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Special Welcome Message

On behalf of the Organizing Committee, I am honored to welcome all participants and express our
deepest gratitude to the researchers for the important work presented in this edition of the
International Workshop on Advances in Cleaner Production.

It is worth remembering that the IWACPs from 2007 to 2019 were face-to-face. During this period,
eight events took place in Brazil, Colombia, and China. In 2020 and 2021, the problematic global
health conditions imposed by the COVID19 pandemic have placed our academic community in a new
challenge. Faced with this challenge, in 2020 and 2021, the events took place in a virtual format
(mixed between synchronous and non-synchronous) and were based in Australia and Italy. As we
know, the trend is that this year, 2022 will be marked as the year in which the pandemic will end. In
this historic lineup of ACPN conferences, the 11th IWACP, International Workshop on Advances in
Cleaner Production, in Florence is an important milestone. We can see this event as a mark of a
resumption. Therefore, nothing is more appropriate than to hold this event in a city that symbolizes the
Renaissance, Florence. In the city where it blooms.

This event is a testament to the resilience and power of the research community to overcome the
extraordinary world situation we have been experiencing since 2020.

The community that works with sustainability and development issues shows competence.
Congratulations!

The exciting program and the quality of the conferences and contributions allow this event to be
considered an academic success.

This results from colleagues who have worked for several years in different academic, business, and
government institutions.

You who actively participate in this event are responsible for the quality of the International Workshop
on Advances in Cleaner Production.

My thanks to the Head of the School of Economics and Management, Prof. Andrea Paci, and the Head
of the Department of Economics and Business Sciences, Prof Maria Elvira Mancino. A special thanks to
Professor Ilaria Colivicchi and Professor Ginevra Virginia Lombardi and the Staff. Without these
professors and staff's exceptional and competent support, this event would not have occurred.

I also hope that you will continue to contribute to the advancement of cleaner production and
sustainable development.

Welcome!

General Chair and Founder
Biagio F. Giannetti — Paulista University (UNIP) - Brazil
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Presentation

The "International Workshop on Advances in Cleaner Production" is a multi/interdisciplinary
forum for the exchange of information and research results on technologies, concepts and policies based
on Cleaner Production and conceived to assist the desired transition to a sustainable society.

Cleaner Production is a concept that goes far beyond the simple pollution control. It includes research
and development of new processes, materials and products directed to promote the efficient use of
resources and energy. Prevention must be the first approach of governments and corporations concerning
sustainable development, and for this, environmental friendly strategies allied to economical robustness
of products and services must be assured.

The adoption of Cleaner Production by governments, companies, and universities is getting speed with
technical assistance and training programs, but it is worthy of attention that all these initiatives, even if
implemented by all governments and corporations, do not guarantee the achievement of sustainable
development. There is still a lack of a science, and consequently of a consolidated engineering devoted
to the sustainable development.
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Objectives
The "11th International Workshop on Advances in Cleaner Production” is an international forum
to be held in July 15%™, 2022 in Florence, Italy. The "11% International Workshop: Advances in Cleaner
Production" aims to promote:
1. The exchange of academic information;
2. The presentation of recent achievements;
3. The discussion of common problems and their possible solutions;

4. The contact among academic knowledge and corporative experiences;

5. The discussion of the event’s theme “"Environmental Challenges: Action or Reaction to
Save the Planet? Local and Global Strategies for Ecological and Societal Transition”.

Researchers interested on Cleaner Production and Sustainable Development are invited to submit papers.
Authors devoted to correlated themes are also welcome

“ENVIRONMENTAL CHALLENGES: ACTION OR REACTION TO SAVE THE PLANET? LOCAL AND GLOBAL
STRATEGIES FOR ECOLOGICAL AND SOCIETAL TRANSITION” - Florence - Italy - July 15", 2022



18

In Giannetti, B.F.; Almeida, C.M.V.B.; Agostinho, F. (editors): Advances in Cleaner Production, Proceedings of
the 11" International Workshop, Florence, Italy. July 15", 2022

This page is intentionally blank

“ENVIRONMENTAL CHALLENGES: ACTION OR REACTION TO SAVE THE PLANET? LOCAL AND GLOBAL
STRATEGIES FOR ECOLOGICAL AND SOCIETAL TRANSITION” - Florence - Italy - July 15, 2022



19

In Giannetti, B.F.; Almeida, C.M.V.B.; Agostinho, F. (editors): Advances in Cleaner Production, Proceedings of
the 11" International Workshop, Florence, Italy. July 15%, 2022

Program

Time

July 15, 2022

09:00 to 09:30

Reception

09:30 to 10:30

Opening Ceremony

Maria Elvira Mancino
Head of Department of Economics and Business Sciences
University of Firenze

Andrea Paci
Head of the School of Economy and Management
University of Firenze

Giorgia Giovannetti
Vice Rector for Internationalization
University of Firenze

Biagio F. Giannetti
Paulista University
and Founder of
Advances in Cleaner Production Network

10:30 to 12:30

Roundtable
Plastics and Bio-plastics. Benefits, Impacts, Perspectives

Coordinator
Sergio Ulgiati
Department of Science and Technology, Parthenope University of Napoli, Italy
School of Environment, Beijing Normal University, Beijing, China.

Feni Agostinho
Universidade Paulista (UNIP), Programa de Pds-graduacdo Em Engenharia de Producéo
Laboratério de Producdo e Meio Ambiente, Sdo Paulo, Brazil.

Speakers

Francesco Degli Innocenti
Technical Committee of Assobioplastiche, Italian Network of Bioplastics Producers
Title: Biodegradable plastics: The point of view of producers

Sara Falsini
University of Florence, Department of Biology, Firenze, Italy
Title: Plastic waste: Instruction for a sustainable future

Cecilia Maria Villas Boas de Almeida
Universidade Paulista (UNIP), Programa de Pds-graduacdo Em Engenharia de Producédo
Laboratério de Producdo e Meio Ambiente, Sdo Paulo, Brazil
Co-Editor in Chief of Journal Cleaner Production
Title: Plastics and bioplastics littering: A literature review and examples from Brazil

Bernardo Piccioli Fioroni

Environmental Sector of Utilitalia srl, National Network of Public Water, Environment and Energy,

Enterprises, Roma
Title: The waste management of compostable plastics in Italy

12:30 to 13:30

Lunch
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Plenary Presentations

Coordinator
Soraya El-Deir
Federal Rural University of Pernambuco, Brazil

Speakers

Imke de Koch
Stellenbosch University
Managing Technology within the Context of Sustainability Transitions

13:30 to 15:30 Gabriella Maselli
University of Salerno
Economic Analysis Models for Cleaner Production Investments

Annalisa Mauro
International Land Coalition
Relevance and Evolution of Land Tenure Rights, Interconnected System and Pathways for
Climate Solutions.

Rosaria Chifari
Fundacié ENT
Biocircularcities: Exploring the Circular Bioeconomy Potential in Cities. Aims, Methods and
Preliminary Results

15:30 to 16:00 Coffee Break

16:00 to 17:30 Oral Presentations

Special Conferences
ACPN Medal Award

Young Researcher
Maddalena Ripa
Autonomous University of Barcelona
17:30 to 19:30 Circular Economy beyond Technology. Lessons, Narratives and Research Directions.

Senior Researcher
Federico Pulselli
University of Siena
Environmental Accounting Experiences for Cleaner and Sustainable Production and Policy

19:30 to 20:00 ACPN's Centers Meeting (only invited experts)

20:00 to 22:00 Confraternization Dinner
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Special Conferences
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Circular Economy beyond Technology. Lessons, Narratives and Research
Directions.

Maddalena Ripa - Young Researcher
Autonomous University of Barcelona (UAB)
Campus de la UAB, Bellaterra

Barcelona (Spain)

The case for solving the environmental crisis through a circular economy (CE) transition is gaining momentum.
Nevertheless, environmental issues are often characterised as complex issues, because their causes may be multiple
and interrelated, their impacts may be uncertain and potential solutions may cause unintended consequences. What
is the CE able to do, not able to do, pretending to do, or ignoring in the face of these challenges? In this talk, based
on recently published papers and on ongoing research, I will discuss different ways of framing circular economy,
along with implications for research and practice. What I propose is an integration of theoretical and methodological
approaches of multiple disciplines with the aim to deliver more than the sum of its parts and to broadening and
deepening an understanding of the issues as interconnected social, political, economic and technical problems.
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Environmental Accounting Experiences for Cleaner and Sustainable
Production and Policy

Federico M. Pulselli - Senior Researcher
Ecodynamics Group — Dept. of Physical Sciences Earth and environment

University of Siena (Italy)

We live in a time of global experiments, some of which threaten humanity, especially the most vulnerable part of it,
and ecosystems. Increasing our knowledge is part of the solution, because it enables identification of problems and
possible solutions, and facilitates individual and collective involvement in more sustainable behaviours. Quantifying
the human influence on the environment, by means of environmental accounting tools, is a prerequisite for
understanding the dynamics of man-nature systems and orienting choices. The environmental accounting is a
physics-based monitoring system able to represent the reality in different units other than money. As nowadays
almost any decision is based on short-term economic/financial convenience, focussing on other complementary units
or dimensions enables visualization of more information and many opportunities to improve our lifestyle,
environmental performances, and sustainability of our actions and systems.

A number of different environmental accounting tools exists, and some of them progressively present new and
intriguing applications and implications. Just think at the Overshoot Day that derives from the Ecological Footprint
methodology, or the Life Cycle Sustainability Assessment that results from the combination of economic, social and
environmental aspects within the Life Cycle Thinking logic.

The research on the development of these methods, also aimed at increasing their informative potentialities, is a
fertile research field. Here, advancements in the possible application of some environmental accounting tools are
presented. The proposal includes: a possible extension of the Life Cycle Assessment (LCA) rationale to evaluate
elements of circularity and industrial symbiosis plans; Greenhouse Gas (GHG) accounting specificities applied to
micro and macro systems; design of accounting frameworks based on the Ecological Footprint to standardize
environmental accounting of particular organizations; visualization of the foundations of Emergy synthesis for
communication purposes and to reach a wider audience.

These experiences are aimed at stimulating awareness and knowledge, thus facilitating identification of suitable and
sustainable solutions, measures and policies al different levels.
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Abstract

Industrial Symbiosis (IS) has been claimed to be a useful tool to diminish the contribution to climate change and
other environmental impacts: this practice lowers the demand for virgin raw materials, energy consumption, and
landfill waste disposal, as well as the related environmental impacts. European Commission indicates IS as an
efficient way to use resources and it has been supporting the publication of strategic documents, policies, and
programs providing monetary support to promote sustainable development and circular practices. Furthermore, the
Member States of EU have been encouraged to take measures to facilitate the application of IS practices.

Meanwhile, IS studies have flourished in the past decade. Current research focuses not only on the evaluation of
IS's impact on the environment, the economy, and society, but also on the identification of ways to promote the
integration in a network, understand its vulnerabilities, and find new solutions. Since enterprises are the main drivers
and implementers of IS, it is fundamental to highlight the competitive advantages that they can gain from IS, by
identifying and quantifying the impacts and benefits of the overall system and how these can benefit every single
enterprise.

Narrowing the analysis to the dimensions of sustainability of IS, most studies in literature focus on the estimation of
the overall environmental performance of an IS system. However, only a few of them attempt to assess the share
of impacts and benefits among the IS components have been proposed, and a universally accepted allocation
procedure does not exist yet.

There are several methods and indicators to evaluate the environmental performance of an IS, among which: Input-
output analysis, ecological network analysis, life cycle assessment (LCA), environmental impact assessment, carbon
footprint analysis, material flow analysis, exergy analysis, emergy analysis, ecological footprint analysis. One of the
most common approaches is LCA, which is a method based on accepted scientific standards and guidelines. However,
its application presents some limitations such as the definition of the functional unit: the IS provides more than a
single output and this results in a multifunctionality problem. This issue can in principle be solved by applying one
of the several existing allocation procedures. However, conflicting recommendations are provided by the various
official guidelines (i.e., ISO 14044, ISO/TR 14049, ISO/TS 14067, the ILCD Handbook, BP X30-323-0, PAS 2050,
the Greenhouse Gas Protocol, EN15804, PEF Guide, and guidance documents for EPDs and PCRs).

Moreover, in some cases, these methods do not ensure a win-win situation for all the IS components, even when an
overall environmental benefit is secured. A common characteristic of the existing allocation procedures is that they
consider the IS system as the juxtaposition of several steps where each step is formed by two enterprises that
exchange materials, energy, water, or/and by-products. The existing allocation procedures individually analyze every
single step as an isolated system and redistribute the impact of each single step only between the two enterprises
that are involved in it. This type of approach does not consider the IS as a complex system even if the IS is a network
in which the overall interactions between its components are pivotal to reaching the overall environmental (and also
economic) benefit.

Here, we suggest a change in perspective and propose a holistic approach for analyzing and quantifying the benefit
that the IS can bring to its components. The allocation method that derives has to redistribute the impacts and
benefits of the network among all the actors involved in the IS. To this aim, the process of allocation to enterprises
has to be separated from the process of quantifying the overall impact of IS. In this perspective it becomes an
efficient tool to promote IS and, in general, a more circular way of production.

Keywords Industrial Symbiosis (IS), Life Cycle Assessment (LCA), holistic approach, systemic approach, framework.
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Abstract

Incorporating Environmental, Social, and Governance (ESG) issues into corporate strategy has become a business
imperative today. Companies around the globe are making efforts to reduce the carbon footprint or radically
transform business models to gain a competitive advantage and minimize the impact on the environment. The Board
of directors is responsible for designing and implementing a corporate strategy that is in line with the firm risk
appetite and executed by appropriate risk management. Past research documents that there is a link between better
management of ESG factors and better management of risk. Despite the evidence that ESG performance is correlated
with risk management, no studies have investigated yet how the board composition might influence the relationship
between ESG performance and risks. Prior research shows that women directors care about the environment and
demonstrate that women directors are more concerned with ESG factors issues than their male counterparts are.

The purpose of the study is to provide comprehensive evidence that the impact of ESG performance on firm risk
management depends on how much gender diversity characterizes the board. To reach this goal, our study examines
the moderation effect of women on boards on the relationship between ESG performance and firm creditworthiness.

To analyze our hypotheses, we use a sample of the largest listed companies that are based in countries in Europe
that have introduced gender quota laws. A direct consequence of the gender laws was that not only did boards
increase the number of women directors, but they also were able to reach what is called the critical mass of women
(it means three or more women sitting on the board). We build on the critical mass theory which argues that having
a critical mass of women on the board can affect the ability of women to influence strategic decision-making. Since
women have different knowledge, experiences, and values compared to men, their influence on ESG factors may be
different than men on boards.

The introduction of gender quota laws took place during different periods in different countries. This creates a quasi-
natural experiment, which allows us to test the effect of the critical mass of women on the relationship between ESG
and firm risks. The final sample consists of 235 companies and 2469 yearly observations (from 2004 to 2020). To
overcome the possible endogeneity problems, we employ the GMM estimation method.

Following recent literature on firm risks and ESG, we use Z-score as our primary measure of firm creditworthiness.
Our main results confirm that the ESG score and its sub-scores (Environmental, Social, and Governance scores) are
positively and significantly associated with firm stability. This means that firms with higher ESG ratings are associated
with higher firm stability, and hence lower firm risks. Our study demonstrates that women moderate the relationship
between ESG and firm risks. We document that the critical mass of women (three women directors or more) is a
channel through which ESG activity impacts firm creditworthiness. We find that in boards with at least three women
directors, the ESG score contributes to increasing the firm creditworthiness. Our findings suggest that in companies
that are sensible to ESG issues, the existence of a critical mass of women on boards amplifies the company's attitude
towards sustainability, that in turn, improves the firm creditworthiness.

Keywords: ESG, sustainability, risk, women on boards, financial stability
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Abstract

The agribusiness sector, when addressing the reduction of losses and waste, along with a sustainable management of supply,
becomes viable through the adoption of cleaner production actions (Mahroof et al., 2021). These assumptions create innovations
to support the reduction of food losses, playing an important role in the circular economy (Ada et al., 2021). The definition of
cleaner production in 1989, by the United Nations Environment Program, conceptualized the production process, as preventing and
minimizing risks to the environment and population, considering the life cycle of products and processes (Bass, 1995), which is
crucial for food industrialization within agribusiness. In addition, there are studies that created an index to measure the performance
of organizations in sustainability, based on the dimensions of circularity of products and processes, cleaner production, and the
use of new technologies (Gupta et al., 2021).

Therefore, topics associated with climate change mitigation (circular economy, carbon emissions, food waste, eco-efficiency, green
manufacturing) as well as current technological trends (Industry 4.0 technologies) are being studied by several areas with a strong
impact on food production (Romero-Silva; De Leeuw, 2021). However, it is necessary to address environmental involvement to
reduce resource consumption and waste generation, reducing the ecological footprint, increasing the circularity of products and
processes (Gavrila; De Lucas Ancillo, 2021).

Issues such as circular economy, scarcity of resources, lean production, energy problems, food production, management and
process modeling, waste reduction, reuse of raw materials and social aspects must be expanded to develop the field of study of
sustainability for society’s development (Furstenau et al., 2020). Encouraging the use of digital technologies to overcome the
challenges of implementing an effective structure facilitates the circular food chain supply system (Ada et al., 2021), within the
concept of a circular economy, which is one of the solutions for the generation of residues and scarcity of resources (Lieder; Rachid,
2016).

In this context, this study evaluated the adoption of cleaner production in post-harvest sector along with circular economy, due to
its importance for the world’s food production sustainability; as a result, only one study addressed cleaner production and post-
harvest circular economy; based on this research, no study was identified to evaluate post-harvest circularity in agribusiness, which
is a research gap. Thus, the case study was adopted through data collection, interviews, and observation, allowing the identification
of cleaner production practices and circular economy for agribusiness.

Stands out that the evolution of agribusiness sustainability is a priority, due to the current waste and the growing demand for food,
identified as two of the main challenges of the agribusiness sector; being a complex topic, the publications point to the trend of
adoption of new technologies from industry 4.0 and concepts of circular economy to deal with the subject in an ecological, intelligent
and active way (Fernandez, Carlos M. et al. 2021).

The research results identified the circularity index for strategies that can be adopted for production and direction of post-harvest
process residues, analyzing the possibility of use and destination of these residues as: agricultural composting, bio-fuel production,
pigment production, biodegradable polymerie system production, bioactive compound production, food flavoring compound
production, citric acid production, enzyme production.

As such, it was analyzed the circularity of generating and allocating the waste from the post-harvest process grain processing;
considering 100% the rate of regeneration and conservation; for different destinations such as: landfill, reuse, remanufacture,
recycling, compost and energy recovery. The circularity indicator measures from 0 to 1, where 1 corresponds to a circular process.
In the analyses, the use of the residues generated in the post-harvest process for reuse and composts reached an index of 1,
representing a circular process for this model; when the residues are destined for remanufacturing, the index reduces to 0.98; the
destination for recycling presents a result of 0.88; if it is used in energy recovery it reduces to 0.75 and when destined to landfills,
the index reduces to 0.55, being the lowest circularity rate of the post-harvest process residues destination. The adoption of circular
economy practices promotes sustainable production, thus providing a greater utilization, reducing losses and production waste,
from the receipt to the storage of food, bringing opportunity for the development of the sector, widely discussed by the carbon
footprint, with the need to reduce emissions; the water footprint, through the optimization of processes and adoption of new
technologies and; offering new opportunities, development, security and justice.

Keywords: agribusiness,circular economy, industry 4.0, post Harvest, grain storage
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Abstract

Sustainable energy sources and clean technologies can be financed through various types of financial investments, supported
mainly by institutional investors, as well as by governments and other public entities. Institutional investors, according to the
specific management mandate and the fiduciary relationship with shareholders, can participate in these projects through equity
investments (including mutual funds and ETFs), bonds (both corporate and government ones, with specific reference to green
bonds) and alternative funds (such as direct investments through private equity or green infrastructure funds). Among institutional
investors, pension funds have risk-adjusted return objectives and valuation time horizons that are particularly consistent with
sustainable and responsible investments (SRI). Indeed, SRI integrate the financial analysis with the environmental, social and good
governance (ESG) analysis, have a medium-long term orientation and the aim of creating value for the investor and the society as
a whole. The introduction of new regulatory requirements on sustainable finance, as well as a growing attention to sustainability
by savers and employees, also push pension funds to incorporate the ESG approach as an integral part of their investment process.
However, the uptake of pension funds specializing in green and sustainable investments is still limited in practice. The research, in
addition to identify the possible causes, provide some strategic management guidelines useful to pension fund managers for the
selection of financial portfolios by taking into account ESG factors, within the context of the various investment lines that
characterize a pension fund.

The asset allocation of a pension fund must guarantee the achievement of the so-called actuarial balance: the disinvestment over
time of the securities included in the portfolio must be able to generate inflows that are consistent, in amount and timing, with the
needs for benefits’ payment to shareholders, taking into account the specific characteristics of the population covered by the fund.
This research aims to provide answers to the following research questions: Does the gradual replacement of securities selected by
applying ESG criteria to not-ESG-screened securities allow the pension fund to maintain the actuarial balance of the various
investment lines of a pension fund? Is it possible to build financial portfolios fully selected by applying ESG criteria while maintaining
the actuarial balance determined for a not-ESG-screened portfolio?

The analysis is conducted through the development of business cases, the application of actuarial balance models, as well as
sensitivity tests through the application of passive strategies with respect to different ESG benchmarks, up to the complete
replacement of the original not-ESG benchmark.

The balance between income (for contributions) and expenses (for benefits) can be variously defined in a supplementary pension
scheme. It can be considered a collective balance, or an individual balance. In our paper, an individual balance is considered.
Moreover, the equilibrium can be actuarial and financial.If we consider the whole remaining lifetime of the policyholder (initially at
work, later possibly retired), the individual balance between contributions and benefits is therefore of a mixed type (partly financial,
partly actuarial) and operates in the following way:

e in the initial period of activity of the insured person (therefore, in the period of payment of contributions), the balance is of a
financial nature;

¢ in the subsequent period of retirement of the insured (therefore, in the period of disbursement of the annuity), the balance is
actuarial.

Considering the time of retirement and the fixed annual term of the life annuity, the principle of individual actuarial balance
establishes that, for each insured in the fund, in any instant k of the period of activity, the sum of the current expected value of
the future contributions, and the reserve equals the expected present value of the corresponding benefits.

We assume that the life annuity is financed through the payment of annual constant premiums for the entire duration of the deferral
of the annuity. The premium depends on the initial age (x) of the policyholders (male or female) and the duration (n years) of the
deferral annuity after retirement.

For the correct calibration of the investment portfolios and the application of actuarial methodologies, a proprietary and confidential
panel dataset was collected on the whole population of subscribers of the different business lines of an Italian open pension fund,
proposed by an insurance intermediary.

The performance of sustainable investments is tested by analyzing the pension investment choices of 1,496 members from January
2014 to December 2018, for a total of 6,083 year-individual observations. The main variables used to describe the participants'
investment behavior and socio-demographic characteristics are: individual contribution, company contribution, total contribution,
contributory uppercut, investment line, switch and advance behaviour, gender, age, home region, educational qualification, sector
of activity/work, marital status.

The results contribute to the literature on sustainability and decarbonisation of institutional investors’ portfolios, providing useful
implications to both the regulator and the asset managers of pension funds.

Keywords: sustainable development, sustainable finance, decarbonization, pension funds, actuarial equilibrium
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Abstract

Purpose: European Union (EU) countries including Italy are currently adopting several measures in order to reduce their
dependence from Russian imports of natural gas (European Commission, 2022a, b). The dramatic war between Russia and Ukraine
is currently requiring the need for diversifying the natural gas suppliers of EU. However, this process is also further accelerating
the energy sources diversification due to the commitments in perceiving the decarbonization goals set by the European Green Deal
(European Commission, 2022) and by the UN 7 SDG! (affordable and clean energy).

In this context, the Italian Government is evaluating how to diversify the imports of natural gas from Russia with other suppliers
as well as diversify its energy mix looking at beyond the high fossil fuels dependence (ENEA, 2022). In the Italian energy mix,
natural gas has a share by 38.5%, while oil by 35.5% and renewables by 17.3% (Italian Ministry of Environment and Protection of
Territory and Sea et al., 2021). Natural gas is almost entirely imported from abroad since the domestic production is low (3.34
billion cubic meters) compared to the demand (76.1 billion cubic meters). The Italian Prime Minister also recently evidenced, with
regard to the diversification of the energy mix, the need for further increasing the share towards renewables as well as consider
the inclusion of “clean nuclear” (Il Mattino, 2022). Based on these premises and considering the energy sources diversification

emergence the main goal of this work is to show the results of different scenarios alternative to the present natural gas-

based energy mix and evaluating their carbon footprint.

Method: By using the Life Cycle Assessment (LCA) methodology this study is addressed to assesses the energy and environmental
costs and benefits of each mix that considers a more relevant role of renewable energies as well as the possible introduction of
nuclear energy.

The study will also offer an opportunity to discuss the concept and criteria for defining a clean energy source (Georgeson et al.,
2016; Dincer and Acar, 2015) and offer an analysis of the environmental, energy and socio-economic strengths and weaknesses
of renewable energies (Guangul and Chala, 2019) and nuclear energy (Agyekum et al., 2020; Jin and Kim, 2018; Tokimatsu et al.,
2016; Ulgiati and Ghisellini, 2013).

Results: The analysis could provide useful insights to the different stakeholders of energy sectors (citizens, companies, public
administrators, etc) as well as the Italian Government that is currently involved in the redefinition of the energy mix and evaluating
policies and instruments aimed to support the energy transition. Nevertheless, the analysis could be helpful for other countries due
to the importance of energy as a good in current society (Wiseman, 2018; Van den Berg and Bruinsma, 2008; Odum, 2007) and
the urgent need for reducing the contribution from fossil energy use to the environmental challenges ahead (IPCC, 2021).
Keywords: Clean energy; circular economy, renewable energy, nuclear energy, Italy.
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Abstract

The Municipality of Grosseto (Tuscany, central Italy) has started a decarbonization path that relies upon the greenhouse
gas (GHG) emissions inventories of its territorial system and the mitigation actions towards the objectives set by the
Covenant of Mayors. Within the continuous monitoring process, the Municipality of Grosseto wanted to estimate the Carbon
Footprint (CF) of the administrative products and services provided, which have high visibility and fallout on citizens. The
aim of this study was to evaluate the CF of these products and services, as a tool to suggest strategies able to mitigate the
related climate impacts.

The products and services examined in this survey were divided into two groups: 1) office administrative services (i.e. issue
of Electronic Identity Cards, change of residence, issue of marriage licenses, production of waste tax bills, concessions of
driveways, contributions for apartment rents, notification of legal documents, issue of access permits to restricted traffic
zones, traffic tickets and issue of urban planning certificates); 2) macro-services (i.e. school canteens management, bulky
waste collection, street sweeping and public green maintenance, which includes green areas management, swathe of
roadsides, ornamental tanks cleaning and arboreal endo/exotherapy). Different Functional Units (FU) have been considered,
in line with several types of products and services analyzed. The technical boundaries of the system were “from cradle to
gate” for all the services. The CF was elaborated following a life cycle approach, in which both direct and indirect GHG
emissions have been considered. The Life Cycle Inventory (LCI) was developed from primary data provided directly by the
municipal administration, through the supply of simplified questionnaires. The study was carried out using the Ecoinvent
3.6 database to support the inventory analysis and the model was developed using the SimaPro 9.1.1 software. The CF
includes carbon dioxide (CO2), methane (CH4) and nitrous oxide (N20) emissions, translated into carbon dioxide equivalent
(CO2eq).

For what concerns the office administrative services, the major climate impacts were due to the notification of legal
documents (3.94 kg COqeq/single document), the change of residence (3.27 kg CO:2eq/single document) and the
concessions of driveways (1.95 kg CO2eqg/single document), in which direct GHG emissions from fossil fuels consumption
for site-inspections played a predominant role (about 56%). The office administrative service with the lowest impacts was
the release of access permits to restricted traffic zones with 0.091 kg COzeq/single document, mainly due to the sheets of
paper consumption (76%). Between the supplied macro-services, the highest CF values were registered for the
management of school canteens and green areas. The school canteens emitted 401.11 t COzeqg/year and the input that
contributes most to the CF was the amount of food consumed (90%), especially cheese (both fresh and seasoned, 18%)
and beef meet (12%). The management of green areas was responsible for 240.26 t COzeq/year and the inputs that
contributed mostly to the CF were direct emissions from fossil fuel consumption for equipment and transportation (74%),
as well as those due to the composting of green residues (13%). On the other hand, the macro-service characterized by
lowest emissions was the arboreal endo/exotherapy (4.66 t CO2eq/year) and the main impacts were the direct ones deriving
from fossil fuel consumption for devices and transportation (53%).

Multiple meetings and discussions with the technicians of the Municipality characterized the development of this research,
which allowed to design a more sustainable management of the analyzed products and services. The first solution was the
need for greater care in the development of a database, containing more structured and complete quantitative information.
This study, in fact, allowed to draw up a state of the art relating to the availability of statistical data in the filing systems
of the Municipality. Another aspect concerned the GHG emissions reduction from site-inspections. To decrease these
impacts, three possible solutions were proposed: 1) to include a written regulation that establishes which inspections are
necessary and which not (some trips could be substituted by georeferenced maps), 2) to renew the municipal vehicle fleet,
3) to organize inspections of neighboring areas within a single journey. Moreover, the introduction of digital appliances in
various office services can represent a solution to reduce the impacts due to the sheets of paper consumption. Regarding
the management of school canteens, the change of the current suppliers with local and ecofriendly farmers would certainly
lower GHG emissions related to food processing and transportation, reducing impacts up to 50%. In addition to this, it
would favor small businesses in the area and the local economy.

It was not possible to find in literature similar case studies, therefore, the innovative aspect of the proposed monitoring
could be exploited in awareness campaigns among citizens. At the same time, other administrative services could be
analyzed, implementing new mitigation policies.

Keywords: Carbon Footprint, administrative services, mitigation policies, municipal administration, climate impacts.
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Abstract

In recent decades, growing environmental concerns are driving the search for new technologies, policies and projects
based on Cleaner Production (CP) in order to accelerate the transition towards Sustainable Development Goals
(SDGs). In this context, it becomes increasingly urgent to characterise new decision support models capable of
guiding governments towards more sustainable investment choices. These models must implement tools for the
economic evaluation of actions and strategies: among them, Cost-Benefit Analysis (CBA) plays an important role.

In CBA, giving due weight to the social and environmental effects, also in the long term, of a project is essential. To
this end, it is necessary to correctly choose the Social Discount Rate (SDR), a parameter that makes it possible to
economically compare costs and benefits that occur at different times. Discountimg procedures based on constant
rates are generally used in practice. In economic analyses, such discount rates underestimate long-term impacts.

The aim of this study is to demonstrate how the use of alternative economic discounting procedures to traditional
models is a necessary step in the economic evaluation of intergenerational projects. Specifically, we propose a cost-
benefit discounting approach that is: i) dual, i.e. based on the characterisation of a twofold discount rate, with the
purpose of distinctly discounting the strictly financial effects of the project and the social and environmental effects;
ii) declining, in order to give greater weight to the socio-environmental effects that are progressively more distant
in time.

The main novelties of the model concern first the introduction of the environmental quality variable into the
mathematical structure of the SDR; but also, the assessment of macroeconomic investment risk. Based on the
proposed model, we estimate for the first time declining discount rates, both economic and environmental, for
different national economies. The results highlight the ability of dual and declining SDR structures to make more
equitable judgments of economic viability for cleaner production investments, with important repercussions in terms
of Economic Policy.

Keywords: Cost-Benefit Analysis; Social Discount Rate,; Declining and dual discounting; Cleaner Production Investments.
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Abstract

There is an increasing recognition in developed nations of the importance of waste reduction, recycling and reuse
maximization, in a Circular Economy perspective aiming at reducing waste impact on both public health and
environment in the pursue of sustainable growth. The 2030 Agenda for Sustainable Development of the United
Nations confirms the need for a substantial reduction of waste by 2030 (Goal 12.5).

In this context, the aim of this empirical study is to evaluate the economic and environmental efficiency of urban
waste systems in 89 major towns of each Italian province for the years 2017 and 2018. To this purpose we employ
the parametric approach to efficiency measurement, represented by Stochastic Frontier Analysis (SFA) technique,
by implementing three SFA formulations in order to take into account three different distributional assumptions for
the inefficency term of the model. In addition, we also include an undesirable output - the total amount of waste
collected - as input in the models considered. Finally, we investigate the efficiency estimates obtained by focusing
on some relevant variables, such as geographic area, population density, tariff paid for waste services and collection
method.

The results obtained show that units located in Northern and Central Italy show higher efficiency scores than
Southern Italy units. Besides, efficiency scores are higher in presence of population density up to 1500
inhabitants/km? and in presence of low tariff level. Finally, MSW systems that have adopted door-to-door collection
register the highest efficiency scores throughout the study period.

Keywords: ecological and economic efficiency; urban waste systems,; Stochastic Frontier Analysis (SFA),; undesirable output.
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Abstract

European countries are about to face dramatic transformations necessary to follow up on the commitments made to
reduce emissions with the Climate Law and the Green New Deal. Although not without criticism, carbon pricing has
been identified as a key instrument to support these changes (Hepburn et al. 2020) because it can convey the signal
of the real cost of carbon in relative prices. The evidence on energy demand shows that energy price elasticities
depend on several structural characteristics. However, when considering price and tax elasticities as two distinctive
factors, there is some evidence that energy demand is more reactive to changes in the tax rate, perceived to be
more permanent than price changes (Bardazzi et al. 2009 for manufacturing firms, Tiezzi and Verde, 2016 for Us).
If these hints are confirmed, carbon pricing could be used as an incentive to move from high polluting energy
sources - as fossil fuels for transport - towards more environmentally friendly bundle such as better transport mix.
On the other hand, this transition process may imply adverse distributional effects as not all the consumers have
the same ability to interpret the signals and to change transport means. To study the efficacy of energy taxation and
identify the most vulnerable consumers we aim at estimating price and tax elasticities for transport related fuels.
Our two main research questions are: 1) is there a persistent difference between price and tax elasticities? 2) is it
true that vulnerable consumers - those more exposed to transport affordability problems - exhibit lower adaptation
ability? Our analysis is relevant for the future energy transition that is meant to be as fair as possible and to leave
no one behind.

We use microeconomic data from Italian Household Budget Surveys (IHBS) for the period 1997-2019 concerning
demographic characteristics and household expenditure on several energy products. We estimate gasoline and diesel
demand elasticities with a double-hurdle pooled regression and with a dynamic model by transforming the microdata
in a specifically-built pseudo-panel (Bardazzi and Pazienza, 2017; Faiella and Lavecchia, 2021). With the first
approach we exploit the cross-sectional variability of the population, while using the latter we follow families over
time as in panel data. Indeed, cross-sectional estimates cannot capture the dynamic nature of households’ fuels
consumption decisions that is influenced by the energy equipment, such as car ownership. Therefore, cross-sectional
models may produce biased estimates of the long-run effects. Dynamic pseudo-panel estimates take into account a
longitudinal perspective to overcome these limitations (Deaton, 1985) and assess if a state dependence exists due
to the persistence of capital equipment ownership (Song et al 2021). Elasticities will be estimated according to
several dimensions such as the household income distribution, the household type, the age and generation of the
head, the condition of vulnerability to transport poverty.

Our study assesses if general findings from the related literature are confirmed by answering to our research
questions. Preliminary results show that transport fuel household demand reacts more to the tax component than
to the oil price, with a more significant impact for gasoline than for diesel. The estimated parameters of our empirical
analysis can be used to evaluate the impact of alternative policy scenarios including the recent EC directive on energy
taxation and eventual measures for vulnerable households to compensate the increasing tax burden for reaching a
just energy transition.
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Abstract

The Circular Economy (EC) can be defined as a regenerative system, where the input and waste of resources are
minimized by the deceleration of material and energy circuits (Geissdoerfer et al., 2017), driven by the elimination
of waste and pollution, circularization of products and materials, nature regeneration (Ellen Macarthur Foundation,
2022), being the micro or individual level of implementation when it occurs within companies (Ruggieri et al., 2016).
Cleaner production (CP) is an environmental strategy of continuous application integrated to the various processes,
products and services (UNEP, 2017). The concepts of CP are linked to measures to prevent environmental damage
in industrial sectors, increasing eco-efficiency and reducing risks to human health (Ghorbannezhad et al., 2011), to
contribute to the efficient control of waste generation along the product life cycle (Merli et al., 2018).

Industrial sectors can deplete finite resources and cause irreversible impacts (Xiao-Qing et al., 2012). Thus, CP offers
opportunities to reduce the use of natural resources, promoting the use of renewable resources (Sousa-Zomer et
al., 2018), to assist in the implementation of CE at the micro level (Sousa-Zomer et al., 2018). In this way, the CE
promotes a paradigm shift to harmonize economic growth, environmental issues and resource scarcity (Merli et al.,
2018). The move to CE offers an opportunity to recover valuable resources from waste (Yadav et al., 2021), being
a strategy in increasing evolution, recognized by academics and public sectors (Merli et al., 2018). The CE can be
driven by market pressure influences, meeting demands for sustainable products (Greer et al., 2020) and in the
linear model transition process, CE has valuable support from CP (Kalmykova et al., 2018).

Worldwide, there is a huge amount of wastewater generated from different industrial sectors (Yadav et al., 2021).
Thus, optimizing water management in industrial processes is essential to reduce and eliminate negative impacts
(Molina-Sanchez et al., 2018). Regarding the paper sector, which is a major consumer of water, CP practices have
been promoted in some regions, to observe emissions in the entire production chain (Susilawati; Kanowski, 2020).
The paper industry has the highest biomass revenue for non-food production and generates a large amount of waste
(Branco et al., 2018). This is because, according to the type of paper, the raw material can be various plant
bioresources such as bamboo, eucalyptus, sugarcane bagasse, rice straw and wheat (Kumar et al., 2021). In the
sludge of effluent from paper mills, there is an opportunity for use as an additive in the manufacture of bricks (Goel
et al., 2021), and of technological nutrients, besides to water for reintroduction in the process (Molina-Sanchez et
al., 2018).

Although CE application opportunities are discussed in the literature, circular practices are still weak in the traditional
industrial environment (Xiao-Qing et al., 2012). However, paper mills have adopted strategies to optimize waste
aiming at CE (Molina-Sénchez et al., 2018). As the paper industry is under pressure to reduce energy consumption,
water and environmental impact, CE at its micro level has the function of supporting environmental concerns
(Ghorbannezhad et al., 2011), such as lignocellulosic sediments, present in waste of the process and that represent
risks to human health and the environment (Haller et al., 2021). With this, it was identified the absence of studies
on the evaluation of the circularity of the adoption of cleaner production at the micro level of the paper mill.
Therefore, to contribute to actions to save the planet, this study aimed to carry out an evaluation of the circularity
of the adoption of cleaner production in a paper mill with a global presence, to verify the circularity index due to
energy recovery, reduction of water consumption and paper recycling in the process. The method used was a case
study with interviews and process observation to collect data on water, energy and paper waste consumption. From
the data collected, the circularity index was estimated by applying the method proposed by Oliveira Neto et al.
(2022).

The results showed savings in energy, water consumption and paper recycling achieved by means of the circular
economy at the micro level (CP). Thus, the use of energy from renewable sources recovered from the facilities
allowed a 10% reduction in the purchase of non-renewable energy, indicating an opportunity of 95% circularity in
energy consumption. Regarding paper recycling, an increase of 6% in the use of recycled fibers was identified, which
returned to the process, indicating a circularity of 105% and a 30% reduction in water consumption, with an
approximate circularity index of 110%. Therefore, it was seen that the micro-level circular economy in the paper
industry has improved the recycling and reuse of paper fibers, energy and water recovery in closed cycles,
contributing to the reduction of the environmental impact of this industry and consequently reducing the pressures
on the planet.
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Abstract

The circular economy (CE) is a systems solution framework that addresses global challenges, aiming at eliminating
waste and pollution, circulating products and materials, and regenerating nature (Ellen Macarthur Foundation, 2022),
and can be implemented at the micro level (Companies or consumers) (Ruggieri et al., 2016). Regarding internal
production and the production chain, CE helps in the economy and preservation of products, components and
materials (Wysokinska, 2018). Cleaner production (CP) is an environmental strategy of continuous application
integrated to the various processes, products and services (UNEP, 2017). CP in the civil construction sector
contributes to energy efficiency (Norouzi et al., 2021); in the paper sector to reduce emissions and consumption
(Susilawati; Kanowski, 2020); reducing waste in the agricultural sector (Mahroof et al., 2021) and reducing emissions
and waste in the textile sector (Kang et al., 2018).

Regarding the adoption of CE at the micro level (CP), it is possible to achieve circular business opportunities that
improve Environmental management and productive efficiency for the company (LU et al., 2020), that is, both CE
and CP are innovative approaches that gain importance due to their contributions to sustainable performance (GUPTA
et al., 2021). Regarding the textile sector, the CE addresses circular opportunities for materials, facilities, packaging,
clothing and clothing collection programs (Esbeih et al., 2021), involving the production chain from the design,
production, consumption and waste management phases of the product (Ogunmakinde, 2019).

Strategies to achieve sustainability goals have been discussed by researchers and public sectors (Happonen;
Ghoreishi, 2022). Thus, CE has stood out for being a strategy that presents itself as a substitute for linear business
models (Fidan et al., 2021). In this way, specialists in the textile sector have been involved in the development of
actions to provide knowledge and opportunities for circular business, and to promote awareness of sustainability
(Costa et al., 2021). In this sense, the development of natural fibers for textile application from food waste has been
one of the bets in progress, such as the use of pineapple (Provin; Aguiar Dutra, 2021) and milk proteins for new
textiles (Costa et al., 2021). Globally, the textile sector is of great concern due to the use of natural resources, fossil
derivatives and problems associated with clothing disposal (Ribul et al., 2021a), resulting from population growth
(Stenton et al., 2021a). Textiles discarded in landfills or incineration facilities (Piribauer et al., 2020) also pose
serious environmental risks (Serra et al., 2021). So, in order to minimize the effects of environmental impacts,
various forms of transformation of textile waste have been used to obtain new textile fibers, such as the use of
acetate to transform cellulose-based waste present in paper and cotton (Haslinger et al., 2019). Also, recycled
polyester yarn blends and recycled cotton can be used in some fabrics, minimizing the production of virgin fibers
(Majumdar et al., 2020).

The mechanical recycling of cotton fiber has also been evaluated with the potential to reduce the environmental
impact, due to the decrease in the use of virgin cotton fiber (Fidan et al., 2021). Thus, studies have been conducted
to change the perception of textile waste generated in production processes, through the adoption of environmentally
friendly practices at the micro level (Stanescu, 2021). In general, practices address new materials from waste
(Piribauer et al., 2021; Fidan et al., 2021), textile recycling (Stanescu, 2021; Subramanian et al., 2021),
development of textile fibers from non-textile waste (Stenton et al., 2021a; Stenton et al., 2021b). Thus, there is a
lack of studies on the evaluation of the circularity of the adoption of CP at the micro level in the textile sector.
Therefore, to contribute to actions aimed at preserving the environment, this study aimed to evaluate the circularity
of the adoption of CP in the textile sector, to verify the circularity index due to mechanical splitting of cotton cellulose.
To achieve the objective, a case study was used as a method, collecting data through process observations and
interviews, in order to identify the amounts of virgin cotton fiber and defibered. Based on the data collection, it was
possible to estimate the circularity index by applying the method proposed by Oliveira Neto et al. (2022).

The results showed savings in virgin cotton fiber obtained through the circular economy at the micro level (CP).
Thus, the use of cotton fibers recovered from mechanical splitting achieved a 15% reduction in the purchase of virgin
cotton fiber, indicating an opportunity of 99% circularity in the use of cotton fiber. Therefore, it was seen that the
micro-level CE in the textile industry has improved the reuse of recovered fibers, being an important opportunity to
reduce the Environmental impact in this sector.
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Abstract

This paper addresses the major challenge of accelerating renewable energy (RE) transitions to maximise co-benefits
of climate change mitigation and adaptation. To realise this challenge, a more nuanced understanding of the power
and influence of dominant discourses in government policymaking is required. As the International Renewable Energy
Agency (IRENA) argues, the energy transition’s speed and success is no longer dependent on technological advances
but rather on how well it is connected to efforts of transitioning the broader socio-economic system itself and the
level of societal inclusivity and participation. In this context, the transformation of energy systems is about more
than replacing fossil-based with RE technologies and infrastructures, and about the role of required polycentric,
integrated and deliberate government policy. This paper focuses on the case of Australia; a fossil-reliant, high
greenhouse gas emitting country chosen for its infamous lack of enabling policy and regulation for renewables,
paradoxically in a setting marked by outstanding RE growth potential. The politics of energy transition are highly
contested in Australia, making it a rich case for discursive investigation. A modified IRENA (2018) framework is
employed to classify key RE deployment and system integration policy instruments and regulatory reforms. This is
followed by the application and testing of a novel discourse analytic framework (informed by Hajer’'s work, 1995;
2006), delivering useful insights about discursive practices and the underlying assumptions and power relationships
shaping the design and implementation of policy and regulatory initiatives. Key story-lines, competing narratives
and discourse-coalitions are examined that reproduce the logic of dominant discourses in selected national Australian
energy policies. Policy impact analysis highlights technical and financial barriers for niche actors, specifically focusing
on Renewable Energy Communities (RECs). The paper identifies the need for targeted policy support mechanisms
to provide diversity of scale and governance in RE transitions, vital to accelerated decarbonisation and societal
inclusivity and participation in transitions. This analysis is a timely contribution to scholarly and public debates on
community-centered decarbonisation efforts, amid controversies over successive Australian governments’ failure to
set meaningful emission reductions targets.
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Abstract

In past years scholars have attempted to investigate how to increase the attention of firms and managers to integrate economic,
environmental and social aspects in corporate strategy definition and performance assessment. The triple bottom line perspective
(Elkington, 1994) has been applied and spread among scholars and practictioners. Further, the Economy for the Common Good
(Felber, 2019) is considered an alternative sustainability management and control framework (Ejarque and Campos, 2020), aiming
at supporting the integration of sustainability strategies into the business operations. The common good can also be framed in
terms of joint value creation. One key theoretical and research question is which governance forms are the most suitable to
motivate stakeholders to cooperate to joint value creation (Bridoux and Stoelhorst, 2019) in the face of collective action problems
(Bridoux and Stoelhorst, 2016; Klein et al., 2019). Collective action problems emerge when actors face situations in which there
is a tension between their (short-term) self-interest and the (long term) collective interest.

With reference to public services, the New Public Management approach (Hood, 1991; Osborne and Gaebler, 1992) has been
questioned and the New Public Service concept has been introduced by Denhardt and Denhardt (2000, 2015), which stresses the
need to explicitly consider democratic values and citizenship in public service provision, in order to obtain benefits "in terms of
building communities, engaging citizens, and making government work more effectively" (Denhardt and Denhardt, 2015: 664)
and, ultimately, to ensure that the public interest predominates (Denhardt and Denhardt, 2000). Indeed, in public service provision,
improving efficiency and meeting performance targets should be balanced with other values linked with the well-being of
communities.

The paper aims to discuss how different ownership and governance structures could support the transition to circular economy
(CE) and the implementation of sustainability strategies by exploiting the “corporate value” of pursuing the common good.
Similarities (such as the need of committed and visionary leaders, corporate social responsibility, and so on) and differences (the
role of law and regulation, political influences, ond so on) will be highlighted and a framework to identify antecedents and outcomes
is provided.

This study adopted a case-based approach for theory building (Yin, 1988; Eisenhardt et al., 2016). We identified different kinds of
firms with private legal form but different ownership and governance structures, all aiming to pursue the common good by exploiting
the transition to the CE. These three case studies are accomunated by sustainability organizational models, involvement in CE and
sustainability strategies that demonstrated to be successful from an economic, environmental, and social perspective. Following
Eisenhardt (1989), different data collection methods were combined: analysis of archival sources (e.g., financial statements,
sustainability reports, and firms’ websites) and in-depth semi-structured interviews.

It seems to emerge that the three cases of joint value creation through CE have in common some key elements:

- one trigger event or situations, that forces a company, an industry or a municipality to find innovative and creative ways

to solve a problem;

- one or more visionary leaders that envisage the way to transform this problem into an opportunity of joint value creation;

- a value-based commitment to create the conditions for the exploitation of this opportunity;

- an innovative business model, built on the CE, which makes it possible the synergistic achievement of better performance

in a triple bottom line perspective;

- a growth trajectory, based on the extension (in geographic and/or business terms) or transfer of such a business model.
The joint value creation through CE seems to be made possible by the adoption of different governance forms, as suggested by
Bridoux and Stoelhorst (2019).

Case studies suggest that the hub and spoke form is better when market forces (as, for instance, the customers' preference for
recycled products, or lower costs of recycled products compared to the traditional ones), per se, make it possible joint value
creation. The other forms seem to be more effective when: i) market forces need to be complemented by other forms of incentives;
ii) the joint value creation requires the active involvement and cooperation of a set of autonomous stakeholders.

The contributions that our paper intends to produce are the following:

- to apply the idea of common good to the domain of sustainability and, more specifically, of the CE;

- to show that joint value creation through the CE can be achieved, in principle, by the adoption of different ownership and

governance forms;

- to infer from case study research a theoretical contribution about the conditions under which each individual type of

ownership and governance form is the most suitable to conceive, design and achieve joint value creation through the CE;

- to propose a theoretical framework applicable not only to privately-held firms, but to both public (f.i., municipality-owned)

and private (f.i., consortium) organizations;

- to extend the theoretical contribution of Bridoux and Stoelhorst (2019).
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Abstract

The increasing development of circular economy is promoting energy conservation and emission reduction strategies
in most countries worldwide, and China as well. As a pillar of China's economic development, the steel industry has
already started to seek innovative development paths. At present, the main reason that negatively affects the green
transformation of China's steel industry is the water-energy constraint. According to the statistics of the Ministry of
Water Resources, the annual water consumption of China's steel industry is about 4.2 billion cubic meters, accounting
for about 3.4% of the total industry water consumption in China. As far as energy is concerned, non-renewable
energy uses account for a much higher proportion than renewable ones. According to national statistics, coal used
in 2019 steel production accounts for about 17% of China's coal consumption, which has been about 640 million
tons. Although this massive consumption of water and energy resources has promoted the development of China's
steel industry chain, it has also seriously affected its sustainability. To implement a sustainable development of steel
industry within the perspective of circular economy, it is necessary to analyze the “water-energy-economy” nexus
of the steel industry. This study analyzes a variety of steel products over the entire industrial chain, and simulates
“water-energy-economy” potential changes of products by developing a multi-objective optimization model. In this
model, Random Forest (RF) and GEne Network Inference with Ensemble of trees (GEINIE3) algorithms are combined
to first evaluate the 2013-2019 “water-energy-economy” nexus. Then, improved Quantum Particle Swarm
Optimization (QPSO) algorithm is applied to dynamically simulate potential changes of water, energy and economic
performances in the steel industry chain under 12 different scenarios. Finally, an optimal development path from
the perspective of optimizing economic performance within minimum water and energy use constraints is designed.
Results point out, from the perspective of current “water-energy-economy” nexus, the coordinated development
degree of China's steel industry chain is weak and a sufficient relationship “water-energy-economy” is missing.
However, a non-negligible improvement has been achieved in recent years, especially concerning the downstream
scrap steel products. Concerning “water-economy” and “energy-economy”, the relationship between water and
economy has changed from one-way dependence to two-way sustainable development, but the relationship between
energy and economy is still one-way dependence. This means that the economic development of China's steel
industry chain is heavily dependent on energy consumption. From the perspective of simulated “water-energy-
economy” relationships, results help understand that improving resource utilization rate by assigning priority to the
reuse of scrap steel, while restricting pig iron and primary steel use, helps maximize the coordinated development
of “water-energy-economy” in the steel industry chain. To improve the multi-dimensional nexus among “water-
energy-economy” of steel industry chain and promote its sustainable development, some policy implications are
proposed from the perspective of industry chain, products and relationship between products, respectively. The
research results may be helpful to Chinese industrial managers to formulate transition strategies and promote the
sustainable development of steel industry chain within the perspective of circular economy.

Keywords: steel industry chain; water-energy-economy; multi-objective optimization,; sustainable development path

“ENVIRONMENTAL CHALLENGES: ACTION OR REACTION TO SAVE THE PLANET? LOCAL AND GLOBAL
STRATEGIES FOR ECOLOGICAL AND SOCIETAL TRANSITION” - Florence - Italy - July 15", 2022



40

In Giannetti, B.F.; Almeida, C.M.V.B.; Agostinho, F. (editors): Advances in Cleaner Production, Proceedings of
the 11" International Workshop, Florence, Italy. July 15", 2022

Objective Principles, Allocation Logic and Framework
Construction of Carbon Responsibility Accounts

YUAN GAO”, GENGYUAN LIUA®*, GIANNETTI, B. F.AC, AGOSTINHO, F.AC, ALMEIDA, C.
M.V.B.AC

a. State Key Joint Laboratory of Environment Simulation and Pollution Control, School of
Environment, Beijing Normal University, 100875, Beijing, China

b. Beijing Engineering Research Center for Watershed Environmental Restoration and Integrated
Ecological Regulation, 100875, Beijing, China

c. Laboratory of Production and Environment (LaProMA), Paulista University (UNIP), Sao Paulo
04026-002, Brazil

*Corresponding author, liugengyuan@bnu.edu.cn

Abstract

As global environmental concerns worsen, enterprises and consumers are increasingly recognizing the urgency of
mitigating climate change. As a major player in economic activities, reducing greenhouse gas emissions has become
a huge challenge for any individual company and its supply chain. All participants in the supply chain need to make
efforts for climate mitigation. The existing carbon emission responsibility accounting mostly starts from the
production-side of the enterprises. As an important participant in the supply chain, the final consumers are the
ultimate service objects of all producers, and also have the role of carbon emission reduction and should share the
carbon mitigation responsibility.

This paper aims to construct a carbon responsibility account system framework based on supply chain. Firstly, the
paper reviews the historical development of carbon emission responsibility and the evolution of distribution
principles, and describes the research on the distribution mechanism of carbon emission responsibility which is
oriented by equity, efficiency and both equity and efficiency. By discussing the carbon responsibility allocation
mechanism adopted in China and the new demand for the carbon emission responsibility allocation model based on
supply chain under the new situation, the paper puts forward the idea of constructing the carbon responsibility
account based on supply chain in China. Specifically, this paper proposes to be product-oriented, takes into account
the direct and indirect carbon emissions in the production process of products, establishes a benchmark value of
product carbon emissions, assigns responsibilities to all participants based on the supply chain, and then establishes
a supply chain-based carbon responsibility account. The responsibility system framework constructed in this paper
has wider and more promising application potential, but also faces many challenges and deficiencies, which is worthy
of further research and improvement.
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Abstract

Existing studies on the water-food nexus focus on water quantity while largely ignoring water quality. This study
improves the quantification method of scarce water uses by considering both blue water and grey water. Based on
a scarce-water extended multi-regional input-output model, we investigate the interregional flows of virtual scarce
water driven by food demand in China. The results show that considering water quality provides new insights into
the patterns of interregional flows of virtual scarce water driven by food demand. The virtual integrated scarce water
(VISW) flows, which consider both water quantity and quality, are 13 times the volume of virtual quantity-based
scarce water (VQSW) flows. Moreover, certain regions, such as Shanghai and Jiangsu, are recognized as net VISW
importers, but are net exporters in terms of VQSW. There are significant differences in the critical interregional pairs
identified based on net VISW flows (e.g., Shandong-Shanghai, Shandong-Shanxi, and Henan-Shanxi) and net
VQSW flows (e.g., Xinjiang—-Shanxi, Anhui-Shanxi, and Jiangsu-Hebei). To reduce water scarcity based on the
combined effect of both quantity and quality, the critical VISW interregional pairs should enhance cooperation. This
study highlights the importance of water quality in the assessment of virtual scarce water uses.
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Abstract

In the last few years, clothing consumption has significantly increased, driven by the combined effects of the growing population,
fast fashion trends, and shifts in consumption patterns (Ellen Mc Arthur Foundation, 2017; Boston Consulting Group and Global
Fashion Agenda, 2019). Nowadays, the fashion industry causes large environmental impacts - generated along the entire supply
chain, due to high water consumption for fibres production and treatment, the use of harmful chemical agents for the dyeing
processes, and the enormous quantity of garments disposed of in the landfills among others (Mc Kinsey and Global Fashion Agenda,
2020) - and is responsible for 10% of global greenhouse gas emissions (European Commission, 2022). Hence, reducing such
impacts at the global level is recognized as a priority (European Commission, 2019).

Both companies - which can develop new sustainable textile products, as well as innovative sustainable practices of clothing use
and disposal - and consumers - who can make sustainable consumption choices - can play a key role in reducing the environmental
pressure of the fashion industry. Accordingly, sustainable fashion consumption has received increasing attention in the literature
in the last few years. Many studies have been carried out, aimed at investigating the factors driving consumers towards sustainable
fashion consumption choices. Hence, in order to clarify such a complex topic, some literature reviews on sustainable fashion have
recently been published. However, these reviews addressed single aspects, such as humans’ perceptions of recycled textile products
and circular fashion services (Wagner and Heinzel, 2020), collaborative fashion consumption (Henninger et al., 2021), laundry
practices (Klint, 2022), and clothing recycling and reusing modes (Xie et al., 2021). Alternatively, to the best of our knowledge,
there are no studies that address the fashion consumption phenomenon from the consumers' perspective, using a holistic approach
(i.e., considering the phases of clothing purchase, use, and disposal). In this context, this paper develops a systematic literature
review aimed at (1) mapping sustainable fashion consumption options studied in the literature (RQ1) and (2) investigating which
factors affect consumers' behavior toward sustainable consumption options, together with their effects (RQ2).

Research keywords have been developed encompassing three domains of research, i.e., (1) consumer behavior, (2) sustainability,
and (3) fashion industry. The research queries were launched on Scopus and Web of Science databases and, after the screening
phase, a final sample of 228 articles was analyzed.

Results show a significant increase in the number of studies since 2016, which involve consumers of 44 different countries. The
sustainable options in the fashion industry identified are organized according to three phases, i.e., (1) before product usage, (2)
during product usage, and (3) after product usage.

Concerning RQ1, the diverse characteristics of sustainable garments related to their production and among which consumers can
make their purchase choice were organized in raw materials (e.g., recycled, organic, biobased), design strategies (e.g., cyclability,
durability, versatility), and production processes (e.g., local, fair, less resource use); a synthesis of the types of sustainable
garments studied is provided. Regarding the consumption phase, consumers’ sustainable clothing use habits and behavior were
distinguished in personal fashion use (e.g., continue wearing, laundry, repair) and collaborative fashion consumption (e.g., renting,
leasing). Regarding the disposal phase, seven sustainable clothing disposal behaviors emerged (e.g., donate, resell, recycle,
repurpose). As the product type studied, the generic sustainable garment is the most addressed product, followed by recycled,
organic, and second-hand clothing, whereas few studies investigated biobased and slow fashion products. Further, studies focusing
on specific garment items (e.g., t-shirt, jeans) are rare.

Concerning RQ2, the majority of studies investigated consumers’ intention and actual behavior towards sustainable options through
quantitative methods, using diverse behavioral theories. Factors affecting such behaviors are categorized into three categories,
depending on whether they concern (1) personal features of consumers, (2) product and marketing, and (3) social stimuli
experienced by consumers. Contrasting results among different sustainable options and diverse contexts were found. Other studies
used qualitative or experimental methods to investigate consumers' perceptions, drivers, and barriers toward sustainable behaviors
related to purchasing, using, and disposing of fashion products.

Finally, a future research agenda is proposed suggesting product types, theories, factors, and contexts that would need a further
investigation, as well as recommending new factors, products, and methods recently developed from which new knowledge can be
built.

The implications of this study are manifold. As for scholars, the study provides a framework for sustainable fashion, reference
papers, and several future research directions. As for companies, it provides an overview of consumer perceptions and behavior
towards sustainable products and services offered that can be useful for developing appropriate marketing strategies and services,
aimed at increasing sustainable consumer behavior.

Keywords: sustainable fashion consumption, consumer behavior, systematic literature review, green products.
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Abstract

Among the environmental effects of the COVID-19 pandemic, one of the most direct, measurable, and significant pertains to the
anthropogenic greenhouse gas (GHG) emission. While GHG emission reduction at global scale is relevant, at country level the
climatic impact decrease is heterogeneous; this is also apparent comparing areas within the same countries, at sub-national level.
This heterogeneity results from both the biophysical (e.g., latitude and altitude), social, and economic characteristics of each
country or region. Studying the effects of the pandemic at sub-national level provides helpful insights on the most critical aspects
characterizing the studied area. This information could support local policy makers in designing more effective local mitigating
actions. We assessed the GHG emission reduction in the Province of Parma, one of the most industrialized areas of Italy, particularly
for the food sector. The study stems from the comparison between the GHG inventories for 2019 and 2020 compiled following the
IPCC guidelines, adapted to a sub-national system. The aim is to reveal the effects of the pandemic on this areal context in terms
of GHG emission. The study utilizes the most detailed local activity data and includes all the sectors required by the guidelines,
namely Agriculture Forestry and Other Land Use (AFOLU), Energy, Industrial processes and Waste, considering carbon dioxide
(CO2), methane (CH4), and nitrous oxide (N20). The total gross GHG emission for the province of Parma in 2019 reached 5266'598
t CO2-eq Whereas the total net GHG emission reached 3'862'052 t COz-q considering the CO: fixation operated by the forest areas
that occupy half of the provincial area. In 2020 the gross and net GHG emission decreased by 12% and 16%, respectively. By
individually comparing sectors it is evident that the decrease affected almost exclusively the Energy and Industrial processes
sectors, whilst the AFOLU and Waste sector showed marginal variation. Indeed, the Energy sector decreased 15% and the Industrial
processes sector reduced 17%. In the Energy sector, covering ~80% of the total inventory, we observed that such reduction is
driven by various activities, more than compensating the increase observed for few other activities. For example, the largest
reduction affected the consumption of agricultural diesel (-50%), the road transport (-27%) and the industrial energetic use of
fossil fuel (-10%). On the other hand, the waste-to-energy power plant emission and the fugitive emission from the methane
distribution network increased by 11% and 0.5%, respectively. Within the AFOLU sector a variation of the cultivated crops and
related fertilizer choice was detected but the increase was compensated by the reductions. A similar trend was revealed for the
livestock-related emission. Despite a slight change in the number of animals, the pandemic did not affect the emission of this
sector. This is directly linked to the fact that the food sector was spared from the shut down that was imposed to production
activities by the Italian government throughout 2020. Instead, the shut down and the lockdown significantly affected both the
Industrial processes and the Energy sectors. In particular, analyzing the latter, several insights can be provided. For example, the
remarkable reduction of the agricultural diesel compared with an almost unvaried agricultural activity and with a significant
reduction of the diesel consumption suggests that the reduction was driven by possible avoided tax fraud. On the other hand,
diesel- (-60%) and LPG-based (-22%) heating emission decreased significantly while methane-based only by 4.7% suggesting, on
one hand, that heating devices are progressively shifting towards methane and, on the other hand, that heating only shifted from
offices and industrial plants to residential buildings. A similar trend was observed for industrial energy production, where crude oil
and diesel combustion emission decreased significantly more than methane ones. Instead, road transport emission reduction was
linked to the forced confinement, as expected. Remarkably, waste-to-energy emission increased, due to an increased amount of
waste input and to a higher content of carbon, probably linked, in turn, to an increased content of sanitary waste. Industrial
processes (glass and ceramics) recorded a decrease in line with the national figures. The overall decrease is higher compared to
the national (-3%), the EU (-2%), and the global context (-6% - only for COz). This suggests that Parma province’s economy is
highly relying on GHG emission, much more than the national and international average. Local absorption capacity of CO> covered
around 30% of the overall gross emission, strengthening the fundamental role of forest ecosystems. The results provide insights
into the features of the environment-economy of a territory characterized by a strong orientation towards the agri-food sector.
Policy-makers should learn from the pandemic and get inspired from what a powerful monitoring tool such as the GHG inventory
represents. The GHG inventory should flank the common economic-financial indicators to capture the complexity of the ecosystems
in which we live, thus responding with adequate policies.
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Abstract

As the second largest polluter sector worldwide (Oliveira et al., 2022), the fashion industry was responsible for 2.1
billion of greenhouse gases emissions in 2018 (Wen, 2022). Agroecological practices and the slow fashion movement
- which emphasizes both ethical production and consumption practices side-by-side critical thinking on the origins
of garment - claim for more space in the awareness of the whole supply chain stakeholders, mainly the producers,
retailers and final consumers (Dhir et al., 2021). Amidst this scenario, the organic or agroecological cotton cultivation
experiences a reborn in Brazil. According Mattos et al. (2020), collective efforts of farmers in coordination with the
technological support of experts and with the participation of NGOs actors, are boosting the chances of sustainable
living in a socioeconomic and agroecological system on which depend 2,339 families. However, there is dearth of
studies warning on the threatens posed to organic cotton production as climate change, insect attacks and transgenic
cultivation (Delate et al., 2020). Also, the harmful effects of the fast fashion are widely unobserved by many
consumers (Pookulangara and Shephard, 2013). There is need of increasing knowledge and awareness about the
benefits of green apparel involving organic cotton, and the design activity has a pivotal role in improving the
dissemination of aspects as environmental proactivity. Fung et al. (2021) observe that design is still a very
centralized activity in sustainable fashion development, and Wen (2022) highlights the need for collaboration towards
more sustainable practices in the supply chain fashion management. This research reviewed the current status of
the organic cotton in the context of knowledge and awareness that can be potentially disseminated by designers and
other supply chain engaged stakeholder in their interface with both upstream and downstream actors of this supply
chain. There were found 547 studies in Science Direct, 570 in Scopus and 380 in Web of Science showing the
expression “organic cotton” in the article title. However, few studies expressly explore the relevance of knowledge
and awareness dissemination on the sustainable aspects of the organic cotton in the fashion supply chain. Far now,
it is known that direct and indirect experience with sustainable apparel, alongside high education level, act as
predictors of subjective knowledge that positively influence the decision of consumer for ecological garment (Han,
2019). Oh and Abraham (2019) have found that moderate to high knowledge about organic cotton clothing influence
the willingness to acquire such products, while Rese et al. (2022) state that knowledge about factors that drive
sustainability buying are pivotal to the innovation in the textile industry. Once the industry moves towards increasing
technological choices as full integration data through blockchain, and machine learning resources to better
understand the market trends, there are questions still intriguing the scholars as: to what extent the knowledge
about organic or agroecological cotton has been properly spread among consumers and supply chain decision
makers? How to provide and keep reliable access to qualified information and knowledge about organic cotton and
related technologies? This research aims at providing some contribution in order to fulfill these gaps. It is observable
that designers and NGOs, regardless their efforts in establishing knowledge networks to disseminate pivotal aspects
of the organic cotton along the supply chain, are still underexplored sources of academic investigation. Therefore,
this research proposes an exploratory investigation on how to better frame the accumulated knowledge and
experience of these actors to provide transparency regarding the organic/agroecological cotton for a wider audience.
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Abstract

It is a times of deep structural transformations towards new ways of structuring our economies and production
systems, a new social dynamic, and more sustainable and innovative forms of development. In this scenario, the
Covid19 pandemic has accelerated the transition towards a new and different framing to properly structure
government intervention to serve the public interest.

As part of such inevitable revamping attention on the need for public action, the importance of Research and
Innovation (R&I) policies to simultaneously deal with economic competitiveness as well as with public health, social
inclusion and environmental protection is undeniable, especially when a broader vision and notion of sustainable
development is embraced. R&I policy undoubtedly plays a pivotal role for the pursuit of — and transition towards -
sustainable development. Current and future living conditions, multidimensional wellbeing and human capabilities
are deeply influenced not only by new scientific discoveries or technological innovations, but also by social, cultural,
financial, organisational and institutional innovations. Among others, R&I investments and efforts can change
products and services, production processes and consumption patterns, business models and governance
mechanisms, individual and collective behaviours and actions, potentially shaping social and economic structures
consistently with sustainability requirements.

Within this debate, European R&I policy is aiming to act as a leverage for transformation in the transition towards
sustainable development, empowering individuals, communities and Member States to meet societal needs and build
sustainable and inclusive societies. To realise this ambition, the European Commission (2020) identified some key
principles underpinning transformative R&I policy towards sustainable development - transformation, directionality,
co-creation, diffusion, and uptake - which need to be fully embraced and made operational, going beyond a
consolidated narrative.

The objective of this paper is twofold. First, we analyse the nexus between the current debate on R&I policy and the
notion of sustainable development in the uncertain scenario of our present and future times, in order to understand
to what extent and how R&I policy in the post-COVID scenario can represent a leverage for transformative change
towards sustainable development. Second, we analyse how these key principles for transformative R&I are reflected
and embedded in the design and implementation of current EU policies across different domains, in order to
understand their effective contribution to the sustainability agenda.

This research combines a state-of-the-art review of the up-to-date academic literature and policy debate on
transformative R&I with the analysis of five selected case-studies of current EU policy interventions: European
Innovation Ecosystems; European Digital Innovation Hubs; LIFE Programme; European Urban Initiative; EU
Programme for Employment and Social Innovation.

The investigation of each policy examines available public documentation combined with direct in-depth insights
collected through semi-structured interviews to key informants, namely internal staff (heads of units and officers)
within related European Commission Directorate Generals and Agencies.

The results show how innovation processes are at the core of European policies and their role in promoting
transformative change towards sustainable development across different policy domains. All in all, this paper intends
contributing to the debate by offering new evidence on how policymakers can use R&I policy for empowering
individuals, companies, governments, and communities to meet social needs and promote sustainable and inclusive
societies, consolidating the new framing on transformative R&I policy in Europe and across the world.
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Abstract

Contamination of surface and groundwater by recalcitrant antibiotics has become a major engineering challenge.
Less than 70% of the antibiotic can be metabolized by humans or animals, resulting in a significant accumulation of
this recalcitrant compound in aquatic environments. Antibiotics are hardly removed by traditional wastewater
treatment. Amongst emerging tertiary treatments, Advanced Oxidation Processes (AOPs) are a promising way to
remove residue levels of contaminants. The present study focuses on the photo-assisted degradation of
chloramphenicol (CHP) as target antibiotic, with the combined use of hydrogen peroxide (H20;) and UVC radiation
in aqueous effluents. A central composite design (CCD) based on the response surface methodology (RSM) was used
to investigate the effects of the most important process parameters on CHP degradation and optimize yields and
costs associated. A statistical regression model was developed which allowed for optimization of the treatment
conditions. The efficiency was also estimated on antibiotic abatement and total organic carbon removal. The proposed
degradation pathway of CHP was obtained by analyzing the intermediates.
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Abstract

In developing nations like India, lignocellulosic wastes from farms, wastelands, and cityscapes are either dumped in
public dumpsites or burnt in fields by farmers after harvesting the agricultural produce, causing severe environmental
impacts. Globally, the increasing urbanization and demands for construction materials have motivated researchers
to explore sustainable and environment-friendly raw materials. In this context, the untapped resource of
lignocellulosic wastes can indeed be considered as a potential raw material for their valorization through the “low-
carbon” routes of converting them into low-cost and sustainable construction materials. The lignocellulosic waste
considered in this research is the waste biomass harvested from a wastewater treatment facility based on the
treatment technology named “"CW4Reuse” - a variant of horizontal subsurface flow constructed wetland technology.

The harvested waste Canna indica (CI) biomass was processed to derive lignocellulosic fibers, and seven mix-ratios
were prepared using polypropylene (PP) as the matrix phase for developing natural fiber-reinforced composites using
melt blending and injection molding technique. The performance of the developed composites in terms of tensile,
bending, and impact resistance were evaluated. The findings of this study showed an enhanced impact strength with
fiber loadings, and the maximum strength achieved was 1573+ 0.54 J/m?2. The average bending and tensile strength
were found to be 46.2 £0.36 MPa and 27.8 £ 0.72 MPa, respectively, which is relatively higher than that of wood
and particleboard.

The flexural (2.3+ 0.25 GPa) and tensile (3.16 £ 0.73 GPa) modulus of CI fiber-reinforced composite has exhibited
significant enhancement as compared to neat PP (0.61 £+ 0.18 GPa). The density of CI/PP composites (0.96-1.07)
g/cm3 is comparable to wood, whereas the water uptake capacity (0.17-1.7) % was found to be significantly lower
than conventional wood-based materials (>10%), leading to added advantage for the structural integrity of the
composites. The fiber reinforcement also positively impacted the crystallinity and thermal stability of the neat PP, as
demonstrated by X-ray diffraction and thermogravimetric analysis. It is understood from the SEM microstructure
studies that there is an increase in fiber debonding, strong fiber pull-out, and low formation of voids and polymeric
agglomerates in the fractured surface of fabricated composites at higher fiber loadings. Based on the findings of this
study, it is evident that the CI waste biomass-derived polymeric composites can be potentially used for automotive
and architectural interiors in civil infrastructural applications.

It is estimated that the constructed wetland-based wastewater treatment plants currently have the potential of
generating about 1,500 to 3,000 million MT/year of wet biomass in urban India (approx. 500 million population) and
4,000 to 8,000 MT/year of wet biomass in rural India (approx. 900 million population). This resource can be
meaningfully valorized by setting up 100 - 200 treatment plants (capacity: 25-50 MT biomass processing per day)
for manufacturing construction materials from biomass-based polymer composites. These small-scale units
collectively represent 5 to 10% of plywood needed annually for furniture and an annual turnover of approx. USD
175 to 350 million in India, along with the creation of nearly 15,000 green jobs.

Keywords: Lignocellulosic waste, Valorization, Construction material, Wood substitute, Polymer composites
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Abstract

With the introduction of the 2030 Agenda in 2015, countries have committed to reducing the environmental impact
of production and consumption activities, to reduce pollutant emissions at the country level. In this context, 27% of
total EU-28 greenhouse gas emissions come from the transport sector (European Environmental Agency, 2020). In
particular, road transport accounts for 75% of these emissions (International Energy Agency, 2021). Hence,
governments around the world are required to implement incentive policies toward a more sustainable mobility. The
electrification of private mobility, i.e., replacing internal combustion vehicles with zero-emission electric vehicles,
can strongly contribute to this goal.

In the last few years, many studies have been devoted to investigating the consumers’ propensity toward electric
vehicles, in particular those factors able to impact the purchase intention (GibbsonAdu-Gyamfi et al, 2022; Buranelli
de Oliveira et al, 2022). However, these are empirical studies, so highly case-specific. Alternatively, to the best of
our knowledge, there are no studies that provide a comprehensive view of this phenomenon. This study contributes
to filling this gap by developing a systematic literature review, driven by the following research questions: (1) which
are the factors able to affect the consumers’ purchase intention of electric vehicles? and (2) which theories have
been adopted to study their effects?

Research keywords have been developed encompassing two research domains, i.e., (1) consumer behavior and (2)
electric vehicles. The research queries were launched on Scopus and Web of Science databases, resulting in 713
papers published in the 2015-2022 period. According to the screening phase, only papers (1) reporting an empirical
study, developing a theoretical model tested via numerical analysis, and (2) published in Q1 Scopus journals were
selected for the final analysis. As a result, the final database was made of 51 papers.

190 factors were found to influence, directly or indirectly, the consumers’ intention to adopt an electric vehicle.
These variables were organized in a "funnel" logic, where each variable was grouped by conceptual categories, which
were then organized into three distinct clusters: (1) economic cluster, (2) technology cluster, and (3) consumer
personal cluster. The first cluster includes all those conceptual categories that concern variables of an economic
nature, such as “Monetary benefits and incentives” and “Economic convenience”. The second cluster includes all
those factors focused on aspects strictly related to the technology of the electric vehicle, such as “Technology
expectations” and “Ease of use of technology”. Finally, the third cluster includes variables that had a “subjective”
nature, such as “Environmental concerns”, “Social pressures” or "Openness to new ideas”. Further, the relationships
among these variables in the purchasing process behavior have been highlighted.

This paper has theoretical, policy, and managerial implications. From the theoretical perspective, the study identifies
all the factors able to affect the purchase intention of electric vehicles, highlighting those that require further
investigation and proposing a future research agenda. Regarding the policy implications, the study can support
policymakers in defining policies aimed at incentivizing the adoption of electric vehicles, based on the factors that
have been recognized as the most effective in driving the consumer purchasing process. Finally, concerning the
managerial implications, the study proposes strategies that companies can adopt to push the adoption and purchase
of electric vehicles.

Keywords: sustainable mobility, electric vehicle, consumer behavior, purchase intention
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Abstract

This research project aims to study the set of regulations and policies in Brazil concerning the Nationally Determined
Contributions (NDC), voluntary guidelines for regulatory action for the emission of greenhouse gases created by the
Paris Agreement. Having the legislation and information collected by regulatory agencies as the basis for the present
study, it seeks to analyze the situation and impact of the transportation sector regarding GHG emissions and how
actions are being taken to control and mitigate the effects generated by such emissions. As well as prospects and
the sharp reduction of GHGs and the replacement of the energy matrix based on fossil fuels for a fuel-based said "
low carbon."

Keywords: maximum of five. (font verdana, italic, 8-point)

1.Introduction

Humanity has witnessed a series of disasters and environmental collapses due to the large-scale
use of fossil resources, which has led to an increase in the emission of polluting gases that potentiate
the greenhouse effect (DULLIUS et al., 2017). Although many countries have been done efforts to
minimize climate problems, such as the creation of the Intergovernmental Panel on Climate Change
(IPCC) in 1988, emissions of pollutants from the industrial activity are still an important source of air
pollution. Overall, industries do not consider the short and long-term costs associated with increased
deaths and diseases caused by pollution or they do not have proper instrument to deal with it as a role
(TAYRA; RIBEIRO; NARDOCCI, 2012: Araujo, 2021).

Pollution is defined by Dashesky (2003) as a negative change to some part of the biosphere or
aspect of our life, causing, if there is no intervention, annoyances, diseases, deaths, and even extinction
of species. So, in the case of air pollution, what is impaired is air quality, with changes in physical
characteristics, biological and biological organisms to the atmosphere, harming both living organisms
and materials and means. In turn, already in 1990, the Resolution n© 3 of the National Environment
Council (CONAMA), provides for air quality standards, provided for in the National Air Quality Control
Program (PRONAR), as follows:
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“considering the need to increase the number of air pollutants that can be controlled and
controlled in the country, and defines as atmospheric pollutant any form of matter or
energy with intensity and in quantity, concentration, time or characteristics in
disagreement with established levels, and that makes or can make the air:

I - inappropriate, harmful, or offensive to health;
II - inconvenience to the public welfare;
IIT - harmful to materials, fauna, and flora.

1V - detrimental to the safety, use, and enjoyment of the property and the normal
activities of the community." (Brazil, 1990)

The Brazilian legislation comprehensively considers "concentrations of sulfur dioxide, total
particulate matter in suspension, the product between total suspended particles and sulfur dioxide,
carbon monoxide, ozone, inhale particles, smoke, nitrogen dioxide(...)" (BRAZIL, 1990), although there
are specific standards for other pollutants components. In the present study, those listed by the previous
resolution will be those considered because these are the most recognized by the literature, legislation,
and national and international regulations and most documented by previous studies due to their more
incredible notoriety in the issue of climate change both for their presence in greater quantity in the
atmosphere and for their high harmful potential.

As a vital response to the growing concerns about the environmental issue, the Paris Agreement,
approved by 195 countries during the 21st Conference of the Parties (COP21) of the United Nations
Framework Convention on Climate Change (UNFCCC) in December 2015, represent a milestone in policies
to combat climate change. Its main objective is to limit temperature rise this century to levels significantly
below 2°C compared to pre-industrial levels and make efforts to limit this increase to 1.5°C (HOLLANDA,
2016). It is important to reiterate that the observed and predicted increase is because of the greenhouse
gases (GHG) concentration in the atmosphere. Thus, controlling the amount of these gases is crucial for
achieving this goal. The high nhumber of countries on the first date available for their signature indicates
that the world is moving inexorably towards a low-carbon economy. Recognized the risk offered by the
warming caused by the emission of GHG, especially carbon dioxide, which is the focus of reductionist and
conservation policies aimed at sustainability and sustainable development. Andrade and Mattei (2013)
highlight the increasing dependence on the global energy matrix of fossil fuels, which points to the need
for discussions about the energy transition.

Among the responses of the Paris Agreement to the issue of global warming and GHG emissions
reduction are the Nationally Determined Contributions (NDC), a voluntary commitment to reduce GHG
emissions and then adapt to the impacts of climate change established between signatory countries that
allow each country to adapt its actions, defining laws and public policies to the decarbonisation in the
different segments of the economies - among these land use, industry, and energy according to their
realities, needs, and available resources.

The general nature of NDCs revolves around the theme of controlling GHG emissions and adapting
to the effects of climate change. The Brazilian environmental agenda is directly regulated by the Ministry
of the Environment (MMA), and our intended NDC reaffirms its commitment to reduce net greenhouse
gas emissions by 37% in 2025, officially commits to reduce Brazilian emissions by 43% in 2030, and also
sets out the indicative goal of achieving climate neutrality — that is, net zero emissions, in 2060 (IBTS,
2020).

Given that the contribution of the Brazilian transport sector to GHG emissions is relatively
significant, with about 27% of these, and the ambition of the country determined to reduce its emissions
by 43% by 2030, it is necessary to analyze the proposals for intervention and mitigation of its transport
sector. We discussed the relevant legislation related, comparing it with the existing rules and laws
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internationally, and its connection with the scope and effectiveness of Brazilian intended NDC linked to
this sector.

2.Methods

This study seeks to analyze the regulatory and national policies set and their contribution to
adherence to intended NDCs. Thus, a review was carried out in the scientific literature and on federal
government database on normative instructions and selected three programs, the National Biofuels Policy
(RENOVABIO, instituted by Law n© 13,576, of 2017 (Brazil, 2017), the Rota 2030 (Mobility and Logistics
Program), by Law n® 13755, of 2018 (Brazil, 2018) and the Air Pollution Control by Motor Vehicles
Program (PROCONVE), by Resolution CONAMA n© 18, of 1986 (Ibama, 2011), considering the national
NDCs.

3. Analysis

Since has been proven that significant load of pollutants in the atmosphere cause deleterious
effects in the human population and environment, the studies show analysis possibilities, prediction to
proof and conclude the effects are sufficient to affect humanity and the environment as a whole and
economic activities. In the last decades, there has been a rise in the ordinary sense of the local and world
populations about the environmental topic, the need for recovery, mitigation, and a change of paradigm
to control the consequences if there are no changes in the pace and mode of development of human
activities. We also observed efforts and discussions in the direction of control, legislation, and regulation
of human activities for the least possible impact on the already overloaded environment.

Given that, in the world, transportation is the largest consumer of petroleum-based fuels,
accounting for 57% of global demand, and 93% of final energy use in global transportation originates
from this derivative (Cazzola et al., 2016). Ensuring the sustainability of mobility of people and freight is
a crucial challenge for the entire world in the coming decades. An important step has been taken in the
establishment of Nationally Determined Contribution (NDC) targets.

The Renovabio policy (Law n° 13.546, of 2017), intends to promote the decarbonization of the
transport sector in Brazil; the Program is based on three instruments (MME, 2020):

(i) the GHG emission reduction targets;
(i) the certification of biofuels;
(iii) the Decarbonization Credits (CBios).

The Program delimits a model for reducing carbon emissions and provides predictability for
environmental, economic, and social sustainability on the role of biofuels in the Brazilian energy matrix,
contributing to expand biofuels market share and increase the production and use of biofuels concerning
energy security and GHG mitigation in the transport sector. The Renovabio's prerogative is to value the
environmental benefits generated through biofuels, measuring the amount GHG that is no longer emitted
into the atmosphere once ethanol and biodiesel replace fossil fuels, fitting as a positive externality.

A system was created through which biofuel production needs validation, a note to assess how
sustainable and efficient its production process was, based on the product's life cycle assessment (LCA).
A scientific-based process seeks to quantify the volume of GHG generated by a given product throughout
its production chain. The Renovabio considers both raw material (agricultural) and industrial production
phases. The environmental energy efficiency score represents the difference between the fossil fuel and
its produced biofuel substitute’s carbon intensity (CI), according to SOARES (2020). The Cbio score is
object of third-party validation and certification, under the regulation’s umbrella of the National Agency
of Oil, Natural Gas and Biofuels (ANP), as set out in Resolution n® 758, of 2018 (Brazil, 2018).

By centralizing the evaluation in the CI of each fuel with the potential to promote energy efficiency

“ENVIRONMENTAL CHALLENGES: ACTION OR REACTION TO SAVE THE PLANET? LOCAL AND GLOBAL
STRATEGIES FOR ECOLOGICAL AND SOCIETAL TRANSITION” - Florence - Italy - July 15, 2022



53

In Giannetti, B.F.; Almeida, C.M.V.B.; Agostinho, F. (editors): Advances in Cleaner Production, Proceedings of
the 11" International Workshop, Florence, Italy. July 15%, 2022

gains in the production those with lower levels of associated emissions will be able to issue a more
significant number of CBios for commercialization. We are seeking to encourage the producer to invest
in less carbon-intensive processes, differentiating the products and valuing production with better energy
use. The efficiency notes of the production process and the factor for issuing CBios, published on the ANP
website, through the Approved Certificates spreadsheet, the producing companies will be able to issue
their CBios, and market them on the stock exchange. There is no pre-established value, only the cost of
its bookkeeping with the financial agent responsible for its commercialization.

The efficiency score of the production process, and the factor for issuing CBios, disclosed on the
ANP site (Approved Certificates), will allow producing companies to issue their CBios, and trade them on
the stock exchange. There is no regulation for minimum or maximum price; however, the regulatory
agency has the competence to set the amount of CBios to be hold by final agent (fuels’ distributors) in
case of being justifiable, interfering how market works in terms of CBios offer and demand. There is an
expectation of values according to international markets around U$10.00/Cbio, the average price of
carbon credits.

The Rota 2030 Program - mobility and logistics, comprises a part of the Federal Government's
strategy for developing the automotive sector in the country, which provides for the expansion and global
insertion of the Brazilian automotive industry through the export of vehicles and auto parts. This
expansion of competitiveness is tied to technological differentiation, not only in reducing costs but
increasing the investments in research and development (R & D), based on the principles of sustainability
and citizenship. This Program has been implemented as a medium-term time public policy (fifteen years)
divided into three cycles. Each five-year cycle will carry out a policy review, resulting in the instruments
and targets’ reorientation so that companies and agents can schedule their investments. The program
presents a series of guidelines, including stimulus to produce new technologies and innovations; to
increase economic and efficiency, and to promote the use of biofuels and alternative forms of propulsion
to enhance the Brazilian energy matrix. In this way, the results achieved will be externalized to society
through increased energy efficiency and safety of vehicles sold in the country (BRAZIL, 2022).

The Program presents a series of guidelines, among them to stimulate the production of new
technologies and innovations; increase energy efficiency and promote the use of biofuels and alternative
forms of propulsion, and enhance the Brazilian energy matrix having in its strategic structure the
following objectives:

(i)establishment of mandatory requirements for the commercialization of new vehicles produced
in Brazil or the importation of new vehicles;

(ii)tax benefits for companies that spend money on R&D in the country; and
(iii) regime for non-manufactured auto parts.

It is possible to follow the advanced results of the Rota 2030 Program through the Monitoring
Group, which carries out the evaluation and monitoring by Law n° 13.755 of December 10, 2018. This
legislation has brought a series of development incentives for the Brazilian automotive industry and has
required the compliance with some requirements, such as energy efficiency, vehicle safety, and R&D
expenditures (BRASIL, 2022).

The Air Pollution Control Program for Motor Vehicles (PROCONVE) and the Air Pollution Control
Program for Motorcycles and Similar Vehicles (PROMOT) and other essential instruments created to
establish guidelines, deadlines, and legal standards for permissible emissions for the different categories
of vehicles, national and imported, were both established through CONAMA Resolution n© 18 of May 6,
1986, and CONAMA Resolution n© 297 of February 26, 2002, respectively. They are based on international
experiences in which the main goal was to reduce air pollution from mobile sources such as motor vehicles
by setting maximum emission limits using the command-and-control instruments, strengthening the
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technological development of manufacturers, and establishing vehicle technological requirements, whose
proof will be possible through standardized tests (IBAMA, 2011).

5.Conclusion

To analyse the feasibility, effectiveness, efficiency, and applicability of measures to control and
reduce carbon emissions, it is essential to analyse the primary laws and standards related in the country,
as well as collect information from agencies and entities responsible for the synthesis of data on the
subject both nationally and internationally, to finally be able to observe whether there is adherence to
nationally contributions from the collected data. Thus, the following steps involve the analysis of materials
relevant to the theme understudy, following the following steps:

1. Collection of data from legislation, public policies and agencies, and programs such as CET,
CETESB, ADTRAN, IBAMA, IBTS, PROCONVE, and PROMOT, among others, to obtain data regarding the
evolution of NDCs, such as the volume of vehicles and specific emissions in the transport sector;

2. Analysis of the data collected on the international scenario of regulation of CO2 emissions and
vehicular fuels and comparison with the Brazilian reality;

3. To point out essential changes and proposals in terms of public policies and standardization
regarding road transport that would facilitate the achievement of the goals proposed in the Paris
agreement.

4. Conclusion of the analysis on the issue of GHG emissions and reach of NDCs in the transport
sector from the economic and environmental points of view and possible publication of the results.
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Abstract

Studies on Sustainable Production and Consumption (SCP) have become increasingly commonplace due to constant
discussions concerning environmental preservation. For this reason, this research aims to analyze Sustainable
Production and Consumption practices at micro-enterprises in the State of Pernambuco, Brazil. For data collection
purposes, a questionnaire prepared based on the available literature on the subject was used, containing blocks of
indicators on the most relevant topics concerning SCP. The questionnaire was applied personally or via e-mail with
representatives of micro-enterprises, operating in the industry and services sectors. Along with the results, it was
possible to characterize the most used practices by the analyzed companies. Both occasional practices, as seen. For
the group studied, administrative practices were the most implemented, and the issues related to their environmental
impact reduction were the least implemented. Furthermore, the main benefits provided to companies that use SCP
practices and how these benefits can increase their market competitiveness were identified.

Keywords: SCP. Environmental preservation. Micro-enterprises. Industry and Services.

1. Introduction

The inappropriate use of natural resources has intensified in recent decades, causing, among other
consequences, the decay of ecosystems, rising temperatures that heightens the risk of forest fires, and
change in natural cycles resulting from bold human intervention, favoring environmental degradation
(De Gouvello et al., 2010; Besser & Hamed, 2021). In this context, environmental issues have achieved
such visibility that they drove the companies to incorporate environmental management and promote
the creation of favorable, sustainable, environmental actions (Yang et al., 2010; Wilson & Bryant, 2021).

Under these circumstances, the main way to slow down environmental destruction would be to raise
awareness and change habits for better use of natural resources. These adaptations were no longer
possible using 'end of pipe' actions, which consist in acting to solve the problem without questioning it,
but not eliminating it, requiring huge investments in pollution treatment equipment. Thus, due to the
comprehensiveness of its concepts that seek the effective use of resources and generation of less waste,
aligning positive financial results, innovation, and environmental protection, the Cleaner Production (CP)
emerged as one of the solutions to replace the 'end of pipe' manner, (UNEP, 2003; Diezmartinez, 2021).
Furthermore, if companies use their resources intelligently, they will achieve long-term competitive
advantages (Michaelis, 2003; Liu et al., 2021).

Clean production was becoming increasingly relevant due to scarcity and pollution-aware practices,
besides being a government pressure response towards the consumer market (BerkelL, 2011). Its ease
of implementation was a determining factor for it to expand and for companies to adopt its practices.
However, with increased consumption and population growth, the concept of expansion need came so
that "in addition to environmental issues, it incorporated the consumption perspective and social
variables" (Vieira & Amaral,2016; Neto et al., 2022), thus emerging the concept of Sustainable
Consumption and Production (SCP).

The change of concept from Cleaner Production to Sustainable Consumption and Production was officially
recognized at the World Summit on Sustainable Development in Johannesburg in 2002. It was when its
importance for sustainable development was acknowledged. In 2003, in the Marrakech Process, a
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commitment was made to "promote the development and implementation of SCP policies, programs and
projects, providing support to governments, the private sector and other actors in the implementation of
SCP activities at national or regional levels” and to develop a 10-year program to accelerate the transition
to SCP (UNEP, 2011).

The environmental situation in Brazil is often considered critical due to the uncontrolled population growth
and the country's economic base, which force the execution of works that accompany the development.
However, the lack of government commitment postpones the completion of basic rights, such as basic
sanitation and others, contributing to the increase in the pollution index (Jabbour et al.,2012).

With the globalization of the markets, Brazilian companies have gained international prominence by
transparently showing their concern for environmental practices in response to demands related to
sustainable development. Until the 1990s, the companies' environmental information was mostly related
to environmental management and legal commitment; however, as of from 2010 and on, environmental
impacts and the consumption of natural resources took on greater importance in their analyses (Rosa et
al., 2015).

Therefore, the creation of Sustainable Production and Consumption — SCP policies became necessary. As
technologies emerged, natural-resource use was reduced, while consumption and production grew
dramatically. Although sustainable development is on the rise, many countries continue on the
unsustainable development path, causing increasingly strong environmental impacts (Vergragt et al.,
2016).

Thus, it is relevant to highlight that each company must do its part by contributing to sustainable
development, even with small actions in their production processes. Sustainable consumption and
production are considered fundamental ways to solve the environmental resources problems that
humankind is facing (Xu et al., 2018).

This study analyzed Sustainable Production and Consumption (SCP) practices at Brazilian micro-
companies located in the State of Pernambuco. We used a questionnaire identifying the benefits these
practices bring, as well as their importance to increase the competitiveness among micro-companies.
The study also contributed to the literature on the subject and to the possibility of replication for other
companies - some practices may already be in use but are not characterized due to the lack of knowledge
for managers.

2. Methodology

The approach used in this study was mixed, characteristically combining two methods and making it
possible to present the leveling between the methods in its results. From the perspective of
methodological strategics, the research is a case study that approaches an investigation to preserve the
holistic and significant characteristics of the real events (Yin, 2009).

2.1 Characterization of the exploratory study

The research was conducted in micro-enterprises in the State of Pernambuco, located in the Northeast
Region of Brazil. The participants have the National Register of Legal Entities (CNPJ) active in the state.

The majority of the companies were found considering their proximity through research carried out on
the internet. A total of 10 micro-companies participated in this research.

Non-probability sampling was used due to its low cost and low need of time, shortening the time needed
to carry out the research. Since the n is considered small, the sample was analyzed by descriptive
statistics and the research was conducted for convenience.

It is important to emphasize that the research was approved by the Research Ethics Committee,
according to Resolution 466/12 of the National Health Council, and data collection was only carried out
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after the opinion of the Ethics Committee. All research participants signed the Informed Consent Form.
2.2 Data collection

Data collection was conducted via a questionnaire, built based on studies conducted by several authors
found in several scientific study databases, in addition to official documents disclosed by the Brazilian
Ministry of the Environment. The instrument is composed of 50 structured questions related to
sustainable production and consumption practices, these questions are designed as key indicators for
measurement and divided into eight dimensions, while the answers are given through a growing degree
of intensity with the use of a five-point Likert scale. These were sent by e-mail or applied personally.

The first part of the questionnaire involves professional questions about the respondent, related to
education, position held and length of time in the company, and whether the respondent has any systems
certification.

The second part of the questionnaire was divided into specific groups: General Indicators, Administrative
Practices, Natural Resources, Environment, Waste/Recycling/Effluents, Selective Collection, Suppliers,
and social practices regarding Sustainable Production and Consumption actions in the company. To
facilitate the visualization of the tabulated results, the groups were identified by acronyms, as illustrated
in Table 1.

Table 1. Dimensions and analysis indicators for identifying the responsible contribution of micro-
enterprises to sustainable consumption

Dimensions Description Indicators Acronyms

General Addresses the adoption and | Adoption of SCP and CP Practices. G1

Indications implementation of sustainable | Top Management Support. G2
consumption, production practices, | Quality Programs. G3

and cleaner production, in addition
to the implementation of a quality

program.
Administrative | It deals with the conscientious use | Use of recycled paper. AP1
Practices of administrative resources, | Conscious use of paper. AP2
materials, and incentives for | Reuse of (draft) paper. AP3
sustainable practices by | Conscious use of electricity by | AP4
employees. employees.
Encouraging the use of mugs. AP5
Natural It questions aspects of the | Reduction in electricity consumption | NR1
Resources economics of natural resources, as | Use of LED or energy-saving lamps. | NR2

well as their rational use and the | Actions to reduce  peak-hour | NR3
balanced relationship  between | electricity consumption.
human activities and nature. Using presence sensors to save | NR4
energy.
Use of energy from renewable | NR5
sources (wind; solar).
Reduction of water consumption. NR6
Water reuse. NR7
Development of internal campaigns | NR8
to make employees aware of water,
energy, and other input
consumption.

Improvement of the Quality of | NR9
goods/ or services through process
standards.

Reuse of any natural resource used | NR10
in its production process.
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Use of biofuels (biodiesel, biogas, | NR11
ethanol).

Environment It portrays the consideration that | To have a sector exclusively | E1
companies give to their image, the | responsible for the environment.
obligations and prevention of | Actions to reduce the impact on the | E2
environmental accidents, the | environment.
impacts that companies generate | To have environmental preservation | E3
on the environment, the concern | projects.
with impact reduction, and the | Conducts reforestation. E4
presence of an environmental To have an Environmental | E5
management system and | Management System (EMS).
sustainable  production  and [ To have a Sustainable Production and | E6
consumption programs. Consumption program.

Waste / The questions consider the | Disposal of solid waste according to | REC1

Recycling / directives of the Sustainable | the National Solid Waste Policy Law.

Effluents and Production and Consumption Plan | Conducts waste treatment. REC2

Selective (PPCS) together with the targets of | To have practices that influence the | REC3

Collection the National Solid Waste Plan | reduction of waste emissions.

(PNRS) and the National Plan on | To have a practice that influences the | REC4

Climate Change (PNMC), regarding | reduction/waste of raw material

the selective collection, reverse | consumption.

logistics, and waste recycling. Recycling/reuse of waste generated. | REC5
Carries out effluent treatment. REC6
Performs reverse logistics. REC7
Has a 5S program. REC8
Performs selective collection. REC9
Uses recyclable packaging. REC10
Has a partnership with a recycling | REC11
cooperative.

Suppliers I asked whether respondents seek | Suppliers using sustainable | S1
suppliers who wuse sustainable | practices.
practices, whether they train them | Program to train suppliers in | S2
for this behaviour, and whether | sustainable practices.
they prioritize nearby suppliers to | Prioritize purchases from nearby | S3
reduce logistics costs. suppliers to reduce logistics costs.

Social It asks whether companies are | Actions for the well-being of | SP1

Practices concerned about the well-being of | employees, society, and the
their employees and the community | environment.
in which they operate. Has an internal reporting channel | SP2

(harassment, embarrassment, i.e)
Support/performance of social work | SP3
with the surrounding community.

Benefits It addresses the benefits acquired | Apply sustainable practices, seeking | B1
by companies with the adoption and | to become more competitive.
implementation  of  sustainable | Customer satisfaction survey. B2
consumption practices. Consider the demands of customers | B3

relating to sustainable production
processes.

Reduction of production costs. B4
Increase in production capacity. B5
Rate of benefit to the company. B6
Customer loyalty rate. B7
Increasing the number of customers. | B8

The questions were answered according to a five-point Likert scale, where: 1= 0% (There are no actions
applied; 2= 20% (The company management has action projects); 3= 40% (Actions are at the beginning
of application); 4= 70% (Actions were partially applied) and 5= 100% (Actions were fully applied), plus
the option N/A (Not Applicable) if any question does not apply to the company.

Each group of questions also includes an evaluation that allows the respondent to say in what percentage
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- from 0 to 100% - each action is practiced in the company. This was because the actions may be
implemented, however, still did not work as expected.

The third part of the questionnaire addresses questions that assess to what degree the respondent
believes that the practices are seen as benefits to the company, used again the Likert scale of 5 points,
where: 1=Strongly Disagree, 2=Partially Disagree, 3=Neither Disagree or Agree, 4=Partially Agree and
5=Strongly Agree. The same percentages were applied to the group of specific questions.

Thus, in the software used, the scale was maintained and its respective percentages were identified in
the labels. This was also valid for the "practiced" column, and in the "benefits acquired" block. The labels
were identified with the same description as the scale means in the questionnaire, ranging from "Totally
Disagree" to "Totally Agree."

3. Presentation of SCP practices in micro-enterprise in Pernambuco

Firstly, the companies and the respondents will be characterized in terms of size and sector of activity,
then, the data of the respondents will be presented according to their position/function, time in the
company, and level of education.

3.1 Characteristics of the Companies and respondents

Companies were characterized according to the sector in which they operate. Questionnaire respondents
were collaborators equipped with the necessary knowledge to provide sustainable production and
consumption practices employed by companies, irrespective of the position held. The characteristics of
companies, professionals, information, position held, and the corresponding length of time in the
company are illustrated in Table 2.

Table 2. Characterization of the companies and respondents

The COMPANY ACTIVITY RESPONDENT COMPANY TIME set
of (YEARS)

Hairdresser Partner-Owner 38

Cosmetics Trade Partner-Owner 12

Food Industry Managing-Partner 20

Health Club Assistant Producer 7

Drinks Industry Manager 15

Food Service Managing-Partner 13

Accounting and Courses Director - Responsible 6

Food Service Partner-Owner 8

Bakehouse Owner 15

Paint Industry and Trade Administrative Supervisor 9

companies studied was well diversified and covered the sectors of goods and services. Most of the
respondents were the owners of micro-enterprises with a market time that ranged from 7 to 38 years.

3.2 Results of sustainable consumption practices implemented by micro-companies

The indicators were analyzed through the averages of the responses of each participating company. Fig.
1 illustrates the percentage of the implementation of each indicator of sustainable consumption practices
for the group of micro-companies studied.

One can observe that out of the five most practiced sustainable consumption practices, three are related
to the conscious use and reduction of electric power consumption and the use of economical light bulbs
(NR2, NR1, AP4). Reusing office papers and encouraging the use of mugs at the company (AP4, AP5)
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are also among the five most implemented practices.

These five sustainable consumption practices have a direct impact on company costs, which is why they
are the most widely implemented; firstly, the microentrepreneur thinks about reducing costs and
expenses and not the environment, and indirectly he contributes to sustainable consumption. As
expressed by Xu et al. (2018), the motivation for the development of sustainable practices of many
stakeholders involved in the process comes from their interests and not from environmental concerns.
For this reason, the development of a market with sustainable consumption practices is unbalanced.

Fig. 1. Indicators of sustainable consumption practices of micro-enterprises
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contrast, the five sustainable consumption practices the least implemented by companies, apart from
the presence of a sector responsible exclusively for environmental issues (E1) and the presence of an
environmental management system (E2), in third place the micro-companies studied do not carry out
the selective collection in their establishments (REC 9), and also do not implement quality management
programs (G3), and finally, do not implement the use of more sustainable fuels (NR11).

About indicators E1 and E2, micro-companies have both internal and external barriers to solving their
environmental problems and adopting and implementing an Environmental Management System, but the
internal barriers are higher because of the negative culture of the company regarding the environment.
It makes the adoption of the EMS fail at the first obstacle, coupled with low awareness and lack of
pressure from customers, maintaining this initiative on a non-priority plan for this category of the
company (Hillary, 2004).

Another practice less implemented by the microenterprises studied, is the performance of selective
collection. Despite being a widespread practice worldwide, Brazil is still far behind in this aspect, which
can be corroborated in the study of Hettiarachchi et al. (2018), who reports that countries in Latin
America and the Caribbean do not have practices of selective collection on a large scale and, that only
about 4% of all the rubbish produced is recycled due to the lack of public policies. Ibafiez-Forés et al.
(2018) confirm in their research that Brazil still neglects selective collection and the correct destination
of solid waste, despite having great potential to generate secondary raw materials from recycling.

The fourth indicator less implemented by microenterprises was the quality management programs. This
fact may have occurred because entrepreneurs at first do not see or do not know the benefits of it,
associating the quality of management with high costs, associated with the myth that they need a large
and innovative structure (Pearson, 2015).

The implementation of the use of more sustainable fuels has little adherence among micro-enterprises,
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it is a reality in developing countries that opt for energies from traditional, convenient sources such as
electricity and fossil fuels, as presented in the studies of Shrestha et al. (2005). When analyzed by the
dimension to which the indicators belong, the results found are presented in Fig. 2.A.
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Fig. 2.A Dimensions of sustainable consumption practices. 2.B Perception of the benefits acquired with
sustainable consumption practices by micro-enterprises

In the researched group, the administrative practices were the most implemented by micro-companies,
and these practices are related to the indicators of the use of recycled paper; conscious use and reuse
of paper; the use of electric power responsible by employees; and, the incentive to use mugs to reduce
disposable cups, corroborating with the most implemented indicators by the analyzed micro-companies.
In this sense, organizations are moving toward implementing sustainable consumption practices, which
may be related to planned strategic efforts and daily efforts to denaturalize consumption patterns in the
workplace, which may be limited to their capacity (structure, knowledge, financial) (De Figueiredo et al.,
2020).

On the perception of entrepreneurs as to the benefits acquired by adopting sustainable consumption
practices, the result is presented in Fig. 2 B.

In the question on SCP practices and competitiveness, from a total of 10 micro-companies, 6 of them
partially or totally agree that the use of SCP practices is directly linked to making them more competitive,
2 companies neither agree nor disagree, and 2 companies partially or totally disagree with the statement.
The result shows that although sustainable practices are increasingly common, not only due to legislative
pressures but also due to pressures from society, it is still not unanimous among micro-companies that
it can make them more competitive.

In the question on satisfaction research, it was possible to assess that micro-companies are concerned
with customer opinion, considering improving their service, processes, and products, besides the
possibility of making them loyal. In the question about customer demands, the results show that most
companies responded that they partially or totally agree with the statement. This question comes to
confirm how strong the opinion of customers is, causing companies to seek ways to satisfy them, aware
that this can directly influence the company's image.

The question on cost reduction illustrated that the vast majority of companies totally agree that this
practice reduces costs, given that there are several ways to reuse, recycle or even adhere to renewable
sources in their processes. Even though it requires an initial investment, in the short, medium, or long
term, the financial return and contribution to environmental preservation are evident.
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The answers concerning the increase in productive capacity demonstrate that 6 companies partially or
totally agree, 3 companies were indifferent and 1 company partially or totally disagreed. Possibly, one of
the reasons for the difference of opinions was due to the sector of the companies, which has activities
between industry and services.

When asked about the benefits of sustainable practices, most companies agreed either partially or totally,
i.e., irrespective of the sector in which they operate, sustainable practices may bring benefits. The
benefits can be seen in several ways, and among them, the companies mentioned the reduction of costs
with energy, paper purchase, reduction of transportation costs, improvement in the company's image,
personal satisfaction for the collaborators, and also improvement of the cleaning and organization in the
company.

The results about customer loyalty show that 6 companies partially or totally agree, 2 companies were
indifferent and 2 companies partially or totally disagreed. Customer loyalty depends on several aspects,
however, companies are gradually becoming aware that sustainable practices become increasingly
important to reach this goal.

In the last question of this block, concerning the increase in the number of clients, the most relevant
data reveal that most companies replied that this issue is indifferent, i.e., that there is no direct relation
between adhering to sustainable practices and obtaining more clients. For micro-companies, despite the
unanimous agreement on the benefits that sustainable practices bring, it can be noticed that some issues
are still a challenge to be worked on, since companies may not yet attribute the proper importance to
the use of sustainable practices and their total functioning, to have a perception of the benefits.

4. Final Considerations

Although the companies studied have adopted some measures to promote sustainable consumption
practices, little progress has been made and the shortcomings are still large.

Micro-companies mostly use the simpler, low investment practices, yet they had positive participation in
all blocks of questions, emphasizing their interest in implementing or even expanding sustainable
practices, aiming at offering better quality products/services and even improving the company's image.

This factor occurs because, as of this research, it was possible to observe that there is a lack of knowledge
for micro-enterprises about the several actions that may be sustainable. This might be because
entrepreneurs still believe in the myth that only large implementations make a difference in day-to-day
life, however, simple activities such as, for instance, using mugs instead of disposable cups, turning off
monitors when leaving the workstation, and reusing inputs used in their processes, may generate benefits
such as cost reductions.

Therefore, there is a reflection on the results presented, so that companies understand the importance
of implementing sustainable practices, both for their benefit and for the society that has become
increasingly concerned with issues of environmental degradation.

As Martinez and Poveda (2022) point out, it is important to promote sustainable consumption practices
suitable for micro-enterprises, so that entrepreneurs understand the advantages of cleaner production
practices as a strategy to improve the process, increase customers, reduce costs and ensure product
quality.
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Abstract

In early 2020, the world population was surprised by the pandemic caused by the coronavirus (SARS-CoV-2) which
derives Covid-19, generating a major concern in society due to the rapidity of spread in various regions of the world,
presenting different socio-environmental impacts. In view of the Covid-19 pandemic, solid waste management can
lead to contamination, thus increasing the number of victims of SARS-CoV-2 in all countries, which represents a risk
of transmission. The objective of the research was to evaluate the progress of scientific research focused on the
thematic axis, Covid-19, solid waste, and the environment, emphasizing the relevance of the articles through the
state of the art. To this end, a review of articles on the ScienceDirect platform was carried out through the
systematization of steps, seeking to identify the solid waste management procedures adopted by some countries
during the confrontation of the Covid-19 pandemic. The increase in the production of articles is noticeable, especially
from 2021, evidencing the thematic axis of the research study area that is on the rise. With this, it was found that
Covid-19 and Solid waste has received little attention in the academic area and application in solid waste
management in the pandemic.

Keywords: Dissemination; Environment; SARS-CoV-2

1. INTRODUCTION

The global crisis caused by the SARS-CoV-2 virus (Covid-19), which is responsible for the pandemic, has
caused a great challenge for humanity, affecting the economy, social and environmental issues.
Pandemic-level diseases have irreversible consequences for society, especially in the area of public
health. At the end of 2019, in Wuhan, China, there was the beginning of what was later understood as a
pandemic, the Covid-19 virus [1]. This was identified as a zoonotic coronavirus, similar to the Severe
Acute Respiratory Syndrome (SARS) coronavirus and the Middle East Respiratory Syndrome (MERS) [1],
which caused serious problems at the national and international levels.

The transmission of this virus is by respiratory droplets from one person to another by direct route and
contact with contaminated surfaces, by the indirect route [2]. The World Health Organization (WHO)
warns about the proliferation of cases of pneumonia, resulting from Covid-19 and the appropriate combat
measures for each person, such as physical isolation, use of masks, hygiene and sterilization with gel
alcohol [3]. As a result of these measures, the Covid-19 pandemic changed several human behaviours,
causing social and economic impacts, such as the need to review solid waste management, due to the
high risk of contamination of the disease [4, 5].

In relation to the Covid-19 pandemic and Solid Waste Management (GRS), inadequate collection practices
stand out, which can lead to contamination of solid waste, being a worrying transmission risk in the
pandemic [6]. Therefore, the safe handling and final disposal of these wastes are vital elements for living
with SARS-CoV-2 [7]. For workers who work directly and indirectly in the different forms of collection,
this risk is heightened [8]. Although relevant and significant attention has been given to public policies
aimed at managing Covid-19 in the health sector, in another field of research there was a deficit of
observation, as in the area of solid waste. Despite the clear links between health, solid waste and
development in the expected changes in nature with the composition of materials in a pandemic [9, 10].
From this perspective, several studies have analysed the adherence and permanence of SARS-CoV-2 on
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inanimate surfaces, which makes it essential to create strategies to minimize the possibility of a trail of
contagion of this pathogen [11, 12, 13, 14].

Thus, this article aims to evaluate the progress of scientific research focused on the Covid-19 thematic
axis, Solid Waste and the Environment, emphasizing the relevance of studies at the international level.
The use of data mining and knowledge management and process by bibliometric and scientific metric
study were carried out, using articles from the ScienceDirect platform, seeking to identify the solid waste
management procedures adopted by some countries in the academic area during the face of the Covid-
19 pandemic. In this way, the use of data mining served as a basis for understanding the state of the
art and helping to advance scientific knowledge.

2. THEORETICAL FOUNDATION
2.1. Covid-19 pandemic

Since December 2019, significant data have caused alarm in society due to the rapidity of the virus's
contagion. The World Health Organization [15] coronavirus panel record, up to February 11, 2022,
showed a total of cases globally, 404,910,528 confirmed cases, including 5,783,776 deaths and a total
of 10,095,615,243 vaccine doses have been administered. Given this information, it cannot be denied
that the pandemic so far remains a challenge for global public health.

Coronaviruses are single-stranded RNA viruses that can infect not only humans, but also a wide variety
of animals [16]. These viruses were first studied in the 1960s [17], in cultures of patients with the
common cold [18]. In 2020, the World Health Organization expressed concern about the spread of Covid-
19 to public health. There are two main features that have caused this virus to spread far beyond
geographic borders, clinical and rapid person-to-person transmission and the movement of people
between countries. The clinical feature suggests that the disease barely responds to conventional
treatments; therefore, treating those in critical condition is a challenge. In transmission, the environment
also plays an important role in the global development of Covid-19 [19].

Due to the severity of the spread of SARS-CoV-2, in 2021, the World Health Organization recently
declared South America as the new epicentre of the Covid-19 pandemic, as Brazil became one of the
most affected countries [20]. In addition to the economic impacts, public health and social isolation also
caused direct and indirect environmental effects. According to some authors [5], who presented
recommendations to minimize the contagion trail of Covid-19, this study pointed out that it is essential
to raise awareness and engagement of society and the planning and support of all affected countries,
following the reality of each region.

2.2. The challenge of solid waste management in the face of Covid-19

Solid waste management is another extremely important aspect that can contribute to the spread of the
pandemic in the community, but which has not received much scientific attention [21]. Regarding the
pandemic and waste management, scientific research indicates that these can be a vehicle for the
transmission of the coronavirus and that they represent a risk for the population and operators who work
directly in the different forms of collection, treatment and final destination [8, 22].

According to some authors [18], it is important to emphasize that the contagion not only of some known
pathogens, but also of the new coronavirus, when waste management is inadequate, aggravates the
confrontation of this health and environmental problem. These problems involving solid waste have
economic advantages that reflect on the health issue, favouring the reduction of diseases [23, 24].

Some European countries have adopted strategies to prevent the spread of the virus, such as establishing
a minimum time of 72 hours to carry out garbage collection, in order to reduce the risk of contamination
by handling [25]. This is due to the long persistence of the virus on some inanimate surfaces, such as
ceramics (5 days), aluminium (up to 8 hours), at a temperature of 21°C; plastic (up to 6 days), between
22 and 25°C; and metal (5 days), glass and wood (4 days) at room temperature [11, 26, 27]. However,
these fomites (these are the commonly known building blocks of the environmental aspect of Covid-19)
can be inactivated through surface disinfection procedures, with 62% to 71% ethanol, 0.5% hydrogen
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peroxide or 0.1% sodium hypochlorite, in 1 minute. Other factors relevant to the survival of the virus on
inanimate surfaces are air; wastewater and meteorological factors, such as wind speed, absolute
humidity, incidence of sunlight, atmospheric pressure, among others [19].

World Health Organization [3] has provided guidance on a safely manage of waste and water residual.
In this way, other organizations have developed guidelines with the objective of raising awareness and
encouraging local actions related to the safe management of recyclable solid waste for protection and
prevention directed towards health, and the environment, including workers who have direct contact with
this material [28, 29].

3. METHODOLOGY

For the development of this study, a bibliographic survey was carried out to approximate the thematic
axis. This method consists of reading public material, increasing the initial knowledge about the topic
[30], as well as determining a bibliometric study, employing a qualitative and quantitative approach,
which gives the research a higher quality in the description, in the evaluation and in monitoring scientific
production [31]. The bibliometric analysis allows the researcher to approach the object of study, as well
as allowing the analysis of statistics from the academic literature, from different perspectives [1]. Scient
metrics is the term used to describe the study of science: growth, structure, interrelationships and
scientific productivity, being relevant to understanding the evolution of knowledge on a given topic [32,
33].

The structuring of the article was carried out through the systematization of a set of steps, in order to
investigate the state of the art of the work on solid waste management guidelines due to Covid-19. In
view of this, the methodology of the article was decomposed into three stages: (i) data collection, (ii)
data processing and (iii) data analysis (quantitative and qualitative of bibliometric and scient metric data)
(Figure 1).
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Figure 1 - Research flowchart with the thematic axes addressed
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3.1. Data collection

The research was carried out in the ScienceDirect database, seeking scientific articles published from
December 2019 to February 2021, using the platform of the Periodicals Portal of the Coordination for the
Improvement of Higher Education Personnel (Capes). For the query, the keywords Covid-19 AND Solid
Waste AND Environment were used as search criteria. Then, 701 articles in English were found in the
total of the search. In order to obtain more accurate results, a filter was applied in which scientific articles,
journals and the areas of knowledge were selected: Engineering and Environmental Sciences, totalling a
quantitative of 96 published articles, in addition, previous articles were analysed in full, after this
evaluation, 17 publications remained relevant to the theme proposed in the development of the research.
The articles not used in the research served as support and basis for the discussion of this work.

3.2. Data processing

The collected data were separated by category: year of publication, authors, institution, journal, country
and the Impact Factor (IF), which is the main metric that qualifies scientific publications based on article
citations [34]. Scientific articles were evaluated quantitatively and qualitatively, using Descriptive
Statistics, with the help of the Microsoft Office Excel program. With the information from the research,
graphs and charts were prepared to assist in the discussions of textual analyses in a quantitative and
qualitative way.

3.3. Data analysis

The textual analysis was performed using the Iramuteq software (Interface de R pour les Analyses
Multidimensionnelles de Textes et de Questionnaires). This program allowed the grouping of words
according to repetition in the set of analysed texts. Therefore, the frequency of words was determined,
which allowed the creation of the cloud by compatibility, referring to the titles, abstracts and keywords
of the sample articles [35, 36]. A network mapping was performed using the VOSviewer software, which
made it possible to observe the relevance of the articles [37, 38].
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4. RESULTS AND DISCUSSION

Publications referring to the thematic axis Covid-19 and solid waste management totaled 96 articles, and
with the reading of these, 79 were removed from the sample because they did not deal with the focus of
bibliometrics, even if presenting the keywords in the text, resulting in a sample end of 15 articles. In
these, 51 authors were identified, being these from different countries (Figure 2). The countries that
most developed academic research related to the topic India and Bangladesh. These articles reflect on
different measures taken to minimize the outbreak in these countries [39].

Figure 2 — Publications on Covid-19 and solid waste management by country, during the period from December
2019 to February 2021
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It is observed that in India there was a contribution of 33.3% of the publications, corresponding to 17
authors who published articles, while Bangladesh resulted in 11.8% of the publications, and 06 authors.
Next, the countries Iran, Brazil and the United Arab Emirates stand out, where each country contributed
with 7.8% of the studies, which corresponds to 04 authors publishing in journals. Guyana and Indonesia,
5.9% each, and 3 authors. For the countries of Australia, Sri Lanka and Sweden, this percentage was
below, resulting in 3.9% each, which corresponds to 2 authors per publication. Finally, Ireland, Nigeria,
Portugal and the USA contributed with 2%, totaling 1 author per publication. This topic has not received
due importance as a potential trail of contagion causing the spread of the virus in society [21]. Another
factor previously addressed by the authors is the lack of environmental and social structure, which can
increase the likelihood of human contact with contaminated solid waste (Figure 3).

Figure 3 - Publications and contributions of scientific articles during the years 2020 and 2021
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In addition, the situation of the Covid-19 pandemic caused limitations among several countries, which
led to significant changes and increases in the storage of various wastes, resulting in a challenge for the
proper disposal of these materials [39]. According to Zhou et al. (2021), although there was an
insufficient amount of research aimed at examining the impacts on society through the generation and
management of waste during the pandemic, there were discussions about the themes and the
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relationship between them. The impact caused by the waste technology route, including the protection
and health of humans during the Covid-19 pandemic, was evaluated, but the research focused mainly
on the summary of previous studies, causing a deficiency in the clarification of society. and the guidelines
and recommendations of environmental policies on waste management [40, 41].

When analyzing the articles in a scientific metric way, studies focused on Covid-19 and waste
management are presented with greater relevance, in the first half of 2020, the thematic axes for the
development of publications were directed to Covid-19 19 with follow-up on the environment and solid
waste. In the second half of 2020, the articles addressed solid waste management in the broader context
of the pandemic. The first quarter of 2021 showed a significant number of publications focused on the
areas of waste management and hospital waste (Figure 4), featuring an increase in gloves, masks and
Personal Protective Equipment (PPE). This change in the focus of publication was foreseen due to the
increase in registered cases, causing a growing volume in the generation of Health Service Waste, caused
by sanitary control measures in hospital environments and by the general population, which raised the
care to avoid the spread of the contagion trail of the virus [42].

Figure 4 - Overlay of the topics covered during the research period
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Regarding the frequency of words in scientific articles, it was possible to visualize the terms that
presented the greatest highlights in the textual analysis. With regard to repetition, the cloud portrays a
high frequency because it is associated with the thematic axis of the research, such as Covid-19, Solid
Waste and Environment. In the analysed articles, the main terms used in the titles, abstracts and
keywords to build the word cloud were waste (133 repetitions), Covid (74 repetitions), pandemic (45
repetitions), management (44 repetitions) plastic (42 repetitions), solid (24 repetitions) and environment
(20 repetitions) (Figure 5).
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Figure 5 - Most used words in the analysed articles
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Of the 17 articles analysed, they were published in different journals, which had a different impact factor
or did not even have such information on the website. The journal Science of the Total Environment was
the most used by researchers, which resulted in 7 publications, totaling 41.2% of contribution to scientific
research. In second place is the journal Resources, Conservation & Recycling with 3 publications and
17.9% (Table 1). Regarding the evaluation metrics of the journals, 5 have the Impact Factor ranging
between 4,300 (Journal of Environmental Chemical Engineering) and 8,086 (Resources, Conservation &
Recycling). In view of this, most of the analysed works are of good quality, since they were submitted to

rigorous evaluation processes for publication in highly regarded journals.
Table 1 - Classification of journals in relation to Impact Factor (FI)

Publications Contribuitions

5. Journal (n) (%) FI
Chemosphere 1 5,9 5,778
Ecotoxicology and Environmental Safety 1 5,9 4,872
Environmental Challenges 1 5,9 -
Environmental Nanotechnology, Monitoring &

Management 1 5,9 -
Journal of Environmental Chemical Engineering 1 5,9 4,300
Journal of Environmental Management 1 5,9 5,647
Research in Globalization 1 5,9 -
Resources, Conservation & Recycling 3 17,6 8,086
Science of the Total Environment 7 41,2 6,551

CONCLUSION

This work provided a comprehensive analysis of scientific publications on the relationship between Covid-
19 and waste management through bibliometric analysis and scientific metrics, showing that the area of
study is growing broadly focused on waste management. . It was found that there was more production
of scientific articles in the countries of India, Bangladesh, then Brazil, the United Arab Emirates and
Guyana, which reflected a greater concern in this area of study in the socio-environmental context. It is
noticed that waste management and the impacts aimed at the trail of contagion of Covid-19 have
received little attention in the academic area and the applicability in management through instruction
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and recommendation, especially when referring to health waste, where Inappropriate practices can
promote the spread and transmission of the virus within communities.

It is concluded that academic research is directed to Health Service Waste, and the issue of urban waste
management is not being properly addressed by science. Finally, it should be noted that this work has
limitations, since there are other article platforms that could be investigated, as well as other search
protocols could be executed. In view of the greater objective of contributing to the fight against the
Covid-19 pandemic, it is suggested that future studies apply the theoretical findings discovered here in
research through case studies with solid waste management stakeholders.
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Abstract

The bioenergy with carbon capture and storage (BECC) technology is a fundamental tool to respond to the climate
crises and achieve the targets set in the Paris Agreement in 2015. Brazil presents favorable conditions for BECCS
mostly because of the country’s biofuel industry, but also because of its carbon storage capacity. However, the large-
scale implementation of BEECS will require the adoption of long-term and reliable policies and incentives. In this
context, this article performs a literature review to understand the key aspects that are necessary to build a policy
aiming at promoting BECCS, and how these aspects have been addressed in countries leading the implementation
of BECCS, and in Brazil. The review showed that a government policy to promote BECCS must: explicit the relevance
of negative emissions technologies (NETs) and BECCS, create incentives focused on NETs and BECCS, promote
economies of scale, and create mechanisms to properly account for lifecycle emissions. In the leading countries
(Denmark, Norway, Sweden, United Kingdom, and the United States) the strategies are mostly focused in explicating
the relevance of BECCS, creating direct incentives using funds and market-based instruments, and targeting specific
business cases to lower future costs. In Brazil, the approaches are destined to highlighting the relevance of BECCS,
initiating the creation of market-based incentives, and developing mechanisms to properly account for lifecycle
emissions.

Keywords: BECCS, policies, incentives, Brazil, negative emissions

1. Introduction

The use of fossil fuels for energy generation, both electricity and heat, made possible to achieve the
economic growth and development witnessed since the industrial revolution, but also increased the
emission of greenhouse gases to the atmosphere (Goldemberg and Lucon, 2012). As a result, the energy
sector is described in the literature as a main contributor for the climate crises (Babin et al., 2021). In
this context, this sector faces the challenge of finding sustainable technologies that allow for the
expansion of energy production but also the mitigation of greenhouse gases (GHG), as emphasized in
the 7th Sustainable Development Goal (SDG).

Bioenergy with carbon capture and storage (BECCS) is an important technology in this framework, since
it provides energy from the transformation of biomass, captures the carbon dioxide emitted during this
process, and stores it in deep geological formations (Babin et al., 2021; Stavrakas et al., 2018).
Therefore, because bioenergy is initially neutral in carbon dioxide emissions?, the addition of the carbon

capture and storage (CCS) technology in its lifecycle makes it possible to achieve negative emissions

2 To be effectively considered neutral, it is necessary to account for the emissions along the entire value chain (Babin et al., 2021;
Daioglou et al., 2019; Stavrakas et al., 2018)
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(Consoli, 2019). Due to this, BECCS is fundamental to achieve the targets set in the Paris Agreement
(Rogelj et al., 2018).

However, to reach the emissions reductions intended for BECCS, this technology needs to start operating
in large-scale by 2040 (Bellamy et al., 2021; Daioglou et al., 2019), which will not be possible without
the adoption of strong economic incentives (Fridahl et al., 2020). These incentives are necessary mostly
because of the high costs and uncertainties surrounding BECCS (Babin et al., 2021; BEIS, 2021).
Nonetheless, this technology also faces barriers that are not common to other sustainable technologies,
which are: the interdependence among industries (capture, transportation, and storage) (IEA, 2018;
OCDE and IEA, 2016), and the lack of revenues when the CO: captured is not destined to an enhanced
oil recovery plant (EOR) (IEA, 2018; Ricci, 2012).

Thus, the implementation of BECCS depends on the adoption of policies that are directed to valuing the
environmental benefit provided (Fridahl et al., 2020). Examples of policies that value mitigation
technologies are: carbon taxes, fossil-fuel taxes, cap-and-trade system, carbon markets, and subsidies
(Zweifel et al., 2017). For example, carbon markets have been implemented in the United Kingdom,
Japan, and Mexico (Chiu et al., 2015). However, Ricci (2012) defend that these policies are not enough
to incentivize BECCS.

In parallel, also focusing on the achievement of the targets set in Paris Agreement, Brazil has adopted,
since 2016, Policies and Programmes to mitigate the GHG emissions in the country (Presidéncia da
Republica, 2021, 2017). Of these, it is important to highlight the Renovabio Programme, and the Future
Fuel Programme (Silveira et al., 2022). Also, in December 2020 Brazil submitted to the United Nations
Framework Convention of Climate Change (UNFCCC) an updated version of its National Determined
Contribution (NDC), and in April 2022 submitted a second update (Brazil, 2022, 2020)

In this sense, the implementation of BECCS in Brazil could help the country achieve the mitigation targets
set but are also important at an international scale (Hayman et al., 2021). Brazil presents favorable
conditions for developing BECCS, such as: the country’s biofuels industries, the concentration of most
biofuel refineries in the southeast region, and the high potential of CO2 storage in the Parana, Campos,

Santos, Potiguar and Reconcavo basins (Ketzer et al., 2016).

Hence, given the particularities surrounding the technology and its potential in Brazil, this article performs
a literature review on what aspects should a policy focus on when aiming at promoting BECCS. In
addition, this article maps the strategies implemented in Brazil and in the countries that are leading the

implementation of BECCS, and evaluates how they address these aspects.

Thus, this article is divided in five sections, with this introduction being the first. The second section
describes the methodology. Section 3 describes the main aspects that a policy should address to
stimulate BECCS and the international experience relating to them. Section 4 describes the Brazilian
policies adopted since the Paris Agreement that can have an impact on the implementation of BECCS in

the country. Finally, section 5 presents the conclusions of this article.
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2. Methodology
To reach the proposed objectives, the methodology consists of a literature review. The bibliography
raised are the result of searches performed in the Science Direct and Google Scholar databases. The

results are presented according to topics that are recurrent in the bibliography analyzed.

In addition, given the importance of building economic incentives to promote the operation of BECCS, it
is logical that the countries that present BECCS plants in operation and in development stages have
already provided these incentives or signalized their implementation. Table 1 demonstrates the countries
that present BECCS plants and their current stage, based on the “Global Status of CCS 2021"” report
(Global CCS Institute, 2021). Of these plants, only 2 (both in the United States) destine the captured

CO2 to EOR, which means the rest (41) depends solely on government policies to generate income.

Therefore, to find documents more detailed about regulations and policies, a search was performed on
the Global CCS Institute website - since they prepare summaries of legal updates regarding CCS -, and
on these countries’ governments websites. For Brazil, the legal and regulatory information was gathered
from the websites of the country’s Ministry of Mines and Energy, and National Agency of Qil, Gas and

Bioenergy.

Table 1. Status of BECCS plants in 2021 according to the country where they are based

Country Advanced Early In Operatio Tot

Development Development Constructio nal al

n

Denmark 1 1
Norway 1 1 2
Sweden 1 1
United 1 1
Kingdom
United 34 2 3 39
States
Total 37 3 1 3 44

Source: authors’ elaboration, based on Global CCS Institute (2021).

3. Relevant policy aspects for BECCS promotion

The literature reviewed pointed that the policies that aim at promoting BECCS must focus on overcoming
three main barriers: regulatory, economic, and environmental. The regulatory barriers relate to the
BECCS’ dependence on governmental strategies, and the need to build long-term reliable regulations.
On the other hand, the economic barriers involve the high costs faced to implement BECCS and the need
to create economies of scale. At last, the environmental barrier consists of monitoring and verifying the

emissions throughout this technology’s lifecycle.

In this context, a first step described as fundamental in the literature is the adoption of mitigation targets

that explicitly mention the relevance of NETs, because it signalizes the commitment of creating long-
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term regulations and incentives to promote these technologies (Fridahl and Lehtveer, 2018). More
specifically, the adoption of net zero targets is fundamental for the large-scale implementation of BECCS
(Schenuit et al., 2021). As an example, Sweden and Germany have endorsed net zero targets for 2045,
and France, Denmark, and the United Kingdom for 2050 (Carver, 2021; Watson et al., 2021).

However, this is only the first step, and to effectively promote BECCS, the legislation must create policies
explicitly focused on BECCS (Fridahl and Lehtveer, 2018). On the one hand, to plants that are still in the
research and early development stages, it is important that mechanisms are created to guarantee the
functionality of the project, such as funds (Bellamy et al., 2021; IEA, 2018; Watson et al., 2021). In this
case, it is possible to highlight the Geological Survey of Denmark, the funding of CCS projects by the
Norwegian government - such as in the case of the Norcem Heidelberg Cement AS and the Forto Oslo
Varme plants —, the Industrial Leap Programme in Sweden (Mdllersten et al., 2021), the United Kingdom'’s
Strategic Priorities Fund (BEIS, 2021; Watson et al., 2021), and the American Recovery and
Reinvestment Act in the United States (Bright, 2021; Rassool et al., 2020).

On the other hand, to promote the large-scale productivity, the legislation must endorse the issue of
creating mechanisms to generate revenues for BECCS (Bellamy et al., 2021; Fridahl and Lehtveer, 2018).
Based on this, the literature suggests the creation of market-based solutions (Ricci, 2012), such as the
creation of credits for negative emissions and the trading of these credits under carbon markets; the use
of negative emission credits to abate taxes; and the adoption of fixed-price mechanisms for the electricity
generated from BECCS plants (Babin et al., 2021; Stavrakas et al., 2018).

Herein, market-based instruments have been implemented in the United States with the adoption of the
45Q tax credit, which provides tax credit for capture operators for each tone of CO2 stored or utilized
(Bright, 2021). In addition, an update in the California Low Carbon Fuel Standard (LCFS) in 2018 allowed
CCS projects to qualify to generate credits. The current credit price is $200/tCO2, and the CCS plant
needs to be associated with the production of transportation fuels to be able to qualify (Rassool et al.,
2020). Furthermore, the United Kingdom Department of Business, Energy & Industrial Strategy is
developing research to explore the potential of the UK emissions trading scheme (ETS), and the Swedish
Energy Agency has been assigned to study the adoption of market-based incentives for NETs in Sweden
(Méllersten et al., 2021).

Moreover, in view of the economic barriers faced, mostly represented by the high costs to develop BECCS,
Abdulla et al. (2021) indicate the need to create economies of scale. The creation of scale can be achieved
in the capture and in the transportation stages. In the first, the literature highlights the need of initially
creating BECCS' business cases in industries and sectors that present cheaper costs to capture the CO2
(Schenuit et al., 2021; Stavrakas et al., 2018).

On the other hand, the transportation stage represents an important bottleneck for the large-scale
implementation of BECCS, because most plants do not have the capacity of capturing enough CO2 alone
that would make the use of the transportation infrastructure economically viable (Stavrakas et al., 2018).
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Also, because of the geographic distribution of the plants, there is still the need of building new
transportation infrastructure (Fridahl, 2018; Ketzer et al., 2016). In this context, the effort of trying to
create economies of scale are probably more necessary for BECCS than for fossil-only CCS, because

“dedicated bioenergy power or heat plants are generally smaller” (Stavrakas et al., 2018, p. 9).

As for the international experience, the implementation of BECCS in specific industries or sectors aiming
at de-risking the technology has occurred in Sweden through the promotion of a CCS pilot at the Amager
Bakke incineration plant (Mdéllersten et al., 2021). In the same line, Norway has addressed this issue by
promoting the capture stage at the Norcem Heidelberg Cement AS and the Fortum Oslo Varme waste-
to-energy, and by developing the needed infrastructure, through the Langskip CCS network (Mdllersten
et al., 2021). The California Low Carbon Fuel Standard (LCFS) is also worth mentioning, since only CCS

plants associated with the production of transportation fuels can qualify for the Programme.

At last, the policies need to aim at overcoming the environmental barrier. This barrier relates to the need
of assuring the achievement of negative emissions when implementing BECCS, given that this
characteristic of the technology is the main reason why it is promoted (Babin et al., 2021; Fridahl and
Lehtveer, 2018; Stavrakas et al., 2018). Thus, it is important to build a mechanism that oversees the
emissions throughout the lifecycle of BECCS, which means accounting for emissions during the production
of agrochemicals and pesticides, in land-use and land-use change, during the transportation of both
feedstock and CO2, and others (Watson et al., 2021). In this manner, it is worth mentioning the United
Kingdom'’s strategy presented in the document “"Net Zero Strategy: Build Back Greener”, which signalizes
the intention to develop a robust approach to the Monitoring, Reporting and Verification (MRV) of
emissions along the BECCS value chain (BEIS, 2021).

4. Brazilian legal and regulatory approaches to promote the mitigation of GHG
emissions

The first Brazilian intended Nationally Determined Contribution (iNDC) was submitted to the UNFCCC in
September 2016 and communicated the country’s commitment to reduce its GHG emissions by 37%
below 2005 levels in 2025, and by 43% in 2030 (Brazil, 2015). To help achieve these goals, in December
2017 Brazil implemented the National Policy on Biofuels, also known as the Renovabio Programme, which

aims at increasing the share of biofuels in the country’s energy matrix (Presidéncia da Republica, 2017).

In this context, the Renovabio Programme introduced the Decarbonization Credit (CBio), which assigns
a credit to biofuel producers based on the difference in emissions between this producer's biofuel and its
fossil fuel substitute (ANP, 2020). To receive the credit, the biofuel producer needs to request it, and to
effectively receive the credit, the biofuel production process is fully evaluated (MME, 2019; Presidéncia
da Republica, 2017). The methodology used to calculate the biofuel’s carbon intensity, named
RenovaCalcMD, considers the emissions along the entire value chain, including land use change - biofuels
produced in native areas (both in Brazil and abroad) are immediately excluded -, fertilizers production,

electricity consumption, transportation, and others (Matsuura et al., 2018).
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Meanwhile, the fossil fuel distributers need to follow mandatory individual emissions targets, that are
estimated by authorities based on the national GHG emissions target (MME, 2019; Presidéncia da
Republica, 2017) Therefore, in the short term, the distributers can only achieve the targets if they buy
the CBio credits. These credits are traded in organized markets, and even in auctions (Silveira et al.,
2022). In result, considering both the obligated (fossil fuel distributers) and non-obligated (public) parts,
15 million CBio credits were traded in the 2019-2020 period in the B3 (Brazilian stock market) platform
(ANP, 2021).

Another relevant instrument of the Renovabio Programme is the 20% bonus on the CBio credit emission
given to biofuel producers that prove negative emissions along its product’s lifecycle (MME, 2019). Thus,
there is an explicit mention of the relevance of NETs for the country, and because it is destined directly

to the biofuels industry, it means an explicit mention of BECCS.

In addition, the National Energy Policy Council (CNPE) instituted, in 2021, the Future Fuel Programme,
which is also a mechanism under the Renovabio Programme, and aims at establishing the regulatory
conditions for implementing CCS in Brazil, among other goals for renewable and negative emission
technologies (Presidéncia da Republica, 2021). To do so, the ProBioCCS Subcommittee was stablished
with the goal of discussing, developing, and presenting the regulatory framework describing the
conditions, the responsible agents, and future necessary steps for effective implementation of CCS in
Brazil (Vinhado, 2021).

Therefore, in view of what has been presented in the literature as relevant government approaches for
the development of BECCS, the Renovabio Programme can benefit this technology, because: 1) explicitly
mentions NET in government policies; 2) incentivizes the biofuel industry in Brazil, which according to
Ketzer et al. (2016) presents lower capture costs, and thus can provide economies of scale; 3) stablishes

a methodology to account for the emissions along the entire value chain.

Beyond Renovabio, in December 2020 Brazil submitted an update to its first NDC, confirming the
commitments previously made, and adding a “long-term objective of reaching climate neutrality in 2060”
(Brazil, 2020, p. 1). Nevertheless, in March 2022 Brazil submitted a second update to its first NDC, in
which the country confirms the commitment of reducing GHG emissions by 37% in 2025 when compared
to 2005 levels but adds the commitment of reducing its emissions by 50% in 2030 (compared to 2005
levels) and achieving climate neutrality by 2050 (Brazil, 2022). In this context, this approach signalizes
the relevance of NETs for Brazil, since climate neutrality can only be achieved with the adoption of
negative emissions technologies to compensate for hard-to-abate sectors (Bellamy et al., 2021;
Moéllersten et al., 2021; Schenuit et al., 2021).

In conclusion, the Brazilian approaches are progressing to address the regulatory issue facing the CCS
activity in the country by stablishing the “rules of the game”, but still need to advance in creating
incentives. Regarding the environmental barriers, the RenovaCalcMD method can be used to check and

improve the negative emissions delivered through BECCS. However, Brazil has not yet developed
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mechanisms to address the economic barrier, which focuses on creating economies of scale and reducing
costs. In countries like Norway and Sweden, this issue is addressed by targeting specific business cases

and investing in infrastructure expansion.

4. Conclusion

In the context of facing climate change and seeking for tools to help achieving the targets set in the Paris
Agreement, the bioenergy with carbon capture and storage technology plays a fundamental role. The
implementation of this technology in Brazil is important not only for the country, but also internationally.
Thus, this article performed a literature review to map the key points a policy should address when it
comes to promoting BECCS. The review also raised the government approaches and strategies that have

been adopted in Brazil and in the countries leading the implementation of BECCS.

As a result, the literature indicates that the governments must build policies aiming at overcoming
regulatory, economic, and environmental barriers. The regulatory barriers are related to the need of
creating incentives for BECCS. On the other hand, the economic barriers involve the high costs faced to
implement BECCS and the need to create economies of scale. At last, the environmental barrier consists

of monitoring and verifying the emissions throughout this technology’s lifecycle.

As for the international experience, the countries that are leading the implementation of BECCS are:
Denmark, Norway, Sweden, United Kingdom, and the United States. In all these countries, BECCS has
been explicitly mentioned in one or more governmental documents. They mostly focus on creating
incentives using funds and market-based instruments, and on targeting specific business cases to create
economies of scale and to lower future costs. It is worth highlighting the Norwegian Government'’s funding
of the Norcem Heidelberg Cement AS and the Fortum Oslo Varme waste-to-energy, and the 45Q tax

credit mechanism in the United States.

In Brazil, on the other hand, the existing policies can benefit BECCS, because they explicitly mention the
technology (an initial step pointed in the literature review), address the need of determining the rules to
regulate the technology’s operation in the country, and provide an incentive through the Decarbonization
Credit (CBio). At last, the methodology used to calculate the carbon intensity in biofuels (RenovaCalcMD)

addresses the environmental barrier cited in the literature.
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Abstract

A number of institutions and academic campuses in India have been progressively focusing on making a strategic
shift to becoming a Green Campus. However, the concept of Green Campus is a loosely defined construct whose
scope is not well-defined. Therefore, the Government of Maharashtra is spearheading the “"Green Campus Initiative”
for the educational institutions in the State of Maharashtra, India, via Rashtriya Uchchatar Shiksha Abhiyan in
collaboration with IIT Bombay. As a part of this mission, this study identifies the potential strategies and eco-
technological interventions to be implemented by academic institutions for transitioning to greener campuses.
Accordingly, the ‘Green Campus Guidelines’ are developed in this study, for the benefit of the academic institutions.
The Guidelines are subdivided into the following focus areas: (1) Water and Wastewater, (2) Solid Waste, (3) E-
Waste and Laboratory Waste, (4) Air Pollution and Air Quality, (5) Episodic Pollution, (6) Ecology and Green Cover,
and (7) Awareness and Capacity Building for Sustainable Living. In order to implement these Guidelines, a biphasic
work-flow plan is developed wherein short-term interventions are carried to be out in Phase 1 and long-term
interventions are to be carried out in Phase 2. In addition, this study quantifies the potential benefits that could be
obtained by implementing these Guidelines by all colleges and universities in the State of Maharashtra, India — which
has about 4.27 million students enrolled in various undergraduate and post-graduate programs in 6,960 colleges
and universities with the help of 0.16 million full-time faculty members. It is estimated in this study that the
environmental footprints of these institutions comprise of 135-220 MLD of water consumption and 2,730 MTPD of
solid waste generation. This study highlights that potentially 33-50% reduction of freshwater consumption is possible
in every institution through decentralized treatment and reuse of treated domestic wastewaters. The Dry Recyclable
Waste fraction (50.16% of solid waste) can be gainfully recycled. The Wet Biodegradable Waste (5.83%) can be
used for production of biogas. Further, the Waste Biomass (42.6%) can be converted to briquettes (refuse derived
fuel) and compost. As a result, only 1.4% of solid waste (Dry Non-recyclable Waste) will have to be disposed of to
the authorised engineered landfill facility after implementation of the ‘Green Campus Initiative’. Implementation of
the technological and managerial interventions proposed in this study would potentially catalyse the “cultural shift”
through imbibing green thinking among the students, teachers and support staff in a given academic institution.

Keywords: Green Campus; Eco-Campus; Sustainable Development Goals; Reuse; Circular economy

1 Introduction

Governments as well as Corporates have started adopting policies to promote development without
damaging the environment seriously or irreversibly. In India, the National Education Policy (2020),
devised by the Ministry of Education (MoE), Government of India, New Delhi, focuses the holistic and
multidisciplinary approach to develop all capacities of students in an integrated manner. This includes
embedding environmental education at all stages of undergraduate education, which would sensitize
students in the areas including climate change, pollution, energy and water conservation, waste
management, sanitation, conservation of biodiversity, forests and wildlife, and, sustainable development
and living (NEP, 2020). The overall objective of the approach adopted in the policy is directed at
preparing the students for becoming the agents for a sustainable future. This paper explores the
opportunities for development of environmentally responsible educational institutes.

A Green Campus is an educational campus where environmentally friendly practices are adopted to
promote sustainable well-being. Greening the campus is all about adapting strategies to: minimize the
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environmental footprint caused by the activities inside the institution as well as utilizing the available
resources efficiently. It also requires the campus to adapt enough green cover, tree plantation as well
as biodiversity management practices (Gandasari et al., 2020).

1.1 Improved Sustainability through Green Campus Initiatives

Institutions across the world have been working towards ‘Greening’ their campus and adapting a
sustainable livelihood. Some of the initiatives may include adaptation through policies, modification of
the curriculum, increased green cover, adaptation of the concept of Green Buildings, wastewater
treatment, efc. Many institutes in India are already on the path towards Green Campus, for example:
Wageningen University & Research (WUR), The Netherlands, ranked as the Most Sustainable Campus in
the World for the fifth consecutive time during 2016 to 2021 (UI Green Metric, 2021). WUR has set up
a Green Office which stimulates sustainable practices in the institution. WUR along with initiatives
towards water and waste management has taken initiatives to develop knowledge and competencies of
their students to become sustainable professionals (WUR, 2021). University of Oxford, United Kingdom,
has devised an Environmental Strategy which are focused on ten priorities i.e. Research, Curriculum,
Carbon emissions from University buildings, Biodiversity, Sustainable food, Sustainable resource use,
International travel, Local travel, Investments, and, Learning from the pandemic. The university has also
set targets to achieve net zero and to achieve biodiversity net gain by 2030 as part of this strategy
(University of Oxford, 2021).

Universal Business School, Mumbai, considered as the first Green Business School has recycled 100% of
their domestic wastewater through sewage treatment plants inside their campus. It also has introduced
a ‘Green Curriculum’ to integrate environmentally informed decision-making approaches in subjects such
as finance, marketing and production (India Education Diary, 2020). IIT Roorkee has Established an
Institute-level ‘Green Office’ as well as a ‘Green Committee’ responsible to guide, oversee, and review
the implementation of ‘Green Initiatives’ across the campus. The institute has also developed an institute
level Green Policy and Energy Conservation Policy (IIT Roorkee, 2021). Mangalore University, ranked
as the Most Sustainable Campus in India (Ul Green Metric, 2021) has implemented institute level
initiatives to reduce emissions and waste while also increasing their ecology through landscaping. It has
also conducted a Biodiversity assessment and developed a biodiversity conservation plan based on the
assessment (Subrahmanya et al., 2021). We focus upon educational institutes to act as the foundation
for a student to learn and develop knowledge and awareness about a sustainable livelihood.

1.2 The Motivation and Specific Objectives

Green Campus is a loosely defined construct, which is being implemented enthusiastically all over the
world by academic campuses and gated institutions including hospitals, office complexes, residential
colonies, research establishments, software and IT parks. Clearly, all such interventions seemed to
have used a variety of frameworks and focused on different aspects while greening their campuses.
There are different challenges and focus areas for any academic institution to transition from “Business
as Usual” to a “"Green Campus”.

Therefore, Rashtriya Uchchatar Shiksha Abhiyan (RUSA), Government of Maharashtra, Mumbai, have
envisioned to develop the “"Green Campus Guidelines” that are more relevant for the educational
institutions in the State of Maharashtra, India. Accordingly, these Guidelines are developed for the
benefit of the academic institutions to invest in not only undertaking environmentally friendly initiatives
towards improving resource efficiency but also incorporate the “green mindset” in the students while
complimenting the pedagogy at the institution. Itis hypothesized that the transition to a Green Campus
would be efficient and seamless if a biphasic approach is adopted in which simple and non-capital-
intensive approaches are tried first and more complex initiatives are reserved for the later stage.
Accordingly, the two specific objectives of this study are:

1) Suggestions for essential and indicative initiatives to be adopted and a method of prioritizing
initiatives and
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2) Developing an action plan for phase-wise implementation of the interventions so as to ensure
smooth transition to Greener Campus.

2 The study area

The State of Maharashtra in India (refer to Figure 1) had a population of 112,374,333 as on 2011
(Ministry of Home Affairs 2011). Maharashtra has about 65 Universities, 4,494 Colleges affiliated to
these Universities, and 2,393 Stand Alone Institutions with 163,132 full time teachers and a total of
4,265,472 students enrolled at different levels. 3,599,671 are full time students out of which 391,944
students are residing in hostel facilities of the institutes (Ministry of Education, 2020).

14

b

Fig. 1. The study area i.e. the state of Maharashtra, located in the western part of India

3 Guidelines for Development of Green Campus

The Green Campus Guidelines are developed to act as a guiding principle to enable any campus to
understand their impact on the environment as well as provide a list of interventions to be undertaken
towards achieving the status of a Green Campus. The Guidelines are developed to strengthen the
institution’s administrational activities in minimising the environmental impact caused by the day-to-day
activities in a campus, this includes water consumption, wastewater discharge, waste disposal, air
pollution, noise pollution, etc. The different focus areas, hence, considered in the Guidelines are: Water
and Wastewater, Solid Waste, E-Waste and Laboratory Waste, Air Pollution and Air Quality, Episodic
Pollution, Ecology and Green Cover, and Awareness and Capacity Building for Sustainable Living.

The interventions for each focus area and the typical interventions that can be a part of the focus areas
can be seen in Table 1. Each focus area is further divided into multiple work components which act as
separate workflows for the dedicated focus area. For example, Air Pollution and Air Quality is further
divided as Air Pollution and Air Quality Audit, Transportation, Construction, and Noise Pollution. For each
of these work components, a set of interventions is required to be undertaken in two Phases (Phase 1:
Short Term and Phase 2: Long Term) depending on the time required for implementation and ease of
implementation.

Table 1. The focus areas and phase-wise interventions of the Green Campus Guidelines

Sr. Work Components Intended Outcomes Typic?l Interventions Typic?l Interventions
No. in Phase 1 in Phase 2
1 Water & Wastewater
v Water Audit < Savings in water o Understanding the o Development of long-
v' Municipal Drinking Water = consumption and water footprint of the term goals
Supply thereby, decrease in campus
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Sr.

No. Work Components

Intended Outcomes

Typical Interventions
in Phase 1

Typical Interventions
in Phase 2

Borewell, Dugwell &
Tanker Water
Rainwater Harvesting
Domestic Wastewater
(Sewage)

Overhead Tank
Cleanliness &
Maintenance

v/ Sanitation & Hygiene

wastewater
generation

« Decrease in
wastewater discharge
through reuse

< Improved quality of
water

< Improved sanitation
and hygiene

Periodic inspection of
plumbing units
Installation of
treatment facilities for
wastewater reuse
Setting up a cleaning
routine

o

o

o

Increase awareness
towards minimal water
usage

Tertiary treatment of
wastewater
Modernisation of
plumbing

2 Solid Waste

Waste Audit

Wet Biodegradable Solid

Waste

v" Dry Recyclable Paper
Waste

v" Dry Recyclable Plastic
Waste

v' Dry Recyclable Glass
Waste

v Waste Garden Biomass

v
v

% Minimization of food
waste

< Decreasing the
disposed waste to
landfills

Improving preparation
and storage practices
for food

Segregation of
recyclable waste

Bans of non-recyclable

(0]

On-campus composting
of biodegradable waste
Dedicated Student
committee towards
recyclable waste

3 E-Waste & Laboratory Waste

v' E-Waste and Hazardous
Waste Audit

v Electronic Waste (E-
Waste)

v" Discarded Chemicals

v' Discarded Glassware

< Proper disposal of e-
waste and hazardous
waste to avoid any
mixing

< Reduced hazardous
waste

Audits to map the
sources of waste
Proper segregation of
e-waste and hazardous
waste

Reduced usage of
hazardous chemicals

o

o

Reduction of e-waste
through technological
upgradation
Integration of a
chemical management
system

4 Air Pollution & Air Quality

v"Air Pollution & Air
Quality Audit

v' Transportation

v" Construction

v" Noise Pollution

<+ Reduced emissions
and energy usage

% Proper approach
towards emission
causing activities

< Reduced noise
pollution

Assessment of air
pollution and its
sources

Usage of energy
efficient methods of
transportation
Restricting any noise
causing activities to
certain time periods

o

Devising policies and
intra-campus guidelines
for energy management
Converting intra-
campus vehicles to
energy efficient vehicles

5 Episodic Pollution
v" College Elections
v Religious Festivals
v' Cultural Events &
Gatherings
v" Holi

% Reduced waste and
water consumption
during festivals

% Incorporation of
environmentally
friendly practices in
events

Restrictive usage on
water intensive
activities and any
pollution causing
activities

Promoting eco-friendly
decorations

o

Promotion of eco-
friendly methods for
idol, Nirmalaya
immersion, etc
Organising events
towards environmental
benefits

6 Ecology and Green Cover

v' Census & Ecosystem
Assessments

v" Conservation of Flora
and Fauna

v' Tree Plantation Drive

v" Conservation of Water
Bodies & Ecosystem on
Banks

<+ Preservation of flora
and fauna in and
around the campus

Identification and
documentation of
ecology

Development of habitat
preservation plans
Restrict any waste-
water discharge to
natural waterbodies

o

o

Conducting periodic EIA
and biodiversity studies
Promoting awareness
towards ecology and
green cover
Beautification of
campus

7 Awareness & Capacity Building for Sustainable Living
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Sr. Work Components Intended Outcomes Typic?l Interventions Typic?l Interventions
No. in Phase 1 in Phase 2
v/ Sustainable Initiatives < Creating awareness o Conducting awareness o Development of
v Student Behaviour for and responsibility in workshops on sustainability/ green
Sustainable Livelihood students towards environmental campus committees
sustainable living management o Including Green
o Initiatives to promote campus initiatives into
sustainable livelihood the curriculum

3.1 Short-Term Generic Interventions

In Phase 1, the academic institutions are expected to undertake certain generic interventions which can
be completed in a short period (9 to 18 months). Those interventions are categorically listed in Table 1.
All the seven broad focus areas are expected to be addressed during Phase 1, namely: Water and
Wastewater, Solid Waste, E-Waste and Laboratory Waste, Air Pollution and Air Quality, Episodic Pollution,
Ecology and Green Cover, and Awareness and Capacity Building for Sustainable Living. The specific
potential interventions corresponding to each focus area are also listed in Table 1. As shown in Figure
2(a), the Dean of the Institute will appoint a Green Campus Task Force team which is responsible for
the implementation of the Green Campus Guidelines. An audit is conducted to identify the potential
opportunities with the suggested short-term objectives in each focus area. Each focus areas have work
components having a set of suggested interventions which are to be completed until the outcomes are
satisfactory before moving to Phase 2 of the Guidelines.

3.2 Long-Term Interventions

In Phase 2, the academic institutions are expected to undertake certain long-term interventions which
can be aimed to be completed in a long period of time. Those interventions are categorically listed in
Table 1. All the seven broad focus areas are expected to be addressed during Phase 1, namely: Water
and Wastewater, Solid Waste, E-Waste and Laboratory Waste, Air Pollution and Air Quality, Episodic
Pollution, Ecology and Green Cover, and Awareness and Capacity Building for Sustainable Living. The
specific potential interventions corresponding to each focus area are also listed in Table 1. As shown in
Figure 2(b), the Task Force team shall conduct a secondary audit to identify the potential opportunities
with the suggested long-term objectives in each focus area. Each focus areas have work components
having a set of suggested interventions which are to be completed until the outcomes are satisfactory
before they are documented and reported.

4 Results and Discussion

In the State of Maharashtra (population approx. 130 million, land area approx. 307,000 km?2), there are
approx. 7,000 institutions engaged in colleges and universities having different sizes as well as student
and teacher populations (Ministry of Education, 2020). It is envisaged that the Guidelines developed in
this study, can not only help in monitoring and regulating the resource consumption patterns of an
educational institute in its campus but also reduce its environmental footprint. With this in mind, an
effort is made to quantify the resource consumption and environmental footprint of all colleges and
universities in the State of Maharashtra, India in order to estimate the potential long-term benefits
through implementation of the interventions in these Guidelines.
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Fig. 2. Work-Flow Diagram for Implementing (a) Phase 1 of the Guidelines and (b) Phase 2 of the
Guidelines

Focus Area 1 addresses water and wastewater-related interventions. The cumulative water consumption
by the colleges and universities in the State of Maharashtra is estimated through the number of students,
teachers and staff at the campuses across the institutes, as seen in Table 2. The per capita water
requirement for a resident individual can be considered as 135 litres per day while for a commuting
individual can be considered as 45 litres per day (Bureau of Indian Standards, 2007). In reality, there
are several external restrictions depending on the region which could affect the water supply such as
water scarcity and droughts, unavailability of a clean water source, and, imbalance in population and
water availability.

Assuming that all freshwaters supplied to academic campuses end-up as domestic wastewaters, 135-220
MLD wastewaters, currently generated by academic institutions in the State of Maharashtra, are typically
discharged to the respective municipal wastewater treatment plants. It is proposed in this study that the
academic institutions can in fact contribute to improving water conservation and reuse by the
decentralised wastewater treatment plants on academic campuses. Such interventions will also help
bringing a “cultural shift” and promote sustainable living on academic campuses and impart lifelong
learning on sustainability (SDG 6: Clean Water & Sanitation, SDG 12: Responsible Consumption and
Production, SDG 17: Partnership for the Goals). The educational campuses in Maharashtra can reduce
their net freshwater consumption through treatment and reuse of domestic wastewater. The conventional
treatment technologies typically suffer from certain limitations including high capital and operating costs,
skilled workforce, technical expertise and foul odour. However, there is a class of treatment technologies
commonly referred to as Nature-based Solutions (NbS) or Natural Treatment Solutions (NTS) which do
not have these limitations (IUCN, 2016). One such NbS is a technology known as Constructed Wetlands.
A form of this treatment technology known as ‘CW4Reuse’ has been widely researched by the ‘Preventive
Environmental Management’ research group lead by the senior author of this paper.
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Table 2: Categorical estimates of daily freshwater consumed by institutes of higher education in the
state of Maharashtra, India

Sr Sources of Freshwater Consumption Estimated Water

No. Consumption
1 Students residing in Hostels on campus 39-53 MLD
2 Students commuting to campus (day scholars) 80-144 MLD
3  Teachers & staff residing on campus 10-13 MLD
4  Teachers & staff commuting to campus 6-10 MLD

Total = 135-220 MLD
Estimated freshwater consumption per institution 19.4-31.7 KLD
Estimated freshwater consumption per 1000 individuals 34.4-56.3 KLD

* 1KLD = 1,000 litres; 1 MLD = 1,000 KLD

Note: Base population in academic institutions in the State of Maharashtra = 3,917,778 (full time
students + teachers + support staff + families residing on campuses)

For example, incorporation of an HSSF-CW based decentralised domestic wastewater system has been
demonstrated in the town of Mhaswad, State of Maharashtra, India (250 m3/d) and the works carried out
for the restoration of the Mansagar Lake in the Town of Jaipur, State of Rajasthan, India (Lekshmi et al.,
2020a; Lekshmi et al., 2020b; NITI Aayog, 2015). Further, the application of CW4Reuse technology has
been demonstrated for academic campuses at Charotar University of Science and Technology in
Ahmedabad, Gujarat, India as well as at a gated residential religious institution in the town of Katel,
Maharashtra, India (Sutar et al., 2021). It can be seen from the studies that the treated water can be
reused for several purposes such as irrigation and gardening, landscaping and horticulture, contribution
to campus pond as well as, toilet-flushing after disinfection - which are the potential circular economy
benefits. Therefore, domestic wastewater can be treated and safely reused using CWs to achieve a net
reduction by 33% to 50% in freshwater consumption (depending on the extent of treatment).

Similarly, Focus Area 2 addresses solid waste-related interventions that an institute can undertake in the
short-term as well as long-term. The basis used for estimation of solid waste generation was a study
conducted at IIT Bombay under the guidance of the senior author of this study, which quantifies the
various categories of solid waste generated in the IIT Bombay campus having a residential population
(students, teachers and staff) of approx. 20,000 individuals (Singh, 2020; Sarwani, 2020). Based on
this study, estimates were prepared for the cumulative solid waste generation for all universities and
colleges in the State of Maharashtra, India as seen in Table 3. It can be seen from the Table 3, that the
cumulative solid waste generation is estimated at 2,730 MTPD.

It can be seen from Figure 3 that of the total solid waste generated, 50.16% is Dry Recyclable Waste,
42.6% is Green Biomass Waste, 5.83% of Wet Biodegradable Waste and a minor fraction of 1.4% is Dry
Non-recyclable Waste - which will have to be disposed of to the authorised engineered landfill facility by
the respective institutions. The Dry Recyclable Waste could be segregated at source and sent for gainful
recycling through authorised recycling agencies. The dry portion of Biomass Waste can be converted to
briquettes (refuse derived fuel) and the green fraction of Waste Biomass can be converted into compost
and used in the gardens of the respective academic campuses (decentralised treatment). The Wet
Biodegradable Waste can be used into production of biogas through a bio-methanation plant.

Table 3: Categorical estimates of Solid Waste generated at campuses of colleges and universities in the
State of Maharashtra, India in metric tonnes* per day (MTPD). Typical composition of municipal solid
waste and the corresponding per capita daily waste generation rates for various categories used in these
estimates are sourced from Singh (2020) and Sarwani (2020).

Sr. Estimated Daily Waste
No. Waste Category (MTPD)

la Wet Biodegradable Waste (Hostels + Residential) 125

1b Wet Biodegradable Waste (Academic) 34
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Dry Waste (Hostels + Residential)

2a 96.1% is recyclable and 3.9% is non-recyclable 17

b Dry Waste (Academic) 1.390
97.3% is recyclable and 2.7% is non-recyclable !

33 Garden Biomass Waste (Green + Dry) 083
(Universities + Stand Alone Institutions)

3b Garden Biomass Waste (Green + Dry) 180
(Colleges)
Total Daily Waste for all educational institutes of
higher education across the State of Maharashtra, 2,730
India

* 1 metric tonne (MT) = 1,000 kg; MTPD = metric tonne per day

Wet Biodegradable
Waste, 5.8%

™
TN

Green Biomass
Waste, 42.6%

=

<]

7 Dry Recyclable
Waste, 50.2%

Dry Non-recyclable
waste, 1.4%

Fig.3: Typical composition of four fractions of Solid Waste including Wet Biodegradable Waste, Green
Biomass Waste, Dry Recyclable Waste, and Dry Non-recyclable Waste from academic campuses in the state
of Maharashtra, India

In contrast to Focus Areas 1 and 2, the scopes of Focus Areas 3 to 6 are very broad and vary for every
institute depending upon the field and level of education, currently available facilities and size of the
institution. The quantification of the potential benefits of these Focus Areas is contingent upon several
detailed institute-specific data which are currently unavailable. The Guidelines developed in this study
address this gap by providing a monitoring mechanism and framework for every institute to become a
green campus. It is recommended in this study that each institution should monitor and quantify their
efforts to report through a ‘sustainability report’ which would help in creating a transparency and raising
awareness of the institute’s efforts towards the environment. The Focus Area 7, which addresses
Awareness & Capacity Building for Sustainable Living, suggests that regular workshops, awareness
activities as well as a green curriculum will act as a pedagogic approach to influence the students towards
a green culture. Along with the interventions in Focus Areas 1 to 6, the educational institute will be able
to bring a cultural shift at the institute level.

5 Conclusions

This study focuses on the potential strategies and eco-technological interventions which can be
undertaken by educational institutions in order to transition from “Business as Usual” to a “Green
Campus”. Accordingly, this study presents the Guidelines for development of a Green Campus and the
potential benefits which would be obtained related to resource efficiency, environment, ecology, and
sustainable thinking. Further, the analyses in this study quantify the resource consumption and
environmental footprint of all colleges and universities in the State of Maharashtra, India in order to
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estimate the potential long-term benefits through implementation of the interventions in these

Guidelines. Following are the salient conclusions:

e Educational Institutions have a definitive role to play in impacting the environment and ecosystem
on academic campuses through minimising environmental footprint and consumption of resources.
The “Green Campus Initiative” has a great potential in recruiting the students and teachers in
greening the academic campuses.

e The other important outcome anticipated by the implementation of the technological and managerial
interventions proposed in this study could be related to spearheading the “cultural shift” through
imbibing green thinking among the students, teachers and support staff in a given academic
institution. Also, through the proposed initiatives, the academic campuses can potentially become
the pilot demonstration sites for “testing the greening interventions” in the community and
simultaneously create the opportunities for the campus dwellers to learn through practice.

e A large portion of the water consumption by all colleges and universities in the State of Maharashtra,
India (135-220 MLD) can be reduced by 33% to 50% through reuse of treatment and disinfected
domestic wastewaters using the decentralised nature-based Natural Treatment Technologies (NTSs).
For example, the Horizontal Sub-surface Flow Engineered Constructed Wetland technology developed
at IIT Bombay, known as CW4Reuse, has been successfully demonstrated for such applications on
academic campuses.

e The total solid waste generation by all colleges and universities in the State of Maharashtra, India is
estimated to be ~2,730 MTPD. A significant portion of this is the Dry Recyclable Waste fraction
(50.2% i.e. 1,370 MTPD) consisting of paper, glass, polymers, and metals can be gainfully recyled
with the help of authorized agencies. The other significant portion is the dry and green Waste
Biomass (42.6% i.e. 1,163 MTPD) - which can be gainfully reused by converting the dry fraction into
briquettes (refuse derived fuel) and the green fraction can be converted compost and used within
the academic premises.

¢ Among the minor fractions of the solid wastes, the Wet Biodegradable Waste (5.83% i.e. cumulatively
159 MTPD in the State of Maharashtra, India) can be potentially subjected to biogas plant or bio-
methanation plant and the biogas as well as digested slurry can be used as fuel and fertilizer. Also,
the 1.4% fraction (cumulatively ~38 MTPD in the State of Maharashtra, India) could be the Dry Non-
recyclable Waste - which should be disposed of to the authorised engineered landfill facilities in the
vicinity of respective academic institutions.

e It is strongly recommended in this study that each academic institution in the State of Maharashtra,
India should launch the ‘Green Campus Initiative’ and monitor, quantify, and monetize the potential
benefits. Such a ‘sustainability report’ should be published every 3-5 years by each institution and
build awareness the institute’s contribution towards SDG 6: Clean Water & Sanitation, SDG 12:
Responsible Consumption and Production, SDG 17 Partnership for the Goals.
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Abstract

Despite the potential economic, social, and environmental gains that the Circular Economy (CE) can enable, the path
toward implementing this logic demands systemic and challenging business models and value chains changes. The
Covid-19 pandemic has demonstrated the fragility of the Brazilian supply chain and the dependency on the
importation of items made from plastic, aluminium, and other metals. Even before the pandemic, the Sectoral
Agreement pertaining to the packaging industry still presented modest results in Brazil. In this context, the
Institutional Theory presents at least three contrasting mechanisms for isomorphic changes that support the
legitimation and institutionalisation of certain practices. The objective of this article was to analyse one of its
mechanisms of change: the coercive isomorphism as an opportunity for the institutionalisation of CE in the Brazilian
packaging sector. For this purpose, a qualitative research was conducted, involving documental analysis and in-
depth interviews with 53 (fifty-three) stakeholders of the packaging sector from twenty different Brazilian states,
which were analysed using the NVivo® software. From the perspective of coercive isomorphism, we could observe
strategic, legal, and structural issues difficulting the transition to CE in Brazil. Moreover, among the main results, it
is possible to highlight the relevance of providing tax benefits, including the I waste pickers in the formal reverse
logistics system, and the role of Non-governmental organisations -NGOs and government agencies in supporting the
monitoring of this process. This study has limitations, one of which is not presenting and discussing new tools and
legislations that can alter the operation of the Brazilian packaging chain (launched at the end of 2021 or 2022).
Academic and managerial contributions can be obtained from this study. To researchers, it is shown how an
instrument of institutional theory (coercive isomorphism) can be useful for the development of a case study. For
managers, it is expected that the analysis of the participant's perception of the Brazilian environmental legislation
can contribute to the decision-making process of public and private managers and stimulate awareness.

Keywords: Circular economy; Isomorphism; Reverse Logistics, Institutional Theory,; National Solid Waste Policy.

1. Introduction

There is a lack of consensus regarding the concept of circular economy (CE) (Homrich et al., 2018;
Kirchherr, Reike, & Hekkert, 2017; Silva et al., 2019), as an emerging and still little institutionalised
approach (Repo et al., 2018). Nevertheless, its principles and proposal have been increasingly gaining
attention from policymakers, industries, and academia (Gregorio, Pié, & Tercefio, 2018). Although many
definitions coexist, the authors point out the CE as an alternative to the current economic model, which
follows a linear pattern characterised by the actions of take-make-dispose. In this sense, the focus of CE
is mainly on closing the productive cycle through strategies that include sharing goods, reusing,
refurbishment, and recycling, among others (Sehnem et al., 2019), involving a wide range of actors from
different sectors in different levels: micro, meso, and macro (from local to global) (Mor