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The COVID-19 pandemic created enormous uncertainty for achieving the sustainable development goals in waste
management. China implemented a number of new policies recently to encourage waste-to-energy (WTE) and
waste-to-material (WTM) industry, which was also impacted by the spread of COVID-19, while the impact on the
solid waste industry was merely discussed. In this work, the quarter-level financial statement data of thirty listed
Listed company companies in Chinese Stock Market were analyzed by applying ARIMA intervention analysis, moreover, a system
Financial statement dynamic model was established for examining the impacting pathway of the pandemic. Main results are: (1) the
China total annual turnover of total solid waste industry increased by 28.2 times in recent 14 years, however, the
estimated turnover of solid waste industry in 2020 dropped around 55.8 billion CNY; (2) the WTE industry kept
growing (+21%), the WTM industry dropped significantly (—28%), while the waste disposal industry and other
solid waste industry varied slightly (—10% and +9%), comparing their turnovers in 2019 and 2020; (3) the
average trade-prices of the secondary materials during the COVID-19 pandemic were only 43.4%-85.8% of the
maximum price from 2017 to 2019, resulting in the decline of the WTM industry. Considering a possible sluggish
growth of the solid waste industry, the waste separation and zero waste programs in China may meet non-trivial
challenges in the future. Policy implications are put forward, such as quantitative simulating the long-term
impact, increasing investment and incentive on waste recycling, and building an internal circulation system
for waste management.

1. Introduction

The COVID-19 pandemic has caused infections and deaths, created
enormous uncertainty to the world, and changed the profiles of solid
waste management [1-3]. The COVID-19 pandemic affected people’s
behavior pattern and consumption habits, and resulted in a sudden shift
in municipal solid waste (MSW) generation and composition [1,4]. It
suggested that MSW production is positively correlated to the con-
sumption level [5,6]. In China, the average expenditure of urban resi-
dents and the retail sales of consumer goods in the first quarter of 2020
were 10% and 15.8% less than those of 2019, respectively [7]. This may
be the main reason for less MSW generation during the COVID-19
pandemic in the cities [4]. Furthermore, it suggested that the use of
plastic products for epidemic preventing surged during the COVID-19
pandemic [1,2]. On the contrary, people tended to save food and thus
reduce food waste due to the anxiety of insufficient food supply during

the epidemic [8]. People were inclined to rely on the online shopping
during the COVID-19 pandemic, bringing challenge to the recycling and
disposal of package waste. The online retail sales increased by 5.9% in
March 2020, year on year, and the total number of postal packages in the
first quarter of 2020 was 12.5 billion, 1.6 times of that in 2017 [9].
Global solid waste management system met both opportunities and
threats owing to the spread of COVID-19 [1,3,10]. In response to the
increasing pressure of resource consumption and environmental impact,
more and more attentions have been paid on elevating sustainability of
waste management system [5]. According to the report by United Na-
tions Environment Program and International Solid Waste Association,
at least seven sustainable development goals (i.e. SDG 1, 2, 3, 8, 9, 11,
12) are related to the solid waste management [11]. For instance, the
SDGs highlighted increasing the percentage of renewable energy, paying
special attention on MSW management, and reducing waste generation
through recycling and reuse [11]. Achieving those global goals was

Abbreviations: SDGs, Sustainable development goals; WTE, Waste-to-energy; WTM, Waste-to-material; MSW, Municipal solid waste.
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relied on a sustainable-developing solid waste industry, such as
waste-to-energy (WTE), waste-to-material (WTM), and other waste
disposal industries. Different categories of solid waste industries shifted
in different way during the epidemic. First of all, in-time collection and
safe disposal of medical waste and MSW were considered as crucial
measures for preventing and controlling the epidemic [3,5], therefore, it
might be beneficial to the MSW and medical waste industry. Besides, the
COVID-19 pandemic raised the use of plastic products to public, patients
and hospital staffs, hence it increased the demand for plastic waste
treatment [1,2]. Furthermore, similar with other economic sector, the
solid waste industry may also be struck due to the economic recession
caused by the COVID-19 pandemic, e.g. labor cost rising and financial
investment declining, similar to other economic sectors [12,13].
Although there were researches examining the shifts of waste generation
and management during the pandemic [1-4], the impact on the solid
waste industry was merely discussed.

Before outbreak of the COVID-19 pandemic, there was generally
optimistic expectation for the development of solid waste industry in
China [14,15]. Solid waste generation in China was huge and kept
increasing, 1.55 billion tons of industrial solid waste, 46.4 million tons
of hazardous waste, 0.8 million tons of medical waste and 211.5 million
tons of MSW were generated from the cities in 2018 [16]. The national
fixed-asset investment on MSW disposal increased by 1.5 times (from
19.9 to 29.9 billion CNYva’l), between 2011 and 2018 [17]. In order to
promote sustainable solid waste management, China has implemented a
number of new policies in recent years, including circular economy [18,
19], MSW classification [20,21], zero waste pilot cities [22], plastic
pollution control [23], and so forth, aiming at promoting cascade uti-
lization of solid waste and minimizing the quantity of waste landfilling
[24]. Benefiting from those policies, a fast increment of the WTE and
WTM industry was observed in recent years. The amount of MSW
incinerating and recycling increased by 8.7 and 1.9 times between 2011
and 2018 [11,12]. In China, the most common used WTE technology
was grate furnace incinerating system, accounting for 68% of the total
treatment capacity [25], while centralized anaerobic digestion system
was applied in recent years for harvesting methane from organic waste
(e.g. kitchen waste and livestock manure) [26,27]. Diverse technologies
were used in the WTM industry, such as regenerating pulp from waste
paper, melting and regenerating plastics, recycling precious metals from
printed circuit board, and so forth [28,29].

The COVID-19 pandemic is a typical “black swan event”, which re-
fers to an event with a minimum probability of occurrence or unex-
pected for some people [30]. It is necessary to quantify the impact of
black swan event for searching potential countermeasures. In the field of
resource and waste management, Sprecher et al. (2017) [31] simulated
the change of supply and demand of associated rare metals under
extreme events through scenario analysis. China’s waste import ban was
considered as a black swan event to the solid waste industry for many
countries. Brooks et al. (2018) [32] found that the value of global waste
plastics import and export decreased by more than 20% after the ban
was took into effect. The Intervention analysis model and vector
auto-regression (VAR) model were applied for quantitatively analyzing
the impact of a black swan event [33,34]. A number of researches have
addressed the impact of COVID-19 pandemic on the economic sectors,
such as the airline, tourism, mining industry [12,34,35], however, the
solid waste industry was ignored. In particular, the next two years are
vital time-nodes for implementing the new plans for achieving the SDGs
of waste management in China. The first batch of pilot cities on MSW
source separation was requested to be fully implemented by 2020 [20];
while the zero waste pilot cities should accomplish their goals by 2021
[22]. Does the COVID-19 pandemic lower the speed and shift the di-
rection of developing solid waste industry in China? How many eco-
nomic losses of the solid waste industry were caused by the epidemic? It
merits studies to fill this knowledge gap.

In this work, the quarter-level financial statement data of thirty listed
companies in the Stock Market of China were analyzed. To examine the
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impacting pathway of COVID-19 pandemic on the WTE and WTM in-
dustry, a conceptual system dynamic model was established. The eco-
nomic reduction of the solid waste industry caused by COVID-19
pandemic was estimated, and the historic and most recent financial
performance of four main types of solid waste industry (i.e. WTE, WTM,
waste disposal and other waste industry) were examined. Policy impli-
cations were put forward for protecting the solid waste industry in
China.

2. Methods and materials
2.1. Selection of listed companies

Ministry of Ecology and Environment of China classified solid waste
as MSW, non-hazardous industrial solid waste, hazardous solid waste
and medical waste, and agricultural waste, according to their generating
source and toxicity [16]. In particular, organic urban waste (incl.
Restaurant food waste, household kitchen waste and garden waste)
accounted for 53.7% of the total MSW in China in 2017 [36]. The Chi-
nese government emphasized energy recycling from restaurant food
waste, more than 100 cities have built treatment plants and 90% of them
applied anaerobic digestion technology for harvesting methane [26,27].
While the garden waste and household kitchen waste were underutilized
for renewable biofuel in China [37].

There are different methods for classifying the solid waste industry.
According to the North American Industry Classification System, the
solid waste industry consists of three groups, i.e. collection, treatment
and disposal, and other waste remediation services [38]. The solid waste
industry is divided by the type of solid waste (MSW, industrial solid
waste, hazardous waste, etc.) and the category of service (collection,
treatment, consultation, etc.) in China [39]. In reference to those clas-
sification principles, a review of industrial reports was conducted to find
the listed companies who carried out solid waste related business [40].
Moreover, the availability of annual financial statement data for each
company was checked, and thirty-seven companies were selected in this
step [41]. In order to represent the impact of COVID-19 pandemic on the
solid waste industry, the listed companies who did not publish the
financial statements in the first quarter of 2020 were removed. In total,
thirty listed companies in the Shanghai and Shenzhen Stock Market of
China were selected to represent the development of solid waste in-
dustry in China (details can be found in Appendix B (Table B.1)). Those
listed companies show high representativeness of the solid waste in-
dustry in China. For example, the market share of the listed companies
accounted for about 60% in the field of WTE industry [39], meanwhile,
their business spread through all the provinces in China, representing
the solid waste industry in different regions of China.

2.2. Analysis of the financial data

To examine the historical trend of solid waste industry in China, total
turnovers and profits for each selected listed company, in quarter-level
and annual-level, were obtained from their financial statements from
year 2006-2019. In 2020, only the first-quarter turnover and profit data
were available. Here, turnover refers to the total amount of goods or
services sold by a company, while profit means the net income after paid
cost in business. An autoregressive integrated moving average (ARIMA)
Intervention analysis model was applied to reveal the impact of the
COVID-19 pandemic on solid waste industry in China. The ARIMA-
Intervention model was established followed by Ref. [33], and the
impact (i.e. turnover reduction) was analyzed by Formula (1) and (2).

Y, =£(1) @
I1=Y] —cY, )

where, V), is the total annual turnover of selected listed companies in the
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solid waste industry in China, the historic data are from 2006 to 2019; t
is year; f(t) is the regression model between historic turnover and year; I
is the impact of COVID-19 on the solid waste industry; Y; is the pre-
dicted value of turnover in 2020 b y following f(t), without the inter-
vention of the COVID-19 pandemic; Y, is the actually observed value of
turnover in the first quarter of 2020, the period of increasing COVID-19
infected cases in China; c is the average ratio between the first-quarter
turnover and the annual turnover for each year, from 2006 to 2019.

The listed company may get involved in multiple categories of
businesses, e.g. dealing with different types of solid waste, or operating
in different stage of waste management. In order to further reveal the
impact of COVID-19 pandemic on different sectors of solid waste in-
dustry in China, the financial indicators of each listed company were
decomposed by the following steps. First of all, ten categories of sub-
divisions were found according to the financial statements of the
selected listed companies, namely, MSW incineration (IN), restaurant
food waste digestion (RW), energy harvesting from agricultural waste
(AW), WTM industry (i.e. secondary materials recycling and recovery),
MSW landfill, hazardous waste and medical waste treatment
(HW&MW), non-hazardous industrial waste treatment (IW), cleaning
and waste collection services (C&WC), waste disposal equipment pro-
duction (WDE), consulting and technical innovation services for solid
waste management (C&T). According to the scope and definition of
WTE, its subdivisions include IN, RW, and AW were classified as WTE
industry [42]. Other subdivisions were consolidated into three main
sectors based on the directory of environmental service industry in
China [39], namely, WTM industry, waste disposal industry (MSW
landfill, HW&MW, and IW), and other waste industry (C&WC, WDE, and
WDE). Turnovers and profits of the four main sectors in solid waste in-
dustry, in the first quarter of 2017, 2018, 2019 and 2020, were
compared. The financial data in the first quarter were used for showing
the impact of COVID-19 pandemic due to the following reasons: (1) the
strict shutdown period in China was almost the first quarter of 2020, e.g.
Hubei Province started the shutdown policy since January 23rd and
gradually re-opened since April 8th; (2) the first-quarter financial
statement is the best available data for assessing the economic perfor-
mance of the listed companies during the COVID-19 pandemic. The
listed companies were only mandatorily requested to state their finan-
cial status into subdivided sectors in the end of each year. Therefore, it
was assumed that the shares of the turnover and profit for each subdi-
vision in the first quarter were the same as those of the whole year. The
shares in the first quarter of 2020 were assumed to be the same as those
in 2019.

2.3. Influential factor and impacting pathway

A conceptual system dynamic model was established by applying
Vensim 7.0, for illustrating the impact of COVID-19 pandemic on the
WTE and WTM industry in China. In order to establish the dynamic
model, telephone investigations were completed to understand the
impact of COVID-19 pandemic on the key players in the WTE and WTM
industry, e.g. waste treatment companies, environmental sanitation
agencies, community administrators, and residents. The interviewees
were required to provide the impacting factors and their feedback loops,
which threw impacts on them during the COVID-19 pandemic. To learn
the shift of recycling market, a key factor to the WTM industry, historic
prices of different categories of secondary materials were automatically
crawled from the Bianbao website [43] by applying the tools of Google
Chrome, programming by using Visual Basic 6.0. This website provides
the most complete and up-to-date price data of secondary materials in
China, covering almost all the provinces with WTM industry. The pro-
gramming environment was Visual Studio 2009, by applying 2
third-party libraries of Html Agility Pack and Newtonsoft to resolve the
html and JavaScript Object Notation webpage. Main steps were: (1)
applying Newtonsoft to analyze the item list from the website and
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finding keywords for the categories of secondary materials; (2)
cyclic-URL selecting for each category from the first to the latest web-
page; and (3) crawling the price data in each URL by using Html Agility
Pack. The programming code by Visual Basic 6.0 was provided in Ap-
pendix A (Text A.1). Abnormal data due to incompatible format were
removed. By following this method, twelve categories of recyclables
were selected, incl. Stainless steel, steel, aluminum, iron, copper, zinc,
newsprint, cardboard, ABS, PET, PP, and PS. Around 0.2 million pieces
of daily price-data from January 1st, 2017 to March 31st, 2020, were
obtained and then aggregated to monthly average data (Table B.4).

3. Results
3.1. Solid waste industry before and during the COVID-19 pandemic

Historic quarter-level turnovers of thirty listed companies in solid
waste industry in China are shown in Fig. 1(A). Total annual turnovers
were 9.1 billion CNY-a~! in 2006 and 256.6 billion CNY-a~! in 2019,
increased by 28.2 times, with an average increment of 29% per year.
Linear and binomial regression analysis between historic turnover and
year were done, from 2006 to 2019 (see Fig. A.1). It was well-fitting a
binomial model (adjusted R? = 0.983), f(t) = 1.365¢> - 2.445t+12.304, t
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Fig. 1. Historic and estimated turnovers of the thirty listed companies in solid
waste industry in China. (A) The quarter-level turnover from 2006 to 2020; (B)
estimate of the annual turnover reduction by applying the ARIMA-
Intervention model.
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equals the year minus 2005. There was an increasing trend from the first
quarter to the fourth quarter in each year. The volatility of the ratio (c)
between the turnover in the first quarter and that in the whole year was
19.5 £ 2.5% from 2006 to 2019. By using the first-quarter turnover in
2020 and this ratio, the “observed” total turnover in 2020 can be esti-
mated. Based on the ARIMA-Intervention model, the impact (i.e. turn-
over reduction) of COVID-19 pandemic on the listed companies in solid
waste industry in China was estimated to be 55.8 billion CNY-a~! in
2020, accounting for 22% of the turnover in 2019 (see Fig. 1(B)). This
negative impact may fluctuate between 22.4 and 81.6 billion CNY-a~!
(the range of the error bar) when consider the volatility of the coefficient
c.

3.2. Financial performances of the subdivided sectors

Fig. 2 presents the turnovers and profits of different sectors and
subdivisions of the solid waste industry in the first quarter of 2017,
2018, 2019 and 2020 (Table B.2 and B.3). As shown in Figure (A), the
WTE industry kept growing (+21%), the WTM industry dropped
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Fig. 2. The first-quarter turnovers and profits of different categories of
solid waste industry in China. (A) Turnover; (B) profit. WTE industry, incl.
MSW incineration (IN), restaurant food waste digestion (RW), and energy
harvesting from agricultural waste (AW); WTM industry, i.e. secondary mate-
rials recycling and recovery; waste disposal industry, incl. MSW landfill, haz-
ardous waste and medical waste treatment (HW&MW), and non-hazardous
industrial waste treatment (IW); other waste industry, cleaning and waste
collection services (C&WC), waste disposal equipment production (WDE),
consulting and technical innovation services for solid waste manage-
ment (C&T).
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significantly (—28%), and the waste disposal industry and other solid
waste industry varied slightly (—10% and +9%), comparing the first-
quarter turnover in 2019 and 2020. With respect to the subdivided
sectors in WTE industry, the turnover of IN, RW and AW in the first
quarter of 2020 were 23%, 16% and 3% greater than that in 2020,
respectively. In particular, the turnover of MSW incineration industry
(IN) reached 4.39 billion CNY, exceeded the material recycling industry
and became the subdivision with the largest quarter-level turnover in
2020. Regarding to the subdivided sectors in waste disposal industry,
the first-quarter turnover of MSW landfill industry increased from 0.39
billion CNY to 0.48 billion CNY, between 2019 and 2020. The first-
quarter turnover of HW&MW disposal industry decreased from 1.01 to
0.75 billion CNY, while that of the IE disposal industry dropped from
0.80 to 0.76 billion CN, between 2019 and 2020. It may due to the
sudden recession of the industrial department in China during the
COVID-19 pandemic. The first-quarter turnover of C&WC industry
increased by 18% between 2019 and 2020, which was consistent with
the fact that Chinese government highlighted in-time MSW collection
and street cleaning for preventing the epidemic.

Fig. 2(B) shows the profit of the solid waste industry in the first
quarter of recent four years, suggesting a different performance to the
results of turnover. The first-quarter profits of the WTE and WTM in-
dustry decreased by 10% and 43% between 2019 and 2020, respec-
tively. The profits of IN, RW, HW&MW, IW, C&WC, WDE, and C&T were
2%, 7%, 73%, 46%, 13%, 67%, 3% lower than the maximum profit over
the last four years. Decline in profits may due to the rise of labor and
logistic costs, decrease of the benefit from secondary material, and po-
tential delay of receivable accounts during the COVID-19 pandemic.

3.3. Influential factors for the shift of WTE and WTM industry

Based on the investigations on the main stakeholders in WTE and
WTM industry, a conceptual system-dynamic model is shown in Fig. 3,
illustrating the pathway of how COVID-19 pandemic affect the WTE and
WTM industry. Only the direction of the feedback loops, as well as the
positive and negative attributes of them, can be determined, due to
insufficient data during the COVID-19 pandemic. Although a quantita-
tive model was not established herein, useful information can still be
obtained from the conceptual model. First of all, it suggests that both
positive and negative impact of the COVID-19 pandemic were thrown on
the WTE industry. MSW incinerators were temporarily used for
disposing non-hazardous medical waste (e.g. mask and protective
clothing) to guarantee the capacity of in-time medical waste disposal for
many cities in China [44], which may raise the average heat value of the
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Fig. 3. Conceptual system-dynamic analysis of the impact of COVID-19 on WTE
and WTM industry by Vensim 7.0.
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fed waste. Therefore, the total subsidy gained from electricity sale may
increase during the COVID-19 pandemic. On the other hand, the amount
of MSW generation in China decreased by 30% [44], therefore the gate
fee for MSW disposal in the WTE facilities may decrease. It was
consistent with the first-quarter data of the listed companies in the WTE
industry, i.e. the turnover raised but the increasing rate was not as high
as expectation.

Different from the WTE industry, the WTM industry tended to be
negatively affected by almost all the factors, based on the conceptual
dynamic model. First, the mobilization of MSW source separation was
inhibited due to the shutdown policy upon communities, thus the
quantity of collected recyclables decreased. Meanwhile, demand for the
primary material decreased and the price of secondary materials could
be impacted, owing the economic recession during the COVID-19
pandemic. Price-decline of secondary materials could be verified by
the month level data crawled from Bianbao website, providing a quan-
titative explanation for the feedback loop “price of secondary materials”
to “WTM industry”. The trade prices of all the twelve secondary mate-
rials dropped in China. The average trade-prices of the secondary ma-
terials during the COVID-19 pandemic were only 43.4%-85.8% of the
maximum price from 2017 to 2019. Since the outbreak of the epidemic
(from January to March 2020), the prices of secondary metals, i.e.
stainless steel, steel, iron, aluminum, copper, zinc, declined by 9.4%,
2.8%, 17.7%, 1.3%, 14.1%, and 18.5%, respectively (see Fig. 4 (A)); the
prices of secondary paper, i.e. news paper and cardboard, decreased by
13.9% and 15.1%, respectively (see Fig. 4 (B)); and the prices of sec-
ondary plastics, i.e. ABS, PET, PP, PS, dropped by 15.7%, 2.3%, 2.4%,
and 8.2%, respectively (see Fig. 4 (C)).

4. Discussion
4.1. Impact of the pandemic on solid waste industry

COVID-19 pandemic, a “black swan even”, threw both negative and
positive impact on the solid waste industry. In the short-term (i.e. the
next two years), the solid waste industry of China is most likely to
confront decreasing revenue and rising operate cost post the COVID-19
pandemic. The estimated turnover reduction of the thirty listed com-
panies in the solid waste industry is 55.8 billion CNY-a~! in 2020, ac-
cording to the estimation by ARIMA-Intervention model. The solid waste
industry was largely relied on the in-time payment from governments
and waste-producers [5,39], who were also deeply trapped by the
pandemic. The COVID-19 is still spreading all over the world, therefore,
the negative impact of COVID-19 pandemic on the economic sectors
may transmit to the solid waste industry in China. The pilot-city pro-
grams on MSW source separation and zero waste were requested to be
fully implemented by the end of 2020 and 2021, respectively, according
the plan of Chinese government [20,22]. Considering a possible sluggish
growth of the solid waste industry in China, those programs may meet
non-trivial challenges in the next two years. Regarding the long-term
impacts, Chinese government formulated action plans on reducing
waste generation, promoting recycling, and elevating level of waste
management in the 2030 agenda of SDGs [45]. In response to the
changes of solid waste industry during COVID-19 pandemic, different
sectors of solid waste industry may shift in varied way.

The WTM industry tends to be impacted in long-term by the reces-
sion of global economy and international trade. It was found that the
turnover and profit of the WTM industry in China declined 28% and 43%
during the COVID-19 pandemic, while price-drop of secondary materials
may be the key reason for the decline. The Great Financial Crash of 2008
also caused the recession of global economy, and it was found that the
prices of recyclables drastically dropped and global recycling industry
was greatly stroke for many years after 2008 [12,46]. A recent research
suggested that the price of six main primary metals decreased by 2%-—
15% in April 2020 [12], after the worldwide spread of the COVID-19.
Besides, the international crude oil price has declined by more than
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30% during the COVID-19 pandemic due to pessimistic expectations on
the world economy [47], which may result in a decline of plastic waste
recycling. Furthermore, many other factors related to the COVID-19
pandemic may throw negative impacts on the WTM industry. For
instance, the waste pickers are still restricted to free access to commu-
nities by following the epidemic prevention policy [4,44]. For the
long-term consideration, the pandemic is still progressing rapidly
worldwide, and the uncertainty of global economy keeps accumulating.
Consequently, demand for the primary material is likely to be continu-
ously decline before global economic recovery. Although the recycling
system has a certain degree of resilience, namely, the industry will
follow a “buy low sell high” strategy [32]. Nevertheless, if the negative
impact of the COVID-19 pandemic last for a long period, the scale and
capacity of the WTM industry is likely to shrink, and then impeding to
achieve the SDGs for solid waste management in the world [10].

On the contrary, the WTE industry, which is also vital for elevating
the waste management level for both urban and rural areas, is expected
to be booming during and post the COVID-19 pandemic. The National
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Health Commission of China announced a Work Plan for Comprehensive
Treatment of Medical Waste in the end of February 2020, emphasizing
medical waste control during the epidemic [48]. WTE facilities were
used for non-hazardous medical waste disposal during the pandemic to
fill the capacity-gap, showing its advantage to achieve both aims of
energy utilization and safe disposal of waste [44]. Agricultural waste
industry was not significantly affected by the pandemic, because the
COVID-19 pandemic was comparatively mild in the rural areas in China.
However, due to the possible decline of WTM industry, as well as the
above advantages of WTE solution, it might pose a dilemma to China’s
zero waste and source separation policy, i.e. incineration dominates and
material recycling declines, which is not completely in line with the
whole concept of sustainable waste management.

There are limitations in data and model of this research. First of all,
the financial data only covered the listed companies in China due to
insufficient statistics. The total turnover of the WTM industry in China
was estimated at 755 billion CNY in 2017 [19], while the total turnover
of the selected listed companies was only 176.2 billion CNY (23%) in
2017. There were a number of small and middle size companies also
engaged in the solid waste industry, and they were more inclined to be
affected by the COVID-19 pandemic due to lower financial and market
resource. Furthermore, a quantitative-based system dynamic model was
not established in this work, although some useful information could be
found through the conceptual model. In future works, it merits further
works on the quantitative models and relative scenarios for guiding the
waste management practices in responding the epidemic.

4.2. Policy implications

It demonstrates that the COVID-19 pandemic has affected and may
keep throwing impact on the solid waste industry in China. When the
“black swan event” occurred, risk conceptualization and treatment
frameworks should be expanded, to develop a new risk assessment and
decision assistant methodology [49-51]. The shift of solid waste man-
agement in China will throw great impact on the material flow in the
world. For instance, when the Chinese government ban the waste
import, recyclables flowed to the South Asia countries [52,53]. There-
fore, the measures taken by China to the solid waste industry will be
beneficial to achieve the SDGs over the world. Here, several policy im-
plications during and post COVID-19 for the solid waste industry in
China were put forward: (1) quantitative simulate the long-term impact
of COVID-19 pandemic on solid waste industry, e.g. predict the volatility
in the price of secondary material, analyze the financial variation for
different categories of solid waste industry, early warn the shifts and
challenges for solid waste industry; (2) implement policies to protect the
WTM industry for achieving SDGs in waste management, e.g. keep
increasing the government investment and incentive on waste recycling
program, and establish a mechanism for temporary storing the second-
ary materials; (3) examine the possible mass diversion from WTM to
WTE facilities, simulate the heat value changes of incinerated waste, and
formulate contingency plan for this diversion, incl. Plan of collection
routine, allocation of facility capacity, and adjustment of running pa-
rameters of facilities; (4) build an internal circulation system for waste
management with consideration of decreasing international trade of
secondary materials.

5. Conclusion

The solid waste industry in China developed rapidly in recent years
owing to the new policies on promoting sustainable solid waste man-
agement. However, due to the impact of the COVID-19 pandemic, the
solid waste industry in China met both opportunities and challenges.
ARIMA-Intervention analysis suggests that it is reasonable to expect a
significant turnover reduction of the solid waste industry in China in
2020. During the COVID-19 pandemic, four main sectors in solid waste
industry showed different financial performance. The WTE industry kept
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growing, the WTM industry dropped significantly, while the waste
disposal and other solid waste industry varied slightly, comparing their
first-quarter turnovers in 2019 and 2020. The system dynamic model
indicates that there were both positive and negative impacts of the
COVID-19 pandemic on WTE industry, however, the WTM industry has
met great challenges such as price drop of secondary materials, inac-
cessibility to community for waste pickers, and increment of operating
cost. Several measurements may be vital for protecting the solid waste
industry in China, such as enhancing information collection and early
warning, establishing mechanism for temporary storing the recyclables,
and increasing the government investment and financial input.
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