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Abstract. In this work, the Productivity Index (PI) was developed for evaluating ten plastic drop-off points
along the Sukhumvit Road, Bangkok, Thailand. Factor Analysis of Mixed Data (FAMD) was employed to
study the effects of various parameters on drop-off point’s performance. To explore plastic separation
behaviors, the structured questionnaires were created based on the extended Theory of Planned Behavior,
and the questionnaire’s responses were then analyzed through the Structural Equation Model (SEM). The
highest PI (0.0058) was observed from a drop-off point located in the shopping mall while that installed in a
restaurant exhibited the lowest PI (0.0008). Besides environmental attitude and petrceived behavioral control,
a drop-off point facility was proved as another factor influencing people’s intention towards plastic waste
separation behavior. To improve the PI, drop-off point’s bin design and location should be carefully
optimized. Moreover, public relation on drop-off point campaigns and knowledge on household plastic waste
separation should be promoted. These findings are helpful for the improvement or expansion of plastic drop-
off point facilities as well as for the future development of waste recycling policy.
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1. Introduction

Plastic has been introduced to the world since the
early 20th century. Its production has outshined other
man-made materials and is used as an indicator for the
development level [1, 2]. Unfortunately, most of plastics is
non-biodegradable and it gradually shrinks into tiny pieces
called microplastics, posing a great threat to the ecosystem
and food chain [3]. Plastic waste mainly ends up in landfills
while less than 10% enters recycling processes [1]. Plastic
pollution has thus become a ubiquitous environmental
issue and has gained significant attention in recent years
[2]. In 2018, Thailand generated solid waste around 27.9
million tons and 2 million tons of them were plastic waste,
including PET bottles, glasses, boxes, plastic bags and
bottle caps. However, only a quarter of these plastic wastes,
mostly PET bottles, can be recycled [4]. Thailand has been
ranked as one of the biggest polluters causing marine
plastic pollution. Therefore, the government has launched
the 2018-2030 Waste Management Roadmap containing
two major objectives. The first one is to reduce, ban, and
substitute specific types of plastic. Microbeads, cap seal,
and oxo-plastics have been banned since 2019. Plastic
straw, styrofoam container, thin plastic bag, and single-
used plastic cup are all planned to be phased out in 2022.
The second objective is 100% reuse of all-type plastics by
2027 through the implementation of three measures:
reducing waste generation at source, reducing waste
through consumption chain, and managing plastic waste
after consumption [5]. Following this roadmap, the single-
use plastic bag baning campaign in shopping malls,
convenience stores, and supermarkets has been launched
since the beginning of 2020, which was supposed to
reduce plastic consumption and plastic waste generation.

However, the arrival of COVID-19 pandemic in
Thailand in early 2020 impacts the consumer behavior on
plastic waste generation. The skyrocketed rise in delivery
businesses brought an increase of plastic waste up to 15%,
in Bangkok [6]. Thailand Environment Institute
Foundation (TEI) also estimated the 60% increase of
plastic waste during COVID-19 in 2020. Furthermore, the
growth of food delivery businesses in Thailand expanded
more than 200% during the work from home period,
increasing the amount of plastic food packaging to 550
million pieces per year [7]. Many attempts from various
organizations have been initiated to encounter this
situation. Among them, “Send Plastic Home Project” has
been launched under the cooperation of Ministry of
Natural Resources and Environment and Thailand
Responsible Business Network (TRBN) along with public
and private sectors. This project focuses on encouraging
people to separate their household plastic wastes by
providing knowledge on the waste separation and plastic
waste drop-off facilities in public areas. Besides improving
waste management, used plastic is expected to be returned
to the recycling or recovery processes, which is one among
basic concepts of circular economy in attempt to promote
responsible consumption, sustainable markets, and
protection of natural resources [8-10]. Ten plastic drop-

off points have been placed in different locations on
Sukhumvit Road to receive clean and dry plastics, either
hard or stretchy. The concept of drop-off points
conforms the study result indicating that the supply of
recycling services has significant effects on household
recycling. Among various methods, installing drop-off
centers has been considered most effective due to its low
cost and less time-consuming [11, 12]. To date, few
researchers have pointed out that bin design [10] and
public relation [13] play a key role in waste sepatation
behaviors. Additionally, the information availability,
public engagement, sorting instruction, and public
perception are also crucial parameters [14, 15].

The effective drop-off points can be achieved by
understanding people’s perception and behaviors on
waste separation [14, 15]. Comparing to others [106], the
Theory of Planned Behaviour (ITPB) is considered a
potential tool helping to understand people’s intention
through various factors, e.g., attitude, subjective norm,
and perceived behavioral control [17], which are all
elements leading to waste separation behaviors. In china,
they use the TPB model with additional analysis methods
to establish an environmental regulation enhancing the
responsibility of residents, personal involvement, and
knowledge for household waste soring [18].

Hence, the objective of this study is to construct the
evaluation method for a plastic drop-off point in terms of
the Productivity Index (PI). Other relevant factors
affecting drop-off point’s performance were also analyzed.
Moreover, the behavioral study was conducted using the
TPB method in order to investigate people’s behavior on
waste seperation and involvement in drop-off facility. The
results obtained from this work can be applied for the
improvement of existing drop-off points and for the
planning of further drop-off point installation. Effective
plastic drop-off points together with people’s
environmental behaviors would definitely promote waste
recycling and circular economy in Thailand.

2. Materials and Methods
2.1. Data Analysis

Plastic drop-off points studied in this work are listed
in Table 1 including ten drop-off points in the Send Plastic
Home Project and seven drop-off points of the WON
Project. Note that the WON Project has been operated
for years before the Send Plastic Home Project was
initiated. Stretchy plastic collected from both projects was
transported to the recycling facility operated by TPBI PCL.
However, this work only considered the amount of
stretchy plastic obtained from the Send Plastic Home
Project while the information from WON Project was
employed for factor analysis.

2.1.1. Quantitative data

The collected stretchy plastic from each drop-off
point, both recyclable and non-recyclable, was weighed to
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determine its quantity. Moreover, we gathered important
data tending to pose the effect on drop-off point
performance. Those data included number of parking lots;
parking prices; distances from a neatby BTS/MRT station;
number of restaurants; number of daily visitors; public
advertisement/campaign; bin design; operating hours;
opening time; closing time; and the usable area.

Table 1. Drop-off points of Send Plastic Home and
WON Projects.

Type I—izrrfelgjs]'t;it WON Project
Building 1) Singha Complex 1) NIAH
2) Arch KU
3) Enco A
Community 1) Bambini Villa
mall 2) A Squate
3) The Commons
Thonglor
Mall 1) Tesco Lotus
Sukhumvit 50
2) EmQuartier
3) Empotium
Restaurant 1) Broccoli 1) Midsummet
Revolution 2) Refill Station
2) Veggiology 3) The Gallery
Sushi
4) Hwankrob
Supermarket 1) CP Freshmart

(Sukhumvit 39)

Factor analysis of mixed data (FAMD), which is a
principal component method used for analyzing a data set
containing both quantitative (e.g., usable area, parking lot,
parking price) and qualitative variables (e.g., bin design,
public relation, related campaign) [19], was applied in this
work. FAMD helped reduce the dimensions of different
factor types by plotting data of the seventeen drop-off
points against the amount of stretchy plastic collected, bin
design, and types of location. The analysis was performed
by R version 4.0.2 [20] with FactoMineR package [21].

2.1.2. Qualitative data

The qualitative data (i.e., recycling ratio and
cleanliness) of the stretchy plastic collected from each
drop-off point were provided by the recycling facility,
TPBI PCL. The recycling ratio was calculated from the
amount of recyclable plastic to the amount of total plastic
collected, representing how much plastic types are
disposed of correctly. For the plastic’s cleanliness, a rating
scale from 0 (dirtiest) to 5 (cleanest) was applied.

2.1.3. Logistics data

Stretchy plastic, polypropylene (PP) and polyethylene
(PE), was collected weekly from drop-off points in
Bangkok to the recycling facility in Nakhon Pathom by 4-
wheel pickup. The transportation route started from A
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Square, Bambini Villa, Tesco Lotus Sukhumvit 50,
Emporium, EmQuartier, Veggiology, Broccoli Revolution,
The Commons Thonglor, CP Freshmart Sukhumvit 39 to
Singha Complex, respectively. The logistics cost (L) per
round consists of fixed and vatiable costs as expressed in
Eq. (1) where the route distance (D) can be calculated
from Eq. (2).

Fixed costs  Variable costs

1 1
r VT \
Logistics cost (L) = (D X F)+T+ 1"+ W @
Route distance (D) = )};—, D;+Dy+...+D, 2

D = Route distance (km) as a round-trip from the
recycling facility through all drop-off points in the
transportation route

F = Fuel cost (Baht/km) estimated from fuel price
(Baht/liter) and average fuel consumption rate (liter/km)
of the vehicle

T ='Toll fee (Baht)

1”7 = Rental vehicle cost (Baht)

IV = Driver wage (Baht)

2.1.4. Productivity Index

We evaluated the performance of each drop-off point
through the Productivity Index (PI) calculated from Eq.
(3). Logistics cost, quantity, quality, and value of the plastic
collected were required for the evaluation. These data
were recorded every 2 weeks during the studied period,
and their average values were used for the calculation.

M, _ RXM,xP

Productivity Index = — X
C L

3)
M, = Mass of the total collected plastic waste per trip (kg)
C = Maximum capacity of the vehicle (kg)

R = Recycling ratio

P = Plastic waste price (Baht/kg)

L = Logistics cost (Baht)

M, = Plastic mass collected from each drop-off point (kg)

2.2. Theory of Planned Behavior
2.2.1. Research model

In this work, we applied the Theory of Planned
Behavior (TPB) model to study people behaviors on
plastic waste separation. TPB assumes that our behaviors
are directly influenced by the intention arising from three
independent variables, i.e., attitude toward the behavior,
subjective norm, and perceived behavioral control. The
‘attitude toward the behavior” refers to the degree at which
a person has a favorable or unfavorable appraisal of the
behavior in question. The ‘subjective norm’ is a social
factor relevant to the perceived social pressure whether to
perform the behavior. Lastly, the ‘perceived behavioral
control’ indicates the perception of ease or difficulty to
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Fig. 1. The extended Theory of Planned Behavior adapted
from Stoeva and Alriksson [9].

perform the behavior. This variable is assumed to reflect
past experiences as well as anticipated impediments [22].
According to the previous research [9, 23, 24], recycling
facilities can strengthen both intention and behavior on
waste recycling. Here, a drop-off point was considered a
kind of recycling facilities, which was included in the
model denoted as the extended TPB (Fig. 1).

2.2.2. Studyapproach

We applied the extended TPB model in the
questionnaire survey performed both on-site and online
platforms. The questionnaires were prepared in two
languages (Thai and English), with the list of variables and
questions shown in Table 2. The respondents were asked
to read the statements and then indicate the extent at
which they agreed or disagreed with the statements using
a 5-point Likert-scale ranging from strongly disagree to
strongly agree choices.

All calculations were conducted using the SPSS for
Windows, version 22. We calculated the Cronbach’s alpha
coefficient for each variable to ensure the scale reliability

of the result on multi-item questions. This coefficient is
widely used for assessing Likert-type scales when model
components are latent variables measured indirectly
through each item [25]. The Structural Equation
Modelling (SEM) was used to setup a framework for
analyzing the correlation of multiple variables affecting
plastic waste separation behavior under the extended TPB
model of study [30].

3. Results and Discussion

3.1. Drop-off Point Productivity
3.1.1 Drop-off point performance

During the studied petiod, the stretchy plastic of 420
kilograms was collected by Send Plastic Home project. As
presented in Fig. 2, the amount of collected plastic after
60 days was found highest in EmQuartier (104.52 kg)
followed by Tesco Lotus Sukhumvit 50 (99.49 kg) and The
Commons (47.68 kg).

Besides the quantity, the plastic’s cleanliness is
another factor affecting plastic recycling opportunities.
The plastic wastes collected from all drop-off points had
relatively high cleanliness level of 4 to 5, which was
favorable to the recycling facility. However, during the
first week of investigation, a considerable amount of
plastic waste collected from Tesco Lotus Sukhumvit 50
held the cleanliness level of only 2, meaning that the plastic
waste was still commingled and difficult to be recycled. We
improved this situation by conducting the public relation
(PR) campaign relating to plastic waste separation and
then obsetrved that the plastic’s cleanliness was enhanced
to level 4 within two weeks after the PR. This result
indicates the importance of PR on people’s awareness and
behavioral changes in waste separation.

Table 2. Variables from the extended Theory of Planned Behavior including their items applied in the questionnaire.

Variable Question Source
Attitude

AT1 Waste separation is important and necessary Own wording
AT2 Plastic waste separation can promote resource recycling and utilization "
Subjective norm

SN1 People around me think that plastic waste separation is useful "

SN2 People around me ate one among reasons why I want to separate plastic waste "
Perceived behavioral control

PBC1 I know how to correctly separate plastic waste [26]
PBC2 Plastic waste separation can be easily conducted [26]
Drop-off point

DP1 Because there are plastic waste drop-off points, I started to separate plastic waste Own wording
Intention

IN1 Iintend to separate plastic waste as much as possible within a month [27]
Behavior

BE1 I usually separate plastic waste (28]

BE2 I always take separated plastic waste to recycle bin [29]

4 ENGINEERING JOURNAL Volume 25 Issue 10, ISSN 0125-8281 (https://engj.org/)



Veggiology,

Singha Complex,
2105 et
CP Fresh mart,
20.24 Tesco Lotus,
99.49
Broccoli
Revolution,

16.71

The Commons,
47.68

A Square,

36.29 104.52

Bambini Villa,
34,53

Emporium,
12.80

Fig. 2. Total weight of the collected stretchy plastic waste
(kg) from Send Plastic Home project operated for 60 days
(12t May — 11t July 2020).

500

&

2 400 2
E o

oy .

=300 -

<

9

£ 200 e

,; ’_.-". y = 6.6372x
£ 100 Rz =0.9971
= e

g o.

§ 0

< 0 20 40 60 80

Time (days)

Fig. 3. The accumulated stretchy plastic from Send Plastic
Home project during 60 days of the studied period.

3.1.2 Logistics data

Currently, the pickup truck with 300-kg capacity was
used for collecting the stretchy plastic from all drop-off
points to the recycling facility, contributing to the logistics
cost of 1,350 baht (210 baht and 1,140 baht for fixed and
variable costs, respectively). This 300-kg capacity of the
vehicle must be fully utlized to maximize the
transportation’s cost-effectiveness. Therefore, we plotted
data between the accumulated plastic mass versus the
collection periods as displayed in Fig. 3. The result
exhibited a linear relationship (R? = 0.9971), which can
predict the proper time to collect the plastic waste from
drop-off points as Eq. (4).

y = 6.6372x (4)

y = Accumulated stretchy plastic (kg)

DOI:10.4186/¢j.2021.25.10.1
x = Time (days)

For this case, instead of weekly collection, the plastic
waste should be stored at the drop-off point up to 46 days
to achieve the maximum 300-kg capacity. This
information is useful for designing the transportation plan
as well as for preparing the storage at each drop-off point
in order to minimize the logistics cost, which is the largest
concern in the circular plastic management.

3.1.3 Productivity Index (PI)

As shown in Fig. 4, PI can be divided into two groups:
(1) high PI (>0.005) for Tesco Lotus Sukhumvit 50 and
EmQuartier and (2) low PI (<0.002) for the remaining
locations. For the high PI group, it can be noticed that
EmQuartier had a greater mean PI than that of Tesco
Lotus, from which more plastic waste could be collected.
This result suggests that the amount of plastic waste
collected is not the only factor reflecting on the
productivity of drop-off points. It was also interesting that
the outlier PI found in A Square, The Commons, Broccoli
Revolution, CP Freshmart, and Veggiology exhibited the
potential of these locations to increase their PI.

Studying PI is helpful for evaluating the performance
and optimizing the location of drop-off points. To
improve the P, several approaches can be conducted; for
example, displacing the drop-off point or gathering plastic
wastes from nearby points to a single place in order to
facilitate the transportation and thus reducing the logistics
cost. It was clear that the location of a drop-off point plays
a crucial role on its productivity. People are likely to use a
drop-off point more frequently if the travel distance from
their home to the site is short [31]. Nevertheless, the
location might not be the only factor affecting the
productivity. We thus incorporated other relevant factors
into consideration. In this work, the factor analysis of
mixed data (FAMD) was performed to identify key
variables governing the drop-off point’s productivity. The
results are explained in the following part.

3.1.4 FAMD analysis

FAMD was applied to determine the influence of ten
variables on the drop-off point performance. The
variables of study were compiled from literatures [10, 13,
31] and field-survey observation, including (1) bin design,
(2) opening and closing time of the location, (3) space of
the location, (4) distance from a BTS or an MRT station,
(5) number of restaurants, (6) number of parking lot, (7)
parking price, (8) operating hours of the location, (9)
traffic level of the location, and (10) PR and campaign
related to the plastic waste collection.

In this study, drop-off point locations under the Send
Plastic Home project could be divided into three groups
according to the traffic in the area, which reflected on a
number of people accessible to the drop-off point. The
first group was drop-off points with heavy traffic,
including EmQuartier, Emporium, and Tesco Lotus
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Sukhumvit 50. The second group with moderate traffic
comprised A Square, CP Freshmart, The Commons,
Singha Complex, and Bambini Villa. Lastly, Veggiology
and Broccoli Revolution were classified as a light-traffic
group.

Figure 5 presents the analytical data obtained from
FAMD. By projecting all variables into two-dimensional
plots, the first and the second component explained
28.7% and 16% of the variation, respectively. The total of
44.7% data analysis might not be able to describe the
individual drop-off point, but it could suggest the
potential factors influencing the overall drop-off point
performance. The first component was most impacted by
bin design, parking lots, and traffic levels, respectively.
Meanwhile, the second component was most affected by
bin design, closing time, and operating hours. It is obvious
that bin design had the largest impact on the amount of
stretchy plastic obtained from each drop-off point. Bin
appearance is the first thing people notice and can
differentiate the drop-off point from general trash bins.
Bins with nice or unique design can attract people
attention and motivate them towards waste separation.
For example, a drop-oft point at Tesco Lotus Sukhumvit
50 offered a step-on bin installed with sound motion
sensor. This design could obviously distinguish the plastic
drop-off bin from others and thus played a key role in
improving the quality of plastic waste collected.

Parking lots, closing time, and operating hours
indicate the capability of people to access drop-off points
anytime they are available. The largest portions of plastic
waste were collected from EmQuartier and Tesco Lotus
Sukhumvit 50 since these locations have more parking lots
provided. Moreover, their long operating hours (i.e., 6am

to 12am) allows people to access the drop-off point either
in the early morning or in the late night. In terms of the
traffic level, large hypermarket and shopping malls like
Tesco Lotus Sukhumvit 50, EmQuartier, and Emporium
were categorized as the heavy traffic area, and large
amounts of the stretchy plastic waste were expected.
However, Emporium received a small amount of the
stretchy plastic, which accounted for only 3% of the total.
Emporium is located opposite to the EmQuartier, and
both of them are connected with the BTS station. Since
Emporium is considered a luxury shopping mall, most
people would rather go to EmQuartier, which is more
compatible to their varied lifestyles. This could be a reason
behind the small amount of plastic collected from the
drop-off point at Emporium.

The medium and small amounts of collected plastic
were mostly found in community malls and restaurants,
respectively. This is exceptional for Veggiology, which is a
restaurant with the medium amount of plastic waste
collected (28.85 kg). Besides the drop-off point from
‘Send Plastic Home’ project, Veggiology also provides
another drop-off point from ‘WON’ inside the shop.
Therefore, people are familiar to drop the stretchy plastic
here combining with the discarded plastic from the shop
itself. Enco A and Singha Complex ate a large working
place, which is supposed to have the moderate traffic.
Surprisingly, these two locations got the small amount of
plastic collected. Apart from building staff and employees,
difficulties for people to access these locations might be
responsible for this result.
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Fig. 4. Boxplots of Productivity Index of each drop-off point.
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Fig. 5. The representation of individuals from FAMD labeled by (a) an amount of stretchy plastic, (b) bin design, and
(c) types of location. The contributed proportion of each factor to the component was presented by the heatmap. The
stretchy plastic collected from each drop-off point was classified as a small (<20 kg), medium (20-70 kg), and large (>70
kg) amount. The bin design included A: acrylic open-top bin, B: white push-in cover bin, C: step-on bin, D: yellow
push-in cover bin with covered cardboard, E: gray lid-opening bin, F: step-on bin equipped with sound, and G: no bin.

3.2. Extend Theory of Planned Behavior (TPB)

Considering Eq. (3), the PI of each drop-off point can
be improved by increasing the recycling ratio and weight
of the collected plastic. These two parameters ate relevant
to people’s perception and understanding on plastic waste
separation as well as a number of people participated in
the project. Therefore, well-communicating the project’s
target and providing necessary knowledge on plastic waste
separation are necessary to achieve the effective plastic
waste collection at drop-off points. According to previous
research, people tended to use drop-off points more often
when they felt that recycling is convenient and they are
familiar with the recycling infrastructure [23]. A belief that
recycling is good for the environment [11] and social
pressure [32] are also the significant motivations for
household recycling behavior. In this work, we applied
TPB to study people’s intention and behavior on waste
separation. The results obtained from TPB could lead to

an intervention promoting efficient waste separation and
recycling.

The questionnaires were completed by 484
respondents submitted via online platforms. Socio-
demographic data of the respondents are displayed in
Table 3. Majority of the respondents was female (84.1%),
and two-third of the respondents (66.7%) was in the age
of 31-50 years old. It was found that 67.6% of the
respondents were awatre of this project from Facebook
and they would like the project to expand the
communication through other channels, particularly the
mass media such as television.

Once the questionnaire’s responses were summarized,
we then tested the validity of the measurement model. The
confirmatory factor analysis (CFA) was applied to
examine the model fitting level through several parameters,
including CFI (comparative fit index), GFI (goodness of
fit), AGFI (adjusted goodness of fit), and RMSEA (root-
mean-square error of approximation). CFA refers to a
technique for assessing how well the observed items
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represent the model by considering the recommended
acceptance levels [30]. The criteria to evaluate the model
fit are provided in Table 4. The result showed that all
model fitting parameters agreed with the recommended
acceptance levels.

Table 3.  Socio-demographic data of the respondents.

Parameter Number Percentage
Age:
15-30 86 17.8
31-50 323 66.7
Over 51 75 15.5
Sex:
Male 74 15.3
Female 407 84.1
Other 3 0.6
Table 4. Confirmatory  factor analysis of  the

measurement model studied in this work

Model TPB model
Fid 1530 3150 >51 Recommended
. . cars cars cars acceptance

Criteria 7 Y0 Yol 1e€e1s

CFI 091 094 099 =09

GFI 092 096  0.94 >0.9
AGFI 084 093 088 >0.8
RMSEA  0.08 007 0.2 <0.08

Cronbach’s alpha reliability coefficient normally
ranges between 0 and 1. The closer Cronbach’s alpha
coefficient is to 1, the greater internal consistency among
the items in the scale. Table 5 presents the Cronbach’s
alpha coefficient for four parameters studied via TPB.
Drop-off point and intention were not considered since
they belonged to a single-item question. The reliability was
found highest for attitude, behavior, subjective norm, and
perceived behavioral control, respectively. All variables
with the Cronbach’s alpha values above 0.60 showed their
acceptable internal consistency [33, 34|. Whereas, the
perceived behavioral control with Cronbach’s alpha
coefficient of 0.50 exhibited the moderate reliability [35].

Table 5. Cronbach’s alpha coefficient for each variable.

Variables Cronbach’s alpha
Attitude 0.90
Subjective norm 0.67
Perceived behavioral control 0.50
Behavior 0.68

As shown in Fig. 6a, the strongest predictor of
intention in the sample aging 15-30 years old was
perceived behavior control, drop-off point, and attitude,
respectively. The result corresponds to the previous
research reporting that attitude, perceived behavior
control, and satisfaction with local facilities were a

significant predictor influencing waste separation behavior
for university students (age 18—24 years old) [9]. For the
respondents with 31-50 years old, their intention was
most influenced by drop-off point, attitude, and perceived
behavioral control, respectively (Fig. 6b). Meanwhile,
attitude was the predictor most affected the intention of
respondents over 51 years old, followed by perceived
behavioral control, drop-off point, and subjective norm
(Fig. 6¢).

Attitude 0.21
Toward the behavior
0.51
Subjective Norm Intention Behavior
Perceived 0.32
Behavioral Control
. 0.28
Drop-off Point
Attitude 0.33
Toward the behavior
. ] 0.44 i
Subjective Norm Intention Behavior
Perceived 0.20
Behavioral Control
. 0.34
Drop-off Point
Attitude 0.30
Towatd the behaviot
i 0.03 . 0.52 ‘
Subjective Norm Intention » Behavior
Perceived 0.29
Behavioral Control
. 0.19
Drop-off Point

Fig. 6. Structural Equation Modelling (SEM) for
evaluating factors affecting plastic waste separation
behavior: (a) 15-30 years old, (b) 31-50 years old, and (c)
over 51 years old.

It is obvious that attitude became a more significant
factor as people get aged. Environmental awareness is one
key driving force stimulating the environmental attitude
[28], which further brings their intention toward plastic
waste separation. Therefore, communicating with people
particularly young generation on current environmental
impacts such as plastic waste pollution, landfill emissions,
and depletion of natural resources could help improve
plastic waste separation behaviors. Additionally, relevant
marketing and campaigns should emphasize people on
waste separation at source/home and offer the valuable
outcomes after their participation [29]. The perceived
behavioral control was most significant to people of 15-30
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and over 51 years old. Their decision whether to separate
plastic wastes may depend upon how fast and how easy to
separate them. To promote their separation behavior,
providing suggestions or knowledge on the correct plastic
waste separation and designing products easy to separate
could be helpful. For the subjective norm, only the
respondents over 51 years old responded to this factor but
in a very low degree. The standardized coefficients ranging
from 0.4-0.5 were observed between intention and
behavior for all ages. This result implies that there would
be other factors influencing plastic waste separation
behavior and they were not included in this research
model, e.g., socio-economic factors, environmental
assessment, awareness towards environmental problems,
attribution of responsibility, habit, new environmental
paradigm, self-transcendence value and self-enhancement
value [36-37]. In addition to social factors, a physical tool
such as drop-off points was also of importance, especially
for people aged 31-50 years old. Installation of effective
drop-off points (considering bin design, location,
convenience, etc.), not only improves plastic waste
separation behavior, but increase the PI of plastic
recycling facilities.

4. Conclusion

Drop-off points are a low-cost and less time-
consuming implement for plastic waste recycling services.
In this work, we develop the Productivity Index (PI) for
plastic drop-off points, considering mass of plastic
collected, recycling ratio, logistics data (i.e., capacity and
cost), as well as plastic waste prices. PI can be applied as
an indicator to evaluate how effective the current drop-off
point is and to help designing further installation of drop-
off point facilities.

We observed that plastic waste separation behavior is
of most concern. Proper separation of plastic waste in
terms of type and cleanliness can significantly improve the
drop-off point’s PI and enable the successful plastic waste
recycling system. People’s intention towards plastic waste
separation attributes to not only their environmental
attitude and perceived behavioral control but drop-off
point facility, especially those of 31-50 years old. To
improve the quality and quantity of plastic waste collected,
information regarding plastic waste’s impacts and its value
after separation should be more communicated. Moreover,
bins and locations of drop-off points should be carefully
optimized focusing on the attractiveness and convenience
for people. These findings support plastic waste recycling
programs as well as the circular economy in Thailand.
Additionally, the intervention inducing people’s
behavioral changes could help to design and improve the
policies relating to waste separation and recycling.
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