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Abstract The COVID-19 pandemic can be divided into two waves: the first is asso-
ciated with health problems, and the second with economic and environmental prob-
lems. However, it is necessary to analyze the existence of a third wave that, in the
long run, can have a deeper impact on people’s lives. This wave emerged from the
virus capacity to accentuate social, economic, political, and cultural inequalities. In
this sense, the novel coronavirus has profoundly affected efforts to achieve the 17
Sustainable Development Goals (SDGs), established in the 2030 Agenda, especially
with regard to SDG 3, SDG 10, SDG 12 and SDG 16. In that spectrum, this chapter
aims to demonstrate how the impacts of the COVID-19 pandemic affect compliance
with the SDGs. The impact of this pandemic had been such that it is possible that
it will mean the beginning of a new era, based on the need for global solidarity
and the desire to pursue sustainable development paths. The COVID-19 pandemic
provides an opportunity to propose new actions for a more sustainable world, drafting
a recovery from economic and social crises that finds comprehensive solutions.
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1 Introduction

The Covid-19 pandemic has had profound and impacts on humanity over the past two
years. The rapid transmission pattern with the wide geographical spread of the novel
coronavirus (SARS-CoV-2) has seriously impacted different matrices of society in its
three main pillars: economic, political and social. In addition to impacts on physical
and mental health, societies are facing several environmental and economic chal-
lenges in areas ranging from quality of water, air, soil, biodiversity [1, 2] to public
debt, quality of life, employability and waste management [3, 4].

The pandemic also pushes society to look to the past to analyze pandemics’
economic impacts on socioeconomic inequality [5]. In this sense, the author high-
lights the Plague of Justinian (541-544) and Black Death (1347-1353) and presents
evidence that demonstrates that previous pandemics have reduced inequality rather
than increased it. However, he argues that in both cases, at least a quarter or even
half of Europe’s population may have perished—data on other continents is scarce.
These conclusions, however, contradict the direction of most studies on inequalities
linked to the COVID-19 pandemic, which points to a trend of increased inequality.

Reference [6] argue that pandemics have historically led to profound social trans-
formations in societies, however, such transformations are not inevitable. The authors
argue that previous pandemics led to reforms, pointing at examples such as the
improvement in living and working conditions in Europe after the Black Death in
the fourteenth century and improvements in British health systems after the cholera
epidemic in 1832. However, such a system has not survived other epidemics of
cholera in the following centuries.

The COVID-19 pandemic brings to light complex interconnected dilemmas of
globalization, health equity, economic security, environmental justice, waste manage-
ment, democracy and collective trauma, with a more significant impact the most
vulnerable groups [7]. The pandemic has also highlighted existing infrastructure
problems in areas such as healthcare, sanitation, housing, and access to essential
items such as water, energy, and food. Such problems require government action
to protect populations, especially in Latin America. Such processes increase the
importance of understanding fundamental rights in decision-making [8].

In 2020, inequality has reached its highest level in the United States, with 1%
of the population holding twice of the wealth of 90% of the population [9]. In this
context, the literature points that, in contrast to what happened in previous pandemics,
the COVID-19 crisis is increasing inequality instead of reducing it.

The COVID-19 pandemic provides an opportunity to propose new actions for a
more sustainable world, drafting a recovery from economic and social crises that
finds comprehensive solutions, using the Sustainable Development Goals (SDGs) as
aframework—especially in order to avoid the stigmatization of already marginalized
groups [10, 11].

In this objective, it is worth highlighting SDG3, set by the United Nations in
2015. SDG 3 establishes the health and well-being of humanity as its main focus and
priority. To achieve this goal, 13 targets were set to measure progress.
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SDG 3 stands out among the goals by directly connecting with groups of people
who are vulnerable to the impacts of the COVID-19 pandemic, mainly in targets 3.8
and 3.d, which refer to the search for the well-being and health of all human beings.
According to Ref. [12], the current pandemic overloads health systems and has had
several adverse factors impacting the various goals of SDG 3 differently. Besides,
the first four goals of SDG 10 should be emphasized, as they advocate the reduction
of inequalities in the world, which are currently being intensified.

In short, all of these goals propose universal health coverage; early preparation
for possible global health risks; increase in the income of the poor population; social,
economic and political inclusion; promoting standards that reduce inequality; and
the adoption of policies to achieve greater equality among all.

In the environmental sphere, changes in behavior and consumption are neces-
sary to achieve sustainability, including less resource consumption and guaranteeing
spaces for future generations [13]. On the COVID-19 pandemic, residential and
hospital waste production has increased, hindering efforts to comply with SDG 12
by creating new points of pollution on air and sea [14].

There is an opportunity for that transition in a post-COVID-19 world. The Ref.
[15] has called for solidarity, not stigmatization. However, the organization has
submitted no substantive guidance on how countries can take public health measures
that achieve health protection while respecting human rights. This is mainly due to
two factors. First, there is still not enough information on the best way to contain this
pandemic. Second, factors such as sex, race, class, disabilities, ethnicity, and other
axes of identity are still relevant to determine inclusion in society and, by extension,
vulnerability to a pandemic [8].

Therefore, the COVID-19 pandemic and measures taken to fight it can have serious
long-term consequences that would affect compliance with the SDGs [16]. McNeely
[17] adds that sustained economic growth and the globalization of human move-
ment, interconnections, finances, trade, and economic investments are linked with
the completion of the SDGs by 2030. In the face of the COVID-19 pandemic, sustain-
able actions are being severely limited, failing to include all and affecting specifically
isolated populations.

In that context, joint action between all social actors is necessary to achieve a fair
and equalitarian society. The SDGs provide a fundamental framework in which jobs,
social equality and economic concerns will be addressed in the coming recovery [18].
In this context, the structural violence existing in Brazil and in the world becomes
increasingly evident, which, according to Flavarasan and Pugazhendhi [19], is an
avoidable deficiency of fundamental human needs, which is based on a conjuncture
of extreme social inequalities, where part the population is excluded and does not have
access to rights, which makes room for the devaluation of life and the trivialization
of death and impunity.

In this perspective, Ref. [20] argues that diseases, in general, are not democratic,
as their incidences are determined by income, housing, age, gender, and race. In the
case of this pandemic, that is no different due to the vulnerable populations that are
already in the risk group.
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This chapter aims to demonstrate how the impacts of the COVID-19 pandemic
imply compliance with the SDGs, represented in Fig. 1. In addition, we prove
that the response to such an emergency must be a constant construction in order
to make society more egalitarian, primarily through cooperation resources, tech-
nologies, transparency in the dissemination of data, the responsibility of decision-
makers, entrepreneurs and civil society, high investments in health services and
political-economic intentions of governments [21].

The following sections will address the impacts of Covid-19 on the global health of
the world population, with repercussions on health (SDG 3), social inequalities (SDG
10), the promotion of just, peaceful and inclusive societies (SDG 16) and, finally,
the influence of the generation of waste by the novel coronavirus on responsible
consumption and production and the balance of the environment (SDG 13).

W
£ % THEGLOBALGOALS
“an
GOVERNANCE
T ®
L} dah 7

ENVIRONMENT ECONOMY

Fig. 1 Representation of the purpose of the chapter (Source Own elaboration)
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2 Methodology

The integrative review method employed in this research consists in synthesizing
knowledge from primary findings, obtained from indexed databases, such as Scopus,
ScienceDirect, Emerald, Web of Science and Google Scholar, representing under-
ground literature. The steps developed to unfold this chapter are represented in
Fig. 2.

The period used as a research filter in the databases was 2017-2021 and the terms
used for this research were: “global health” AND Covid-19; “SDG 3” AND Covid-
19; Sexual AND “reproductive health” AND “family planning” AND “Covid”;
“tobacco control” AND Covid 19; Covid 19 AND “social inequality” AND “eco-
nomic inequality” AND political inequality; “Covid 19” AND “social inequality”
AND “Economic inequality” AND “political inequality”’; Covid 19 AND “social
inequality” AND “economic inequality” AND “political inequality”; Covid-19 AND
people AND justice; Covid-19 AND consumption AND Waste AND production
AND environment “.

In these first searches in the databases, we found 2,820 primary findings and the
used sample resulted in 133 scientific articles, distributed as follows: Scopus (39%);
Sciencedirect (23%); Web of Science (11.5%); Emerald Insight (6.5%); Google
Scholar (20%), in 56 indexed journals, the most cited journals were:: Environmental
Research; Science of the Total Environment; International Journal of Sociology
and Social Policy; The Lancet; Plos Medicine; The American journal of tropical
medicine and hygiene; Sustainability; Journal of Pharmaceutical Policy and Prac-
tice; BMJ global health; Economies; Journal of global health; Public Health Nursing;
Journal of Hospice & Palliative Nursing; Social Sciences; Research in Social and
Administrative Pharmacy.

In the following section we will explore four important topics for this chapter: The
impacts of Covid-19 on the global health of the world population, with repercussions

¥ Research question & i Readingthe + Analysis and
+ Definition of descriptors title, summary interpretationof "
¥ Definition of search strategies and ke)"'f"’rds selected studies
¥ Definition of databases ¥ Selection of v Synthesizing
P"":::;‘;:‘: knowledge
2nd step 3rdstep 4th
5 Criteria for Pre- o S Sth step
Research question elected B! ™
::hdn studies of the selected ST
exclusion studies S
* Reading the
¥ Search forarticles completearticles;
through inclusion ¥ Creannganalynlcal
and exclusion criteria categories

¥ Analysis of studies

Fig. 2 The methodological steps (Source Own elaboration)
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on SDG 3; Covid-19 and its impacts on the social, economic and political inequal-
ities of the world populations; the spread of COVID-19 around the world and the
promotion of fair, peaceful and inclusive societies; the influence of waste generation
by Covid-19 on responsible consumption and production and on the balance of the
environment.

3 Results

3.1 The Impacts of Covid-19 on the Global Health
of the World Population, with Repercussions on SDG 3

The Covid-19 pandemic has had profound impacts on humankind over the past two
years. The emergence of the COVID-19 has tested public health systems globally,
impacted the core of neoliberal ideology, alerted to the issue of climate change with
the temporary interruption of human activities, and caused health systems to be
rethought in several countries. Reference [22] highlights that washing hands, prac-
ticing social distance and staying at home are the preventive measures implemented to
contain the spread of COVID-19. However, although easy to follow, these measures
highlight the tip of a socioeconomic iceberg and a socio-technological imbalance.
Reference [23] argues that unsustainability had facilitated the spread of the SARS-
Cov-2 in aspects such as harmful interactions between ecologic and socioeconomic
systems and human invasions of natural habitats.

Reference [24] predicted that the overload of health systems caused by the
pandemic would have the potential to cause up to 1.2 million children’s deaths and
600.000 mothers’ deaths that impacts the SDG 3 and its targets 3.1 (referring to infant
mortality) and 3.2 (maternal mortality). Those scenarios might change depending on
how long this pandemic scenario lasts, which is still unclear at the time of writing.

According to Ref. [25], the COVID-19 pandemic can be characterized as
Syndemic since it affects different geopolitical contexts in a specific fashion and
does not act alone, but it is compatible with other diseases [26]. The strategies to
fight the COVID-19 pandemic have varied dramatically among different nations, and
some developing countries in Sub-Saharan Africa have dealt with it much better than
governments of developed countries, such as the United States.

In the case of target 3.3, attention should be paid to the health of marginalized
and stigmatized populations, such as LGBTQI + and female workers, who end up
encountering additional difficulties. Reference [27] highlight that these groups are
often outside the State’s social protection and were sometimes unprotected even
before the COVID-19 pandemic. This is the case of some countries in Africa where
prejudice was already a social problem even before the pandemic.

In turn, the research by Ref. [28] punctuates a wide range of impacts from the
COVID-19 pandemic, including impacts on mental health and the treatment of non-
communicable diseases, including the agenda for target 3.4. With regards to mental
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health, Clay and Parker [29] point out that periods of social isolation can have several
impacts on health, leading to an increase in alcohol misuse, relapse and, potentially,
the development of alcohol use disorder, putting even more pressure on addiction
and drug and alcohol services, and health services in general, during and after the
pandemic, a concern highlighted in target 3.5. Reference [30] point out that the
increase in alcohol use was widely documented during other crises, particularly
among people with anxiety and depression. Target 3.6, which deals with deaths and
injuries from road accidents, Refs. [31] argue that social isolation has led to reducing
minor traffic accidents, however, fatalities are still significant.

Target 3.7, which aims to ensure universal access to sexual and reproductive health
services, including family planning, can be overwhelming and local and national
measures imposed by countries in an attempt to control the spread of Covid-19
have also affected sexual and reproductive health services. Reference [32] argues
that such changes will increase the needs for modern contraceptives, unwanted
pregnancies, unsafe abortions, maternal and neonatal deaths and might incentive
other harmful practices, such as female genital mutilation and child marriages in
developing countries.

The need for contraception and reproductive planning during the COVID-19
pandemic is fundamental. Reference [33] claims that sexual and reproductive health
(SRH), especially contraception, is an essential service. Besides, women, health
professionals, legislators and society should be encouraged to consider SRH services
as a priority.

Reference [34] argues that family planning has become even more important in
light of the pandemic since COVID-19 has impacts on individuals and couples’ rights.
Furthermore, family planning is closely associated with fundamental human rights,
such as equity, equality and universality. There is a need for continued national
commitment and investments in family planning, especially during these difficult
times when the vital economy is compromised due to the global crisis caused by the
pandemic.

Still in relation to target 3.7, it is worth noting that sexual and reproductive health
(SRH) pose a significant public health challenge problem during epidemics. A recent
survey conducted in Tunisia revealed that up to 50% of SRH clinics in the country
have been reduced or suspended activities since the emergence of COVID-19 [35].
Reference [36] points out the impacts of the pandemic on the health system with
interruptions in the regular provision of SRH services, such as prenatal and postnatal
examinations, safe abortions, contraception, HIV/AIDS and sexually transmitted
infections, highlighting the need urgency of the scientific community to generate
solid clinical, epidemiological and psychosocial behavioral links between COVID-
19 and SRH [37]. In this pandemic scenario, Ref. [38] recommend that countries
include family planning and reproductive health services in the essential service
package and develop strategies to ensure that women and couples can exercise their
reproductive rights COVID-19 crisis.

Another possible point of concern that impacts directly target 3.7 is the possible
impacts of SARS-CoV-2 on fertility. Reference [39] explain that while, based on
the current evidence, the probability of transmission of SARS-CoV-2 through the
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seminal fluid is very low, the data are still very limited to be sure of the impacts of
SARS-CoV-2 infection on male reproductive hormones and in the semen parameters.

Social isolation measures designed to slow the spread of COVID-19 and reduce
risk to medical staff also limit customers’ involvement with SRH services. Several
international agencies have estimated that the pandemic’s long-term consequences
will include a negative impact on the sexual and reproductive health needs of women
and girls in vulnerable communities [40]. After experimental studies, Ref. [41],
demonstrated that the pandemic had caused an increasing desire to postpone or
prevent pregnancy while creating barriers to contraceptive services. This can lead to
an increase in unwanted pregnancies, particularly among people who had difficulty
buying food, transportation and/or housing during the pandemic.

Other studies reinforced the issue of universal health coverage, such as those
developed by Ref. [12], on the role of pharmaceutical assistance in the midst of the
COVID-19 pandemic. References [42] and [43] addressed health spending, and Ref.
[44] focused on the study of a universal social protection system.

Reinforcing this literature, Ref. [45] studied the responsiveness of health systems,
presenting four main propositions: integration, financing, resilience and equity. These
proposals took into account the non-alignment between the rates of preparedness to
respond to pandemics that predicted great response capacities for countries such as the
United States, which ended up having markedly poor crisis management compared
to other countries. Although the United States has an impressive range of public and
private laboratories, innovative pharmaceutical and technology companies, high-
capacity institutes in the field of public health, among other facilities, the country
has a highly fragmented public health system. Furthermore, Ref. [46] propose the
need to create a global fund with the objective of strengthening health systems, so
that they are able to face new global pandemics, at the same time that such a fund
would contribute to achieving the SDG 3.

Target 3.9 addresses two important points: deaths and diseases due to the use
of dangerous chemicals, contamination and pollution of air, water and soil. Rume
and Islam [47] indicate that in the current context, there has been an improvement
in air quality in different cities around the world, a reduction in greenhouse gas
(GHG) emissions, and a reduction in water and noise pollution, helping to balance the
ecological system. However, Dharmaraj et al. [48] point out that despite the positive
aspects, it is important to highlight the negative consequences of COVID-19, such
as increased hospital waste (effluents, masks, and gloves).

In addition to the discussions made in the previous paragraphs about the repercus-
sions of Covid-19 on global health and SDG 3, regarding targets 3.1 to 3.9, we will
now dedicate ourselves to establishing relationships with the complementary goals,
which are 3.a, 3.b, 3.c, 3.d. With regard to smoking, studies have shown the correla-
tion between the prevalence of tobacco use in adults and mortality from COVID-19
worldwide and, according to Ref. [49], factors such as low immunity and a history of
respiratory conditions lead to decreased lung capacity, which makes smokers a risk
group for the novel coronavirus [50]. Diseases caused by the use of tobacco, such
as cancer and cardiovascular diseases, act as comorbidities, aggravating symptoms
in COVID-19 infection. Reference [51] highlight that nicotine exposure is linked
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to cardiopulmonary vulnerability to COVID-19 and tobacco use may be a potential
risk factor for contracting viral infection and manifesting more serious symptoms.
Another aggravating factor is the increase in infections due to the sharing of smoke
and the release of droplets of steam and smoke, putting the community at risk [49].

The correlation between the prevalence of smoking in adult men and mortality
from COVID-19 is higher in low-middle income countries. Reference [52] also high-
light the importance of strengthening smoking control policies to reduce the impact
of the COVID-19 pandemic in these locations. Reference [53] underlines that with
public health priorities aimed at controlling the pandemic, there is a concern that
tobacco control will be set aside, despite the fact that it causes millions of deaths per
year. Reference [51] also suggest taking advantage of this pandemic moment to break
the nicotine dependence cycle and accelerate national tobacco control programs to
achieve a tobacco-free world. Tobacco control is a greater challenge than ever in the
context of the pandemic COVID-19. Reference [54] emphasize that decision-makers
must be vigilant to ensure that public health practices are consistent and compatible
with the principles of the World Health Organization (WHO) Framework Convention
and the SDGs for Tobacco Control.

There is also interest in creating teams that will help create a better understanding
of disasters and health-related risks, aiming to strengthen local decision-making.
Authors such as [55] show how these teams could help create a deeper understanding
of the behavior of COVID-19 [56]. Osingada and Porta [57] also emphasize the
importance of proper training of health professionals so that their formation will
include a holistic approach, addressing concerns expressed in the SDGs. Reference
[58] address gender equity to strengthen the workforce and the role of nursing in
facing the crisis caused by COVID-19 [59].

3.2 COVID-19 and Its Impacts on the Social, Economic
and Political Inequalities

In addition to all of its impacts on health, the COVID-19 pandemic has also signifi-
cantly impacted social, economic, and political issues worldwide, especially in devel-
oping countries. The global economy has slowed as most companies have been
affected. This situation is made worse by some countries’ policies in response to this
pandemic, from social distancing to blockade policies [60].

This social shock is increased when companies are forced to reduce their produc-
tion to save their costs [61]. In this sense, Ref. [62] believe that poverty and food
security can grow as the Covid-19 outbreak progresses. Reference [63] state that
the virus has increased pre-existing inequality levels and has hit socially vulnerable
people harder. In the same vein, Ref. [64] highlight that billions of lives world-
wide were directly or indirectly impacted by the pandemic COVID-19, revealing
and aggravating the social and economic inequalities that have emerged in recent
decades.
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This situation has expanded existing divisions by income, age, gender and
ethnicity, exacerbating many existing inequalities and opening up new fissures, espe-
cially among those whose jobs cannot be done from home, which are often corre-
lated with existing inequalities (for example, by income). Younger and low-income
workers are much more likely to lose their jobs and suffer a reduction in earnings
during a lockdown. Self-employed workers and workers with less secure employ-
ment contracts are also more likely to report negative impacts. Key workers, who
generally face more health risks, are more likely to receive lower wages, be women,
and belong to some minority ethnic groups.

In general, health impacts have been uneven, with higher mortality rates among
certain occupations, ethnic minority groups and more inferior locations. Children in
more impoverished families were more deeply affected as schools closed, and those
who would have joined the labor market in 2020 face the potential for long-term
negative implications due to the collapse of the labor market. In contrast, individuals
with a higher level of education and higher income are more likely to work from
home, homeschool their children and have savings to cover unforeseen expenses
[65].

Governments must play a central role in leading all response preparations, coor-
dinating efforts to avoid creating a vacuum to be filled by competing political parties.
Most importantly, decision-makers need to address social inequalities and provide
social protection and health systems for all, especially for disadvantaged popula-
tions, to mitigate economic vulnerabilities [66]. For [67], the COVID-19 pandemic
intensified the economic and social problems that society had faced for decades, but
the crisis also presents a unique circumstance of social cooperation opportunities.

In countries where trust in the public sector and the state was already weak-
ened, the spread of misinformation related to a public health problem becomes more
prominent and faster with the global proliferation of social media. That behavior was
observed during the COVID-19 pandemic, accompanied by an unprecedented wave
of disinformation described as damaging as the pandemic itself. Misinformation is
understood as false information that is disseminated regardless of its intention to
deceive [68].

Reference [66] also warn about false statements made by politicians, high-level
elected officials, celebrities, prominent public persons and the general public about
the spread of diseases and medicines, such as the ideas that saunas, hairdryers and
exposure to the sun could prevent contamination from COVID- 19.

At this point, it is vital to highlight the relationship between COVID-10 and SDG
16, which, for [69] occurs mainly in the face of political polarization, which is a
cultural barrier to coordinated action within countries. The polarization between
citizens occurs in two forms: attitude polarization, which concerns supporters who
take extremely opposite positions,and affective polarization refers to supporters who
do not like and distrust those who present extremely opposite opinions. Affective
polarization has political consequences such as decreased confidence, the privilege
of party labels over political information, and the belief in false information, which
can undermine social and economic relations and harm public health. Reference
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[70] also claim that political polarization can be exacerbated by individuals’ different
news sources with different political inclinations.

Reference [71] show evidence that COVID-19 impacts different populations in
widely varying ways: the poor, elderly, black and indigenous populations, as well as
those who live with comorbidities, tend to fall ill and die at the highest rates. The
social detachment guidelines changed millions of people to work from home and
millions more lost their jobs, even when domestic workers, predominantly women,
blacks, indigenous people and people of color, were asked to put the lives of their
loved ones on the front lines.

In the United States, these biological, social and economic crises were punctuated
by civil unrest, as millions took to the streets for racial justice, observing the unequal
impacts of the pandemic. [72] state that the District of Columbia’s food insecurity
reveals a history of unequal access to food that was only amplified by the vulnerability
of food supply chains during the COVID-19 pandemic. New opportunities for food
access are being presented by advances in urban agriculture and other innovations
in food production. These techniques could offer urban communities sustainable
alternatives to access to food that simultaneously meet local food security and green
infrastructure needs. But they also bring persistent socio-political barriers into greater
focus.

The COVID-19 pandemic and the policies of social isolation it entails have exac-
erbated these barriers, making conventional solutions for access to food inadequate
to meet its well-intentioned objectives. The ability to order groceries and house-
hold products on mobile devices, for example, is still unknown for a large part of
the population. The profound disadvantages of marginalized populations and the
isolating nature of structural racism. Contrary to the market-centered focus of tradi-
tional food access policies, such as public—private partnerships, disparities in access
to food and resulting inequalities in food security are persistent problems in cities in
the United States [73], [72].

With the arrival of COVID-19 in Brazil, a crisis scenario that incorporated
economic, social and political aspects became quite visible. This scenario gener-
ated unemployment, poverty, and hunger and exposed several vulnerabilities that
were worsening in recent years before the pandemic, making it easy for COVID-19
to find fertile ground in Brazil for its dissemination and community transmission.
The impacts of the suspension of many commercial activities and other economic
sectors were quickly felt socially and economically.

Some of the actions carried out by the Brazilian government included the payment
of emergency aid (US$120/month for five months) and exemption from the payment
of the energy bill for vulnerable people, the release of funds for programs of direct
purchase of food from family farming, delivery of school feeding kits directly to
students despite the closing of schools and publication of sanitary rules for the oper-
ation of restaurants [74]. The study carried out by UNICEF and the Brazilian Institute
of Public Opinion and Statistics (IBOPE) from July 3 to 18, 2020 showed that during
the pandemic, one in every five Brazilians aged 18 or over (33 million) experienced
an episode of not having money to buy food when their income was over. This study
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also reports that about nine million Brazilians were unable to have a meal because
there was no food or money to buy it [75].

In Indonesia, a large part of the population was unable to survive and meet their
basic needs in the larger cities and returned to the small villages where they used
to live, creating new problems such as the threat of virus transmission in addition
to social and economic problems. With unemployment, they suffered an additional
burden: the lack of natural resources, competing with local populations to use natural
resources to satisfy their life needs [61].

In Greece, economic problems have greatly influenced the structure and resources
of the country’s health system. In addition to economic challenges, the country faces
a refugee crisis, characterized by many critical points of overcrowding and tensions
with neighboring Turkey. From an economic point of view, the impact of the COVID-
19 outbreak can be worrying. As tourism is one of the country’s main industries,
prolonged travel restrictions during the summer can significantly affect the economy.
On the other hand, the praise that Greece receives at the international level for the
country’s response to the outbreak and for the protection of public health is expected
to preserve its reputation and attract tourists as soon as measures are lifted. Besides,
the government-financed small and medium-sized enterprises that were affected by
the pandemic and subsidized dismissed workers [76].

South Korea’s reaction to COVID-19 represents a positive alternative to the domi-
nant form of oligarchic government that prevails in Euro-American societies. The
ruling elite implanted state power in ways that used this environment to continue
previous patterns of domination that continually expanded surveillance, extending
vital data extraction techniques for commercial and political purposes [77]

The state of Bangladesh has proved unable to implement policies of isolation or
a fair and effective aid program. As a test of the state of Bangladesh, the pandemic
served to highlight not only its institutional weaknesses but the contingency of citi-
zens’ compliance with policies seen as unfair and unfeasible; in such a context, the
state could have acted more coercively but preferred to be tolerant before discreetly
abandoning such policies. Both non-compliance and indulgence only make sense in
light of the power of moral economy constructions of the state’s role in subsistence
crises. A vital challenge remains the ability to control political clientelism in the
public interest [78].

According to [79], the debate about the pandemic highlighted the logic of the
discourse that guided the various voices in Italy. There are two main perspectives
guiding the public debate: the biomedical and the economic. The first defended
biological life as the ultimate element of truth and legitimacy of government action.
The second view is based on the justification of a careful cost—benefit calculation and
the protection of the interests of the homo oeconomicus. However, the debate lacked a
social perspective capable of placing dignity and human rights as a compass of inter-
vention. Behind an apparent impartial universalism that would boost the biomedical
and economic logic, there is a form of discrimination and lack of protection for
specific sectors of society, particularly the marginal ones.

In Latin America, Ref. [80] criticize neoliberal economic postulates and the policy
of fiscal austerity, which according to these authors provides privileges to elites at
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the expense of immense social damage that would have been exacerbated and accen-
tuated during COVID-19. In Chile, Ref. [81] confirm the hypothesis that regional
inequalities within countries impact the effects of the COVID-19 crisis. Furthermore,
they reinforce other studies that point to the socioeconomic issue as a crucial problem
exacerbated by the pandemic’s challenge.

In India, Ref. [82] affirm that the health system can be harmed if there is an
excessive hospitalization, due to the lack of adequate infrastructure and specialist
doctors in relation to the high number of potential patients in need of intensive care,
given the already low expenditure with the public system healthcare, which is 1.28%
of total government revenue. In addition, the catastrophic cost of testing and treatment
for patients who are not entitled to government insurance and subsidies will further
increase debt and poverty in the country. The COVID-19 pandemic is likely to cause
an economic crisis in India, as around 4% of GDP is expected to be lost during the
management and recovery phase.

According to Dutta and Fischer (2020), as a low-income country, India also relies
moderately on aid and funding from international organizations to control the spread
of the disease. And the continued loss of jobs and the influx of migrant workers
after the blockade phase reflected the government’s lack of sustainability of civilian
employment. This shows that an adequate emergency and preparedness plan is essen-
tial to avoid catastrophic losses in the financial sector and in the already needy health
sector, which India must integrate into its basic public health program.

In the European Union (EU), the outbreak of the COVID-19 pandemic put intense
pressure on providing a timely and coordinated response, capable of containing
the disastrous economic and social effects of the pandemic in EU member states.
In this situation, supranational institutions and their models of action were under
pressure, seeming unable to make a decision for the ongoing crisis [83]. In the review
carried out by [84], it is stated that the EU has implemented numerous strategies
to answer emerging questions. Member States have taken measures such as closing
borders and significantly limiting people’s mobility to mitigate the virus’s spread. An
unprecedented effort to coordinate crises between Member States has facilitated the
purchase of equipment and other medical supplies. Attention has also been focused
on providing substantial research money to find a vaccine and promote effective
treatment therapies. Financial support was made available to protect workers’ wages
and businesses to help facilitate a return to a functional economy.

In Palestine despite the serious social, health, political and economic impacts
of the COVID-19 outbreak on Palestinians, Ref. [85] claim that a positive aspect
of this pandemic is that it has revealed the dangers and shortcomings of traditional
education centered on in the teacher who colonizes the students’ minds, compromises
their analytical skills and, paradoxically, puts them in a system of oppression that
audits their ideas, limits their freedoms and restricts their creativity. Although the
Israeli occupation proved to be an obstacle in the face of the Palestinian government’s
attempt to combat and contain the COVID-19 crisis, online education, the only arena
that escapes this colonial system, has forced many instructors to give up their grip
on the education process and to create a more collaborative educational environment
that is based on dialogue, research and flexibility of curriculum content.
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Although the number of COVID-19 cases in Africais relatively limited for the time
being, the pandemic and restrictive measures to reduce the virus can have important
implications for the level of human security. They can cause economic decline and
increased poverty, authoritarianism, urban violence and increased social inequalities
[86].

According to [87], in Africa, the COVID-19 pandemic is responsible for a health
crisis in frontline health professionals’ victimization and the growing number of cases
and deaths. At the same time, it causes a social crisis with the violation of human
rights, the murder of citizens by the security forces and an increase in crime. This,
in turn, exacerbates social inequalities, the breakdown of families, cases of social
unrest and general impoverishment. An economic crisis also emerges, manifested by
a decline in GDP and mass unemployment. A political crisis is demonstrated on the
implementation of measures that may not be appropriate for Africa.

Concerning the issue of inequalities, [88] maintain the need to empower the
poorest to face the richest lobby. For those authors, a series of dismantling social
policies during the pandemic highlighted the fragility of the poorest, and the authors
believe that the discipline of law can offer means to respond to these inequalities.
Also, it should be noted that, as argued by the authors mentioned earlier in this study,
not all groups are affected equally by the pandemic. In this sense, it is crucial to
observe the impacts of COVID-19 on each of the most vulnerable socioeconomic
groups.

The database research also presented chapters with contributions on these issues.
Reference [89] discussed especially the effect of COVID-19 on undocumented immi-
grants. This group is especially vulnerable in some countries because they are reluc-
tant and fearful when seeking specialized health services as they are in an illegal
condition. From a social and political standpoint, the issue of gender is also affected
by the COVID-19 pandemic. Reference [90] carried out a case study in Gambia
on the impacts of the pandemic in the field of women’s education, concluding that
restrictions on the functioning of educational institutions had a disproportionate
weight on the vulnerability of women in that society, which the authors portrayed as
traditionalist and patriarchal.

Staying in a socio-political perspective, Ref. [91] consider that in addition to all
the issues raised by the virus, misinformation, distrust and denialism emerged as a
social situation in the same way as they did in the AIDS epidemic of the 1980s.
Reference [68] corroborate this concern through a case study referring to Lebanon.

In Canada, Ref. [92] observed the existence of patterns of discriminatory behavior
related to COVID-19 and noted that non-whites, younger people and health workers
were more likely to face this type of behavior. However, on the other hand, less
than a fifth of the study participants reported this type of behavior. Reference
[93], in turn, addresses concerns about the situation of children and adolescents
by stating “that they have had their current lives and their imaginary futures changed
beyond recognition as a result of the virus.” According to the author, more than 1.5
billion children and young people, or 87% of the world’s student population, have
stayed away from universities and schools. However, this group would be much more
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vulnerable to austerity policies. Young workers with precarious jobs also did suffer
disproportionately from the effects of the interruption of economic activity.

3.3 The Spread of COVID-19 Around the World
and the Promotion of just, Peaceful and Inclusive
Societies

As we have previously states, the crisis generated by COVID-19 has accentuated
the immense inequalities that exist in the world, which has affected and affects
more intensely the historically most vulnerable and under-valued social groups, such
as the elderly, women, indigenous peoples, homeless people and people living in
impoverished areas or without access to the conditions necessary to face the disease,
as well as small and medium-sized companies and the informal sector [94], [10].

In short, the novel coronavirus has damaged lives and livelihoods around the
world. The impact of the pandemic on human lives is evident, but the effects on the
global economy and sustainable development are also a concern [95]. In the first
three months of 2020 alone, the [11] revealed that 5-25 million jobs were lost.

With the multipolarity of the globalized world, where different cultures, policies
and socioeconomic realities coexist, the skills to deal with the present crisis are still
lacking [96], which makes it difficult to contain the disease globally. In underde-
veloped countries the impact is even more intense. That is why simple actions such
as hand washing with soap and water, together with social distancing—measures
widely advocated as a way to prevent the spread of COVID-19—become almost
impossible for a considerable portion of the population, especially for the home-
less or people living in impoverished locations, who lack basic sanitation [97]. The
number of people belonging to vulnerable groups is increasing as job losses increase
[98].

Thus, the COVID-19 pandemic increases the structural violence that exists in the
world, because some people will have its right to protection from the virus guaranteed
and others not, directly affecting SDG 11 (sustainable cities and communities) and
SDG 10 (social inequalities in and between countries) [99].

In the world taken hostage by COVID-19, therefore, the importance of a systemic
logic to solve the sustainability challenges arises. The transmission of the virus from
animals to humans occurred through environmental degradation [100], while the
spread of the virus among humans is closely linked to inequality: people living in
poverty and those with underlying health problems - which are correlated - are the
most vulnerable [101].

In addition, [13] argue that the virus is even more potent in the age group of
60 years or more, in countries where the population is already exposed to pollution
and in countries that host the majority of international travelers in a global perspective.
This is because the pandemic is no longer local but worldwide and requires more
planned global cooperation, big data technologies and networks for decision making,
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transparency for data dissemination, responsibility of decision makers, businessmen
and civil society, high investments in health services and economic intentions of
governments, with the aim of lowering the cost of health and recovering the post-
pandemic world economy of COVID-19 [10].

Regarding refugees, the pandemic has also made migrant workers more vulner-
able to discrimination and xenophobia. In the same sense, Ref. [100] point out that
overcrowding in the fields, settlements and shelters of this group is more prone to
crowding people—a factor that considerably increases the level of infection.

Like any other disease, the first effects are felt in health systems, threatening SDG 3
(Good health and well-being). Hospitals and other health facilities in many countries
are overburdened, leading to a lack of beds for medical care. The lack of equipment
and infrastructure in weak health systems implies high mortality rates, especially in
emerging economies, as in Brazil [102]. In this context, SDG 9 (Building resilient
infrastructures, promoting inclusive and sustainable industrialization and fostering
innovation) becomes an effective guide to safeguarding public and private institutions
in preventing crises and systems collapse.

From another perspective, in the field of sciences there are unprecedented levels of
collaboration in health research, a fact that touches SDG 3. Medicines and vaccines
have never been developed so fast—giving a clear indication of human capacities to
manage and develop innovative solutions in times of pressure with agility and interna-
tional cooperation. In this way, increased North—South and South-South cooperation
at various levels, together with a global technology facilitation and coordination
mechanism to contain and find a cure for COVID-19—benefiting SDG 17—will
provide learning for the years to come [97].

It is undeniable that the pandemic has reinforced the connections between health,
environment and economy in developed and developing countries alike, in the same
way that the SDGs apply for all countries [103]. Therefore, the response to the
pandemic cannot be separated from the SDGs. In fact, achieving these goals will put
us on a firm path to address global health risks and make us better prepared to face
new emerging infectious diseases [104]

Still, it cannot be neglected that COVID-19 increases the likelihood of conflict
(both within and outside borders) and, therefore, undermines the goal of global peace
and justice (SDG 16: Peace, justice and strong institutions). The pandemic highlights
the links between SDGs, especially between drinking water and health. in a scenario
where a large percentage of the global population does not have access to adequate
sanitation (SDG 11) and drinking water (SDG 6), and still face situations of poverty
(SDG 1), hunger (SDG2) and inequalities (SDG10).

SDG 4 (Quality Education for All) was also affected, since COVID-19 demanded
the closure of schools in order to prevent the spread of the virus, denying access to
education, especially people in rural areas and populations in developing countries,
which do not have access to basic technologies such as computers, cell phones and
the internet, preventing studying from home [105].

Furthermore, since the impacts of the COVID-19 crises are more extreme to
the most socioeconomically vulnerable populations, in addition to those located in
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regions with low or no access to basic needs, such as peripheral residents, indige-
nous people, women and children, the importance of intersectional thinking for
gender equality is highlighted (SDG 5). There was already a large context of gender
inequality and abuse before the pandemic crisis, but it is possible that lockdowns
have worsened the problem [106].

At this point, it should be noted that the health labor market is also characterized
by gender roles, with women representing around 70% of the health workforce
[101, 106]. Nurses are more prone to exposure to the COVID-19 than doctors, since
nurses and nursing technicians are in direct contact with secretions that spread of
COVID-19 such as saliva, phlegm and feces.

Reference [107] remark that there is another vulnerable group that is even more
affected by COVID-19: people with disabilities. This is because they have more
intense care needs than others who fall ill with COVID-19, including longer hospital
stays and more intensive nursing care. In addition, this group may need more sedation
to deal with the hospital environment and, therefore, potentially have increased needs
for intubation, which, for the most part, have not been met.

Regarding public security, some researchers like [104] point out that the moment
marked by COVID-19 will cause surges in some types of criminal violence, while
delaying others (for example, residential theft due to increased presence and domestic
protection). In addition, the increase in domestic violence will ostensibly reflect the
limits of social isolation, and that the justice apparatus will be challenged.

Regarding the prison population, Ref. [108] point out that these people are
neglected in the COVID-19 scenario, even though it is known that overcrowding,
poor hygiene and inadequate access to medical care make correctional facilities
particularly vulnerable to the spread of the virus, many of the prevention strategies
recommended by WHO are impossible to put in place. Infection control measures,
such as social distancing, hand washing and lockdowns are limited in densely popu-
lated prisons, where most prisoners share cells and other community spaces. These
places are also notoriously unhealthy, lack adequate ventilation or cleaning materials,
and prisoners often have restricted access to soap and running water [109].

On the other hand, the pandemic presents an opportunity to accelerate the criminal
justice reform that is already underway [110]. An urgent national response is needed,
since prison staff and incarcerated populations are disproportionately infected by
COVID-19 and because populations involved in justice face additional disparities
that make them more vulnerable [104].

In the same sense, Ref. [82] argue that the 2030 Agenda presents the best possible
approach to manage COVID-19 with the aim of ensuring that, now and in the
future, human well-being is achieved and, at the same time, ecological and economic
sustainability is preserved.

In addition, Ref. [13] point out that state and municipal governments in Brazil,
within the scope of their constitutionally guaranteed competence in health matters,
have addressed normative and administrative acts to restrict the movement of people,
establish the mandatory isolation of individuals, and make determinations to perform
diagnostic tests on individuals.
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However, widespread discontent over current social arrangements—even among
smaller population groups—can lead to a boycott and sabotage of implemented
health measures and distrust of government officials. Therefore, it is crucial to adopt
a broader understanding of pandemic preparedness as a public good and build social
cohesion by meeting the demands of cooperative justice to encourage widespread
cooperation and thus improve resilience to public health emergencies [111]. In this
sense, Ref. [20] argues that due to the exponential multiplication of the virus, commu-
nities will remain vulnerable if they do not guarantee access to basic health and
sanitation infrastructure for all.

Even before the pandemic, the world was far from meeting the SDGs [112],
either because few efforts were being made to do so, or because in order to comply
with the SDGs, the whole of society must be involved. That is, public policies are
needed to connect areas such as environment, economy, politics, health, infrastruc-
ture, technology, gender equality, among others, so that the SDGs, in fact, are met
[98].

In Brazil, associations such as the PAHO—the Pan American Health [113]—
have supported the actions of the Ministry of Health of the Brazil in response to
COVID-19 since January 2020, including the aforementioned emergency program
that provided to vulnerable populations a monthly aid of R$ 600 (six hundred reais).
In March 2020, PAHO conducted training for public health specialists in Brazil in
the use of Go.Data, a tool that seeks to facilitate the investigation of outbreaks and
epidemics, such as the disease caused by the novel coronavirus. In addition, PAHO
has purchased more than 10 million RT-PCR tests, which detect whether a person
is infected with the novel coronavirus. Above all, PAHO has conducted a series of
virtual seminars with specialists from different countries—including China, Spain,
Italy and Japan—to support Brazil in the development of protocols, as well as to
inform public health authorities.

Despite these efforts, the measures determined in Brazil and in the world were
insufficient to curb the disease [109]. Furthermore, it is indisputable that COVID-
19 and social isolation measures, by forcing families to stay at home to save lives
and prevent the spread of the disease, exposed social inequalities and revealed not
only the structural and historical inequality in the world, but the fragility of families
with regard to access to current income and drinking water, which guarantees the
consumption of essential goods [104, 114].

The future of post-pandemic humanity is still uncertain, either because there is no
forecast of ending or decreasing the peak of the disease, or because there is no close
precedent in recent history capable of drawing a parallel or even drawing similar
ideas. This COVID-19 phenomenon is totally unique [98]. In the current context,
falling income and rising unemployment, associated with insufficient emergency
programs, will lead thousands of Brazilians to suffer from this crisis. Furthermore,
the absence of more robust programs to protect families on the part of the Brazilian
government and the flattening of the working class, associated with the increase in
the extent of poverty, may imply an even longer way to achieve a more just society
in post-pandemic times [109].
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3.4 The Influence of Waste Generation by Covid-19
on Responsible Consumption and Production
and on the Balance of the Environment

According to [17] COVID-19 was not a surprise, because new emerging infectious
diseases were expected, mainly driven by the growth of human populations that
increasingly disturb natural ecosystems. In addition, climate change is affecting
factors such as the increased demand for animal protein, which is accompanied
by viruses, bacteria and other pathogens that increase the likelihood of contracting
zoonotic diseases, such as swine flu and avian flu.

Despite the great focus on health research, in the goal of mitigating the effects
of the novel coronavirus, the impacts of this pandemic transcend the issues of body
and mind [17, 115]. Through restrictions in Pandemic, such as social distancing,
the behaviors of organizations, consumers, politicians and leaders in general have
undergone major adaptations [4]. Commercial, manufacturing and mobility activities
were limited [116], [117], many companies moved to the virtual work environment
using the home office model, and unemployment rates increased. Such changes can
contribute decisively to the construction of new social models, as well as to the
organizations to manage risks and opportunities in this and in contexts of volatility
and future uncertainties.

Some new practices and standards have promoted positive impacts, particularly on
the environment [13]. Chinese researchers reaffirm the rapid decline in the levels of
air pollution, accentuated in NO2, given the lower recurrence of industrial production
[118], in addition to the improvement in biodiversity and in tourist places. However,
the challenging aspect of these changes lies in environmental sustainability practices.
This new and complex moment has also significantly affected waste management
[119].

The capitalist economic system causes society to present a posture of excessive,
irresponsible and unsustainable consumption [4]. As a result, hospital and household
waste ends up being disposed of in a way that is harmful to the environment. The
volume of waste in the quarantine is exponentially increased, since people spend
more time at home, and the face of an unexpected situation led to the intensification
of the powers of consumption of energy, food and water [72], [117]. The Brazilian
Association of Public Cleaning and Special Waste Companies (2021) reports that
there was an increase of 15%—-25% in the amount of residential waste, such as food,
toilet paper, face masks, gloves, cleaning products and hand sanitizers [47, 117]. As
for hospitals, the estimate is for a growth of 10-20 times in these materials.

Such products, such as facemasks and plastics, pose serious threats for the envi-
ronment, given their lasting consequences for the planet—some of these products
will last for about 450 years in nature. In Africa alone, in a study with a sample of 15
countries, 586,833,053 masks are discarded per day [120]. In Hong Kong there are
reports that masks have accumulated on nature trails and beaches due to improper
disposal in water courses directly affecting the biodiversity of the marine ecosystem
[117].
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A high volume of waste generation of hospital materials—such as gloves, aprons,
masks and other protective clothing and equipment—contradicts the tendencies for
environmental improvements, since the disposal of this waste is often being led to
burning in the sky open air and incineration, a fact that can affect air quality and health
implications due to exposure to toxins [121]. In addition, the COVID-19 pandemic
generated unprecedented and worrying contamination in the oceans [14].

Several NGOs such as Oceans Asia; WWF and OpérationMerPropre have
denounced the impact of this new type of waste on marine ecosystems. The destina-
tion of this waste to rivers and oceans is disruptive to marine life. Non-biodegradable
plastics (polypropylene), present in masks for example, can be ingested by water
animals and consequently cause acidification of the oceans.

In 2018, before the pandemic, the oceans and marine life had received about
13 million tonnes of plastic [122]. In the same period, Brazil was affected by the
destruction of species and ecosystems to support human demand for animal protein,
such as the deforestation of biologically rich Amazonian forests and the tropical
savannah of the Cerrado in Brazil to graze cattle.

The explosive spread of the virus has not given countries enough time to adapt
to this new situation. The lack of preparation of adequate protocols, the incorrect
handling of increasing volumes of medical waste and deficiencies in the management
of medical and domestic waste collection services can increase the medium and
long-term levels of plastic pollution on beaches, coasts and rivers South America
[82].

The new “normal” requires new theoretical approaches to action planning in situ-
ations of uncertainty, for the public, private and civil society [119]. Deficiencies in
management systems must be addressed as a primary objective to achieve sustainable
development and reduce the environmental impact caused by waste on the coasts and
seas. In addition, it is extremely important to apply strategies and policies to achieve
more sustainable and responsible coastal tourism, strengthening care and respect for
the environment [82].

Although the focus is the environmental concern about the increase in the genera-
tion of waste, this indicator directly impacts the health of the population and indirectly
the economy [82]. The greater number deaths has also meant less contributions to
socioeconomic development. Waste management is also a priority for guaranteeing
human well-being during the pandemic.

In the same vein, Ref. [121] highlight that given the high costs of sustainable
solid waste management (SWM), governments are increasingly associating them-
selves with the private sector through public—private partnerships to find sustainable
solutions, which can be an outlet for implementing joint post-pandemic recovery
policies.

In addition, the socioeconomic crisis reshaped investment in energy and affected
the sector significantly with disruptions due to mobility restrictions [103]. With
energy, health, food, and economic insecurity, it remains a challenge for countries
to intertwine in practice plans corresponding to the goals of the SDGs of an urgent
nature.



Sustainability in Covid-19 Times: A Human Development Perspective 21

As such, several countries have instituted policies to ensure sustainable waste
management, protecting the safety of handlers of these materials as well as dimin-
ishing air, soil and water pollution. Although, COVID-19 has distracted governments
and the public from many other environmental problems, those are still getting worse,
especially the loss of biodiversity and the damaging ecological impacts of climate
change. These interconnected problems inevitably intensified, unless a serious policy
of care generates effective actions to solve them [17].

Some private organizations see this issue as an opportunity to generate income
[103]. In Brazil, a startup that provided services for collecting residential and business
organic leftovers for composting and organic fertilizers had a25% increase in income.

The period marked by COVID-19 will serve as an example of a crisis that has
raised unprecedented challenges for the loss and waste of food in the global food
supply system, therefore testing our commitment to the principles adopted by Agenda
2030 by demonstrating that the food system that we built and as we know it today
is flawed and vulnerable. Although the SDGs do not specifically state that there is
a human right to food, SDG 2 envisions a better and more just world that is based
on the sufficiency of the global food supply, environmental sustainability and food
security for all [72].

SDG 12 addresses sustainable production and consumption, with a focus on global
(12.1) and local actions, such as achieving efficient use of natural resources (12.2). In
addition to that, the targets aim to reduce food waste (12.3), handling chemical waste
responsibly (12.4), above all, managina solid waste (12.5) and reducing pollutant
emissions (12.4). We need to rebalance the ecosystem, in all of its relations: with
nature, in human relations, in the economy, in the productive processes and in their
value chains (Institute of Applied Economic Research, 2021).

The main strategies in line with sustainable consumption in response to the
pandemic are aimed at reducing consumption and strengthening and encouraging
responsible production in the face of the prospect of a crisis in production and supply.
On the other hand, less circulation of people can reduce superfluous consumption and
disposal [18]. The goals and parameters of responsible consumption and production
can guide the plans and protocols for protection and economic recovery from the
crisis. One example is the concern of countries to maintain the provision of basic
urban services—including collection and management of waste that is becoming a
growing challenge for cities struggling with the consequences of COVID-19 [121].

Furthermore, the reduction of waste in the food logistics chains and the targeting
of their surpluses, as well as in the health sector are also challenging [72]. Finally,
incentives for recycling cooperatives are also necessary, as in Brazil, where they are
responsible for a high rate of aluminum recycling in the country, and where it was
verified that during the pandemic, recycling programs suffered falls [121].

The development of the COVID-19 pandemic is a consequence of urbanization
and aggravated by some existing social and environmental problems: environmental
degradation, flow of pathogens between humans and animals, inequalities and a lack
of preventive social and public health measures [16]).

Although COVID-19 emerged from reservoirs of wild animals linked to envi-
ronmental disturbances, transmission occurred through humans and facilitated by
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economic globalization [17]. While COVID-19 brought economic, environmental
and social challenges, it also brought an opportunity to bring transformational
changes to the structure and functioning of the global economy [100].

The essential links between human health, well-being, biodiversity and climate
change can inspire a new generation of innovators to provide green solutions to
enable humans to live in a healthy balance with nature, leading to a resilient future.
The pandemic also shows itself as a unique opportunity in a generation to rethink
how we grow our economies in a way that does not put the global environment at risk
as we have done in recent decades [99]. The downsizing of the consumer economy
and fundamental changes in global production networks and supply chains [115] will
prompt a search for a new world economy with strategies to safeguard biodiversity
and human well-being [4].

Finally, the systematization of the knowledge obtained in this study is represented
in Table 1, establishing relationships between the SDGs and mitigating solutions for
the impacts of this pandemic on sustainability.

4 Conclusions

The purpose of this chapter was to demonstrate how the impacts of the COVID-19
pandemic imply compliance with the SDGs. For this, we have used a literature review
to support our arguments and categorize indicators of the relationships we aspire for.
In this context, we identified the impacts of the novel coronavirus widespread in
all spheres of sustainable development, with environmental, social, economic and
governance aspects, as explained below.

Regarding sustainability in the governance sphere, COVID-19 showed the world
that most countries were not prepared to deal with the virus’s spread. Surprisingly, not
even the most economically developed countries were able to implement efficient
strategies to prevent contaminated people from entering and leaving the country,
spread the virus, and collapse of health systems. In a globalized and highly connected
world, institutions have failed to join forces to control COVID-19. At this point,
the global partnership is essential to control the spread of the virus, research and
technology for the development of vaccines, human trafficking.

While SDGs 16 and 17 are stimulating guides for promoting peace, justice, and
cooperation between nations and institutions, we have identified critical social justice
issues that need to be addressed to increase citizens’ volunteerism and compliance
with prevention and mitigation measures. In this context, the COVID-19 pandemic
crisis may offer a rare and invaluable opportunity to rethink and redefine the economy
towards a better and more sustainable future.

Humankind is facing an unprecedented crisis in terms of social sustainability that
needs to cultivate global solidarity and concern for the well-being of all. There-
fore, we highlight the importance of the social dimension of SDG2, SDG3, SDG4,
SDGS and SDG10, as they help to reshape our relationship with the natural environ-
ment. The integrative literature review conducted with a focus on COVID-19 and its
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impacts on the social, economic and political inequalities of the world’s populations
demonstrated that the central hypothesis accepted by the theory is that epidemic
events have the effect of reducing inequalities in the face of mortality of the poorest
and the consequent revaluation of work due to the scarcity of labor.

Itis undeniable that individuals and groups previously harmed by the social injus-
tice created by the uneven distribution of power, money, and resources were even
more affected by the pandemic. In this respect, we highlight women—whether due
to contamination or due to the increase in domestic violence and crime rates, less
access to energy, water, and food; children, faced with reduced access to educa-
tion in underdeveloped countries due to the lack of internet access, to refugees,
due to overcrowding in camps, settlements and shelters for groups more prone to
crowding; the elderly, behold, they are more likely to get the disease and; especially
the poorest, behold, simple measures to prevent the spread of new coronavirus, such
as frequent hand washing and social distance, are not available to millions of people
worldwide, as well as because disadvantaged groups are most directly affected and
disproportionate due to existing poor health.

Specifically, this research’s findings demonstrate that, at least within the limita-
tions of the defined search scope, despite the reasonable number of articles found,
no studies with a focus or significant discussion on targets 3.5, 3.6, 3.7, and 3.9 and
were filtered out. If it is not possible to affirm with this research alone that these SDG
3 goals have not yet been an object of significant study by the academy, it is possible
to indicate that studies focused on COVID-19 impact on these specific goals will
need further research.

In addition, in the case of SDG 3, in the integrative review of the literature and in
the analysis of the content of the articles relating the COVID-19 outbreak to the SDG
3, the findings reported that most articles maintain that the impacts of the COVID-
19 pandemic go well beyond those issues regarding health. Finally, as a suggestion
for future studies, we recommend conducting research aimed at understanding the
impacts of COVID-19 on each of the SDG3 targets.

On the other hand, the search for articles in the gray literature and in the databases
showed as a result that the central hypothesis discussed by various authors is that the
COVID-19 pandemic tends to deepen socioeconomic inequality throughout the world
due mainly to effects of restrictions on economic activity, a theory that is corroborated
by [124] and the other authors of the commission formed by The Lancet, perhaps
the journal with the most significant impact on health issues, for COVID-19.

In this context, all the scientific articles found postulate the same hypothesis of
increasing inequalities and adopting, without exception, a transversal time frame,
whereby the long-term effects of the pandemic are yet to be observed. Thus, even
with this amount of evidence in the literature supporting the hypothesis that the
COVID-19 pandemic should widen economic inequalities, as this is still an ongoing
phenomenon, it is not possible to definitively rule out the opposite hypothesis.

In 2020, the pandemic had an overwhelming influence on the decline in GDP,
especially in underdeveloped countries. This is because many industries, businesses,
and new investments in non-essential sectors have been forced to cease or shrink
their production. This reality was reflected in the increase in unemployment rates,
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falls in the stock exchanges, not to mention the economic stress suffered by formal
and informal micro-entrepreneurs. On the other hand, other ventures such as super-
markets and technology companies have managed to survive. In this context, the
mitigating solutions to such issues must be based on the integration of government
incentive actions for poverty control and contemplating SDGI. In addition, it is
necessary to remodel companies, universities, and institutions in general, focusing
on innovations and in SDG 7, SDGS8, SDG 9, SDG 11.

Finally, regarding environmental sustainability, the works used as references
demonstrated an unprecedented impact on the environment with the increase of
waste, hospital waste, reduction of recycling programs, increased pollution of the
seas and air, and compromise of marine biodiversity terrestrial. These environmental
problems are directly reflected in SDG 6, SDG 12, SDG 13, SDG 14 and SDG 15.

In order to minimize the impact on the environment, there was a need to rebalance
the ecosystem in all its relations: with nature, in human relations, in the economy,
in production processes and their value chains. In environmental terms, above all,
responsible consumption and production (SDG 12) are understood to be the key
to economic and environmental recovery from the crisis. Also, actions such as
preserving ecosystems, controlling waste, hygiene plans, and waste management
were considered mitigating solutions that can mitigate solutions for the impacts of
COVID-19 on the environment.

The COVID-19 pandemic reinforces the need for social inclusion measures and
guarantees the dignity of the human person. This critical moment’s impacts are diffi-
cult to estimate in the medium and long-term, giving space to speculation and uncer-
tainty. Although the origins of COVID-19 have also been discussed, the spread of
this virus has highlighted the health risks that certain types of food products of animal
origin present. In this sense, the coronavirus outbreak served to demonstrate, once
again, the links between habitat loss and biodiversity and the increasing likelihood
that infections will spread from wildlife to humans as zoonotic diseases.

The COVID-19 pandemic puts pressure on the SDGs’ actions and introduces
immediate needs that cannot wait until 2030 to be addressed. Therefore, the global
objectives can be understood as a tool to promote actors’ mobilization in societies—
including government, corporate and civil society agents—to promote all its dimen-
sions. Finally, international cooperation plays a fundamental role in development in
the context of crisis, since the pandemic has shown that one can no longer think of
isolated solutions, but of solutions that, respecting each country’s particularity, can
be sustainable. Sustainable as an interdependent goal.

In short, the chapter demonstrates that the SDGs, while suffering a severe setback
with the pandemic, is a way of fighting the pandemic and, equally, of guiding the
government, corporations and civil society towards the reconstruction of a genuine
new normal committed to the constitutional principle of the dignity of the human
person and the protection of the environment as a fundamental right of emerging
generations.
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Abstract The COVID-19 pandemic caused by the SARS-CoV-2 outbreak has
resulted in a serious threat mainly to public health, but it is known that, in parallel,
it affects all areas of sustainability: social, economic, and environmental. Conse-
quently, achieving the Sustainable Development Goals (SDGs) becomes even more
unattainable. In this context, the SDG 12 stands out specifically, which stood out in
the face of the scenario of demand and continuous use of disposable materials, to
avoid contamination and proliferation of the virus, directly impacting the generation
of waste, which is commonly deposited in landfills and when improperly disposed of,
they accumulate in improper places such as marine environments, sewage networks,
or even open dumps. Also, steps to ensure cleaner and more sustainable production
have become chimerical, given the lack of raw materials, the paralysis of large indus-
tries, and the increase in unemployment. It should be noted that, even if there is a
decrease in the emission of greenhouse gases due to social isolation, it is understood
that other areas have emerged and, this period, is not enough to mitigate the entire
climate change scenario, therefore, even the “positive” impacts become unsustain-
able mainly in the long run. Given this situation, this chapter intends to contextualize
some goals and indicators of SDG 12, such as goals 12.2, 12.3, 12.4, and 12.5, and
consequently, analyze the impacts caused by the pandemic in the context of COVID-
19 on responsible production and consumption in industries such as the health, food
and beauty sectors, globally. For this purpose, high-impact scientific articles were
used, researched through databases, official government documents, and the United
Nations Development Program itself.
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1 Introduction

Registering more than 2 million deaths by mid-January 2021, COVID-19 demon-
strates the severity of this coronavirus strain, which was first recorded in Wuhan,
China, most likely because it found favorable conditions for its pandemic awakening.
Due to climate change, deforestation, environmental changes, loss of biodiversity,
and several other factors, the emergence of zoonoses and mutations of pathogens
has become more frequent and favorable, many of them manifesting themselves
dangerously and lethally for humans and animals [1, 2].

Coronaviruses usually have bats as essential mediators, after all, they host more
zoonotic viruses than any other order of mammals. Researchers point out that bats are
also a locus of coronavirus evolution, as the frequency of coronavirus recombination
is high. Variants of viruses can therefore appear and be kept in bats with properties that
greatly increase their aggressiveness. Two other coronaviruses had already caused, to
a lesser extent, serious illnesses, such as SARS-CoV, responsible for the 2002-2003
SARS outbreak, and MERS, which caused an outbreak in the Middle East in 2012
[1,3].

In the case of SARS-CoV-2, Malaysian pangolins were initially suggested as the
hosts of the virus, since they found these sick animals in the illegal wildlife market
in China, however, a subsequent phylogenetic analysis and amino acid sequence
in the SARS-CoV-2 protein S, cast doubt on the hypothesis of pangolins as hosts.
Therefore, they have not yet identified a real intermediate host, and the hypothesis
that the virus has overflowed through bats to humans seems more acceptable and
concrete [1].

Among the main reports of the worsening of people affected by SARS-CoV-2,
there is acute lung injury (ALI) and acute respiratory distress syndrome (ARDS)
until pulmonary insufficiency is achieved. The scientific community has been aware
of the fact that the transmission of SARS-CoV-2 is greater than SARS-CoV due to
the genetic recombination of the S protein in the RBD region of SARS-CoV-2, the
contagion by COVID19 increased rapidly at the global level, therefore, on March
11, 2020, the World Health Organization (WHO) declared the emergence of a new
pandemic [2, 4].

The entire world population has been aware of the signs and symptoms of the new
virus. Among them are fever, cough, fatigue, shortness of breath, myalgia, sore throat
and head, episodes of diarrhea and stomach pains, chest pains, and in some cases
even skin blemishes. Symptoms can be mild to moderate with an incubation period
of 641 days. There are also records of asymptomatic people. Therefore, because
of the main forms of contagion and proliferation of the new virus, through exposure
to coughs, sneezes, respiratory droplets, or aerosols, the worldwide orientation to
mitigate this contagion was the use of masks for the entire population. Thus, the
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chances of contamination are lower, and consequently, hospitals fill up since other
diseases continued to exist and affect people [4, 5].

In addition to the use of masks, the best way to ease contagion is non-
agglomeration, that is, social isolation. With less human contact, there is less prolif-
eration of the disease. So, society has to adapt to new norms of coexistence, with
strict distancing, use of masks, and constant hygiene of hands and objects of common
use. However, when it comes to hospital environments, the contagion is greater, since
patients with symptoms or patients in a critical condition are treated, hospitalized, and
under medical care. There may be cross-contamination between health professionals
and patients, so the need for constant changes in personal protective equipment arises
(PPE) and the need for disposable versions of this essential equipment also increases.
[6].

Among PPE’s, the most used are masks, gloves, caps, face protectors, goggles, lab
coats, and shoe protectors. Therefore, the worldwide search and surge in demand for
personal protective equipment began, and the high number of hospitalizations caused
concern about the availability of these PPE’s, registering one of the first obscurities
of the pandemic. In view of this, emergency measures began to take place, such as
washing and reusing items that should be for single-use, such as the case with N95
masks, which are the most efficient for aerosol filtering. Months after the current
pandemic, there is still a lack of N95 masks in supply for health professionals [6, 7].

Despite all the issues involving PPE in hospitals, the most effective method for
preventing mass contamination and the overload of the health system is social
isolation except for essential excursions such as grocery shopping and picking
up medicines. The first months of isolation shifted worldwide attention to health
professionals and individuals in risk groups. The population remained alert and
reclusive mainly because they did not know what would come of this new virus.
Concerns included but were not limited to symptoms, consequences, and the release
of a vaccine. However, over the weeks, with worldwide scientific commitment and
engagement, some flexibilities started to emerge, such as the opening of some services
with all possible protection measures, since the mechanism of action of the virus had
already become more evident [8, 8].

Therefore, as we experience this pandemic and observe its various emergen-
cies related to health and sanitation, other concerns begin to capture our attention,
such as environmental issues and their impact (whether positive or negative). For
[10] some, much of the pandemic of COVID-19, focused around the need to accel-
erate sustainable development since it correlates directly with the climate change
emergency.

According to [11], the pandemic of COVID-19 has become a major public health
issue worldwide, and consequently, it can impact environmental sustainability, social
responsibility, and people’s overall quality of life. In this context, environmental
awareness, sustainable consumption, and social actions of people have been signifi-
cantly altered with factors such as quarantine, social isolation, and the health crisis
caused by the pandemic.

Therefore, it is necessary to discuss these consequences in line with the well-
known proposals of the Sustainable Development Goals (SDGs), because progress
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must be made soon according to the 2030 Agenda. For [12], the pandemic and coron-
avirus disease originated in 2019 (COVID-19) which diverted government attention
from long-term sustainability goals. Which in turn imposed unparalleled injections
of resources to rescue national economies, with the risk of delaying the achievement
of the Sustainable Development Goals (SDGs).

According to [13], it is worth remembering that the SDGs are a new universal
set of targets and target indicators, which were adopted on September 25, 2015, to
“eradicate poverty in all its forms” by 2030 “and balance the three dimensions of
sustainable development: economic, social and environmental.”The SDGs are made
up of 17 objectives, which are subdivided into 169 goals, and each country is asked
to incorporate these ambitious goals into its political agendas and to work to achieve
the SDGs.

It is noteworthy that progress towards the goals before COVID-19 was already
considered slow, and with the advent of the pandemic, brought immense additional
barriers such as the contraction of economies and social inequalities, which are
increasingly exacerbated. However, according to [10], it would be a mistake to
conclude that the SDGs are somehow less relevant now, as the structure of the
SDGs remains the best guide for identifying integrated solutions to protect the health
of current and future generations simultaneously. At the same time, it manages to
mitigate negative trade-offs during the COVID-19 crisis and the subsequent recovery.

Due to the large number of conflicts that must be researched and discussed in
the face of this pandemic associated with the SDGs, this chapter seeks to cut the
content and stick to the analysis and discussion related to objective 12 (Respon-
sible consumption and production). The choice of SDG 12 was due to the increased
generation of both domestic and hazardous biomedical waste [14, 15], as well as
issues surrounding production and consumption by some economic sectors such as
food, textiles, and packaging. Therefore, despite the notoriety of the positive envi-
ronmental effects that resulted from less road traffic and cleaner aquatic ecosystems
and atmosphere, solid waste management has expanded [16, 17].

For this, 4 of the 11 goals of SDG 12 were selected to carry out a more profound
and improved search on the impacts caused by COVID-19 in view of this approach.
The goals selected for the writing of the chapter “COVID-19 and the Sustainable
Development Objective 12: what are the impacts of the pandemic that can be observed
in responsible production and consumption?” were:

12.2: By 2030, achieve sustainable management and efficient use of natural
resources;

12.3: By 2030, halve global food waste per capita, at retail and consumer levels,
and reduce food losses along production and supply chains, including post-harvest
losses;

12.4: By 2020, achieve environmentally sound handling of chemicals and all
residues, throughout their entire life cycle, under agreed international milestones,
and significantly reduce their release to air, water, and soil, to minimize their negative
impacts on human health and the environment;

12.5: By 2030, substantially reduce the generation of waste through prevention,
reduction, recycling, and reuse.
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The choice of these goals, based on the authors’ understanding, comprises key
points for the debate on environmental issues, as it deals with the generation of waste
from prevention to reuse, emphasizes the importance of efficient management, and
brings two extremely urgent topics to be addressed: food waste and the environ-
mentally sound handling of chemicals. Finally, the analysis of these goals and their
indicators comprises the facts that occurred in the context of COVID-19, between the
periods of the first reports on the virus in China until the completion of the writing
of this chapter.

2 The Management and Sustainable Use of Natural
Resources in the Context of COVID-19 (Target 12.2)

It has been known for many years that the changes in our climate and biodiversity,
the scarcity of our principal resources, and the severe pollution associated with the
impact of the use of resources, among others, is the result of the worldwide increase
in population, material comfort, and technologies [18, 19]. It is noteworthy that the
projection for 2050 shows that the world population may be 9.7 billion. According to
[19], these growing and intensified pressures compromise the natural resource base
and the ecosystem’s absorptive capacity, affecting human health, the economies of
nations, and sustainable progress.

Given unsustainable consumption and production patterns, following projections,
cities will continue to emit increasing amounts of CO2 equivalents, from heating
and cooling technologies, transportation, production, and consumption of goods and
services that are heavily dependent on fossil fuels. During the COVID-19 pandemic,
substantial decreases were observed in some types of air pollution, but only time
will tell whether these emissions will revert to pre-pandemic levels [18]. According
to [20], in New York there was a 50% reduction in pollution due to the measures to
contain the coronavirus, in China, CO2 emissions fell by up to 25% and there was
a 40% reduction in coal fuel from China’s sixth largest power plants, according to
reports published by the Ministry of Environment and Ecology.

Referring to the ancestral techniques of thousands of years of Chinese agricultural
practices, the researchers [21], conducted a study with two indigenous ethnic groups
in China (The Dong of Zhanli Village and the Buyi of Guntang Village in Guizhou
Province). It was observed that indigenous knowledge plays an important role in
the sustainable management of natural resources, but despite its importance and
contribution to sustainable rural livelihoods and the management of natural resources,
traditional knowledge and practice are rapidly disappearing in China.

And not only in China, but many local and indigenous communities around the
world offer ecosystem services to the global public in general through the mainte-
nance of natural resources due to their harmful use and management [22]. However,
the lack of recognition of peoples’ rights to land, unregulated and exploitative use
of resources, and the unfair distribution of benefits resulting from the use of natural
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resources for private companies, were the common problems among all reported case
studies by [22].

This continued disappearance of traditional knowledge as reported in China and
elsewhere in the world, has suffered and is strongly influenced by rapid globalization
and free mechanization under the “forced to develop” regime, including pressure
from the “scientific development” discourse and “developing an innovative society
and economy” [21].

It is important and necessary, first of all, to remember that good management and
the use of natural resources maintain and/or increase the resilience of ecosystems
and the benefits they provide. Consequently, following this reasoning, the possibility
of implementing one of the most important concepts of sustainable development
is favored and increased: “Sustainable development meets the needs of the present
without compromising the satisfaction of the needs of future generations”. In order
for this thinking to become a reality, in addition to the Stockholm Conference in
1972 and the ECO-92 in 1992, the SDGs were created by the United Nations in 2015
and, among them, one of the goals covers protection issues of natural resources.

Goal 12.2 covers two issues of paramount importance to be discussed and which
must be achieved by 2030: sustainable management and the efficient use of natural
resources [23]. To this end, two indicators were also developed in order to assess
progress against the target, after all, assessing the environmental impact due to the
production and consumption of goods and services is a crucial step towards achieving
the Sustainable Development Goals (SDGs). Thus, the indicators are: 12.2.1 Mate-
rial footprint, material footprint per capita, and footprint material per GDP, and
12.2.2 Domestic material consumption, domestic material consumption per capita,
and domestic material consumption per GDP [24].

Therefore, thinking about the path towards a sustainable future through green
economies and the resilience of ecosystems, requires large investments and strate-
gies. For [25], while the Sustainable Development Goals (SDGs) have attracted
widespread interest and commitment from many organizations and stakeholders,
current trends in terms of action to achieve the goals are not reassuring. With regard
to the current moment, and with the crisis established by COVID-19, they make
the search for global sustainability goals even more dependent on urgent investment
decisions to be made by both public and private sectors [12].

To better exemplify this topic, “natural capital” will be subdivided for a deeper
and more coherent analysis. Namely, “Capital” is a term used in economics to denote
a stock of assets used to provide a flow of funds to establish or manage a business.
Therefore, the term “natural capital” has been the subject of different interpretations,
but the consensus view is that it includes the stock of biotic and abiotic assets in
nature. Thus, the World Forum on Natural Capital defines “natural capital” as “the
world’s stocks of natural assets, which include geology, soil, air, water and all living
things” [26].
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2.1 Biological Resources

The misuse of natural resources through exploitation such as deforestation, droughts,
and massive forest fires, has caused soil erosion in natural and environmentally
protected areas rich in biodiversity, which in turn has caused these exploited areas to
be the focus of international concern and research on the zoonotic origins of many
global pandemics [18, 27, 28]. The interconnected causes and effects are resulting
in increased food insecurity and an increased likelihood of future global pandemics
like COVID-19, thus creating existential risks for global societies [18].

Examples in addition to the SARS-CoV-2 virus that caused the global pandemic
of Covid-19, some of the other diseases transferred from animals to humans in
recent years include Ebola, bird flu (‘bird flu”), HIN1 flu (‘swine flu’), Middle East
respiratory syndrome (MERS), Rift Valley fever, sudden acute respiratory syndrome
(SARS), West Nile virus and the Zika virus [27, 29].

In 2016, the United Nations Environment Program (UNEP) acknowledged the
occurrence of a global increase in zoonotic epidemics, including 75% of emerging
human infectious diseases, the origins of which were closely linked to environ-
mental changes. These results are due to the fact that human beings are increasingly
interacting and impacting ecosystems, given the close relationships between human,
animal and environmental health [27, 30].

According to recent studies by [30], most pathogens move from their reservoirs
of wildlife to human populations through hunting, consumption of wild species, and
trade in wild animals along with other contacts with wildlife. It is also noteworthy that
changes in the Earth’s climate and weather continue to impact the planet’s ecosys-
tems, which include environmental communities with infectious disease agents and
hosts that act as vectors.

In China, to reduce the risks in the human-wildlife interaction and interface, and to
prevent possible epidemics in the future, a total ban on the consumption of terrestrial
wildlife, whether artificially created or originally wild, and a ban on consumption of
other wild animals required by the existing law in February 2020 [28]. According to
[28], this change will affect some laws such as the Biosafety Law, Wildlife Protection
Law, Animal Epidemic Prevention Law, and People’s Law, among others, and the
artificial commercial creation of terrestrial wildlife for food or food products and
will promote wildlife conservation in China and other countries.

Reference [25] recall that in 2015, the Rockefeller Foundation-Lancet Commis-
sion introduced a new approach called Planetary Health and proposed a concept and
strategy to safeguard human health in the time of the Anthropocene because human
health and the health of the Planet should be one. Consequently, researchers, policy
makers and regulators met at a conference in Helsinki in December 2019 to identify
and discuss the main scientific challenges to improving and benefiting from healthy
environments and respect for the integrity of natural systems [25].

According to the Convention on Biological Diversity (CBD), in its UN Global
Biodiversity Outlook report (GBO-5) it was concluded that actions to protect biodi-
versity are essential to prevent future pandemics. In addition, the report notes that
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the loss of biodiversity can also lead to a faster rate of emergence and reemergence
of infectious diseases [31].

The COVID-19 pandemic, which was identified shortly after the conference,
exemplifies the extent of global interdependence and the lack of preparedness for
threats to global health. The emergence of a new global pandemic was predicted, but
the warnings were largely ignored. It was a question of when, rather than whether or
how it would occur, considering how habitat disturbance, deforestation, live animal
trade and intensive agriculture and land use increase the risk of zoonotic diseases in
humans [18, 25].

Reference [32], recalls that the long-term effect of the synergy between the
consumption of natural resources and environmental sustainability varies between
countries, depending on the economic structure and the issue of environmental
convergence between developed and developing countries remains inconclusive
in the literature. Consequently, this situation emphasizes the need for a global
partnership to achieve environmental sustainability.

According to studies by [32], using the ecological footprint instead of carbon
dioxide emissions can provide a true and inclusive perspective on assessing environ-
mental deterioration. For, the ecological footprint is responsible for built-up areas,
carbon emission levels, cultivation areas, fishing areas, forest areas and pastures,
according to data from the Global Footprint Network (GFN). Therefore, through the
ecological footprint it is possible to capture all facets of the environmental dynamics.
Through the Global Footprint Network (GFN,) website, it is possible to follow the
data related to the Ecological Reserve and Deficit, the total Ecological Footprint by
person and the total Biocapacity per person for any interested individual.

It is possible to observe through the data that most countries (>70%) are deficient
in biocapacity, that is, countries in which the percentage of the ecological footprint
exceeds biocapacity. Among the countries with a biocapacity deficit are the USA,
India, China and most countries in Europe (marked in red). Among the countries
that still have a percentage in which biocapacity exceeds the ecological footprint are
Brazil, some African American countries and Australia (marked in green), to name
a few examples. Finally, when it comes to the world, biocapacity per person is 1.6
gha, while the ecological footprint per person is in deficit of 2.8 gha, thus resulting
in a global biocapacity deficit of —1.2 gha [33].

According to [18] it is notable that urban and regional planners need to work more
more closely in adapting existing infrastructure and buildings in cities and planning
new developments to incorporate more “blue” and “green” resources to reduce the
“usual” challenges, but also to help them anticipate and mitigate the adverse effects
of current and predicted pandemics. After all, reducing the richness and balance of
biodiversity causes the disappearance of a fundamental part of the ecosystem that
serves as a “buffer” for the spread of infectious diseases in humans, animals and
plants. In this sense, several studies have suggested that the transmission of diseases
increases with a loss of biodiversity [30].
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2.2 Mineral Resources

According to [26], although human development depends on nature, non-living
(abiotic) natural resources and processes are persistently neglected in international
and national policies that promote sustainable development. And for society to
continue to live sustainably on the planet, itis important that we understand the values
that geodiversity brings and act to conserve, manage, and plan these geo-resources,
which can be understood as “the natural extension (diversity) of geological character-
istics (rocks, minerals, fossils), geomorphological (landforms, topography, physical
processes), soil and hydrological characteristics [26].

Soil, for example, plays a key role in the conservation of biodiversity, as it provides
essential services for agricultural production, plant growth, animal housing, biodiver-
sity, carbon sequestration and environmental quality, which are crucial for complying
with SDGs. However, soil degradation occurs in many places around the world due
to factors such as soil pollution, erosion, salinization and acidification [34].

Mineral extraction practices have long been questioned due to poor management
of natural resources and concerns about planetary limits. However, with the advent
of the COVID-19 pandemic, borders were closed impacting the demand for material
flow. According to [35], mining operations have suffered a dramatic impact due to
the health and access of employees. Many countries with dominance in the mineral
supply chain, such as China, Chile, and Peru, have faced a large number of viral cases
and several mines have opted to stop operations to control the spread of the disease.
Reductions in metal prices have reported that the mining industry will be adversely
affected on the demand side by the COVID-19 crisis in the short term. However, the
low price elasticity prevented a crisis of scarcity in the supply of mineral resources
[35].

According to the researchers [35], there is a global consensus to guarantee the
openness, stability and security of the global supply chain of mineral resources and,
among the challenges, are: (1) Artisanal and small-scale mining (ASM) activities will
be seriously affected, (2) The global distribution of the metal supply chain would
be reorganized; (3) Mining technology can find bottlenecks and possible areas for
growth in a post-pandemic world include metals to increase digital infrastructure; and
(4) The increase in the cost of transport in international trade in mineral resources.

The activities of artisanal and small-scale mining (ASM)—extraction and
processing of low-tech and labor-intensive minerals—in Sub-Saharan Africa, suffer
a great impact due to COVID-19. According to the researchers [36], scholars have
shown evidence that ASM is the most important non-agricultural rural activity in
sub-Saharan Africa, as it provides a complementary source of income and the sector
helps millions of poor and farm dependent families in the region deal with serious
economic problems.

It is noteworthy that Sub-Saharan Africa has managed to prevent a high number
of infections and deaths from COVID-19 at the time of writing this article, but has
suffered from the economic impacts of the pandemic. According to [36], perhaps



44 R. T. Bianchet et al.

no other place has suffered more than sub-Saharan Africa in its remote rural areas,
which are already affected by poverty and produce food mainly at subsistence levels.

The pandemic shows the need for well-designed and efficient management strate-
gies. To this end, the United Nations Environment Assembly passed a resolution
in 2019 requesting member states to consider coordination on the governance of
mineral resources, following the report of the International Resource Panel.

Thus, some processes were considered: (1) The quantitative and qualitative data
collected during the pandemic need to be consolidated to identify the main vulnera-
bilities in the supply chains of minerals, both from mined and recycled sources; (2)
The establishment of a stock system for items such as oil to reduce the impact of
emergencies on the supply of mineral resources; and (3) Given the growing concerns
about the social and environmental performance of industries, which frequently suffer
during crises, a mechanism should be put in place to ensure the rationalization of
methods for assessing comparative impacts [35].

2.3 Water Resources

The issues involving water resources and COVID-19 stood out, mainly, in relation
to the likelihood of water contamination and consumption during isolation through
the virus. All of these topics hinder the management and the proper functioning of
this resource to meet the demand of diverse populations, as well as, sustainability.

In 2003, in Hong Kong, a SARS outbreak involving 321 patients was attributed to
the contaminated sewer system. Recently, researchers reported that live SARS-CoV-
2 can be isolated from the excrement and urine of patients with COVID-19, and the
viral nucleic acid of more than 20% of patients remained positive in the stool samples
even after viral elimination in the respiratory tract (Wang et al., 2020). According
to [37] and [29] the presence of COVID-19 in faeces has been significantly reported
in the literature and the presence of faeces in sewage drains leading to groundwater
contamination may be an emerging threat to water pollution and can lead to the
spread of COVID-19.

Thus, according to [29, 37] and Wang et al. (2020), in relation to the risk of water
transmission of SARS-CoV-2, studies should not be neglected to answer whether
hydrological conditions could be associated with the outbreak of COVID -19. It
is known that emerging pathogens can enter wastewater systems by eliminating
pathogens in human waste, introducing decontamination wastewater, illicit activities,
breeding animals and hospital effluents, or draining surface water after a biological
incident [29].

It is noteworthy that waste water is all water coming from urban public residences
and facilities (hospitals, schools, etc.), as well as from certain industries (if it does
not require specific treatment). This water is sent, through the “sewage network”, to
treatment plants, where it is treated and then released into the environment [29].

According to [29], it is very difficult to track the virus because most people are
asymptomatic and, in addition, it is not possible to perform active clinical tests on
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all individuals, due to resource and cost restrictions. In addition, COVID-19 can
also display two or more waves. In these circumstances, the passive but effective
method of monitoring sewage or effluent can be used to track and trace the presence
of SARS-CoV-2, through its RNA of genetic material, and examination of the entire
community.

When it comes to consumption, a study was carried out with 27 countries in
the European Union and it was observed that only 11 of these countries (40.7%)
implemented at least one policy intervention that considered the water sector. It is
recalled that water supply and sanitation have become central, since washing hands
under running water is the main approach to mitigate the spread of COVID-19.
However, maintaining hygiene practices and mitigating the COVID-19 pandemic
can be challenging, especially in places where freshwater sources are scarce [38].

For [38] and collaborators, there is still growing uncertainty about how water
availability and management in various countries can face the challenges of the
COVID-19 pandemic, since COVID-19 changed the patterns of water consumption
and also made more acute impacts of drought and perennial water scarcity in coun-
tries such as Ireland, the United Kingdom, Turkey, Ethiopia, Kenya, Syria, Poland,
Romania, Kosovo and India. These countries already suffer from climatic variation
and continuous decline in precipitation patterns.

Ireland’s national water company reported that there was a 20% increase in
general residential water demand during the blocking period. In Baden-Wurttemberg,
Germany, the municipal water utility Stadtwerke Karlsruhe (SWKA) also revealed
variations in water consumption, which were attributed to the closure of schools and
non-essential activities, and the increase in domestic work. Records from Portsmouth,
England, also showed a 15% increase in water demand among consumers and a 17%
reduction for non-domestic consumers during the peak period of the pandemic [38].

Researchers in Brazil, specifically in the city of Joinville, located in the south of
the country, carried out an assessment of the impact of actions to prevent the spread
of the coronavirus (COVID-19) on water consumption. The analyzes were applied
to the commercial, industrial and public consumption categories and Wilcoxon and
Kruskal-Wallis non-parametric tests were applied and the Prais—Winsten regression
models were adjusted.

According to [39] and collaborators, the results of the Wilcoxon test showed
that there are differences between the periods analyzed, indicating a drop in water
consumption in commerce and industry, but there was an increase in residential
consumption. As for the results of the regression model, they confirmed the effect of
restrictive actions in reducing consumption in non-residential categories. The results
also indicate an increase in water consumption, which was more pronounced in
apartment buildings than in houses, isolated or grouped in condominiums.

It is noticeable that the pandemic has affected countries with different cultures,
economies, and policies. This chapter discusses some situations and studies within a
wide range of surveys where they show and report on countries in which there is often
no basic sanitation and piped water for the majority of the population. Therefore, it is
observed that understanding the aspects related to water consumption is important to
gather essential information to ensure that the urban water supply system is resilient
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in a pandemic context. Mainly, with regard to the search for sustainable development,
we perceive many issues to be managed and solved, both for the sake of sustainability
and for the well-being of people, especially in epidemic situations.

2.4 Energy Resources

Energy resources are vital to the economic development of any nation and play an
essential role in human life. Energy use in most countries increases over time due to
social changes, lifestyle, population growth, architectural and urban projects that are
not environmentally friendly. In 2018 alone, the European Union noted that world
energy consumption reached 9,938 Mt of oil equivalent (Mtoe) and this growth was
mainly driven by China, the United States and India, which together account for
about two-thirds of growth [40].

Many countries are currently experiencing varying levels of energy crises due to
limited natural resources, along with the Covid-19 pandemic. This instability can lead
to the shutdown or restriction of many industrial units, limited access to energy and
worsening unemployment. It should be noted that the main reason for these problems
is the widening gap between energy supply and demand, logistics, financial issues,
as well as ineffective strategic planning issues [40, 41].

According to [41], statistical and projection data from the International Energy
Agency (IEA), state that the shock in energy demand in 2020 should be the biggest
in the last 70 years. And, according to the research by [40], the International Energy
Agency mentioned that the initial goal is to reduce annual energy by 2.6% by 2030.
However, the rate of increase in global energy intensity was only 1.7% in 2017,
and an increase to 2.7%/year is necessary until 2030. In 2018, an increase in global
energy intensity was only 1.2%. This means that from 2019 to 2030, the global energy
intensity must increase again by 2.9% each year to achieve the goals and objectives
of sustainable development.

If we analyze the blocking period (either partial or total) and with the reduction of
many economic activities, the global energy demand has consequently decreased [41,
42]. The latest data from July 2020 show that, compared to the same period in 2019,
peak rates of reduced electricity consumption (corrected by the climate) in France,
Germany, Italy, Spain, the United Kingdom, China and India during the blocking
period were more than 10%. However, the drop in demand and energy consumption
is damaging to the energy sector, as is the case in the United States, which led to
the bankruptcy of at least 19 energy companies in the industry during the pandemic
[41].

Among the established losses, the global crude oil market experienced a significant
fall after the new coronavirus outbreak (COVID-19). All major oil markets have
become extremely volatile investments in these markets can lead to substantial losses
[20, 43]. Demand for oil has witnessed a dramatic decline in industrial, commercial,
domestic and transportation uses. This led to enormous pressure on the balance
between supply and demand and storage to control oil prices (Siddique et al., 2021).
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The fall in oil prices in the midst of the pandemic led to greater risk probabilities
for oil-derived assets, in general, oil prices fell by 40% (Siddique et al., 2021). In the
Middle East and North Africa, for example, there is a sudden drop in the price of oil.
In the world superpower of the American economy, the reduction in the price of oil is
impactful, the S&P 500 predicted that the American economy would face the worst
situation on Wall Street since the financial crisis of 1929 [20]. It is also noteworthy
that the Organization of Petroleum Exporting Countries (OPEC), represented by
Saudi Arabia, interrupted negotiations with Russia on further cuts in oil production,
oil prices plummeted and futures showed negative oil prices in March [35].

The future of oil will largely depend on how countries respond to the COVID-19
outbreak and how they will recover their economic activities. According to Siddique
et al. (2021), this crisis would result in a major cut or delay in other ongoing or
future development projects in hospitals, roads, hotels, tourism, industries, energy
production, education and many others. A prolonged period of low oil prices would
not only reduce conventional energy resources, but could also bring about a paradigm
shift in renewable resources. This could lead to a shift in economic dependence on
oil to other alternative commodities.

In contrast to falls and industrial crises, on a macro scale, the increase in residential
energy consumption must be considered comprehensively for a better conclusion on
energy demand [41, 42]. It was observed that the demand for electricity fell for
commercial and industrial loads, but increased for residential loads for most of the
countries studied, as industrial and commercial activities were restricted while people
imposed permanence and work at home (Elavarasan et al., 2020).

A survey carried out in California, during the social practice of active isolation
(May 5-18,2020), showed some changes in domestic occupation patterns. In addition
to the work done at home, an increase in occupancy at noon (10 am-3 pm) was
reported, mainly by young people and minors and, consequently, an increase in the
rate of energy use. However, it was also a trigger to rethink smart technologies for
the home, as well as the origin of these energies [44].

The reduction in electricity demand has had an acute impact on the generation
and supply of fossil fuels instead of cheaper renewables, in fact, renewables seem to
accelerate the trend of fossil substitution [41]. Reference [42] highlight the position of
the International Renewable Energy Agency (IRENA) and the Council of European
Energy Regulators (CEER), which discussed issues such as the importance of fuel
diversification, integration and sustainability of energy production, a positive effect
on climate goals, conversion of the energy system into a “clean energy system”,
solar and wind energy becoming competitive, investment opportunities in renewable
energy, and a switch to clean hydrogen.

A report published by the Union of the Electrical Industry—Eurelectric aisbl
provided some recommendations on electrification and sustainability due to the
impacts of COVID-19. The report in the “microgrid knowledge” stated that the
construction of microgrids would have a progressive impact on the reconstruction of
the economy and also in facing the challenges of the electricity and energy sector.
According to the information, the development of a microgrid-based energy system
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facilitates intelligent controls, clean energy integration and the ability to support the
grid during any crisis [42].

Therefore, it is important to have a strategic management process for global energy
and to determine where the global energy transition should go. In doing so, poli-
cymakers must have a long-term plan that involves decision-making processes at
all levels, including global, regional, national, state, municipal, district and sectoral.
Although the nations have different visions, missions and energy management strate-
gies according to their benefits, it is necessary to have an integrative management at
a global level of all these countries, so that the production and consumption of all
sources of energy are sustainable and meet all the needs of the community [40].

3 Food, Waste, Production and Supply in the Context
of the COVID-19 Pandemic (Target 12.3)

The impact of COVID-19 on the food and agriculture sector exposed vulnerabilities
in the agrifood supply chain, however, it should be noted that global food and nutrition
security has been threatened since well before the arrival of the pandemic. More than
800 million people sleep hungry every night and more than two billion of the world
population suffers from hidden hunger due to the lack of essential micronutrients [18,
27, 32, 68]. Therefore, sustainable food systems are needed to guarantee sustainable
food production that meets the growing demand of the projected 9.8 billion people
by 2050 by 2050 [45].

Overall, the short-term impacts of COVID-19 required immediate responses to
limit the spread of infection through the implementation of health care and contain-
ment measures, as the agri-food system can be considered a public health instrument
(Fan et al., 2021) [68]. There is no evidence that food is a likely route of transmission
of SARS-CoV-2, however, the potential risks of infection through food and water
cannot be ignored, such as the high persistence of the virus in food and surfaces
(FAO 2020) [46].

Meat from cattle, poultry, pigs and wild animals, for example, are known to be
abundant in heparin sulfate, which is necessary for SARS-CoV-2 to interact with
the host tissue epithelium. The persistence of this virus in the environment and on
food contact surfaces, such as plastic, wood, rubber and stainless steel, means that
it can survive for several days, so meat tissue surfaces can be a potential route of
transmission or even critical for COVID-19 infection [46].

Reference [45] hope that food security challenges related to the pandemic will
slow progress towards eliminating hunger and poverty in sub-Saharan Africa. For
example, 55% of the world’s hungry people and 70% of the world’s poorest people
lived in Africa before COVID-19. Thus, the pandemic has aggravated an existing
inefficiency in the production, distribution and consumption of food in the region,
canceling the advances in the eradication of hunger and threatening to reverse the
gains obtained in the fulfillment of the Sustainable Development Goals (SDGs).
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According to [47], there is wide media coverage of sudden drops in food security
due to some factors such as: (1) Loss of income of workers totally or partially
dismissed, (2) Requests for stay at home and restricted physical access to food
markets and/or indigenous food collection activities; (3) Closing or decreasing the
capacity of institutions that support social food safety nets; (4) Market disturbances,
such as problems with the supermarkets’ ability to replenish quickly and waste of
fresh vegetables; (5) Fruit and milk due to the inability of farmers or entrepreneurs
to transport them.

According to [48] and [45], the agrifood supply chain connects producers to
consumers, incorporating activities in the farm, post-harvest processing and manu-
facturing, commerce and distribution, retail, service sector supply and regula-
tory processes to guarantee quality and safety. Thus, if the COVID-19 pandemic
continues, the production of agricultural crops, aquatic foods and livestock such as
wheat, rice, vegetables, fish, seafood, eggs, meat and dairy products will be greatly
affected [50].

In Asia, despite the Association of Southeast Asian Nations (ASEAN) being the
source of many agri food products for the world, data from the Asian Development
Bank show that agriculture’s contribution to national GDP has been declining since
the 1990s and now ranges from a minimum (Singapore) to a maximum of 23.5% for
Cambodia. At the same time, employment in the agricultural sector has also declined,
ranging from less than 1% in Singapore to 33% in Cambodia [48].

According to the studies carried out by [49] in the Pacific Island region, it was
found that the identified impacts include: (1) Reduction in agricultural production,
availability of food and income due to the decline in local markets and loss of access
to international markets, (2) Increase in social conflicts, such as land disputes, theft of
crops and high-value cattle and environmental degradation resulting from urban—rural
migration; (3) Reducing the availability of seedlings, planting materials, equipment
and labor in urban areas; (4) Reinforcement of traditional food systems and local
food production; (5) Re-emergence of networks and cultural security values, such as
exchange systems.

The authors also point out that before COVID-19 there was a diversity of food
that is being diminished, including the contraction of family income. However, it was
observed that households in rural and urban communities in the Pacific Island region
appear to have responded positively to COVID-19, increasing food production from
home gardens, particularly tubers, vegetables and fruits [49].

Bangladesh, which is considered a low-income riverside country in Southeast
Asiadependent on agriculture, which is divided into three sub-sectors called farming,
fishing and livestock. Bangladesh is currently struggling to combat the associated
adverse impact of COVID-19, as the virus is damaging the economy by disrupting
industries, poultry, dairy, agricultural and aquatic food systems that also threaten the
livelihoods of directly or indirectly dependent communities. indirectly. Stressing that
the Food and Agriculture Organization (FAO) reported that people who are already
malnourished, weak and vulnerable to disease are more likely and a “crisis within a
crisis”, combining the current health crisis with a hunger crisis [50].
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Sunny et al. [50] report in their research that fish play a vital role in the diet of
the people of Bangladesh due to the abundance of open waters inland (3rd place
in fisheries for capture fish), closed waters inland (5th place in world aquaculture
production) and marine fishing. The challenge, however, is to ensure uninterrupted
production and supply of aquatic food, fair prices for products and also nutritious
food for everyone.

The authors also point out that although Covid-19 did not directly interrupt the
production of aquatic food, it hinders the complexity of transportation and the weak
presence of the buyer causes an abnormal drop in the prices of fishery products. So it
wasn’t just fishermen, fish farmers, retailers, entire sellers and other members of the
aquatic value chain that have been affected, but also the country’s general economy
[50].

The massive reduction in demand for restaurants and commercial food services
in combination with restrictions on labor, processing capacity and/or storage has led
farmers to discard their mass production. Quarantine measures are seriously affecting
the availability of labor for time-critical agriculture, from planting vegetables to
harvesting fruit. As the crisis develops, these impacts are likely to become more
widely and deeply felt in agricultural sectors and national economies [47, 51].

It should be noted that the pandemic substantially changed normal living condi-
tions and created a ‘“new normal” that forced economic and socio-behavioral changes
in the absence of medical treatments and vaccines. In the search for a new normality
in people’s way of life, there is an increasing tendency to avoid the consumption of
dinner services, which involve physical contact with people [52].

During the first wave of the pandemic in mid-March 2020, most restaurants were
forced to suspend dinner services, and only take-away, drive-thru or delivery services
were allowed. The National Restaurant Association survey (2020) showed that the
restaurant industry lost more than $120 billion in sales and 8 million employees
were laid off or laid off in May 2020. It was predicted that the pandemic could cause
losses of up to $240 billion by the end of the year. Although restaurants in all states
could later reopen, restaurant operators still required essential health information to
minimize the risk of spreading COVID-19 [53].

In the USA, for example, COVID-19 and subsequent restrictions on restaurant
meals have negatively affected the restaurant industry. Although restrictions on meals
have been adopted to avoid human contact, the evidence suggests that consumers
may erroneously perceive that the restaurant’s “food” and its “packaging” are risky
sources of COVID-19. According to the research carried out by [54], consumers
were less concerned with the contamination of COVID-19 from food in general than
with restaurant food and its packaging, and Consumer perceptions of risk varied with
financial concern for food, gender and being in a high-risk category of COVID-19
[54].

In the case of strategies to contain the crisis in the restaurant industry, a survey was
carried out with a total of 86,507 small and medium-sized restaurants with sales data
collected in nine cities in Mainland China. It was found in this study that the delivery
service contributed to the sales of restaurants during the COVID-19 pandemic, casual
restaurants and fast casual dinners had more benefits with the delivery service than
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fine restaurants, the effects of the brand in the financial performance of restaurants
were stronger after the outbreak of COVID-19, however, discount options failed to
increase sales during the pandemic [52].

More than half of the total amount of food wasted in Europe concerns domestic
food waste, mainly due to incorrect food management habits and behaviors [55].
Changes in eating habits, as a consequence of lifestyle disruptions and psychological
stress due to blockages, can produce an important point that can influence the patterns
of generation and distribution of Food Loss and Waste (FLW) throughout the supply
chain [55, 56]. Reports from the Ministry of Agriculture, Fisheries and Food (MAPA)
of Spain show, in general terms, that household consumption increased significantly
in all food categories during the pandemic [56].

Spanish consumers are stocking up on non-perishable food and other supplies,
eating more indulgent and comforting foods, drinking more wine, beer and other
spirits, as well as snacks throughout the day. Obviously, these behavior patterns
imply not only changes in the food supply chains and the generation of FLW, but
also repercussions in the food pattern, which can be harmful to health and also to
other environmental attributes offered by the Spanish Mediterranean diet, triggering
obesity, sleep disruptions or impacts on the immune system [56].

However, it is possible to observe some positive aspects in some locations during
the COVID-19 pandemic. A study carried out in Italy investigated how these dramatic
changes in the daily lives of consumers influence the generation of food waste at
the domestic level. A questionnaire was administered to a sample of 1,078 Italian
consumers during the blockade (March—April 2020). Respondents were asked to
self-estimate the percentage of food that their families wasted before and during the
block and to explain their eating habits [55].

The survey revealed that most families threw out less food during the COVID-
19 blockade compared to the situation prior to COVID. The results also showed
that young consumers and people who started to implement good food management
practices (shopping list, meal planning, etc.) considerably reduced the food they
wasted during the blockade. In addition, the logistical difficulties in purchasing food
experienced by consumers during the blockade made them manage their domestic
food consumption more carefully [55].

Finally, itis important to capture the immediate effects of the COVID-19 pandemic
on agricultural and food systems in its broadest sense. As observed through current
scientific research, the pandemic has weakened the food chain in different locations
and in different sectors. Therefore, in order to achieve the Sustainable Development
Goals, not only with regard to this topic on target 12.3, but including questions about
world hunger and malnutrition, it is necessary to create strategies with a view to
sustainable and consistent agriculture. the reality of more than 7 billion people in the
world.

To this end, the Food and Agriculture Organization of the United Nations created
a “FAO COVID-19 Responses and Recovery” program. According to FAO, unless
we take immediate action, we risk a global food emergency that could have long-term
impacts on hundreds of millions of children and adults. Accordingly, FAO is asking
for $ 1.3 billion in initial investments to provide an agile and coordinated global
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response to ensure nutritious food for everyone during and after the pandemic. The
COVID-19 Response and Recovery Program allows donors to take advantage of the
Organization’s calling power, real-time data, early warning systems and technical
knowledge to target support where and when it is most needed.

More information is available on the Food and Agriculture Organization (FAO)
website (http://www.fao.org/partnerships/resource-partners/covid-19/en).

4 Waste from the Pandemic and Its Impacts
on the Achievement of Goal 12.4

The SARS-CoV-2 pandemic has certainly hit everyday life worldwide in a historic
way. As of January 25, 2021, Covid-19 had already infected more than 99 million
people, and of these, more than 2.1 million died [7], New York Times, 2021). There
are predictions that this pandemic will not end so quickly, since the applications of
the first doses of vaccines have recently started and, until all are properly immunized,
there is a long time to go, consequently, the demand for PPE will not decrease and
also, care of the population regarding the use of masks and social distance should
not end as quickly [7].

When talking about an exorbitant increase in the production and consumption of
medical supplies, we have as an example Wuhan in China, which consumed more
than 240 tons of medical waste every day during the period of the outbreak, being
about 190 tons more than in normal days. In India, the city of Ahmedabad doubled
the amount of medical waste generated, increasing from 550 kg/day to close to a
ton/day in the first weeks of the lockdown. Cities like Manila, Hanoi and Bangkok
experienced similar increases, producing 150-280 million tons more medical waste
per day than before the pandemic. However, this consumption goes beyond hospitals,
the domestic demand for PPE is also significant [57].

The scientific community has been raising discussions regarding the reuse of
materials that should be for single use, coupled with this, point to the need for the
development of technologies that assist in the sterilization of this equipment in a safe
manner, also raising questions regarding the preparation of PPE’s with biodegradable
materials, since they are mostly produced with petroleum products, finally, they have
been analyzing the environmental impact of these materials. Data already point out
that the global mismanagement of PPE contributed to environmental pollution with
a monthly average of 129 billion masks and 65 billion gloves (Prata et al. 2020).
Therefore, the aquatic environment is likely to be subject to more plastic pollution
from these emerging debris items.

A study by [58] demonstrated that, among 660 health professionals from public
and private hospitals, 424 (69.5%) had heard about the health waste disposal system
but only 71 (11.6%) professionals had participated in training in a health waste
disposal system, lighting a warning sign, since they are the main ones to deal with
possibly contaminated materials and they must have a correct destination. Regarding
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the availability of materials for the disposal of health waste in the institutions visited,
the study showed that 211 workers answered that “always”, 339 workers answered
that “most of the time”, 14 workers answered “never”” and 96 professionals answered
“rarely” [58]. It is exceptional that all hospital centers have the appropriate materials
available for professionals to dispose of hospital waste, given the importance of
avoiding the loss of potentially contaminated equipment.

In addition to health professionals, the population in general should have access to
training in the correct destination of personal protection residues, especially in this
pandemic scenario, avoiding potential sources of contamination and proliferation
of other diseases in addition to COVID-19. For example, in Toronto, Canada, the
city’s waste management division issued Special Waste Disposal Instructions to
inform residents about the disposal of personal hygiene and sanitary waste during
Covid-19. These instructions suggest the disposal of PPE in garbage bags along with
household waste that is destined for municipal waste management facilities. The
implementation of an effective collection system with proper disposal is necessary
to reduce the release of contaminated plastic from COVID-19 into the environment
[59].

In Brazil, among the recommendations passed on by specialists to the population,
there are the use of two garbage bags, followed by the identification of this bag—
warning that they are masks or the possibility of it being contaminated—and finally, if
possible, advise placing it together with the bathroom trash. Also, there are guidelines
for when the person is out of the house, the used masks should not be placed in the
street bins, as they leave potentially contaminated material exposed to solid waste
collectors. The recommendation is to store them in a plastic bag and put them in the
bathroom trash when they get home [60].

A survey by Ammendolia and collaborators [59] sought to quantify and identify
the densities of waste from personal protective equipment in the city of Toronto in
Canada. There were 5 weeks of collections and analyzes. The researchers used a
mobile application made just to document debris in any environment, then recorded
the PPE residues they found at ground level and the researcher’s height. They recorded
a total of 1306 items in a cumulative area of 245,190 m? in six sampled locations.
Of these items, 571 were gloves, of which 337 were identified as nitrile, followed by
vinyl (n = 154), polyethylene (n = 41) and latex (n = 39). Most of these gloves were
found close to a large market, which was associated with the use of gloves by the
population to make purchases, after all, the use of them presents a sense of security,
when the ideal is to properly wash your hands and to guarantee the destination of
these gloves for the front line professionals [59].

Still in this study by [59], the masks they found were mostly surgical masks (n
= 381), followed by reusable masks (n = 12) and dust masks (n = 8). This finding
corroborates the fact that they find a large part of these masks near a hospital, in
which visitors receive disposable masks to access, and consequently, do not dispose
of them correctly, throwing this debris through the streets [59]. In view of this, we
note the need for national and international policies that direct the population to the
correct disposal of this material.
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In addition to citizens, trade began to adapt to the pandemic scenario. As the
flexibilization of distance became apparent, new rules began to be established,
for example, in public environments, the use of masks, hand sanitizers, decreased
maximum capacity of regulars began to be required, and also, single-use plastics
began to be used. visas. Bars, restaurants, cafeterias, clinics, stores and other depart-
ments, started to insert protective plastics in cardboard machines, chairs, tables,
cutlery, gloves to serve in buffets, counters, in toilets, in order to be able to replace
them when necessary, thus avoiding possible cross-contamination [15]. Single use,
quick disposal, plus an environmental problem and overload in waste management.

In view of all the issues in debate about waste, SDG 12 brings some important
goals to be debated even more in this pandemic scenario. Goal 12.4 also provides for
“significantly reducing the release of waste into the air, water and soil, to minimize
its negative impacts on human health and the environment”. In view of this, Fig. 1
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depicts the correct steps to be followed for a safe disposal of hospital waste, and
secondly, how this correct disposal avoids greater environmental impacts.

First, materials must be discarded as to their type and risk. In the hospital, there is
waste with physical, chemical and biological risks. From this separation, a specialized
company collects this material and safely transports it to a treatment site using tech-
nologies such as microwaves, autoclave and incineration. When these possibilities
are not available, the waste, after being treated, is deposited in landfills together with
ordinary garbage. In this way, the disposition becomes safer, both for the environment
and for human health.

In the face of inadequate management of these hazardous wastes, when there
is contact or exposure to them, infections, dermatitis, cuts, neurological disorders,
fever, hepatitis, AIDS and other viral contamination may occur through blood sharps.
Generally, the people who are most affected by the incorrect disposal, when inside
hospitals are the health professionals themselves, patients and patients visitors, during
the collection process, are the workers of waste disposal services, finally, collectors
and people working in landfills or open dumps, and citizens at greater vulnerability
[58].

After improperly deposited, dangerous substances present in hospital waste, such
as medicines, or the very decomposition of these materials together with common or
organic waste, can affect the soil and water, especially the water tables, compromising
the natural resources used throughout population and bringing serious consequences
to the environment [58]. In addition to the PPE that is mostly produced with plastic
derivatives, normal consumption of routine plastics still remained, data from 2018
suggest a generation of plastic waste of 6.9 megatons, of which 42% were deposited
inefficiently, or that is, thrown in any trash or even on the ground, rivers, culverts,
or are placed in a sanitary landfill together with common and organic waste. Thus,
poor waste management threatens the ability of the global community to meet the
goals of the Sustainable Development Goals [15].

Pollution of air, soil and followed by groundwater pollution due to the decom-
position of waste has been the focus of research for a long time, among the main
harms is the formation of leachate that if not treated it can cause greater risks of
environmental contamination, it is also a source of organic acids that are converted
into CH,4 and CO,, requiring strict control over the generation of leachate from these
residues. Another problem is related to gases originating from decomposition, such
as methane and carbon dioxide, both major contributors to the greenhouse effect and,
consequently, climate change [61].

Figure 2 clearly demonstrates how the rampant consumption of plastics and their
derivatives, especially abruptly, already impacts the entire terrestrial and aquatic
ecosystem, and the trends and consequences expected in the face of the pandemic.

The figure shows the presence of microplastic in the soil, from garbage and decom-
posed bags, as shown by some samples collected from landfill residues, in which the
main types of microplastics found are derived from polyethylene (PE), polypropy-
lene (PP), polystyrene (PS), expanded polystyrene (EPM) and urethane polyether
(PEUR). PE plastic is the most used worldwide, usually in the production of pack-
aging and personal care products. In addition, polypropylene (PP), the second most
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common type of plastic found, is the most used in the production of disposable face
masks, widely used in the pandemic scenario [62].

In the soil, microplastics affect all fertility, since they affect animals that play a
fundamental role in soil diversification, such as earthworms, ants and other organ-
isms, which ingesting materials with low organic composition (e.g., microplastics),
some animals of the soil will produce more intestinal mucus, thereby altering the
soil microbiome. In addition, plants also grow with nanoplastics already infiltrated
in their development [63].

When these microplastics (PM) reach river paths and flow into marine environ-
ments, then it becomes more difficult to control or attempt to mitigate, therefore,
it is estimated that at least 5.25 trillion plastic particles weighing together almost
269 thousand tons are prevailing in the world’s oceans. Given its microstructure,
it is confused with food, being consumed by several marine biota including phyto-
plankton, zooplankton, corals, sea urchins, turtles and fish. What becomes worrying,
because in the presence of MP the heterotrophic plankton performs phagocytosis,
which retains these micro plastic fragments in their tissues, resulting in decreased
chlorophyll absorption and impacting the entire aquatic food chain, as these organ-
isms are important primary consumers [64]. In addition, countless marine animals
have already been found dead by suffocation, as they are unable to feed themselves
due to the presence of numerous micro and macro plastic particles in their stomachs.

Finally, the entire normal cycle of the ecosystem went through and the microplastic
remained throughout all the processes, be they whole, or each time as more nanopar-
ticles, but always with an end many times already established: on our plate, our
glass of water, our stomach, our digestive process. Human beings, the same exacer-
bated consumers, are severely impacted, as the consumption of PM with a size less
than 130 pm can release toxins, additives and monomers, triggering, consequently,
a carcinogenic behavior. In addition, human ingestion of microplastics can cause
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damage to the lungs and changes in liver function. Thus, microplastic pollution must
be understood and controlled to preserve human, animal and aquatic health [62].

Another alarming question is related to the incorrect disposal of medicines, since
they have chemical components that are decomposed in inappropriate places, they
can generate innumerable harm, mainly with regard to microbial resistance. Studies
report that if the decomposition of a drug is directed to water or infiltrates from
the soil to the water tables, it induces changes in the microbial population, and
represents a potential threat to the aquatic ecological process. In addition to many
antibiotics losing effectiveness and microorganisms gaining resistance, altering an
entire biological system [65].

4.1 Generation of Excessive Packaging from Online
Purchases

Social detachment has become the new reality for millions of people worldwide, but
it was not a sign of a decrease in consumption. Online shopping was the highlight
especially in the first months of isolation. Data from April 2020, suggest that in the
same month e-commerce grew 81%, associating more time at home and in front of
technologies such as notebook and cell phone, and even to avoid running the risk of
infection, people have resorted to the online service. Purchases of beverages, food,
personal care and electronics have grown significantly. As a result, it is known that
for every delivery, there is an excessive amount of packaging behind.

Plastic bags, paper, cardboard box, bubble wrap, stickers, Styrofoam trays, and
Styrofoam balls. These are just some of the main means used for online shopping
deliveries. Parallel to this, the demand and disposal of these materials increases,
becoming more waste generated on a larger scale during the pandemic. For example,
it is necessary to develop new materials for delivery packages, with internal policies
for reuse or accumulation of points to the correct destination of each package.

5 Recycling, Reuse and the Development of Biopolymers
as Aids in Meeting Goal 12.5

Goal 12.5 predicts by 2030, to substantially reduce the generation of waste through
prevention, reduction, recycling, and reuse. Therefore, there is a demand for knowl-
edge in the stages of the production processes, materials used, useful life, product life
cycle, which correct recycling process, efficient and safe ways to reuse. According
to [66] waste recycling has always been a major environmental problem of interest
to all countries, being an effective way to prevent pollution, save energy, generate
jobs and income and, in addition, conserve natural resources. However, with the
pandemic and the high risk of contagion, some countries interrupted their recycling
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programs and closed material collection centers, other countries forbade infected
residents to separate their waste, for example, we have Italy [66]. Consequently,
what was already difficult to maintain, with the pandemic the situation worsened,
making this goal more unattainable.

As already mentioned, there are several types of plastics for multiple applications,
as shown in Fig. 3.

Each type has a code with an identification number as shown in Fig. 3. There-
fore, it is important to check with the company that does the recycling, or with the
local city hall, which types of plastic are accepted. Ideally, the plastics are clean
upon delivery, dry, and divided by type, to then be collected, pass the inspection to
eliminate contaminating elements and inappropriate types of plastic, crushing and
washing, followed by separation based on density, drying, casting, drainage through
thin screens to remove more contaminating elements; cooling and crushing granules,
so that they can finally be resold to plastic companies.

Another recycling method is that which aims at energy recovery through thermal
processes. As if it were an incineration, with the difference that the energy generated
by burning the plastic is reused. The incineration of 1 kg of recycled plastic generates
energy equivalent to burning 1 kg of fuel oil. Countries like Japan and the USA already
have hundreds of thermal plants powered by plastic. Legislation also plays a key role
in recycling, for example, in January 2018, the European Commission adopted a
strategy that proposes to make all plastic packaging reusable or recyclable by 2030
and to reduce the consumption of single-use plastics and MPs. Also in 2018, the
European Parliament approved a report that welcomes the European Commission’s
proposal [67].

Therefore, it is noted the importance of industries to adapt to the development
of life cycle assessment (LCA) and related approaches can provide essential guid-
ance to identify the environmentally preferable alternative. Whereas, LCA studies all
environmental aspects in order to mitigate, prevent or correct the steps in the prepa-
ration of a product, being a guide to manage the preservation of natural resources,
optimize recycling and the development of new services and materials, in addition
to surveying the potential impacts over the entire life cycle of a product, from the
removal of raw materials to disposal [68, 69].

When it comes to the waste generated in greater expansion as doctors, according to
the LCA, the incineration of these residues together with the recovery of residual heat
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is an option that allows the chemical energy content of plastics to be recovered for
useful purposes. An LCA with sensitivity analysis of the efficiency of heat recovery
confirms that environmental impacts are minimized by maximizing energy recovery.
However, there are obstacles to the widespread use of heat recovery incineration.
Public concerns about emissions of trace amounts of dioxins and furans can become
problematic.

Through Table 1, it can be concluded that the most environmentally friendly
material is TNT, given the decomposition time. Derivatives of synthetic rubber, like
gloves, take a longer time, but compared to plastics, nothing beats the amount of years
for degradability. It is estimated that more than 200 years are needed to degrade a
disposable mask, especially if it is discarded in the wrong place or with greater diffi-
culty of access for withdrawal, as in oceans. Emphasizing that, often, the degradation
and breakage of this plastic will result in the generation of micro and nano plastics,
which make it even more difficult to eliminate the environment.

5.1 Materials, Methodologies and Technologies to Mitigate
the Impacts of Waste, Especially in the Pandemic

In view of all the issues already discussed throughout the text, demonstrations of
solutions, materials, methodologies and / or technologies already studied, under study
or being applied, are necessary to minimize the impacts generated by the COVID
pandemic19. Figure 4 shows some of these mitigation actions.

Figure 4 demonstrates some of the main alternatives to mitigate the most seen
impacts of the pandemic, especially with regard to the generation of waste.

Some countries already have laws that prohibit the use of single-use plastic bags.
Others did not prohibit, but applied taxes on these bags, and unfortunately, there
are many countries that allowed free distribution in shops and supermarkets. Faced
with the pandemic, in some places, the industry took the opportunity to lift the ban
on disposable bags, with claims of viral proliferation, although likewise single-use
plastic may still contain viruses and bacteria [70]. The ideal would be the adoption
of the use of returnable bags, made of reinforced fabric, suitable for reuse with
several purchases, which can also be washed and sanitized after use, thus, there is
no excessive generation of plastic bags that may be discarded incorrectly.

Decreasing global subsidies for fossil fuels is emerging, as they contribute to the
production of large quantities of greenhouse gas emissions. In addition to GHGs,
there is air pollution and, consequently, global warming. The UN also reports that
fossil fuel subsidies may also be contributing to COVID-19 mortality rates, based
on the link between air pollution, respiratory diseases and the severity of COVID-19
infections [24].

As for the search for solutions for the excessive disposal of PPE, some researchers
demonstrate the efficiency of UV rays in the sterilization process, so that they can
then reuse some equipment. Bands with a wavelength between 200 and 300 nm can
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Table 1 Materials most used in the pandemic, compositions and degradation time

Materials Composition Degradation time
[\t
Nitrile glove \ Acrylonitrile butadiene rubber Indeterminate
=
Latex Glove _« . Natural rubber Up to 20 years
i
Vinyl Glove #é = Vinyl resin 400 years
Disposable plastic glove High density polyethylene Up to 500 years

N p

N
[

Disposable mask

Non-woven fabric for medical
and hospital use (TNT /
Nonwoven)

Polypropylene, Nontoxic

6 months to 200 years

PFF2 Mask

Fabric mask

Outer layer of synthetic
polypropylene fiber; middle
layer of structural synthetic
fibers; synthetic fiber filter layer
with electrostatic treatment,
inner layer of facial contact
synthetic fiber

200 to 600 years

Cotton or synthetic fabrics

Cotton fabric: 10-20 years
Synthetic fabric:
100-300 years

«  Disposable cap

Non-woven fabric
Synthetic, 100% Polypropylene

6 months to 1 year

(continued)

damage the structure of DNA and RNA of several microorganisms, thus inhibiting
protein synthesis. There is also the use of chlorine for disinfection, either by jet or
washing, but, comparing them, the investment and operating costs of UV disinfection
are significantly lower, in addition to not generating aggressive chemical residues.
However, there are reports that disinfection with UVC is sometimes unsatisfactory,
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Table 1 (continued)

61

Materials

Composition

Degradation time

Disposable sneaker
L~

|

Disposable aprons
\

Face shield

Non-woven fabric
Synthetic, 100% Polypropylene

6 months to 1 year

Non-woven fabric
Synthetic, 100% Polypropylene

6 months to 1 year

PET; ABS; Polyurethane

200-600 years

Protective

Polyvinyl chloride

200-600 years

plastic for common objects

Source Authors, 2021

opt for
fabric bags

T~

@SB GOALS

Fig. 4 Actions to mitigate the impacts generated by the COVID pandemic 19. Source Authors,
2021

since the depth of penetration is inadequate and there are risks to occupational health
[71].

Much of what is known today about COVID-19, such as forms of prevention, care,
impacts, development of medications and vaccines, and in addition to the health area,
studies that also involve social, economic, environmental impacts, the development
of new technologies to mitigate impacts, all these lines of research are developed
by countless researchers, scientists from all over the world, who, in the last year,
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have demonstrated how important and necessary they are, especially in the face of
global crises. Therefore, there is a need for greater investment in the scientific area,
whether for purchase equipment, tests, locomotion, financial support to institutions
and researchers, and technological support and recognition [72].

There are researchers ascribing as possible reuse of the masks as a complemen-
tary supply and as a basis for paving streets [66]. Another solution found was the
development of respiratory masks that self-disinfect using a heating system using
electricity, such as a USB cable. Jet disinfection of chemicals in PPE is also feasible.
These and other solutions that have emerged, are seeking to optimize, reuse and avoid
the excessive use and disposal of PPE.

The development of new materials, biodegradable, of natural origin or that do
not require SO many resources, becomes attractive, and can be strong candidates as
substitutes for petroleum products, either for making PPE, as for packaging products,
food and more goods that depend on plastic and derivatives. Biopolymers are the
focus of several studies when it comes mainly to environmental impacts [73].

A biodegradable polymer is composed of high molecular weight that degrades into
low molecular weight compounds due to the action of microorganisms or enzymes.
Like petroleum-based plastics, biodegradables can be recycled or incinerated, but
they are not commonly recycled, as they are seen as contaminants in the recycling
system. As they can be degraded by microorganisms, this allows the alternative
management of end of life, through industrial and residential composting, facilitating
the development of a circular economy. These biopolymers can be widely applied in
packaging, food bags, production of objects and more.

Of the highly explored biopolymers globally, polyhydroxyalkanoates (PHA) and
polylactic acid (PLA) stand out, PHAs are polymers synthesized by many bacteria as
aresponse to stress during nutrient deprivation and excess carbon. PHA is produced
through microbial fermentation processes, where these microorganisms remain as
an energy source for survival, therefore, they are present in the cytoplasm of cells in
the form of granules and subsequently PHA is extracted by lysis of these cells [74,
75]. Polylactic acid (PLA) is a polyester that has already represented 13.9% of the
global bioplastic production capacity. PLA monomers are produced in the process of
microbial fermentative and later chemically polymerized. PLA has mechanical and
thermal properties similar to those of widely used polymers, such as PET [75, 76].

The applicability of starch and celluloses becomes attractive, after all, starch is a
bio-based biodegradable polysaccharide synthesized by most plants through photo-
synthesis. Starch is an abundantly available, renewable and inexpensive biopolymer.
Due to the abundance, low cost and biodegradability of starch, it becomes highly
interesting for packaging, being one of the first bioplastics to be commercialized.
Starch-based polymers have already represented 21.3% of global bioplastic produc-
tion capacities. However, given its high hydrophilicity, its processability as a thermo-
plastic polymer is strongly affected. The most found sources of starch are potatoes,
corn, wheat, tapioca, rice, and peas [43, 51].
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Cellulose is the most abundant natural biopolymer on Earth, predominantly from
trees, being a constituent of plant cell walls, so thousands of tons are produced annu-
ally. Cellulose is a linear homopolymer, with microfibrils of diameters of approxi-
mately 3—4 nm and, subsequently, microfibrils of 10-25 nm in diameter. In addition
to being sustainable, renewable, recyclable, non-toxic and producing a low carbon
footprint, cellulose has characteristics that allow it to be applied in several areas,
such as the reconstitution of skin and bones, such as membranes for the delivery of
drugs and cosmetics, stabilizer of emulsions, food packaging. Due to its mechanical,
thermal, optical properties, wettability, among others [77].

Finally, an efficient methodology that must be adopted is the mass awareness
of the population about the negative environmental impacts that our actions cause
through an accessible and environmental education. Especially, with regard to
responsible consumption, and at this pandemic moment, the use of fabric masks
should be discussed, demonstrating the need to make the correct disposal, avoiding
cross-contamination and the generation of waste in inappropriate places.

6 Who is Responsible for Complying with SDG 12?

All objectives are correlated with each other, complementing and aggregating each
other. Therefore, when it comes to SDG 12, it becomes inevitable not to comment
on the others. Regarding the responsibility for the fulfillment of these goals and the
interested parties for the same are shown in Fig. 5.

A large part of these alternatives is the responsibility of government agencies, the
support of public policies, and mainly when putting into practice all the discussions
already raised regarding the generation of plastic waste, subsidies on fossil fuels,
investment in research, education, innovation, technologies and scientific support.
The Sustainable Development Goals present a complete agenda, being a guide for the
search for a more environmentally responsible, socially equitable and economically
fair society. One hundred and ninety-three delegations have signed the commitment
to this agenda, now they just have to comply and recognize that the sustainable and
the guarantee that the next generations can enjoy the same things as the current one,
depends on the glocal union in favor of the fulfillment of the goals and objectives of
sustainable development.

As a civil society, it is necessary to rethink our attitudes towards the use of
plastic, the disposal of the residues we produce, the separation of the waste as to
the type for disposal of recycling or landfills, promoting sustainable behaviors,
breaking old habits and adopting new ones. For this, it is important to invest and
stimulate scientific research for the development of new materials, analysis of the
impact of waste, methodologies that alleviate environmental degradation, in addi-
tion to working with environmental education to increase the public’s environmental
awareness to encourage them to change their lifestyle, consumption patterns and
behavior. Awareness about plastic waste and contamination should not be interrupted
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Fig. 5 Stakeholders and allied with the fulfillment of the sustainable development goals. Source
Authors, 2021

or reversed, as it requires long-term efforts to result in behavioral changes, which
can be losses due to interruption or contradictory information [78].

Industries, large investors and business people are essential as regards the parties
interested in complying with the SDGs, since they are responsible for the mass
production of various materials, consisting of the extraction of raw materials followed
by the transformation of it into a product, so that there is distribution to the consumer.
Therefore, ecodesign proposals fit into the product design stage, prioritizing mate-
rials, technologies and methodologies that do not harm the environment, also asso-
ciating the analysis of the life cycle of each product, seeking alternatives that miti-
gate the environmental impact [79]. Therefore, each industry is responsible for the
commitment and concern for environmental, social and economic causes, mitigating
greenhouse gas emissions, carrying out social projects, campaigns to collect pack-
aging for reuse and recycling, educational announcements on the correct disposal of
the product produced, information on the impacts that improper waste abandonment
can generate in the short and long term at the local, regional and global levels.

The four axes of civil society, industries, academia and governments are the basis
for the fulfillment of the Sustainable Development Goals, therefore competing, the
action of all of us, for the construction of a society aligned with sustainable and
resilient development.
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7 Final Considerations and Future Perspectives

The COVID-19 pandemic has led to historical changes in the norms of our society
and in the way people interact. Viral infection, with a significant mortality rate,
has impacted all social spheres, social distance has become essential, in addition to
the use of masks and hand sanitizers by the population. When it comes to medical
care, health professionals redoubled the rigor in the area of individual protection,
opting for the use of double gloves, even more sealed masks, excessive exchanges of
PPE, and with this, an increase in hospital waste and also an increase in the demand
for medical supplies. personal protective equipment by both health agents and the
population.

The first pandemic months were uncertain, as it was not known exactly what
it was about, what the symptoms and consequences were. In view of this, the best
approach was to stop everything that involved people, such as companies, businesses,
industries, schools, universities and even some essential services such as garbage
collection and separation. Consequently, there was an overload on the system, and
a decrease in the correct separation of common and recycled garbage, reducing the
percentage of collection of recyclables. In addition, the number of masks and PPE that
started to be found in public places, streets, and even exposed in natural environments
such as rivers and oceans is significant. All of these issues triggered a warning from
the scientific community as to what short and long-term impacts this pandemic can
cause on the generation and disposal of waste.

Sustainable Development Goal 12 fits best when studying waste generation. In
this chapter, the first goals were highlighted as the main participants in the fight
against mismanagement in this critical moment that the world finds itself.

Regarding goal 12.2, it is important to note that good management and the use
of natural resources maintain and / or increase the resilience of ecosystems and the
benefits they provide. Especially, with regard to the current moment, with the crisis
established by COVID-19, they make the search for global goals of sustainability
even more dependent on urgent investment decisions to be made by the public and
private sectors.

It was also observed that our improper interaction with natural resources can
trigger a series of problems. The use of biological resources through our food or
through deforestation has several consequences such as the origin of epidemics. As
studies have shown, most pathogens move from their wildlife reservoirs to human
populations through hunting, the consumption of wild species, the wildlife trade and
other forms of contact with wildlife.

Goal 12.3 also showed us the great impact of COVID-19 on the food and agri-
culture sector and exposed its vulnerabilities. For, as we well know, global food
and nutrition security has been threatened since well before the pandemic’s arrival.
However, in the case of the pandemic, the short-term impacts of COVID-19 required
immediate responses to limit the spread of infection through the implementation of
health care and containment measures, as the agri-food system is considered a public
health instrument. Thus, it must emphasize the importance of good management, of
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partnerships between countries, mainly, with a focus on developing countries that
are historically severely affected by hunger and poverty.

As reported, goals 12.4 and 12.5 become essential guides when it comes to
reducing the release of waste into the environment, and the importance of preven-
tion and recycling. These are proven to be the most effective methodologies that
guarantee sustainable development and, consequently, compliance with the SDGs.
These same goals need support from stakeholders, be they the scientific community,
governments, and civil society as a whole. To this end, preserving natural resources,
mitigating negative repercussions of the excessive use of fossil derivatives, guar-
anteeing future generations access to the same resources that current ones have.
In addition to ensuring the preservation of natural habitats, in order to prevent the
emergence of pandemics with zoonotic origin like the current one.

Therefore, the pandemic shows the need for well-designed and efficient manage-
ment strategies, after all, we are not exempt from catastrophic occurrences that show
the importance of having a balance between human beings and the environment.
Thus, responsible consumption and production in favor of sustainable development
should continue to be the focus of scientific research.
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Abstract Currently, efforts have been made to develop studies that seek to ascer-
tain the impact of the blockage implemented to combat the spread of the coronavirus
(COVID-19) in various economy sectors such as services, commerce, industry, civil
construction, transportation and agriculture. Regarding the transport sector specifi-
cally, the blocks implemented in several countries around the world, to contain the
virus, resulted in a significant reduction in the number of trips between points of
origin and destination, with only the essential ones advised. This reduction should
also impact on congestion and the number of traffic incidents. Thus, this chapter seeks
to test the hypothesis that isolation, due to COVID-19, resulted in a significant drop
in the occurrence of traffic incidents, through the performance of statistical analyzes.
In addition, this possible reduction is discussed as being an important strategy to
achieve several Sustainable Development Goals (SDGs). We used traffic incidents
data in the Rio de Janeiro city made available by Traffic Engineering Company of the
city. The results obtained through various statistical methods indicate that although
the accident profile has not undergone significant changes, there was a sharp drop in
the number of calls for traffic incidents, which can positively impact nine SDGs and
23 targets of the 2030 Agenda. It is also worth mentioning that although the blocking
state is not permanent, the findings found can be used to improve the potential for
mitigating traffic incidents in the future and help in a future planning of incident
management.
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1 Introduction

To reduce the effects of COVID-19 pandemic, a fast-spreading disease through respi-
ratory droplets, several countries sought to implement travel restrictions for popu-
lation [1], with the temporary suspension of most face-to-face activities in favor of
virtual and remote activities, to reduce the chances of contracting and spreading the
virus [2]. Thus, at the end of March 2020, half of the world population was under
some form of blockage [3], closing part of the industrial activities globally [4].

Among many other sectors, transportation is the sector most affected by the
pandemic [4], because there was a significant reduction in the number of trips between
points of origin and destination due to the lockdowns [1, 5], including commuting
and recreational travels [6], with essential travel only being recommended by health
and public safety professionals.

COVID-19 pandemic has provided a severe negative impact on human health,
on global economy and, consequently, on freight and passenger transportation [5].
However, it also reduces the pollution due to limited social and economic activities [4,
7, 8]. Studies present evidence for a link between the global decline in transportation
and the reduction of environmental exposure to various air pollutants [4, 7, 9].

Besides, it is believed that blockages in the transport sector also led to a congestion
reduction, due to the lower number of vehicles circulating on the roads [1], and to a
reduction in the number of traffic incidents, which can be defined as any non-periodic
event that decreases the road capacity or generates an abnormal increase in demand
[10]. These incidents cause a intensify traffic congestion, leading to delays in travel
times, excessive fossil fuel consumption, increased environmental, visual and noise
pollution, among others [11-14].

Inrelation to accidents and running over, for example, itis observed that, generally,
as economic activity decreases, travel decreases and drivers are exposed to a lower
collision risk [15]. In fact, during the COVID-19 pandemic, fewer vehicles were
observed on the roads [1, 16] and fewer accidents were identified [2, 15, 17, 18].
In addition, the existence of an incident can lead to the occurrence of secondary
incidents, aggravating the impacts.

Efforts are currently being made to identify the trends that are presented in the
incidence of motor vehicle collisions and vehicle-related injuries, specifically during
the COVID-19 pandemic. However, it is highlighted that there is a lack of studies
related to the analysis of incidents in general. The reason is that, during the literature
review, we identified that the papers that address the theme deal specifically with the
analysis of traffic accidents.

Thus, this chapter seeks to test the hypothesis that the isolation due to COVID-
19 significantly resulted in declines in the occurrence of traffic incidents in general
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(including in addition to accidents and running over, the broken-down vehicles that
represent a significant portion of these incidents), through a statistical analysis, taking
the Rio de Janeiro city, Brazil, as a case study. The reduction in traffic incidents leads
to a reduction of the negative impacts, such as increasing of the CO, emissions,
increasing of the traffic congestion and a reduction of the population life quality.

It is worth mentioning that this chapter is aligned with the 2030 Agenda for
Sustainable Development and its 17 Sustainable Development Goals (SDGs) [19],
among which the following stand out: SDG 3 (Good Health and Wellbeing), SDG 9
(Industry, Innovation and Infrastructure), SDG 11 (Sustainable Cities and Commu-
nities) and SDG 13 (Climate Action). For example, one of the targets of SDG 3
(specifically the Target 3.6) aimed to decrease the global number of road deaths and
injuries by 2020. The simple inclusion of such an ambitious target, related to road
safety, represents the need to better traffic management with the aim of reducing
traffic incidents.

To compare the scenarios before and during the lockdown, carried out to combat
the spread of COVID-19, data related to traffic incidents are used which were
provided by the Traffic Engineering Company of the Rio de Janeiro city (Companhia
de Engenharia de Trafego da Cidade do Rio de Janeiro—CET-Rio, in Portuguese).
In addition, statistical tools are used to observe the real reduction in the number of
calls and their configuration in different vehicle categories.

Although this chapter is focused on the scenarios before and during the COVID-19
pandemic, as a result of social distance, the demand for travel may drop permanently
due to a greater amount of work done in home office, greater purchases online and
people may still fear social contact when the rules of social distance are no longer in
effect, reducing the number of activities and travels [1].

The remainder of this chapter is organized as follows. Section 2 presents a bibli-
ographic review and Sect. 3 describes the methodology used. Section 4 shows the
results and a discussion is presented. Section 5 seeks to discuss how the reducing
of traffic incidents can contribute to reaching targets of SDGs. Finally, the final
observations and future directions of the study are expressed in Sect. 6.

2 Bibliographic Review

Epidemic and pandemic outbreaks, such as dengue, swine flu, bird flu and, recently,
COVID-19, have a severe and versatile impact on society as well as on the economy
[5]. COVID-19 started in Wuhan, in the People’s Republic of China, and, in January
2020, it spread quickly not only in the surrounding areas, but also throughout China
and the outbreak turned an epidemic [8]. At the end of January of 2020, a worldwide
public health emergency was declared [28].

In February of 2020, outbreaks began in Iran, Italy and other countries around the
globe. Subsequently, the epidemic turned into a pandemic and, at the end of March of
2020, half of the world population was under some form of blockage [3]. COVID-19
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spread rapidly, partly due to the increase in globalization and the accessibility of the
first epicenter (Wuhan) [20].

In order to slow the spread of COVID-19, governments around the world have
decided to impose several temporary restrictions [5]. Thus, increasingly stringent
measures were put in place by world governments in an effort, initially, to isolate
cases and interrupt the transmission of the virus and, subsequently, to decrease its
rate of spread [21], such as close schools, shops, restaurants and bars, ban public
events and encourage the work at home [1].

In Brazil, on March 16 of 2020, the state governor declared a public health emer-
gency in the Rio de Janeiro city and partial blockade measures took effect a week
later [7]. During the first week of quarantine in Rio de Janeiro, public transportation
was reduced by approximately 50% and private vehicles were significantly reduced
[22].

The blocking response to COVID-19 caused an unprecedented reduction in the
global economy and in the transport activity [9]. Countries around the world are
taking steps to reduce the effects, or at least delay them, to deal better with public
health and manage better their limited resources [23]. Some countries, such as China,
Italy and Spain, have imposed social distance by imposing blockades (in certain
regions or in the country as a whole), while other countries, such as Holland, Sweden,
the United Kingdom and the USA, have adopted a less strict social distance for
through control measures [1].

As a result, government measures (such as travel restrictions and shutdowns of
entire sectors of the economy) have been implemented, as well as individual choices
to refrain from traveling in order to reduce exposure to other people and the risk of
contamination [24]. The confinement of the population is leading to drastic changes
in energy use, with expected impacts on pollutant emissions [21]. The reduction in
pollutant emissions has a positive impact on air quality and is discussed especially in
the context of COVID-19 and its versatile government restrictions during blocking
periods [4, 7-9, 25].

As millions of people started working at home or lost the jobs and the govern-
ment officials implemented unprecedented measures to restrict travel, there was a
huge decrease in commuting, along with even more dramatic decreases in recre-
ational travels [6], resulting in a reduction in the traffic volume [5], and, conse-
quently, a reduction of congestion [1] and traffic incidents such as accidents, run
overs, mechanical malfunctions, etc.

Following this line, reference [2], for example, sought to identify and explain
what trends have been presented in the incidence of motor vehicle collisions and
vehicle-related injuries since the beginning of the COVID-19 pandemic. The authors
identified that this incidence decreased significantly during the COVID-19 in some
states like Florida, New York and Massachusetts and that the creation of improved
public transport modes and the use of virtual/remote activities can serve as solutions
to reduce vehicle-related collisions and injuries in a long term.

Reference [18] presented California’s preliminary data on total and victim colli-
sions (injuries/fatality) on state highways during the COVID-19 pandemic. The
authors indicated that there was a reduction of approximately 50% in the total of
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accidents, between March 1, 2020, and April 30, 2020, compared to the period
before the blockade and a similar period in 2019.

Reference [17] similarly presented North Carolina’s total collision and victim data
for the period of blocking economic activities in combating the spread of COVID-19,
from March 15, 2020, to May 16, 2020. Compared to the pre-lock baseline, the total
crashes decreased by 50%, fatal crashes decreased by 10%, while crashes curiously
increased by 6%, which was attributed to the higher proportion of crashes of a single
vehicle during this period.

Thus, it is noted that currently efforts have been made to identify the trends that
are presented in the incidence of motor vehicle collisions and vehicle-related injuries,
specifically during the COVID-19 pandemic. However, it is highlighted that there is
a lack of studies related to the analysis of incidents in general. The reason is that,
as can be seen in the studies discussed here, the papers that address the theme deal
specifically with the analysis of traffic accidents. Thus, this chapter seeks to address
this gap in the literature by considering, in addition to accidents, mechanical faults
and flat tires, which represent a significant portion of traffic incidents. In addition, the
existence of these events leads to secondary accidents. So, this study seeks to bring
the results closer to the possible benefits for achieving the SDGs and their targets of
2030 Agenda.

3 Methodology

As presented in Sect. 1, this chapter aims to analyze a possible change in the profile
of attendances to traffic incidents, due to the social isolation imposed by the COVID-
19 pandemic, through data collected in an urban area. For comparison of scenarios
before and during the pandemic, statistical tools are used in order to observe the real
reduction in the number of calls and the different vehicle considered. The method-
ology developed has four stages: (1) data collection; (2) data treatment (Elbow and
K-Means Methods); (3) statistical analysis (parametric and non-parametric hypoth-
esis tests); and (4) correlation with the SDGs and their targets, as can be seen in
Fig. 1.

In the first stage, the aim is to collect data referring to calls for traffic incidents,
before and during isolation, with the objective of knowing them through information
such as time of occurrence of the incident, incident type, vehicle involved and whether
it occurred on business day or not. Information about decrees and laws related to
social isolation was also analyzed.

In the second stage, the data are processed, initially excluding incomplete or
discrepant information. Subsequently, they were divided into working days, week-
ends and holidays. It should be noted that, due to the functioning of the cities, the
traffic of vehicles on working days is different to the one found during weekends.
Traffic flow is usually higher due to study and work trips during working days in
urban regions. Therefore, it was decided to focus the analysis on working days only.
For this, we used K-Means and Elbow Methods.
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Fig. 1 Methodology adopted

K-Means is a localized optimization method that is sensitive to the selection of
the starting position of the clusters’ center. This method divides in k clusters the total
of observations, but it does not determine the ideal number of clusters (k), so that
k needs to be pre-defined. For this, the Elbow Method is used [26]. This method
analyzes the percentage of variance explained as a function of the number of clusters
and aims to choose a number of clusters so that the addition of one more does not
generate better results [27]. The ideal number of clusters is defined by the distortion
observed. So, to confirm this difference, the K-means and Elbow methods are used.
Thus, it is possible to check whether there is a difference between working days and
the other days for incident response data.

After an initial analysis, the data observation periods are defined: one before
the pandemic and other after the social isolation. These periods are named Pre-
isolation Period (PP) and Insulation Period (IP), respectively. Subsequently, in the
third stage, parametric and non-parametric hypothesis tests are performed to analyze
the inference between the two periods under study. The first test to be performed
is the Z test, which analyzes the difference between the means of the two samples
considering the two populations with normal and independent distribution. This test
considers the difference between the means, the mean value of the differences for
the paired sample data (A(), which is normally equal to 0, the standard deviation and
the number of observations, according to Eq. (1).
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X1 — x»— A
0= —m—r 0 (1)
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where:

x1 is mean of sample of population 1 (PP);

X, is mean of sample of population 2 (IP);

Ay is the difference in populations means;

o is the standard deviation of population 1 (PP);

0, is the standard deviation of population 2 (IP);

ny is the size of population 1 (PP); and

ny is the size of population 2 (IP).

Itis noteworthy that equivalent values are used in the analysis, due to the difference
in the sample sizes of the two periods. These values are calculated using Eq. (2).

"= 012—1—022 2)
N 02/11 +0?2/n
1 1 2 2

where:

o1 is the standard deviation of population 1 (PP);
07 is the standard deviation of population 2 (IP);
ny is the size of population 1 (PP); and

ny is the size of population 2 (IP).

The second hypothesis test performed is the nonparametric test, based on the
difference between the medians. This test is advantageous in asymmetric distribu-
tions since the median is closer to the data mass than the average. For this anal-
ysis to become possible, the bootstrap technique is used because of its capability of
correcting eventual random errors inherent to the data. From this technique, a sample
of the studied population is collected and an estimate of the parameter of interest is
calculated, the median, in this case, from the sample data. Then a brief correlation
is presented between the traffic flow and the number of incidents attended per day.

In the fourth stage, considering the SDGs and targets of 2030 Agenda, finally we
sought to correlate and discuss how each of them can be improved through potential
reductions in incidents, supported by the literature review.

4 Case Study

The methodology, described in Sect. 3, is applied to analyze a possible change in the
profile of handling traffic incidents, before and during the COVID-19 pandemic, in
the Rio de Janeiro city, through data provided by CET-Rio, as previously exposed.
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This case study is relevant due to the fact that Brazil is one of the countries with the
highest rate of contaminated and dead in the world [28], with a significant drop in
number of trips.

Rio de Janeiro is the second state with the highest record of deaths by COVID-19
in Brazil, Sdo Paulo is the first one, according to the Ministry of Health [29]. The
capital of these two states are the largest metropolises in the country [30] and the
places with the highest concentration of people, which enables a greater spread of
the virus.

Thus, in Rio de Janeiro, the main city in the state, several measures were adopted
due to COVID-19 to ensure the social distance such as suspension of reversible
lanes, closing of trade and change of schedule in services that needed to be kept
open, according to Decree Rio n°® 47.282 of 21 March 2020 (Rio de Janeiro City
Hall, 2020).

This decree caused a major change in the city’s routine, significantly reduced
the number of trips, which also generates a reduction in the congestion and in the
handling of incidents. It is noteworthy that the Rio de Janeiro appears as the second
most congested city in Brazil, according to the classification of the Tomtom Report of
2019 [31]. These congestions happen daily and the presence of several non-periodic
incidents, cause a reduction in road capacity or an abnormal increase in demand.

Thus, to verify how the blocking measures implemented in the Rio de Janeiro city
had an effect in the handling of traffic incidents, 155,476 records were analyzed which
occurred between 2015 and May 2020, divided between incident type (broken-down
vehicles and accidents, the latter includes running over), characterized by vehicle
type involved and time of occurrence. It is worth mentioning that incidents with
buses are not analyzed, since the attendance form for this vehicle type changed at
the beginning of the isolation period.

To analyze only working days, the Elbow and K-means Methods are used in an
integrated manner. Through the first method it is possible to verify which number
of clusters (k) brings good results. Thus, as can be seen in Fig. 2, from k = 3
it is possible to observe a marked reduction in distortion, concluding that from 3
clusters, the modeling already brings good results. The distortion is the sum of the
square distance from each point of the population to its center, in other words, less
distortion corresponds a better clustering result. Therefore, this is the number of
clusters defined by the K-means Method.

The percentage of Saturdays, Sundays, holidays and working days in each cluster
is defined by clustering, carried out by the K-means Method, as shown in Table 1.
Working days were divided into two clusters, in which 37.8% were located in Cluster
0 and 48.9% in Cluster 1. In Cluster 1, 54.61% of Saturdays were located. Already
38% of Saturdays were on the same clusters as most Sundays (86.3%) and holidays
(90.1%), Cluster 2.

When plotting the profile of the clusters, that is, the average number of calls for
incidents per hour, it is observed that Cluster 0, where most Sundays and holidays
and part of Saturdays were located, there was a marked reduction in the total number
of incidents attended, as shown in Fig. 3a. Cluster 1 and Cluster 2 have similar curves
(Fig. 3b and c). However, the number of incidents per hour in Cluster 1, where most
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Fig. 2 Result of the Elbow Method for the ideal number of clusters

Table 1 Result of clustering

using the K-means method Period Clusters
0 (%) 1 (%) 2 (%)
Working day 37.80 48.96 13.24
Saturday 7.38 54.61 38.01
Sunday 0.37 13.28 86.35
Holiday 0.00 9.84 90.16

Saturdays were located and the time with the highest number of attendances records
6 incidents in an hour, is less than in Cluster 2, where the hour with the greatest
number of attendances recorded 8 incidents. In addition, the peak in the afternoon
of Cluster 1 is less than the one in Cluster 2. Thus, Saturday mornings are similar to
weekdays because commerce and schools are opened.

Thus, due to this difference in the behavior and the observation of greater linearity
in the data on working days, only those days are used for the analysis by vehicle type
of attendance to incidents in the pre-isolation period and during the isolation.

Figure 4 shows the number of incidents attended per day throughout the Rio de
Janeiro city, from 2015 to May 2020. It shows that, from the moment of isolation,
represented by the dashed red line, there was a sharp reduction in the number of
daily incident response performed. It is also noted that the reduction in the average
number of incident response during the isolation period was 41.6%.

It is also worth mentioning that, despite the significant reduction in the number
of incidents, it can be seen in Fig. 5 that the behavior of the occurrence of incidents
throughout the day remained similar when comparing the period before and during
isolation. In addition, about 75% of the records are broken-down vehicles and 25%
accidents, in both periods analyzed. Both in the PP (Pre-isolation Period) and in the
IP (Insulation Period), the broken-down passenger vehicles correspond to 52% of the
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total attendance to broken-down vehicles and collision is the most frequent accident
type. Therefore, from this analysis, it is noted that the profile of attended incidents
do not change during the isolation period despite the reduction in the number of
incidents.

Analyzing the data by vehicle type, Table 2 shows the difference in attendances
in the periods under analysis (i.e., PP and IP). This table shows that, on average, 67
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passenger vehicles were serviced per day, before the isolation period, and that this
average decreased to 34, during the pandemic time, which represents a reduction of
approximately 53%. In relation to trucks, the average reduction was 46%. Reductions
were also identified in less serviced vehicle types such as utility vehicles (25%) and
motorcycles (37%).

To verify how significant this reduction is, a parametric hypothesis test is applied
first, using the Z-Test, and, subsequently, a non-parametric test (Bootstrap Test),
which compares the medians. Results are shown in Table 3. It is noteworthy that this
method presents the results of the confidence interval calculated in three ways, using
the Normal, Pivotal and Percentile Intervals methods.

To complement this analyses, Fig. 6 shows the service to passenger vehicles
through a normal distribution. This example was used because this vehicle type
corresponds to the majority of calls (75%). Thus, in Fig. 6, there is a change in calls
between the two periods, but they are not completely different, which can be observed
by the confidence intervals presented by Z-Test (Table 3). The normal distributions
for the other vehicle type analyzed are like the one presented, thus the non-parametric
hypothesis test is also used to assess whether the change in incident handling is really
significant.

Taking into account the analysis of the medians by the Bootstrap Test, it becomes
clear that the reduction in the number of incidents was significant, because when
analyzing the intervals obtained by any of the three applied methods (normal,
percentile intervals and pivotal), differences were observed between the data before
and during the pandemic time. The reason is that, except for utility vehicles, all other
confidence intervals exclude 0, thus demonstrating that really before the isolation
the probability of an incident occurring was in fact greater than during isolation.

Finally, seeking to further improve the data analysis, another correlation is made on
the relationship between traffic flow and the number of incidents, considering two of
the most important roads in the Rio de Janeiro city which are: Avenida das Américas
and Linha Vermelha. In these two roadways we can see an average reduction of 51%
in the traffic flow in the IP. Figure 7 shows that in the days of lower traffic flows, the
number of incidents also reduces.

Therefore, from the statistical analyzes employed in this study, it is possible to
state that, despite the fact that there was no change in the profile of the incidence
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Table 3 Parametric and non-parametric analysis
Vehicle Z test Bootstrap test
type Difference | Standard | Confidence Confidence interval
deviation | interval Normal Percentile | Pivotal
intervals
Car 30.657 21.448 | —12.238/73.554 | 28.096/36.903 | 27.5/35.262 | 29.737/37.5
Utility 2481 6.37 —10.259/15.222 | —0.634/2.634 | 0.5/3 —1/1.5
Vehicle
Freight 7.033 6.996 | —6.959/21.025 |5.302/8.697 |6/9 5/8
Vehicle
Motorcycle | 3.003 4448 | —5.894/11.9 2.134/3.865 | 2/4 2/4
PP
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of incidents in the city, there was a significant reduction in the number of calls to
traffic incidents, which can significantly impact in helping to reach several SDGs, as
highlighted in Sect. 5.

5 Traffic Incidents and Sustainable Development Goals

As discussed in the previous sections, it is noted that the COVID-19 pandemic,
although it caused serious economic and social losses, has resulted in a great reduction
in the number of traffic incidents, which impacts, directly or indirectly, on nine of the
17 SDGs and 23 of the 169 targets of the 2030 Agenda for Sustainable Development
[19], according to the exposed in Table 4.

With the reduction of incidents, there will be an improvement in road safety, due
to the reduction in the number of traffic accidents. With 1.25 million people killed
and up to 50 million people injured every year in road accidents, road safety must
be a priority for the global community, not least because governments spend about
3% of their Gross Domestic Product on that [32]. Therefore, although there is no
specific goal for road safety, it is included in two main references, which are: SDG
3 (Good health and well-being); and SDG 11 (Sustainable cities and communities).

The inclusion of traffic safety targets in the SDGs needs to mark a radical change
in the world’s response to road traffic injuries [33]. In this regard, in relation to
SDG 3, the highly ambitious goal that strives to halve the global number of road
fatalities and injuries by road traffic by 2020 (Target 3.6) represents a challenge for
Member States in to reinvigorate its national road safety plans [34]. Regarding SDG
11, Target 11.2 stands out, which aims to provide access to safe, cheap, accessible
and sustainable transport systems for all, improving road safety. In countries where
traffic injuries are on a sustained downward path, this has been achieved by long-term
political commitment [33].

It is also noteworthy that other SDGs may have an indirect relationship with
the reduction of incidents, providing additional opportunities for synergy, such as:
SDG 9 (Industry, innovation and infrastructure); SDG 12 (Responsible consump-
tion and production); SDG 16 (Peace, justice and strong institutions); and SDG 17
(Partnerships for the goals). For example, road safety, in relation to SDG 9, has
the ability to develop a quality, reliable, sustainable and resilient urban infrastructure
(according to Target 9.1), in relation to SDG 12, it can encourage companies to adopt
practices sustainable and integrate sustainability information in its reporting cycle
(according to Target 12.6), in relation to SDG 16, it can guarantee a decision making
by the responsive, inclusive, participatory and representative government (according
to Target 16.7) and, in relation to SDG 17, it can increase the coherence of poli-
cies for sustainable development (according to Target 17.14), in order to mobilize
partnerships with several stakeholders to solve this common difficulty. In this new
era, intersectoral and innovative partnerships with various stakeholders will play a
fundamental role in meeting many SDGs by the year 2030 [35], including reducing
trade-offs and increasing synergy between them [36].
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Table 4 SDGs and targets related to traffic incident

ID Description

1 End poverty in all its forms everywhere

1.5 | By 2030, build the resilience of the poor and those in vulnerable situations and reduce
their exposure and vulnerability to climate-related extreme events and other economic,
social and environmental shocks and disasters

3 Ensure healthy lives and promote well-being for all at all ages

34 By 2030, reduce by one third premature mortality from non-communicable diseases
through prevention and treatment and promote mental health and well-being

3.6 By 2020, halve the number of global deaths and injuries from road traffic accidents

3d Strengthen the capacity of all countries, in particular developing countries, for early
warning, risk reduction and management of national and global health risks

8 Promote sustained, inclusive and sustainable economic growth, full and productive
employment and decent work for all

8.8 Protect labour rights and promote safe and secure working environments for all workers,
including migrant workers, in particular women migrants, and those in precarious
employment

9 Build resilient infrastructure, promote inclusive and sustainable industrialization and
foster innovation

9.1 Develop quality, reliable, sustainable and resilient infrastructure, including regional and
transborder infrastructure, to support economic development and human well-being,
with a focus on affordable and equitable access for all

11 Make cities and human settlements inclusive, safe, resilient and sustainable

11.1 | By 2030, ensure access for all to adequate, safe and affordable housing and basic
services and upgrade slums

11.2 | By 2030, provide access to safe, affordable, accessible and sustainable transport systems
for all, improving road safety, notably by expanding public transport, with special
attention to the needs of those in vulnerable situations, women, children, persons with
disabilities and older persons

11.3 | By 2030, enhance inclusive and sustainable urbanization and capacity for participatory,
integrated and sustainable human settlement planning and management in all countries

11.6 | By 2030, reduce the adverse per capita environmental impact of cities, including by
paying special attention to air quality and municipal and other waste management

11.7 | By 2030, provide universal access to safe, inclusive and accessible, green and public
spaces, in particular for women and children, older persons and persons with disabilities

11.a | Support positive economic, social and environmental links between urban, per-urban and
rural areas by strengthening national and regional development planning

12 Ensure sustainable consumption and production patterns

12.2 | By 2030, achieve the sustainable management and efficient use of natural resources

12.6 | Encourage companies, especially large and transnational companies, to adopt sustainable
practices and to integrate sustainability information into their reporting cycle

12.7 | Promote public procurement practices that are sustainable, in accordance with national

policies and priorities

(continued)
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Table 4 (continued)
ID Description

12.8 | By 2030, ensure that people everywhere have the relevant information and awareness for
sustainable development and lifestyles in harmony with nature

13 Take urgent action to combat climate change and its impacts

13.2 | Integrate climate change measures into national policies, strategies and planning

13.b | Promote mechanisms for raising capacity for effective climate change-related planning
and management in least developed countries and small island developing States,
including focusing on women, youth and local and marginalized communities

16 Promote peaceful and inclusive societies for sustainable development, provide access to
justice for all and build effective, accountable and inclusive institutions at all levels

16.1 | Significantly reduce all forms of violence and related death rates everywhere

16.7 | Ensure responsive, inclusive, participatory and representative decision-making at all
levels

17 Strengthen the means of implementation and revitalize the global partnership for
sustainable development

17.7 | Promote the development, transfer, dissemination and diffusion of environmentally
sound technologies to developing countries on favourable terms, including on
concessional and preferential terms, as mutually agreed

17.14 | Enhance policy coherence for sustainable development

17.16 | Enhance the global partnership for sustainable development, complemented by
multi-stakeholder partnerships that mobilize and share knowledge, expertise, technology
and financial resources, to support the achievement of the sustainable development goals
in all countries, in particular developing countries

Source Ref. [19]

In addition, the reduction in the number of incidents influences the reduction of
congestion and, consequently, reduction of Greenhouse Gas emissions and air pollu-
tants [11]. The reason is that traffic incidents generate irregular but frequent road
interruptions, which intensify congestion [37—40], increasing emissions in urban
areas [14]. Thus, there is also an intrinsic relationship with SDGs related to climate
change and extreme events such as SDG 1 (No poverty, more specifically Target 1.5
that seeks to reduce the exposure and vulnerability of the poor and those in situa-
tions vulnerable to extreme events related climate and other economic, social and
environmental shocks and disasters), and SDG 13 (Climate action, with a focus on
Target 13.2, which seeks to integrate climate change measures into national policies,
strategies and planning). It should also be noted that the reduction of congestion also
impacts the reduction of fuel consumption and carbon footprint, which is related to
the SDG 12 (Responsible consumption and production through Target 12.2, aiming
to achieve sustainable management and efficient use of resources natural).
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6 Conclusions

This study sought to test the hypothesis that the isolation, due to COVID-19, resulted
in a significant drop in the occurrence of traffic incidents, through the performance
of statistical analyzes, and to relate this possible drop to the aid to the reach of SDGs
and their respective targets. Therefore, from the statistical analyzes employed in this
study, it is possible to state that, even though there was no change in the profile of the
incidents in the city, there was a significant reduction in the number of calls, which
can help, directly or indirectly, to achieve nine of the 17 SDGs and 23 of the 169
targets of the 2030 Agenda.

Thus, although the blockade carried out in various parts of the world to combat the
spread of COVID-19 is not permanent, the findings found may represent the potential
for mitigating traffic incidents in the future and assist in future incident management
planning which has a great influence on meeting the SDGs and their targets of 2030
Agenda. In addition, the results show that collaborative efforts between researchers
and public and private decision-makers will be necessary to gather and develop road
safety strategies in relation to the new post-COVID-19 reality to promote a more
sustainable future.

It is also noteworthy that as restrictions decrease, new patterns of behavior are
likely to emerge. Thus, it will be important to monitor traffic incidents not only
during the pandemic, but also in the post-pandemic period, as well as many of
the ongoing social and behavioral changes that were initiated during the period of
mobility restrictions. For example, social distance measures can encourage greater
use of private transportation, after COVID-19, which can increase traffic incidents.
However, work at home can become more prominent and decrease the need for daily
commuting, which would reduce the number of vehicles circulating on the roads,
and, consequently, reduce traffic incidents.
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Impact of COVID-19 on Sustainability )
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Abstract There has been a severe setback towards the sustainability in textiles
and clothing sector due to the outbreak of the COVID-19 global pandemic. There
has been a loss of momentum towards sustainable textile production, and also the
3R’s (Reduce, Recycle and Reuse) have taken a back seat. This brings into line the
zero-waste hierarchy concept for a circular economy by taking specific initiatives
like rethink/refuse/redesign, implementing 3R’s, composting, material and chemical
recovery, etc. The outbreak of COVID-19 has forced the textile sector to focus on
developments that will enhance human beings’ protection by producing antiviral
clothing materials such as personal protective gears like private protective suits,
masks, hand gloves, etc. This personal protective equipment (PPE) has generated
a waste mountain of PPE worldwide and has created havoc in terms of sustain-
ability. This chapter will emphasise the impact on sustainability in terms of textiles
and clothing industries in detail. It will contribute towards cleaner production and
sustainability in the textile sector because of COVID-19 by taking a step towards
the opportunities for change in textile processes as per the laws. In addressing these
inquiries, we use a structure for analysing sustainability and the textile and garments
sector, featuring the chances and difficulties for a sustainable change concerning
design, production, utilisation and end-of-life. This chapter’s primary concern is
to identify whether the ongoing pandemic will support the sustainability evolution
concerning the textile and clothing sector.
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1 Introduction

Ever since the outbreak and development of COVID-19 in Wuhan city, China, during
the late December of 2019, medical care units around the entire globe have battled
to restrict the spread of the contamination. The causal specialist, SARS-COV-2, is a
respiratory infection that belongs to the coronavirus family which is firmly identified
with 2003 SARS-COV-1 known as severe acute respiratory syndrome coronavirus
epidemic and 2013 MERS known as middle east respiratory syndrome outburst. The
virus infection proliferates locally by human-to-human transmission due to hand
to mouth transmission from defiled surfaces or due to inhalation of contaminated
respiratory droplets are suspended in the air. The distinctive highlights of SARS-
COV-2 are that it is profoundly infectious, with actual multiplication numbers going
from 1.4 to 7.2 and is exceptionally pathogenic, with casualty rates in the scope
of 1.4% in New Zealand to 14.9% in the United Kingdom. Within seven months
since its first presence, COVID-19 has infected more than 18 million individuals
over 180 nations and killed more than 700,000 individuals. The medical authorities
urgently attempt to discover protected and successful medications to restrict illness
seriousness and save lives.

At the hour of composing this article, an effective vaccination is not accessible.
The medical authorities need to depend on conventional public health precaution
techniques like testing, case recognition, contact tracing and isolation. These inter-
cessions depend on why our wellbeing frameworks can rapidly and proficiently
distinguish contaminated people and guarantee that they do not get into close contact
with healthy individuals. Practically speaking, this is an incredible undertaking, as
considerable extent of cases either do not show up any symptoms or have very
mild symptoms. This is absolutely why government authorities around the world are
suggesting general safety precautions on personal hygiene and sanitisation such as
hand washing, social distancing and universal masking [1].

The COVID-19 pandemic has unfavourably hit the textile, apparel and fashion
industries globally with colossal damage to organisations that cannot be measured
now as the virus infection keeps spreading. The demand for textile materials world-
wide and domestic markets has come to a halt because of the frenzy circumstance
aroused due to the COVID-19 outbreak. Because of the lockdown, a wide range
of textile industries are shut, and it is not easy to think about when those will be
permitted to open. Labourers have been running to a great extent amid a wide range
of disarray. The business sector is terrified because of money crunch, production
network unsettling influence and labour-related issues. Stores are shut, and practi-
cally all buyers are dropping or delaying orders as they have extensive inventories.
They may not place orders in the upcoming months too. The daily wage labourer
who forms 80% of the labour force in textile and clothing manufacturing plants is
on streets or back in his hometown terrified [2].

Developing consciousness of the textile business’ ecological impression regarding
chemical and water usage, overall carbon emissions generated and textile waste,
natural resources utilisation, use of poisonous chemicals, generation of wastage,
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energy usage, carbon emissions and water contamination have concentrated on
sustainability problems in textile and clothing sectors. Huge ecological effects occur
during the numerous processes from fibre production, yarn preparation, cutting,
sewing, weaving, knitting, dyeing, printing and finishing processes, and there is
expanding burden on designers, brands and manufacturers to carry out feasible prac-
tices into activities at different processes as well as more extensively into essential
administration and marketing approaches.

The research underlines the requirement for principal changes in the plan of
action, including moderate fashion development and sustainable practices through
the inventory network. Although the fashion industry business is broadly consid-
ered the most ecologically dangerous industry, it keeps developing, especially the
short style fragment, which has a more prominent negative effect because of its
emphasis on modest assembling, regular presentation of new products and transient
product use. To neutralise these hurtful results, product and process advancements to
implement sustainable manufacturing practices have arisen, for example, plan devel-
opment with R’s principle, closed-loop fashion framework and so forth. There is a
more noteworthy need and criticalness to execute sustainable practices in textiles and
garments sectors given their worldwide importance, size and significance [3]. Due to
this pandemic, there is a danger that sustainability will drop off plans in the fashion
business, as brands concentrate around endurance, intending to secure individuals,
money and liquidity.

This chapter gives an overview of the impact of COVID-19 on sustainability in
the textile industry. It also provides various solutions for sustainable development in
the textile industry, which can help recover the sector from this pandemic.

2 Impact of COVID-19 on Textile and Clothing Industry

Among the most self-important monetary areas, the clothing business is one of the
greatest helplessly influenced areas. The essential explanation can be the first contam-
inated country by COVID-19, China, known as the clothing business’s primary source
objective. The secondary cause can be the spread of COVID-19 in almost all the
nations and regions worldwide, including the USA, Italy, Spain, Germany and so on
and one worldwide movement. The global pandemic in COVID-19 has influenced
the current activity methods of different textile sectors by posting limitation of social
gathering, relocation of migrant workers and affecting every stakeholder directly
from farmers to traders/exporters in the value chain textile sector. Few points are
focussed on and referenced underneath:

e Supply chain disruption
The exponential increase of COVID-19 cases throughout Asia, Europe and the
USA has resulted in border closures and home quarantines. COVID-19 has posed
a severe threat to the global supply chain because of the economic slowdown.
The change in commodity consumption has disrupted supply, manufacturing,
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logistics and sales. Hence, it has disrupted the global supply chain by weakening
and slowing down international trade [4]. This effect of COVID-19 on the textile
business has seen as a scourge emergency. The fundamental explanation is that the
principal source of raw materials for the textile business, China, has been affected
by the outbreak of COVID-19. Prompt after the lockdown announced in China,
the entire inventory network of those enterprises relying on China got upset. The
lead textile manufacturing nations’ in the world are Bangladesh, Myanmar, Sri
Lanka, Pakistan and so on are fundamentally dependent on China for their raw
materials requirement. For example, Bangladesh is subject to China alone for
more than 50% of clothing raw materials and around 40% of the machinery and
spare parts for this industry.

Similarly, Myanmar is additionally reliant basically on China for around 90%
of raw materials. As per an overview, it has been tracked down that 93% of
Bangladesh suppliers announced that they confronted a deferral in raw material
shipments during this pandemic. Other than these, because of these deferrals, the
cost of the raw material has expanded. In Myanmar, it is anticipated that around
10% of plants in the Yangon region of Myanmar are now shut. In any event, 20
production lines across the entire Myanmar have been closed because of the lack
of crude materials.

Cash flow constraints

The subsequent effect is order cancellation from the retailers and brands’ end. The
purchasers of this industry intend to delay future orders just like the current orders
in handling. Another effect of COVID-19 on the textile business is the conceded
instalment by the retailers. Because of the lockdown due to COVID-19, the deals
of the retailers and brands go to nothing. Other than these, no transportation
is accessible in this pandemic for the merchandise shipment, and other related
undertakings likewise get stuck. Therefore, the brands and retailers informed the
production line proprietors about the postponed payment instalment [5].
Unemployment

Coronavirus represents a genuine danger to worldwide general wellbeing in both
developed and developing nations. The textile and clothing sectors’ specialists
have almost no instruction, are unskilled, have low financial and frequently provin-
cial backgrounds and have less bartering power, bringing about their recognis-
able proof as vulnerable. The outcomes of the COVID-19 pandemic for these
specialist workers are critical and incorporate vulnerability about whether they
will be qualified for compensation during the COVID-19 pandemic and related
issues, for example, absence of cash for essentials like food and worries about the
re-opening of processing plants during COVID-19 disease. Other concerns are
the health risks due to the lack of deterrent measures in the working environment
and the improvement of psychological health conditions given the deficiency of
employment and the dread of contracting COVID-19. With such shortcomings and
in the lockdown conditions, starvation results from COVID-19 for the powerless
and low-level pay. The COVID-19 lockdown and the resulting financial recession
have prompted significant income loss for the poor working workers. They have
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driven away from home, break isolation rules and risk infection to this deadly
disease trying to discover new ways to take care of their family [6].

e Change in consumer behaviour
With additional time spent at home, consumers are being urged to reconsider their
utilisation. Similarly, numerous individuals make garments purchases in front of
special events, like weddings and vacation get-away; however, as a large number
of these occasions have been cancelled or delayed, the impulse to purchase new
garments is no longer there. Layoffs, furloughs and pay cuts are likewise influ-
encing sales. Data from the industry propose the recurrence of fashions products
purchased diminished during the beginning phases of the general health emer-
gency. All the more significantly, buyers’ psychological transmission capacity
has also shifted from buying lifestyle needs, such as apparel, to day by day needs,
such as food and beverages [7]. Likewise, customers prefer online-based shopping
instead of visiting crowded shopping centres, which they casually did previously.

e Shutting of retail stores
Retailers have reacted to the COVID-19 pandemic by covering their entryways.
Numerous unmistakable clothing retailers worldwide, for example, H&M, Ralph
Lauren, Chanel, Walmart, Sephora, Apple, Nike, Madewell, Everlane, Urban
Outfitters and Lululemon have reacted to the Covid-19 pandemic by covering
their entryways. Additionally, a couple of retailers, for example, Pink, Victoria’s
Secret and TJX are likewise shutting their online business websites incidentally.
Significant shopping centres among all nations have additionally close [8—10].

¢ Impact on Fashion events
COVID-19 hits the significant fashion events. Fashion weeks have been dropped in
Melbourne, Beijing, Shanghai, Tokyo and Seoul. As the pandemic has advanced,
creators need to apply their inventiveness to an assortment and how and where
it will be delivered and exhibited. Designers have adjusted with producing and
displaying their style products by streaming presentations online without a live
audience present [11].

3 Use of Textile Materials for Avoiding the Spread
of COVID-19

Protective gear comprises apparel put to shield medical services experts or any other
person from the infectious disease. These, for the most part, include gloves, mask
and gown. It will help to incorporate a face shield, goggles, surgical masks, gloves,
surgical gown, headgear and safety boots for diseases that are spread by air or blood.
Personal protective equipment (PPE) is essential to forestall COVID transmission
in treatment centres and numerous activities like cleanliness, proper management of
waste and internments and epidemic associated consideration. Scarcely any instances
of personal protective equipment’s are given underneath [12].
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Surgical mask

A surgical mask comprises textile materials and plentifully utilised in offering
protection to the patients infected with COVID-19. A surgical mask is manufac-
tured using nonwoven fabric made up of polyester, viscose, polypropylene, etc.,
having a pore size of 0.3-10 wm. They are predominantly nonwoven; however,
some of them are manufactured using cotton knitted fabrics. A surgical mask is
obligatory in a crowded place where 6 foot of distances is complicated to main-
tain. This will help delay the transmission of the deadly coronavirus infection
from individuals with no symptoms or from individuals who do not realise that
they have been affected by the virus or not [13].

Surgical cap

A surgical cap is utilised in offering protection to the patients that are infected
with COVID-19. The surgical cap is made up of polyester, polypropylene cotton,
etc. They are additionally produced with cotton knitted textures. The surgical cap
that goes with the surgical gown covers the medical specialist’s head and also the
hair, the ends. Surgical caps prevent any doctor or medical staff from splashing
harmful fluids on the scalp. Nonwoven textile materials are broadly utilised for
the production of surgical caps.

Surgical gloves

Surgical gloves are abundantly used to offer protection to the patients infected with
COVID-19. Surgical gloves are made up of various mixed fibres in the form of a
composite structure. Gloves are essential material to forestall, and they serve as
protection in COVID-19 infected patient. Clinical gloves are manufactured with
various polymers, nitrile rubber, latex, neoprene and polyvinyl chloride. These
gloves are liberated with dust or powdered with corn starch to lubricate the gloves,
making them simpler to wear.

Surgical gown

Surgical gowns are comprised of cotton, polyester, nylon, viscose or blended
fabric. Surgical gowns are worn to prevent the doctor and the medical staff from
getting infected from contagious diseases through vulnerable patients, like those
with debilitated invulnerable immune systems.

Surgical shoe

A surgical shoe comprises textile materials like polyester, cotton, polythene or
polypropylene, rubber, latex, etc. It assists with keeping medical staff foot clean
and germ-free.

Ventilator bag

The ventilator bag is comprised of high thickness polyethene (HDPE) strands. In
case a patient is attacked with COVID-19 and unable to breathe, ventilators are
utilised to carry out the treatment of patients to encourage respiration [13—15].
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4 Sustainability

Sustainability implies an ability to keep up some entity, result or process after
some time. Sustainability can likewise be characterised as the practical and impar-
tial dissemination of assets intra-generationally and between generationally with
the activity of financial exercises inside the limits of a limited environment [16].
Sustainability includes the mix of ecological wellbeing, social value and monetary
essentialness to make flourishing, sound, various and strong networks for this age
and ages to come. Sustainability perceives how these issues are interconnected and
require a frameworks approach and an affirmation of intricacy.

The most acknowledged definition of sustainability is the improvement that
addresses the issues of the current age without compromising off the capacity of
people in the future to addresses their problems [17]. A sustainable society needs
to meet three conditions: its rates of utilisation of inexhaustible assets ought not to
surpass their paces of recoverys; its paces of the utilisation of non-sustainable assets
ought not to reach the rate at which reasonable inexhaustible substitutes are created,
and its paces of contamination of outflow ought not to exceed the assimilative limit
of the environment [18].

5 Aspects of Sustainability: Environmental, Economic
and Social

There are three aspects of sustainability which are discussed below:

e Environmental

The environment can be characterised as the physical encompassing of
man/woman. He/she is a part on which he/she depends on his/her exercises like
physiological working, creation and utilisation—this actual climate environment
from air, water and land to natural resources. Environmental degradation is an
intense issue overall, which covers an assortment of issues, including contamina-
tion, biodiversity misfortune and animal extinction, deforestation and desertifi-
cation, and global warming and much more. The environmental degradation and
deterioration of the environment through the diminution of resources incorpo-
rate all the biotic and abiotic elements that structure our surroundings: water, air,
soil, plant, animals and any other living and non-living component the earth. The
primary consideration of environmental degradation is human generated (present-
day urbanisation, industrialisation, overpopulation development, deforestation
and so on) and natural calamities like (hurricanes, floods, rising temperatures,
dry seasons, fires, etc.) [19, 20]

Environmental pollution alludes to the degradation of the quality and amount
of natural assets. Various types of human exercises are the fundamental reasons
behind environmental degradation. For instance, the smoke transmitted by the
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vehicles and processing industries extends the proportion of poisonous gases,
which is recognisable worldwide. The waste things, smoke transmitted by vehi-
cles are the central driver of pollution. Unconstrained urbanisation and industrial-
isation have caused air, water and sound pollution. Urbanisation and industriali-
sation help to grow the breakdown of the sources of water. So, addition, the smoke
released by vehicles and substances like carbon monoxide, chlorofluorocarbon,
nitrogen oxide and other clean elements causes air contamination [21, 22].
The harm caused by human beings to the environment is right now not included
as an expense in monetary and social terms. This absence of “environmental
value” has permitted us to over-misuse “free” natural resources—which are, obvi-
ously, not free. It has additionally prompted over-production of cheap products
with exceptionally short life expectancies, which are generously disposed of into
the environment after utilising, and afterwards, new affordable merchandise are
bought and disposed of again. This cycle continues endlessly, influencing the
planet’s ability to re-establish its ecological administrations eventually [23].
Environmental sustainability is about the natural habitat and how it stays prof-
itable and strong to help human existence. Environmental sustainability relates to
biological system honesty and conveying limit of natural habitat. Environmental
sustainability improves human wellbeing assistance by securing crude materials
utilised for human necessities and guarantees that sinks for human squander are
not surpassed to forestall damage to people. The ramifications are that natural
resources should be collected no quicker than they can be recovered, while waste
should be produced no quicker than the environment can acclimatise them. This
is because the earth frameworks have limits inside which balance is maintained
[16, 24].

¢ Economic
The centre necessity of sustainability is that current financial exercises would not
bring about an unreasonable burden on people in the future. This rule is suffi-
ciently enough to suggest distinctive choice principles for protection. Sustain-
ability advancement requires upkeep of the natural and human resource base
fundamental for long haul financial development of ecological resources [25].
Economic sustainability is utilised to characterise different techniques that
promote financial resources for their best potential benefit. A sustainable economic
model recommends a fine dispersion and professional designation of resources.
The thought is to encourage the utilisation of those assets effectively and capably,
giving long-term benefits and setting up productivity. The pleasant thing about
adopting an all-out strategy for sustainability is that if you focus on social and
ecological issues, benefits will frequently follow. Social activities affect consumer
behaviour and worker performance, while environmental actions, for example,
energy productivity and contamination mitigation can directly affect diminishing
waste. Economic sustainability ensures that the business makes a benefit, yet addi-
tionally that business tasks do not make social or environmental issues that would
hurt the organisation’s long-term achievement [26].
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e Social

The social component of sustainability depends on how equivalence and under-
standing of the interdependence of individuals within the society are the basic
requirements for an adequate quality of life, which is the principal objective of
development [19]. The social aspect of sustainability refers to, in broad terms,
public strategies that help social issues. These social problems relate to our pros-
perity and incorporate features like health care, housing, education, employment,
etc. So forth, it guarantees that people do approach social administrations, do not
endure lack of information on their privileges and exercise a dependable impact
on advancing social strategies and amenities, both locally and nationally [20].

6 Sustainability in the Textile and Clothing Industry

The textile and clothing industries are the most polluting sectors on the planet.
Its sustainability challenge includes different, organised and muddled issues [27].
Textiles and clothing currently play a critical part in the worldwide public disserta-
tion on chemical society, environmental change, lack of water shortage and human
liberties [28]. Their production and utilisation bring up a few issues and stresses
that make difficulties over how individuals live their social, economic and polit-
ical lives. Large numbers of the problems concern a few basic cultural and private
practices and the job of multiples and frequently contradictory principles related
to production and utilisation of textiles [29]. There are innovative solutions that
settle some portion of the difficulties; others require dedicated activities concerning
consumers, government, NGOs, business and others, and progressively so globally
[30]. Especially organisations and customers have been distinguished as foremost
entertainers now because of the quick fashion and textile industry’s idea. Strategists
and activists consider how organisations and consumers can be urged to assume
liability, make voluntary strides towards sustainability upgrades and on occasion
even be through and through compelled to change their decisions and practices [31].
The more profound inquiry is, notwithstanding, regardless of whether, how, and how
much they can take on new liability for guaranteeing that the textile and clothing
sector turns out to be more sustainable. Researchers stress on the problematic areas in
the globalised textile, and clothing sector is profoundly intricate. Technological solu-
tions aside, they find that adjusting behaviour and practice regularly requires the more
complex task of working with changing the principles related to production and util-
isation and being sensitive to various geographic, cultural and political contexts [32].
Aggregated studies likewise recommend that better data and correspondence from
governments, activists, organisations, educational institutions, the media and others
are vital [33]. Therefore, finding a proper solution for the various environmental,
labourers’ treatment and monetary issues inside the globalised fashion-driven textile
and apparel market sector require innovative thinking and endeavours on both the
supply and demand side of the market at different societal and administrative levels.
The specific sustainability challenge is this requirement for an operative interaction
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between supply side and demand-side entertainers that brings feasible, sustainable
principles and practices all the more straightforwardly into focus [34, 35].

7 Impact of COVID-19 on Environmental Sustainability
in Textile Industry

The COVID-19 emergency has reemphasised the imperative role of plastic mate-
rials in our daily life. Plastics materials have contributed monstrously towards the
medical services area and public health security throughout the ongoing global
pandemic. Notwithstanding the inconvenience of countrywide lockdown, main-
taining social distancing, limitation on voyaging and general get-together, contin-
uous utilisation of hand sanitisers alongside utilisation of plastic-based personal
protective equipment (PPE), viz. hand gloves, medical gowns, aprons, face safe-
guards, facial masks and other necessary PPEs for forefront health and safety offi-
cers and workers as prudent steps have also been implemented to maintain a strategic
distance from infection defilement to battle the spread of COVID-19. Consumer’s
behavioural changes combined with the reliance on online shopping through e-
commerce websites and take-away facilities for home-delivery of essential things
during the global pandemic which have prompted an impressively expanded interest
for plastic-based packaging materials, including single-use plastics contrary to the
background of predominant boycotts or limitations in numerous nations. The conta-
gion has also initiated a novel type of customer interest and social variations like
frenzy purchasing, amassing food products and groceries among the majority and
accordingly brought about an upsurge in the plastic-based packaging materials in
numerous nations. A flood in the plastic demand throughout the worldwide pandemic
is, subsequently, essentially because of PPEs and packing materials. Most of the
PPEs are comprised of polymers like polyvinyl chloride (PVC), polypropylene (PP),
low-density polyethene (LDPE), polyurethane (PU), polycarbonate (PC), while the
plastics utilised in packing materials fundamentally comprises of polyethene tereph-
thalate (PET), high-density polyethene (HDPE), low-density polyethene (LDPE),
polystyrene (PS), etc.

Harmful and infectious COVID-19 biomedical waste (BMW) comprising of
contaminated plastic-based PPEs and some other expendable things due to the
affected sources like COVID-19 medical clinics, remote offices, containment
zones, alongside comparative non-contaminated items from non-affected sources
are created. In this manner, the COVID-19 biomedical waste generation can be
straightforwardly connected to the great utilisation, for the most part, plastic-based
personal protective equipment, and other non-reusable materials have been justified
since the introduction of novel coronavirus epidemic. The increasing utilisation of
plastic-based packing materials has combined with the expanding interest for medical
items and packing materials amidst the pandemic has increased the plastic wastage
around the world altogether. Accordingly, the pandemic has introduced a significant
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environmental challenge regarding plastic waste generation globally. Waste manage-
ment amenities are commonly intended for consistent state activities with reasonable
varieties in squander size and composition underneath ordinary situations. Nonethe-
less, the pandemic-incited alteration in waste creation and composition elements is
almost certain to affect the current facilities’ regular activity. Further, the decrease in
plastic reusing due to plunging oil and petrol costs considering diminished transport
activities in the crucial hour of pandemic-incited lockdowns has turned plastic waste
management into a massive task [13].

Surgical masks and hand gloves ought not to be worn longer than a couple of
hours and ought to be adequately disposed of to stay away from cross-infection.
In this sense, a few nations have attempted to execute safety measures thinking
about removing possibly contaminated PPE. For instance, the Portuguese Environ-
mental Agency suggested that all conceivably contaminated PPE utilised by resi-
dents should be discarded as blended wastes (not recyclables) in fixed and sealed
trash containers that will probably follow incineration facilities or will be subjected
to landfilling. A few states in the USA have likewise quit recycling programme as
administrations have been worried about the danger of COVID-19 spreading in recy-
cling centres, consequently focussing on both incineration and landfilling. Such a
decrease in squander recycling is different from the circular economy’s objectives and
sustainable development of events and surprisingly generating plastic waste pollu-
tion. By and large, PPE will probably wind up disposed of without precautionary
steps alongside empty containers of hand sanitiser and organic wastes in regular
municipal waste, or more regrettable, littered in the surrounding habitat. Erroneous
removal of disposable gloves and face masks, alongside other plastic products, has
been found littering in nearby public places [14].

There are various kinds of face masks accessible as indicated by their utilisation
during the pandemic, like medical, filtering facepiece and non-medical, for example,
cloth masks. All in all, medical face masks involve three layers, an external one of
nonwoven fibres (they are usually resistant towards the water), a centre one is gener-
ally made up of a melt-blown filter, which is the essential filtering layer of the mask
and an inward layer consists of soft fibres. Specifically, cloth masks are launderable
and economical since they are produced with commercial synthetic materials like
spandex, chiffon, flannel artificial silk, cotton quilts and among others. These engi-
neered textile materials are made with polymers or polymers-normal fibre blends.
The most utilised polymers in the assembling of these synthetic textile materials
are polyester, nylon or polyether-polyurea copolymer. Subsequently, these kinds
of textile materials may likewise add to the microplastics pool as fibres discarded
during domestic washing into wastewaters and later reach wastewater treatment
plants (WWTP). A laundry machine can trigger the subsequent discharge of these
textile filaments into the seas. In April 2020, the utilisation of face masks for every-
body out in the open spaces was obligatory in almost every part of the world. The
manufacturing of face masks has expanded more than multiple times somewhat
recently. This strong demand and importation and unnecessary use can prompt the
fumble of medical waste by medical staff and residents because of the worldwide
COVID-19 pandemic. Besides, the lack of information about the sort of domestic
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waste produced and its lack of arrangement by the people at home also contribute to
the expanded plastic pollution during the pandemic. The present circumstance has
cautioned scientific researchers because of the expansion of plastic waste in water
bodies. Besides, cloth masks likewise address a peril to marine creatures since they
can get tangled with the straps. In this sense, there are right now a few missions that
request people to cut the straps from the face masks to evade animals getting caught
in them.

Notwithstanding the mounting upsurge in PPE and dispensable plastics, the
pandemic has produced substantial technological advances to dodge COVID infec-
tion. The utilisation of silver and copper nanoparticles with dynamic functionali-
ties to battle microorganisms and guarantee asepsis illustrates this. South American
nations, for example, Chile and Argentina, have showcased face masks with fungi-
cidal, bactericidal, and antiviral properties and utilisation of spray and gels with
copper nanoparticles. This innovation is being used to disinfect clinics, hospitals
and nursing homes. It is identified that synthetic or engineered nanoparticles have
been designated as arising contaminants. A few studies have reported nanoparticles’
release in aquatic flora and fauna from commercial items and their drawn-out impact
as a common pollutant in these water bodies and their extreme threat to marine
animals [15, 36].

8 Solutions for Achieving Environmental Sustainability
in the Textile Industry

8.1 Waste Reduction

Addressing and reducing PPE plastic contamination requires transdisciplinary coop-
eration among natural and social researchers, policymakers and waste managers on
both municipal and national levels. In ensuring ourselves against COVID-19, we
ought not to risk environmental health’s integrity and make a future quandary as
plastic pollution from PPE utilisation. To encourage legitimate disposal of the rapid
and continuous increase in volumes of PPE waste from the society, we suggest the
following measures [37]:

e Encourage general society to decrease the utilisation of dispensable gloves and
wash hands frequently instead.

e Encourage and make available reusable face masks that can be now and again
cleaned.

e Develop legitimate PPE disposal practices, find out about the subtleties of PPE
waste management pathways and carry out improved collection techniques open
to the general population.

e Raise far-reaching awareness on appropriate PPE discarding practices through
focussed government promotion and training camps.
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8.2 Minimise the Need for PPE in Health Care Settings [38]

The accompanying intercessions are recommended by World Health Organisation
(WHO), limiting the utilisation and demand for PPE while guaranteeing to protect
medical staff and others from the exposure to the COVID-19 infection in medical
care settings is not compromised.

e Wherever possible, use telemedicine and phone hotlines to assess suspected cases
of COVID-19 firstly, subsequently limiting the requirement for these people to
go to medical care facilities for assessment.

e Use physical hindrances to lessen exposure to the COVID-19 infection, like glass
or plastic windows. This methodology can be executed in territories of the medical
care setting where patients will initially present, like emergency and screening
zones, the patient enrolment desk area at the emergency division or at the pharmacy
store window where the prescription is gathered.

e Postpone elective, non-urgent method and hospitalisations decrease the frequency
of visits of severe patients with the goal that PPE can be rearranged to
administrations in which COVID-19 patients get care.

e (Cohort affirmed COVID-19 patients without coinfection with other contagious
microorganisms in a similar room to smooth out the work process and encourage
broadened PPE utilisation.

e Designate committed medical care workers/groups just for COVID-19 patient
consideration so they can utilise PPE for longer timeframes.

e Restrict the quantity of healthcare workers from going into the rooms of COVID-
19 patients on the off chance that they are not associated with giving immediate
consideration. Smooth out the work process and diminish to a protected level
consideration that requires face-to-face interaction between health specialist and
patient.

e Consider utilising explicit PPE just if in direct close contact with the patient or
when contacting the surrounding (for example, wearing a surgical mask and face
safeguard, not utilising hand gloves or medical gown over the scrub suit, if going
into the patient’s room just to inquire or make visual checks).

e Visitors should not be permitted to visit confirmed COVID-19 patients, but if it
is strictly necessary, confine the number of visitors and the time allowed; give
clear instructions about why PPE is needed and why it should be utilised during
the visit, about how to put on and remove PPE and perform hand cleanliness to
guarantee that visitors avoid exposure.

8.3 Personal Protective Equipment (PPE) Reuse

COVID-19 brings massive difficulties in supporting the inventory supply chain for the
single-utilised plastic PPE. Post-COVID-19, the transformations and adjustments in
clinical practice will initiate enormous demand for PPE. Effective counter procedures
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for forestalling COVID-19 spread by incorporating alleviating probable high-risk
aerosol transmission in medical care services utilising medical PPE and the suitable
utilisation of face masks by the overall population that carries a lesser transmission
jeopardy. PPE reuse is an expected temporary arrangement during the COVID-19
pandemic, where there is expanded proof for the effective positioning of reusing
strategies. A few of the system are discussed underneath:

¢ Dry and moist heat
Few researches have been carried out on the utilisation of various systems of
heating for PPE processing. Heating usually causes irreparable physical harm in
virus proteins that restricts binding to host cells. The issue with thermal method-
ology is to discard off COVID-19 with destructing PPE. It is very well be settled by
decreasing contact time by up surging temperature. For instance, utilising 72 °C for
15 s gives a comparable degree of fatality to using a holding temperature of 60 °C
for 30 min. The centres for disease control and prevention (CDC) expressed that,
considering inadequate research available as of April 2020, moist heat has revealed
a guaranteed probability to disinfect filtering facepiece respirators (FFRs).

e UV irradiation
Ultraviolet (UV) irradiation causes the inactivation of many viruses by destroying
the DNA or RNA through a photo-irradiation procedure. UV disinfecting exploits
various wavelength bands where UVC (200-280 nm) is better than UVB (280-
320 nm) and UVA (320400 nm). Ideal irreversible molecular harm happens
around the wavelength of 254 nm. There is a developing interest in the utilisation
of UV innovations aimed at treating COVID-19 with other discoveries. The CDC
also noticed that ultraviolet germicidal irradiation (UVGI) is a capable technique
for PPE reuse, yet expressed that not all UV lights generate similar intensity and
power; therefore, treatment times need to be changed likewise. Besides, UVGI
is probably not going to deactivate all the viruses and other harmful organisms
on an FFR because of shadow effects created via numerous FFR’s construction
layers [39].

e Hydrogen peroxide
Hydrogen peroxide is a powerful oxidant and thrives as a disinfectant either as
gas plasma, vapour or solution. For FFRs, hydrogen peroxide vapour (HPV) use
is very much reported for not affecting filter performance and promising high
throughput sterilisation. One method has been tried on FFRs inoculated with
SARS-COV-2 and demonstrated to be effective, though the outcomes are only
preliminary. It is right now being utilised in certain parts of the USA to sanitise
enormous clusters of FFRs for redeployment to users with nitty—gritty depictions
regarding how to carry out HPV use [40].

¢ Ozone treatment
Another investigation reveals that ozone gas, a profoundly responsive chemical
made from 3 oxygen atoms, might give a secure way to sanitising specific sorts
of PPE that are popular for safeguarding medical care service personnel from
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COVID-19. The team led by scientists at the Georgia Institute of Technology util-
ising two microorganisms like the novel coronavirus; further examination exhib-
ited that ozone can deactivate viruses on things, for instance, polycarbonate face
safeguards, Tyvek gowns, safety goggles and respirator masks without harming
them as far as they do consist of stapled-on elastic straps. The investigation exhib-
ited that the ozone treatment’s uniformity and viability relied upon keeping up
relative humidity of at least 50% in chambers utilised for sterilisation [41].

8.4 Use of Biopolymers for PPE

The entire solid waste management administration procedure of urban areas and
countries has been affected by the remarkable amounts of expendable materials
needed to protect against the virus infection. As one model, the aggregate sum of
clinical waste created in Wuhan, where the pandemic began, is required to be nearly
25% more prominent in 2020 than in 2019. Supplanting the oil-based polymers used
to make surgical outfits and masks with biopolymers would decrease not just the
sea contamination generated by these all-durable single-use materials, yet also their
overall carbon footprint [42]. Chances will emerge to address this challenge over
flawlessly associating study and entrepreneurial environments, creating another line
of conceivably usable bioplastic material.

A bioplastic comprised of plastic made somewhat or entirely from natural poly-
mers produced from organic sources like sugarcane, potato starch, straw and cotton
or the cellulose from wood. Some bioplastics decompose in the outer environment,
while others are made with the goal that they should be composted in an indus-
trial composting plant, supported by bacteria, enzymes and fungi. Bioplastics are
generally made to be chemically indistinguishable from ordinary industrial plastics.
Plastics produced using organic materials usually require a minimum amount of
energy to have yet are similarly recyclable. They utilise fewer pollutants through the
manufacturing process. Per ton of finished materials, the worldwide global warming
effect on bioplastics’ manufacturing process is often very considerably less than
conventional plastics. Future green innovation exploration should be reached to form
new biopolymer-based packaging and wrapping that include complex viruses and
parasites [39].

9 Impact of COVID-19 on Social Sustainability in Textile
Industry and Its Solution

The world of work is confronting a worldwide health emergency unlike any in the
100-year history. Simultaneously, this exceptionally globalised sector is battling with
serious inventory side disturbance; as labourers are advised to remain at home, supply
chains come to a standstill and production lines close. Notwithstanding the health
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risks presented by the virus infection, the industries’ financial losses have influenced
the business and livelihood of managers and labourers at the same time. Industrial
facility and retail closures all around the world have compromised the feasibility of
enterprises which led to labourers being suspended or losing their jobs. Small and
medium-sized ventures (SME), a fundamental source of employment and develop-
mentin the industry, will probably endure the most significant effect of this worldwide
emergency.

Falling production and sales have had a massive thump on workers’ impact, both
regarding employment and working condition. For instance:

e An estimated 200 industries in Cambodia have either suspended or decreased
production, and 5,000 labourers have lost their jobs positions.

e In Myanmar, a deficiency of raw materials from China has led to the closure of
at least 20 factories and 10,000 jobs. At the same time, the number of orders has
plummeted.

e In Vietnam, an expected 440,000 to 880,000 labourers could confront decreased
hours or will become jobless. In the most-dire scenario, this figure could surge to
as many as 1.3 million.

e [n Bangladesh, as many as 2.17 million labourers have been affected by the global
emergency, with many confronting unemployment as a maximum number of
orders are cancelled, and production has been halted steeply. It is assessed that
under 20% of firms can keep paying staff compensation for over 30 days under
these conditions, and over 1,000,000 specialists have effectively been fired or
furloughed. Non-payment of wages and the shutting down of processing plants
is particularly hard for labourers in nations having very weak social protection
frameworks [43].

Specialists concur that COVID-19 will additionally challenge working conditions
and place labourers in a more dubious position. Critical impermanent and permanent
job loss expanded utilisation of transient agreements, reduced wages and inconsis-
tent payment will probably keep on affecting workers worldwide, which will give
rise to an economic recession which will further lead to lower than pre-pandemic
levels of interest in the near-term. For certain labourers, this will prompt delayed
challenges in bearing the cost of essentials like house rent, food and other needful
and mandatory supplies and may put a few workers in an undeniably unsafe circum-
stance both inside and outside of the work environment. These effects will probably
be exacerbated by an absence of sufficient social assurance measures. As competition
for jobs in the factories during the financial emergency will stay high, compliance
with labour laws and codes of conduct may fall, and decent work shortfalls may rise.
For instance, instances of union association busting, whereby labourers belonging
to the associations are lopsidedly laid off contrasted with non-unionised labourers,
have been reported in few nations. Moreover, decreased net revenues and precarious
production requests resulting due to the pandemic may bring down compensation
for labourers and increment surge orders; further, fuelling pressures connected to
boisterous abuse attack in production lines, regardless of the expanded event of
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such practices, savagery and badgering just as gender equality will probably get less
consideration in the close term because of COVID-19, as industry stakeholders will
be engrossed with other pressing subjects such as occupational health and safety and
have fewer assets to spend on projects to help labourers [44].

9.1 Solutions for Achieving Social Sustainability
in the Textile Industry

COVID-19 is a pandemic which assaulted practically all nations of the world until
now. Among all the financial sectors, the clothing business is perhaps the most
affected sectors. The retail shops are shut with no income, which prompts the request
to cancel the order to the clothing manufacturing suppliers. Accordingly, the workers
have tumbled upon a depriving circumstance. They do not get their fair compensation,
just like any help from any partners or stakeholders. They need to spend a solitary
day with a tragic life. In this way, it is necessary to think for the workers at any rate
since it is the subject of their endurance. The public authority can uphold the law
that no production lines can be shut/laid off without satisfying the labourer’s obli-
gations. Indeed, if any crisis emerges for production line closure, the manufacturing
plant needs to guarantee the labourers’ wages until the circumstance recuperates, as
no labourers can be terminated. The brands and consumers may help the workers
by proceeding with the order and make the payment in due time. The monetary
establishment may uphold the sector by giving credits and other financial backings.
A multi-stakeholder initiative, including brands and retailers, bosses, governments,
workers union and other related partners, is in an urgent emergency [45].

To battle against the emergency, at present, a few activities are taken by different
corporations. For example, ten global associations’ alliance has encouraged style
brands and governments to secure a piece of garment labourers and future-verification
supply chains in the middle of the COVID-19 global pandemic. To battle amplified
disparities and secure textile labourers livelihood. Whose jobs are in question because
of the COVID emergency, the alliance encouraged processing plants to “guarantee
on-time payment of wages to labourers who remain effectively utilised. They have
likewise asked employers that if offices need to close briefly, it ought to be a top
concern of all stakeholders, all things considered, to help labourers straightforwardly
or get funds to connect this period that they cannot work. At the point when worker
reduction cannot be stayed away from because of long-term manufacturing plant
shutdown or due to bankruptcy, all labourers ought to get their full legitimate priv-
ileges, including wages, advantages and severance pay. The alliance further desires
to execute defensive measures in plants, for example, setting up healthcare facilities
to limit the danger infection, including labourers in the decision-making process,
giving them admittance to worker union and providing safe transportation [46].
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10 Impact of COVID-19 on Economic Sustainability
in Textile Industry and Its Solution

Still, there is no estimation about the financial damage that occurred because of
COVID-19. The business analyst concurred that it would contrarily affect the world-
wide economy. China’s President Xi Jinping, speech on TV 23 February 2020 “It
is unavoidable that the novel Coronavirus pandemic will significantly affect the
economy and society”. At the G20 congregation in Riyadh, Saudi Arabia, dated on
24 February 2020 Japanese Finance Minister Taro Aso articulated: “The spread of the
new coronavirus is a public health emergency that could represent a genuine danger
to the macro scale economy through the halt in production activities, interferences of
individuals’ development and cut-off of supply chains”. The principal explanation
behind it that China, known as “the global” factory, is the manufacturing centre for
much of the worldwide business, i.e. energy, automobile, steel, textile, agribusiness,
coal and electronic gadgets including mobiles, and so China has become one of the
significant suppliers for the intermediate product to the final producers. China is
represented 20% of the worldwide manufacturing intermediate products exclusively,
but it was just 4% in 2002. Due to COVID-19, it is expected that worldwide devel-
opment could be sunk by around 50% in 2020, contrasted with the assumption in
November 2019. Other than these, the yearly worldwide GDP growth is assessed to
reduce to 2.4% in 2020, all in all, which was 2.9% in 2019 [47].

Fashion is the second biggest market for consumer products after food and bever-
ages. Also, the fashion business plays a focal part in creating income and employment,
utilising more than 60 million individuals around the world. In certain countries, the
sector is an essential contributor to national industrial yield and domestic value-
added. The share of textile and clothing in manufacturing is high in many nations.
The COVID-19 pandemic made a dramatic contraction in demand and production.
The fashion business has been among those sectors all the more seriously hit by the
coronavirus emergency [48]. The worldwide textile market was assessed to decline
from $673.9 billion in 2019 to $655.2 billion in 2020 at a compound annual growth
rate (CAGR) of—2.8%. The decline is principal because of a financial slowdown
across several nations inferable from the COVID-19 outbreak and the measures to
control it [49].

10.1 Solutions for Achieving Economic Sustainability
in the Textile Industry

e Managing Supply Chain Disruption
Given that the probable outbursts upset the input-sourcing, organisations should
consider altering the sourcing mix to likely enhance hazard. When both suppliers
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are found close to topographical proximity of each other, double sourcing method-
ologies are exposed to more noteworthy lockdown interruptions. Likewise, organ-
isations with geologically various organisations of suppliers are as yet revealed
to supply chain network interruption if a product depends on contributions from
numerous suppliers as a solitary disturbance can have an ensuing consequential
ripple effect [50].
The administration should figure out which of its products are especially exposed
to solitary source dependencies or isolated area dependences and hope to assemble
proper risk management methodologies. Temporarily, this could incorporate
redistributing stock across districts or reduce reliance on products in danger of
disruption. In the intermediate-term, organisations can hope to fabricate “buffers”
to moderate the ripple effect only when a solitary supplier is undermined. This
should be possible in two fundamental ways: (1) organisations can generate an
inventory buffer, or ‘safety stock of crucial components and products, and (2)
organisations can generate a period buffer by deferring the manufacturing of
products where demand is eccentric [51, 52].
Given the possibility of flare-ups disturbing input-sourcing, organisations should
consider changing the sourcing blend to all the more likely expand hazard. Double
sourcing methodologies, where the two providers are found close geological
near each other, are presented to more major lockdown interruptions. Essentially,
organisations with topographically various providers of providers are presented to
inventory network disturbance if an item depends on contributions from multiple
providers as a solitary interruption can have a resulting gradually expanding influ-
ence. The board should figure out which of its items are especially presented to
single-source conditions or single area conditions and hope to construct fitting
danger the executive’s methodologies. For the time being, this could incorporate
redistributing stock across districts or diminishing reliance on items at risk of inter-
ruption. In the intermediate-term, organisations can hope to fabricate “cradles”
to alleviate the gradually expanding influence when a solitary provider is under-
mined. This should be possible in two primary manners: (1) organisations can
make a stock cushion, or “security load” of fundamental parts and items, and (2)
organisations can make period support by postponing the creation of merchandise
where the request is inconsistent [53, 54].

e Managing Demand Disruption
As referenced, the interest in fashion merchandise has observed a dramatic drop
because of the effects of COVID-19. With individuals progressively telecom-
muting and going out less now and again, it tends to be accepted that the idea
of the request for some fashion materials will change. The association’s store
network and the chain management include recharging product supplies as they
are sold, instead of transportation of all stock to regions towards each fashion
season [55].
This has allowed the group a severe level of adaptability in reacting to request a
change. Accordingly, fashion industries ought to consider restocking all through
the fashion season in light of genuine interest rather than towards the beginning
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of the season based on anticipated interest. This technique yields more superior
agility in reacting to potential interest interruptions [56].

It was discovered that organisations with a solid online presence could support
sales when retail shops are shut. For instance, ASOS is an online retail store that
announced cancelling less than 1% of its Spring/Summer 2020 intake. Online
product contributions are simpler to refresh than actual ones. Thus, organisations
with online retail stores can quickly change their item subscription to suit innova-
tive demand conditions. In the long haul, all fashion firms should look to upgrade
their online presence. Extravagance organisations should put a specific spotlight
on the advancement of “the digital experience” given their objective market is
acclimated with a high quality of administration in stores and expects a similar on
the web. This should be possible inside by putting resources into restrictive online
store facades and unions with trustworthy online retailers. Ongoing advancements
in expanded reality innovation can likewise be adjusted to make digital showrooms
and fitting rooms. Firms in this manner search for creative approaches to building
up their online presence in the post-COVID-19 business environment to moderate
demand interruptions by improving the customer experience [57-59].

11 Outlook of Textile and Apparel Industry Post
Coronavirus

The worldwide outbreak of COVID-19 has created chaos in the fashion industry. The
spread of the infection will undoubtedly have real ramifications, and organisations
have begun feeling the heat with store shutdowns and vulnerability in orders. Since
the pandemic is still in its developing stage, it is hard to foresee the full degree of
the effect. Nonetheless, some fundamental changes can be anticipated due to this
pandemic and how it can shape the business again [60].

¢ Global Demand of Medical Textiles Increases
Sales of medical protective equipment, including surgical gowns, surgical masks,
hand gloves and protective clothing, have bounced radically. The supply of these
items is not able to keep up with the rising demand. The quick spread of the
infection across the globe has sensitised individuals to hygiene and healthcare
protection. The massive market for medical protective stuff like face masks, hand
gloves and hygiene products, for example, wipes, is expected to increase and
sustain even after the end of the COVID pandemic. This is a rewarding opportunity
for the textile sector sooner rather than later [61].

e Increased Focus on E-Commerce Sales and Digitalization of Supply Chain
To keep away from groups’ occurrence and lessen the spread of coronavirus,
shopping centres and retailers found a way to close their physical stores. The e-
commerce websites of these stores are operational in specific nations. During the
underlying period of COVID, shoppers expanded their online buying as a protected
option in contrast to visiting actual stores. This move could prompt a changed
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purchasing behaviour after the pandemic and fabricate long-time e-commerce
business clients. Brands and retailers are additionally headed to consolidate digital
strategy in their purchasing process. Online commercial websites are required to
become more famous as brands and retailers hope to augment advanced choices
of displaying their products and encouraging the purchasing and selling process
[62].
e Shorter textiles supply chain

The COVID-19 crisis can go about as an accelerator for choices for change that
is long past due in the fashion sector and can at this point no longer be delayed.
There are likewise various and interconnected drivers in the business environment
that need significant changes in textile value chains to work on a worldwide and
domestic level. The COVID-19 emergency has revealed insight into the dangers
of depending solely on long worldwide supply chains. Closeness to consumer
markets, nearshoring and “safe shoring” can be a business threat reduction tech-
nique. Simultaneously, it is also a methodology that can make a client-focussed
supply chain network stronger to interruptions [62].

12 Conclusion

An informative examination dependent on the overall survey on the impact of
COVID-19 has been presented in the chapter above to uncover the explanations to
attain sustainability in the world’s textile and clothing industry during this pandemic.
The recent outburst of the coronavirus disease (COVID-19) has uncovered the textile
and clothing industry’s fragility. It is observed that the force predominance of apparel
brands, unapproved subcontracting of clothing manufacturing units and utilisation of
provisional workers by suppliers are the significant causes tormenting the public secu-
rity aide in textile clothing supply chains working worldwide. As a relief strategy,
suppliers, brands, industrial committees and NGOs should work as one after the
COVID-19 pandemic to address the absence of government-managed security in the
textile and clothing sectors inventory network. Another sourcing model, which would
incorporate disturbance hazard sharing agreements and social security benefits for
the labourers, should be approved. Likewise, brands ought to energise suppliers’
utilisation of a long-lasting labour force by tuning the supplier choice and request
for allocation strategy. This chapter’s primary purpose was to identify the signif-
icant reasons behind the lack of sustainability caused due to the pandemic in the
textile clothing supply chain operations worldwide. Even though this work chapter
primarily focuses on the sustainability in textile industries during the COVID-19, its
discoveries and consequences have a comprehensive impact on textile industries that
mainly hinge on skilled labourers. Lastly, the textile, clothing and fashion manufac-
turing industries should implement strategic techniques and tactics to tackle similar
situations shortly.



114

B. N. Annaldewar et al.

References

15.

16.

17.

18.

19.

20.

21.

. Beesoon S, Behary N, Perwuelz A (2020) Universal masking during COVID-19 pandemic:

can textile engineering help public health? A narrative review of the evidence. Preventive Med
139:106236
https://www.fibre2fashion.com/industry-article/8635/covid-19-lockdown-impact-on-textile-
industry

Islam MM, Perry P, Gill S (2020) Mapping environmentally sustainable practices in textiles,
apparel and fashion industries: a systematic literature review. J Fashion Market Manage Int J
25(2):331-353

Chakraborty S, Biswas MC (2020) Impact of COVID-19 on the textile, apparel and fashion
manufacturing industry supply chain: case study on a readymade garment manufacturing
industry. J Supply Chain Manage Logistics Procurement 3(2):181-199

Sen S, Antara N, Sen S, Chowdhury S (2020) The unprecedented pandemic “COVID-19” effect
on the apparel workers by shivering the apparel supply chain. J Text Apparel Technol Manage
11(3):1-20

Kabir H, Maple M, Usher K (2020) The impact of COVID-19 on Bangladeshi readymade
garment (RMG) workers. J Pub Health 43(1):47-52

Brydges T, Retamal M, Hanlon M (2020) Will COVID-19 support the transition to more
sustainable fashion industry? Sustain Sci Pract Policy 16(1):298-308
https://textilevaluechain.in/2020/04/01/impact-of-covid- 19-coronavirus-on-global-and-dom
estic-market-of-textile-and-fashion-industry/
https://en.wikipedia.org/wiki/Impact_of_the_COVID19_pandemic_on_the_fashion_industry
https://www.tpci.in/indiabusinesstrade/blogs/tangled-web-the-impact-of-coronavirus-on-ind
ian-textile-industry/

. Aneja A, Pal R (2015) Textile sustainability: major frameworks and strategic solutions. In:

Muthu SS (ed) Handbook of sustainable apparel production. CRC Press, Boca Raton, pp
289-306

. Alam SMM, Islam S (2020) The implication of textile materials applied in preventing the

spread of COVID-19. Biomed J Sci Tech Res 28(5):22009-22018

. Parashar N, Hait S (2021) Plastics in the time of COVID-19 pandemic: protector or polluter?

Sci Total Environ 759:144274

Silva ALP, Prata JC, Walker TR, Duarte AC, Ouyang W, Barcelo D, Rocha-Santos T (2021)
Increased plastic pollution due to COVID-19 pandemic: challenges and recommendations.
Chem Eng J 405:126683

Ardusso M, Forero-Lépez AD, Buzzi NS, Spetter CV, Fernandez-Severini MD (2021) COVID-
19 pandemic repercussions on plastic and antiviral polymeric textile causing pollution on
beaches and coasts of South America. Sci Total Environ 763:144365

Mensah J, Casadevall SR (2019) Sustainable development: Meaning, history, principles, pillars,
and implications for human action: a literature review. Cogent Soc Sci 5(1):1653531
Barooah N, Dedhia EM (2015) Study of socio-economic status of women engaged in handloom
weaving and measures for enhancing their sustainability. Int J Res Soc Sci 5(4):653-665
Alhaddi H (2015) Triple bottom line and sustainability: a literature review. Bus Manage Stud
1(2):6-10

Mamidipudi A, Bijker W (2012) Mobilising discourses: handloom as sustainable socio-
technology. Econ Polit Weekly 47(25):41-51

Maurya PK, Ahmad SAAA, Zhou Q, da Silva J, Castro EK, Ali H (2020) An introduction
to environmental degradation: Causes, consequence and mitigation. Environmental degrada-
tion: causes and remediation strategies. Alteration in Haematological Indices of Heavy Metals
Pollution in the Kali River, Uttar Pradesh, India, pp 1-20

Kumar V, Singh J, Kumar P (2020) Environmental degradation: Causes and Remediation Strate-
gies. Vol. 1. Agro Environ Media, Publication Cell of AESA, Agriculture and Environmental
Science Academy, pp 1-21


https://www.fibre2fashion.com/industry-article/8635/covid-19-lockdown-impact-on-textile-industry
https://textilevaluechain.in/2020/04/01/impact-of-covid-19-coronavirus-on-global-and-domestic-market-of-textile-and-fashion-industry/
https://en.wikipedia.org/wiki/Impact_of_the_COVID19_pandemic_on_the_fashion_industry
https://www.tpci.in/indiabusinesstrade/blogs/tangled-web-the-impact-of-coronavirus-on-indian-textile-industry/

Impact of COVID-19 on Sustainability in Textile & Clothing Sectors 115

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.
43.
44.
45.

46.

Chopra R (2016) Environmental degradation in India: causes and consequences. Int J Appl
Environ Sci 11(6):1593-1601

Choudhary MP, Chauhan GS, Kushwah YK (2015) Environmental degradation: causes, impacts
and mitigation. In: National Seminar on Recent Advancements in Protection of Environment
and Its Management Issues (NSRAPEM-2015). Maharishi Arvind College of Engineering and
Technology, Kota, India

Goodland R (1995) The concept of environmental sustainability. Annu Rev Ecol Syst 26(1):1—
24

Foy G (1990) Economic sustainability and the preservation of environmental assets. Environ
Manage 14(6):771-778

Balaji NC, Mani M (2014) Sustainability in traditional handlooms. Environ Eng Manage J
13(2):1-2

Bostrom M, Karlsson M (2013) Responsible procurement, complex product chains and the
integration of vertical and horizontal governance. Environ Policy Gov 23(6):381-394
Bostrom M, Jonsson AM, Lockie S, Mol APL, P., O. (2015) Sustainable and responsible supply
chain governance: challenges and opportunities. J Clean Prod 107:1-7

De Bakker F, Nijhof A (2002) Responsible chain management: a capability assessment
framework. Bus Strateg Environ 11:63-75

De Brito MP, Carbone V, Meunier Blanquart C (2008) Towards a sustainable fashion retail
supply chain in Europe: organisation and performance. Int J Prod Econ 114:534-553
Goworek H (2011) Social and environmental sustainability in the clothing industry: a case
study of a fair-trade retailer. Social Responsib J 7(1):74-86

Harris F, Helen R, Dibb S (2016) Sustainable clothing: Challenges, barriers and interventions
for encouraging more sustainable consumer behaviour. Int J Consum Stud 40(3):309-318
Laudal T (2010) An attempt to determine the CSR potential of the international clothing
business. J Bus Ethics 96(1):63-77

Mol A (2015) Transparency and value chain sustainability. J Clean Prod 107:54-161
Niiniméki K, Hassi L (2011) Emerging design strategies in sustainable production and
consumption of textiles and clothing. J Clean Prod 19:1876-1883

De-la-Torre GE, Aragaw TA (2021) What we need to know about PPE associated with the
COVID-19 pandemic in the marine environment. Mar Pollut Bull 163:111879

Ammendolia J, Saturno J, Brooks AL, Jacobs S, Jambeck JR (2021) An emerging source of
plastic pollution: the environmental presence of plastic personal protective equipment (PPE)
debris related to COVID-19 in a metropolitan city. Environ Pollut 269:116160

World Health Organization (2020) Rational use of personal protective equipment for
COVID-19 and considerations during severe shortages: interim guidance. No. WHO/2019-
nCoV/IPC_PPE_use/2020.4. World Health Organization, Geneva

Rowan NJ, Laffey JG (2021) Unlocking the surge in demand for personal and protective
equipment (PPE) and improvised face coverings arising from coronavirus disease (COVID-
19) pandemic: implications for efficacy, reuse and sustainable waste management. Sci Total
Environ 752:142259

Celina MC, Martinez E, Omana MA, Sanchez A, Wiemann D, Tezak M, Dargaville TR (2020)
Extended use of face masks during the COVID-19 pandemic: thermal conditioning and spray-on
surface disinfection. Polym Degrad Stability 179:109251

Toon J (2020) Ozone disinfection could safely allow reuse of personal protective equipment.
Biomed Saf Stand 50(16):121-123
https://www.chemistryworld.com/features/sustainable-covid-19-protection/ 4012826.article
https://www.ilo.org/sector/Resources/publications/WCMS_741344/langen/index.htm
https://www.ilo.org/asia/publications/WCMS_755630/langen/index.htm

Sen S, Antara N, Sen S, Chowdhury S (2020) The apparel workers are in the highest vulnera-
bility due to COVID-19: a study on the Bangladesh apparel industry. Asia Pacific J] Multidiscip
Res 8(3):1-7
https://fashionunited.uk/news/fashion/fashion-industry-coalition-fights-to-protect-garment-
workers/2020042248606


https://www.chemistryworld.com/features/sustainable-covid-19-protection/
https://www.ilo.org/sector/Resources/publications/WCMS_741344/langen/index.htm
https://www.ilo.org/asia/publications/WCMS_755630/langen/index.htm
https://fashionunited.uk/news/fashion/fashion-industry-coalition-fights-to-protect-garment-workers/2020042248606

116

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

B. N. Annaldewar et al.

Sen S, Antara N, Sen S, Chowdhury S (2020) The unprecedented pandemic COVID-19 effect
on the Bangladesh apparel workers by shivering the apparel supply chain. J Text Apparel
Technol and Manage 11(3):1-20
https://www.unido.org/stories/will-covid-19-accelerate-transition-sustainable-fashion-ind
ustry#story-start
https://www.researchandmarkets.com/reports/5019783/textile-global-market-report-2020-30-
covid-19

D’Adamo I, Lupi G (2021) Sustainability and resilience after COVID-19: A circular premium
in the fashion industry. Sustainability 13:1861

Kumar A, Luthra S, Mangla SK, Kazangoglu Y (2020) COVID-19 impact on sustainable
production and operations management. Sustain Oper Comput 1:1-7

Akintayo WL (2020) Revitalising the nigerian textile industries for mitigating the effect of
COVID-19 and achieving sustainable economic development. KIU J Human 5(3):57-66
Teng X, Chang BG, Wu KS (2021) The role of financial flexibility on enterprise sustainable
development during the COVID-19 crisis—a consideration of tangible assets. Sustainability
13(3):1245

‘Wu HL, Huang J, Zhang CJ, He Z, Ming WK (2020) Facemask shortage and the novel coron-
avirus disease (COVID-19) outbreak: reflections on public health measures. EClinicalMedicine
21:100329

Barreiro-Gen M, Lozano R, Zafar A (2020) Changes in sustainability priorities in organi-
sations due to the COVID-19 outbreak: averting environmental rebound effects on society.
Sustainability 12(12):5031

McMaster M, Nettleton C, Tom C, Xu B, Cao C, Qiao P (2020) Risk management: rethinking
fashion supply chain management for multinational corporations in light of the COVID-19
outbreak. J Risk Financ Manage 13(8):173

Taqi HM, Ahmed HN, Paul S, Garshasbi M, Ali SM, Kabir G, Paul SK (2020) Strategies to
manage the impacts of the COVID-19 pandemic in the supply chain: implications for improving
economic and social sustainability. Sustainability 12(22):9483

Yu H, Sun X, Solvang WD, Zhao X (2020) Reverse logistics network design for effective
management of medical waste in epidemic outbreaks: insights from the coronavirus disease
2019 (COVID-19) outbreak in Wuhan (China). Int J Environ Res Public Health 17(5):1770
Sundari KM, Sowmiya MB (2020) Tirupur textile start-ups in COVID 19 pandemic situations-
scot analysis. J Manag 2(7):81-88

de Abreu MCS, Ferreira FNH, Proenga JF, Ceglia D (2020) Collaboration in achieving
sustainable solutions in the textile industry. J Bus Ind Market

Impact of COVID-19 on the Indian Textile Industry. https://wazir.in/textile-apparel-insights/
industry-report/

Mishra M, Mishra P (2021) Prioritising financial crises due to COVID-19: an economic safety
and sustainability approach in India. Int J Syst Dyn Appl 10(1):1-11


https://www.unido.org/stories/will-covid-19-accelerate-transition-sustainable-fashion-industry%23story-start
https://www.researchandmarkets.com/reports/5019783/textile-global-market-report-2020-30-covid-19
https://wazir.in/textile-apparel-insights/industry-report/

Environmental Sustainability )
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Abstract COVID-19 pandemic rocketed the human-being anxiety with an exponen-
tial magnitude in the globe. The World Health Organization ruled wearing personal
protected equipment (PPE), (both of the medical care professionals and the ordi-
nary persons) to control the virus transmission. However, those PPE are linked to
environmental damage due to ever-increasing activities as a root cause of pollu-
tants in the soil, water, and air environment. The deterioration and damage of the
natural environment by PPE pollutants contribution, the unsustainable has occurred,
and the spread of the new wave of deadly pandemics. This review aimed to discussed
the link between COVID-19 associated wastes and environmental impacts to be an
unsustainable threat. The discussion included the opportunities and threats of the
pandemic on natural environments such as air, water, and soil pollution level, espe-
cially air pollution reduction as an opportunity due to lockdown in the globe that
minimizes the greenhouse gas (GHGs) emission, decreasing water pollution, and
ecological restoration. Furthermore, the continued COVID-19 pandemic has driven
extensive use of PPE around the world for virus protection augments biomedical
wastes from healthcare hospitals, quarantine centers, and inhabitants resulted in the
indiscriminate disposal threatens the environment with a new form of microplastics
sources and litter pollution. In this regard, emerging and executing novel sustainable
management strategies are paramount to reduce their impacts on the environment
during and post-pandemic periods. In this way, this review highlighted the COVID-
19 as an opportunity in terms of environmental sustainability toward the circular
economy by adopting renewable energy sources and green practices as a sustainable
option of waste management. Thus, the expected suitable implementation strategies
were proposed in such a way that might be essential for environmental sustainability
issues during the COVID-19 era.

B. A. Mekonnen (X)) - T. A. Aragaw
Faculty of Chemical and Food Engineering, Bahir Dar Institute of Technology, Bahir Dar
University, Bahir Dar, Ethiopia

B. A. Mekonnen
Bahir Dar Energy Center, Bahir Dar Institute of Technology, Bahir Dar University, Bahir Dar,
Ethiopia

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021 117
S. S. Muthu (ed.), COVID-19, Environmental Footprints and Eco-design
of Products and Processes, https://doi.org/10.1007/978-981-16-3860-2_5


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-3860-2_5&domain=pdf
https://orcid.org/0000-0001-7201-1153
https://orcid.org/0000-0002-3053-1836
https://doi.org/10.1007/978-981-16-3860-2_5

118 B. A. Mekonnen and T. A. Aragaw

Keywords COVID-19 - Environment + Positive impacts + Negative impact -
Sustainable management - Plastic pollution

Abreviations

NASA National Aeronautics and Space Administration
BMW Biomedical waste

ESA European Space Agency

EEA The European Environment Agency

NMVOC Non-methane volatile organic matter.

IEA International Energy Agency

GDP Gross domestic product

SUPs Sing-use plastics

PPE Personal protective equipment

WHO World Health Organization

1 Introduction

The current COVID-19 pandemic outbreak and spread have become globes series of
health and environmental threats. The pandemic is set to have massive and sweeping
effects on mankind and the entire planet as well. It postponed and unsettled modern
society’s activities in all circumstances [1]. The unusual outbreak of COVID-19
in the globe forced almost all nations under partial or total lockdown from a few
weeks up to a few months. Accordingly, nations governors announce stay at home
and confinement principle to sidestep public virus widespread [2]. Consequently,
several human activities and public gathering events are canceled [3]. Besides, several
manufacturing industries, road, and aviation transport services are banned from their
regular working. Furthermore, the use of conventional energy sources has lessened
considerably due to lower power requirements by manufacturing industries than usual
[3]. As a result of the non-functioning of these services providing sectors effluents
from them has cut largely result in nearly null GHG and aerosols emissions to the
atmosphere.

Meanwhile, the struggles for prevention of SARS-CoV-2 spread, via confinement
measure showed encouraging outdoor air quality improvement; the pandemic has set
to destructive human economic activities, leading to worldwide economic destruc-
tion. For example, oil values reached negative while emissions have been noted lowest
everywhere in the globe [4]. The current pandemic situation is bound to have signifi-
cant implications on the three pillars the energy-environment-economy triangle. The
consequence of this pandemic on the three pillars and sustainable growth approach
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is also heading for rather intricate and mixed. So, understanding the comprehen-
sive crisis of COVID-19 and supper adjustment of the world to tackle upcoming
challenges is vital for the future.

On contrary to worldwide economic and social destructions, COVID-19 imposed
an opportunity and threats on the environment [3, 5]. Among the negative conse-
quence, the COVID-19 preventive measures cause increased infectious medical and
plastic pollution in the environment [5]. Huge single-uses-plastic production and use
for preventive measures of the pandemic provoked global environmental and health
crisis [6]. In addition, a drastic shift in life-saving in the pandemic is a clear indi-
cator of plastic pollution and lesser attention to environmental issues [6]. As a result,
excess production, use, and dumping of SUPs and PPE occurred these days [7].
Consequently, extensive public use has imposed cross-contamination on the envi-
ronment due to improper disposal of SUPs and PPE debris with regular municipal
solid wastes [5, 7]. In the long run, the disposal of PPE in open fields becomes
a predominant source of microplastic in both aquatic and terrestrial environments
[7-9]. Moreover, intense utilization patterns of SUPs, PPE, and behavioral shifts in
waste management primacy are opposite to environmental sustainability [5].

Despite the pandemic has such negative consequences on the environment, the
lockdown measure has an opportunity to improvements of the physical environment
such as air, water, and soil [2, 10]. In this scenario, the reaction to the pandemic ban
has an opportunity for environmental climate enhancement such as greenhouse gas
pollutant species reduction and water quality improvements [11, 11]. In addition,
ecosystems are being restored and dwellers are living through a clear sky for the first
time. The place of natural beauty also experienced negligible visitor pollution levels.
Due to the decrease in nitrogen oxide level, the ozone layer was found to improve to
some extent [3, 13-16].

On the other hand, with the seedy upswing of confirmed virus cases, infected
wastes from all levels of place and users’ are being generated during the pandemic.
For that reason, solid waste generation and controlling come to be complex and
uninspiring [17]. Therefore, the pandemic outbreak has significantly augmented the
volume of COVID-19-related medical waste in victim countries up to 18%—425%
than the regular period [17]. In addition, the novel human coronavirus has also
impacted MSW generation, type, and composition [17]. The pandemic has changed
behavioral patterns and the lifestyle to extensive use of plastic use for assurance
for virus survival. As a result, end-users shifted to SUPs and PPE preference for
packaging and hygiene instead of perturbing plastic pollution [6, 17].

Currently, correlation amid COVID-19-crisis and the environment is a new incip-
ient research focus and agenda. As a result, several investigations have been done
on COVID-19 associated wastes as emerging environmental pollutants. This book
chapter discussed the wide-ranging consequences of the COVID-19 pandemic crisis
to the environmental sustainability issue and the future directives. Furthermore, it
includes (1) the effects of COVID-19 on the natural environment; (2) the positive
impacts of it on the greenhouse gas emissions reduction as an opportunity; (3) the
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PPE wastes as a source of microplastic and macro-litter pollution during COVID-
19 pandemics; and (4) the waste management regulations and implementation; and
policy response.

2 Reviewing Strategies

A wide-ranging literature search on the current pandemic published articles (as
research, review, baseline, short communication), podcast, news, and technical
reports were retrieved from the direct Google search, Google Scholar, Scopus,
and Web of Science databases, the web page including World Health Organization
websites, news, and reports up to dates. The keyword searches included “COVID-
19” and “the Environment,” “novel coronaviruses” ‘“Positive/negative impacts” and
“COV-19,” “environmental Sustainability” and “COVID-19.” The downloaded docu-
ments were screened and examined relevant to the keywords and categorized based on
research scopes of the present paper (the environmental crisis during the COVID-19;
its impact and sustainable strategies during and post pandemics; and others).

3 COVID-19 Impacts on the Natural Environment

Beforehand of COVID-19, all the flora and fauna were fronting various ecolog-
ical problems caused by pollution due to greenhouse gasses from manufacturing,
transport, agricultural sectors, etc. The incidence of the pandemic has brought about
opportunities and challenges on these surrounding issues. The new opportunities of
the pandemic were manifested mainly by a decline in air smog, noise pollution, clean
shorelines, a decline in the release of greenhouse gasses. The challenges imposed
by the pandemic are a surge in plastic wastes at household and healthcare centers, a
decline in waste recycling, indoor air pollution due to confinement, and many more.

3.1 Opportunities to Environmental Restoration

3.1.1 Outdoor Air Quality Improvement and GHGs Emission
Reduction

Clean air is indispensable for human well-being. Its reported that about 91% of
the world’s inhabitants live in residences where poor air quality surpasses the allow-
able limits [18]. The penalties of air quality deficit are demonstrated in a substantial
percentage of global death yearly [19]. Since 2016, the WHO report points out that air
pollution accounted for about 8% of overall deaths in the world found in developing
regions and some portion of Europe [18]. The emissions of several forms of carbon
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due to anthropogenic activities of human beings importantly degrade the air quality.
However, the COVID-19 lockdown measures in almost all countries meaningfully
enhanced air quality and reduced GHGs emissions. During the lockdown, manufac-
turing industries, transport sectors, and human movements have stopped resulted in
a drastic decline in GHGs emissions [4].

The global modifications in pollutant intensities from restricted lockdown pollu-
tants during the period February 2020 to June 2020 as a baseline compared with the
2019 pollution level are shown in Fig. 1. The analysis of Piers Forster et al. [20] data
advocated that CO, emissions and total NOx emissions could have diminished by
30% in April 2020 driven by a reduction in surface-transport emissions. Particularly,
emission reductions reached peaked in April 2020 where ~20% SO, ~5% CH4, ~7%
N0, ~27% BC, ~14% OC, ~27% CO, ~20% non-methane volatile organic matter
~2.5% NH3 reduction in global emissions April 2020 driven by a reduction [20]. The
cooling around 0.01 £ 0.005 °C by 2030 and 0.3 °C by 2050 is likely to avoid future
global warming due to the direct consequence of a pandemic-driven response.

The global reaction to the pandemic has led to an unexpected lessening of green-
house gas releases and air contaminants mostly in all countries around the globe. For
example, the lockdown measures a significant reduction (45-51%) of black carbon
and NO; related to transportation emissions in the Barcelona span. In addition, the
lower reduction PM g (28-31.0%) and improvement in ozone levels (>50%) during
lockdown was observed possibly due to lower titration of O3 by NO and NOx decre-
mentin a VOC-limited environment [21]. Similarly, an approximately 50% reduction
of N,O and CO happened because of the closure of heavy manufacturing industries
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Fig. 1 The global pollution changes in different pollutants reduction levels from lockdown [20]
adapted with permission of Nature, 2020
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in China [22]. In the same way, China demonstrated a 20% cut of particulate matter
(PM;5) in some towns [23].

Current data of NASA and the European Space Agency showed a 20-30% reduc-
tion in NO; in epicenters of COVID in Wuhan, Spain, Italy, France, and the USA [24].
Other reports of The European Environment Agency forecasted that NO, emissions
fallen by 30-60% in several European cities in response to COVID-19 lockdown [25].
Likewise, NO, dropped by 25.5% in the pandemic period relative to earlier years of
2017-2019 levels in the USA [26]. Meanwhile, a reduction of the NO, level from
4.5 ppb to 1 ppb was found across Ontario, Canada [27]. Whereas, greenhouse gases
reduction around 54.3% NO,, 64.8% CO, 77.3% NO decline in concentration was
observed in Sao Paulo-Brazil [28]. Correspondingly, reduction of NO, (35%) and CO
(49%) was seen in Kazakhstan from the restriction measures of the pandemic[29],
while a 50% and 62% discount of NO, level was stated in particular from the two big
cities of Spain (Barcelona and Madrid), respectively, [30]. It was also reported a 5%
cut of particulate matter (PM), 49% of SO,, and 96% of NO, that were observed
in Morocco[31]. In New Delhi, the capital of India the concentration of NO, and
PM, s was declined nearly by 70% during the domestic lockdown [32]. In addition,
an overall reduction of PM; 5 (46%) and PM( (50%) was recorded in India during
the imposed restrictions of the pandemic [33].

It is anticipated that transport sectors such as road and aviation are the main
contributors of GHGs emissions (72% and 11%), respectively, [34]. The global move-
ment restriction measure taken by nations impacts the aviation sector while several
countries limited international and domestic travels. Due to this, the entry and depar-
ture of passengers in international and domestic flights were decreased and canceled
by aviation sectors leads to deduction in GHGs emissions. For example, China cuts
nearly 50-90% international and 70% local flights because of the pandemic related
to January 20, 2020, which finally reduced approximately 17% of nationwide CO,
emissions [35]. Furthermore, in a similar previous year, 96% of air flights were
dropped worldwide due to the pandemic, which has eventual effects on the global
economy and the environment[36].

The oil demand has declined by 2,850 litter universally in the head of three months
of 2020, related to the similar period of the previous year[37]. Besides, the lesser
energy appeal during the pandemic lockdown also reduced global coal consumption.
For example, in India, coal-based power production was reduced by 26% with a
19% drop of entire power production later the lockdown [38]. China, the leading
coal-based power user in the world, plummeted 36% compared to a similar period
of the earlier year [38, 39]. Particularly, China reduced coal (50%) and oil (20—
30%) use resulted in a 25% CO, decline, which is ~6% of global emissions [40,
41]. In this regard, an estimated cut of 1,600 Mt of CO,, corresponding to over 4%
of the global aggregate in 2019 could be found due to the pandemic crisis [41].
Likewise, a rough estimation of 17% reduction of daily CO, emission was observed
similar to those in 2006 [42]. Generally, lower utilization of conventional fuels for
transportation and manufacturing industries lessens burdens on the environment and
the GHGs emission, which aids to fight climate change. However, the lockdown
measure reduced indoor air quality due to stay-at-home confinment [43, 44].
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3.1.2 A Decrease in Municipal Solid Wastes

The pandemic confinement underlines the need for households to apply segrega-
tion of household wastes in a separate collection. Consequently, residents gather
MSW at home rather than at central collections leading to a decline in recycling.
The announcement of the stay-at-home and travel stemmed resulted in a notice-
able decline in waste generation in some areas of tourist destination cities and
public places. For example, MSW in Macao, a usual tourist-target city in China,
reduced by 17%—-25% in the period February to May 2020 [45]. Similarly, the MSW
generation in Morocco was decreased by 2%—10% from February to March 2020
compared to 2019 [46]. The lockdown measure in Italy led to a drop in the overall
waste production by 27.5% in the city of Milan. The waste reduction during the
pandemic comprises 24.4% leftover, 20% paper and cardboard, 16.7% glass, 16.3%
plastic and metal, 14.4% household food and 80.5% commercial food waste in 10—
14 weeks in the city [47]. In addition, the MSW generation in July 2020 at Trento,
Italy, showed a reduction by 14% than in March 2019 [48].

The month of detention by the pandemic saw a 17% drop in MSW from 282.3
Mt to 242 Mt in Catalonia (Spain) [49]. Furthermore, the restricted mobility of
visitors and commercial activities resulted in a 25% reduction in waste in Barcelona,
accordingly, paper, glass, cardboard, organic, and packaging wastes were declined by
20%, whereas heterogeneous waste was declined by 12% [49]. Likewise, the volume
of MSW getting junkyards cut by 20%—40% due to stopped recycling activities in
India [50]. Similarly, the commercial waste volume was diminished by 57% in May
20201in Tokyo, Japan [51]. Conversely, the pandemic has augmented waste generation
in other regions. For instance, in England and Japan, it has been reported that MSW
upsurges by 0%,20%, and 110%, respectively, higher than normal in May 2020 [51,
52]. Likewise, residential waste outgoing to landfilling increased by 34.7% in Tehran,
Iran [53].

3.1.3 Water Quality Improvement and Pollution Reduction

The instant effect of the COVID-19 pandemic on water body systems and resources
is inadequate, however, water quality and resources are perhaps affected on monthly
and annual perspectives [10]. Due to the universal utilization of water for domestic
and industrial applications, water pollution becomes unavoidable effluent dumped
into rivers without treatment particularly in developing countries [54]. It is stated that
water pollution load was reduced as the most important manufacturing sources of
pollution have minimized or stopped in the lockdown period [54]. For example, the
water quality of Vembanad Lake in India showed an improvement during the lock-
down. According to the remote sensing study of the lake, an average 15.9% decrease
in the suspended particulate matter was obtained during the lockdown period [54].
Also, the river Ganga and Yamuna in the same country have gotten a noteworthy
level of pureness and met the permissible limit on the days of lockdown [55]. This
improvement in the water quality of the lake was attributed to the sudden drop in
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invitees and 500% reduction of industrial sewages [50, 55]. Furthermore, the physic-
ochemical parameter of the river Ganga meets the standard for domestic drinking
water quality parameters during the restriction period in contrast to the pre-lockdown
period [56-58]. Moreover, the restriction on public free movement activities were
declined on water bodies in several places of the globe [2, 35, 59]. For instance, the
Grand Canal found in Italy turned clear and several aquatic species have begun to
reappear due to the ban of the pandemic [60]. Similarly, water contamination was
also declined in the coastline areas of Asian countries [61, 62]. According to reports
of Ref. [63], the COVID-19 lockdown reduced the quantity of food waste in Tunisia,
which in turn reduces water and soil pollution. Specifically, textile factors utilized a
huge quantity of water and this consumption is also reduced around the glove [64].
Besides, water and soil pollution caused by the huge quantity of solid wastes from
construction and industries is also reduced. Moreover, the observed marine pollution
in this pandemic era greatly reduced down to the global drop in import—export trade.

3.1.4 Noise Pollution Reduction

Noise pollution is the undesirable sound produced from anthropogenic human activi-
ties [2, 65]. Usually, noise adversely affects the state of wellbeing of humans, together
with circulatory disorders, high blood pressure, and sleep shortness [66]. Itis reported
that worldwide about 360 million citizens are susceptible to deafness caused by noise
pollution [66]. According to WHO prediction, above 100 million citizens are exposed
beyond the suggested limit of voice in Europe alone [67]. Moreover, environmental
noise has hostile effects on wildlife and invertebrates shifting balance in predator
and prey detection and the ecosystem [68]. The confinement and lockdown events
ordered individuals to stay at home, which ultimately reduced noise level, economy,
and mass communication in most cities worldwide [2]. It is stated that, in New Delhi,
India, the noise level is reduced radically by about 40-50% in the contemporary lock-
down period [50]. Similarly, the noise level of Govindpuri metro station (Delhi) is
curtailed from 100 dB to 50-60 dB owing to vehicle restriction during the lockdown
period [69]. In addition, the noise level of the residential area of the city is set to
40 dB and 30 dB in day and night time, respectively. As a result, city residents were a
delight in the singing of birds in ranges from 40-50 dB [69]. Moreover, due to travel
restraints, aviation flights and road transports have considerably reduced everywhere
finally reduced the extent of noise pollution. For instance, in Germany passenger air
flights were cut above 90%, car traffic was fallen by > 50% and trains were running
at < 25% than the normal rates [70]. The COVID-19 lockdown reduced noise pollu-
tion created by manufacturing industries, service providing industries and human
activities worldwide resulted overall decline in the economic and social activities.
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3.1.5 Ecological Repair and Clean Beaches

The tourism sector contributed considerable incredible growth to global GDP due
to high-tech expansions and transport networks [71]. However, the tourism industry
is responsible for an estimated 8% of global overall GHGs emissions [71]. In the
nearby tourist attraction sites, plenty of hotels, restaurants, bars, and markets are built
to facilitate and accommodate the visitors thereby demands lots of energy and other
natural resources. For example, the carbon footprint of coastland hotel services of
Spain consumed significant electricity and fuels have calculated maximum carbon
emissions [72]. Due to this, natural beauty is usually experienced as a huge harsh [73].
Moreover, the visitors’ rubbish dumps damage natural attractiveness and produce
ecological disparity [74]. Restriction measures in the course of this pandemic have
remarkably reduced tourist movement, thus retreating pressure on wild fauna and
tourist spots around the world [2, 75]. Therefore, wildlife has been returning to
inhabited areas from the previously fled due to the human confinement at home [75].
For instance, the clean beaches of Acapulco, Barcelona, and Salinas appear with
crystal clear waters in Mexico, Spain, and Ecuador, respectively, [2]. Similarly, the
restriction imposed by local government of Thailand on public gatherings and popular
tourist arrival sites such as Cox’s Bazar sea beach and Phuket showed an alteration
in the color of seawater [59, 76]. Additionally, social distancing has a prominent
amendment in the appearance of several beaches has been witnessed in the world.
Consequently, the natural environment gets time to adjust to human displeasure and
pollution reduction. For example, aquatic animals like dolphins recently returned to
their previous inhabitant specifically on the coast of the Bay of Bengal, Bangladesh,
and canals, waterways, and ports of Venice (Italy) after a prolonged decade [61, 62].
On the other way, many scientists have insisted nations for ruling out of wildlife
trade permanently and encouraging afforestation for natural ecology restoration and
prevention of future pandemic outbreak [3, 59].

3.2 Negative Impacts of COVID-19 on the Natural
Environment

3.2.1 Increase in Biomedical Waste Generation

Global nations and cities that encountered high COVID-19 prevalence are striving to
cope with the intense surge in medical waste generation for healthcare services [5].
Accordingly, massive medical waste is intensified universally and has become a risk
to health and the environment during the pandemic era [2, 50]. Evidence showed that
the daily output of COVID-19 medical waste was estimated 200 t/d to above 29,000
t/d by February 22 to the end of September 2020 throughout the world [17]. For
example, in Jordan, the King Abdullah University Hospital generated(~650 kg per
day) which accounted for ten times higher medical waste than the average generation
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rate of the usual working day of the hospital [77]. It was detected that a sudden surge
in biomedical waste by 350% and 370% was also reported in Spain and China,
respectively, [78]. Particularly, above 240 tons of PPE wastes were generated daily
during the outbreak in Wuhan, China [13], which is 190 tons greater than the regular
time [2]. The correspondingly central city of China generated ~247 tons of biomedical
waste per day at the peak of the pandemic which is roughly fourfold greater than
the pre-pandemic era [17]. Similarly, around 295 tons of COVID-19 PPE waste was
engendered from early February 2020 to early March 2020 and projected over 2600
tone by mid-July 2020 in South Korea [79]. Whereas, generation of 80-110 tons
per day of medical waste was recorded in Tehran, Iran, which causes (18%—62%)
escalation of medical waste during the pandemic compared to the pre-pandemic [53].
Again, the quantity of biomedical waste is augmented by 400—450 kg/day at the start
of lockdown in Ahmedabad city, India [50]. Similarly, ~206 Mt/day of medical
waste was produced in Dhaka, Bangladesh [62]. Other Asian cities like Manila,
Kuala Lumpur, Hanoi, and Bangkok experienced comparable rises, generating 154—
280 Mt/day extra medical waste than the pre-pandemic period [80]. The US alone
generated over 10,000 tons on September 30, far beyond other nations’ medical
waste generated in India (1690 tons), Brazil (2009 tons), and France (3776) [17].
Such unexpected escalation of precarious waste and their accurate management is a
noteworthy task to the local authorities.

3.2.2 Source of Plastic and Microplastics Pollution

PPE is renowned for reliable and affordable preventive virus infection and transmis-
sion for the pandemic. Since the outbreak of COVID-19, people are exhaustingly
utilized PPE for protection against viral infection. Hence, the massive production
and dependency of plastic-based PPE are escalated in consort with waste worldwide
[81]. Millions of PPE are being manufactured and used daily by ordinary citizens and
front-line healthcare workers in the current pandemic. For instance, 129 billion face
masks and 65 billion medical gloves are monthly used worldwide [82, 83]. More-
over, individual online shopping choices during restriction are also growing plastic
demand. For example, packaged takeaway foodstuffs contributed an extra 1400 tons
of plastic waste in a 2-month lockdown in Singapore [84]. As a result, the worldwide
plastic packaging marketplace is estimated to grow by a 5.5% rate and $103.4 billion
in 2021 higher than the year 2029 due to pandemic response. Overall, the demand for
plastics is projected to rise by 40% over panic shopping for food packaging and 17%
in other uses including medical purposes [82]. Meanwhile, SUPs trashes have been
increased and observed with domestic and household wastes in the USA [62, 85]. In
the same way, Wuhan Hospitals produced above 240 tons of SUPs biomedical waste
daily, which six folds at peak of the pandemic than the average daily disposal before
the pandemic incidence [86]. Similarly in the UK, it is foreseen that each inhabitant
used one mask daily to produce a minimum of 60, 000 tons of polluted plastic waste
[87]. Peace of studies showed that SUP was already among the foremost source of
marine litter and mandatory PPE contributed the major share of the plastic liter [88].
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For example, De-la-Torre et al. reported that 138 PPE items were recorded in 11
beaches during 12 sampling weeks along the coast of Lima, Peru [89].

Plastic pollution was mounting in the global ecosystem earlier to the COVID-
19 pandemic [88]. Approximately, 4.8—12.7 million Mt of mishandled land-based
plastic waste entered the aquatic system in 2010 only [90]. Among this quantity of
waste 1.2-2.4 million Mt is transported by rivers [91]. The previous investigation
stated that above 5 trillion plastic debris was floating in the oceans [92]. Furthermore,
the imposed quarantine rules and panic online shopping have also led to a prolif-
eration of packaged plastics in household wastes [2, 50]. Ultimately, such misman-
aged SUPs and PPE will likely degrade into smaller pieces and become a source of
microplastic pollution [82]. Recent explorations proved that PPE equipment mostly
face masks are the likely source of microplastic fibers in the environment [7-9]. Addi-
tionally, such random disposal of plastic refuses clogged water-gate and degrades
the environment [2, 81]. For instance, in the Magdalena River, Columbia, the ruin of
nonwoven synthetic fabrics was the main source of microplastic fibers in water and
sediment samples [82]. In addition, PPE and plastic littered in open environments
will possibly persuade sewage system blockage. The occurrence and ubiquity of such
plastic debris, allied associated contaminant triggered harmful effects on land-living
and marine biota at different stages of biological organization [93-96]. Furthermore,
plastic litter can be the vector for several pollutants, and pathogens such as the
SARS-CoV-2 virus [80, 81]. Although recycling is effective for pollution averting,
energy-saving, and natural resources conservation, it has been postponed in many
countries due to the pandemic [97]. For example, the USA limited recycling plans
by 46% in almost all cities owing to the frustration of the risk of COVID-19 distri-
bution through recycling services [50]. Furthermore, the competitiveness of plastic
recycling for fuel purposes had declined despite low oil prices and demand during
the pandemic. Overall, due to interruption of regular recovery and recycling activ-
ities of MSW end up the landfilling of plastic pollutants in the global. Generally,
the COVID-19 pandemic aggravated the difficulties of plastic waste management
and hinder the efforts to cut plastic pollution [98]. Therefore, SUPs and PPE during
the pandemic added extra plastic polymer to the existing plastic litter and endure the
“never-lasting-story” of plastics in the environment resulted in the emergent research
priorities [99] as shown in Fig. 2.

3.2.3 Miscellaneous Negative Impacts

Recently, a massive quantity of sanitizers is practical in public areas and individual
level to sterilize pandemic viruses. Such widespread practice of decontaminators
perhaps destroys non-targeted species, which probably exerts ecological imbalance.
Moreover, the SARS-CoV-2 virus was detected in patient’s feces and public wastew-
ater of several victim countries [100—-102]. So, extra actions in wastewater treatment
are vital before discharge effluents municipal wastewater to the adjacent aquatic water
bodies. For example, China enhanced the use of chlorine for disinfection to prevent
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Fig. 2 Repercussions of COVID-19 on Plastic waste generation [98] adapted with permission of
Elsevier, 2021

the current pandemic virus dispersal via wastewater. However, the undue applica-
tion of chlorine in water could produce dangerous by-products [2]. In addition, the
face masks disposed of on the earth cause entanglement and death to wildlife. For
example, in Colombia, a bird was matted in a littered COVID-19 mask in a tree
and died later it enfolded to its body and beak [103]. Additionally, the littered face
mask is probably ingested as food mistakenly by invertebrates fill their stomachs and
decline in food consumption leading to hunger and death [103].

The PPE trashes also transported to the aquatic ecosystem thereby creates plastic
pollutions for aqua life and birds owing to ingestion. Moreover, marine plastic litter
adsorbs contaminants which assist in the binding of the pollutant particles to the
surface of the plastic [104]. Accordingly, it likely poisons the aquatic faunas through
the ingestion of plastic and entanglement. In the end, the ingested plastic litter perhaps
destroys or weakens faunas directly, the adaptation of them more susceptible to extra
intimidations [105]. In addition, consumed plastic inhibits with impairment breeding
and growth of offspring [78, 106]. Further, the disintegration of the macroplastic in
the mask creates microplastics [106]. Hence, bioaccumulation of such microplastic
arises in the food web to human-being then after causes accumulation of poisons
[106].
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4 Sustainable Strategies for the Environment Pollution
Reduction During and Post-Pandemic

The extensive use and indiscriminate disposal of PPE by ordinary citizens became
a debating issue between scarcity and correct handling in healthcare services while
such utility is compulsory and of utmost importance for life savings. PPE disposal
without decontamination and mixed with regular MSW worsen the littered in the
environment. To tackle this problem, diverse handling and management methods
have been implemented using incineration and landfilling [98]. Yet, these are not
ideal preferences to promote the circular economy. Moreover, plastic ban or reduction
is impossible in this pandemic era as citizens reliance on it for safety and hygienic
purpose. In addition, an urgent adaption of the medical waste handling approach is
required for the novel virus to spread to the surroundings. Therefore, examining for
alternative routes to cope with plastic waste is indispensable.

For instance, the World Health Organization recommends black pins should be
used for the separation of used PPE from general household garbage planned for
recycling as shown in Fig. 3. Unlike the WHO, ABES Brazil, however, recom-
mends disposing of used PPE in tightly tied plastic bags with domestic waste. In
this sense, several nations tried to apply precautionary measures of handling and
discarding PPE. As an example, the Portuguese Environmental Agency suggested
every citizen disposed of PPE mixed wastes in wrapped bins rather than recycling
that will preferably go to incineration and/or landfilling [107].

Similarly, U.S.A has prioritized incineration and landfilling and also stopped
recycling strategies amid the threat of COVID-19 infection [2]. Such a suggestion
on PPE waste handling and restriction on recycling contradict the traditional linear
economy [109]. Although researchers attempt to manage the PPE and SUPs waste to
value-added products, it ends up mixed with MSW to date, particularly in developing
countries. Thus, the pandemic forced the continued improper use and handling of
medical and plastic waste by billions of inhabitants with low biodegradation rates.
Thus, urgent integrated response to waste management and treatments during and
post-pandemic is paramount now and in the future. So, a guaranteed kind of waste
management platform should be a part of the immediate reaction to a pandemic
crisis. As huge plastic pollution in the pandemic resulted from: (1) greater demand on
SUPs; (2) greater demand of PPE; (3) intensified medical waste; and (4) prioritizing
of incineration and landfill. The following suggestions are proposed for the need
future environmental suitability:

4.1 Using Biodegradable and Reusable Plastic PPE

To wipe out, the dependency of PPE and SUPs formulating reusing options to reduce
the pressure of huge medical plastic wastes is required environmental care. Some
of the ways out to reduce PPE waste could be rethinking the biodegradable and
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reusable PPE. Biodegradable PPE is one of the contemporary viable alternatives to
cut the induced plastic waste. Therefore, plastic polymer derived from biological
substances can be an alternative to substitute the existing polypropylene and PVC
polymer of conventional plastic [110]. Some pieces of evidence have also shown
that raw and waste natural fibers are possibly used to produce a cost-effective green
bioplastic mask. For example, Sugar cane waste masks [111], Coffee-Based Face
Masks [112], and Hemp Fiber masks [113] are existing green masks fabricated
with 99.99% filtration capacity at this time [110]. In addition, these decomposable
plastic decreases the CO, emissions by 30%—70% in comparison with conventional
petroleum made plastics [114]. So, rethinking the current PPE constituting material
substitution by low-carbon reusable options should be sought when possible.
Furthermore, biodegradable packaging foodstuffs or reusable fabric bags should
be preferred over paper bags with no fees or bans in place [115]. Also, replacements
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of the existing plastic in the market with reusable, recyclable, or compostable ones
likely reduced the SUP packaging and PPE [115, 116]. Moreover, incentivizing and
restriction on fuel-based SUPs should continue by stakeholders. For example, fifteen
Euro cents extra fees for each bag in 2002 led to a discount of 90% use of SUP bags
in Ireland [88]. Likewise, reusable PPE should be practiced in pandemics providing
they do not compromise public health.

4.2 Disinfection of Biomedical Wastes for Safe Disposal

All COVID-19 waste derives under the precarious BMW. Appropriate handling of
the novel SARS-CoV-2 pandemic waste is boundless global fear to health and envi-
ronmental sustainability. Thus, effectively managing through the appropriate disin-
fects and disposal methods are indispensable to regulate the pandemic spread and
the environmental threat [117]. Ilyas et al. anticipated decontamination and repro-
cessing techniques of the COVID-19 medical wastes [117]. Among these treatment
techniques, chemical (chlorine), vH,O,, UV radiation, incineration, and thermal
treatment can effectively decontaminate and reduce the volume of the MBW for
guaranteed recycling. The chemical decontamination with a 1% sodium hypochlo-
rite solution is one of the best in-situ practices and easy to spray. In addition, this
technique is not only to COVID-19 waste but is also effective to disinfect larger
spaces, such as malls, hospital wards, and quarantine centers. Moreover, microwave-
assisted sterilization practice is also suitable to cleanse PPE and cloths that can be
recycled and reused. Equally, incineration is also a worthwhile process to disinfect a
huge volume of COVID-19 waste despite energy-intensive operating at high temper-
atures (800-1200 °C) [117]. A strategy like “Identify, isolate, disinfect, and safe
treatment practices” is effective for safer management of pandemic waste and the
environment. Furthermore, following the CPCB Guidelines directive for the handling
of pandemic waste is also vital for environmental protection and vires spread [118].

4.3 Redesign of Plastics from Fuel-Based Source
and Repurposing It Later Use

The substitution of virgin plastics by fuel-based top-up raw materials and energy
is previously being prioritized as an integral part of universal contracts to bring
about a green and circular economy. Emerging supplementary encouraging regula-
tion desires to line up fossil fuel-based resources instantly for the future. Indeed,
bio-based polymeric plastics are evolving as a viable solution at an early stage of
virgin plastic pollution. However, this biodegradable plastic market share is below
2% in 2017 [119]. The marginal market share of bio-based plastic typically could
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be due to cheap fossil-based plastics resources, the huge land use requirement and
capital, and the immature reprocessing, and/or dumping methods [120]

Thus move to a circular economy involves change direction in the whole plastics
value chain starting from resource and production to material design, reprocessing
possibilities after their worthwhile lifespan as shown in Fig. 4. Biomass by-products
appear to be a likely option to increase bio-based plastic in bio-refinery because
it overwhelms land use requirements and enhances production [120]. For effec-
tive utilization of by-products, massive efforts must be exerted to develop superior
hydrolytic ability microbial strains that would permit direct conversion of biomass
and the extraction of value-added products intended for the synthesis process [120].
Soon, high-performance bio-based polymer associated with enhanced sustainable
end-life alternatives arises to be the natural environment is sustainable.

The improvement of bio-based progressive with similar physical properties to
fuel-based complements would be important for the PPE during pandemic scenarios.
The bio-based polymer would let reuse or processing resulted in enhancing energy
recovery in the prevailing waste-to-energy setup later appropriate decontamination
on the natural environment.

On the other hand, reusing and recycling through mechanical and chemical upcy-
cling are sustainable alternatives for discarded plastic handling. For example, the
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Fig. 4 Demonstration of the production of bio-based plastics and their recycling strategies [120]
adapted with permission of Elsevier, 2020
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plastic wastes can be mechanically shredded into pellets for recycle to the local
market [104].

Since PPE and SUPs are polypropylene (PP), repurposing after proper disinfection
can effectively reduce the waste volume to energy overcome the current plastic
pollution scenario. Thermochemical degradation of these wastes converts to value-
added products such as biofuels. For instance, Aragaw and Mekonnen proposed
pyrolysis as an effective alternative to mitigation measure for the current pandemic
plastic waste particularly faces mask and gloves, and achieved 75 wt% conversions
into bio-crude oil [121]. Similarly, Jung et al. valorized of face mask to syngas and
proposed a naturally non-threatening disposal procedure, concurrently realizing the
production of such valuable fuels from the face mask [122]. Likewise, Chew et al.
proposed hazardous wastes for potential pyrolysis and co-pyrolysis feedstock for
future green environment and circular economy [123]. Hence, the growth of bio-
based and decomposable solutions for SUPs and biomedical wastes would reduce
their environmental load through landfilling or waste-to-energy options.

4.4 Implementation for the Rational Use of PPE

Single-use PPE is not a viable practice, and multidisciplinary practical skill is essen-
tial to deal with the PPE litter problem and proposing proper sustainable solutions.
Numerous suggestions for the most effective use of PPE have been anticipated by
WHO (Interim guidance, Feb 27, 2020). Among these sustainable implementations,
the use of social distancing, the encouragement of telemedicine, avoiding overcrowd-
edness, telemarketing, and online/teleshopping minimizes the need for PPE thereby
reduced wastes. In addition, it is also vital to select high-grade PPE with can be poten-
tially sterilized and reused after proper disinfection. Much of the evidence has also
shown that PPE sanitization and reuse are conceivable in all-encompassing through
decontamination techniques in the face of PPE shortage [124]. This coherent use and
reuse of PPE resources decrease in the generation of medical plastic wastes.

5 Conclusion and Future Directives

The impact of novel coronavirus (COVID-19) pandemic on the environment,
economy and society are become a hot spot and attracted the researchers and
governments. WHO declared that the COVID-19 pandemic will continue for an
extended period, and all countries are occupied on prevention policies on health and
environmental care. As a result, the extent of the pandemic spread worldwide will
also have a prolonged effect on environmental sustainability. Thus, indefensible envi-
ronmental management attributes to increased transmission of diseases from animal
to human beings. The pandemic outbreak augments extensive use of SUPs and quan-
tity of infectious COVID-19-related medical waste in victim nations. The end-users
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behavior has been shifted to SUPs and PPE preference for virus protection with less
attention to the disposable plastic wastes to the environment. These plastic utilization
custom modifications have without exemption lead to plastic waste proper manage-
ment challenges and a setback of policies on source reduction of SUPs products. The
confinement and lockdown policies perhaps the volume of food waste greater than
before but perhaps to recognize significance of food waste reduction. However, the
higher food waste in the households has been outweighed by a reduction in municipal
solid wastes centers.

The pandemic has inspired extra care on the interaction of humans and the natural
environment in addition to modification of lifestyles and consumption patterns.
Furthermore, the pandemic changes human and environmental integration while
the negative impact will surpass the opportunities in the future. Consequently, the
huge production and use of SUPs and PPE imposed by the pandemic makes plastic
pollution endless in the environment. To tackle this plastic pollution, the circular
economy strategy should be progress for SUPs and PPE controlling during and later
the current pandemic.

In conclusion, the COVID-19 pandemic has opportunities in improved the water
and air quality index as well as ecological renovation. However, the pandemic
restricted solid waste management and added extra plastic litter to the existing glob-
ally. Therefore, emphasizing the production, use and correct disposal is vital these
days as PPEs will remain to be in high demand. In this manner, researchers with
motivated efforts are needed for novel PPE and SUPs materials that would be reused
and/or redesign for biodegradable plastic production and other reusable fabrics to
reduce environmental pollution as well as implementing plastic policy guidance at
the global level for environmental sustainability.
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Abstract The world is experiencing a pandemic caused by the SARS-CoV-2 virus,
which develops the disease COVID-19. Taking care of yourself and others are atti-
tudes considered more than a norm or suggestion, it is an attitude governed by
common sense and also, an act of love. A new reality for many: work at home or
with protective equipment; home studies; limitations when leaving home (use of
mask, alcohol gel, and temperature measurement in different environments); exces-
sive hygiene; numerous surveys (products, services, medicines, vaccines); hospital
products and equipment. The importance and benefits of living in a sustainable city
have become even more evident. Investments and emergency aid, water management,
waste management, home education, health, are old needs, even more evident in a
new reality. A sustainable city aims to develop responsibly, taking into account the
triple bottom (economic, social, environmental). Based on this context, the objec-
tive of this research is: How the concept of sustainable cities can contribute in a
pandemic context. This research aims to contribute theoretically, by addressing a
series of measures and actions, foreseen in a sustainable city and that can positively
help the population, when they find themselves in a pandemic. Still, there is a prac-
tical and social contribution, as the research contributes to the management of cities,
aiming for smart, healthy and sustainable cities, focusing on education, security, and
public health.
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1 Introduction

There are several transformations and changes underway in the world, of varied
nature: socioeconomic, environmental, technological, and cultural change are accom-
panied by intense urbanization and a strong feeling that there are crises in governance
and values, as well as a lack of a forward-looking vision that is capable to meet the
new challenges that appear in such a fast environment (GPS 2013).

With an analysis of the information found in the “Guia da Gestao Publica Susten-
tavel” (GPS), which stands for a Guide for Sustainable Public Management, Brazil
fits that picture perfectly: one of the most challenging questions this country faces
today is how to balance economic development, environmental sustainability and
social justice through transparent, and democratic governance.

The GPS Guide addresses this question systemically and horizontally. There is
no way to solve these problems separately, or to abandon one issue momentarily
and come back to it later: the socioeconomic crisis needs to be solved within the
natural limits imposed by the planet, reverting tendencies such as extreme climate
change and the depletion of natural resources, while not overlooking the importance
of solving social inequalities. Such solutions need to take into account that there is
urgency in the temporal dimension, and there is no time to lose.

The GPS Guide is based on the sustainable development goals (SDGs) created
by the United Nations (UN) in 2015 with the approval of its 192 countries to guide
policy-makers into creating a more sustainable planet for future generations. The
17 goals set up by this Agenda are composed of 169 indicators and cover social,
environmental, and economic development.

One of these goals is SDG 11: “make cities and human settlements inclusive,
safe, resilient, and sustainable” [52]. This goal cannot be reached on its own, since
several factors need to be considered, and issues such as energy, water, health, and
environmental protection connect SDG 11 to the other SDGs.

To use transparent and participatory processes to achieve SDG 11 in Brazil, the
GPS [23] has presented a sustainable cities program. This program is to be constantly
under construction, but its starting point is the assumption that a new paradigm of
development is possible, necessary, and urgent. The sustainable cities program seeks
to attach the idea of change to ongoing experiences and opportunities that can be
useful in the building of a new development model.

Sustainability is a broad concept, and its definition demands holistic, and multi-
disciplinary views. In order to measure how sustainable or unsustainable something
is, a series of indicators, criteria, and goals are generally used. This logic also applies
to sustainable cities: such a city needs to have sustainability as the premise of its
many actions, operations, services, and infrastructure.
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In the effort to reach sustainable cities, specific terminology has emerged, bringing
innovative concepts: a “compact city”, emphasizing density; “eco-city”’, highlighting
cultural and ecological diversity; “neotraditional development”, seeking sustainable
transport and land use; “urban contention”, striving for containing urban expansion;
“smart city”, stressing cities that use technological innovation to create efficiency,
sustainability, and quality of life; “healthy city”, a concept crafted by the World
Health Organization (WHO) underscoring human health; and “sustainable city”,
which provides a global view of operations and services in a city [8]. In this research,
we will use the terms smart cities, sustainable cities, and healthy cities.

The GPS [23] recommends that modern urban planning must have a sustainability-
based framework that encompasses areas such as economic, cultural, social, ecolog-
ical, technological, demographic, and tributary. Such a framework could provide for
an integrated view of issues and connect local policy-making.

The strategic planning proposed by GPS [23] focuses on a systemic and partici-
patory view, considering short, medium, and long-term projects—so that continuity
will be assured, especially in infrastructure projects, which normally take longer.
The planning also suggests that observable target are set, so that the public can
transparently follow progress.

All of these problems already existed in early 2020, when the SARS-CoV-2 was
identified in China. The COVID-19 pandemic that followed has had profound impacts
on cities, by bringing the economy and social interactions to a halt, threatening
livelihoods and jobs, made transport more difficult and crowded hospitals [38].

The COVID-19 pandemic spread swiftly around the world, creating broad and
multidimensional repercussions on national and international dynamics, and posing
a series of implications for human relations [42]. People and firms were forced to
innovate and look for new ways of going about their activities, especially with more
people working from home, which demanded adaptations in home infrastructures
and improvements in hygiene.

Cities were promptly exposed and saw themselves in danger. For a long time,
cities have been looking for resilient and sustainable solutions to a series of prob-
lems, ranging from fighting for urban spaces or political, financial, geographical, or
environmental calamities, all, while managing their visible asymmetries and dispar-
ities [38]. The author adds that the fast-paced rhythm of change felt in the cities
needs to be reversed in order to find new solutions and languages to create changes
in cities.

Many of the adaptations that need to be made, presented in the concepts of healthy,
smart, and sustainable cities, are a consensus among urban dwellers: the creation of
green areas for sports and leisure, investments in hospital bed and support for health
professionals, lower emission of pollutants, clean energy, access to quality housing,
development of new technologies of information and better governance.

This chapter has as its proposal to draw a parallel between the needs imposed by
the COVID-19 pandemic and the characteristics of sustainable cities to determine
how a sustainable city could be effective in the context of a pandemic.
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2 Literature Review

The literature review is divided into three themes: (2.1) The COVID-19 pandemic;
(2.2) Healthy smart sustainable cities and their characteristics; and (2.3) the COVID-
19 pandemic and the healthy smart sustainable cities.

2.1 The COVID-19 Pandemic

The Brazilian Ministry of Health [10] highlights that the coronaviruses are a known
family of viruses observed in several animals, such as cattle, camels, cats, and bats.
On rare occasions, viruses of this family have infected humans, but the MERS-Cov
and the SARS-CoV were two examples. In December 2019, a new virus appeared:
the SARS-CoV-2 was identified in China and provoked a disease that spread quickly,
the COVID-19.

People infected with COVID-19 have presented different clinical pictures, ranging
from asymptomatic infections to serious conditions. The World Health Organization
(WHO) affirms that most of the patients (around 80%) will face few or no symptoms,
and the other 20% of the patients will need to be admitted to the hospital facing
symptoms such as breathing difficulty. The Brazilian Health Ministry [10] adds
that the most common symptoms are similar to those observed in a common cold:
coughing, fever, sore throat, breathing difficulty, temporary losses in the senses of
taste and smell, and tiredness.

The SARS-CoV-2 is transmitted through respiratory droplets and is capable to
lodge in several surfaces such as tables, chairs, walls, floors, and even medical equip-
ment. In facing this pandemic, such surfaces must be cleaned regularly, especially in
environments where the presence of the virus is known, such as hospitals [59]. When
there is large-scale community transmission, there is a need to monitor hygiene in
every environment.

The WHO [59] states that “contact transmission occurs when contaminated hands
touch the mucosa of the mouth, nose, or eyes; the virus can also be transferred from
one surface to another by contaminated hands, which facilitates indirect contact
transmission”. The transmission of the virus was associated with physical contact
between individuals in closed environments—such as houses, health clinics, work-
places, schools, and others—so the recommendations for stopping the spread are to
practice social distancing, using masks, washing hands frequently, and using alcohol
gel.

The WHO [59] (p 1) further recommended to its member-states improvements in
hygiene and “providing universal access to public hand hygiene stations and making
their use obligatory on entering and leaving any public or private commercial building
and any public transport facility”, while “improving access to hand hygiene facilities
and practices in health care facilities”. The problem is that many cities, especially



Healthy Sustainable Cities and the COVID-19 Pandemic ... 145

in low-income countries, find trouble in making hygiene products available for their
citizens.

Such protocols and technical recommendations were widely shared among
governments and populations alike, and different sectors of society have organized
themselves to produce further information about how people can protect themselves.
The sustainable cities program has suggested practices such as urban strategies; social
assistance; employment and wages; public health; transparency and communication;
and webs of support.

2.2 Healthy Smart Sustainable Cities and Its Characteristics

Cities play a crucial role in the global sustainable development agenda: more than
54% of the world’s population live in cities, and it is expected that at least 60% of
the world will be urban dwellers by 2030. The idea of urban sustainability is widely
discussed in the literature and among international institutions, in order to help cities
to overcome social, economic, and environmental challenges and provide quality of
life for their citizens, while considering the concerns of future generations [7].

Fabris et al [20] understand cities as living organisms: they are in constant trans-
formation under the influence of geographic, environmental, cultural, social, demo-
graphic, political, institutional, and economic shifts. It is hard to compare urban
spaces in space and time since each city has specific challenges in their urbanization.

The term “sustainable city”” has emerged in the 1990s, right after the first concep-
tualizations of “sustainability”. At the time, environmentalists, economists, and
activists around the world criticized the process of economic development and the
living standards in developed countries, considering that those activities led to high
levels of consumption and an exaggerated waste of natural resources, creating social
imbalances and pollution on water and air [7].

Sustainable cities, as defined by Fabris et al [20], are the cities that prioritize the
implementation of a set of practices and infrastructure that allows them to meet the
goals set by the Brundtland Report—a reference on the meaning of sustainability—
and the 2030 Agenda, which set the SDGs. These cities emphasize social and indi-
vidual rights and are referred to, in literature, by several names: green cities, digital
cities, smart cities, information cities, knowledge cities, resilient cities, low-carbon
cities, eco-cities, and omnipresent cities.

Ferreira et al [20] classify sustainable cities as those which preserve their green
areas, maintaining their original ecosystems in an urban setting. The authors highlight
that greener cities provide their citizens with a better quality of life, since they
preserve the quality of air and climate, also facilitating the recovery of water systems.

In this scenario, quality of life and socioenvironmental balance are extremely
important for sustainable cities to develop [19]. For that reason, a culture that
prioritizes the environmental questions and the preservation of species must be
developed.
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Reference [9] claims that there is no such thing as a sustainable city, but cities
that seek for sustainability. Thus, sustainable cities are a progressive process of
implementation of sustainability criteria, and this process demands a series of values,
attitudes, and principles—in public and private spheres.

Sustainable cities are also connected with smart cities: [3] argue that a smart
city needs to be efficient and sustainable, combining a high quality of life with an
optimization of resources. The authors further claim that sustainability must be one
of the focuses of smart cities.

Reference [17] claims that the concept of smart cities must consider concepts
such as sustainability and quality of life—but also taking into account technological
and informational components.

Smart cities are those that show clean transportation, the use of alternative ener-
gies, and intense use of technology [45]. Smart cities use information and communi-
cations technology (ICT) and other technologies to make their actions more effective
and improving the quality of services (QoS) [8, 44, 62].

Reference [44] defends that the smartness or intelligence of a city is a desire
to perfect it based on the sustainability triple-bottom-line of social, environmental,
and economic realities. The authors believe that smart cities are based upon four
pillars: institutional infrastructure, physical infrastructure, social infrastructure, and
economic infrastructure.

The third world cities, as [9] calls them, tend to pollute, urbanize and destroy
systematically their own fundamental environmental support. Such attitudes also
worsen existing housing crises and slums sometimes appear in ecological sanctuaries
and vital river basins.

The search for a sustainable city entails challenges to make the local economy
dynamic, creative and sustainable, by finding alternatives to traditional economic
growth that will reflect on the quality of life and welfare for the population [19].

Bento et al. [20] add that sustainable cities demand the conservation and main-
tenance of natural resources, considering the importance of developing territorial
planning that fits the need of each town. Cities, while they are not natural ecosys-
tems, are linked in a systemic and interdependent process, and this system needs new
urban governance to solve its conflicts.

To complement this discussion, Table 1 presents the 12 thematic axes in the
sustainable cities program, each with its description.

The sustainable cities program has as its goal the promote sustainability and
welfare of societies. To measure the environmental impacts of a city, [9] proposes
using “ecological footprint”, a term first used by Willian Rees. This method focuses
on calculating the amount of productive land that is used, in hectares. The calculation
shows that many cities and countries demand a much larger area than they actually
use, while also considering the transfer of costs and impacts to other regions in the
country.

Another way to measure the efficiency and efficacy of sustainable policies and
practices is suggested by [57]: using environmental and economic indicators. Urban
sustainable development must act on the premise that its principles and applications
need to be constantly updated, as societies and contexts are also always changing.
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Table 1 The axes of the sustainable cities program

Axes

Description

Governance

Strengthening decision-making processes by
promoting participatory democracy instruments

Common natural resources

Taking full responsibility to protect, preserve, and
warrant balanced access to common natural
resources

Equity, social justice, and culture of peace

Promoting inclusive and solidary communities

Local management for sustainability

Implementing efficient management that covers
planning, execution, and evaluation

Urban planning and design

Recognizing the strategic role played by urban
planning and design in dealing with
environmental, social, economic, cultural, and
health problems, for the benefit of all

Culture for sustainability

Developing cultural policies that respect and value
cultural diversity, pluralism, and natural, built and
immaterial heritage—while promoting memory
preservation and the transmission of natural,
cultural, and artistic heritage

Education for sustainability and quality of
life

Integrate, in formal and informal education alike,
values and abilities for a sustainable and healthy
life

Dynamic, creative, and sustainable local
economy

Supporting and creating conditions for a dynamic
and creative local economy, ensuring access to
employment while considering environmental
concerns

Responsible consumption and lifestyle
options

Adopting and providing a responsible and efficient
use of resources, while incentivizing sustainable
patterns of consumption and production

Better mobility and less traffic

Promoting sustainable mobility, recognizing the
existing interdependence between transports,
health, environment, and cities

Local action for health

Promoting and protecting health and welfare for
all citizens

From local to global

Assuming global responsibilities for peace,
justice, equity, sustainable development,
environmental protection, and biodiversity

Adapted from Fabris et al. [19]

The sustainable cities program (2021) presents good practices that when applied
can produce concrete results and inspire other cities. As an example, the city of
Fortaleza, in northeastern Brazil, was able to reduce the time that citizens spend
in traffic and public transportation by analyzing a large amount of data regarding
displacement of people and vehicles. The city later became known as a reference in
urban mobility by the mobilization of the civil society and managers on behalf of
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data transparency, reaching third place in the Brazilian rankings of smart cities in
2019.

Boston, in the United States, is another example mentioned by the program. The
city has launched a program called Imagine Boston 2030 to draw a pathway for
urban growth, considering inequalities, and climate change. The planning began
with a survey of two years, with 15.000 Bostonians responding about demo-
graphic and economic changes in that region. The plan encompasses actions in the
areas of housing, health, safety, security, education, economy, energy, open spaces,
environment, transportation, technology, art, and culture.

2.3 The COVID-19 Pandemic and the Healthy Smart
Sustainable Cities

This chapter aims to understand how the needs imposed by the COVID-19 pandemic
can be met by the concept of sustainable cities. Table 2 presents analyses and
proposals from actors of private social investment, philanthropy, and other sectors
of civil society, as proposed by the association of social investors in Brazil [22].
These proposals refer specifically to 2021, a year in which the pandemic is ongoing,
and touch areas such as citizenship, economy, education, generation of jobs and
incomes, public management, housing, infancy, urban mobility, climate change,
SDGs, sanitation, and health.

The COVID-19 pandemic has caused countless changes in the life of billions of
people, as exemplified in Table 2. Lockdown policies, the suspension of classes
in schools, and incentives to working from home have interrupted or modified
daily commutes. In this context, several impacts on urban mobility, whether social,
economic, or environmental, were observed [16].

Couto et al. [16] have further observed that Brazil has not developed significant
actions in urban mobility based on the lessons that were obtained during the pandemic
period, thus harming several sectors, one of which is transportation. It is noteworthy
that as in other places, active mobility is gaining space among the Brazilian popu-
lation, which can be observed in the increase in the sale of bicycles. However, this
way of moving about stumbles upon the lack of basic infrastructure to consolidate
itself in the Brazilian scenario.

The sustainable cities portal (2021) prepared a list of good practices carried out in
Brazil and in some other countries during the pandemic, as an example: (1) consid-
ering libraries as fundamental services and encouraging reading for adults and chil-
dren; (2) Kerala, in India, focused on social assistance, access to basic services,
financial support and health management, thus achieving a good recovery rate for
COVID-19; (3) The city of Sao Paulo organized itself in order to maintain social
distance and recommence medical activities; (4) in Niterdi, Rio de Janeiro, a rapid
response group was created for matters related to COVID-19, working in several
areas in an integrated manner; (5) in Jordan, the government provided a platform
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Axes

Goals

Contributions

Citizenship

Recognizing and empowering
base organizations

A solidarity network, built with
the contribution of private
actors, will spur attention to
communities during the
pandemic. Local organizations
know the territories, have direct
contact with populations, and
can deliver help. It is also
important to understand how
these organizations work, to
keep supporting them after the
pandemic

Citizenship

Fostering and qualifying spaces
for popular participation and
social control

Deliberative democracy is a way
for people to participate and
make concrete decisions, instead
of simply legitimizing processes
that come from governments.
And, for that technical
knowledge is needed so that a
public agenda is built, not tied to
political conveniences because
those are normally temporary

Education

Qualifying connectivity, boosting
the use of technology

The pandemic caused many
public school students to
experience a learning delay, as
they did not have adequate
access to remote education due
to lack of equipment or internet

Education

Supporting managers in
providing the necessary
conditions for resuming
presential lessons

The reopening of schools will be
paid for in the first days of
January. The new
representatives will have to
promote the conditions for the
resumption of classes in 2021,
considering not only the
logistical issues of the beginning
of the school year, but also
computing the effects of the
pandemic on learning rates,
dropout rates, and inequality
between students

(continued)
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Axes

Goals

Contributions

Generation of labor and
income

Implementing entrepreneurship
and income generation programs
in the suburbs

Many people lost their jobs and
small businesses were closed
during the pandemic. For the
resumption of economic growth,
this theme will be of
fundamental importance for the
development of cities. Injecting
capital into actions aimed at
generating income in the
suburbs can be an opportunity
for private social investment and
philanthropy to leave the care
model that we were all forced to
operate with at first

Generation of labor and
income

Fostering innovative and
sustainable local businesses to
solve social and environmental
challenges

Incubating and accelerating
creative, supportive, and green
ventures; low-carbon emissions;
focusing on building local
productive arrangements from
the perspective of the
sustainable city can be a
pathway forward

Municipal Public
Management

Support city halls to deal with
fiscal impacts of the pandemic

The crisis surrounding
COVID-19 generated an
economic downturn with rising
unemployment and decreasing
revenue. In this scenario, cities
will have to find solutions to this
challenge, in order to stimulate
the economic recovery and make
the necessary fiscal adjustment

Municipal Public
Management

Encouraging and supporting the
design of integrated policies
based on the demands of each
territory

The world today shows very
clearly that territory matters:
each territory has its
specificities. Therefore, the
suburbs must be included in the
design of these policies
considering several factors such
as health, education,
environment, housing, and
culture

Municipal Public
Management

Encouraging collaboration
between federated entities, and
providing tools that can be
immediately used, and that can
directly affect the decision
making of local managers

It is extremely necessary to start
the debate on sustainability with
instruments such as the
Pluriannual Plan and Master
Plans and Land Use Plans

(continued)
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Axes

Goals

Contributions

Municipal Public
Management

Demanding priority for master
plans

The way of life of children in
cities has been increasingly
restricted to closed spaces, for a
variety of reasons—ranging
from the feeling of insecurity in
the public space to the families’
lack of time. Inequalities of
class, race, gender, disabilities,
etc. Inequalities shape the
structures and organizations of
Brazilian cities, generating
territorial segregation and
further exacerbating
inequalities, including for
children and their families. It is
necessary to implement policies
that evenly distribute access and
security to green areas and
public spaces in the city

Health

Promoting structured and
long-term investments

Health issues should not remain
an emergency issue in 2021, but
some structural investment is
still required

Sustainable Development

Addressing SDGS

Governments are failing to
address the SDGs, and
therefore, we are not seeing
significant advances

(continued)

for remote education and teacher training; (6) the city of Tubarfo invested in the
local production of ventilators and masks with a 3D printer in partnership with tech-
nology companies and universities; (7) New York city launches educational material
in 26 languages to reach immigrants, the material presents guidelines for health,
hygiene, and social isolation; (8) the government of the city of Recife creates a
mobile application to guide the population.

3 Methodology

The methodology of this research is divided into literature review procedures (3.1)
and indicator elaboration procedures (3.2), which are qualitative stages of the
research. During the analysis of the literature, it was possible to arrive at the selected

indicators.
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Axes

Goals

Contributions

Basic sanitation

Establishing greater engagement
and partnerships with public
authorities within the scope of
the new legal framework for
basic sanitation

Currently, 35 million Brazilians
do not have access to water and
almost 100 million do not have
access to sewage collection (36
municipalities in the country’s
100 largest cities have less than
60% of the population with
sewage collection). The positive
impacts of universal sanitation
for the sustainable development
of cities are notable, especially
in the areas of health, education,
income generation, and the
environment—not to mention
the promotion of dignity and
citizenship of populations in a
situation of social vulnerability,
which will gain access to better
housing and health conditions.
The challenge is great and the
engagement and partnerships
between public authorities,
companies in the sector and civil
society are essential to move
forward and guarantee more
sustainable cities and better
quality of life for the population

Climate change

Supporting the creation of
solutions aimed at populations
subject to the impacts of climate
change in a more intense way in
cities

Environmental racism leads
millions of people in large cities
to suffer the consequences of
climatic events, such as floods
and landslides. Black
populations are more vulnerable
and more susceptible to these
issues, since the way of
production of cities is
structurally racist, segregating,
and excluding. If cities do not
face this challenge, life in big
cities will be increasingly
unsustainable in environmental
terms, threatening to kill
millions of black and poor lives

Urban mobility

Support reorganization of the
territorial occupation of cities
that encourage short circuits

If people do not have to travel
daily for long distances to go to
major centers to use public
services, work, study, buy or
visit a doctor, the overcrowding
of public transport will be
significantly reduced

Source GIFE [22]
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3.1 Literature Review Procedures

A systematic review was chosen as the method to approach the literature. For the
theoretical framework, articles collected in international databases are used. In the
selection of the portfolio, the keywords for the research are defined as: sustainable
cities; green cities; smart cities, healthy cities, and sustainable development in cities.
The search used the Boolean expression: (sustainab * AND city) OR (green AND
city) OR (city AND environment*) OR (smart AND city) OR (healthy AND city).

Then, the raw database was formed, so the next step is filtering the data. The
first filter refers to redundancy: in this filter, all duplicate articles are excluded. The
second filter refers to the title alignment: thus, all titles not aligned with the theme
are excluded. The third filter is performed according to the representativeness of the
article (number of citations) through Google Scholar. We chose to take into account
all articles with more than one citation. In the articles without citation, only articles
published in 2020 were read. The next step is to read the abstracts, in order to verify
the representativeness of the articles.

After applying all the filters, the articles were read. Table 3 presents the bank of
articles collected on sustainable healthy cities, in the period from 2010 to 2020. The
references of these articles were also used; that is why we used is an article from the
year 2000.

These selected articles will be the basis for composing the indicators. However,
other articles selected in the database will compose this research and support these
indicators.

3.2 Procedures for Elaborating Indicators

To elaborate our indicators, the indicators cited in the literature were identified (arti-
cles presented in the previous topic), then tabulated in an electronic spreadsheet, and
the most cited works gave indicators their names.

4 Results and Analysis

An alternative for monitoring sustainability is the use of performance indicators.
Sustainability indicators are used in order to monitor sustainable development. Thus,
these indicators are responsible for capturing information that will compose an
informative diagnosis for decision-makers, guiding the development and monitoring
of policies and strategies. Sustainable performance indicators are identified in the
literature and classified into ten categories: social, economic, governance, energy,
environment, transport, water, green spaces, air quality, and health.
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Table 3 Bank of articles
collected on healthy
sustainable cities
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Authors

Journal

Rotmans et al. [40]

Environmental Impact Assessment
Review. vol

Rosales [39]

Procedia Engineering

Bao and Toivanen [5]

Journal of Science and Technology
Policy Management

El Ghorb and Shalay [25]

Alexandria Engineering Journal

Anand et al. [3]

Energy Procedia

Taecharungroj et al. [50]

Journal Of Place Management And
Development

Brilhante and Klaas [11]

Sustainability

Giles et al. [26]

Health Policy

Silva et al. [17]

Revista de Gestaio—REGE

Su et al. [48]

Ecological Indicators, 9:

Deng et al. [18]

Cities

Sokolov et al. [45]

Technological Forecasting and
Social Change

Alyami [2]

IEEE Access

Yang et al. [61]

Resources Policy

Ruan et al. [41]

Cities

Wang and Peng [60]

Mathematics

Steiniger et al. [47]

Cities

Li and Yi [32]

Journal of Cleaner Production

Kourtit t al. [30]

Science of the Total Environment

Jing and Wang [29]

Journal of Cleaner Production

Source Prepared by the Authors, 2020

Table 4 presents the Strategic Map with the indicators, the description of each
indicator and the authors that support these indicators.

The indicators of healthy smart sustainable cities are now related to the COVID-19
pandemic instructions and the lessons we learned from it.

Now, the social, economic, governance, energy, environment, transport, water,
green spaces, air quality, and health indicators will be analyzed individually.

4.1 Social Indicator

The first analyzed indicator is the social indicator, which aims primarily at social
welfare through quality food, access to housing, population density, social equity,
employment structure, life expectancy, cultural identity, general employment index,



Healthy Sustainable Cities and the COVID-19 Pandemic ... 155

Table 4 Strategic map of indicators

Indicators for healthy smart sustainable cities

1 ‘ Indicator | Social Indicator

Description Investments in the social welfare of the inhabitants of the city

Authors [3, 11, 17, 18, 25-27, 29, 31-41, 45, 47, 48, 60, 61]

2 ‘ Indicator | Economic indicator

Description Economic development and growth of a city

Authors [3, 11, 17,25, 27, 29, 30, 31-41, 45, 48, 61]

3 ‘ Indicator | Governance indicator

Description Governance level of a city

Authors [3, 12, 25, 45, 47, 50]

4 ‘ Indicator | Energy indicator

Description Investments and valorization of issues related to the city’s energy

Authors [2,3,5,11, 12, 18, 32, 41, 45, 49-50, 58]

5 ‘ Indicator | Environment indicator

Description Investments and valorization of issues related to the environment in a
city

Authors [2,3, 11,17, 18, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 48]

6 ‘ Indicator | Transport indicator

Description Investments and accessibility in the city transport

Authors [1-3,11, 18,27, 31, 33, 45, 49, 50, 58]

7 ‘ Indicator | Water indicator

Description Investments and valorization of issues related to water management in
the city

Authors [2,5,11, 12, 26, 29, 32, 34, 40-50]

8 ‘ Indicator | Green spaces indicator

Description Investments, valorization and access to green spaces in the city

Authors [1, 18, 29, 31, 33, 34, 40, 45]

9 ‘ Indicator | Air quality indicator

Description Monitoring and preservation of the city’s air quality

Table 4 (continued)

(continued)

Indicators for healthy smart sustainable cities

1 ‘ Indicator | Social Indicator

Authors [1, 3, 25, 29, 30, 31,33, 34,40, 45]

10 ‘ Indicator | Health indicator

Description Investments, valorization and access to health services in the city
Authors [3,5, 26,27, 31, 39, 47]
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urban vulnerability, internet access, assistance from municipal services, general
consumer price index, income level, community projects, unemployment rates, and
many other issues involving the social indicator that are of concern in the pandemic
[3, 11, 17, 18, 25, 26, 27, 29, 31-41, 45, 47, 48 60, 61].

The social indicator includes results on topics such as quality of life sustainability,
sustainable development, and the relationship between quality of life and sustain-
ability. The social indicator assesses the population’s quality of life and well-being
levels and the realization of social and human rights. It also discusses access to
services, goods, and opportunities.

The pandemic has not only brought about a collapse in the health system of many
cities but has also increased unemployment rates, numbers of children away from
school, domestic violence, and other consequences.

Many communities lack access to quality food, according to [59]. When handling
food, it is necessary to wash your hands with soap and water and also sanitize food,
especially if you eat without cooking. A city that aims for health, invests in a healthy
diet, and assists the population in terms of handling and consumption, according to
[26] should also invest in nutritional literacy.

Hygiene is one of the main things that people should pay attention to in the
context of a pandemic, not only regarding food, but also clothes, hands, and masks.
[59] Stresses that cloth do not need to be cleaned with a washing machine or dryer,
but the use of detergent or soap is necessary.

Access to education was hampered by the pandemic. While several cities aim for a
safe return, increases in virus transmission, and a lack of hospital capacity emergency
measures such as lockdowns are necessary. Furthermore, according to UM (2021)
the closure of schools, lack of support network, economic limitations, and even the
death of parents by COVID-19, has increased the risk of child marriage for girls.

According to [53], the closure of schools increases the likelihood of permanent
school dropout. For the reopening of schools, policies for access to health and social
services will be necessary.

A return to school still requires strategic planning for the safety of students and
teachers. According to [59] for the protection of oneself and others, it is necessary
to keep the distance of at least one meter between people, use masks when being
with other people and clean the masks properly; maintain hand hygiene, among other
ways to avoid infection.

According to [60], in addition to quantifiable physical standards, a sustainable city
needs to improve the quality of local life, so that this improvement is perceived by resi-
dents. Agenda 21 (1992) has as its goal a healthy life, so the WHO (1997) proposed
the healthy city (HC) project, intending to promote sustainable and healthy urban
development. According to WHO (1998), a healthy city aims to create and continu-
ously improve the physical and social environment, allowing people to support each
other in order to develop their potential.

Reference [40] proposes integrated city planning, aiming to improve several
factors that make up a city with the efficient use of resources, facilitating the creation
of sectoral policies. In this way, economic, socio-cultural, and ecological areas will be



Healthy Sustainable Cities and the COVID-19 Pandemic ... 157

covered, in their sub-indicators such as: Resources/materials, work structure, trans-
port infrastructure, demographic structure, knowledge structure, cultural heritage,
quality and quantity of natural resources, and biodiversity.

Brito et al. [12] developed in their research a multiple criteria model aimed
at assessing the sustainability of green cities using the multiple criteria decision
approach (MCDA). The authors reached the following criteria: people, mobility,
water, energy efficiency, biodiversity, waste, governance, and innovation.

4.2 Economic Indicator

The economic indicator corresponds to the economic development and growth of a
city [3, 11, 17, 25, 27, 29, 30, 3141, 45, 48, 61].

One possible economic indicator is the use of economic statistics, such as the
unemployment rate, GDP, or inflation rates. They indicate how the economy is doing
and predict how the economy will perform in future. For sustainable cities, economic
indicators serve as a parameter for generating wealth and the ability to invest in
sustainable actions.

The economic indicator involves the attractiveness of the market, economic devel-
opment, income concentration, GDP per capita, contingent plan, the proportion of
expenses with science and technology, comparison between the gain of urban families
and the gain of rural families, growth rate of revenue regional, export rate, foreign
investment, among other issues. Many of those have suffered the impacts of the
pandemic.

According to [43], economic shutdowns had negative impacts on the urban
economy. The consequences are diverse and involve other areas, including the
already mentioned social issues. Also according to the authors, the pandemic
impacted municipal tax revenues, population income, tourism, small and medium-
sized companies, the food supply chain, migrant workers, and inequality in social
and spatial distribution.

The impacts of COVID-19 are faced by social groups differently and dispropor-
tionately. Poorer people and in marginalized regions are more likely to suffer social
and economic damage. Periods of recession increase unemployment, so designing
and implementing programs aimed at post-pandemic recovery will be important [43].

4.3 Governance Indicator

The indicator related to governance is related to planning in sustainable cities, corrup-
tion, economy potential [3] (Brito et al. [12]), people’s participation, but also, envi-
ronmentally friend purchases [25]. Still, according to [47] governance in a healthy
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smart sustainable city must have citizen participation in the elections, the govern-
ment’s openness to requests for information, transparency, and municipal budget
dependency. Furthermore,

Reference [50] mention the importance of governance. In a pandemic context, it is
not difficult to reflect the value of governance, because, more than ever, governments
and companies need a set of practices in order to improve management. There are
SO many issues to manage in a city, in times of pandemic, the problems become
accentuated, where risk management becomes necessary.

According to [21] the conditions for a healthier, safer, and more resilient post-
pandemic society must already be under construction, allowing for better preparation
and alert for future risks. Still according to [21], (p 7) returning to the normal “sit-
uation before the pandemic means to maintain the same conditions of risks and
vulnerabilities that caused the global disaster by COVID-19”.

Some cities have shown a disconnect between the political sphere and collective
participation in planning and decision-making. Thus, the democratization of the
participation of the population helps to build governance, as well as the exercise of
citizenship through the social and collective appropriation of the city.

4.4 Energy Indicator

The energy indicator is related to several sectors of a city and is of special importance
in a pandemic context when considering the energy demand of a hospital. Energy
includes the use of renewable energy, smart housing, smart automation [3, 5, 12, 45,
50]. Still, according to [2], a sustainable city must have the monitoring of emissions,
reduction of the carbon footprint, measurement of the spent energy, renewable energy
potential. Subadyo et al. [49] mention the potential of solar energy and hydroelectric
power in cities. [48] Mention the measurement of energy consumption by GDP.
Examples of technologies that can be used to generate clean energy are the generation
of photovoltaic energy, hybrid wind energy systems; hybrid solar energy systems;
bioenergy; and geothermal energy [28].

The concern with alternative forms of energy generation, especially those from
renewable sources, is at the base of a sustainable city. Cities that are concerned with
sustainable development have sought to reduce the use of fossil fuel/thermoelectric
energy and carbon emissions from their energy matrix. Cities are discovering more
efficient ways of management, improving the quality of life, and creating less impact
on human health through renewable energies.

4.5 Environment Indicator

The environment indicator is broad and also involves several sectors in the city. The
themes related to this indicator are energy-efficient technologies, clean transport, air
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pollution (including noise) [3], forestry area, wastewater capacity, use of solid waste
[29], green spaces [1, 18, 29, 31, 33, 34, 40, 45].

The pandemic has had positive and negative impacts on the environment. Among
the positive impacts are the decrease in air pollution, noise pollution, and greenhouse
gas emissions [19].

The environment is also negatively impacted by the pandemic, as various wastes
are improperly disposed of and become a threat. Reference [19] investigated the
impacts of facial mask residues on the marine environment. According to the authors,
many masks are made of petroleum-based polymers, which are not biodegradable.

Reference [19] highlights the importance of waste management with the sorting,
collection, treatment, and safety protocol. Finally, the authors propose as an alter-
native to the problem of marine pollution by facial masks, the production of masks
with nanotechnology or biomaterial.

References [4] and [6] also studied pollution on beaches, coasts, and seas by
polymeric and antiviral textile waste. They emphasize that poor management repre-
sents an environmental problem, and therefore, waste management strategies must
be studied.

As for noise pollution, a concern is its negative effects on physical and mental
health since frequent exposure to noise above the recommended level causes serious
damage to the body, such as heart problems, anxiety attacks, and gradual hearing
loss.

Regarding the pandemic, there are several issues involved, because in lockdowns
or social distancing policies, people travel less by plane, stay at home reduce the use
of their own or public transport, creating a trend of reduction in pollution levels as
well.

The main objective of a sustainable city is to avoid the depletion of the environment
of its territory, thus guaranteeing its permanence for future generations. In this way,
sustainable cities seek to reinvent themselves so that in future the next generations
will have a planet more conducive to human life in order to guarantee the quality of
life.

Reference [55] investigated the effects of the COVID-19 pandemic on environ-
mental protection and legislation in Brazil. The research aimed to evaluate the main
legislative actions, environmental fines, and deforestation. The results showed that
57 legislative acts during the current administration aimed to weaken environmental
protection, half of which almost were created during the pandemic. The results also
showed that during the pandemic there was a 72% reduction in environmental fines,
although there was an increase in deforestation in the Amazon in the same period.
Reference [55] also conclude that these actions can generate a loss of biodiversity,
increase greenhouse gas emissions, and the likelihood of other outbreaks of zoonotic
diseases.
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4.6 Transport Indicator

The transport indicator corresponds to investments and accessibility in transporting
acity [1-3, 11, 18, 27, 31, 33, 45, 49, 50, 58].

Sustainable transport is a form of strategic locomotion that aims to improve the
lives of people in cities and to guarantee the right of citizens to come and go. Transport
is a means that allows the population access to a set of needs that contribute to
healthy and fulfilling lives, such as employment, markets, social interaction, and
education. Examples of sustainable urban mobility are urban belts, exclusive routes
for public transportation, cycle tracks, and cycle lanes, electric car-sharing network,
and integration of different modes.

Reference [51] studied the impact of the pandemic on urban transport and air
quality in Canada. According to the authors, due to the blockages caused by the
pandemic, the demand and domestic consumption of fuel for transportation had a
considerable decline. There were drops in the monthly consumption of transportation
fuel in general as well, that is, diesel oil, kerosene-fuel for aircraft, and gasoline
for engines. In May 2020, gasoline consumption dropped by 49.8% and diesel oil
dropped by 28.4% compared to 2019. According to [51] “in week 12, the level of
traffic congestion decreased by 69% and 75% in Toronto and Montreal, respectively,
compared to 2019”.

4.7 Water Indicator

The water indicator corresponds to the investment and valorization of water issues
in the city [2, 5, 11, 12, 26,29, 32, 34, 45, 40-50].

Some actions are important to overcome water crises and ensure access to drinking
water for the population, such as water reuse, desalination, reversing of pollution,
river crossing, rainwater harvesting, cleaning streams, basic sanitation. In 2017, about
two billion people did not have access to drinking water (WHO, 2017). For this
reason, the search for solutions for the appropriate use of water resources becomes
even more important.

4.8 Green Spaces Indicator

The green spaces indicator corresponds to investments, valorization, and access to
green spaces in the city [1, 18, 29, 31, 33, 34, 40, 45].

The use of green spaces within the limits of a city aims to improve the urban envi-
ronment. In this way, green spaces improve air quality, reduces the effects of heating
paved surfaces, promote soil drainage, and, consequently, replenishes groundwater
reserves, lakes, and rivers.
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Reference [37] researched the benefits of contact with green spaces during
COVID-19 lockdowns for mental health. The authors concluded that contact with
nature mitigates the negative effect of the lockdowns on mental health. Most people
understand that contact with nature helps to deal with restrictive measures in a better
way. The study also demonstrates that access to green outdoor spaces with views of
nature is associated with more positive emotions.

Still concerning access to green spaces during the pandemic, the research by [54]
took into account the effects of the pandemic on the use and perceptions of urban
green space. The results showed that the residents surveyed need accessible urban
green spaces so that they can exercise, relax, take the dog for a walk and observe
nature.

4.9 Air Quality Indicator

The air quality indicator corresponds to the monitoring and preservation of the city’s
air quality [1, 3, 25, 29, 30, 31, 33, 34, 40, 45].

Air quality management in cities aims to ensure that development takes place in
a sustainable and environmentally safe manner. To this end, cities should promote
actions that encourage the prevention, combat, and reduction of pollutant gas emis-
sions and the effects of the degradation of the atmospheric environment. Air pollutants
are gases and solid particles resulting from human activities and natural phenomena
dispersed in atmospheric air. The main sources of pollutant emissions are motor
vehicles, trains, airplanes, marine vessels, industrial chimneys, and power genera-
tion (thermoelectric). These sources must be countered by city decisions in order to
improve air quality.

Reference [51] studied the impact of the pandemic on urban transport and air
quality in Canada. According to a study carried out in Canada between 2018 and
2020, the transport and mobile equipment sector was responsible for generating 56%
of total CO emissions. However, according to [51] “the level of CO concentration
in six cities has decreased since March 2020”. The authors also conclude that the
quality of urban air across the country has greatly improved during the pandemic
period, but it is still unclear how the recovery will be”.

4.9.1 Health Indicator

The health indicator corresponds to investments, valuation and access to health
services in the city [3, 5, 26, 27, 31, 39, 47].

Today, more than half of the world’s population now lives in urban centers. There-
fore, cities should be concerned with promoting the search for health and quality of
life, especially in the post-COVID-19 context. Parameters of health and well-being
applied to urban development were created through environmental certifications Well
and Fitwel.
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These stamps use sustainability indicators to encourage the development of
projects, practices that promote health in urban spaces. Actions such as the creation
of urban farms, contemplative spaces for mental restoration, publicly accessible
drinking fountains, cycling infrastructure, and encouraging walking are the basis for
the health and well-being of the population. Healthy cities seek to think of urban
health as a resource for the life and happiness of its inhabitants.

Around the world, governments and health professionals are experiencing severe
stress. Patient care is changed according to the need of the moment. Many health
professionals are also being infected and away from work. According to [24], the
emotional suffering or exhaustion of health professionals was rated as high, especially
for nurses. This problem is also associated with the lack of personnel or the lack of
resources and communication, which is often deficient, on the part of supervisors.

Also according to [24] “the recovery from the peak pandemic situation will be
better if people feel safe and connected to others during the crisis, if they have
social, physical, and emotional support and feel they can help themselves and their
community”.

Reference [46] research focuses on food security in cities during periods of the
pandemic. According to the authors, the global food supply chain operates in a
balance between consumption, production, and stock. However, minor disturbances
can cause instability, such as a pandemic.

The COVID-19 pandemic demonstrated how an infectious disease can lead to
a food crisis, because many places have closed their borders, imposed lockdowns,
and interrupted trade, resulting in a shortage of labor. These actions have caused
disruptions along the food supply chain. The consequence of this process is limited
access to food, especially for vulnerable groups [46].

Still, concerning food, the pandemic can modify consumer behavior, as they can
buy more than they usually do, aiming at a private stock as a way to prevent scarcity,
causing an increase in food prices, destabilizing the food system. Cities are even
more vulnerable than rural areas, as cities depend on food imports [46].

Reference [35] presents a counterpoint concerning this problem of food scarcity
during a pandemic, as they state that although the news was initially about empty
shelves and the closing of schools, hotels, and restaurants have led many producers
to destroy unused food products.

5 Final Considerations

The research proposed to make a parallel between the needs imposed by COVID-
19 and the characteristics of healthy smart sustainable cities, analyzing how the
concept of sustainable cities can contribute in a pandemic context. Sustainable perfor-
mance indicators are identified in the literature and classified into ten categories:
social, economic, governance, energy, environment, transport, water, green spaces,
air quality, and health. After choosing these indicators, we have identified the main
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characteristics of each, relating them both to the concept of healthy smart sustainable
cities and research related to the COVID-19 pandemic.

The international emergency related to COVID-19, declared on January 30, 2020,
by the World Health Organization (WHO), has turned the attention of the scientific
community once again to the field of global health and sustainable development [56].

Buckeridge and Philippi Junior (2020) add that the COVID-19 pandemic revealed
the virtues and deficiencies of cities in facing one of the strongest extreme events
of the twenty-first century. On the one hand, the strength of science has helped to
tackle the pandemic, advising on health issues at the peak of the disease. On the other
hand, the deficiencies in public policies that are problems of the past demanded their
resolution, revealing the most perverse face of the existing inequality in the city, the
vulnerability to extreme events.

To complement the discussion, the authors Buckeridge and Philippi Junior [14]
explain the relations between this pandemic and sustainable cities, making an analogy
with ecology, in which the city can be seen as a urbsystem with a primary and a
secondary structure, latter housing networks of services that determine the quality
of life in the city. The generation of public policies is the main “physiological”
mechanism by which cities can become more or less vulnerable to extreme events,
such as climate change and pandemics.

The literature also shows that the COVID-19 pandemic highlights the importance
of urban sustainability. It shows that sustainability can only be achieved through
intelligence that always considers the application of public policies based, this can
be done through broader communication with the scientific community.

Reference [15] highlighted the impacts of the pandemic on the social vulnerability
that can be perceived as the resilience of communities when confronted by external
factors that are stressful to health, such as natural or human-caused disasters, or
disease epidemics. Reducing social vulnerability can decrease both human suffering
and economic losses.

Thus, one of the measures applied and to seek the sustainability of cities at this
time of COVID-19 pandemic, according to the recommendation of the Ministry of
Health, in compliance with the National Contingency Plan for Human Infection by
the novel coronavirus, should include social isolation, and other procedures such
as strict hand hygiene and respiratory etiquette, as well as avoiding crowds, main-
taining a minimum distance of 1.5 m between people in outdoor environments, and
above all staying at home—except for those who work essential activities, such as
supermarkets, pharmacies, health units, and others.

However, the authors [ 15] indicate emphasizes that in order to meet such measures,
it is necessary to reflect on which lives in communities that do not have adequate
infrastructure and basic sanitation, thus presenting difficulties about personal hygiene
and the environment. Many families live in narrow rooms, in conditions that do not
favor isolation if someone becomes infected with the coronavirus. The main source
of family income is often derived from informal and face-to-face activities, making
it impossible to work from home, among many other problems.
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Abstract Bangladesh has made tremendous progress in poverty reduction over the
past years and is now battling against the COVID-19 pandemic and climate change.
The combined impacts of COVID-19 and climate change have derailed the progress
of poverty reduction by creating a pool of “new poor” that is making poor people
poorer and leading extreme poor into destitute. Climate change, COVID-19 and
poverty interact and are interlinked with each other to increase the vulnerability
of the population creating a long-lasting socio-economic crisis, food insecurity,
inequalities, gender-based violence and discriminations against poor, marginalized
and vulnerable groups. In order to address the current and impending challenges
in the progress towards poverty reduction, a comprehensive and holistic approach
is needed to implement a pro-poor strategy addressing climate change resilience,
green economic recovery and sustainable development that will promote climate
adaptive agricultural diversification, infrastructural development for safeguarding
the vulnerable households, health and social security, creating employment opportu-
nities, labour-intensive and export-orientated manufacturing-related inclusive green
growth, modern service sector and overseas employment for transformative adap-
tation, youth development and entrepreneurship. Therefore, this chapter explores
the issues related to the COVID-19 pandemic and climate change vulnerability that
contributes to poverty, affect the path for eradication of poverty and policy response
undertaken by the country to address these crises.
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1 Introduction

The current COVID-19 health crises amid the climate crisis have spread across the
globe, upending the lives of millions of people and significantly affecting the global
economy. As the number of deaths from COVID-19 is soaring up daily, the crisis
overwhelmed the health systems globally, resulting in the closure of the educational
institutes, business centres, factories, and disruption of the global supply system and
value chains in many countries [1] which has a severe repercussion in the liveli-
hood of the global workforce. United Nations (2020) expects that the COVID-19
crisis will push tens of millions of people into extreme poverty and hunger as the
world struggles to contain the virus by undertaking several aggressive measures
like nationwide shutdown, maintenance of social distancing, etc. which in turn have
serious implications on both the economy and the population of the country. The
Asian Development Bank (ADB) projects a global loss ranging from $77 billion
to $347 billion, whereas United Nations Conference on Trade and Development
(UNCTD) estimates that the loss incurred globally due to the pandemic will be
$1 trillion [2]. Additionally, the International Labor Organization (ILO) projected
around 25 million people will lose jobs and workers could lose some $3.4 trillion
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income by the end of the year 2020 globally [2]. As the world is entering into a
recessionary period according to IMF [3], it has exposed the underlying weaknesses
in the international system which will severely impact the existing infrastructure and
services and SDGs in long term [1]. The economic impact of the crisis is estimated
at $2 trillion and the other socio-economic impacts will be so profound that it is
assumed to erase some of the laudable achievements of SDGs [3]. Other possibilities
are that post-pandemic recoveries will result in the re-allocation of resources to meet
the immediate priorities, which in turn will slow down the progress of some goals
[4]. The challenges continue as several natural disasters hit the climate-vulnerable
regions amid the pandemic. Events such as Cyclone Amphan in Bangladesh, Tropical
Cyclone Harold in Vanuatu, erratic rainfall, flood and locusts outbreak in East Africa,
climate change-induced food insecurity and malnutrition in Africa’s volatile Sahel
region and Yemen, respectively, forced the vulnerable communities to cope with the
compounding crises concurrently, eliminating the progress of sustainable develop-
ment goals (SDGs) [5, 6]. Therefore, the COVID-19 pandemic acts as a shock to
the climate-vulnerable regions, which are already dealing with the adverse impacts
of climate change, facing difficulties to adapt to the climate-related risks and other
multiple crises.

It is challenging for the least developed countries (LDC) like Bangladesh to battle
against the pandemic, climate change-induced extreme events, economic fallout and
poverty [7]. Bangladesh is one of the most climate-vulnerable countries due to its
geographical, geomorphological and topographical characteristics which along with
high population density, poverty, unplanned development and anthropogenic activ-
ities, low economic and technological capacity increases the vulnerability of the
population living in the hazard-prone area [8]. The country has been ranked as the
seventh most affected country in the Global Climate Risk Index (CRI) in 2019, due
to extreme weather events in the last 20 years, which alone claimed 407 people’s
life in 2018 [9, 10]. In addition, over 1% of the country’s GDP is lost annually for
disasters, and climate change impacts have exacerbated the situation further. To add
more to it, poverty is a serious concern for the country as about 21.8% of the popu-
lation of the country lives under poverty [11]. International Labour Organization
(ILO) identified that Bangladesh had 2.9 million people unemployed and projected
the number to go up by 3 million [12]. Even among the employed, 9.2% of the
employed population are living below $1.90 PPP (Purchasing Power Parity) a day in
2019 [11]. About 70% of the people in the country used to live from hand-to-mouth
before the COVID-19 crisis which is also now about to rise due to the pandemic
[13, 14]. Asian Development Bank predicted Bangladesh to be overwhelmed by this
pandemic, with the approximate loss of $3 billion in GDP (i.e. 1.10% of total decline)
and nine million job losses [14]. As the COVID-19 crisis started stressing the existing
economic system, it is mostly affecting marginalized and vulnerable groups of the
country whose livelihoods are already under threat due to high exposure to natural
and climate change-induced disasters [15].

However, Bangladesh as a UN member state has made considerable progress with
the sustainable development goals. The steady implementation of the goals in the
national agendas and incorporating them into the government’s 7th and 8th five-year
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plans is helping it to achieve the remaining targets. Yet when the COVID-19 has
made its course in the country, the progress has undergone a major setback. COVID-
19 pandemic in a climate-vulnerable country with poverty on the rise is threatening
developing countries like Bangladesh who are trying to break free of the poverty
cycle. However, it also provides opportunities to adopt a sustainable recovery path
with concentrated efforts to deal with loss and damage from both pandemic and
climate change and increased investment in pro-poor and inclusive growth, green
economy, inclusive societal actions and conservation of the environment [1, 16,
17]. The progress the country made from severe structural impediments to sustain-
able development is outstanding and noteworthy. Sustainable policy measures and
economic strategies are designed in such a way to achieve the vision where poverty
will be eliminated through rapid inclusive growth and transformational change. The
chapter thereby discusses how COVID-19 pandemic and climate change vulnera-
bility contributes to poverty, affect the path for eradication of poverty and policy
response undertaken by the country to address these crises.

2 Poverty Status and Progress in Poverty Reduction

Over the years, since 2000, Bangladesh has made tremendous progress in poverty
reduction, which is an inspiration for others [18]. According to [19], Bangladesh is a
role model for reducing poverty with sustained economic growth which will further
advance development and poverty alleviation. [18] describes that the progress was
sustained by 6% + growth over the decade, which later in 2016 increased to 7.3%.
Rapid GDP growth and progress of other development indicators have reduced the
poverty rate greatly. In 1970, the poverty incidence was about 80% which declined
to 24.3% in 2016 and has been estimated to be further reduced to 20.5% in 2019
[18]. Despite the accelerated growth of GDP, the rate of poverty reduction was at a
slower pace in 1990-2000 but was faster during 2000-2010 compared to the slow
pace of reduction during 2010-2016 due to a decrease in growth elasticity of poverty
(GEP). This is because of the worsening of the inequality as the distribution of
income becomes unequal which is linked to poverty and thereby slows down the
poverty reduction. Between the years 2010-2016, the average income of people had
increased, and the number of people below the hard-core poverty line had reduced,
but at the same time, the country experiences an increase in income disparity amongst
the rich and the poor. The income inequality for this period increased from 0.45 to
0.48% [20]. National Extreme poverty had lowered from 12.9% (2016) to 9.4%
(2018) [21]. This had further increased the income disparity of the bottom 5% to the
top 5% of the population [20]. Inequality is a major concern to address the sustainable
development goal and this can be a major barrier in the country’s pathway to eradicate
poverty (SDG 1). The trends in coverage of Social Safety Net Programmes had
also experienced a major push from 13.06% in 2005 to 58.1% in 2019 [21]. Of
these, the majority of the social safety net programmes are active in the rural part
of Bangladesh, which is one of the reasons why poverty reduction in urban areas
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is lower than in the rural region. It has been observed that the living standards of
the population improved as per capita GDP growth almost doubled as it increases to
5.90% per annum in 2010 from 3.05% per annum in 1990. Therefore, the income
Gini coefficient (a standard measure of income inequality) and Palmer ratio (ratio of
income shares of the top 10% and bottom 40% of the population) are used to define
the growth inequality nexus, shows that both are increasing over the time as shown
in Fig. 1, meaning that the gap between high- and low-income groups is on the rise
[18]. This stagnation of economic growth might affect the achievement of sustainable
development goals (SDG-1). Therefore, the government took redistributive fiscal
policy to address income inequality and broadens the reach of the poor to formal
services to ensure inclusivity.

On the other hand, essential services of health, education and social protection
do have a tremendous impact on the SDG 1, which only makes SDG Goal 3 (Good
health and Wellbeing), Goal 4 (Quality Education) and Goal 10 (Reduced Inequali-
ties) as well as SDG Goal 8 (Decent Work and Economic Growth) more relevant to
SDG 1. The proportion of the Bangladesh government’s funding in these sectors has
increased. In FY 2015, the government had allocated 4.81% for health, 12.82% for
education and 12.72% for social protection. Later in the Fiscal Year 20162017,
budget allocated to health, education, and social protection increased to 6.53%,
14.42% and 15.25%, respectively [22]. This altogether has contributed to reduc-
tion in the Multidimensional Poverty Index (MPI) which decreases from 0.292 in
2007 to 0.18 in 2019. An important issue to consider is that education is an impor-
tant indicator of social inclusion and intergenerational mobility [20]. Therefore, it
is an integral issue in achieving SDG 1. Furthermore, a lack of coherent policies
and interest towards the disadvantaged and marginalized people of the country has
been a concern for SDG 10 (targets Reduced Inequalities) which has had effected
the achievement of SDG 1 [20]. The achievement of SDG 1 is shown below in Fig. 2
[23].
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However, there are many instances that the country has not only made progress in
terms of rising per capita income but has also contributed to higher life expectancy,
an increase of literacy rates and per capita food production, greater economic diversi-
fication, women’s economic empowerment and gender mainstreaming [24]. In 2015,
Bangladesh reached the lower-middle-income country status, and later in 2018, it
reaches a new milestone by meeting all the three criteria to be eligible to grad-
uate from the United Nation’s Least Developed Countries (LDC) list by 2026 [25,
26]. The per capita gross national income (GNI) of the country was higher than
the threshold in 2019 (GNIgangladesh:$1827 > GNIrthreshola:$1222) along with the
other Human Asset Index (HAI) (HAIgangiadesh:74.5 > HAIThreshold:66) criteria and
economic vulnerability index (EVIpangiadesh:27.3 < EVIpreshola:32) which needs to be
less than the threshold value to meet the criteria [25]. Bangladesh is now on its way
towards becoming a higher-middle-income country by 2031 and then will progress
to a developed country by 2041 [27]. The graduation would have occurred before
if the development had not been set back by the COVID-19 pandemic. In order to
achieve the vision, the government is taking inclusive and aggressive strategies to
make sure that the progress in poverty reduction is fully consistent with the SDG
target of eliminating extreme poverty by 2030.

3 Impact of Climate Change in Poverty Reduction

Climate change and poverty interact are interlinked with each other in such a way
that they both increase the vulnerability of the population [28, 29]. Climate change,
directly and indirectly, contributes to the increase of vulnerability of the poor and
individuals with inadequate access to assets, knowledge and adaptation information,
employment disruption, fewer alternative livelihood options and exposure to high
climate extremes, which perpetuate poverty. On the other hand, poverty increases
the susceptibility of individuals towards climatic shocks and stresses [30, 31]. Refer-
ences [32] and [33] discuss how climate change interacts with poverty in a complex
way where the adverse impacts of climate change on vulnerable groups are dispro-
portionately distributed not only because they are poor but also because of their
social vulnerability due to its difference in asset quantity, degree of social exclu-
sion, existing inequalities, etc. This heterogeneity thereby increases the likelihood of
being exposed to climatic extremes [34]. The adverse consequences also depend on
the severity, timing, and other dimensions of both factors. Figure 3 shows a thematic
diagram where the complex interaction of climate change and poverty is described.
Reference [35] discusses that due to global warming and the rise of temperature
by 1.5 °C will have an adverse impact as many would lose their livelihood option,
loss of income, an increase in food price, etc. which will result in food insecurity,
health hazards and forced migration. The marginalized and vulnerable population
will mostly bore the brunt of these disproportionately.

Bangladesh is a climate-vulnerable country where the prevalence of poverty is
high. The situation has been further exacerbated by the COVID-19 pandemic, which
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is now more than a health crisis, as it will have a long-lasting devastating impact
on social, economic and political [36] condition of the country, and the recurring
natural disasters like cyclone, flood, which are frequent to this region, is further
worsening the situation. On the other hand, nationwide lockdown imposed by the
governments of the countries to reduce the number of cases of COVID-19 incidence
has resulted in global economic shrinkage [2, 44]. Looming global recessionary
pressure will have a crippling effect on the lives and livelihoods of the people and
will exacerbate if the pandemic continues for a long time [37]. The economic crisis
thereby is likely to trigger financial crises for both corporate and household levels [7].
Poverty, hunger, mass starvation, malnutrition, inequalities, gender-based violence,
discrimination against poor, marginalized and vulnerable groups are likely to increase
due to plummeting socio-economic crises. Moreover, climate-related disasters will
add more burden to the already distressing situation. Although, the experience of
the country in dealing with natural disasters is appreciated around the world, the
compounding effect of both pandemic and disasters will surpass the capacity of the
country which in the long-term will affect the achievement of SDG [37]. Also, lack
of social and political inclusions followed by climate vulnerability and disasters in
Bangladesh may result in the country to fall back into poverty level, and the country
can have a hard time recovering from this shock [20].

4 COVID-19 Pandemic-Induced Poverty

Since the general lockdown (which started on 26 March 2020) in Bangladesh, severe
constriction of economic activity has pushed more and more Bangladeshis down the
poverty line [38]. An analysis by the South Asian Network on Economic Modeling
(SANEM) identified that the poverty rate of Bangladesh may have doubled to 40.9%
from the onset of the pandemic [38]. To add more to it, COVID-19 has been severely
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affecting the income of the vulnerable, as people at the bottom of the economic
pyramid are facing the severe brunt of job loss. Bangladesh Economic Association
(BEA) identified that about 36 million people have lost their job and a huge change
took place in class structures in terms of socio-economic conditions. Nearly 59.5
million people moved into different class structures during the lockdown period,
of which 25.5 million people became extremely poor [39]. Another study by the
Bangladesh Institute of Development Studies (BIDS) shows that by the end of 2020,
the country will have 16.4 million new poor due to a reduction in the income of the
working-class population in both urban and rural areas. BRAC via a sample survey
in May 2020 found that 51% of households had their income reduced to almost zero,
and 26% of households have no idea on how to cope with the situation. It has been
found that the per capita income of the people living in the slums has dropped by
82%. In February, when the country was fully functional, the earning of an individual
was about 108 BDT ($1.30) which decreased to 27 BDT ($0.32) by May 2020 [14].
The slum dwellers of the country were already in a dire situation, which became
worse over the pandemic, exasperating the livelihood of these people. The “new
poor” in urban areas who have lost their source of income is now returning to their
hometowns or rural areas. This kind of reverse migration will overburden the rural
economy [40] until the pandemic recedes from the country. Furthermore, the rural
economy of Bangladesh is anticipated to be more vulnerable and pressured when
600,000 expatriates who are mostly from rural areas will not migrate back [40].
Therefore, loss of job, decrease in income and lack of physical access to basic public
services will have direct implications on people’s food security, water and sanitation
issues, social protection, health and education system [41].

The change in the poverty pattern is due to the nationwide lockdown imposed by
the governments of the countries to reduce the number of cases of coronavirus thereby
resulted in global economic shrinkage as well as destabilization of the economy, as the
unemployment rate in both formal and informal sector rose greatly with closing down
of several small business enterprises (SME), decreasing foreign income from remit-
tance, agricultural sector, readymade garments (RMG) industries, tourism, exports,
etc. [38, 42]. The agricultural sector of the country is the single largest economic
sector, accounting for 18.6% of the country’s GDP, yet it has undergone a severe loss
during the 45 days of the lockdown period in the year 2020, likely to have serious
implications on the major macro economy of the country [43]. A study by BRAC
revealed that between March to May the farmers in Bangladesh had faced a loss of
565.36 billion BDT ($6.66 billion) [38, 44], which in turn will affect the national
food security of the country. Also, about 7.2 million agricultural labourers, who
are seasonal migrants and usually travel to other parts of the country for alternative
livelihood options are, however, got trapped and unemployed due to the pandemic
[45]. Physical Capital and assets of households play an important role in analysing its
economic and physical vulnerability during the crisis. Moreover, to add to the burden,
the prices of essential commodities spiked during the lockdown due to disruption
of the supply chain and markets. This, thereby, decreases the people’s ability to
purchase food as 85% of the country’s population earn less than USD 6 (dollar) per
day according to World Bank [46], increasing the possibility of a high incidence of
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malnutrition in near future [47, 48]. According to [45] about 35% of the population
belongs to the 5001-10,000 BDT income group and the average household income of
eight-division of Bangladesh during January and February before the lockdown was
an average of 12,704 BDT and their monthly household expenditure was an average
of 13,432.00 BDT. Therefore, it is quite apparent that these households made no
savings before the lockdown, thereby is undergoing an acute monetary crisis during
this pandemic.

Besides the lower and middle-income group, COVID-19 has severely affected
businesses, and organizations throughout the country. An assessment by [45] shows
that 55.88% of City Corporations, 39.89% Pourashavas and 38.49% of rural areas
businesses and organizations have reported being fully affected. Also, limited move-
ment of transportation around the globe and the nationwide lockdown has dilapidated
the global supply chain which in turn has a serious implication on import and export
sectors. The RMG sector of Bangladesh, which makes it a major source of income
and foreign earnings and contributes significantly to employment generation has also
been ramified by the pandemic [49]. This sector alone contributes 85% of the total
export of the country and previously for the fiscal year of 2013-2014, the RMG sector
accounted for 14.07% share of the country’s GDP and 81% of total export earnings
[50]. It is well known that the growth of this sector will transcend the economic devel-
opment of the country while reducing poverty. However, the RMG sector underwent
amajor strain since the COVID-19 started as international retailers (of UK and USA)
started claiming bankruptcy and is undergoing pay cuts, they closed down many of
their outlets and apparel factories in Bangladesh [51]. Continuous cancellation of the
orders and deals left the factories with half of their normal day orders. Bangladesh
Garments Manufacturing and Exporters Association (BGMEA) has estimated that
they had lost over 3.7 billion USD since the pandemic started due to order cancel-
lations and refusal of shipments by the USA and UK [51]. In addition, more than
100,000 RMG workers in Bangladesh have been left jobless [52]. Informal sectors
also suffered the brunt of the pandemic. The sector, which accounts for 80-90% of
the jobs of the country, has been so devastated by the pandemic that their income
subsided by as much as 74% [38]. Therefore, the income of large number of popu-
lations has decreased significantly with the increase in the number of unemployed
populations [48]. Previous record of 10% poverty will go up by 40% according to an
analysis by the Centre for Policy Dialogue (CPD) [53]. As the poverty rate doubled
and poor people are becoming poorer, this will push back the poverty state of the
country to the situation that was faced by the country 15 years ago; setting back the
progress of SDGs until now. If such trends or unavailability of work and unemploy-
ment trends persists, Bangladesh is going to face greater economic fallout for a long
time [13], which will increase the inequalities further.
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5 Strategies and Policies for Poverty Reduction
in Bangladesh

The government has adopted several medium to long-term strategies to ensure
economic progress, address climate change issues and challenges due to the pandemic
(shown in Fig. 4).

Poverty is multidimensional in nature thereby it encompasses various deprivations
experienced by poor people. Bangladesh government aims to address poverty in all
dimensions ensuring that no one is left behind. Therefore, it needs a comprehen-
sive programme for the reduction of poverty and ensures rapid, resilient growth
which is both inclusive and sustainable. The 8th five-year plan of Bangladesh
has been designed in such way to achieve the vision as well as the sustainable
development goals. General Economics Division [18] shows that accelerated GDP
growth rates, sectoral transformation from agricultural to non-agricultural sector,
creation of employment opportunities, increase of external employment and flow
of remittance along with access to microcredits, social protection schemes, etc.
has played an important role in poverty reduction. In 2015, National Social Secu-
rity Strategy (NSSS) has been undertaken to support poverty reduction through
a wide range of social safety nets. Some other initiatives like Amar Bari Amar
Khamar, Ashrayan Project, Digital Bangladesh, Education Assistance Trust, Women
Empowerment Programme, Electricity for All, Community Clinics and Mental
Health Programme, Social Safety Net Programme and Investment Development has
successfully contributed to the alleviation of poverty. Another notable initiative of
government was Strengthening Women’s Ability for Productive New Opportuni-
ties (SWAPNO) which focuses on poor to extremely poor women of rural areas
which help them to fight poverty in an efficient way. The government also made
huge investments in human development, reduce gender disparity, ensure financial
inclusion and macroeconomic stability. There was also an “Environment Protection”
initiative, which addresses the adverse risks of global climate change and aims to the
conservation of the environment and biodiversity through sustainable development.

Since climate change affects poor people disproportionately and sets back the
progress in poverty reduction, it has always been a priority of the government to
reduce the adverse impacts and vulnerability of the population towards climate
change. The government is on its way to achieve the targets of SDGs in reducing
the deaths and economic losses from natural disasters. They are also developing
plans, policies and strategies to promote climate change adaptation and mitigation
in order to adapt to the increasing impact of climate change in future [18, 54].
In light of it and also to support international domains effort to address climate
change, the government also prepared and submitted a National Adaptation Plan
of Action (NAPA) in 2005 to UNFCCC to prioritize the immediate and urgent
needs, which is going to be updated to address medium and long-term adaptation
planning and programming through National Adaptation Plans (NAP) in 2019. In
2009, Bangladesh Climate Change Strategy and Action Plan (BCCSAP), which is
more comprehensive, has been adopted followed by the formation of the Bangladesh
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Climate Change Trust Fund (BCCTF). The government aims to reduce GHG emis-
sion by 5% from business-as-usual (BAU) levels by 2030, therefore in 2015, the
Nationally Determined Contribution of Bangladesh (NDC-2015) under the Paris
Agreement (PA) has been formulated which includes both unconditional and condi-
tional emissions reduction goals for a different sector. Also, the government adopted
Sendai Framework for Disaster Risk Reduction (SFDRR) into several policies and
introduced a National Plan for Disaster Management in 2016 as strategic guidance
for stakeholders to facilitate the understanding of the risks and implementation of
the priority actions. Besides, climate change adaptation is mainstreaming into plan-
ning processes such as the five-year national development plan (6FYP, 7FYP, SFYP),
National Strategy for Sustainable Development (NSDS) (2010-2021), Climate Fiscal
Framework (CFF) which supports climate change-related actions, integrate adapta-
tion planning and identify the demand and supply sides of climate fiscal funds. They
have also increased their commitment and investment towards green growth and green
technologies, emphasizes the blue economy, implementation of Montreal Protocol
on Ozone Depleting Substances (ODSs), development of a pro-poor Climate Change
Management strategy, etc. Moreover, the Bangladesh government took a huge step
towards climate change resilience through a holistic and integrated Delta Plan 2100,
which includes major policies, investment programmes and institutional reforms to
reduce the vulnerability to natural hazards and climate change. It is the first time,
climate change issue has been considered in developing the macroeconomic frame-
work of the plan, which if implemented will help us to achieve national-level goals
of eradicating extreme poverty by 2027 (if the Delta Plan policy option is adopted)
and 2041 (in case of Business As Usual policy option) [55]. Other actions that will be
taken within the 8FYP are mobilization and utilization of resources for climate funds,
governance of climate finance, formulation and advancement of NAP processes,
technology transfer on adaptation and mitigation, gender-inclusive Climate Change
Response Framework, and increase of public—private partnership.

However, COVID-19 has a devastating impact on the progress of poverty reduc-
tion. It had made poor people poorer and drag extreme poor into destitute. The
government had taken some notable response mechanisms. Bangladesh has long-
standing experience in preparing, facing and overcoming disasters. Therefore, the
Ministry of Disaster Management and Relief (MoDMR) took protocols following
the Standing order on Disaster (SOD) to address this multifaceted crisis. Corona
Prevention committee and local disaster response team were activated at Upazila
level under districts and Upazila administration [45]. The government has also intro-
duced an assistance package to minimize the impact of COVID-19 on different sectors
and revive the economy of the country from stagnation. The package involved giving
RMG sectors’ exporting firms, a wage bill support of 50.0 billion BDT in credit at
an interest rate of 2.0% implying a subsidy of 7.0% from the market rate of 9.0%
(scheduled for operation from April 1, 2020) [49]. Later, this economic stimulus was
further promoted to four packages totalling 677.50 billion BDT, which were directed
for large businesses, small business enterprises, export development fund and import
financing schemes at a low interest rate. Moreover, GoB allocated a stimulus package
of 50 billion BDT for agro loans to ensure that rural areas can engage more people in
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economic activities [49]. Besides the government, various NGOs and communities
in Bangladesh also came forward to support the vulnerable communities. Organi-
zations such as BRAC, World Vision, Friendship Bangladesh, Oxfam Bangladesh,
Caritas Bangladesh, Jago Nari, Coast, etc. have actively worked for WASH, capacity
and awareness building. BRAC, due to its experiences working in a humanitarian
crisis has operated effectively and efficiently all over Bangladesh raising awareness
on protective wear, hygiene products, and distributing cash relief of a total of BDT
15 million [45]. Development partners like USAID have provided nearly $37 million
to support COVID-19 response efforts to assist low-income urban residents of slums
in Dhaka city with emergency health, humanitarian, economic, and development
assistance [56]. They also provide logistic support and made an investment in PPE
productions and other medical supplies essential for the treatment of COVID-19
[57]. A 2-day training course for 1000 Bangladeshi doctors has been carried out by
a joint venture of USAID and Directorate General of Health Services (DGHS) to
capacitate them to treat infected persons effectively while keeping themselves safe
and helping to reduce the spread of the virus. Assistance has also been received
from World Bank (WB), the UK government, Asian Development Bank (ADB),
IMF and SAARC Development Fund (SDF) to strengthen the national systems for
public health emergencies and respond to the COVID-19 (Coronavirus) pandemic
[58]. Besides, the UN system is working on addressing critical social and economic
impacts, strengthening crisis management through a comprehensive, equitable and
inclusive policy response and supporting the health response to eradicate poverty,
reduce inequalities and build resilience to present and long term crises and shocks
along with the continuation of progress in achieving the SDGs [36]. UN along with
other partners is planning to support the country at both national and sub-national
levels to address the social concerns and ensure an effective and efficient response
to preserve stability and tackle the pandemic.

Now, in the post-pandemic recovery stage, the government is planning to
strengthen the robustness of the poverty reduction strategy through pro-poor and
inclusive growth through the 8th five-year plan [18] that promotes agricultural diver-
sification, labour-intensive and export-orientated manufacturing-related growth,
strengthen modern service sector and overseas employment, promote ICT-based
entrepreneurship, etc. The government will also take actions to increase the employ-
ment opportunities, ensure resilience and stability of income by increasing the real
incomes and accelerating income transfers through the social protection programme
which is assumed to reverse the COVID-19 induced poverty in such a way that
there will be a balance between regional development. In order to ensure finan-
cial inclusion, gender parity and reduced inequality, National Financial Inclusion
Strategy Bangladesh (NFIS-B) has been undertaken. The 8th five-year plan also
aims to achieve the targets of SDG-1 that is eliminating extreme poverty by 2031.
Therefore, it has provision for education and training programmes as well as means
of social protection for the extreme poor. Moreover, the government will undertake
prevention and mitigation strategies to address shocks like the COVID-19 pandemic,
climate change and natural disaster-related shocks to prevent the population to further
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slip into poverty. Therefore, the government plans to minimize the effects of antic-
ipated shocks through the implementation of Delta Plan 2100 and the introduction
of a Universal Health Care system to ensure health safety.

6 Reducing Poverty Through Enhancing Resilience
to Climate Change and Post-Pandemic Recovery

COVID-19 reveals the underlying weaknesses in our system and it shows that we
are not resilient enough to fight against the pandemic. As the pandemic is derailing
the progress of poverty reduction, by creating a pool of “new poor” and making
poor people poorer and leading extreme poor into destitute, it shows that the poverty
reduction strategies undertaken till date are not sustainable enough to absorb the
shocks like COVID-19 pandemic. The population is unable to bounce back from
the crisis, requiring the government to provide relief, social safety nets and stimulus
packages to support the population and revive the economy. This, however, makes us
think about the poverty outcome if this pandemic continues or a new unprecedented
shock emerges from a natural disaster or climate change-induced extreme events.
Therefore, to make the economy robust and resilient, it is important to ensure that
all sectors of the economy contribute to poverty reduction. Hence, to address this
crisis within crises, climate action and economic growth needs to be complementary
in case of planning and implementation of the long-term development plans.

The pandemic has provided an opportunity to reorient the economies towards a
low-carbon trajectory simultaneously addressing the underlying vulnerabilities and
improving the resilience of the communities towards climate change and natural
disasters. Therefore, the post-COVID recovery plans for the revival of the economy
of the country should include the scopes for integration of climate change strategies
that support mitigation and adaptation actions. It should also involve massive fiscal
stimulus to address COVID-19 impacts, which will provide an opportunity to fast-
track sustainable development if they are aligned with the SDGs since it will act as a
valuable tool with a comprehensive framework to address risk factors holistically and
build resilience [17]. Several climate policy-makers are advocating post-pandemic
recovery plans be included in the policies, which will avoid impeding the progress on
climate change and serve the dual purpose of ensuring the growth and decarbonizing
the economy simultaneously by emphasizing both economic multiplier and climate
impact metrics [59, 60]. The government should move back to “build back better” by
increasing investments in clean and green physical infrastructure, building efficient
retrofits, investing in areas of education and training, natural capital for enhancing
ecosystem resilience, micro-financing and research and development with poverty
reduction at the centre of the policy response. Moreover, a coordinated and inte-
grated approach should be adopted which will ensure that all response measures are
inclusive, efficient, gender-sensitive, alleviate poverty and address inequality, have
business continuity measures, strengthen public service delivery, increase resilience
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and help to attain sustainable development goals (SDGs) [1]. Also, a strong and
effective framework should be built to ensure basic rights, adequate access to public
health infrastructure, provision of clean water and sanitation, increased investments
in building digital capacity and ensuring availability of digital platforms for educa-
tion and financial services. Furthermore, sustainable development should be ensured
through public and private partnership and investment in building resilient infras-
tructure; strengthening social protection systems; planning effective risk reduction
and crisis prevention strategies and removing any barriers that affect supply chains.

7 Conclusion

Poverty is a dynamic and multidimensional condition, which has been further wors-
ened in Bangladesh due to crises like the COVID-19 pandemic and climate change
vulnerabilities. Before the current pandemic, Bangladesh was falling behind the
achievement of targets of sustainable development goals. Now, COVID-19 is threat-
ening to derail the progress of the country in eradicating poverty (SDG-1). The
country has also failed to put enough efforts to prevent the transmission of the virus
due to late apprehension of the risk, poor planning, weak governance structure, regu-
latory framework, centralized healthcare system, insufficient institutional capacity
and management system, absence of timely and effective decision-making, frag-
mented public services delivery and inefficient allocation of public resources. This
has threatened the poor population and those just above the poverty line to slip into
extreme poverty creating another group of “new poor”. It also threatens the return of
expatriates, a decrease of remittance, a decrease of employment opportunities, which
will cause reduction of income of the population, dragging them down the poverty
line. Moreover, the climate change crisis is further intensifying poverty by increasing
people’s exposure and vulnerabilities towards natural and climate change-related
disasters. This pandemic provides a great opportunity to include climate change-
related issues into post-pandemic development planning which aims to eradicate
poverty and achievement of sustainable development goals by adopting a pro-poor
and inclusive poverty reduction strategy along with the promotion of low-carbon and
green economic growth.

In order to address these complex and multidimensional crises, it is important to
prioritize the areas and formulate a set of policies and solutions to respond effectively
and efficiently towards a sustainable future. Therefore, all dimensions of poverty
such as lack of income, consumption, lack of access to health and education and
vulnerability towards any shocks or stresses should be addressed through climate-
integrated poverty reduction efforts. To ensure adequate implementation of the post-
pandemic recovery plan and to address the new dimension of poverty, it is important
to ensure inter-sectoral coordination and collaboration, public—private partnership,
access to safety net programmes, development of a comprehensive plan and holistic
guidelines, guaranteeing transparency and accountability. This will reduce the future
risk towards climate change and other unprecedented crises like the COVID-19
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pandemic by making the community and population resilient and self-sustaining
through eradication of poverty and undertaking sustainable strategies.
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