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Abstract: Over the past 30 years, the Kingdom of Saudi Arabia (KSA) has recorded rapid economic
growth and development rates matched by corresponding levels of consumption. This has led to
an exponential increase in the volume of municipal solid waste. Even if the bulk share of this waste
is recyclable, the propensity of households to engage in the recycling of waste has so far produced
a negligible effect. Arguably, in the context of the pervasive digitalization of public and private
spaces, accompanied by the developments in information and communication technology (ICT), best
conceptualized by reference to the concepts of smart cities and circular economy, it is natural to expect
ICT and policy objectives to converge in order to encourage and enable greater engagement with
waste segregation and recycling amongst households. Against this backdrop, this paper explores the
feasibility and ways of increasing households’ participation in recyclable waste collection, segregation,
and disposal in a context devoid of a top-down city-level waste management policy. To this end,
the design thinking approach was employed to identify factors inhibiting/facilitating households’
engaging in recycling. A variety of ideation techniques were adopted in subsequent stages of the
design thinking process, including interviews with stakeholders from the government and industry
sectors, surveys with Jeddah households (N = 446), an eight week-long recyclable waste collection
experiment, and feedback surveys (N = 46). The results suggest that applying relatively simple
and resource-savvy tools aimed at promoting household recyclable waste collection has substantial
potential. This, in turn, not only feeds into the debate on smart cities but also into the research of
public policy.

Keywords: municipal solid waste; households; smart cities; recyclable waste; recyclable waste
collection; design thinking; circular economy

1. Introduction

The Kingdom of Saudi Arabia (KSA) is working towards implementing Vision 2030.
Launched in 2016 [1], Vision 2030 represents a roadmap of social, economic, and political
modernization for KSA. Conceived by the Crown Prince of Saudi Arabia, Mohammed
bin Salman, at the heart of Vision 2030 lies the objective of sustainability, which includes,
among others, the drive toward waste management and recycling. Awareness of the
importance of recycling is widespread throughout the Saudi society. Accordingly, a great
number of highly effective commercial/institutional sectors’ waste recycling programs have
been implemented across KSA over the past few years. This notwithstanding, the waste
management of households, including recycling, is still yet to be addressed in a strategic
manner. Clearly, considering the pace of socio-economic growth and development that
KSA has recorded over the past 30 years, the necessity of instating either a country-wide or
city-level household waste recycling programs and policies is undisputable.

KSA produces approximately 15 million tons of municipal solid waste annually at a
daily rate of 1.4 kg per person [2]. With the increase in the population of KSA, it is expected
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that this number will double to 30 million tons annually by 2033 [2]. Households are the
main source of solid waste produced by individuals. Still, even if the bulk share of this
solid waste is recyclable, in general, households do not engage in collecting and segregating
that waste. In the context of the broad debate on promoting household waste management,
the objective of this paper is to identify and examine the inhibiting and facilitating factors
that determine whether and how households engage in the collection and segregation of
recyclable solid waste, despite the absence of a top-down city-level household solid and
recyclable waste management policy.

To address this complex question, in line with the research model featured in Figure 1,
the design thinking approach [3] was employed to identify the determinants of the level of
engagement in solid recyclable waste collection, segregation, and orderly disposal among
households. The empirical focus of the study was directed at the city of Jeddah, KSA’s
second largest city, which is currently experiencing rapid socio-economic growth and
development [4]. In Jeddah, no household recyclable waste collection regime has been put
in place. In its place, there is only a mechanical waste segregation process conducted at
the municipal landfill. The results of this study suggest the following: First, there is great
potential in engaging citizens in waste segregation and disposal. Second, the potential
financial gains from segregating, collecting, and recycling solid waste can offset the cost of
its collection and orderly disposal.
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The remainder of paper is structured as follows: Section 2 contains a review of the
literature specifically centered around the recent debate on the diverse aspects of waste
management and factors influencing involvement in recyclable waste collection among
households, establishing the context of this study. Section 3 offers an insight into the
methods and methodology underpinning the discussion in this paper. In Section 4, the
details of the empirical part of the study are elaborated. Section 5 presents the findings of
the study. Discussion and conclusions follow.
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2. Literature Review: The Context of This Study

Research on waste management, including recycling, continues to proliferate. Several
layers and dimensions in the resulting debate can be identified. These include, corre-
spondingly, such questions as technical solutions and applications related to household,
municipality, hospital/medical, and industrial waste management [5–7]. A substantial part
of the related literature deals with the question of specific types of waste, i.e., solid and
non-solid waste, plastics [8,9], paper, metal, bio- and food waste [10–12], medical waste [13],
e-waste [14], etc., and the specificity related to their segregation and disposal. Here, due to
the characteristics of a waste category, diverse issues are raised. These include, for instance,
the environmental and public health impact of the improper storage of plastic waste [15].
In a similar vein, e-waste, i.e., waste consisting of electronic devices [14] prompts questions
of, on the one hand, environmental impact, and on the other hand, of ethical and socially
sensitive issues related to e-waste segregation. That is, as the key e-waste segregation
points are located in the developing countries, research dealing with these aspects of waste
management frequently hints to the broader Global South debate [16] and—by default—to
issues of inclusion/exclusion and poverty.

From a different vantage point, research addressing the problem of waste management
offers rich and detailed insights into the specificities of waste management in selected
countries, regions, cities, municipalities, and rural areas [17,18]. These, frequently practice-
driven publications offer captivating insights into the ways we should manage change in
the field of waste management in the developing and in the developed world [19,20]. The
otherwise very impactful debate on smart cities [21,22] has also triggered questions of waste
management in urban spaces [23,24]. In this context, the key question is how ICT-enhanced
tools and applications and their availability in smart cities may be conducive to building
healthier, sustainable, and resilient smart cities. The capacity of municipal authorities to
mobilize resources, secure logistics, and mobilize citizens plays a fundamental role in this
process [25–27].

The debate on waste management examines the challenge of minimizing externali-
ties of waste production from several perspectives, including the input and output side
perspectives, as well as from the structural (macro-level) and agential (micro-level) per-
spectives. The input perspective denotes the processes through which waste is produced
and accumulated. Conversely, the output perspective denotes the processes, including
behaviors, through which waste is segregated, collected, and recycled. Seen in this way, the
complex and multidimensional process of waste production, collection, segregation, and
recycling fits neatly in the debates on circular economy [28,29]. These debates are particu-
larly relevant in the context of the smart city, where ICT-based solutions play a substantial
role in increasing the feasibility of circular economy-driven projects and strategies [30].

To be more specific, regarding the question of input, a substantial amount of research
examining the business sector’s/industry’s role in waste generation [31–33] or the waste
imprint left by citizens/households [34,35] exists. Notably, the notion of demand (output)
tends to be conceptualized and examined through the prism of the role of municipalities in
the collection and disposal of waste [19,36,37]. Indeed, an important part of research on
waste management concerns the citizens’ and households’ behaviors. Here, the question
of factors influencing (impeding/facilitating) the propensity of households to engage in
environmentally sustainable practices related to household waste segregation and dis-
posal [38–40] is central. These factors may be divided into two categories: structural
and agential. Research addressing the structural determinants underlying the process of
waste management in urban contexts suggests that several factors exist and should be
included in the examination of the issue. Among the variables that impede environmentally
and socially responsible attitudes and behaviors toward household waste management
are inadequate legislation, weak institutions, and traditional (harmful) landfill disposal
practices [13,41,42]. As for the agential factors, negative public attitudes driven by a lack
of awareness, ignorance, and a lack of trust in the durability of programs launched at
municipality-level are frequently mentioned [14,42,43], Other factors include the inefficient
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allocation of resources in recycling services and deficient systems devoid of future planning
that are disconnected from the feedback of citizens [44,45]. The notions of top-down incen-
tives, formal and informal, are also discussed in this context [46]. From the broader, public
policy perspective, household waste collection and segregation, including all stakeholders,
i.e., the individual households, the authorities, and the third parties, e.g., service providers,
tends to be discussed in terms of a large-scale collective action dilemma [47,48], where social
norm nudging [49] and appropriate social marketing [50] may play substantial facilitating
roles, provided that generalized institutional trust exists among the stakeholders [47].

However, research suggests that positive examples exist too. The factors that are
conducive to the development and implementation of responsible household management
practices include: extrinsic motivations, awareness of the complexity of household waste
management [51], social norms [49,52,53], citizens’ pro-environmental attitudes, local insti-
tutional quality, and synergy between citizens and local governments [24,54]. Regarding
the Arab Peninsula, the literature on waste management is densely populated by papers
elaborating on the case of Saudi Arabia [11,55,56]. The added value of this strand of the
literature is that it captures the socio-cultural specificity of KSA and offers highly valuable
insights into a wide variety of issues pertinent to waste management in KSA [11].

That being said, the key point that needs to be stressed is that, regardless of the
wealth and depth of research on waste management, the question of how to improve the
propensity of households to engage in environmentally and socially responsible practices
related to household waste segregation and disposal remains underdiscussed. The same
applies to local and national dimensions of this challenge. Certainly, a considerable body of
research deals specifically with the case of KSA. However, the authors focus mostly on the
challenge of food waste in Saudi Arabia [11]. At the same time, the debate [41] on factors
conducive to efficient household waste management still needs to be enhanced, specifically
to include public policy recommendations on what could be changed and what needs to
change. This paper seeks to do just that.

3. Methodology

To address the objective of this study, the design thinking approach was employed to
identify the factors inhibiting and facilitating engagement in recyclable waste segregation
and collection among households. The design thinking approach facilities a creative, user-
centric, and problem-solving-oriented way of examining issues that are as complex as the
one this paper elaborates on [57]. For a number of years now, design thinking has been
promoted as a versatile research method [58] which can aptly produce creative solutions to
complex problems. In several ways, the emergence of design thinking could be attributed
to the relative mismatch between the methods and theories cultivated in academia and
the needs of the industry, the latter of which demands less formalized and more directly
applicable ways of navigating the challenges they experience [59]. Notably, the industry is
broadly interested in responding to market changes and delivering new products to meet
the evolving demands of consumers [58,59]. In this sense, the industry needs tools rather
than conceptual frameworks. The design thinking approach provided an opportunity to
fulfil this need.

Over the years, design thinking has consolidated itself as a human-centric method that
fosters and values creative engagement and collaboration. As a method, design thinking
prioritizes the needs of users and places them at the center of a product (be it a merchandise
or a service) reframing strategy. This approach frequently leads to new, outside-of-the-box
solutions [57]. Design thinking has established itself as the leading method applied to
examine and explore inter- and multidisciplinary problems specific not only to engineering
and computer science, but also, and increasingly so, to social research, including so-called
wicked problems pertaining to the domain of public policy [60–64].

The thrust of design thinking, viewed as a problem-solving method, rests in the fact
that a given user’s experiences, expectations, and needs are placed at the center of a process,
which is geared toward creating new insights into problems and devising alternative solu-
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tions. In this view, users are continually engaged in experimenting, prototyping, modeling,
feedback sessions, redesigning, and co-creating solutions [59]. Design thinking process is it-
erative, making it flexible enough to address new feedback on the fly. This ongoing process
aims to remove discrepancies and establish a fit between the problem and the proposed
solution [59,65,66]. The success of the design thinking approach is demonstrated in the
adaptation of its principles, such as user-centricity, iteration, invasion the big picture, diver-
sity, and visualization [57] in evolving methodologies. Agile development, design science,
design research, and lean design are among methodologies that share the same principles
of design thinking. These principles have been also introduced in educational systems for
the purpose of equipping graduates with the skills needed in today’s market [67].

Design thinking starts with abstract information then passes through several cognitive
processes to develop a greater understanding of the problem and refined solutions. As such,
the process is frequently seen as chaotic [68]; thus, it is sometimes perceived as ambiguous
by the business sector. For this reason, it is essential that the perceived chaos of design
thinking is organized and streamlined precisely to allow the business sector to use the
method as a tool for problem solving. Several ways of streamlining the design thinking
process have been proposed in the literature [69]. In this study, the Stanford Design School’s
design thinking process, along with its specific stages, has been adopted (see Figure 2 for
details) [70]. An elaboration of how the design thinking process is depicted can be found in
the empirical study section.
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3.1. Phase 1: Empathize

The first phase establishes the issue of concern. It is an exploratory phase, where the
aim is to understand the context and discover real-life behaviors to capture an adequate
insight. The latter aim is human-centric and exists to gain a deeper understanding of
the issues comprising the problem and its context. The insight can be gained through
observation, engagement, and meeting people with expertise in the field [70]. The main
objective of this phase is to gain a deeper understanding of the domain of concern to create
a bigger bias-free picture of the problem at hand. It is an important phase as it brings
forward users’ insights both about the problem and about the desired solutions. Only in
this way can a robust definition of the problem be drawn [57].

3.2. Phase 2: Define

After capturing knowledge related to the context of concern, the ‘Define phase’ builds
a clear awareness of the problems, challenges, needs, preferences users and opportunities
to dwell on these. The design thinker brings clarity and focus on the design space through
explicitly expressing the problem that needs to be solved based on insights gathered from
the users. The goal of this phase is to define actionable problem statements and consolidate
the existing challenges and those that will need to be taken into consideration [57]. Design
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thinkers employ analytical skills to define patterns, connections, and justifications to
synthesize findings into actionable problem statements [71].

3.3. Phase 3: Ideation

Once the problem is defined—this includes not only the list of concerns but also
a list of possible solutions—under benign circumstances and in a well set-out research
context, ideas on how to navigate the problem at hand should emerge. All ideas from all
respondents are welcome and included in the ideation pool [71].

3.4. Phases 4: Prototyping

This phase investigates the solution space. Design thinkers narrow down the solution
into a specific problem then demonstrate that in experimental fashion. The object of the
prototype phase is to capture early feedback to validate and improve the solution in the
early stages [71].

3.5. Phases 5: Testing

This phase focuses on testing the proposed prototype via a limited group of users
outside the team to investigate the acceptance of the solution, weaknesses that require
improvement, and users’ behavior perception of the solution. This phase provides a great
insight to check the visibility of the suggested solution, and therefore enables the detection
of failures in the initial concept and design of the study in the early stages of the process [71].

4. Materials and Methods
4.1. The Case Study: The City of Jeddah, KSA

The city of Jeddah was chosen as the empirical focus of this study. Jeddah is KSA’s
second largest city. It has experienced rapid development and expansion over the past few
years, evolving into a truly vibrant city [72]. In Jeddah, no city-level household recyclable
waste segregation and collection policy has been put in place. The amount of waste is
about 3000 tons per day in Ramadan, while it reaches to 4500 tons per day in the Hajj
period [73]. What is available is merely a mechanical waste segregation process conducted
at the municipal landfill at the end of the value chain. Interviews conducted for the purpose
of this study revealed the expense of mechanical segregation and hygiene in the landfill.
This allows us to retrieve only 15–20% of recyclable materials. This is due to the lack of
waste segregation at the source. This percentage is the same as the percentage of recyclable
waste across the country [12]. This situation is in stark contrast to the common value chain
process adopted in several places internationally, where waste segregation starts at the
source, i.e., at the onset of the value chain. In those cases, households are provided with
separate waste containers and/or with waste pick-up schedules. Given that international
benchmarks exist, the thrust of this study consists of assessing the propensity and/or
willingness of Saudi households to engage in recyclable waste segregation and collection
activities and, against this backdrop, examining how this may influence the recyclable
waste value chain.

4.2. Phase 1: Empathize

Different engagement techniques can be used to consolidate the understanding of this
phase, including interviews, surveys, and observations. It is important to note the ways in
which interviews and observations offer insights into the problem of concern. The interview,
in a research context, is an interviewer-led conversation designed to gather information
about a given subject matter from the interviewee. The interview can take the form of an
in-person face-to-face conversation or a call [74]. The interview, as a data collection tool,
is suitable when individual opinions, experiences, and feelings are important to capture,
and it is also a helpful tool for improving one’s understanding of a complex topic that
requires considerable probing [74]. Specifically, in design thinking research, the interview
is one of the important tools to use because it facilitates the acquisition of a wider range
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of information through discussing answers and seeking clarification, as well as capturing
personal gestures and feelings. Putting aside focus group interviewing, there are three
types of interviews: structured interviews, unstructured interviews, and semi-structured
interviews [74]. In the structured interview, the interviewer asks predetermined questions
seeking specific answers. In the unstructured interview, the interviewer askes a broad
range of spontaneous questions in an open discussion. In the semi-structured interview,
the interviewer asks questions guided by a topic guide and interviewer responses [75].

As for surveys, they are a data collection tool that targets specific groups of people
relevant to the context of a given study. A survey is mainly used to collect large amounts of
data in a short period of time; specifically, this has been made easier with the help of online
survey tools such as Survey Monkey and Google Survey. Surveys are widely considered as
an objective research tool [75] as long as specific consideration has been given to survey
design, sample size, response error rate, and statistical analysis [74]. Surveys are commonly
used to capture the opinions of large audiences through asking questions. For the purposes
of this study, the empathize phase consisted of interviews (insights from domain experts;
see Table 1) and surveys (insights from households; see Table 2). To understand the
overall process of recyclable waste collection dynamics, including the stakeholders and
the regulatory framework, at the early stage of this study, semi-structured interviews were
conducted with experts, i.e., managers and local government representatives who are
engaged in and knowledgeable about the specificities of the recycling strategy in Jeddah.
Accordingly, three interviews were conducted with individuals directly involved in the
process of solid waste management in Jeddah. The interviewees were asked a set of
similar questions. Emphasis was placed on the research team’s need to understand the
process and gain a thorough insight into the existing practices, challenges, and unexplored
opportunities. By asking the interviewees about their suggestions, outstanding remarks,
and ideas, the research team was able to obtain an initial approximation of what some
users consider useful and efficient. Table 1 illustrates the interviews conducted with the
domain experts.

The insights gained through the semi-structured interviews allowed the research
team to develop a fair understanding of the recycling ecosystem of Jeddah city. Against
this backdrop, to understand and examine people’s, i.e., individual users’, perspectives
(awareness of, perceptions, perceived challenges, and motivations about participating
in recycling) on recyclable waste collection, a survey was developed to complement the
semi-structured interviews. The survey questions included both open-ended and closed
questions. The questions were created using the Google Survey tool, whereas the call for
responses were solicited randomly using WhatsApp groups and Twitter.

Table 1. Domain Experts Interviews, first iteration.

Organization Business Function Organization Function Interview Objectives

Jeddah Municipality Recycle unit Manager

Official governmental
body for waste
management, including
recycling in Jeddah city.

− A face-to-face interview in the recycle
unit as well as a tour of the main
departments. The interview objective is
to understand the dynamic of recycle
waste management dynamic form official
governmental body point of few. The
following topics were covered in the
semi-structured interview:

− Recycle waste collection process;
− Recycle waste stakeholder involved;
− Recycle material;
− Challenges related to recycling;
− Opinion about the initial idea.
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Table 1. Cont.

Organization Business Function Organization Function Interview Objectives

Jeddah Municipality Former Vice Mayor and
former CTO

Municipal waste
management control unit

A semi-structured interview was conducted
over Google Meet software. The interview
objective was to further understand the role of
waste management control unit in recycling.
The following issues were addressed during
the interview:

− Specific activities related to recyclable
waste collection;

− Legal issues related to recyclable waste;
− Challenges;
− Outstanding remarks and ideas as to

what and how could be improved.

Jeddah Environment
& Sustainable
Development
Company

Former CEO

A private company,
supervised by the Jeddah
Municipality, responsible
for developing and
improving municipal
waste management.

A semi-structured interview was conducted
over Google Meet software. The interview
objective was to further understand of
recycling process and challenges faced,
questions asked related to the following:

− Recyclable waste collection and
segregation process;

− Types of recyclable waste;
− Challenges faced;
− Legal aspects;
− Outstanding remarks and ideas as to

what and how could be improved.

Table 2. Overview of the survey questions and answers.

Questions Key Answers

Awareness on recycling possibility in the region 65.7% of the respondents are aware of the possibility of recycling.

Participation in recycling

26.7% of the respondents participated in recycling.
Above 68% of participants recycle paper and plastics.
Less than 20% of participants recycle other material such as metals, glass,
batteries, wood, electronics, etc.

Reasons for low participation in recycling

83.5% of the respondents do not participate as no container for recyclable
waste is available in their vicinity.
90.7% of the respondents have an issue as regards the transportation of
recyclable waste.
40.1% of the respondents demand incentives to participate in recycling.
46% of the respondents worry about storing recyclable waste at home.

Willingness to recycle 93.9% of the respondents are willing to participate in recycling.

Motivations to recycle

85.7% of the respondents propose awareness of the environmental and social
impact of recycling.
2.5% of the respondents propose law enforcement measures to boost the
propensity to recycle.
11.8% of the respondents propose financial return associated with recycling

The survey sample size was not predefined. Random sampling techniques were
developed for collecting the responses. This sampling technique is the fundamental method
for the collection of data and does not require any technical knowledge [30,38]. This
technique was used because it generally facilitates equal opportunity for individuals to
offer their perspectives on the questions. The time frame to collect the responses was
limited to 3 weeks. Overall, 441 responses were collected. It is recommended that the
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sample size be more than 100 [38], meaning our sample size of responses was appropriate.
An overview of the survey and the data collected are shown in Table 2.

4.3. Phase 2: Define

In this project, iterative analyses and discussions were performed among team mem-
bers [17]. To this end, the concept map [74] and the BPMN [76] were developed. For
the concept map, pen and paper were used to sketch and synthesize the recyclable waste
collection process; the key concepts related to the current context are depicted in Figure 3.
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The main key factors included engagement, the challenges that need to be addressed,
logistics, and action taken. The BPMN, in turn, was used to visualize the recyclable waste
journey, which facilitates the further scoping of the problem in the current context. Figure 4
depicts the sequence of activities in the recycled waste journey from households in Jeddah.
As for the business process model in BPMN, the process starts by collecting recyclable
waste from the neighborhood’s container via municipal transport cars. Then, the waste
is discharged and compressed into 20 times less volume, which is the first stage of the
process. Subsequently, it is transported and delivered to the landfill by larger cars, and
the compressed waste dump is considered the second stage of the process. In the last
stage, waste is divided through being mechanically sorted into two parts. In the process of
mechanical sorting, waste is placed on a conveyor belt that passes through several stages.
The first stage involves paper blowing (for collecting paper), followed by magnetization
(for collecting minerals), and the waste that reaches the end of the belt consists of materials
that have no value and are converted to backfill—first as damaged remains that are filled
in, and secondly, as materials compacted into blocks that can be sold.

4.4. Phase 3: Ideation

To design the solution, the design thinker does not select one idea and discard another;
instead, all ideas are appreciated in view of solving different aspects of the problem [70].
This phase is an iterative process, where some ideas need to be experimented with and
adapted according to early feedback until a feasible and sustainable solution is defined [57].
During this phase, the team realized the difficulty of developing a solution without the
presence of an authorized body to collect the recyclable waste. In an attempt to involve an
authorized body, in the second iteration of the design thinking process, two interviews were
conducted with the representatives of two not-for-profit organizations that collect recyclable
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items and reusable materials. The first of these organizations is the KAU Endowment, and
the second is Mawakeb Alajer (a charity organization). Table 3 illustrates the interviews
conducted with experts from these two organizations. Subsequently, the KAU Endowment
representative was invited to be a stakeholder. This resulted in a quick revisiting of both
the empathize and the define phase. Figure 5 demonstrates this adaptation to the workflow.
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This phase investigates the solution space. Design thinkers narrow down the solution
to a specific problem, then assess the efficacy of the solution in an experimental fashion.
The aim of the prototype phase is to obtain early feedback and validate and improve the
solution in early stage [71]. Normally, the prototype is tested by a limited group of users
from outside of the team to investigate the acceptance of the solution, weaknesses that
require improvement, and users’ behavioral perception of the solution. This phase provides
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great insight into the visibility of the suggested solution, therefore enabling the detection of
failures in the initial concept and design of the study in early stages of the process.

Table 3. Domain Experts Interviews, second iteration.

Organization Business Function Organization Function Interview Objectives

KAU endorsement

− Project Manger
− Recycling

initiative supervisor
− Recycling Facilitator

Authorized body to
collect and sell
noncommercial
recyclable waste for
social goods.

A face-to-face semi-structured interview was
conducted in the KAU endorsement with three
employees responsible for recycling initiative.
The interview objective is to understand the
dynamic of recyclable waste collection process
they are authorized for to and possibility to
collaborate. Questions asked related to
the following:

− Collection campaign process;
− Collection planning and control;
− Collection Challenges;
− Recyclable material;
− Financial Feasibility;
− Legal framework;
− Opinion about the initial idea.

Mawakeb Alajer Charity organization

Accept recyclable waste
as donation to resell to
individuals or recycling
company to support
local orphans.

A semi-structured was conducted over the
phone with the objective of learning about their
recyclable waste collection and possible
contribution. Questions asked related to
the following:

− Collection and selling process;
− Legal framework;
− Financial feasibility;
− Recyclable materials;
− Opinion about the initial idea.
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The KAU Endowment recycling initiative’s main objective is to spread awareness of
recycling among households. At the time of writing, the current process of recycling is
sponsored by donors and does not generate profit. This is unsurprising given the necessary
logistical resources for transportation, demands of a scheduled pickup service, and requisite
communication efforts between households, coordinators, and drivers.
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Brainstorming and voting are adopted in this phase to consolidate the different poten-
tial solutions for the problem of transporting recyclable waste. The outcome of this phase
comes in the form of a design process that can be used to manage waste transportation via
mobile applications. The resultant model is then illustrated using BPMN and is shown in
Figure 6. BPMN was used due to its popularity as a visual modeling tool among business
and technical experts [76]. The process involves three stakeholders’ homeowners who
segregate recycle waste. The KAU Endowment schedules the collections and assigns the
drivers who collect the recyclable waste. The process allows the Homeowner to login,
request a pickup of their recyclable material, add their location, and review the delivery
process. The KAU Endowment manages the delivery of the program and requests approval.
The driver (in their transport car) can collect the material and review the delivery with
the homeowner.
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4.5. Phases 4 and 5: Prototyping and Testing

A prototype of the process was designed in the form of an eight-week experiment
conducted to convince stakeholders of the process’ economic viability. The scope of the
experiment was limited to one neighborhood as one car was assigned to collect the re-
cyclable waste at a fixed time on a weekly basis. The material collected was limited to
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paper and plastics as, at the time of performing the experiment, the KAU Endowment was
only authorized to collect these materials. Two colors of biodegradable plastic bags were
distributed to the experiment’s participants. Paper waste was placed in orange bags and
plastic was placed in white bags. The addresses of participants were marked on a detailed
map of the neighborhood, as was the shortest possible route, so drivers could follow the
same route every week. The driver was also given digital luggage scales to measure the
weight of each type of collected material. Details of the experiment are highlighted in
Table 4.

Table 4. A summary of the eight-week-long recycle waste collection experiment.

Objectives To assist household participation on recycle waste (paper and plastic) segregation and collection.
To assist the visibility of proposed process for transporting recycle waste.

Stakeholders

Household: 57 households living in the same neighborhood
Material:
Instruction manual: A one-page infographic about how households collect recyclable waste collection.
Biodegradable plastic bags with 50 gallons capacity: two rolls of 12 bags each were given to every household
participating in the experiment, orange for paper and white for plastics.
Procedure:
The household participants were asked to collect recycle waste weekly then place the bags on frontal gate every
Wednesday at 9 am.
Driver: one of the KAU endowment drivers with pickup vehicle is assigned to collect recyclable waste once a
week from the neighborhood.
Material:
Pickup vehicle: to transport recyclable waste.
Luggage scall: To weigh every bag before placing it in the car.
Map: To guide the driver through pickup journey, the shortest route of pickup journey is highlighted on the map
of the neighborhood.
Procedure
The driver picks the recyclable bags from frontal gate, weighs and logs the bags before placing them in the
pickup car.
Note taker: a member of the research team observes the journey and registers the collected weight.
Material
A car: to observe the pickup journey and respond to any issue.
Excel sheet: to input weekly collection data.
Smart phone: to communicate with the driver or a household as/if necessary.
Procedure
For few weeks only, the note taker guided the driver on the route of the pickup journey, scaling the bags and
taking notes.

Data collected
The weekly weight of recyclable paper and plastic waste of every house.
The duration of collection journey
Observations from the driver, notetaker and households

The collection process was observed, interviews were conducted, and feedback was
continually taken from members of the households participating in the experiment. This
was facilitated by WhatsApp groups and phone calls. Coordination with municipal waste
collection employees took place after the first round of collection as some of the recyclable
bags were mistakenly taken by those conducting the general waste and garbage collection.
The eight-week-long experiment was concluded with another short survey to measure the
satisfaction of participants, decide whether improvements to the process were required, and
whether they were willing to continually recycle. Forty-seven of the fifty-seven household
participants responded, and Table 5 (below) provides a summary of the findings.
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Table 5. Survey feedback from participants of the experiment.

Questions Key Answers

The amount of recycle waste produced weekly 62% collected recyclable paper more than expected.
50% collected recycle plastic less than expected.

Collection Mechanism
Frequency

Fixed schedule

Collection Bags

50% satisfied with the weekly collection.
30% demand collection twice a week.

91% satisfied with a fixed collection schedule.

44% willing to provide recommended collection bags.
48% do not want to be restricted to recommended collection bags.
57% willing to provide recycle container.

Family Participation

Continuation

51% waste segregation was whole family effort.
40% waste segregation was individual family member effort.
56% of the family engaged kids in waste segregation.

89% of the participants are willing to segregate recyclable waste after
the experiment.

Some Challenges
Mounting recyclable waste at home for a week.
Provide specific collection bags.
Sticking to the collection schedule.

Some Recommendations Provide color-coded recyclable waste containers in the household’s vicinity.
Collect all types of recyclable waste.

5. Findings

This section illustrates the findings reached through following the different phases of
the design thinking process and details how these findings will be used to build a solution.
Sixteen findings are concluded from the five phases illustrated in the following subsections.

5.1. Empathy Phase Findings from the Interviews

The interviews conducted in the empathy phase aided the understanding of the
existing recycling ecosystem in Jeddah, as well as the understanding of the overall process of
recyclable waste, from collection to sales outlet. The following five findings could be useful
in making design decisions related to the proposed recyclable waste collection process.

Finding 1: Municipal waste, including recyclable waste, is the property of local
municipality. To collect recyclable waste, authorization is required. Therefore, collaboration
with an authorized agency is required to collect recyclable waste for this research.

Finding 2: The current mechanical process used to filter recycle waste only produces
15–20% of recyclable materials due to the two-stage waste compaction process during waste
transportation. Firstly, 5 waste is compacted five times by collection vehicles that transport
waste from waste containers to several compaction stations. Secondly, in the station, the
waste is compacted a further twenty times in order to enable the transportation of larger
amounts of waste to the landfill. The compression of organic and wet waste with solid
waste causes damage to the raw materials. Therefore, segregating solid waste can increase
the amount of recyclable material.

Finding 3: The incumbent municipality faces challenges related to the costs of col-
lecting recyclable waste separately. In some areas where municipal recyclable containers
are available, the waste collection vehicles load both generic waste and recyclable waste
containers at the same place during the same journey. Therefore, it is important to analyze
the cost of recyclable waste transportation.

Finding 4: There is a legal obligation for business to separate and transport their re-
cyclable waste, whereas there is no obligation imposed on households to segregate their
recyclable waste. The amount of recyclable waste produced by a household should not be
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neglected. There are an increasing number of charities that collect recyclable waste from
households. There are also a good number of initiatives about the common good and com-
munity awareness. Therefore, providing households with the right motivation to participate
in recyclable waste collection could be a viable alternative to any litigious proposals.

Finding 5: The materials produced from the mechanical filtering of waste are com-
pressed into blocks of raw materials such as plastic, paper, metal, electronics, batteries,
construction waste, etc. Only saleable raw materials are sold to factories to be reused.
Therefore, increasing the yield of solid waste could generate trading potential.

5.2. Empathy Phase Findings from the Household Participant Survey

A survey was conducted to understand the awareness of households about recycling
and gauge their possible engagement with recycling. Four hundred forty-one participants
responded to the online surveys and data were collected over the course of 3 weeks. Positive
and negative responses were analyzed so that we had an indication on what to consider
and what to avoid in the design of recycle collection solutions. The positive takeaways are
as follows:

The majority, i.e., 93.8%, expressed their willingness to collect recyclable waste. Rea-
sons for wanting to contribute to recycling included donations, potential financial return,
legal obligation, environmental factors, and social aid—the latter two were the most pop-
ular reasons. Figure 7 depicts the responses from the household participants regarding
possible promotion factors for recycling.

Sustainability 2023, 15, x FOR PEER REVIEW 15 of 23 
 

solid waste causes damage to the raw materials. Therefore, segregating solid waste can 
increase the amount of recyclable material. 

Finding 3: The incumbent municipality faces challenges related to the costs of collect-
ing recyclable waste separately. In some areas where municipal recyclable containers are 
available, the waste collection vehicles load both generic waste and recyclable waste con-
tainers at the same place during the same journey. Therefore, it is important to analyze 
the cost of recyclable waste transportation. 

Finding 4: There is a legal obligation for business to separate and transport their re-
cyclable waste, whereas there is no obligation imposed on households to segregate their 
recyclable waste. The amount of recyclable waste produced by a household should not be 
neglected. There are an increasing number of charities that collect recyclable waste from 
households. There are also a good number of initiatives about the common good and com-
munity awareness. Therefore, providing households with the right motivation to partici-
pate in recyclable waste collection could be a viable alternative to any litigious proposals. 

Finding 5: The materials produced from the mechanical filtering of waste are com-
pressed into blocks of raw materials such as plastic, paper, metal, electronics, batteries, 
construction waste, etc. Only saleable raw materials are sold to factories to be reused. 
Therefore, increasing the yield of solid waste could generate trading potential. 

5.2. Empathy Phase Findings from the Household Participant Survey 
A survey was conducted to understand the awareness of households about recycling 

and gauge their possible engagement with recycling. Four hundred forty-one participants 
responded to the online surveys and data were collected over the course of 3 weeks. Pos-
itive and negative responses were analyzed so that we had an indication on what to con-
sider and what to avoid in the design of recycle collection solutions. The positive takea-
ways are as follows: 

The majority, i.e., 93.8%, expressed their willingness to collect recyclable waste. Rea-
sons for wanting to contribute to recycling included donations, potential financial return, 
legal obligation, environmental factors, and social aid—the latter two were the most pop-
ular reasons. Figure 7 depicts the responses from the household participants regarding 
possible promotion factors for recycling. 

 
Figure 7. Promotion factors for recycling among survey respondents. 

In total, 66% of the participants were aware of the beneficial potential of recycling, 
but only 27.4% of the participants stated they had previously participated in recycling. Of 
those, 53% deliver their waste in person, 26% use delivery services, and 21% deposit their 
recyclable waste into recycling containers. 

The proportions of the materials they collected for recycling are shown in Figure 8. 
Paper and plastics are the most commonly recycled materials. 

Figure 7. Promotion factors for recycling among survey respondents.

In total, 66% of the participants were aware of the beneficial potential of recycling,
but only 27.4% of the participants stated they had previously participated in recycling. Of
those, 53% deliver their waste in person, 26% use delivery services, and 21% deposit their
recyclable waste into recycling containers.

The proportions of the materials they collected for recycling are shown in Figure 8.
Paper and plastics are the most commonly recycled materials.

On the other hand, negative included the following:
A total of 80% of the participants do not segregate household waste, and 72.6% of

the participants never collect recyclable waste. The lack of recyclable waste containers in
their proximity, required effort for transportation, and a lack of awareness regarding formal
recycling processes in Jeddah were the most commonly cited reasons for this. However,
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there were other reasons for limited participation, such as having limited place to store
recycle waste at home, not wanting to attract insects and/or produce a bad smell, no
schedule for recycle waste collection in their proximity, and a lack of motivation. A pictorial
representation of these results is depicted in Figure 9.
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The survey evidenced positive notions toward household participation in recycling
waste collection and provided a good indication of the potential of the proposed solution,
as demonstrated in the following findings:

Finding 6: Environmental factors and social good are the main promoting factors
encouraging households to collect recycle waste, not the prospect of financial return or
legal obligation. Therefore, increasing awareness of the social good and environmental
benefits or recycling should be prioritized.

Finding 7: The unavailability of dedicated recyclable waste containers in the local
proximity is a barrier for some individuals. Therefore, operating a frequent recycle waste
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transportation service and creating awareness campaigns are required to boost household
recycle waste collection.

Finding 8: Paper and plastic are the two most recycled materials among households.
Therefore, further research should focus on these materials.

5.3. Define Phases Findings Parameters for Scoping the Problem

Finding 9: The two main factors that promote household participation in recyclable
waste collection are an awareness of the effects recycling has on the environment and the
operation of a frequent recyclable waste collection service.

Finding 10: The cost of transporting recyclable waste is a barrier for some individuals.
Therefore, investigating the cost visibility for recyclable waste transportation and generating
possible solutions to cover this cost could help solve this problem.

Finding 11: Some charities are generating sponsors from selling recyclable waste.
Furthermore, some charities provide vehicles and containers to transport recyclable waste.
Although determining the exact number of these initiatives was not possible, the spread of
these initiatives indicates that there is a potential for financial return.

5.4. Ideation Phases Findings to Design the Solution

Section 4.3 illustrates the process model for transporting recyclable waste. This model
was created following a brainstorming and voting session in the ideation phase. The
outcome of this phase came in the form of a design process that can be used to manage
waste transportation via mobile application.

Finding 12: The business process model outlined in Figure 6 addresses the legal require-
ment for collaboration with the KAU endowment, as legal authorization is required from the
Jeddah Municipality to selectively sell household recyclable waste. The KAU endowment
helped in managing the transportation process too. In terms of household participation, the
validity of the process was demonstrated through prototyping the experiment.

5.5. Prototype and Testing Phases Findings from the Experiment

After analyzing data collected from both the eight-week-long experiment and the
households’ feedback survey, the following findings could be concluded:

Finding 13: Initially, 57 households participated in the experiment. In total, 12 house-
holds participated in the experiment for less than 5 weeks. This equates to a 21% dropout
rate. Various reasons for dropping out were reported, including a lack of space to mount
recycle waste, too busy to segregate waste, the one-week wait to pick up recycle waste
being too long, forgetting the pickup schedule, and simply diminished interest. Therefore,
in the future, to ensure a lower dropout rate and increase the level of participation in similar
studies the following is recommended:

• Arrange a pickup schedule that is less than a week from the date of pickup request.
• Do not specify the type or the color of recyclable waste collection bags.
• Notify households about the collection date and set up a reminder functionality.
• Provide different kinds of recycle awareness messages in the application related to

environmental benefits.

Finding 14: The total amount of recyclable waste picked up by KAU endowment over
the course of the eight-week-long experiment was 700.3 kg. The weekly average amount
was 87.6 kg, with the average amount of paper being 54.6 kg and the average amount
of plastic being 33 kg. The weekly average for paper and plastic were 1.6 kg and 1 kg,
respectively. The total average recyclable waste produced weekly by a household equated
to 2.6 kg. The duration of the pickup journey and weighing of the recycle waste bags took
an average of 1:30 h. The cost of transportation and the price of selling the materials has
not been revealed due to privacy concerns. Therefore, a comparison with a local taxi ride is
made, according to Taxi-calculator service in Jeddah. This is based on the assumption that
the taxis in the city of Jeddah make a profit by applying the following formula:

Taxi Fee = Basic fee + Fee per km + Standing and waiting time per hour [75].
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The rate at the time of writing, according to the taxi calculator service [75], is a basic fee
of SAR 5, a km rate of SAR 2, and a standing and waiting time of SAR per hour. Therefore,
the pickup journey of 1:30 h would cost SAR 58. With regard to selling price, the price of
paper and plastic is calculated using the price indicator on the “letsrecycle” website [77],
and the value chosen at the time of writing this paper, which is March 2022, and the lowest
price of material are chosen. Mixed plastic bottles are valued at £180 per ton—equivalent
to SAR 885.55—and waste mixed paper is valued at £90 per ton—equivalent to SAR 442.7.
Google’s exchange rates were used to measure the value in SAR, then the selling price per
kg was calculated as SAR 0.89 per Kg of plastic and 0.44 per Kg of paper. Therefore, to
breakeven, a minimum of 44 household would need to be scheduled in the transporting
recycles waste journey.

5.6. Prototype and Testing Phase Findings from the Experiment Survey

The experiment ended with a small second survey, which aimed to identify what
would facilitate consistent recycling among participants and the barriers to consistent
recycling that they face. In this part of the paper, findings related to the recommendations
which could improve the design of the recyclable transportation process are divulged. The
survey was answered by 46 participants out of a possible 57, indicating enthusiasm toward
the experiment. Regarding the frequency of recycle waste collection, 52% of the households
believe weekly collection is appropriate for the volume of recyclable materials collected in
the experiment, whereas 30% of households think twice weekly is suitable mainly due to
having limited space to store recycle waste. A total of 11% of households do not want to
store recyclable materials and they would prefer daily collection or a container in the local
proximity. Figure 10 depicts the preferred frequency for recyclable waste collection. A total
of 96% of the participating households would prefer a fixed pick-up schedule, whereas
4% believe a pick-up schedule is frustrating.
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Figure 10. Recyclable waste pickup frequency.

Finding 15: The majority of households voted for a fixed schedule as it helps establish
a routine which one can follow systematically. Therefore, this needs to be considered.

Regarding the challenges faced throughout the experiment, the following points can
be concluded:

In total, 57% of respondents reported that the household had the whole family partici-
pate in waste segregation at home, whereas 43% of respondents reported that household
waste segregation was performed by one person (the mother or the housekeeper). The
increasing amount of recyclable waste required large storage space. In terms of whether
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participants were willing to continue collecting recyclable waste, 88% of households be-
lieved they would do so, as long as the pickup service continued. The remaining 12%
claimed they would continue collecting recyclable waste if a recycle container in the local
proximity was provided.

Finding 16: A majority of 88% of participating households were willing to continue
collecting recyclable waste, so long as a waste transportation service is provided or re-
cycle waste containers are made available in a walking proximity. Therefore, recyclable
transportation is the main factor encouraging household recycling.

6. Conclusions

The results of the first survey showed that 93% of households are willing to participate
in recycling, but only 27% of households have participated in the past. Therefore, there is
potential for a 66% increase in household recycling participation if a pickup service or local
collection points are provided. This increase in participation would increase the volume
of recyclable materials collected. This increase would also work towards dismantling the
financial barriers to collecting recyclable waste as it demonstrates the possibility of covering
the trip cost.

The results of the second survey showed that all households are aware of recycling
and 93% are reportedly willing to recycle, so long as there is a recycle waste container
in local proximity or a pickup schedule. Placing waste in a nearby communal container
was the most favorable option to avoid storing recyclable waste at home, bad smell, and
inviting insects. However, placing recyclable waste in a nearby communal container
requires permissions that are not easy to obtain. Therefore, the proposed solution focuses
on collecting the recyclable waste on demand.

Due to privacy concerns and our desire to conduct the experiment with an authorized
body, the cost of the waste transportation journey and the prices for selling the materials
have not been revealed. Therefore, a taxi calculator service [75] and recycle materials price
indicator were used [77]. The accuracy of these price indicators is not fully reliable for the
following reasons: Firstly, the logistics of taxi services and recycle waste transportation are
different. Secondly, the prices of materials were determined using a price indicator from
a different country. These arguments are valid; however, in multidisciplinary research,
studies which consider technical, social, and environmental aspects and aim to understand
the behavior of households toward collecting recyclable waste should contain research that
focuses on what is qualitative using simple equations to drive conclusions.

The study followed design thinking methodology to aid household participation in
recyclable waste in the absence of a governing regime. It placed households’ experiences,
expectations, and needs at the center of the study and consequently led to new insights
in the problem’s traits and design alternative solutions. The households were engaged
in all the phases of the study, beginning with their involvement in the initial survey in
the empathize phase and ending with their participation in the experiment in the testing
phase. Different ideation techniques were adopted including interviews, surveys, model-
ing, prototyping and experiments. Throughout the design thinking phases, continuous
reflection and learning were practiced. The latter influence actions, decisions, and research
directions related to the development of this study. Furthermore, this methodology helped
to address a broader class of problems in the proposed prototype; the main problems
addressed the following:

The absence of a household recycling regime was the main problem. The survey
showed that all participants are aware of the importance of recycling, but participation
is very limited as there is no recyclable waste container available nearby. This led to
two problems: households having no obligation or motivation to collect recyclable waste
separately and the cost and effort of transporting recyclable waste. It is critical to address
how to cover the cost of transporting recyclable waste before inviting households to
participate in studies.
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The proposed solution crafted in the ideation phase is based on the social economy
concept, where a driver from a community picks the recycling waste of a scheduled journey
in a two-square-kilometer area. The process is tested using an 8-week experiment. The
experiment shows that 88% of participants are willing to separate recyclable waste, pro-
vided a recycling bin close to homes or a scheduled collection vehicle. Another important
finding is that the average weekly collection of plastic and paper household waste is 2.6 kg,
indicating the potential to cover the cost of recycling waste collection journey if 44% of
households participate.

Future research can focus on building a mobile application by empowering social
economy and service delivery online. Empowering participation with a loyalty program,
the experiment detected a noticeable difference in the amount of waste collected weekly.
This decrease could indicate challenges to separating and storing waste at home for a week.
Therefore, motivational approaches can be adopted to promote household participation in
recycling. A vast amount of data is captured through the design thinking process, and it
would be interesting to adopt methodologies from social research to analyze data, leading
to further findings and co-designing possible solutions.
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