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ABSTRACT

Population growth and urbanization used to be the only indicators of waste
quantity in the past. This research forecasted plastic packaging waste with data
from 2010 to 2022 using statistical methods for analysis and aimed to study 47
economic indexes that correlate with and influence the quantity of plastic
packaging waste. The quantity of municipal solid waste is constantly increasing
by approximately 25 million tons per year, with the quantity of plastic packaging
waste having a similar proportion generated each year at 7.91-11.79%. This study
observed that the quantity of plastic packaging waste had a Pearson correlation
value with an economic index of more than 0.4 (R>0.4) at a significance level of
0.05. The economic index could additionally explain 52.2% of the changes in the
quantity of plastic packaging waste, including the wholesale index for food, retail
sales index for beverages, and sales index without a store, using the stepwise
multiple regression method. The accurate forecasting of plastic packaging waste
for use in the planning and design of management systems averaged 78.57%,
including the fact that it could be forecasted simultaneously with forecasting
economic index changes.
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The planning and design of plastic packaging
management systems require the accurate forecasting

The quantity of municipal solid waste worldwide is more
than 2,200 million tons per year, and one third of this is
from countries with the highestincome (Bueta etal., 2021).
Indonesia, Thailand, Vietnam, the Philippines, and
Malaysia are the top five Southeast Asian producing
countries of municipal solid waste (UN Environment,
2017; Arumdani et al,, 2021). The quantity of municipal
solid waste has a direct relationship to economic, social,
and environmental activities, as municipal solid waste
primarily consists of food waste, followed by plastic waste
(Letshwenyo and Kgetseyamore, 2020). When separating
plastic waste, plastic packaging waste accounted to more
than 50% (PlasticsEurope and EPRO, 2019), and 44.10%
were observed to be of the single-use type (Horton et al,,
2017; Praveena and Aris, 2021).
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of plastic packaging waste. The published literature
provides explanatory economic variables for forecasting
the municipal solid waste rate, including the plastic
packaging waste rate. Moreover, the waste generation and
economic growth in all countries in EU-27 show a sharper
and larger decrease (Inglezakis et al., 2012). These results
are congruent with those of Saengchut et al. (2022), who
observed that the leading economic index affected changes
in the quantity of municipal solid waste and plastic
packaging waste (Saengchut et al,, 2021). Changes in waste
rate, therefore, influenced the plastic packaging waste rate.
Other economic factors such as employment, gross
domestic product (GDP), education, or population could
forecast general waste, such as waste generation in
California, where employment was observed to be the
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strongest predictor of waste and a good predictor of
commercial waste (Hockett et al., 1995; Bach et al,, 2004).
The quantity of plastic packaging waste changes with the
development of each country, where the economy is an
important indicator (Pollution Control Department, 2023).
Consequently, it is necessary to consider that the
relationship between the economic index and data
representative of consumption is associated with the
quantity of plastic packaging waste as one of the key factors.

Plastic packaging waste is generated after the
lifecycle of products or services. This study aimed to
forecast plastic packaging waste in Thailand using the
application of economic index data to study the
correlation between economic index factors and plastic
packaging waste quantity. The statistical method was
used to analyze the quantities of plastic packaging waste
and economic index data for correlation and multiple
regression coefficients. Accordingly, plastic packaging
waste was forecasted simultaneously with the economic
index changes. Additionally, it involves efficient waste
management and reflects changes in the economic index.

2. MATERIALS AND METHODS

2.1 Scope of data

This study analyzed a mathematical equation for forecasting
plastic packaging waste in Thailand. All the data were selected
to analyze changes in the quantity of plastic packaging waste
from January 2010 to December 2022. The information was
divided into three categories: quantity of plastic packaging
production from the Office of Industrial Economics (The Office
of Industrial Economics, 2023), population data from the
Department of Provincial Administration (Department of
Provincial Administration, 2003), and economic index from
the Bank of Thailand (Bank of Thailand, 2023).

2.2 Data collection

The data collected comprised secondary data from online
databases comprising monthly data, namely, the packaging
industry database, the civil registration demographic
statistics database, and economic indices and indicators.
Plastic packaging is the quantity of production that
replaces the initial amount of waste because the plastic
packaging produced is almost all waste. A total of 47
economic indices were selected to create a mathematical
equation for forecasting plastic packaging waste, as they
are directly related to the use of packaging. The indices
include one economic-leading index, 18 wholesale indices,
and 28 retail sales indices.

2.3 Scope of data analysis

The selected data were analyzed using statistical analysis
software to obtain an equation for forecasting changes in
the quantity of plastic packaging waste. The data analysis
was divided into three steps—the first step was a
correlation test of plastic packaging waste quantity
between population and economic index using Pearson’s
correlation at a significance level of 0.05. The second step
was equation creation for forecasting using stepwise
multiple regression, in which both steps used data from
January 2010 to December 2017 (96 months). The final
step was to calculate the validity of the forecasting
equation using data from January 2018 to December
2022 (60 months).
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3. RESULTS AND DISCUSSION

3.1 Trend of plastic packaging waste in Thailand
The results were compared with the quantity of municipal
solid waste, comprising a high composition of municipal
solid waste, followed by plastic waste (Letshwenyo and
Kgetseyamore, 2020). Municipal solid waste constantly
increased from 24.22 million tons in 2010 to 28.71 million
tons in 2019, and the quantity reduction in 2020-2022 was
approximately 25 million tons. The quantity reduction
was demonstrated during the COVID-19 pandemic when
social activities such as travel and tourism decreased
(Boonchanit, 2021).

The quantity of plastic packaging waste in Thailand
has been increasing from 2010 to 2022 due to a massively
growing population, rapid urbanization, and plastic production
(Sharuddin et al, 2016). Plastic packaging waste increased in
2010-2015 (2.46-3 million tons) before declining in 2016-
2020 (2.54-2.38 million tons) and increasing again in 2021-
2022. The percentage range of plastic packaging was similar
eachyear (7.91-11.79%) (Figure 1).

The post-industrial plastic material is a convenient and
versatile product that is primarily used for packaging
(Kunwar etal,, 2016). Thailand has recorded a spike in plastic
use, such as that of single-use plastic packaging, bags, and
containers (Reuters, 2020). Since 2017, Thailand, Malaysia,
and Vietnam have restricted plastic waste imports and
imposed various bans to curb the overuse of single-use
plastics and non-biodegradable plastic bags (Ng et al., 2023).
However, the use of single-use plastics has increased again
post-COVID-19 pandemic (Chen et al,, 2021), considering the
use of plastic bags was not completely enforced. For example,
a few supermarkets still provide plastic bags, but with certain
charges, and there is a high growth rate of delivery services
(Boonchanit and Sujitra, 2021).

3.2 Forecast on plastic packaging waste using the
economic index

The data analysis for forecasting plastic packaging waste was
performed using Pearson’s correlation at a significance
level of 0.05 between the population and economic index
and stepwise multiple regression for equation forecasting of
the quantity of plastic packaging waste.

The results of the correlation determined that the
quantity of plastic packaging waste correlated with the total
population (R = 0.266). Moreover, there was a correlation
with the economic index (R>0.3) for the economic leading
index (No. 2); the wholesale index for pharmaceutics and
medicine, fragrances, cosmetics and toilet products in
specific stores (No. 7); the wholesale index for clothes, shoes
and leather in specific stores (No. 9); the wholesale index for
intermediate product sales (No. 12); the retail sales index for
tobacco (No. 25); the retail sales index for durable goods
(No. 27); the retail sales index for metal, paint and glass (No.
30); and the retail sales index for electric appliances,
furniture, electric lighting equipment and household
appliances in specific stores (No. 32). The retail sales index
for books, newspapers and stationery (No. 33), wholesale
index for building materials (No. 16), and retail sales index
ordered via mail or internet (No. 47) have correlated values
with an economic index more than 0.4 (R>0.4). A strong
correlation existed between plastic packaging waste and the
economic index when the value was close to 1 (R = 1), as
represented in Table 1.



Figure 1. Trend of municipal solid waste and plastic packaging waste in Thailand
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Table 1. Correlation of plastic packaging waste with economic index

2020
2021
2022

Municipal solid waste (tons)

Plastic packaging waste (%)

No. Economicindex Pearson Sig.
correlation (R) (2-tailed)
1 Total population 0.266™ 0.009
2 Economic leading index 0.316™ 0.002
3 Wholesale index 0.216° 0.034
4 Wholesale index for non-durable goods 0.244" 0.016
5 Wholesale index for food 0.254" 0.013
6 Wholesale index for beverage and tobacco products 0.190 0.064
7 Wholesale index for pharmaceutics and medicine, fragrances, cosmetics and toilet 0.301* 0.003
products in specific stores
8 Wholesale index for durable goods 0.144 0.163
9 Wholesale index for clothes, shoes and leather in specific stores 0.328™ 0.001
10 Wholesale index for electric appliances, furniture, electric lighting equipment and 0.051 0.622
household appliances in specific stores
11 Wholesale index for household items 0.140 0.179
12 Wholesale index for intermediate product sales 0.302™ 0.003
13 Wholesale index for machine and equipment 0.263™ 0.010
14 Wholesale index for automobiles and automobile fuels 0.150 0.144
15  Wholesale index for metals and metal minerals 0.079 0.447
16  Wholesale index for building materials 0.443™ 0.000
17 Wholesale index for waste and material waste 0.070 0.499
18  Wholesale index for other product 0.088 0.394
19 Wholesale index for regularly deliver products -0.156 0.130
20  Wholesale index for general goods 0.148 0.151
21 Retail sales index 0.195 0.057
22 Retail sales index for non-durable goods 0.183 0.074
23 Retail sales index for food in specific stores 0.181 0.078
24 Retail sales index for beverage -0.313" 0.002
25 Retail sales index for tobacco 0.357" 0.001
26 Retail sales index for pharmaceutics and medicine, 0.294" 0.004
fragrances, cosmetics and toilet products in specific stores
27 Retail sales index for durable goods 0.336™ 0.001
28  Retail sales index for audiovisual equipment 0.064 0.535

Silpakorn Universtiy



Forecasting of plastic packaging waste in Thailand using economic index data application

Table 1. Correlation of plastic packaging waste with economic index (continued)

No. Economicindex Pearson Sig.
correlation (R) (2-tailed)
29 Retail sales index for textile -0.068 0.508
30 Retail sales index for metal, paint and glass 0.308™ 0.002
31 Retail sales index for wall and floor covering materials 0.188 0.067
32 Retail sales index for electric appliances, furniture, electric lighting equipment and 0.344" 0.001
household appliances in specific stores

33 Retail sales index for books, newspapers and stationery 0.362" 0.000
34 Retail sales index for recreational products 0.148 0.151
35 Retail sales index for clothes, shoes and leather in specific stores 0.136 0.185
36 Retail sales index for used goods -0.085 0.410
37 Sales index-department stores 0.170 0.097
38 Retail sales index for food, beverage and tobacco products on stalls and markets 0.180 0.080
39 Retail sales index for general goods -0.042 0.684
40 Sales index for automobiles and automobile fuels 0.131 0.203
41 Sales index for automobiles 0.183 0.075
42 Maintenance and repair of vehicles 0.146 0.155
43 Sales index of automotive parts and accessories -0.105 0.308
44 Retail sales index for other product 0.116 0.261
45 Retail sales index for new product 0.116 0.262
46 Retail sales index for other products on stalls and markets -0.091 0.482
47 Retail sales index ordered via mail or internet 0.465™ 0.000
48 Sales index of without a store 0.069 0.504

Note: “Correlation is significant at the 0.05 level (2-tailed)
“Correlation is significant at the 0.01 level (2-tailed)

The analysis of the stepwise multiple regression of the
population, including the 47 economic index data and
plastic packaging waste quantity was used to select
appropriate variables. The results demonstrated that the
wholesale index for food, retail sales index for beverages,
and sales index without a store were influencing factors in
the quantity of plastic packaging waste, which was less
than the significance level of 0.05, as shown in Table 2.

The three variables that had the greatest influence on
the change in plastic packaging waste quantity were the
high index of wholesale for food, a significant increase in
the population 0of 3.35% in 2020 from 2010(Department of

Table 2. Regression coefficient analysis

Provincial Administration, 2003), and rapid urbanization
(Sharuddin et al,, 2016), with an 84% growth in delivery
services or goods, resulting in a 62% increase in plastic
packaging waste (Boonchanit and Sujitra, 2021). Post-
COVID-19 pandemic, there was a 300% growth in delivery
services or goods, related to the sales index of those
without a store (Tanakasempipat, 2020). The market for
food packaging was the largest, accounting for
approximately 52% of all shipments (Elliott, 2016), and
beverage packaging waste accounting for approximately
28% of PET bottles at 17% (Leonard, 2020).

Variable  Economic data/index Unstandardized coefficients Standardized coefficients t Sig.
B Std. error Beta
(Constant) 57132.325 17920.739 3.188 0.002
Vi Wholesale index for food 486.620 68.510 0.772 7.103 0.000
V2 Retail sales index for -364.572 96.638 -0.365 -3.773 0.000
beverages
Vs Sales index of without a 58.410 16.137 0.391 3.620 0.001

store

Note: Dependent variable: plastic packaging waste quantity (tons/ month)

The coefficient of determination (R?) was 0.522, and the
wholesale index for food, retail sales index for beverages,
and sales index without a store explained the changes in
plastic packaging waste quantity by 52.20%, while the other
47.80% was influenced by other variables. These results are
congruent with those of Chang et al. (1993), who reported
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that populations shed little light on the prediction of the
average waste rate. Other economic indices have been
considered to be influential factors in waste in only a few
cases (Hockett et al., 1995; Bach et al, 2004). The equation
for forecasting the quantity of plastic packaging waste is
represented in Table 3.
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Table 3. Equation for forecasting plastic packaging waste quantity

Equation predicted

R? Adjusted R? Std. error of the estimate

plastic packaging waste quantity (tons/month) = 486.620V; -
364.572V2 + 58.410V3+ 57132.325

0.741 0.549  0.522

8048.12902

3.3 Validity of the forecasting equation

The validity of the forecasting equation was described
as a percentage using data from January 2018 to
December 2022 (60 months). The forecasting equation
was highly precise, with a five-year average of 78.57%.
The distribution of forecast values, which were calculated
using the equation and observation values from data on
plastic packaging waste quantity from January 2018 to
December 2022, demonstrated that most of the forecast
values approached a linear trend (Figure 2).

The annual validity test of the forecasting equation
observed a high average percentage for the last two years,

equal to 87.06% in 2021 and 81.20% in 2022, whereas
three years ago, it could have been calculated as a lower
percentage, that is, 78.79% in 2018, 71.01% in 2019, and
74.79% in 2020 (Figure 3). The high-accuracy plastic waste
prediction equation of this study may therefore be used to
predict the amount of plastic waste in advance using
influential variables to determine an appropriate approach
to plastic waste management, in line with Thailand's
national policy. This could be in line with the 20-year
national strategy or the plastic waste management roadmap
(2018-2030) for reducing and eliminating the use of plastic
using environmentally friendly alternative materials.
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Figure 2. Distribution of the equation forecasting plastic packaging waste
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Figure 3. Percentage validity of forecasting plastic packaging waste
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4. CONCLUSION

The second most common component of municipal solid
waste is plastic waste, half of which comprises plastic
packaging waste and single-use plastics. The increase in
the quantity of municipal solid waste is therefore related
to plastic packaging waste. From 2010 to 2022, municipal
solid waste constantly increased, along with the quantity
of plastic packaging waste, considering the substantial
growth in population and rapid urbanization. This
included the high growth rate of delivery services,
ultimately affecting plastic production. Moreover, a decline
exists in plastic packaging waste due to a ban to curb the
overuse of single-use and non-biodegradable plastics.

Population has been a major factor in forecasting
municipal solid waste and plastic packaging waste in the
past; however, several studies have reported that
population is only a small factor compared to economic
factors. This study determined that economic factors
explain the changes in the quantity of plastic packaging
waste, including the wholesale index for food, retail sales
index for beverages, and sales index without a store,
considering food packaging as the largest market and the
high growth in delivery services or goods, especially post-
COVID-19 pandemic.
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