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Abstract: The SARS-CoV-2 pandemic
brought social, economic, environmental and
cultural impacts to contemporary society.
One of the impacted sectors was solid waste,
requiring public and private managers to
adapt to emerging realities. The objective of
the present work was to evaluate the impact
of the SARS-CoV-2 pandemic on the solid
waste management of a restaurant in the
municipality of Taubaté, state of Sdo Paulo,
Brazil. For about two years (October 2020 to
October 2022), the following waste generated
in an Arab food restaurant was collected and
classified, including: organic waste (food
leftovers), and dry waste (aluminum, plastic,
PET, long-life packaging). Two periods were
analyzed: a) during the period of social
isolation (October 2020 to July 2021), when
sales were made through the delivery system;
b) during the reopening period for face-
to-face service (August 2021 to October
2022), when sales resumed in person, but
maintaining the delivery system. The results
showed a significant growth of 238% in
the monthly generation of waste, after the
reopening of the restaurant for face-to-face
service. However, a downward trend was
observed in the period from June to October
2022, due to the growth in delivery sales. The
results allow us to conclude that the change
in customer behavior due to the pandemic
increased delivery sales and transferred waste
disposal to the final customer, affecting the
management of solid waste in the evaluated
restaurant.

Keywords: Organic waste, recyclable waste,
environmental management.

INTRODUCTION

The SARS-CoV-2 pandemic affected the
solid waste management system in several
countries. According to the report “Global
analysis of health care waste in the context of
covid-19: status, impacts and recommendations
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”, it is estimated that more than 85 thousand
tons of personal protective equipment (PPE)
were sold between the years 2020 and 2021.
In addition, the document points out that
more than 140 million test kits have been
used worldwide, with the potential to generate
2,600 tons of waste. Such waste consisted
mostly of plastics, but contained 731,000 liters
of chemical waste (WHO, 2022). Vaccine
distribution also generated a significant
amount of waste, including 140 thousand tons
of hospital materials (syringes, needles and
safety boxes), from more than 8 billion doses
distributed globally (WHO, 2022).

In Brazil, research has evaluated the
impact of the SARS-CoV-2 pandemic on
municipal solid waste (MSW) management,
with emphasis on Penteado & Castro
(2021) (management recommendations
and their applicability), Urban & Nakada
(2021) (environmental impacts on MSW
management systems), Oliveira et al. (2022)
(impacts on MSW management in the
Amazon). In addition to a few studies on the
subject, there is a concentration of studies
related to municipal management. However,
specific sectors were affected differently and
lack specific research, such as food service.

The pandemic interfered with the
dynamics of commercial establishments,
such as restaurants, due to lockdown periods
and health restrictions that prohibited face-
to-face service (HUETE-ALCOCER &
HERNANDEZ-ROJAS, 2022, HACIOGLU-
HOKEetal.,2021). Thus, restaurants and snack
bars had to adapt to a new business model
and use of technology, such as the delivery
system, during the lockdown period (SOUZA
etal.,, 2022). According to the company IFood,
the number of establishments registered on
the company’s platform, considered small or
medium, grew by 27% in 2021, corresponding
to 84% of the entire base registered in the
IFood app (IFOOD, 2022).
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After the long period of lockdown, ended
by the advance of vaccines, restaurants
resumed their face-to-face services, impacting
waste generation and management. However,
there is a scarcity of studies in the literature
on the impact of the SARS-CoV-2 pandemic
on the management of waste generated in
the restaurant sector, especially in small
and medium-sized enterprises. Solid waste
generated in snack bars, bars and restaurants
can be divided into two categories: organic
and inorganic. Organic waste is mostly made
up of food scraps and needs adequate storage,
due to its perishable nature. Inorganic waste is
generated from industrialized products, such
as packaging. Thus, the correct management
of this waste can generate financial return
to the establishment, through the reuse and
recycling of materials (PAES et al, 2021).

The objective of the present work was
to evaluate the impact of the SARS-CoV-2
pandemic on the solid waste management of
a restaurant. A characterization of the main
waste generated in an Arab food restaurant
in Taubaté, state of Sao Paulo, Brazil, was
carried out during a two-year time interval,
encompassing the period of social isolation
and that of reopening for face-to-face service.

METHODOLOGY

CHARACTERIZATION OF THE
RESTAURANT

The study was carried out at the Tenda
Arabic restaurant, with typical Arab cuisine,
located in the municipality of Taubaté, state of
Sao Paulo, Brazil (23° 01’ 517 S, 45° 32’ 54”
W). According to IBGE (2021), the city has an
estimated population of 320,820 inhabitants,
an IDHM (Municipal Human Development
Index) of 0,800, and per capita GDP reaches
around US$ 8,500.

The family-run restaurant opened in March
2017. The place can receive up to 80 people
simultaneously, and has five extra employees
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for service. It is only open at night, from 7:00
pm to 11:00 pm from Tuesday to Sunday.
Following Arabic cuisine, the restaurant has a
menu of traditional foods, which are usually
consumed with the hands.

The establishment only offers Arab snacks,
portions and typical pastes, accompanied by
traditional breads. The snacks most consumed
by the public accompany a garlic mayonnaise
that is made in the restaurant. The basis of
recipes is milk, including curd and other
dishes. For this reason, the restaurant
generates a considerable amount of long-life
packaging. Snacks and spreads are wrapped in
paper and served on disposable plates. Snack
fillings are basically composed of salads and
a protein of the customer’s choice, except for
vegetarian and vegan snacks. The restaurant
also serves non-alcoholic drinks such as soft
drinks, iced teas, juices and water. Currently,
the restaurant works both in person and with
the delivery service. A computerized system is
used to manage the establishment (Consumer
software), which makes it possible to monitor
and manage both stock and the number
of orders, best-selling dishes and type of
consumption (delivery or face-to-face).

CATEGORIES OF WASTE
GENERATED

The characterization of waste generated
in the restaurant prioritized those that were
more expressive in quantitative terms. Other
types of materials and waste are used and
generated at very specific times, thus making
their generation negligible, such as glass and
styrofoam. The waste categories selected were:

a) Plastic (except PET): from disposable
packaging, juice bottles and frozen
food storage containers;

b) Aluminum (Al): corresponds to cans
of soft drinks and carbonated drinks,
and disposable thermal packaging;
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c) Polyethylene terephthalate (PET):
generated by the consumption of soft
drinks, iced teas and water;

d) Long life packaging (LL): from all
the milk used in the preparation of
dishes and recipes;

e) Organic waste: generated in the
preparation and production of food,
and by the remains left on dishes
consumed by customers on site.

SEPARATION AND
QUANTIFICATION OF WASTE
GENERATED

At the end of each shift, at night, all waste
generated was separated and stored according
to its category. Dry waste (plastic, PET, Al, LL)
was stored in bags provided by a cooperative
of collectors in Taubaté. The organic residue,
manually separated, was placed in plastic bags
and stored in a refrigerator.

The weighing of each category of waste was
carried out using a mechanical scale, from
October 2020 to October 2022. The organic
material, due to its perishable nature, was
weighed over a two-day interval, while the dry
waste was weighed weekly.

The period from October 2020 to July
2021 corresponded to that of social isolation
due to the SARS-CoV-2 pandemic, when
the restaurant did not provide face-to-face
service to the public. From August 2021 to
October 2022, the restaurant’s in-person food
services resumed. Only in October 2021 did
the restaurant remain closed and it was not
possible to collect data, leading to its exclusion
from the analyzes carried out.

RESULTS AND DISCUSSION

Table 1 presents the results of the monthly
generation of wet and dry solid waste from the
Tenda Arab restaurant, during the period of
social isolation. During this period, the total
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generation reached 48.5 kg of solid waste,
or 4.9 kg/month. Organic solid waste had
the highest generation (52.9% of the total),
followed by plastic (26.1%) and long-life
packaging (20.9%).

Table 2 shows the monthly generation of
the Tenda Arabic restaurant after the return
of face-to-face service. During this period,
the total generation of solid waste rose to
1954 kg (14.0 kg/month), representing
an increase of 188%, when comparing the
monthly generation rates of waste in the two
evaluated periods. Such growth is explained
by the generation of dry waste, particularly Al
and PET, due to the consumption of beverages
by customers in the restaurant itself. Despite
the increase in the generation of dry waste,
organic waste stood out and reached 52.1%
of the total generated, followed by Al (18.2%),
PET (11.1%), plastic (10.2%) and long-life
packaging (8.4%).

ORGANIC WASTE

The generation of organic waste showed a
growth of 183%, when comparing the average
values of the two evaluated periods. During
the period of social isolation, when food
was sold only via delivery, the generation
rate reached 2.55 kg/month. Upon resuming
service to the public at the restaurant, this fee
rose to 7.25 kg/month. Considering the period
of one year, after the face-to-face return, the
total generation of organic waste totaled 83
kg. According to Martins et al. (2022), Brazil
wastes around 39,000 tons of food per day,
making it one of the 10 countries with the
highest food losses in the world. Globally, it
is estimated that around 15% to 20% of the
food produced is lost in the collective meals
and restaurants sector (KAKITANI et al.,
2014). Waste of organic food in restaurants is
related to amounts left on plates by customers,
as observed in countries such as Uzbekistan
(FILIMONAU et al., 2022), Turkey (CERRAH
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Month year Organic Aluminum Plastic PET Long life

___________________________ U
oct/20 3065 0 1600 0 1190
nov/20 2911 0 1500 0 1120
dec/20 1673 0 820 0 700
jan/21 1817 0 699 0 630
feb/21 3071 0 1553 0 1225

march/21 2667 0 1536 0 1120
apr/21 2738 0 1291 0 1085
may/21 2633 0 1225 0 1015
Jun/21 3024 0 1279 0 1190
Jul/21 2071 0 1162 0 875

Average 2567.0 0 1266.5 0 1015.0
Dp 525.0 0 308.3 0 210.6
Ccv 20.5 ---- 24.3 ---- 20.8

Mean: Arithmetic mean; SD: standard deviation; CV: Coefficient of variation

Table 1. Gravimetry of waste generated at the Tenda Arabe restaurant, in Taubaté — SP, during the period
of social isolation of the SARS-CoV-2 pandemic.

Month year Organic Aluminum Plastic PET Long life
___________________________ R

aug/21 8389 3155 1817 2306 1330
sept/21 9102 3010 1812 1924 1260
nov/21 8845 3005 1843 2173 1330
dec21 5778 1950 1029 1353 770
jan/22 5099 1690 893 1060 700
feb/22 9708 3130 1627 1760 1330
march/22 8707 3205 1521 1751 1365
apr/22 8041 2960 1349 1431 1260
may/22 7741 3046 1259 1411 1155
Jun/22 8165 2665 1287 1383 1225
Jul/22 5862 2131 1056 1166 980
aug/22 6307 2010 1919 2070 1400
sept/22 5955 2000 1494 1009 1260
oct/22 4176 1553 1122 808 1050

Average 2567.0 0 1266.5 0 1015.0
DP 525.0 0 308.3 0 210.6
Cv 20.5 - 24.3 ---- 20.8

Mean: Arithmetic mean; SD: standard deviation; CV: Coefficient of variation

Table 2. Gravimetry of waste generated at the Tenda Arabe restaurant, in Taubaté, state of Sdo Paulo, Brazil,

during the return period of face-to-face service.




& YIGITOGLU, 2022) among others.

The significant increase in the average
generation of organic waste at the Tenda Arab
restaurant is due to the consumption of food
by customers on site, since in the period of
social isolation of the SARS-CoV-2 pandemic,
the generation of this category of waste was
only due to the preparation of food on the
property.

The trend observed in the generation of
organic waste presented two distinct moments.
The first period can be seen in Figure 1,
encompassing the last three months of the
period of social isolation, and the months of
the beginning of the face-to-face return. In
the first months of the face-to-face return,
the average generation of organic waste grew
by 238%. This significant increase is probably
due to psychosocial issues, at the end of the
population’s confinement period, motivating
face-to-face social interaction (BLAND et al.,
2022).

The second period analyzed corresponded
to the last eight months of the research period,
from March to October 2022. In Figure 2, a
significant downward trend in the generation
of organic waste can be seen. The average rate
of decrease of this generation reached 0.58 kg/
month and a correlation coeflicient of 0.85.
This phenomenon is related to the growth
of the delivery service, which prevailed
during the period of social isolation. Thus,
the pandemic brought about a change in
behavior in the population, which began to
use the delivery service more, affecting the
management of solid waste at the analyzed
restaurant.

An alternative for managing organic waste
found by the Tenda Arabe restaurant was
its donation for composting. The restaurant
partnered with an organic producer in
the city of Taubaté. In exchange for this
donation, the restaurant receives vegetables
from the aforementioned farmer. Such food
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is used in the establishment allowing an
economic return, since it receives products
free of charge or with differentiated market
prices, in addition to guaranteeing the best
destination for this waste. However, not all
the organic residue generated is consumed
by the producer, due to the rapid putrefaction
of this residue due to the climatic condition
of Taubaté, especially in the summer, when
the average reaches 26 ° C. Thus, it would
be necessary to remove this residue from
the restaurant on a regular basis daily, or its
refrigeration, an economically unfeasible
alternative. Consequently, part of the organic
waste generated in the restaurant is sent to
the municipal landfill, through the municipal
collection service. This is a trend in restaurants
in Taubaté, which send dry and recyclable
waste mixed with organic waste to the landfill.
In the literature, organic restaurant waste has
also been recommended as feed for animals
such as chicken, after recycling, due to its fat,
calcium, phosphorus and other nutrients, as
highlighted by Garnida et al. (2022). However,
in the municipality of Taubaté there is no
structure for this destination.

ALUMINUM
The aluminum packaging was only
collected after the face-to-face return,

as during the period of social isolation,
disposable thermal packaging, soda cans and
other carbonated drinks were discarded by
customers in their homes. During this period,
35.5 kg of aluminum was collected (August
2021 to October 2022) or 2.5 kg/month.

The downward trend observed in the
generation of aluminum packaging followed
that of organic waste, as can be seen in
Figure 3. The average rate of decrease in the
generation of this category of waste reached
0.24 kg/month, with a significant linear trend,
expressed as a correlation coefficient of 0.94.
This phenomenon corroborates that observed
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Figure 1. Generation of organic waste at the Tenda Arabic restaurant in the last months of the social
isolation period (May to July 2021) and at the beginning of the face-to-face return at this establishment
(August to November 2021).
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Figure 2. Variation in the generation of organic waste at the Tenda Arabe restaurant from March to October
2022.




for organic waste, due to the growth of the
delivery service, as sales of products that
generate Al did not decrease in this period.

The aluminum generated in the restaurant
is easy to store and handle, and makes it
possible to sell it in the municipality of Taubaté.
The average price of aluminum reaches US$
1.00/kg, representing an economic value of
US$ 36.00, in the face-to-face return period.
This waste has been donated to collectors,
promoting the circular economy and with a
social character.

PLASTIC

At the Tenda Arabic restaurant, the average
generation of plastic waste increased by 13%,
after the return of face-to-face service. This
growth was much lower than that observed in
organic and aluminum waste, as plastic waste
consumed by customers, in the face-to-face
format, corresponded only to juices. However,
in the restaurant, plastic waste generated
from disposable packaging and frozen food,
used in food preparation, predominated.
For this reason, a significant linear trend
of reduction in the generation of this waste
was also not observed (R 2= 0.0011) in the
most recent months of this research (Figure
4), representing a waste generation rate of
approximately 0.004 kg/month.

Plastic, in the food sector, is a residue that
is easy to handle and store. In addition, in
the municipality of Taubaté there are several
collection and purchase locations for this type
of waste. However, estimating the economic
value becomes difficult due to the diversity
of types, composition and classification of
plastics. As with aluminum, the Tenda Arab
restaurant donates plastic waste to recycling
cooperatives in the municipality.

POLYETHYLENE TEREPHTHALATE
(PET)

Like aluminum, PET was only generated in
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the restaurant during the face-to-face period,
since it comes from packaging of soft drinks,
water and iced teas, which were consumed by
customers in the establishment itself. During
the period of social isolation, these drinks
were marketed by delivery, being discarded by
the final consumer. The accumulated total of
this residue reached 21.6 kg from August 2021
to October 2022.

Although not significant, a linear
downward trend was observed in the PET
generation rate (Figure 5), which reached
0.082 kg/month, from March to October 2022.
This downward trend can be explained by
the commercialization of drinks by delivery,
since the average monthly sale of these
products remained the same in the evaluated
period. In Taubaté, several establishments
and cooperatives sell PET, either by selling
the material for recycling or transforming
the waste into handicrafts. The direct sale of
PET reaches an average price of US$ 0.50.
The Tenda Arabic restaurant donates this
waste to cooperatives and collectors in the
municipality.

LONG LIFE PACKAGING

The increase in the average generation of
long-life packaging waste reached 15.5%, after
the return of face-to-face service. Months with
higher sales and more open days produced
more waste. Figure 6 shows the variability in
the generation of this type of waste, leading
to a linear trend of little significance. This
phenomenon does not allow visualizing an
effect of delivery on the generation of this
waste in the restaurant. However, the average
reduction rate reached 0.12 kg/month after
the face-to-face return. One of the alternatives
for managing this waste is selling or donating
recyclable materials to cooperatives. Another
option is to allocate this waste to the Taubaté
Selective Collection service, implemented
in June 2017, the alternative most chosen by
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Figure 3. Variation in the generation of aluminum waste at the Tenda Arabe restaurant from March to
October 2022.
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the population. Since the implementation of
this service, more than a thousand tons of
recyclable material have been collected per
semester.

CHANGE IN CUSTOMER BEHAVIOR
AND ITS INFLUENCE ON WASTE
GENERATION

Most of the restaurant’s solid waste
showed a decreasing generation trend in
the last months of this survey, especially for
organic waste, aluminum and PET; despite
the increase in waste generation with the
return of face-to-face service, from June to
October 2022. To analyze this phenomenon,
all requests for orders received from June
to October 2022 were surveyed (Table 3).
Such information was collected through the
Consumer software, used by the Tenda Arab
restaurant for financial, inventory and order
control.

The restaurant’s sales, in the evaluated
period, remained approximately constant,
as can be deduced by the coefficient of
variation of 5.2% and by Figure 7, which
allows visualizing a linear trend of relative
growth of delivery in total orders. During
this period, most of the restaurant’s orders
corresponded to the delivery system, which
ranged from 72% to 88%. Therefore, the
results demonstrate that the change in
customer behavior, due to the social isolation
caused by the SARS-CoV-2 pandemic, led to
a trend towards an increase in delivery orders.
This trend has also been observed in the
United Kingdom (HACIOGLU-HOKE et al,,
2021), China (WANG et al.,, 2022) and Italy
(ALAIMO et al., 2022), after the reopening of
social isolation. Globally, the delivery system
grew by 9.5% in the period from 2019 to 2020,
due to the SARS-CoV-2 pandemic (SOUZA
et al., 2022). Thus, the digital habit has been
influencing consumer behavior, which has
gained more confidence in the service after a

test period imposed by the lockdown.

An oftshoot of the delivery growth trend
is related to solid waste management at
restaurants, forcing the sector to readapt
to such changes. In this context, the final
consumer assumes responsibility  for
disposing of part of the waste generated by
the sector of restaurants, snack bars and other
food establishments.

CONCLUSION

The results of this research made it
possible to assess the effects of the Sars-Covid
pandemic on the waste management of a
restaurant. The in-person reopening of the
restaurant increased waste generation in the
first few months. This increase was driven
by higher generation of organic waste, due
to food leftovers left by customers, and dry
waste, mainly aluminum and PET, due to
beverage consumption. However, a downward
trend in generation has been observed, due to
the increase in delivery sales, when there is a
transfer of waste disposal to the final customer.

The dynamics in the customer-restaurant
relationship  affected the solid waste
management of the evaluated establishment.
The city of Taubaté provides good destination
options for the dry waste generated in the
restaurant (aluminum, PET, plastic, long-
life packaging), however, there was a greater
difficulty in the destination of organic waste,
as an alternative to disposal in landfills.
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Month year Total orders delivery Delivery/Total (%)

Jun/22 467 337 72
Jul/22 451 385 85
aug/22 514 449 87
sep/22 458 391 85
oct/22 472 416 88
Average 472.4 395.6 83.4
DP 24.6 41.3 0.1
(&% 5.2 10.4 0.1
Table 3. Variation in the number of total orders and deliveries at the Tenda Arabic restaurant, from June
to October 2022
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