Journal of Material Cycles and Waste Management (2024) 26:591-601
https://doi.org/10.1007/510163-023-01861-y

ORIGINAL ARTICLE q

Check for
updates

Relationship between the demand for food delivery
and takeaway services and the associated plastic packaging waste
during the COVID-19 pandemic

Mai limuro' - Tomohiro Tabata?

Received: 11 April 2023 / Accepted: 13 November 2023 / Published online: 8 December 2023
© The Author(s) 2023

Abstract

Food delivery and takeaway services (FDTS), the demand for which has increased during the COVID-19 pandemic, are
expected to continue to grow after the pandemic; however, this creates a social problem as this service is a source of plastic
packaging waste. This study aims to evaluate the environmental impact of plastic packaging waste resulting from the changes
in demand for FDTS before and during the COVID-19 pandemic. A survey was conducted among Osaka residents to under-
stand changes in FDTS use before and during the COVID-19 pandemic. A web survey revealed that there was a 5.8% increase
in the demand for FDTS during the COVID-19 pandemic. Next, the annual plastic packaging waste emissions associated
with FDTS and the corresponding CO, emissions from plastic container manufacturing were estimated. The annual load
of plastic packaging waste consumed as a result of FDTS was estimated to be 6153 t (4531-6497 t) during the COVID-19
pandemic, and the annual CO, emissions from plastic container manufacturing and waste treatment were estimated to be
47,033 t CO, (33,860—49,661 t CO,). These results revealed that plastic packaging waste and CO, emissions increased by

1.35-fold during the COVID-19 pandemic.

Keywords COVID-19 pandemic - Food delivery and takeaway services - Plastic packaging waste - Web survey -
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Introduction

The coronavirus disease 2019 (COVID-19 pandemic) has
changed our lives in several ways, including the establish-
ment of social distancing measures to avoid human contact.
In many countries, lockdowns prompted restrictions on eat-
ing out, business hours, and the service of alcoholic bever-
ages. In Japan, this resulted in a decline in restaurant visits,
and by April 2020, overall sales in the restaurant industry
had fallen to 60.4% of the previous year's level [1]. However,
the demand for food delivery and takeaway services (FDTS)
has been growing, with the fast food sales having risen to
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101.8% of the 2019 levels by 2021 [2]. The food delivery
service market has grown remarkably since the 2010s, when
major domestic and foreign operators entered the market.
According to a survey by ICT Research & Consulting Inc.
[3], the Japanese food delivery service market is expected
to grow from 363.1 billion Japanese Yen (JPY) in 2018 to
496 billion JPY in 2020 and expand to 682.1 billion JPY
by 2023."

Although the FDTS market has been continuously grow-
ing since the COVID-19 pandemic, its expansion has created
social problems by generating plastic packaging waste [4,
5]. In 2020, Jang et al. [6] claimed that a total of 72.93 kt of
plastic packaging was consumed by the online food delivery
industry in Korea. Consumers find FDTS convenient, but
they hardly have the opportunity to become aware of how
much plastic packaging waste is generated by their use. If
the large amount of plastic packaging generated by FDTS
is not recognized as a problem, initiatives to reduce plastic

! The exchange rate applied was 0.0075 USD=1 JPY, as of 16
March 2023.
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packaging waste and develop and introduce alternatives will
not occur.

Several studies have focused on the use of FDTS and plas-
tic packaging waste. For example, Filho et al. [7] surveyed
residents in 41 countries and confirmed that the consump-
tion of single-use plastics increased since the beginning of
the COVID-19 pandemic. Liu et al. [8] and Song et al. [9]
used sales data to estimate the amount and composition of
packaging waste for food delivery. Jang et al. [6] applied
sales data to estimate plastic packaging waste generation
since the beginning of the COVID-19 pandemic and cal-
culated its environmental impact. Li et al. [4] identified the
factors contributing to takeaway packaging waste generation
based on urban population size, geographic location, and
dietary habits. Zhang et al. [10] used direct weighing and
questionnaire surveys to estimate food delivery waste gen-
eration and calculated the associated CO, emissions. Thus,
many surveys have been conducted to study the relationship
between the COVID-19 pandemic and FDTS use, as well as
the relationship between the COVID-19 pandemic and gen-
eration of plastic packaging waste. However, no study has
investigated the extent to which an increase in the demand
for FDTS before and during the COVID-19 pandemic has
affected the increase in plastic packaging waste. To fill this
gap, this study aimed to determine the extent to which FDTS
use increased before and during the COVID-19 pandemic
as well as the resulting changes in plastic packaging waste
generation.

Materials and methods

In this study, the plastic packaging waste generated as
a result of FDTS use was evaluated. First, the changes in
FDTS use before and during the COVID-19 pandemic were
assessed using surveys. Based on the responses, the number
of plastic containers used per meal in FDTS was determined
for both the periods, that is, before and during the COVID-
19 pandemic. Further, the annual plastic packaging waste
emissions associated with the use of FDTS and the amount
of CO, emissions generated during the manufacturing and
treatment of plastic packaging waste were determined.

Questionnaire

In the present study, two periods were studied, that is,
“before” and “during the COVID-19 pandemic”. "Before"
was defined as the period before April 2020, when the state
of emergency was first declared in Japan and afterwards
which the COVID-19 pandemic affected the daily lives of
people in Japan. "During COVID-19 pandemic" was defined
as the period from April 2020 to August 29, 2022, the day
of the questionnaire survey.
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To investigate FDTS use before and during the COVID-
19 pandemic, a web-based survey was conducted among the
residents of Osaka Prefecture, Japan, which is known to have
the third largest population among all prefecture in Japan
as of 2022. There are approximately 47,000 restaurants in
this prefecture, second only to Tokyo Prefecture in terms of
the number of restaurants [11]. Therefore, Osaka residents
are likely to eat out regularly and have had many opportu-
nities to use FDTS during the COVID-19 pandemic. The
number of survey participants was 223 Osaka residents in
their 20s—60s age groups. According to the survey results of
food delivery usage after the COVID-19 pandemic published
by Mitsubishi UFJ research and consulting Co., Ltd [12],
approximately 70% of respondents in their 60s indicated
that they do not use food delivery services. Although this
survey did not include respondents in their over 70s, these
age groups are expected to be less likely to use food deliv-
ery than those in their 60s. Based on this, the over 70s were
also excluded from this questionnaire survey. The survey
participants were randomly selected. The survey was con-
ducted without screening for FDTS use or nonuse to deter-
mine the ratio of FDTS users to nonusers. One reason for
this was that, if this survey targeted FDTS users alone, the
proportion of residents who had never used FDTS would be
unknown. Therefore, this study assumed that by considering
the proportion of residents who have used FDTS and those
who have never used FDTS, the amount of plastic packaging
waste derived from the use of FDTS, which is close to the
actual situation, could be estimated.

Table S1 (see Supplementary Material) lists the key ques-
tions included in the survey. Questions (1)—(6) assessed the
respondents’ demographics, FDTS questions (7)—(11) iden-
tified the respondents' perceptions of eating out and FDTS
during the COVID-19 pandemic, and questions (8)—(10)
concerned the Japanese government's policy [13] during the
COVID-19 pandemic. Question (12) on the frequency of
FDTS use was used to estimate the number of times FDTS
were used per year. Combined with the age question, this could
be used to assess the differences in the frequency of FDTS use
by age. Question (13) regarding the breakdown of FDTS use
provided that the data were later used to determine the weight
of the plastic containers. In Japan, the four most frequently
used FDTS meal categories are jams, noodles (including soy
and wheat noodles), chocolate, rice (including rice bowl, berry
and rice, sushi), and other foods (such as pizza, side dishes) [2,
12]. The plastic containers used in each category are sold in
different types, sizes, and weights. Therefore, questions were
designed so that the amount of plastic container waste gener-
ated could be identified by considering the ratio of each cate-
gory of use. To estimate the amount of plastic packaging waste
from plastic containers, the utilization ratio for each category
was designed such that the total for that category was 100%.
Questions (12)—(14) were designed to ask the respondents how
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Table S2 (see Supplementary Material) lists the types of plas-
tic containers used in FDTS. Plastic containers are made of a
wide range of materials, including plastic-only and compos-
ite materials, such as plastic and paper. However, because the
sales of containers other than those made solely of plastic were
small, plastic containers alone were included in this study.

For plastic containers other than plastic bags, weight data
were collected for each plastic container sold by category,
using the catalogues of companies that sell food containers
in Japan. Next, the average weight per plastic container was
calculated according to category. Notably, the weight of the
plastic containers sold within one category can vary signifi-
cantly depending on the packaging material. To reflect this
variation, the median, first, and third quartile weights per con-
tainer were calculated. The weight of the plastic bags was cal-
culated according to the Japanese Ministry of the Environment
[14]. The weight intensity of the plastic packaging waste by
category was defined as the sum of the weights of the plastic
containers per category.

CO, emission from treatment of plastic packaging
waste

All the plastic containers used in the FDTS were assumed to
be waste. The following formulae were used to estimate the
annual plastic packaging waste generated from FDTS use by
the Osaka residents surveyed in the questionnaire:

Wy =2 (Pixfi)x C 0

where W), is the annual plastic packaging waste [kg]; P; is
the population of age i [person]; f; is the average frequency
of annual FDTS use for age group i [times]; C is the weight
of plastic containers per meal [kg/person/time]; i is the age
(20s, 30s, 40s, 50s, and 60s); fa; is the annual frequency of
FDTS use by respondents of age i obtained from the survey
[person/times]; N is the number of survey participants [per-
son]; ¢; is the weight of plastic containers in category j [kg/
person/times]; u; is the use percentage of category j obtained
from the survey [%]; and j is the food category (hamburgers,
noodles, rice, and others).

The frequency of FDTS use was calculated by convert-
ing each response into the number of times each respond-
ent used FDTS per week and multiplying it by the number
of weeks in a year (52.143 weeks). This value was divided
by the number of respondents to calculate the average fre-
quency of FDTS use. The FDTS users were assumed to use
the service at the same weekly frequency. Based on the ques-
tionnaire survey of respondents in their 20-69 in this study,
the amount of plastic packaging waste derived from FDTS
use by people in their 20-69 generated before and during
the COVID-19 pandemic was estimated using data from the
population aged 20—69 in the Osaka Prefecture [15].

Based on the results of the plastic packaging waste emis-
sions estimation, the CO, emissions resulting from the man-
ufacture of plastic containers and treatment of plastic pack-
aging waste after use were estimated. The system boundary
shown in Fig. 1 was set with reference to the plastic waste
treatment flow in Osaka Prefecture [16]. Subsequently, the
CO, emissions from each process were calculated.

In this study, the system boundary is defined as the pro-
cess of manufacturing plastic containers and treating plas-
tic packaging waste, including recycling and incineration.
Osaka Prefecture [16] implemented solid-fuel conversion as
a means of recycling. However, solid-fuel conversion was
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(1) Due to the COVID-19 pandemic, I eat out less often
than before (N=233)

(2) T have become more concerned about the crowds in
restaurants since the pandemic of COVID-19 (N=233)

(3) Irefrain from eating out with more than one person

(N=233)

(4) I am conscious of eating silently (N=233)

(5) Ifeel that using FDTS will increase the use of single-
use plastics N=154)

0%

BVery much @DSomewhat

BNot much SNot at all

20% 40% 60% 80%

Rate of answer

100%

BDon't know

Fig.2 Result of consciousness regarding food delivery and takeaway services (FDTS) use

not included in this study because its use is extremely low
(approximately 0.3% of the total recycling amount). Plas-
tic container manufacturing sites are located both in Japan
and abroad, and their transportation distances are difficult to
determine. Therefore, CO, emissions emitted during trans-
portation were not considered in this study. Similarly, CO,
emissions emitted during the transport of plastic packaging
waste were not considered for the same reason. Incineration
plants in the Osaka Prefecture produce heat and electricity
through thermal recovery. However, Osaka Prefecture [17]
does not calculate CO, emission reductions from the MSW
treatment, so CO, emission reductions from thermal recov-
ery were excluded. The treatment rates for the recycling and
incineration of plastic packaging waste were obtained from
Osaka Prefecture [16], as shown in Table S3 (see Supple-
mentary Material) [18]. The CO, emission intensities for
each process are presented in Table S3.

Based on the questionnaire results, plastic packaging
waste and CO, emissions were estimated at two time points:
“before the COVID-19 pandemic” and “during the COVID-
19 pandemic.” This allowed us to compare the changes
between the two time points.

Results and discussion
Summary of questionnaire results

Table S4 (see Supplementary Material) presents the demo-
graphic characteristics of participants. Respondents residing
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in Osaka City accounted for about 30% of the total respond-
ents. This is approximately equivalent to the population of
Osaka City relative to that of Osaka Prefecture. The other
municipalities received responses from residents of every
municipality in Osaka Prefecture, although they were more
biased than those in Osaka City. Based on the fact that the
survey participants were randomly selected for this study,
the demographic composition of respondents to that of
Osaka Prefecture was compared [15]. Respondents in their
20s accounted for approximately 20% of the total population
in Osaka Prefecture but for only approximately 7% of the
total respondents in this survey. In contrast, respondents in
their 30s in Osaka Prefecture accounted for approximately
18% of the total, whereas the number of respondents in the
same age group was similar at about 17% of the total. Simi-
larly, respondents in their 40s in Osaka Prefecture accounted
for approximately 23% of the total, whereas the number of
respondents in the same age group was approximately 20%
of the total. According to the results of a Japan Finance Cor-
poration survey released in October 2020, the most common
age groups using takeaways were those in their 20s, 30s, and
40s [19]. Although there is a lack of responses from those in
their 20s, this survey results indicate that sufficient responses
were obtained from those in their 30s and 40s, who are the
most frequent users of takeaway services, and the following
analysis is based on these results.

Figure 2 shows the results of consciousness regarding
the use of FDTS. About 70% of the respondents selected
"very much" and "somewhat" to questions (1)—(3), indi-
cating that the COVID-19 pandemic has changed people's
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Fig.3 Frequency of FDTS use (N=223)

dietary habits. Regarding question (4), approximately half
the respondents were aware of the importance of eating
silently and, regarding question (5), approximately 60% of
respondents felt that the use of FDTS would increase the use
of single-use plastics.

Figure 3 and Table 1 show the frequency of FDTS use
before and during the COVID-19 pandemic. Before the
COVID-19 pandemic, 52% of the respondents used FDTS.
Respondents who used FDTS were more likely to use them
"about once a month,” "2-3 times a month,” and "about once
every 2-3 months.” During the COVID-19 pandemic, 57.8%
of the respondents used FDTS, indicating that the use of
FDTS has increased.

Table 2 presents the percentage of FDTS use by age
group. Comparing the two periods, the percentage of
respondents who used FDTS increased by 5.8% during
COVID-19 pandemic, whereas the most common frequency
of use before and during the COVID-19 pandemic did not
differ. However, the survey was conducted in August 2022
during the COVID-19 pandemic, and the percentage of
FDTS use may have been lower than that in the early days
of the pandemic.

The responses by age group in Table 1 were converted to
the number of FDTS use per week; the number of FDTS use
per week was multiplied by the number of weeks per year
(52.143) to estimate the number of uses per year, assuming
that the number of FDTS use did not change over the course

B During COVID-19 pandemic

of a year. Figure 4 illustrates the changes in the frequency
of FDTS use before and during the COVID-19 pandemic.
The upper half of the 45° line in the figure indicates that
the annual use increased during the COVID-19 pandemic.
Overall, few respondents used FDTS more than four times
a week before and during the COVID-19 pandemic. There
were a certain number of respondents who "almost never"
used FDTS before the COVID-19 pandemic but slightly
increased their use during the pandemic. For respondents
who had not used FDTS before, there was no significant
increase in the number of times they used them during the
COVID-19 pandemic. In contrast, those who used them
approximately “once a month" or “once every 2-3 months"
before the COVID-19 pandemic showed increased use dur-
ing the pandemic. Although the number of respondents who
slightly increased their use of FDTS during the COVID-19
pandemic was considerably smaller, the number of respond-
ents who significantly increased their use of FDTS was also
considerably smaller. This suggests that FDTS has become
a part of people's lives but is not yet familiar.

Figure 5 shows the breakdown of FDTS use before and
during the COVID-19 pandemic, highlighting the average
response of each participant. Before the COVID-19 pan-
demic, hamburgers accounted for 30%, noodles for 7%, rice
for 41%, and other food for 21%. By contrast, during the
COVID-19 pandemic, they accounted for 29%, 10%, 41%,
and 20%, respectively. The breakdown of usage changed

@ Springer
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Table 2 the percentage of FDTS use by age group

Before the COVID-19 pan- During the
demic (%) COVID-19 pan-
demic (%)
20s 58.8 70.6
30s 81.1 73.0
40s 44.4 55.6
50s 46.3 55.2
60s 43.9 49.1
Total 52.0 57.8

1200 i qa
Before COVID-19 pandemic: 13-

15 times a week
During COVID-19 pandemic: 19- _\.
1000 21 times a week

Before COVID-19 pandemic: 7-9
times a week

During COVID-19 pandemic: 10-12
times a week

600 N

(23
=3
S

Before COVID-19 pandemic: 4-
6 times a week
During COVID-19 pandemic: 7-

400 9 times a week
o Before COVID-19 pandemic: 7-9
200 times a week

Anmnual FDTS use during COVID-19 pandemic [times]

During COVID-19 pandemic: 2-3
times a month

0 200 400 600 800 1000 1200
Annual FDTS use before COVID-19 pandemic [times]

Fig.4 Changes in the number of FDTS use before compared to dur-
ing the COVID-19 pandemic

Hamburgers

Noodles

other

0% 10% 20% 30% 40% 50%

Ratio of respondents

BBefore COVID-19 pandemic BDuring COVID-19 pandemic

Fig.5 Breakdown of FDTS use

little between the two periods. Regardless of the timeframe,
this was the most common response.

Figure 6 shows the main reasons for using the FDTS.
Response (1) had the highest number of respondents before
and during the COVID-19 pandemic. Responses (2), (3), (4),
(6) show an increase in the number of respondents before
and during the COVID-19 pandemic. In particular, the large
increase in the number of responses to item (2) and decrease
in the number of responses to item (8) suggested that the
COVID-19 pandemic caused people to refrain from eating
out with others because of concerns about the risk of infec-
tion. The increase in the number of responses for (4) and (6)
during the COVID-19 pandemic suggests that the demand
for FDTS increased during the COVID-19 pandemic.

Based on the questionnaire results, it was evident that
respondents in their 20s, 40s, and 50s were approximately
10% more likely to use FDTS during the COVID-19 pan-
demic compared to before the pandemic. In terms of gender,
the number of respondents who reported a use frequency
of "1-3 times a week" and "2-3 times a month" during the
COVID-19 pandemic increased for both males and females
compared to before the pandemic; the proportion of respond-
ents who used FDTS "2-3 times a month" and "about once a
year" was higher among female respondents. The frequency
of FDTS use increased among respondents who were mar-
ried and had children and among those with relatively high
annual household incomes (10 million JPY or higher).

Respondents' demographics and FDTS use

The FDTS use by age group in Table 2 shows an increase
in the use of FDTS during the COVID-19 pandemic, except
for respondents in their 30s, whose use decreased during
the COVID-19 pandemic, The percentage of respondents
in their 30s using FDTS was high before the COVID-19
pandemic but decreased during the pandemic. The trend of
high use, especially among those in their 20s and 30s, was
the same as that reported by the Japan Finance Corporation
[19]. Respondents in their 20s and 30s were the most likely
to have used the service both before and during the COVID-
19 pandemic. This generation gives birth and raises children,
suggesting that they use FDTS for convenience.
Subsequently, the survey examined whether respond-
ents living in Osaka City differed in their responses from
those living in Osaka Prefecture. Osaka Prefecture has
not only large cities, represented by Osaka City, but also
regional cities. Because the number of respondents out-
side Osaka City was small and comparisons by municipal-
ity were not possible, a comparison was made between
the responses overall and those from Osaka City. Overall,
there was no significant difference in the trends between
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Fig.6 Main reasons for using
FDTS (multiple answers
allowed)

(3) Convenient to purchase without going out

(4) Can choose food from a wide variety of
restaurants can choose food froma variety of...

(5) Takes less time than eating in a restaurant
(6) Points or coupons are offered

(7) Cookingis ahassle

(2) Want to eat out but avoid the risk of infection from
eatingand drinking in a restaurant

(1) Used before

(8) Opportunities to gather in large groups for events, ?

etc.

@B efore COVID-19 pandemic

the responses of Osaka City residents and Osaka Pre-
fecture residents. Osaka City has more extensive FDTS
than other cities, and although the demand for FDTS was
expected to increase significantly during the COVID-19
pandemic, the trend remained almost the same.

As a result of the gender trends, the proportion of
those who used the service 1-2 times per week before
the COVID-19 pandemic did not differ substantially
between males and females. In contrast, the proportion
of those who used it “2-3 times a month” to “about once
a year” was higher among females. During the COVID-
19 pandemic, the number of respondents of both sexes
who used the service “1-3 times a week" and “2-3 times
a month" increased compared to before the COVID-19
pandemic. Married respondents were more likely to report
increased use of FDTS during the COVID-19 pandemic
compared to the never-married respondents. Respondents
with children were more likely to report increased use
of FDTS during the COVID-19 pandemic compared to
those without children. In terms of the number of people
in the household, all respondents, excluding those in two-
person households, reported increased use of FDTS dur-
ing the COVID-19 pandemic, although many respondents
in two-person households were middle-aged or older and
may have prioritized eating at home rather than using
FDTS during the COVID-19 pandemic. Respondents
with an annual household income of 10 million JPY or
higher increased their frequency of FDTS use during the
COVID-19 pandemic. However, respondents with annual
household incomes less than 10 million JPY did not use
FDTS as frequently.
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Table 3 Weight of plastic containers

Hamburgers Noodles Rice Other
Median 0.023 0.020 0.034 0.035
Average 0.023 0.020 0.029 0.022
First quantile 0.022 0.018 0.022 0.017
Third quantile 0.026 0.024 0.036 0.032

Unit: kg/person/meal

Table4 Annual plastic packaging waste from FDTS use in Osaka
Prefecture

Before the During the Difference

COVID-19 pan- COVID-19 pan-

demic demic
Median 4554 6153 1599
Average 3879 5280 1401
First quantile 3263 4531 1268
Third quantile ~ 4785 6497 1712
Unit: t

Plastic packaging waste resulting from FDTS

Table 3 shows the weight of plastic containers by cat-
egory, and Table 4 shows the annual plastic packag-
ing waste resulting from FDTS use by people in their
20-69 in Osaka Prefecture, based on the results pre-
sented in Table 3. The results revealed that the median
amounts of plastic packaging waste before and during
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Table 5 Annual CO, emissions from FDTS use in Osaka Prefecture 70,000
: : °
Before the During the Difference
COVID-19 pan-  COVID-19 pan- 60,000 ./
demic demic = /
5 50.000 /°
Median 34,813 47,033 12,220 7 Before COVID-19 /.
Average 29,647 40,359 10,713 'S 40,000 pandemic: 52% o
v
First quantile 24,942 33,860 8918 ~
& 30,000
Third quantile 36,578 49,661 13,083 S i "
= Durning COVID-19
Unit: t CO, 2 20.000 pandemic: 57.8%
<
the COVID-19 pandemic were 3879 t (3263-4785 t) and 10:990
5280 t (4531-6497 t), respectively. The median increase 0 ./.
in plastic packaging waste during the COVID-19 pan- 0 20 40 60 $0 100

demic was 1401 t, which accounts for 1.35-fold increase.

According to Osaka Prefecture [20], the total amount
of plastic packaging waste collected in 2020 was 58,770 t.
The median plastic packaging waste generated as a result
of the use of FDTS during the COVID-19 pandemic cor-
responded to approximately 9% of the total amount of
plastic packaging waste collected in Osaka Prefecture.
Liu et al. [8] indicated that online food delivery generates
food containers equivalent to 15.7% of municipal solid
waste (MSW) in Osaka Prefecture. Because the conditions
under which this study was conducted were different from
those of their studies, a comprehensive comparison of
the two studies was difficult. Nevertheless, the fact that
plastic containers alone were surveyed in this study may
have led to this difference in results.

Table 5 shows the annual CO, emissions from FDTS
use by people in their 20-69 in the Osaka Prefecture.
Results revealed that the median (first to third quartile)
CO, emissions before and during the COVID-19 pan-
demic were 34,813 t CO, (24,942-36,578 t CO,) and
47,033 t CO, (33,860-49,661 t CO,), respectively. Thus,
the median increase in CO, emissions during COVID-19
pandemic was 12,220 t CO,.

According to Osaka Prefecture [17], the CO, emissions
from MSW treatment in Osaka Prefecture in 2019 were
1,610,000 t CO,, and the median CO, emissions from
FDTS use during the COVID-19 pandemic corresponded
to approximately 2.5% of the total CO, emissions from
MSW treatment in Osaka Prefecture. Although the impact
of FDTS use was large in terms of plastic packaging waste
generation, it was small in terms of CO, emissions. How-
ever, the CO, emissions published by Osaka Prefecture
include emissions from waste treatment as a whole, and
emissions from plastic packaging waste only are not pub-
lished. By understanding only the CO, emissions from
plastic packaging waste, the impact of increased use of
FDTS could be more accurately analyzed.

Ratio of FDTS users [%]

Fig.7 Annual CO, emissions with an increase in the number of
FDTS users

Sensitivity analysis

The percentages of respondents who used FDTS before
and during the COVID-19 pandemic were 52% and 57.8%,
respectively. To examine the impact of the future expansion
of FDTS use, a sensitivity analysis was conducted to deter-
mine how CO, emissions would change if the percentage of
FDTS users increased to 100%. A regression formula with
the origin set to 0 was developed based on the CO, emis-
sions estimated for before and during the COVID-19 pan-
demic, and the CO, emissions were calculated by applying
this formula until the utilization ratio reached 100%.
Figure 7 shows the change in annual CO, emissions with
an increase in the number of FDTS users. When the percent-
age of users was 100%, the median amounts of plastic pack-
aging waste and CO, emissions were estimated to increase
to 15,500 t and 64,094 t CO,, respectively. This would result
in 4.0% of the total CO, emissions from MSW treatment
in Osaka Prefecture resulting from FDTS use. Therefore,
although the burden of treating plastic packaging waste has
increased, its impact on CO, emissions is not significant.

Conclusion

This study analyzed the impact of FDTS use on the gen-
eration of plastic packaging waste during the COVID-19
pandemic. FDTS use before and during the COVID-19
pandemic was determined using a questionnaire. Changes
in plastic packaging waste and CO, emissions before and
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during the COVID-19 pandemic were evaluated based on
the survey results. The findings of this study are as follows.

1) Respondents in their 20-69 who used FDTS before
and during the COVID-19 pandemic accounted for
52% and 57.8% of the total, respectively. Comparing
the two periods, the percentage of respondents who
used FDTS increased by 5.8% during the pandemic.
In terms of demographics, the frequency of FDTS use
increased among respondents in their 20s, 40s, and 50s,
and among those with relatively high annual household
incomes of 10 million JPY or higher.

2) The median annual amounts of plastic packaging waste
resulting from FDTS use in Osaka Prefecture derived
from FDTS use by people in their 20-69 before and dur-
ing the COVID-19 pandemic were 3879 t (3263-4785 t)
and 5280 t (4531-6497 t), respectively. The amount of
plastic packaging waste produced during the COVID-19
pandemic increased 1.35-fold compared to that before
the pandemic.

3) The median annual CO, emissions of Osaka residents
in their 20-69 from FDTS use before and during the
COVID-19 pandemic were 34,813 t CO, (24,942—-
36,578 t CO,) and 47,033 t CO, (33,860-49,661 t CO,),
respectively.

4) Sensitivity analysis was conducted to determine the
future impacts of increased FDTS use. If the percentage
of FDTS users increases to 100%, the amount of plastic
packaging waste and CO, emissions are estimated to
increase to 15,500 t and 64,094 t CO,, respectively.

The limitations of this study include the fact that sur-
vey respondents were randomly selected. Consequently, the
number of respondents in their 20s, who were considered to
have a high percentage of FDTS use was small. In addition,
the estimates of plastic packaging waste generation do not
include residents in their teens and over 70s. The survey
also examined demographics related to sex, marital status,
number of persons in the household, and annual household
income. However, municipalities, including Osaka Prefec-
ture, do not publish data on the population composition cov-
ering these demographics. Therefore, these demographics
could not be used to estimate the amount of plastic packag-
ing waste generated. A more realistic survey could be con-
ducted by recruiting respondents according to the demo-
graphic composition of Osaka Prefecture.

FDTS are central to the growth of the restaurant market
and have supported the recovery of the restaurant industry
during and after the COVID-19 pandemic. However, the
impact of FDTS on plastic packaging waste and CO, emis-
sions should also be considered. Opportunities should be
provided to people, especially those in their 20s and 30s and
those who have been using FDTS since the beginning of the

@ Springer

COVID-19 pandemic, to consider the impact of FDTS use.
This allows containers to become a selection criterion when
using FDTS and changes the way plastic packaging waste is
segregated and recycled [21]. In addition, governments and
businesses involved in the manufacturing and use of plas-
tic containers need to raise awareness to reduce plastic and
focus on the development [5] and marketing of plastic pack-
aging waste made from alternative materials such as polylac-
tic acid. In addition, people should be actively encouraged to
cooperate in waste segregation and to support the segrega-
tion systems of the government and municipalities.
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