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Abstract: Due to aging and depopulation, cities in Japan struggle to maintain their municipal
waste collection services. These challenges were exacerbated by the pandemic. To overcome these
challenges, a prototype of collective and contactless waste collection technology has been developed.
However, its acceptance by society is unknown. In this study, we surveyed Japanese people’s
preferences regarding household waste disposal. The results showed that older adults (older than 60)
are willing to walk longer (more than 2 min) to carry their waste to the disposal site than younger
adults. They are also less concerned about the risk of disease infection from touching other people’s
garbage than younger respondents (at a 0.24 count ratio). Other significant findings are that people
who live alone prefer the temporary disposal site to be placed more than one minute away from their
house (at a 0.19 count ratio). People living alone also produce less plastic and packaging waste than
larger households. With more Japanese older adults living alone because of the scarcity of older-adult
care facilities, we proposed two waste collection strategies that can allow for the implementation of
more collective and automatized contactless waste pickup technology. Each design poses different
challenges, such as the need for residents’ cooperation and a higher energy supply. However, they
also open new opportunities, such as encouraging active aging and using renewable energy.

Keywords: depopulation; aging society; smart cities; municipal waste collection; smart technology

1. Introduction

Demographic shifts such as population aging and shrinking cities have significant im-
plications for sustainability in rapidly urbanizing contexts [1]. While they pose challenges,
they also present opportunities; the growing population of skilled, healthy, and active older
adults can engage in sustainability initiatives at the local level, contributing to sustainable
development. The rate of demographic aging in Japan is faster and more intense than that
in many other countries around the world [2]. In 2021, the Japanese population aged 65
and older reached 30% of its total population [3]. This percentage is much greater than that
of the world’s other largest economies, such as the US at 16.8% [4] and China at 18.1% [5].
Strategies that Japan adopts to address issues arising from demographic time bombs could
become a reference for other countries [6]. It is projected that, eventually, the world will
face a similar aging demographic transition [7,8]. Although an aging demographic has
been referred to as a time bomb [6], Ref. [9] saw the positive side of it; the trend of the aging
demographic has opened up opportunities to take action to reap the benefits of longevity.

The use of digital technologies in smart cities can support the livelihood of an aging
society. Japan’s know-how in developing urban city infrastructures with digital technologies
has been obtained not only through its domestic experiences; Japan has also performed a
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significant number of international urban development projects. Some major active international
examples are Vietnam, Thailand, Indonesia, the United States, Central and South America, and
Australia [10]. A new term for smart cities was created to distinguish the shift made in the
Japanese smart city paradigm: Society 5.0. Fundamentally, the concept of Society 5.0 is similar
to other terminologies used by various scholars and institutions, such as the “super city” [10],
“super smart society” [11], “smart city 2.0” [12], and “responsive city” [13,14]. Society 5.0 aims
to balance economic advancement with the resolution of social problems through Artificial
Intelligence adoption, which can help identify the short-term and long-term effects of different
services [15].

Waste management services are an important aspect of Society 5.0. The sector has
been determined to improve recycling efficiency and energy use through technological
intervention [10]. Recycling efficiency and energy use depend largely on the quality of
the source-separated waste [16]. Therefore, waste collection plays a significant role in
ensuring the achievement of waste management in Society 5.0. This study explored the
social problems Japanese cities face in the municipal waste collection sector and developed
the technology intervention needed.

Over the past several decades, many Japanese cities have experienced shrinkage. A
total of 81.6% of the municipalities in Japan are shrinking in population. This phenomenon
has been experienced in rural cities and the suburbs of metropolitan areas in Japan [17].
A case study in Kitakyushu, Japan, showed that the shrinking phenomenon is correlated
with the duration of residence, underage population ratio, and aging population ratio [18].

The phenomenon of shrinking cities is occurring in all municipalities in Japan, with
Central Tokyo serving as the only exception [19]. In 2022, very few municipalities in Japan
had a density of more than 2800 people/km2 (Figure 1), which is the average density of
cities in high-income countries [20]. This phenomenon has led to the deflation of housing
assets and has become a new barrier to promoting compact cities [19], let alone smart
cities, which are often associated with high initial costs [21]. During the latter half of the
1980s, asset price inflation in Japan, specifically for high-rise condominiums, was caused
by the myth that the price would rise [22]. Because the expectations were unmet, the
number of deserted dwellings is increasing yearly. Previous studies have reported that the
ratio of desertified houses to dwelling houses is greater than 10% for all municipalities in
Japan [23]. By 2018, the number of desertified dwellings had reached 8.5 million units, or
approximately 14% of Japan’s total housing stock [24].
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By adjusting to the current situation in aging and shrinking communities, this study
sought to redesign a municipal waste collection system that is more appropriate and
maintainable. To achieve these objectives, this study is organized as follows: (1) we collected
and analyzed survey data from 1000 Japanese people to understand their perspectives on
contactless and more collective waste collection technology through the use of exploratory
statistical tools; based on the findings, (2) we proposed two new design alternatives for
smart waste collection systems that are more appropriate from the perspectives of waste
collection workers and civil society in the current situation.

2. Literature Review
2.1. Municipal Waste Collection in Japanese Aging and Declining Communities

The waste collection rate in Japan is currently greater than 90% [26], and it is managed
by municipal governments. Such a near-universal collection rate is expected in high-income
countries [27]. However, as the country struggles to maintain city infrastructure related to
shrinkage [23], the waste management sector also faces several problems. Japan is currently
facing severe labor shortages. The most severe shortage occurs in the face-to-face service
sector but is expected to spread to a wide range of industries in the country [28]. The
pandemic has triggered worsening conditions where strict immigration measures were
imposed during the pandemic and reduced immigrant intake [28,29], preventing sufficient
labor intake from abroad. The workforce potential of women is also limited because they
are still commonly expected to handle the job of caregiving for both children [30] and
elderly family members [31].

A previous study thoroughly discussed how the pandemic changed the dynamics of
waste management in Japanese smart cities [32]. Given the speed of depopulation and
aging, the need for smart waste management technologies is inevitable and urgent. To seek
a concrete solution, we performed participant observation in a previous study by riding a
city’s waste collection truck with a waste collection worker on their normal operating day.
This observation resulted in an understanding of the demand for smart contactless waste
collection technology from the worker’s perspective [33].

Thus, there is a need to design a smart waste collection technology that responds
not only to the challenges faced by collection workers but also to the characteristics and
preferences of aging Japanese civil society.

2.2. Development of Contactless Waste Collection Technology in Japan

In a previous participant observation study in a Japanese city, we revealed daily waste
management activities and identified the need for smart technology from the perspective of
waste collection workers. The study resulted in a pilot development project of a contactless
and automated waste collection technology [33]. The study also called for a survey to
reveal whether such a technology can be implemented in Japanese society. The developed
technology allowed for (1) the reduction of physical human workers; and (2) a contactless
manner of lifting, transporting, and dumping waste containers. Due to the more collective
nature of waste pickup using this technology, large waste containers must be placed slightly
farther than the currently used house-front temporary disposal locations. The experts
consulted in the previous study raised a concern about whether the technology would be
acceptable considering that aging Japanese people are presumably less fit than younger
people. Additionally, detached houses represented approximately 80% of the surveyed case
area, and many were small alleys [33]. This situation would mean that a significant number
of people could carry their waste bags to the prepared waste containers that are likely to be
placed on larger roads for waste packer trucks to have better access (Figure 2). To ensure
that the technology is suitable for implementation, clarification is required to determine
whether the developed technology needs to be equipped with smaller autonomous mobility
devices to pick up waste from house fronts if people are unwilling or unable to carry it to
temporary disposal sites.
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3. Materials and Methods
3.1. Data Collection

We prepared questionnaires to gather information on Japanese people’s perspectives.
For the questionnaire distribution, we commissioned Rakuten Insight, who programmed
it into a digital survey and sent them online to its panel respondents between 2 and
7 August 2023.

Rakuten Insight was chosen to support the survey collection because of the wide reach
of the panel, particularly for the Japanese people. As of July 2022, Rakuten Insight had
15.1 million global panel members, 2.2 million of whom are from the Japanese popula-
tion [34]. Rakuten Insight performed an annual survey of its panels using survey content
similar to that used in the Japanese national census to ensure that the quality of the sample
panel was consistent [35]. In this study, Rakuten Insight sent a stratified random sampling
survey on our behalf to its Japanese panel. We requested equal proportions of (1) gender,
(2) age, and (3) location in Japan (Northern, Central, and Southern Japan) to ensure that we
avoid bias and to allow us to derive meaningful insights from those respondent attributes.
Furthermore, the particular interest of this research was to observe the inclusivity of the
aging society and shrinking cities in Japan. Therefore, we considered stratified random
sampling to be the most appropriate method to ensure impartial and equal opportunity
in the sample selection process [36]. Rakuten Insight contacted 16,000 individuals and
received approximately 1300 responses, resulting in an 8.13% response rate. One thousand
responses were received after incomprehensible and ineligible responses were eliminated.
Figure 3 shows the locations of the respondents on Japan’s map. Table 1 presents the
descriptive statistics of the basic social attributes of the respondents. The largest share of
respondents is living in a household of 2 people (33%). This group is largely made up of
adults older than 60 years old. Very few people are living in households of 5 people and
above. It is also very rare to see older adults living in a large household. This may indicate
that multi-generational living is no longer practiced. Meanwhile, those in their 60s, 70s, 80s
and older also make up a large share of those unemployed.

Table 2 summarizes the respondents’ responses to the following characteristics:
(1) acceptable time to carry waste to the temporary disposal site, (2) weekly household
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plastic and packaging waste volume, and (3) need to avoid touching other people’s waste
to reduce the risk of disease infection. The actual questions and the close-ended answer
options are presented in Appendix A. For reference, 45 L trash bags are commonly used in
Japanese municipalities, along with other smaller trash bags, such as 20 L trash bags [33].
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Table 1. Summary of respondents’ basic social attributes.

Variable by Age
Obs.

Percentage
(%)10s 20s 30s 40s 50s 60s 70s More

than 80s

Gender

Female 86 78 56 68 58 53 46 55 50

Male 39 47 69 57 67 72 79 70 50

Household
size

1 person 31 46 33 19 32 28 22 22 23

2 persons 12 19 25 24 36 61 74 80 33

3 persons 20 30 29 39 32 24 18 14 21

4 persons 38 23 27 27 15 6 6 7 15

5 persons 19 5 9 10 8 3 1 1 6

6 persons 4 2 2 1 1 0 2 1 1

7 persons 0 0 0 3 0 2 2 0 1

8 persons 0 0 0 0 1 0 0 0 0.1

9 persons
and more 1 0 0 2 0 1 0 0 0.4
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Table 1. Cont.

Variable by Age
Obs.

Percentage
(%)10s 20s 30s 40s 50s 60s 70s More

than 80s

Occupations

Company employee—general employee 3 41 41 40 35 20 3 1 18

Company employee—comprehensive work 0 12 11 8 7 6 0 0 4

Company employee—board member) 0 1 5 2 9 0 3 3 2

Civil servant/university teacher/non-
profit organization 0 12 11 8 11 6 0 1 5

Temporary employe-
es/contract employees 0 1 4 10 5 7 5 1 3

Self-employed 0 2 4 8 7 3 6 6 4

Agriculture/forestry/fisheries 0 0 0 2 0 0 1 0 0.3

Legal professional 0 0 2 0 0 1 0 0 0.3

Medical professional 0 12 12 6 5 4 1 0 4

Part-time worker 4 11 10 21 17 17 12 2 9

Homemaker 1 4 12 10 17 28 22 23 12

Student 115 22 0 2 0 0 0 0 14

Unemployed 2 7 12 6 9 32 68 84 22

Other (specify) 0 0 1 2 3 1 4 4 2

Table 2. Summary of respondents’ responses on their household waste disposal.

Acceptable Time to Carry Waste to
Temporary Disposal Site Frequency Percentage (%)

Less than 1 min 401 40.1
1 to 2 min 306 30.6
2 to 5 min 228 22.8

5 to 10 min 31 3.1
More than 10 min 10 1

I have never experienced carrying trash
to the temporary disposal site, so I do not

know
11 1.1

I do not know 13 1.3

Weekly household plastic and packaging waste volume in 45 L waste bags

Less than 1 bag 591 59.1
1 to 2 bags 311 31.1
3 to 5 bags 57 5.7

6 bags or more 4 0.4
Since the plastic waste is not sorted, it is
not possible to calculate the conversion to

a 45 L garbage bag.
37 3.7

I do not know

Needs to avoid other people’s waste to reduce risk of disease infection

Very necessary 483 48.3
Necessary 341 34.1

Neutral 128 12.8
Unnecessary 38 3.8

Not necessary at all 10 1



Smart Cities 2024, 7 1155

3.2. Methodological Framework

The methodological framework of this study is summarized in Figure 4. The formulas
employed in this study follows those that were elaborated in [37,38]. The detailed statistical
tools employed are described in Appendix B.
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3.3. Multiple Correspondence Analysis (MCA) Preparation

Although the multiple correspondence analysis (MCA) does not require model con-
struction, the data must be prepared into groups of classifications for easier interpretation.
The collected data are organized into the categories presented in Table 3. Data categoriza-
tion was guided by the frequency quartiles of the data, where applicable. The detailed
walkthrough of the MCA employed in this study was described previously [38]. The
functions and packages employed are from the R programming language FactoMineR. We
followed the guidelines and principles of MCA from [39,40]. The codes for the graphics
were adapted from [41,42].

Table 3. Response categories.

Attributes and
Responses Obs Unit

Categories (Ranges), Frequency

1st (Lo) 2nd (Med) 3rd (Hi) NA (Excluded
from MCA)

Age 1000 Year Low (≤29), 250 Med (≥30, ≤59),
375 High (≥60), 375

Gender 1000 Female, 500 Male, 500

Occupation 985 Low (students and
unemployed), 359

Med (part-time
worker and

homemaker *), 211

High (full-time
worker **), 415 Other, 15

Household size 1000 person Low (=1), 233 Med (=2), 331 High (≥3), 436

Acceptable time
to carry waste 976 Minute Low (<1), 401 Med (≥1, ≤2), 306 High (>2), 269 I do not know, 24

Weekly waste
volume 963 Bag Low (<1), 591 Med (≥1, ≤2), 311 High (≥3), 61 Unknown due to

nonseparation, 37

Needs for
contactless
technology

1000
Low (not necessary

at all and
unnecessary), 48

Med (Neutral), 128
High (necessary

and very
Necessary), 824

* A homemaker is a person who manages a household and does not work outside the house to gain financial
incentives. ** A full-time worker refers to a person working a minimum of 5 days a week, 7 h a day.

4. Results
4.1. Relationships Identified by the MCA

The graphical output of the MCA is shown in Figure 5. The lighter areas indicate a
stronger relationship between the attributes. The black dots represent observations. Two
clusters of light-colored clouds were identified. The first cluster centers on the lower
acceptable time to carry waste to the temporary disposal site (AT_Lo), and the second
cluster centers on the lower need for contactless technology to reduce the risk of disease
infection (NC_Lo).
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Figure 5. MCA plot. A, age; G, gender; O, occupation; H, household size; F, female; M, male;
AT, acceptable time (walking distance to temporary disposal site); WV, waste volume (plastic and
packaging waste volume generated by the household); NC, need for contactless technology (necessity
of a technology to prevent the chance of touching other people’s waste to prevent risk of disease
infection); Hi, high; Me, medium; Lo, low.

4.2. Significant Relationships Identified by Nonparametric Tests

Chi-square and Cramer’s V tests were performed to (1) test which respondent’s
attributes or variables were related to the identified clusters, (2) determine the significance
and strength of the relationships, and (3) identify the direction of the relationships. The
identified variables and attributes of the significant relationships (as indicated by the value
p < 0.001) are summarized in Appendix C.

Four pairs of variables showed significant relationships (Appendix C): (1) the younger
group of respondents (younger than 30 years) was the most hesitant to walk longer (more
than 1 min) to carry waste to the temporary disposal sites; (2) the oldest group of respon-
dents (older than 60 years) tended to express the unnecessity of a technology to reduce the
possibility of touching other people’s waste to minimize the risk of disease infection; (3) the
smallest group of households (people who live alone) tended to be more willing to walk
a medium distance to the waste disposal site (more than 1 min but less than 2 min); and
(4) household size was positively related to waste volume, as larger households produced
more waste than smaller households.

Although the four pairs of relationships are only weakly significant (Cramer’s V
lower than 0.25) [43], they are all deemed significantly correlated (p < 0.001). The four
pairs of correlated attributes are further detailed in Figures 6–10. As age groups are evenly
distributed, meaningful insights can be derived from observing the frequency of age-related
responses (Figures 6 and 7). On the other hand, as household size is not evenly distributed
among respondents, Figures 8–10 present the relationships related to counts and expected
count ratios. The following implications can be made from observing the figures: (1) older
people are more willing to walk longer distances to temporary disposal sites (up to 5 min)
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than younger people are, (2) older people are less concerned about touching other people’s
waste than younger people are (at a 0.24 count ratio), (3) the smallest household (consisting
of just one person) tends to be willing to walk more than the minimum distance (1 to 2 min)
but not longer distances (at a 0.19 count ratio), and (4) larger households produce more
waste than smaller households.
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5. Discussions

Aging is often associated with a decline in physical fitness. However, the findings of
this study revealed that older people are willing to walk longer distances when carrying
their waste to temporary disposal sites than younger people. Although Japan faces the
challenge of maintaining the availability of physical workers [28], including the workforce
carrying and lifting waste containers that weigh hundreds of kilograms [33], this does
not mean that older adult residents are unwilling to walk a certain distance. This study
revealed that the oldest group (in their 70s and 80 s) showed greater willingness to walk
longer distances (up to 5 min) than did the younger age group (Figure 6). Conversely,
the youngest groups of respondents (those in their 10s, 20s, 30s, 40s, and 50s) showed the
lowest tolerance for the duration of walking to carry waste, with a nearly negative linear
relationship. This finding is surprising because strength and physical perseverance are
often expected of young people. On the other hand, it is reassuring that Japan’s older
adults are willing to walk longer because walking is associated with mental health and
active living maintenance [44,45].

The Japanese older adults are known for their longevity [46]. The Japanese society
also encourages active aging as a way to extend healthy life expectancy and quality of
life in older persons [47]. Perhaps, these are the reasons behind the older adults’ greater
willingness to walk longer distances than the younger group. However, this result should
not discourage the development of autonomous and micro-mobility technologies for waste
collection. It is also known that the very advanced age population (75 years old and above)
have challenges in their mobility, such as when using public transportation [38]. Therefore,
the results of this study should be used to consider the most cost-effective and sustainable
technological solution where necessary, including possible acceptance of all age groups.

Another surprising finding is that, although there is a popular belief that older people
are at greater risk of contracting diseases, the analysis results of this study revealed that
this group of people is less concerned about the risk of disease infection from unintended
contact with other people (Figure 7). Conversely, the youngest group of respondents (in
their 40s and below) were the most worried and showed a strong need for a technology that
could allow for contactless waste disposal. The COVID-19 pandemic has triggered various
concerns regarding disease infection possibilities from household waste. These concerns
are particularly related to handling single-use masks, testing kits, and other products used
by an infected person. Studies have highlighted the need for proper disposal methods,
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such as incineration to kill pathogens [48], appropriate resting time to decrease the risk of
spread of the disease [49], and the possibility of contactless waste pickup [33]. The present
study is the first to highlight what the general public thought about this matter, especially
among people of various age groups and after the vaccine was widely implemented in
society. By the time the survey in this study was taken, most Japanese people were already
in their fifth or sixth round of COVID-19 shots. While the virus is currently seen at a similar
level of threat as influenza in Japan, there are, of course, future possibilities of a pandemic
occurrence similar to that of COVID-19.

In terms of household size, those who live alone are willing to walk more than
respondents with larger households (Figure 8). There are many possible reasons why
more people who live alone choose the medium walking distance (1 to 2 min) rather than
the shortest distance (<1 min). Several possibilities are (1) because no one is expecting
them at home to return soon, (2) because of a preference to have their waste disposed
farther from their living place to prevent unpleasant smells or other hygiene issues, or
(3) because the weight to carry is lighter than that of larger households. However, many
Japanese older adults are living alone, and the prevalence of this condition is increasing
due to the insufficient capacity of older-adult care facilities [50]. Therefore, to anticipate
rapid demographic and social changes in Japan, responses from older age groups and the
responses of the single-person households in this study should be seriously considered by
waste collection service providers when redesigning waste collection strategies.

Proposed New Designs Based on Findings

In a previous study, the opinions and concerns of city waste collection service op-
erators were incorporated into a pilot demonstration project of a smart waste collection
device [33]. This study collected information on the characteristics and preferences of the
aging society of Japan for waste disposal activities to determine whether such devices
are socially acceptable. The results of both studies, supported by the literature review,
provided insights into redesigning Japan’s waste collection strategy.

Japan’s waste collection practice is facing maintenance difficulties due to labor short-
ages and aging. We propose two designs to solve this problem, as presented in Figure 11a,b.
In the old strategy, people who live in detached houses typically place their waste bags in
front of their houses, on sidewalks and corners. The manual collection of these waste bags
has physically strained scarce and aging waste collection workers [33]. Since the present
study revealed that most older residents are willing to walk up to 5 min to carry their
waste to a temporary disposal site, we suggest design (a), which involves placing larger
waste containers (the one in Figure 11a is 700 L in capacity) between 1- and 5-min walking
distances to allow for a more collective waste collection strategy using the developed
contactless waste container dumping device. This new strategy responds to (1) waste
collection worker scarcity and physical strains, (2) truck access to containers that can be
placed only in larger areas, (3) aging residents’ willingness to walk slightly farther, and
(4) single-person households’ preference for having waste bins placed farther from their
living place (more than a 1-min walk). To anticipate the declining physical strength of very
advanced age population and to accommodate the needs of people with limited mobility,
we also propose design (b), which involves developing autonomous pickup, dumping, and
returning of waste bins to the house fronts and corners of residential blocks.
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walking distance and (b) the use of automatization technologies [51].

Both strategies may be faced with various challenges, opportunities, and policy impli-
cations. Table 4 provides a summary of these factors to be considered by decision makers
and practitioners. While design (a) may bring opportunities of encouraging active lifestyle
and communal monitoring, it may be faced with resistance by those unwilling to walk
longer to the temporary disposal site. Furthermore, people’s cooperation and understand-
ing should be gained through a possibly lengthy process of socialization. Meanwhile,
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design (b) may be quicker in terms of implementation due to changes that are mainly
required at the management levels, but it may imply a higher demand for energy sup-
ply. Ensuring that the energy supply comes from renewable resources may improve the
sustainability of the strategy.

Table 4. Challenges, opportunities, and policy implications of the proposed waste collection designs.

Design (a)—Increased Walking Distance to
Temporary Disposal Sites

Design (b)—The Use of Autonomous Pickup
Mobility Technology

Challenges
- Resistance by those who are not willing to

walk longer.
- Increased demand of energy supply to run

the technology.

- Determining a spacious area that can
accommodate collective temporary
disposal site.

- The need for capital cost, operation, and
reinvestment (such as battery replacement)
of the technology.

Opportunities

- Encourages active lifestyle and sense of
community.

- Communal monitoring of waste separation
compliance.

- The use of renewable energy for energy
supply.

- Introduction of automatization of the
whole systems using the Internet of Things
(IoT) and Artificial Intelligence (AI) for
sensors and monitoring, resulting in a
further reduction in human resources also
at the management level.

Policy Implications

- The need for socialization of the new
system to gain residents’ cooperation and
permission, especially by those living near
the temporary disposal sites.

- The need for new policies regulating cyber
security and liability issues.

6. Conclusions

Japan’s cities are shrinking due to population aging, low birth rates, and the outflow
of residents. The smart city strategy has recently been renamed Society 5.0 to highlight
its ability to respond to social problems. Society 5.0 has been adopted to rejuvenate and
accommodate the changing demography of the Japanese population and improve the
maintainability of the city’s services and infrastructures.

In the waste collection sector, the scarcity and aging of the physical workforce have
put a strain on maintaining current practices. However, the proposed smart technology for
replacing human workers in this area has raised questions about its acceptability by civil
society. These concerns were raised because of (1) the characteristics of the new technology,
which requires people to walk farther to carry their waste to the waste container for
collective pickup; and (2) the aging general population, which is presumably less physically
fit to carry their waste.

The present study collected surveys of 1000 Japanese people who were equally dis-
tributed in terms of location (Northern, Central, and Southern Japan), age (10s, 20s, 30s, 40s,
50s, 70s, 80s, and older), and gender. We analyzed the survey data using an exploratory sta-
tistical method, MCA, and nonparametric tests (Chi-square and Cramer’s V) to identify the
relationships, significance, and strength of the relationships. Four significant relationships
were found: (1) older adults are willing to walk longer when carrying their waste to the
temporary disposal site, (2) older adults are less concerned about disease infection from
unintentional contact with other people’s household waste, (3) single-person households
prefer temporary waste disposal sites to be placed farther from their living place, and
(4) plastic and packaging waste volume are positively related to household size. While
these findings are significant, Cramer’s V results indicated that they are only weakly signif-
icant. Interpreting such findings, the relationship may not be used to push for a certain
strong policy or action. However, it might mediate a dispute about a solution or social-
issue technological intervention. The present study uses this information to determine the
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appropriateness of a new smart waste collection technology that responds to the needs and
challenges faced by waste collection workers.

The proposed new strategies in this study will reduce the number of workers and
the contactless waste pickup desired by the workers. However, “design (a)”, which is
a more collective strategy, requires larger containers that must be placed farther than
the currently practiced residents’ house fronts and sidewalks. Since older respondents
in this study are willing to walk farther to carry their waste bags, and those who live
alone actually prefer a disposal site, replacing individual waste bags and small containers
with larger waste containers placed between 1 and 5 min, the walking distance would be
ideal. In this way, a more collective waste pickup by the smart contactless waste collection
device can be realized. On the other hand, this strategy may be faced with challenges
such as opposition by those unwilling to walk longer the disposal sites and by people
who live near the temporary disposal sites. Meanwhile, “design (b)”, which is the use of
automatization technologies, may be faced with the challenge of increased energy demand
to run the technologies. Ensuring that the power supply comes from renewable resources
will improve the sustainability of this strategy.

For actual implementation, pilot studies in Japanese cities are required to test the
acceptability of the new designs. This study’s limitation is that it is specific to the Japanese
population. However, Japan is leading globally in terms of the speed and magnitude of
aging, population decline, city shrinkage, and technological advancement. Therefore, it
can be used as a reference for other aging countries that face similar problems in terms of
securing physical workers and maintaining waste collection services.

Future research in this field should be dedicated to the “soft” and “hard” needs of
new waste collection designs to accommodate the challenges faced by aging and declining
communities. The “soft” needs include ensuring active aging, community acceptance, and
gaining residents’ cooperation if the low-tech alternative is adopted. The “hard” needs in-
clude a more aggressive introduction of renewable energy to supply the expected increased
energy needs and ensure enough financial resources for investment and reinvestment
for the devices required and the energy storage replacement if the high-tech alternative
is adopted.
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Appendix A

Actual questions asked to the respondents (English translated from Japanese language):
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In your best estimation, how many 45 L trash bags of plastic and packaging waste does your household dispose of in a week?

a. Less than 1 bag

b. 1 to 2 bags

c. 3 to 5 bags

d. 6 bags or more

e. Unknown because my household does not separate the plastic and packaging waste

How long are you willing to walk carrying your trash from your residence or place of employment to the temporary disposal site?

a. Less than 1 min

b. 1 to 2 min

c. 2 to 5 min

d. 5 to 10 min

e. More than 10 min would still be acceptable for me

f. I have never experienced carrying trash to the temporary disposal site, so I do not know

g. I do not know

What do you think about the necessity of a technology that can help you avoid the chance of touching other people’s waste (to
reduce the risk of diseases infection)?

a. Very necessary

b. Necessary

c. Neutral

d. Unnecessary

e. Not necessary at all

Appendix B

This study employed MCA and nonparametric test methods, namely Chi-square
(Equation (A1)) and Cramer’s V (Equation (A2)), to analyze the collected data, where X2 is
Chi-squared, Oi is observed value, Ei is expected value, V is Cramer’s V coefficient, n is the
total number of observations, r is the number of rows in the contingency table, and c is the
number of columns in the contingency table.

X2 = ∑ (Oi − Ei)
2/Ei (A1)

V =
√

X2/n × min[(r − 1), (c − 1)] (A2)

And then, we measured the count/expected count ratio (Equation (A3)) to test the
direction of relationships between the observed and the expected data counts (positive
relationship if more than 0, and negative if less than 0) [37].

Count ratio = Oi/Ei − 1 (A3)

The detailed procedures of the methodologies were elaborated in [38,52]. MCA has
several strength points, which is why it was selected for this study. Its first strength is its
exploratory ability to provide insights out of a large set of data [53]. This is an important
point, especially because this study deals with a new technology for which the acceptance
in the society is still largely unknown. The second strength is its interpretation-friendliness.
One can discover the relationships among respondents’ attributes and responses simply
by observing the distance proximity of variables presented in the MCA graphical output.
Other aesthetical indicators, such as a change in colors, can also indicate the relationships’
intensity. The drawback of MCA is its inability to indicate either the significance or high
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accuracy of strengths of the identified relationships among variables. To compensate for
this drawback, we performed nonparametric tests following the MCA. The Chi-square
test was used in this study to prove or disprove the significance, and Cramer’s V was
performed to tell the strength of the identified significant relationships [43].

Appendix C

Identified significant relationships based on Chi-square and Cramer’s V.

Cross Table Parameters with
Significant Chi-Square Test p-Value

Test Results Largest Count/Expected Count Ratio

Chi-Square Cramer’s V
(RowVariable_Category/
ColVariable_Category:

Count)
Expected Count

Age with Acceptable time to carry
waste to temporary disposal site

<0.001 0.118 A_Lo/AT_Hi:67.3 41

Age with Need for a technology to
reduce the possibility of touching
other people’s waste to reduce the

risk of disease infection

<0.001 0.110 A_Hi/NC_Lo:18 30

Household size with Acceptable
time to carry waste to temporary

disposal site
<0.001 0.097 H_Lo/AT_Me:71.2 85

Household size with Weekly waste
volume

<0.001 0.179 H_Lo/WV_Hi:13.9 5
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