provide efficient technology 4.08 81.60 1

79.70 2

5. Provide proper infrastructure
(e.g., landfill, collection 
system)

3.97 79.40 2

6. Provide suitable equipment 
(e.g., waste bin, recycle bin) 3.91 78.20 3

Financial

7. Introduce penalty to illegal 
dumping 4.10 82.00 1

78.70 38. Provide affordable service 
charge 3.92 78.40 2

9. Involvement of the private 
sector to manage solid waste 3.79 75.80 3
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and that reflects respondents’ awareness. 
The percentage of respondent’s agreement 
on the importance of sustainable solid waste 
management and health effect were around 90% 
and 80%, respectively. 

Figure 4 illustrates that the highest level 
of the average rank for key challenges of solid 
waste management depending on the perception 
of the public is the recycling of materials. This 
is because of a lack of awareness of recycling, 
lack of recycling companies and available 

technologies. Furthermore, the highest rank of 
improvement measures for sustainable solid 
waste management is socio-cultural because of 
the importance of education and the importance 
of awareness campaigns are ranked the highest 
in the socio-cultural category. The figure shows 
the intensity or critical nature of the problem 
as the colour changes from dark to light for the 
challenges. While the trend is the opposite, i.e. 
the intensity changes its colour from light to 
dark in the case of improvement measures.

Figure 4: Bowtie of challenges and improvement measures for sustainable solid waste management
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Conclusion
A solid waste management system is an 
important requirement for a country to achieve 
its goal of sustainable environment. This study 
focuses on the current scenario of solid waste 
management in Sana’a City, Yemen, key 
challenges, and the improvement measures 
suggested on the ground through the survey 
on the views of the respondents. The highest 
level of the average rank for key challenges of 
solid waste management depends on recycling. 
Therefore, raising awareness of recycling and 
participation in recycling schemes at different 
levels (regional and national) may solve this 
problem. Furthermore, the highest rank of 
improvement measures for sustainable solid 
waste management is socio-cultural because of 
the importance of education and the importance 
of awareness campaigns ranked the highest 
in the socio-culture category. The bowtie of 
challenges and improvement measures shows 
the intensity or critical nature of the problem 
as the color changes from dark to light for the 
challenges. While the trend is opposite, i.e. the 
intensity changes its colour from light to dark 
in the case of improvement measures. The study 
will be helpful to establish and stabilise solid 
waste management in Sana’a City, Yemen.
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