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OPEN A survey and partial dependency

analysis to assess residential solid
waste recycling awareness in Saudi
Arabia
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Rapid industrialization, rise in population, and urbanization have led to severe environmental
degradation and health concerns for inhabitants due to regular household waste (RHW). Implementing
sustainable waste management practices, such as regular household waste recycling, is an imminent
need in Saudi Arabia and other nations. Yet, the analysis of the awareness regarding RHW recycling
and its influencing elements in the Kingdom of Saudi Arabia (KSA) has rarely been conducted. Efficient
management of home waste is currently a major concern, particularly in economically developing
countries, as inappropriate disposal of waste results in financial losses and detrimental effects on the
environment and public health. The objective of this study is to assess the level of awareness among
Saudi households on RHW, the environmental issues associated with improper waste disposal, and
their readiness to participate in the recycling of RHW. Therefore, we conducted a two-stage analytic
investigation that included a total of 909 households from different areas of Saudi Arabia. In addition
to the analysis of questionnaire responses, partial dependency (PDP) analysis was also conducted using
two supervised machine learning algorithms, Multi-Layer Perceptron (MLP) and Decision Tree (DT),

to evaluate how sociodemographic factors influence waste recycling awareness. Based on the study
results, most respondents are knowledgeable and worried about the adverse environmental effects

of solid waste. Most respondents are motivated to support a large-scale recycling program, provided
enough facilities are available. Also, the PDP analysis revealed that sociodemographic factors such

as age, gender, salary, and marital status also significantly impact the awareness of waste recycling.
Finally, considering the rising amount of waste produced by the Saudi population, the authorities
must implement a recycling program to address this harmful waste and promote the development of a
sustainable world.

Keywords Recycling awareness, Residential solid waste, Public awareness, Questionnaire survey, Partial
dependency analysis

Residential solid waste (RSW), also called regular household waste (RHW), consists of the daily materials that
homes dispose of, such as food scraps, packaging, paper, glass, plastics, metals, textiles, and yard clippings. A
significantamount of household waste is produced in urban areas as a consequence of fast economic development,
rising populations, and urbanization'. Residential solid waste contains a large volume of organic content,
including vital mineral nutrients, and is a substantial carbon source**. Several measures have been implemented
to recycle and categorize this garbage at the individual, community, and governmental levels. However,
significant quantities of mixed industrial and residential waste are disposed improperly®®. The management
of municipal solid waste significantly impacts the entire quality of life in communities, including factors such
as cleanliness, health, and productivity’~!!. Effective and timely implementation of solid waste management is
essential for societies’ continued existence and proper operation'2. Inadequate waste management pollutes the
biosphere, including oceans, rivers, and seas.

The rise in economic development and the fast urbanization process are strongly correlated with increased
global garbage generated per person!*!%. The annual worldwide production of municipal solid waste from urban
areas is roughly 2.01 billion tons, with over 33% of it not being handled ecologically safely’®. According to a
study conducted by Farmanbordar, Amiri and Karimi'®, the global rate of residential garbage production varies
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from 0.11 to 4.54 kg per individual per day, with an optimal amount of 0.74 kg per individual per day. High-
income nations, representing just 16% of the globe’s population, produce approximately 683 million tons of
RSW, accounting for 34% of the total worldwide RSW'”8, According to research conducted by Hoque and
Rahman!®, worldwide municipal waste is projected to increase to 3.4 billion tons by 2050. Consequently, the cost
of managing municipal garbage is much higher in metropolitan locations?>*!. Waste management is the largest
portion of the budget in low-income nations, accounting for over 20% of the budget al.located to municipal
services worldwide. In countries with middle incomes, it comprises more than 10% of the total expenditure,
while in high-income ones, it represents about 4%22. Elaborate waste management procedures incur significant
expenses and need financial support, as well as essential resources such as safe drinking water, medical care,
public schooling, and other facilities?.

Developing nations lack the infrastructure to regulate municipal solid waste creation and continue to use
open landfills for waste disposal?#?°. Regrettably, the Middle East and several emerging nations in Asia and
Africa lack effective integrated waste management systems. Deficient municipal solid waste management
systems are characterized by inadequate working conditions, financial constraints, insufficient accurate
governance instruments, inappropriate selection and use of technology, low awareness, and reliance on imported
equipment and materials. The member nations of the Gulf Cooperation Council produce the largest per capita
municipal solid waste worldwide, and in many of these countries, such waste is just disposed of in various
landfill sites. In Oman, the total volume of municipal solid waste amounted to 2.0 million tons per year?®. This
type of landfill disposal of waste occupies a significant land area and contributes to environmental and climate
change challenges?. This is also particularly true in developing Middle Eastern nations like Saudi Arabia?.
Saudi Arabia is situated in the southwestern region of Asia and borders the Arabian Gulf to the east and the
Red Sea to the west. The nation has a substantial population of 34.8 million, according to the 2020 World Bank
data® %, In recent decades, a significant amount of solid waste has been documented in Saudi Arabia due to fast
industrialization, urbanization, and population expansion. A population growth rate of around 3.4% was seen
over the last four decades, accompanied by a 50-80% rise in urbanization from 1970 to the present®*2. The
significant increase in population and urbanization in Saudi Arabia has resulted in a substantial volume of solid
garbage being abandoned. Therefore, numerous issues remain to be resolved regarding recycling management in
Saudi Arabia. The Saudi government is encountering challenges in monitoring the national recycling rate. It must
identify the most suitable approach for managing the recycling system to effectively include local communities
in establishing a more structured and efficient recycling management framework?3-3,

The annual total of municipal solid garbage produced in Saudi Arabia amounts to about 50 million tons,
with an average rate of 1.7 kg per capita per day*”’. The report also emphasizes that the Kingdom produces
almost 7 million tons of plastic garbage yearly. This municipal solid waste is managed by the Local Affairs &
Ministry of Municipalities and carried out by local municipalities. These municipalities collect, transport,
and dispose of garbage at landfills and dump sites without using energy*®*. Uncontrolled garbage is typically
disposed of employing incineration and landfill disposal. Compost facilities are used to convert organic wastes
into compost?’. The widespread improper waste disposal methods result in significant environmental harm, as
they may lead to contamination of surface waterways and soil and generate unpleasant smells!!*1.

Waste recovery, reuse, and healthy disposal methods have recently been the focus of waste management
strategies in some nations, thanks to environmental legislation that aims to improve RHW management*2.
There was also a noticeable increase in the private sector’s role in collecting organic, plastic, and metal garbage
for recycling and reuse. Sustainable waste management includes recycling and reusing resources and energy
to create new products while decreasing trash pollution?*#. Ultimately, educating the public is crucial for
effective municipal solid waste (MSW) recycling and reuse programs*. The reason is that people’s day-to-day
activities, which in turn are influenced by sociodemographic characteristics, directly correlate to their level of
garbage reuse and recycling consciousness*®. A person’s sociodemographic factors are associated with their trash
creation, according to previous research done all over the globe***. Similarly, the attitude of households toward
recycling—that is, their propensity to sort and recycle—is strongly predicted by social influence*®. Important
factors that impact citizens’ intent to sort garbage include their viewpoint, social impact, perceived control over
behavior, economic benefits, regulatory supporters, and awareness*. Similarly, in both the low-income and
high-income groups, attitudes and readiness to sort and recycle garbage were moderated by income and market
incentives. Furthermore, the correlation between market incentives and the propensity to sort and recycle trash
was moderated by the participants’ gender®°->2.

Different suggestions were provided by previous studies conducted on similar interests, such as the significance
of children’s participation in segregating solid waste for family-level recycling, which must be emphasized for
a better waste recycling community?®. Comparable findings are seen in a study by Tuffaha, Alghamdi and
Mazher?’, whereby recognizing recycling’s significance acted as the primary incentive for children to engage in
these activities. In a separate study, the survey findings from Jatau and Binbol** revealed that students recycle
household garbage at a rate above the regional norm. The existing infrastructure and collection techniques need
enhancement to increase recycling rates. Public engagement in recycling activities is often driven by educational
initiatives emphasizing environmental conservation and waste management’s long-term benefits®*. Additionally,
a study by Radwan, Khan and Elmanfaloty®® found that individuals with higher levels of recycling knowledge
were more likely to participate in waste segregation efforts, underscoring the need for targeted awareness
campaigns.

Thus, previous studies in Saudi Arabia have primarily focused on investigating the relationship between
sociodemographic factors and the generation of RHW. However, these studies have overlooked the direct and
indirect impacts of a household’s awareness of waste recycling. The study also found that money and economic
incentives had a moderating role in the relationship between attitude and desire to sort and recycle garbage in
both low-income and high-income groups. Furthermore, the participants’ gender played a role in influencing the
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connection between economic incentives and the motivation to sort and recycle garbage in both men and women.
Therefore, the objective of this study was to evaluate the level of awareness among households about recycling
their regular household waste (RHW) and to investigate the factors that influence their recycling behaviors. The
partial dependency analysis was used to determine the degree to which a household’s demographic features are
associated with their level of knowledge and practices of household trash recycling.

Composition of waste

A large portion of Saudi Arabia’s massive RHW consists of organic materials, including paper and food scraps,
making up over 66% of the total. Restaurants, hotels, households, and canteens are just a few of the many places
that generate food waste®, A survey conducted by Elmosaad, Al Rajeh, Llaguno, Alqaimi, Alsalman, Alkishi,
Hussain, Alhoudaib, Alnajim and Belal®’ indicated that the average daily rate of residence solid waste production
in Saudi Arabia is 0.95 kg per inhabitant per day, mostly consisting of paper and cardboard, food, plastics, wood,
metals, and glass. The high volume of single-use plastic bags and containers used for food and drink during
the Hajj and Ramadan contributes to plastic’s status as one of Saudi Arabia’s most abundant solid wastes®. A
significant portion of Saudi’s MSW comprises textiles, wood items, glassware, bottles, pottery, and light bulbs.
Solid garbage, which includes items such as knives, aluminum cans, wire bottles, foils, etc., also contains certain
metals and minerals, making up a significant portion, 8.3%. In addition to the aforementioned contaminants,
the municipal solid trash of Saudi Arabia also contains rubber, fibers, dirt, yard debris, tires, electronics, and
appliances, as illustrated in Fig. 1°°.

Materials and methods

The authors conducted the survey questionnaire with human activities, and all experiments were performed in
accordance with relevant guidelines and regulations by the University of Tabuk, Saudi Arabia. Additionally, the
University of Tabuk, Saudi Arabia, research ethics committee approved the experiments, including any relevant
details mentioned in the supplementary file. The following statements are confirmed by the University of Tabuk,
Saudi Arabia research ethics approval committee:

« A statement to confirm that all methods were carried out in accordance with relevant guidelines and regula-
tions by the University of Tabuk, Saudi Arabia.

Composition of regular household waste in KSA

8%

B Food waste

B Paper matenal
B Glass
Wood
Plastic
B Textle
B \Metals
B Others

29%

Fig. 1. Components of Saudi RHW>¢.
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A statement to confirm that all experimental protocols were approved by a University of Tabuk, Saudi Arabia,
research ethics approval committee.

o It is confirmed that the above-mentioned consent was obtained from the civil engineering department, the
University of Tabuk, Saudi Arabia, and the university research ethics approval committee (see enclosed re-
lated file).

o Itis confirmed that experiments were conducted involving human participants for the questionnaire survey.
Informed consent was obtained from the civil engineering department, the University of Tabuk, Saudi Arabia,
and the university research ethics approval committee (see enclosed related file).

Survey location

A questionnaire study was done to evaluate the level of recycling awareness among the residents of Saudi Arabia,
specifically in Tabuk City, with a focus on RHW. However, during the data processing, respondents residing in
cities other than the target city also participated in this survey, as seen in Fig. 2.

Questionnaire design and distribution

The primary research instrument used in this study was a questionnaire that had questions with multiple
response options (see Appendix). The questionnaire was divided into four distinct sections. The first portion
gathered demographic data pertaining to respondents’ gender, age, marital status, current occupation, monthly
income, and number of family members. The second portion investigated the level of public awareness and
understanding of RHW. The third portion examined the extent to which the public is willing to engage in
recycling and how they incorporate recycling into their everyday lives. The fourth section examined the extent
to which the population generally tends to engage in an open recycling program if they have the opportunity.
Based on the above-mentioned segmentation, in this questionnaire survey, a total of 19 questions were
prepared and distributed among the residents of Saudi Arabia, specifically in Tabuk City. Prior to performing
the comprehensive survey, a pilot survey was conducted using online data sharing and collection technology.
The questionnaire was subsequently modified and refined based on the feedback received from the preliminary
survey. The questionnaire was then randomly distributed using several methods such as online survey platforms,

Fig. 2. Location of cities where surveys were conducted.
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including social media, spreading the QR code in public places, meeting people face to face, and asking them
questions. Some were also distributed as printed papers on cars and handed to people walking on the streets.

However, several strategies, such as random and stratified sampling techniques, were employed to ensure
randomness and representativeness in the questionnaire distribution. Additionally, questionnaires were
distributed online and offline to avoid selection bias, allowing access to participants from various technological
backgrounds. This helped reach participants who may not be easily accessible through just one distribution
mode. Furthermore, the survey received responses from 909 participants, which increased the likelihood of
obtaining a representative sample of the population and improved the reliability of the results.

Statistical and parametric analyses

The data obtained from the questionnaire survey were analyzed using IBM SPSS V27. We endeavored to
elucidate the sociodemographic variables (gender, age, married status, present employment, monthly income,
and number of family members) that impact public behavior, public awareness, and public desire to engage
in RHW recycling. Additionally, the study examined the correlations between sociodemographic parameters
and public awareness of recycling using decision trees and multilayer perceptron algorithms based on partial
dependency plot (PDP) analysis. The PDP may be seen as the anticipated target response based on the input
properties of interest. This study will use one-way PDPs to examine the relationship between recycling awareness
and demographic characteristics, as shown by a specific survey question. Single-dimensional Partial Dependence
Plots (PDPs-1D) are highly effective for depicting how one particular input variable correlates with the predicted
result. In general, PDPs shed light on the significance of each input factor in influencing the model’s predictions.
As a holistic tool, they analyze all instances to expose the broader link between a feature and the projected
outcome. PDP consists of fixing each predictor variable at a specific value and then averaging the response for
this model over all observations in the data® . This is done by computing the average expected response across
all observations in the dataset (Eq. 1), holding constant all other predictor variables.

) = Bx. [F (X)) = / 7o (. X0y dP (X.) 1)

where dP (X) is the distribution over other features, X is the other features of the model, X is the entire feature
space, E is the expectation operator, and fs (x) is the expected value of ML model output for a collection of
feature(s) x, of interest.

Additionally, to evaluate the partial dependency of recycling awareness on demographic factors, we used
two distinct machine learning (ML) algorithms. The Decision Tree (DT) method is a supervised ML technique.
The DT approach is unique among supervised learning algorithms in that it may be used for regression and
classification tasks. The primary reason for using a DT is to construct a training model capable of predicting the
class or value of the target variable by acquiring simple decision rules derived from training data. On the other
hand, Multi-layer perceptron (MLP) is an artificial neural network (ANN) that has many layers of neurons.
The neurons in the MLP often use nonlinear activation functions, enabling the network to acquire intricate
patterns in data. MLPs are crucial in the field of machine learning due to their ability to acquire knowledge
about nonlinear connections within data, rendering them very effective algorithms for applications such as
classification, regression, and identification of patterns. Due to their adaptability in design and capacity to
simulate any function under specific circumstances, they serve as a crucial foundation in deep learning and
neural network investigation. In this study, DT is chosen for its capability of identifying feature interactions
and thresholds. These features make them ideal for extracting insights from structured data. Their inherent
ability to handle non-linear relationships aligns well with the objectives of partial dependence analysis, as it aims
to quantify the marginal effect of predictor variables on the target outcome. On the other hand, Multi-Layer
Perceptron, a type of artificial neural network, is particularly effective in modeling complex, non-linear patterns
in data due to its ability to learn high-dimensional representations.

Respondents demographic information
Table 1 presents a concise overview of the demographic information of the individuals who took part in the
research. Out of the 909 participants, 437 were male and 292 were female, while others did not reveal their
gender. The age group with the highest number of individuals was between 18 and years old, while those beyond
60 years old were not well represented (0.50%, n=4). The majority of individuals in the sample group (54.3%,
n=494) had alower wage, whereas a small number of study participants (2.3%, n =21) had high-paying positions.
The majority of responders were either unemployed or students. Regarding the size of families in homes,
67.1% of households had more than five members, while 12.5% had less than three members. The amount of
solid waste created was determined based on the crucial family size and age criteria. This is because teenagers
have a higher propensity to purchase fast food, beverages, and other food products, many of which are
subsequently discarded®"%2, Conducting research on disposal and recycling behavior is beneficial for identifying
key socioeconomic groups that can be used to assess the effectiveness of waste management policies.

Results and discussion
Measuring awareness based on an individual’s behavior and belief about recycling
QI: Have you heard of recycling before

Figure 3 displays the response rate with which respondents are familiar with the term recycling. The
data shows that 618 respondents (67.93% out of the total sample) are familiar with the term “Recycling” and
have fundamental knowledge about how the recycling process works for household waste. Additionally, 106
respondents (11.7% of the total survey population) are unaware of recycling. However, a large number of people
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No. of participants | Valid percentages

Gender

Male 437 59.9
Female 292 40.1
Age

<18 24 33
18-40 657 90.1
41-60 44 6.1
>60 4 0.5

Marital status

Married 195 27.8
Unmarried 506 72.2
Salary range

More than 20,000 SAR 21 2.9
10,000-20,000 SAR 96 13.2
5000-10,000 SAR 118 16.2
Less than 5000 SAR 494 67.7
Job status

Employed 278 38.1
Other 31 42
Retired 9 1.2
Student 265 36.3
Unemployed and not seeking work | 10 1.4
Unemployed and seeking work 136 18.8
Family Members

Less than 3 people 113 12,5
Between 3 to 5 people 184 20.3
More than 5 people 610 67.2

Table 1. Demographic information of participants.

B Yes
B No
B Not answered

20.38%

67.93%

Fig. 3. Response based on the survey question: “Have you heard of recycling before?”

(185 respondents) did not answer this particular question. This breakdown provides a concise overview of
the varying levels of awareness regarding recycling of RHW among Saudi residents. From the breakdown of
respondents, it is concerning that a large percentage of the total population does not know about recycling,
which means they do not engage in and practice sustainable recycling processes. Many of the population likely
lacks awareness about recycling due to insufficient public education and awareness campaigns regarding waste
management and sustainable practices®. Similar results can be obtained from a separate study conducted by
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Alshehrei and Ameen®®, where they stated that a considerable number of citizens in the urban cities of Saudi
Arabia are not concerned about proper waste disposal and recycling, even though the management preferred
mass incineration for the solid waste management process™.

Q2: To what extent do you believe recycling is important

Figure 4 portrays the beliefs and knowledge of respondents about waste recycling. From the response, it can
be seen that 464 respondents (51.05% out of the total sample) are very concerned about recycling, and they
believe recycling is essential for a cleaner and sustainable world. In contrast, only four respondents (0.40% of
the total survey population) do not believe that recycling is important for our society, which is very marginal.
Again, a large number of people (185 respondents) were not interested in providing their opinion on this
particular question. From the analysis of participants’ responses and comparing them with previous survey
question responses, it is noteworthy that although a large portion of participants are familiar with the term
recycling, not all of them believe it is significant for the environment. Gonzalez-Torre and Adenso-Diaz® said
that cultural factors, humanitarian motives, and regulatory variables play significant roles in the development of
strong recycling practices in particular communities. However, Radwan and Mangi®® reported similar findings,
stating that although the majority of citizens in KSA are aware of environmental degradation and challenges, not
all of them tend to practice recycling.

Q3: Do you believe that the best way to dispose of waste is by recycling it?

Recycling plays a crucial role in sustainable waste management by reducing garbage pollution and recovering
valuable raw materials and energy, sometimes referred to as “misplaced resources”®®%’. Without any doubt,
recycling is the best possible way of reducing pollution and conserving natural resources from RHW®. Based on
this, we developed a question to understand the awareness of residents and how they think about recycling their
waste. Figure 5 depicts the respondents’ thoughts on the positive impact of waste recycling. From the response,
it can be seen that 294 respondents (32.3% out of the total participants) believed that recycling is the best way to
a cleaner and more sustainable world, while an additional 6.6% of participants believe recycling is a sustainable
solution to some extent. In contrast, only 0.6% of respondents do not believe that recycling is the best way of
waste disposal. As mentioned previously, almost 539 respondents (59.3%) were not interested in providing their
opinion on this question. From this particular segmentation, it can be concluded that people have a positive
attitude toward recycling solid waste and its impact on a sustainable world. Scheinberg® observed evidence
suggesting that higher recycling rates are linked to higher tipping prices at garbage disposal sites. Increased
disposal charge positively impacts the recovery of produced solid waste.

Q4: Do you throw away leftover food?

The amount of waste from food in Saudi Arabia is comparable to that of other affluent nations, such as the
United States or European countries. Food waste has become a significant problem in the Gulf Countries, notably
KSA, due to the region’s limited agricultural resources and water supply’’. Individuals tend to discard leftover
food to avoid consuming the same meal again. Younger individuals and youngsters throw partly consumed
packages of chips, chocolates, burgers, and beverage bottles’!. These objects create trash on the road and serve
as proof of food that has been squandered. The combination of excessive consumption and wastefulness has a
negative impact on the economy and hinders the ability to save money’?. The extravagance is indefensible and
detrimental to both economic growth and food availability.

In this study, about 35.26% of the participants did not respond when questioned about their tendency to throw
away their leftover food. It is apparent that only 25.97% of the participants never threw away their remaining
food, while 31.47% of participants sometimes disposed of their leftovers. Conversely, 7.29% of respondents
consistently throw away their leftovers without considering the detrimental impact on the environment, as
displayed in Fig. 6. According to the analysis of Whitman’? in a seminar titled “Reducing Food Waste” in Riyadh,

0.4% .
16.22% B Not Important

32.33% B Somewhat Important
B Very Important
/ I Not Answered

Fig. 4. Response based on survey question: “To what extent do you believe recycling is important?”
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Do you believe that the best way to dispose of waste is by
recycling it?

0.6% 6.6%

B No
B To some extent

I Yes
B Yes, to some extent

B Not answered

1.2%

Fig. 5. Response based on the survey question: “Do you believe that the best way to dispose of waste is by
recycling it?”

25.97% L No
P Sometimes

B Yes
B Not answered

35.26%

</

7.29%

31.47%

Fig. 6. Segmentation of response based on participant’s leftover food recycling behavior.

it was found that Saudis throw away food costing US $35 million per day, which adds up to US $15 billion
annually. According to reports, the typical citizen in the Kingdom of Saudi Arabia wastes between 1.2 and 1.4 kg
of food every day, which adds up to 511 kg annually. One possible reason for this is that the average Saudi
person eats excessive food, resulting in over 50% of it being wasted at home. The tendency to discard leftover
food in Saudi Arabia is largely driven by concerns over potential health risks, a preference for variety in meals,
and cultural practices of excessive consumption, particularly during public gatherings’’. Similar to KSA, in
Qatar, despite high literacy rates and government-led sustainability initiatives, a survey revealed that concerning
number of households did not engage in regular recycling, citing limited public awareness campaigns and
inadequate infrastructure as key barriers’.

Q5: Have you ever searched for recycling centers?

Figure 7 illustrates how a person exhibiting care for the environment searches for a recycling facility in
order to dispose of their garbage. The result reveals that 436 participants (48% out of the total participants) did
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35.3%

B No
B Yes

Not answered

48%

Fig. 7. Response based on the survey question: “Have you ever searched for recycling centers?”

not actively seek out a recycling center. Only 16.7% of respondents proactively looked for a recycling facility
to dispose of their garbage. Based on this segmentation, it can be inferred that individuals exhibit a reduced
tendency to seek out recycling centers. Consequently, the relevant authorities should intensify their advertising
efforts to promote the positive effects of recycling. Additionally, they need to increase the number of recycling
centers to enhance their accessibility.

Gonzélez-Torre and Adenso-Diaz®* noted that those who regularly deposit their general waste in the bins are
more inclined to recycle specific items at home. Typically, as the distance to the recycling bins reduces, there is a
rise in the number of fractions that individuals separate, sort, and collect their solid waste at home. The average
Saudi Arabian not to search for recycling centers is influenced by limited accessibility and awareness, as research
shows that proximity to recycling facilities significantly increases the likelihood of recycling behavior at home?.
Minghua, Xiumin, Rovetta, Qichang, Vicentini, Bingkai, Giusti and Yi’®> suggested that to enhance recycling
rates, local authorities could promote the advertisement for recycled products and enhance the workforce in
recycling enterprises.

Q6: Would you support the culture of recycling in our country if the services were available?

Bui, Tseng, Tseng and Lim”® categorized the primary obstacles to recycling into four categories: circumstances
barriers (such as insufficient containers, limited space at home, and not reliable collections); behavioral barriers
(such as household disorganization, lack of time or regular routine); knowledge barriers (such as not knowing
what to recycle or the fundamental aspects of the recycling program); and attitude barriers (such as not believing
in the environmental benefits and lack of incentives or acknowledgment for recycling efforts). From their study,
it can also be clear that enhancing the recycling services provided by the government will encourage local
citizens to support a recycling culture. Based on the output of this survey statistics, it can be concluded that the
Saudi government needs to increase the recycling facility to involve all their residents in developing a sustainable
country by recycling RHW.

Based on this context, when the participants are asked if their country has enough recycling available services,
would they support the recycling culture or not? Remarkably, the reaction is quite favorable, as seen in Fig. 8.
A total of 52.1% of the respondents express strong support for the culture, while an additional 11.7% indicate
moderate support. By contrast, a negligible 0.3% of participants actively discourage the culture, indicating a
very marginal stance. The poll findings indicate that if the government can effectively implement and make
convenient recycling services available, the majority of the public would wholeheartedly embrace the culture of
recycling to improve the country. The majority of respondents show positive support for the culture of recycling
in Saudi Arabia because of the environmental benefits of recycling and are willing to participate if convenient
and reliable services are made available, addressing common barriers such as accessibility, knowledge gaps,
and insufficient infrastructure®!. A similar trend can also be observed in other Middle Eastern countries. For
example, in Jordan, a study has shown that while the majority of residents support waste segregation and
recycling initiatives, inadequate waste segregation infrastructure and limited public awareness campaigns have
hindered participation”’.

Measuring awareness based on agree or disagree with a statement

In this segment of our questionnaire, we investigated the degree to which the survey participants engaged in
recycling and how they integrated recycling into their everyday lives. In Saudi Arabia, only 10-15% of this garbage
is recycled, while the rest is disposed of in landfills’. A significant amount of the food waste produced in urban
households gets repurposed at food banks and distributed to those facing food insecurity. This method may be
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Would you support the culture of recycling in our country if

35.3%

the services were available?

0.3%

B Absolutely not

Bl Absolutely yes

B No

B Yes, to some extent
Not answered

52.1%

11.7%

0.6%

Fig. 8. Analysis of public attitude on the adoption of recycling practices in Saudi Arabia, dependent upon the
availability of adequate recycling services.

universally applied to any garbage that can be recycled to minimize negative environmental impacts, preserve
valuable resources, generate energy, and contribute to developing a more robust economy. Several writers have
emphasized that the primary reasons for female households not recycling garbage at the source include a lack
of knowledge, awareness, desire for recycled items, and supportive recycling regulations’®. However, to measure
the individuals recycling practice, we developed four statements that represent the individual’s behavior and
thinking about recycling. The first two statements are listed below:

Statement 1: I use plastic water bottles at home.

Statement 2: I support the implementation of strict laws against littering.

Figure 9 depicts the positive response to waste recycling among participants. When surveyed, around 34.7%
of Saudi Arabian residents admitted to using plastic water bottles in their households. In contrast, barely 6%
of participants refused to use plastic water bottles in their own households. These statistics suggest that plastic
water bottles are frequently found among locals; however, not all bottles are recycled correctly due to a lack of
awareness. When questioned about their opinions on enforcing strict laws against littering, 38.7% of respondents
expressed their support for such measures. Remarkably, only 2% of participants expressed disagreement with the
statement, which is undeniably noteworthy. This analysis suggests that the implementation of strict regulations
by the government will be welcomed with approval by the majority of residents, leading to an enhancement in
recycling behavior and practices throughout the country.

In the same context, it is notable that Saudi Arabia has implemented an extensive legislative structure at
the national level to regulate and manage recyclable materials. The legal framework is defined by the General
Environmental Regulations and the Solid Waste Law, which delineate the specific obligations for handling
waste, as well as the National Environmental Standards”. The waste disposal regulatory structure is established
following key concepts of waste management, including the waste hierarchy, the responsibility of treatment, and
the nearby approach. The framework also offers explicit instructions for waste disposal to ensure the safeguarding
of human health and the preservation of the environment®, Furthermore, in Kuwait, where per capita waste
generation is among the highest in the region, recycling awareness remains low, and most waste is disposed of
in landfills, largely due to insufficient policy enforcement and a lack of public education on recycling benefits®!.

Inadequate management of solid waste is a primary cause of pollution and environmental problems,
including many challenges and shortcomings. Food waste contributes to the overutilization of substances, such
as pesticides and fertilizers, used in food production®2. Emissions of methane arise from industrial processes,
agricultural practices, waste management activities, and the decomposition of food. It is recognized as one of the
most detrimental greenhouse gases that contribute to climate change. Although methane has a shorter lifespan
in the atmosphere compared to carbon dioxide, it is 25 times more effective and potent at trapping radiation as
a greenhouse gas®. Large quantities of food discarded in landfills emit significant greenhouse gases, including
methane, carbon dioxide, and chlorofluorocarbons. These gases trap infrared radiation and contribute to the
warming of the Earth’s atmosphere, leading to global warming and climate change®.

However, efficient solid waste recycling is crucial for mitigating resource limitations and promoting
widespread sustainable economic development globally®*. Local and federal governments should implement
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Fig. 9. Analyze the rate of engagement of Saudi Arabians in using plastic materials and their opinions on the
strict regulations against littering.

a zero-waste strategy by adopting durable, reusable items, which will contribute to the sustainable growth of
the economy®. The items should be built to align with their optimal endurance and the recyclability of their
parts. Implementing a zero-waste policy facilitates the integration of industries, enterprises, and communities
by ensuring that the trash produced by one entity is used as a raw material by another, effectively preventing
pollution®®.

Considering this context, we formulated two statements that reflected participants’ beliefs regarding the
significance of recycling for both economic and environmental sustainability.

Statement 3: I agree that waste is harmful to the environment and society.

Statement 4: I believe that recycling is economically beneficial.

According to Fig. 10, most survey participants (37.3%) strongly believe that trash harms the environment,
while a small percentage (3.1%) just agree with this perspective. Conversely, a very small proportion (0.3%) of
respondents believe that waste is not harmful to our environment. In our last statement, 7% of the participants
agree, while 33.1% strongly agree that recycling waste can contribute to economic sustainability. A relatively
small percentage of participants, specifically 0.5%, do not consider recycling to be an economically advantageous
method of waste disposal. Nevertheless, many participants maintain a neutral viewpoint in both situations.

Measuring awareness based on an individual’s willingness to practice recycling

When the participants were asked if they had enough opportunity to sell their recyclable garbage, most survey
participants (32.3%) strongly agreed that they would support the idea and would recycle more garbage, while
an additional 6.4% just agreed with this initiative. Simultaneously, a negligible proportion (0.9%) of respondents
strongly opposed this idea, with an additional 1.1% somewhat opposing this initiative, as shown in Fig. 11. Solid
waste management initiatives in developing nations are facing significant challenges, such as inefficient sorting
and collection systems for recyclable garbage and inadequate incentives from local authorities. Furthermore,
inadequate infrastructure, poor regulatory measures, and low public knowledge may lead to improper disposal,
such as mixing plastic and electronic waste with regular home garbage®”.
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Fig. 10. Analysis of the rate of Saudi Arabian’s opinions on the environmental and economic benefits of waste
recycling.

In Saudi Arabia, trash recycling was non-existent before 2017. The National Transformation Program (NTP)
2020 set a goal to raise the proportion of processed waste by 40% of the total garbage produced. Also, Saudi
Arabia Vision 2030 targeted 100% recycling®®#°. SAV2030 is also planning a strategic cooperation to handle
the garbage produced in the nation effectively. Saudi Arabia has formed partnerships with the Ministry of
Environment, Water and Agriculture, Saudi Investment Recycling Company, National Recycling Center, and
Ministry of Municipal and Rural Affairs companies to effectively handle garbage by implementing recycling
practices®’. Enhancing the effectiveness of municipal solid waste management systems is a key objective for
SAV2030 9. Thus, Saudi citizens are expected to soon get proper facilities and opportunities to sell their surplus
and contribute to sustainable development.

Regression analysis
A regression analysis was conducted to examine the relationship between individuals’ support for recycling
services and various environmental attitudes and behaviors, including plastic bottle usage at home, support for
strict littering laws, beliefs about waste harm, the perceived economic benefits of recycling, and the willingness
to engage in recycling surplus sales. According to the analysis results shown in Table 2, the support for strict
littering laws and the belief in the economic benefits of recycling show a significant positive association with
recycling support. This suggests that when individuals perceive recycling as economically beneficial or tied
to strict littering regulations, they are more likely to support recycling services. As it is seen, the relationship
between individuals’ support for recycling services and plastic bottle usage at home has an intercept value of 3.81,
representing the baseline support level, while the coefficient is 0.077. These findings stated that the relationship is
statistically insignificant (P=0.539), with a 95% confidence interval ranging from —0.171 to 0.326, indicating no
clear impact. Similarly, the relationship between support for recycling and the belief in the economic benefit of
recycling shows an intercept of 3.782 and a highly significant coeflicient of 0.2084 (P=0.0002), with a confidence
interval from 0.098 to 0.318.

In contrast, other beliefs, such as the belief that waste is harmful, have a borderline significant association
(P=0.071) with a coefficient of 0.078 and a confidence interval from —0.0087 to 0.164, showing a weak
relationship. Similarly, the support for recycling surplus sale displays a non-significant negative coefficient of
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Fig. 11. Response of participants to sell their recyclable waste if they have adequate opportunities.

Relationship between support for recycling service and plastic bottle usage at home

Intercept (const) | 3.810 0.610 6.238 1.22E-09 | 2.609 5.011
Recycling support | 0.077 0.126 0.613 0.539 -0.171 0.326
Relationship between support for recycling service and support for strict littering laws
Intercept (const) | 3.395 0.432 7.853024 | 4.49E-14 | 2.544985 | 4.245
Recycling support | 0.265 0.089 2.963626 | 0.003 0.089 0.441
Relationship between support for recycling service and belief that waste is harmful
Intercept (const) | 4.519 0.210 21.514 4.63E-67 | 4.106 4.932
Recycling support | 0.078 0.043 1.808 0.071306 | -0.006 0.164
Relationship between support for recycling service and belief in economic benefit of
recycling

Intercept (const) | 3.782 0.269 14.012 4.76E-36 | 3.251 4313
Recycling support | 0.208 0.055 3.726 0.0002 0.098 0.318
Relationship between support for recycling service and support for recycling surplus sale
Intercept (const) | 5.272 0.389 13.534 3.29E-32 | 4.505 6.039
Recycling support | -0.116 0.081 -1.435 0.152 -0.276 0.043

Table 2. Regression analysis outcomes.
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-0.116 (P=0.152), with a confidence interval of -0.276 to 0.043, indicating that this factor may not strongly
influence support for recycling services.

Partial dependency of factors on recycling awareness

Figure 12 displays partial dependence plots (PDP) illustrating the relationships between variables such as the
age, gender, marital status, and salary range of participants and their behavior regarding leftover food. As the
value increases, the respondent’s positive behavior in recycling awareness also increases.

The PDP analysis reveals that the age of participants significantly influences their attitude toward littering
waste. Individuals aged 20 to 40 have a greater tendency to discard their leftover foods. Among them, the
participants aged 20 to 30 years have the least awareness about waste recycling. However, older people are more
aware of the detrimental effects of waste and demonstrate a commendable level of engagement in the recycling
process, as seen in Fig. 12(a). Figure 12(b) illustrates the influence of participants’ gender on recycling awareness.
Interestingly, male participants have a higher level of awareness about waste littering compared to female
participants. In the Saudi context, males are generally more exposed to public discourse on environmental
initiatives due to higher workforce participation and increased engagement with formal waste management
systems. Furthermore, practical barriers such as limited mobility and traditional domestic roles may result in
women having fewer opportunities to engage directly with recycling infrastructures, thereby impacting their
overall awareness levels®’. The observed discrepancy in awareness between genders highlights the need for
targeted awareness campaigns that effectively engage women and promote accessible recycling participation
strategies across different demographic groups. In contrast, many studies have also shown that gender does not
significantly determine recycling behavior®*2,

Several studies suggest that there is a correlation between age and recycling behavior. Specifically, older
individuals tend to engage in recycling programs more than younger individuals. However, other surveys have
shown no significant association between age and recycling. Several research studies have shown that higher-
income households are more likely to engage in recycling programs than low-income families. However, other
studies have shown no significant correlation between salary and recycling®%>. In a study conducted by Ojeda-
Benitez, Armijo-de Vega and Marquez-Montenegro®*, the authors examined the patterns of RHW production
in Mexico and determined that the family has a significant and enduring impact on the attitudes and actions of
its members, particularly in terms of consumption and waste management. Therefore, it is crucial to prioritize
family-oriented educational initiatives regarding the environment. Furthermore, the recycling behavior of Saudi
families is also affected by their marital status, as seen in Fig. 12(c). The study reveals that the partial dependency
value for the married status is lower than that of the single status, indicating that married individuals are more
accountable for littering garbage than their single counterparts.

Their monthly income significantly influences individuals’ recycling awareness. Based on our survey data
and PDP analysis, individuals in the modest income range of 5000-10,000 SAR have the least tendency to throw
away leftovers. As affluence rises, individuals tend to become less conscious of the need for recycling. Also,
people with low incomes tend to have less knowledge of garbage littering than those in the moderate-income
category, as illustrated in Fig. 12(d).

Figure 13 displays partial dependence plots illustrating the relationships between sociodemographic factors
and the positive belief of participants on waste recycling. These beliefs are mainly indicating the awareness of a
specific group of respondents. As is seen in Fig. 13(a), people aged between 22 and 34 have the lowest belief in
recycling, and they don’t believe recycling is the best way to dispose of solid waste. Senior citizens 45 years old or
older have the highest partial dependency on waste recycling, indicating that they have positive thoughts about
sustainable recycling practices.

Again, male participants responded better than female participants when asked if they believed recycling was
the best waste disposal system. As illustrated in Fig. 13(b), the response is surprising because male respondents
are more severe and aware of recycling, although the majority of female residents stayed home in Saudi Arabia.
When considering participants’ marital status, married people are more optimistic about waste recycling.
The response is displayed in Fig. 13(c), which is controversial compared to the results illustrated in Fig. 12(c).
By analyzing those dependency plots, it can be concluded that married participants have high morale about
recycling, and their belief is more positive comparing single people. However, married participants are more
liable for throwing away leftover food.

According to a study conducted by Al-Khraif, Abdul Salam and Abdul Rashid®, people with families and
children need to buy more groceries than bachelors. Not all those groceries are consumed, and a significant
portion are thrown away as leftovers. That is why married people have a high rate of food waste. Most of
those leftover groceries are teenage and childrens products such as chips, beverages, fast foods, and other
items. Figure 13(d) illustrates the effect of participants’ monthly salary on their recycling thoughts. As seen
in previous dependency plots, the residences with an average income of 5000-10,000 SAR have the highest
dependency value, indicating that they have the highest awareness about waste recycling. As predicted, lower-
income people have the lowest recycling awareness. Awareness among these underprivileged groups of people
must be increased through direct advertisement or any educational and practicing sessions conducted by local
authorities. However, when the income of individuals increases, the awareness about recycling also linearly
decreases, which is a concerning behavior.

Limitations and future recommendations

Although the response to the questionnaire survey and analysis revealed a wide range of information on the
current waste management and recycling trend in Tabuk City of KSA, there are still some limitations to this
study. The reliance on self-reported data can introduce potential biases such as social desirability and recall
bias, which may impact the accuracy of responses. To mitigate this, the study employed random and stratified
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Fig. 12. Partial dependency of influential factors (a) Age of participants, (b) Gender, (c) marital status, and (d)
salary range of participants on recycling awareness based on leftover food thrown away concern.

sampling techniques to ensure representativeness and distributed questionnaires both online and offline
to capture a diverse participant base. Additionally, the survey achieved a relatively large sample size of 909
participants, which enhances the robustness of the findings. However, the regional focus of the study, primarily
in Tabuk City, limits the generalizability of the results to the broader Saudi population or other cultural contexts.
Future studies could address this limitation by expanding the geographic scope of data collection and employing
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Figure 12. (continued)

mixed-method approaches, including observational studies or experimental designs, to validate and supplement
self-reported findings.

While collecting data, it was observed that the city’s solid waste recycling system is still in its early stages.
Moreover, municipal solid garbage was still collected in a single container. Separate recycling containers are
still not used on a significant basis. However, the city reports that certain private sector businesses gather bulk
aluminum cans, steel, and plastic containers from landfills. A private contractor collects mixed MSW from bins
spread equally across the district streets as part of the general garbage collection system. To date, there have been
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Fig. 13. Partial dependency of influential factors (a) Age, (b) Gender, (¢) marital status, and (d) monthly
income of participants on their belief of the positive impact of waste recycling.

hesitant efforts to separate MSW. For example, there are separate bins for collecting bread waste, which is used to
feed cattle. Based on the findings of this study, it can be seen that the majority of the residents are highly willing
to participate in the waste segregation and recycling programs, but due to lack of such initiatives, the system is
not implementable. Also, considering the increasing volume of garbage generated by the Saudi population, the
government highly needs to establish a recycling program with strict rules to tackle this detrimental waste and
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Figure 13. (continued)

encourage waste recycling for the betterment of the community. The local government should work hard to
establish a solid waste legislation framework based on our study results.

Furthermore, a comprehensive analysis of the widely utilized RHW management technique is necessary
immediately since this approach can deal with a lot of waste disposal and energy production, including hazardous
waste and specific wastes generated by dwelling residents®®. In addition, the government should provide
education and promote awareness about the adverse impacts of solid waste to the public in order to foster a
widespread propensity towards recycling. As can be seen from the survey data, the majority of the respondents
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are young students, unemployed, and have lower income; thus, the outcomes reflect mostly their characteristics,
and we need to focus more on this particular group of people to enhance the waste management and recycling
system. Thus, spreading waste recycling awareness through education campaigns for students and lower-income
groups of people is a crucial need. Research indicates that a person’s knowledge, verbal commitment, and feeling
of responsibility impact the constancy of their attitude toward the environment and their conduct**®’. Educating
students about solid waste may increase awareness and support for waste management strategies to improve the
community environment and also reduce spreading of deseases. To get public support for addressing solid waste
issues, it’s crucial to educate every part of the population on the problem and the government’s aims.

Conclusions

This survey attempted to assess the respondents’ knowledge and motivation to recycle RHW. Proper waste
recycling is crucial for mitigating environmental issues and may also provide economic advantages. Based on
the findings of the research, the following suggestions can be summarized:

In this questionnaire survey, the majority were headed by males, with 437 men participating. Simultaneously,
a total of 292 women took part in the research. The age group that had the most representation was those between
the ages of 18 and 40. On the other hand, unemployed individuals and students are the main participants in this
survey who have salaries lower than 5000 SAR. According to the study findings, 67.93% of the participants
were familiar with recycling. Among them, 51.05% believe that recycling is significant for their community.
Only 32.03% of the entire study population believe that recycling is the optimal method of garbage disposal.
This suggests that a significant portion of the population still does not consider the sustainable waste recycling
process. However, there was a positive attitude that 52.1% of participants supported waste recycling if the
government provided adequate facilities.

In the third stage of the questionnaire round, 34.7% of Saudi Arabian residents admitted to using plastic
water bottles in their households. After that, when questioned about their opinions on enforcing strict laws
against littering, 38.7% of respondents expressed their support for such measures. In every stage, the majority
of participants showed a positive attitude toward recycling. However, a remarkable number of the population
did not share their opinion and remained silent every time. In the last stage of the survey, 32.3% of respondents
expressed their support for selling their surplus for economic benefit if they had the opportunity to do so.
The partial dependency plot showed that older people have a greater awareness of the detrimental effects of
waste and demonstrate a commendable level of engagement in the recycling process. Similarly, male and single
participants are more aware of waste littering than their counterparts. The analysis also visualized that people
with moderate incomes are the group most responsible for waste recycling.

The findings of this study, while focused on Saudi Arabia, hold significant implications for other developing
nations facing similar challenges in residential solid waste management and recycling. Many developing countries
experience rapid urbanization, population growth, and inadequate infrastructure, resulting in improper waste
disposal and its associated environmental and health risks. The outcomes and recommendations of this study
regarding the influence of sociodemographic factors on recycling awareness, as well as the importance of
providing adequate facilities and promoting public education, can serve as a valuable reference for policymakers
in these regions. Specifically, the identified need for accessible recycling infrastructure and targeted awareness
campaigns could be universally applied to encourage public participation in sustainable waste management
practices. Finally, by adapting the strategies suggested in this study, decision-makers of such nations can address
their unique waste management challenges and take necessary steps to enhance their waste management and
recycling practices.

Data availability

Our objective is to maintain control over unsupervised usage that may lead to unintentional duplication of
research efforts or reduced novelty in future studies. however, the dataset will be provided upon request. Please
contact Moahd Khaled Alghuson (malghuson@ut.edu.sa) if anyone needs the data for this study.
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