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Abstract: The management of municipal solid waste (MSW) is a global challenge of a complex nature.
The organic fraction of rapidly degrading MSW, which can be recycled via composting provided it is
segregated at the source, is an incipient or non-existent practice in low- and middle-income countries.
This study aimed to identify the barriers and opportunities for composting MSW based on the
perception of local stakeholders through a qualitative and quantitative exploratory case study in the
municipality of Sao José dos Campos (SP). The study identified and interviewed local stakeholders
engaged in composting in the territory, surveying the local market for organic agricultural inputs.
Education, infrastructure, and social influence were the main factors that led to the decision to start
composting. For home composting, the efficiency of generated waste diversion is from 42% to 59%,
and management difficulties at the beginning of the practice are recurrent. Engaging people is
the main challenge of community initiatives and 32% ended their composting activities due to the
COVID-19 pandemic. Vermicomposting can be an opportunity to value organic waste in the local
market. The insights gleaned from the perceptions of local stakeholders provide valuable input for
more effective planning within a municipal composting scheme.

Keywords: composting; local stakeholders; influencing factors; organic waste

1. Introduction

Municipal solid waste (MSW) management is a global challenge of a complex nature,
as it deals with environmental, social, and economic dimensions [1]. The world generation
of MSW in 2016 was 2.01 billion tons. In 2050, it is expected to grow by 70% [2]. South
Korea, Sweden, Japan, Netherlands, Switzerland, and Germany are countries rated as
successful in managing their MSW. These countries have in common the development of
efficient methods, solid political structure, long-term vision, education, the incentive to
waste reduction, and a high level of segregation at the source [3].

Low- and middle-income countries have a high commitment to their municipal budget
with MSW management, about three to five times more than high-income countries. In
these countries, more than half of the MSW generated is putrescible solid organic waste
(PSOW) [2], and segregation at the source is incipient or non-existent [3]. While some
waste recycling programs have existed for decades, they lack adequate planning and a
better-established institutional configuration. The idea that organic waste is considered ‘no
value’ is the main barrier to its management [4].

Composting is a consolidated form of treatment to recycle PSOW [5] and is considered
an efficient, ecologically correct, and economically viable technology [6]. Composting
studies have focused on technology optimization and life cycle assessments, particularly in
the USA, China, Spain, and India [7]. The social aspect is little explored, especially in Latin
American countries.

In Brazil, MSW covers the waste generated in homes and urban cleaning activities. It
may also include non-hazardous waste from commercial and service establishments at the
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discretion of municipal public authorities [8]. In 2020, the country generated 37.4 million
tons of PSOW [9]; about 60% was disposed of in landfills [10], and only 0.9% was treated
via composting [11].

By the year 2040, Brazilian municipalities are required to implement a plan for the
valorization of PSOW, aiming to reclaim 13.5% of the PSOW from the overall mass of
municipal solid waste (MSW) generated [9]. The responsibility lies within the munici-
pal sphere to determine the most effective strategies to promote generator participation
in composting within their respective areas [12]. However, public management faces
political-administrative barriers, such as the lack of investment in the sector, lack of guid-
ance and cooperation from the population [13], and managers’ lack of knowledge about
the subject [12].

Additionally, management impediments manifest in inadequate infrastructure, defi-
cient planning of operational activities, and ambiguity in defining the responsibilities of
the involved agents in the process [14]. These impediments influence the difficulties in
operational processes, low quality of the raw material arising from the absence or failure of
segregation in the generating sources, and devaluation of the compost in the market [15].

Based on these obstacles, it can be inferred that Brazilian municipalities lack support to
promote the composting strategies and tools that integrate local stakeholders in the organic
matter recycling chain. Studies focused on the local scope can arguably help managers in
more assertive action plans and the development of partnerships for their promotion.

The planning of programs developed from the top-down [16] or based only on the
vision of experts runs the risk of not considering the new insights arising from a commu-
nity’s perception of what motivates or inhibits behavioral change [17]. User participation
in the pre-implementation phase was identified as a predictive factor for the system’s
success [18]. Even so, few interventions consider the vision of local stakeholders in system
planning [17,19].

This research aimed to identify the barriers and opportunities for the economic and
socio-environmental viability of composting in a municipal context. It is based on the
identification and recognition of the motivations and limitations concerning the practice
from the perspective of local stakeholders and the assessment of the potential local market
for organic compost and similar products.

2. Methodology

This is exploratory qualitative and quantitative research [20] with a case study in the
Sao José dos Campos municipality. Figure 1 presents the methodological design.

2.1. Study Area

Sao José dos Campos is a municipality located in Sao Paulo state, Brazil (Figure 2),
with an industrial and technological profile [6] and 737,310 inhabitants [21], of which 97.9%
live in an urban area and occupy 32.2% of the municipal territory [22].
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Figure 1. Methodological design of the research.
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Figure 2. Location of the study area. Data source [23]. Prepared using QGis Software 3.16.11.

In the territory, 0.81 kg/day of MSW per capita is generated and collected door-to-door
in 100% of the urban area and at fixed points in rural areas. Of the MSW collected, 81%
come from the so-called common collection, 12% from urban cleaning services, and 7%
result from the selective collection. In the composition of materials from the common
collection, 21.42% of dry waste is potentially recyclable, 57.15% is PSOW, and 18.22% is
rejected [24]. As an estimation, in 2021, approximately 207 thousand tons of MSW were
disposed of in landfills, of which about 100 thousand tons are PSOW.

2.2. Identification of Local Stakeholders

The identification of local stakeholders engaged in composting initiatives occurred
between January and May 2021, based on the researchers’ personal contact, internet search,
and identification of key informants. From this initial relationship, during data collection,
the snowball methodology was used between July 2021 and March 2022. The keywords
used for the internet search were “composting” and “Sao José dos Campos”, observing the
results obtained from 2012 in order of relevance until rejecting ten subsequent results.

The identification of key informants (KI) occurred on three fronts where there were
previous composting initiatives: public administration, non-governmental organizations
(NGOs), and research institutions (Rls) in the study territory, contacting at least 20 KI in
total. In public administration, the Kls that work directly and indirectly with the theme
were investigated. It involved five sectors: Departments of Urbanism and Sustainability
(SEURBS), Health, Education, City Maintenance, and URBAM—a municipal mixed econ-
omy company responsible for the management of MSW in the municipality. For NGOs
and Rls, the following criteria were adopted: to be headquartered in Sao José dos Cam-
Ppos, to carry out an activity, or to have a qualified human resource related to solid waste
management, environmental education, or agronomy.
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Commercial establishments were identified using the Econodata® company prospect-
ing platform [25], business and trade disclosure sites, and public consultation on govern-
ment websites and agricultural product associations. A limit of 50 potential commercial
establishments was adopted for the data collection, which should have an active gov-
ernment enterprises registry and economic activities within the scope. Only those who
declared selling organic agricultural inputs were interviewed.

2.3. Preparation of Scripts and Data Collection

The semi-structured interview scripts aimed at the local stakeholders engaged in
composting were prepared based on thematic axes, presented in Table 1, and adapted to the
following contexts: home, institutional /community, and commercially oriented community
(scripts in Supplementary Section S1). Four researchers previously validated them on the
subject through pilot interviews and were approved by the ethics committee of the Institute
of Sciences and Technology—Unesp (Opinion 5241652).

Table 1. Structure of scripts applied to composting initiatives.

Thematic Axis Data to Be Collected

Time of existence of the initiative, neighborhood,

Identification sociodemographic data (only household)

Model, the form of handling, frequency and average
time spent on handling, an estimate of diverted waste
and produced compost, type, and origin of raw material,
problems in operation.

Operating conditions

Destination of the compost, price (if sold), monetary
Resources expenses with implementation and/or operation, and
level of perceived energy expenditure.

Factors for the decision to practice composting (triggers),
motivational and inhibiting factors, strengths
(community and commercial), and difficulties and
discontinuity of the practice.

Motivations and Limitations

The number of interviews adopted in this study was 27, according to the recommen-
dations for qualitative interviews [26,27]. Only those in which composting initiatives were
active during the data collection and where the interviewee allowed the recording were
considered for assigning the interviews. Information provided by the respondents who did
not fit these conditions was also added to the project.

In commercial establishments, structured interviews were carried out with salespeople,
by telephone, or with those available in the sector. Complementary data collections were
carried out in the field by verifying the product packaging directly. The information
investigated was the characteristics of the commercialized product, prices practiced, type of
raw material used, the origin of suppliers, and the average sales per period (Supplementary
Section S2).

2.4. Systematization and Data Analysis

The semi-structured interviews were transcribed and systematized in electronic Excel
spreadsheets based on the content analysis (CA) [28,29]. The data were presented in a
categorized manner in the Profile of the Composting Local Stakeholders and Influencing
Factors of Composting Subchapters, which was identified based on the review by Pereira
and Fiore [30]. Also, the quality data was triangulated with the descending hierarchical
classification (DHC), performed using the IRAMUTEQ software (www.iramuteq.org) [31].

Barriers and opportunities were identified and summarized in a SWOT matrix, sup-
porting the analysis of alternatives in complex decision-making [32], and were classified
according to the pillars of sustainability, formed by the social, economic, and environmental
dimensions [33,34].
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3. Results and Discussion

Local stakeholders in composting were identified through 21 key informants (KIs),
of which 71.4% (n = 15) responded, in addition to 6 personal contacts and 11 accessible
contacts found on the internet. A total of 133 contacts were obtained, as shown in Table 2,
of which 39 were active during the data collection and are categorized in Figure 3.

Table 2. List of contacts obtained in this case study.

Initiatives Snowball ~ SEURBS Total (%)
Active 28 11 29.3
Inaccessible 9 23 24
Discontinued 2 20 16.5
Inactive but intending to resume or start 7 - 53
Outsources composting (outside the municipality) 1 - 0.7
Potential (not contacted) 32 - 24

Commercial
13%

Community/
Institutional
56%

= Big generator ® Residential condominiums
# Public administration buildings Health Units

& Public square & School

# NGO

Figure 3. Active composting initiatives per categories.

A total of 60% of the contacts were reported by the local authority but were not in-
cluded in the snowball sample (Supplementary Section S3) because there was no indication
of a person being directly responsible. Only 28% of these initiatives were active at the time
of this research. In the end, the data were collected from 12 households, 11 institutional
and four commercial initiatives. Although the snowball sampling method does not allow
for a representative sample of the target group [35], it was possible to map the relationships
between the interviewees and identify promising multipliers for composting. Access to
new initiatives was facilitated by the snowball method compared to the local authority’s
indication without direct contact.
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3.1. Profile of Composting Local Stakeholders

Income and space availability are not determining factors for people who make home
compost. One of the possible reasons for the low requirement regarding space availability
may be the preference for composting in stacked boxes (worm farms or boxes with mi-
croorganisms), used by 66% of the respondents” home composters. The sociodemographic
results are in Supplementary Section S4.

Figure 4 shows the models used by the initiatives surveyed in this study. Some
initiatives used more than one composting model, details of which are given in Table 3.

Combokashi 3338
Pallet RaNgmsms
Eé Tramontina SRR
é’ Boxes (microrganism) IR SN
g Gongocomposting  FEEEEEEREEEE S
5 Laminar BN\
Windrow/Pile Wiz
Worm farm BB ‘ R
0% 10% 20% 30% 40% 50%
Frequency of iniciatives
B Home % Community/Institutional % Commercial
Figure 4. Frequency of composting models adopted by interviewees.
Table 3. Description of the composting models adopted by the interviewees.
Model Description Reference

The most traditional form of disposal in patios, reaching temperatures close to

Pile or windrow 65 °C. [36,37]
They follow the same heating phases but are arranged in pre-molded and

Pallets or open boxes hollow wooden structures with a size of around one mS. [38]

Tramontina® Hollow and collapsible commercial plastic compost bin for composting in [39]
the garden.

Combokashi or bokashi Anaerobic method developed in Japan that degrades organic matter using [40]

efficient microorganisms, molasses, and water.

It consists of disposing a layer of approximately 30 cm height of the residue
directly on the soil with straw and covering it with another layer for natural
Laminar decomposition. The site is used for planting after transforming the material [41,42]
into compost. The Lages method, developed by the Federal University of
Santa Catarina, was one of the methodologies applied.

Worm farms and the box with microorganisms have the same structure as

Worm farm (vermicomposting) stackable and closed boxes. The difference is that the first uses Californian [43,44]

and boxes with microorganisms earthworms (Eisenia andrei) to consume organic waste, and the second w7
does not.

Milicomposting Biotransformation of cellulosic materials (vegetable waste, non-toxic [45]

cardboard) with woodlice (Trigoniulus corallinus).
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Community composting uses a greater variety of models, which shows an ability to
adapt the practice in different situations, depending on the number of people involved
and the physical structure conditions typical for decentralized composting [46]. Overall,
decentralized composting units have a processing capacity of up to 5 t/year [46], receive
waste from nearby generators, and are usually simpler due to the smaller amount of
material received [47].

The mass of waste diverted from the landfill, presented in Table 2, was calculated
considering the respondents who knew how to inform each group. They are 83% (1 = 10)
for households, 64% (n = 7) for community/institutional composting, and 75% (n = 3) for
commercially oriented composting. The per capita PSOW deviation of PSOW from landfill
to home initiatives was estimated to range from 5.9 to 8.2 kg/month (calculated based on
the number of people who benefit from the income and considering the PSOW density
equal to 0.435 kg/L [48] when estimated by volume).

The compost production estimate (Table 4) was based on 62% of interviewees who
knew how to respond. Only one community initiative weighed the compost produced, and
the rest of the interviewees answered based on empirical or academic knowledge.

Table 4. Monthly waste mass diverted from the landfill and processed compost.

Home Composting (kg/Month.Home) Community Composting (kg/Month)

Reference Residue Compost Reference Residue Compost
. . 22847 60°
This study 13.58 to 18.84 3.36 This study 1870 b 779 b
[49] 11.6 - [50] 168 -
[51] 15.52 - [52] 862.6 -
[53] 10.5 - [54] 15,000 5250

Subtitle: @ 1 average for community/institutional composting initiatives; P

community composting initiatives.

average for commercially oriented

The estimate of the mass diverted from the landfill and the organic compost produced,
based on the perception of the interviewees, are uncertain data since the amount of waste
inserted in the systems and the percentage of reduction for the matured compost vary,
depending on the type of food consumed [55].

The use of compost for one’s own benefit is one of the main concerns in the practice of
composting. In this survey, 96% of respondents use it personally or at the same composting
site, as shown in Figure 5.

Return to participant SiuEEE

B

Distribute at events J§
Donation  FRERRERERERNNNNNNEEE
AR

0% 20% 40% 60% 80% 100%

Own or local use

#BHome & Community/Institutional & Commercial

Figure 5. Forms of compost disposal.
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According to the interviewees, compost donations are made to people close to the
composting site or within the circle of relationships of those who compost. Not everyone
donates the compost produced, but those who do are generally sought after, and none of
the interviewees had their product refused. Others prioritize returning the fertilizer to
those engaged in the management or segregation of waste to reward their participation.

Home composting had an efficiency of between 42% and 59% deviation concerning
the waste generated when considering the estimate of 24.3 kg/month of MSW from the
common collection and the percentage of 57.15% of PSOW in the composition of MSW
of the municipality studied [21,56]. The value is close to other studies that evaluated the
efficiency by direct measurements, 47% [57] and 77% [53].

Decentralized composting can reduce transportation costs, landfill fees, and the pur-
chase of fertilizers [58] and increase landfill life. A home composting program expanded
to the entire municipality studied would have the potential to save approximately USD
9700 per month in landfill fees or an equivalent to approximately 3% of the total budget

expended on it (Economy = 7.05%.hab x 10% +24.3 %.hab). The estimative con-
siders the 10% population participation rate, suggested by Pai et al. [58], the estimated
average deviation of PSOW of the households in this study, and the cost of USD 17.97
per ton with a landfill operation in the municipality studied in 2022 (verbal information
(information provided by URBAM employee)).

In this study, 26% (n = 7) of the interviewees had no expenses with the implementation
of composting, as shown in Figure 6. However, 66% (n = 8) of the households and 55%
(n = 6) of the community/institutional local stakeholders claimed to have incurred expenses.
Three households and one community initiative claimed to have costs of maintenance
involving fuel, the purchase of dry matter, and/or a delivery service of material to the
home. Expenses are occasional and account for, on average, USD 13.03 per year.

N° of Initiatives

),
o

o

\

B
.

P
0 0.1to 10 10to 20 20 to 60 60 to 100 over 100 Not
usD informed

" Home & Community/Institutional & Commercial

Figure 6. Expenses with the implementation of composting.

For commercial composting, two companies reported expenses with implementation
alone, with an approximate average of USD 121.60. Another company said it spends around
USD 485.00 to USD 585.00 monthly, involving maintenance costs. Table 5 summarizes
the implementation expenses for the home and community initiatives measured in this
research and presents similar case studies.

Table 5. Costs of implementing composting by scale level.

Scale This Study [58] [59]
Home (USD) 21.48 M 34.63 to 230.87 @ 57.06/t @
Community (USD) 86.77/t (1,9 438.65/t @ 160.30/t @

@ Amount obtained in BRL and converted into USD (1 USD = 5.14 BRL) based on bcb.gov.br in Septem-
ber/2022. @ Values corrected for inflation according to the CPI (Consumer Price Index). ® Average for commu-
nity/institutional composting for those who claimed to have implementation expenses.
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The reported costs specifically cover the initial investment in equipment and infras-
tructure. Due to the diverse range of equipment involved, measuring the time duration
proves challenging. To facilitate comparisons, we estimated the average cost per ton of
waste diverted from community initiatives, assuming a twelve-month compost produc-
tion period—which is considered the minimum expected durability. Notably, the lowest
cost for compost production in this study is attributed to human labor (voluntary), with
no consideration of expenses related to campaigns or government programs (which are
non-existent in the municipality under investigation).

The effort encompasses the energy expended on activities directly and indirectly linked
to composting, such as source separation, packaging, and handling. Figure 7 illustrates
the perceived effort of interviewees, who provided their insights on a Likert scale, ranging
from little to a lot at the extremes.

9
8
w7
26
S5
c
= 4
o
= \
’ R 3
| -
. \ \
1 2 3 4 5
Little effort A lot of effort
B Home % Community/Institutional

Figure 7. Level of perceived effort in composting activities on the Likert scale.

The greatest perceived effort for community composting activities also involves social
issues (these elements configured non-operational difficulties and were detailed in item
3.2.9), as reported by Interviewee 14.

“Even mentally, you have to talk to people more and convince them, and then I think
it’s a more exhausting process. It’s not just the day-to-day handling there because that’s
not a problem for us, considering the volume we're there. But we often cannot take a step
further because I will depend on another structure.” (Interviewee 14).

Although it has not been a task foreseen in this work, some interviewees affirmed that
the perceived effort at the start of the practice was more significant or may be related to incor-
porating the habit and the problems faced at the beginning. Figures 8 and 9 show the practice
time of two groups of local stakeholders and the time spent with handling, respectively.

No clear correlations were observed between the perceived effort and time spent with-
out handling (r = 0.178), segregated residue (r = —0.084), and years of practice (r = 0.137).
According to some interviewees, the time dedicated to handling is often considered a
rewarding activity. Notably, there was a correlation between work time, handling dura-
tion, and the amount of waste diverted from landfills (r = 0.679). Commercial initiatives
engaging in activities that take less time (as depicted in Figure 8) may indicate the social
perception of a potential new market niche.
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Figure 9. Work time expended with handling.

Approximately 80% of the respondents reported composting or having initiatives in
place for at least one year, while limited data were available on the population’s participa-
tion time in community projects exceeding two years. Table 6 contrasts the active time of
the initiatives in this study with the population’s participation time in source segregation
for community composting and volunteering compared to other initiatives.

Table 6. Composting involvement time.

Involvement Time This Study [54] [60] [52]
(Months) %

0-6 11.1 (n=3) 27 17 37

6-12 7.4 (n=2) 13 * 6 13

12+ 815 (1 = 22) 60 ** 77 50

* Range of 0.5 to 1 year, according to the original study. ** Range between 1.5 to 3.5 years for the original study.

Overall, the lowest observed percentage between 6 and 12 months across various
studies highlights the fragility in the continuity of composting practices or participation in
composting schemes. The higher rate of activities after one year is influenced by project
duration and influx, masking dropouts during this period. Given that those who remain
over one year are more likely to continue in the project, it is suggested that adhesion cam-
paigns should be consistent within the first 12 months to solidify composting schemes [60].
Additionally, government incentives and training programs can further encourage and
support this practice.
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As reported by the interviewees, the composting time varied from 1 to 12 months,
with 50% indicating that the process takes 3 to 4 months, aligning with similar findings
in other community composting case studies ranging from 2.5 to 5 months [61-63]. The
processing time aligns with Kiehl’s assertion that compost stabilization occurs between
1 and 2 months, maturing between 3 and 4 months [36]. Variations depend on the initial
conditions like particle size and the carbon/nitrogen ratio [36], as well as physicochemical
parameters throughout the process, such as the pH and moisture content [64]. However,
this study did not delve into verifying these parameters or assessing the quality of matured
compost, as it was beyond its scope.

3.2. Influencing Factors

The factors influencing composting are motivators (opportunities) and inhibitors
(barriers). Among the motivating factors are the trigger factors, which led to the decision
to start composting. Figure 10 presents the influencing factors and triggers identified in
this study and those reported by Pereira and Fiore [30]. In this study, the factors were
centered on the experiences of the social actor and not on the initiative, except when two
actors discussed similar factors related to the same initiative. In this case, this factor was
considered only once.

Infrastructure and Convenience

Social Influence and Social Norm

Economic
Pandemic
Habit s
Pro-Environmental Behavior EI I I I -I:.I:':'I:-:.:':':':.:':':';.:':’
Feedback i
Trustin the System i
e

Education

Social Technology

Professional Issues  rmiiniieis

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0%100.0%

& Triggers  FInfluencers | M Pereira and Fiore (2022)
This study

Figure 10. Influencing factors associated with stakeholders involved in composting schemes (Pereira
and Fiore (2022) [30]).

Trigger factors (Table 7) were obtained based on personal experience or the history of
the initiative provided by the interviewee. These factors are not necessarily exclusive to the
practice and only functioned as a trigger for the decision to compost. In total, 61% of the
expertise cases covered two or more trigger factors.



Sustainability 2024, 16, 3359

13 of 25

In essence, insights from the interviews revealed three distinct categories—professional
issues, social technology, and the impact of the COVID-19 pandemic—adding nuances
beyond those previously reported by Pereira and Fiore [30]. Professional issues pertain to
the conditions in which one’s job directly or indirectly fosters a connection with composting.
Social technologies, in turn, drive community-based social transformations [65], encompass-
ing values such as collaboration, sustainability, empowerment, knowledge dissemination,
human-nature connection, and community support for projects.

Table 7. Trigger factors in the decision to practice composting.

Trigger Factors Subcategories Total %

Compost bin gain

Infrastructure and

Convenience Excess vegetable residue on the property 33.3

Need for fertilizer

Workshop and courses

Education Internet search 296

Academic education

Sensitization through close person

Social Influence and Exchange of information between peers

Social Norm 296

Inspiration from other initiatives

Everyday experience

Entrepreneurship

Sustainable School
Social Technology HeaThane oo 11.1

Foster collaborative culture

Food safety education

Set an example as an influencer of the practice

Professional Issues 11.1
Problems with waste generated in the work environment
Reduction of expenses with destination
Economic Reduction of expenses with the purchase of fertilizer 11.1
Financial return with the sale of service or compost
Pro-Environmental Take an interest in environmental issues 11
Behavior Concern about waste disposal .
Pandemic - 74

The COVID-19 pandemic, treated separately due to its unique impact, led to changes in
people’s routines, resulting in a reduction in food waste [66]. This reduction was attributed
to improved food planning and preparation [67], increased available time, and a heightened
awareness of waste consequences [68]. However, in community and institutional settings,
the overall decrease in people’s movement or the absence of individuals to maintain
management adversely affected many initiatives. In this case study, 32% of the discontinued
injtiatives had to close due to pandemic-related challenges. Descriptions and details of the
other influencing factors are in Supplementary Section S5.

3.3. Operational and Non-Operational Difficulties

The operational difficulties identified in this study, presented in Figure 11, refer to
problems related to system management, which involve infrastructure issues and a lack of
technical knowledge.

In the initial stages of home composting, half of the interviewees faced operational
challenges, with issues like fruit fly infestations, earthworm escapes, or deaths, and un-
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pleasant odors, all linked to insufficient humidity and oxygenation conditions. Ultimately,
25% of the home composters continue to grapple with the discomfort caused by fruit flies
as the lone persisting problem.

Conversely, operational challenges were uncommon for community and commercially
oriented initiatives, with only two instances reporting initial problems with flies and rats.
Within these groups, primary operational hurdles centered around low maintenance due
to time or personnel constraints and employee turnover. Recurrent difficulties in these
contexts, identified through interviews, were associated with non-operational factors,
including social and socioeconomic challenges.

Poor sizing of windrows

Inappropriate dry material type

Production (or not) of manure

Imbalance between staff and demand
Escape/death of earthworms

Viable seeds

Drought
Rats
Cockroaches
Ants

Odor BEREBEEBEREEEE:NN

Maggots/flies
0% 5% 10% 15% 20% 25% 30% 35% 40%

Frequency of initiatives

HHome & Community/Institutional # Comercial

Figure 11. Operational difficulties per kind of initiatives.

Mobilizing new participants poses a significant challenge, particularly among those
perceiving the activity as “dirty” or resisting direct contact, associating composting with
handling inconveniences like odor and undesirable animals. Another hurdle lies in the
lack of recognition of post-segregated organic waste (PSOW) collection and treatment as a
service subject to payment, leading to the disregard and undervaluing of the logistical and
composting process costs.

Additional reported problems include material theft in public spaces, challenges
in assigning responsibilities to individuals already occupied with other primary duties
in institutions, and difficulties in composting all generated waste due to the volumetric
limitations of compost bins. Trust in the system is also questioned due to insufficient
investments, support, and dialogue between the government and the population, along
with the organization of one-off events or initiatives lacking continuity with ongoing efforts.

3.4. Textual Statistics Analysis

Descending hierarchical classification (DHC), shown in Figure 12, was performed
in the respondents’ native languages with a correspondent translation in Supplementary
Section Sé. For the interpretation of the classes, the first most relevant words resulting from
each class were considered.

The analysis of word classes allows us to infer the most prevalent factors in this study,
namely education, infrastructure, and social influence, without delving into their intricacies.
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Reading begins with the upper row, forming two major groups: classes 2 and 3, pertaining
to education and social issues, and classes 1, 4, and 5, relating to operational concerns.

Class 2 is linked to environmental education, encompassing the experiences tied to
educational spaces and individuals. The represented actions involving verbs delineate
processes of knowledge exchange, dissemination, and the associated energy costs. The edu-
cational environment emerges as a pivotal space in individual development, contributing
to the construction of pro-environmental behavior and fostering social influence. It also
serves as a crucial avenue for driving the social and cultural changes necessary for ensuring
the viability of the system.

185 %

class 2 class4 class 1 class 3

Figure 12. Descending hierarchical classification.

Class 3 encapsulates education in terms of awareness-raising and infrastructure, un-
derscoring the role of public authorities in waste management and the performance of
the private sector. This class also evidences the acknowledgment of local stakeholders
with the mention of them, emphasizing their vital role in collaboratively constructing a
composting system.

Class 4 revolves around handling activities and composted materials, standing out as
the class with the highest number of verbs, with the most relevant word being an action
verb. Class 1 represents the phase following waste processing, also interpretable as the
perceived benefit. Class 5 addresses the operational challenges in the process, encompassing
the control and parameters of composting. It holds the highest frequency of occurrence,
underscoring its significance compared to other themes in the study.

3.5. Local Market

Out of the 50 potential trading establishments identified, 32% were found to retail
some types of organic agricultural inputs. Concerning these establishments, 4% lacked
a responsible person available for an interview during the data collection phase of this
research. Consequently, information on product packaging was consulted. Furthermore,
34% of the establishments asserted that they did not sell the product under scrutiny in the
study, and an additional 32% were not accessible for survey purposes.

The organic-based agricultural inputs identified in the study area were classified by
the establishment and/or suppliers as topsoil, earthworm humus, cattle manure, chicken
manure, substrate, soil conditioner, organic fertilizer, organic compost, and peat. Among
the establishments consulted, those not selling topsoil offered organic compost. According
to Brazilian legislation, organic fertilizers are considered as manure, peat, earthworm
humus [69], and organic compost [70], which can also be used as a soil conditioner and
substrate ([71] apud [70]).

Interviewees mentioned the number of sales only for the most commercialized prod-
ucts, emphasizing topsoil. Table 8 presents the characteristics of the most recurrent products
in the researched establishments.
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The average weekly sale for the 10 kg package was 17.25 units, and for the 20 to 25 kg
package, 45 units. However, this was reported as one of the most sought after; the most
offered by the establishments were 5 kg and 10 kg. This difference is probably because small
establishments without larger packages are available for selling the product. Figure 13
presents the average price per kilo of products sold in packages of 2 kg to 5 kg and sold in
80% of the establishments covered in this study.

Table 8. Establishments’ quantity per product offering.

Product
Supply and Demand of -
Organic Compost Topsoil Humus Substrate Cattle Organic
Manure Compost
No. establishments 14 11 10 7 5
No. suppliers 16 10 9 9 4
Weight of most wanted 10-12
packages (kg) 20-25 2 20-25 2-3 %
1900ral
& 1900ral
=
o
Q  1899ral
2
o 1899ral
L
S
e 1899ral
1899ral
B Topsoil Substrate H Soil conditioner
i3 Earthworm humus B Cattle manure Chicken manure
Organic compost

Figure 13. Price per kilogram of organic products.

Companies providing post-segregated organic waste (PSOW) collection and treatment
services, with plans to sell organic compost in the future, propose an average price ap-
proximately 30% higher than soil conditioner and organic compost and 60% higher than
local topsoil prices. To enhance the chances of local market acceptance, the PSOW organic
compost needs to be perceived by the population as offering greater added value compared
to competing products or priced more competitively against substitute products available
in the local market.

Studies indicate there is a low acceptance of organic compost by peri-urban farmers in
Séao José dos Campos, who prefer agricultural inputs or any other types of fertilization to
those made through composting [72]. In the metropolitan region of Vale do Paraiba (MRVP),
69% of farmers use chemical fertilizer, 68% animal manure, 28% vegetable compost, and 4%
humus [73]. Promoting home composting emerges as a viable strategy to boost population
acceptance. Home composting offers local use without the need for extensive logistical
infrastructure, and users have insight into the production process, making it feasible, even
in confined spaces.
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Agriculture assumes a central role in any local circular economy strategy. Its practice
in urban environments can contribute to a low-carbon economy and enhanced food safety,
provided precautions are taken to prevent contamination by pollutants [74]. Additionally,
access to locally produced food proves strategically valuable during crises [75], such as the
COVID-19 pandemic. According to [73], the MRVP exhibits areas with good or moderate
suitability for olive cultivation.

In Brazil, establishments that sell or produce fertilizers, correctives, or substrates for
plants must be registered with the Brazilian Ministry of Agriculture, Livestock and Food
Supply (MAPA). In this study, only 52% of suppliers and 25% of establishments were
registered in May 2022. Table 9 shows the price per kilogram, verified in this study, of
products based on suppliers with and without MAPA registration.

Table 9. Average price per kilogram of products.

. Soil Cattle Organic Chicken
Certification Topsoil  Substrate Conditioner Humus Manure Compost Peat Manure
Condition Average Price (USD/kg)
Registered in
MAPA 0.46 1.08 0.54 1.10 0.94 0.76 0.31 -
NO. MAPA 0.28 0.39 - 0.50 0.54 0.33 - 0.54
registration

This research reveals that, in the local market, products lacking registration with the
MAPA are, on average, about 50% cheaper than registered products. It is important to
highlight that registration ensures that a product has undergone an agronomic efficiency
assessment process and meets the quality conditions required by MAPA [76]. However,
no studies explored the impact of MAPA registration on the product’s competitiveness in
the market.

Vermicompost presents an opportunity to enhance the value of post-segregated organic
waste (PSOW) in the local market, as evidenced by this research, which indicates that the
price of earthworm humus ranks among those with the highest added value. Furthermore,
as per national legislation, humus generated and processed naturally, without the addition
of chemical products, may be exempt from registration when used for personal purposes
or sold directly to the final consumer, provided it adheres to specific legislation regarding
the usage requirements and safe application [77,78].

Compared with organic compost, vermicompost offers greater moisture retention
capacity in the soil [43], improves the diversity and stability of the bacterial community in
the ground [79], provides higher levels of nutrients [80,81], with higher percentages of total
nitrogen and phosphorus [82], has better availability quality [83], and can reduce GHG
emissions by 23 to 48% if feeding under ideal conditions [84]. Vermicomposting can reduce
levels of toxic metals and break them down into non-toxic forms [85]. Furthermore, humus
generated through vermicomposting can be used immediately after production [84], and
the process is adaptable for small spaces, making it suitable for home contexts.

Despite the potentialities compared with compost, vermicomposting is ten times less
studied than composting for treating PSOW [82]. There are few studies on the viability and
sustainability of vermicomposting for urban waste management and the socioeconomic
impact of the practice and use of the product in agriculture [86]. Research investigating
such issues can contribute to the appreciation of PSOW.

This research identifies 21 suppliers of various organic inputs, along with 2 others
not identified. Only two suppliers are headquartered in the municipality of Sao José dos
Campos, while eighteen are scattered across other cities in the state of Sdo Paulo, and one
is located in the state of Minas Gerais, as indicated in Figure 14.
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Figure 14. Location of suppliers of products offered by commercial establishments. Data source [87].

This research found that 80% of the suppliers are located within a radius of 200 km from
Sao José dos Campos, and the longest route is approximately 670 km. Given the low value
of agricultural products relative to their volume, transportation costs exert a significant
impact on the overall price [88], making traveling long distances unfeasible. For mineral
fertilizers, the transportation cost represents around 60% of the price composition [89].
There are no available estimates regarding the maximum economically viable distance for
transporting organic fertilizers in the Brazilian market.

3.6. Opportunities and Barriers

The yet-unexplored potential of PSOW compost production in Brazil holds significant
promise for urban and peri-urban food production across Brazilian municipalities [90].
Gathering local information on the availability of waste, strategic locations for processing
the material, and potential consumers is crucial for consolidating this market and the
segregation at the source of the PSOW. Figure 15 presents a SWOT matrix outlining the
primary opportunities and barriers to composting in a municipal context, as identified in
this study, categorized into social, economic, and environmental dimensions.
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Figure 15. Matrix SWOT.

The matrix mainly explores the social and economic aspects since the panorama
reached is limited to the vision of the sectors of the PSOW chain consulted in this study, the
local stakeholders that carry out the composting, the market offer, and the secondary data
from peri-urban farmers. Although the environmental dimension is rarely mentioned, it is
already well explored in LCA studies [91,92] and circular economy studies of PSOW [93].
In the same way, the technical aspect was not a previous intention for this work, which
focused only on the three dimensions of sustainability, highlighting that the technical aspect
is equally important. Future studies may explore the quality of the compost produced in a

local context to complement this topic.

The findings from this study suggest a profile akin to that of developing countries,
where initiatives are spearheaded by local stakeholders [94] that persist even with low
institutional support [95] and limited collaborative interaction among the intersectoral
actors involved in the PSOW chain [94]. Hence, it is reasonable to extrapolate the main
observations to similar territorial contexts, emphasizing the importance of considering

local specificities.

This study also highlights the need to create mechanisms that ensure the effective
contribution of the local stakeholders involved in the composting chain in the participatory
processes of waste management. This strategy may enhance consistent cultural changes
supporting the transition from the current linear chain to a circular chain, as reported
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by Ddiba et al. [94]. Despite the current low participation, it is understood that the local
government can serve as a catalyst for structuring the network of local stakeholders in
composting. This can be achieved through strategies that not only ensure the chain’s
continued operation but also minimize the need for long-term government intervention.

4. Conclusions, Insights, and Limitations
4.1. Conclusions

This research delves into the motivating factors for local stakeholders engaging in
composting in the context of the low performance of the local government in institutional-
ized composting schemes. It highlights the importance of considering the perception of
these actors to unveil latent opportunities and barriers that may not always be recognized
by the government. Using the snowball methodology was adequate to facilitate access
to the interviewees, ensuring greater adherence than contact compared to direct contacts
without explicitly indicating the responsible person for composting.

The key results from this research include:

e  Education, infrastructure, and social influence were determining factors in the decision
to start composting.

e  Operational difficulties at the beginning of the process for home composting and
non-operational challenges for community and commercial composting are recurrent.

e Interviewees perceive trust in public authorities as low and mention a lack of support,

dialogue, and one-off activities as insufficient to promote the practice.

Space availability is not a determining factor for home composting.

The efficiency of generated waste diversion is from 42% to 59% for home composting.

There are potential savings of 3% annually on landfill fees with home composting.

In the current scenario, the economic value of organic compost from MSW's rapidly

degrading organic fraction is not very competitive compared to substitute products.

e  Products with MAPA registration are 50% more expensive than those supplied without
registration.

e  Vermicompost could be a potential commercial product for PSOW appreciation.

4.2. Insights and Limitations

The data collection in this research is consistent with the objectives of exploratory
studies, i.e., to obtain preliminary information for the proposition of hypotheses and sug-
gestions for new studies [20]. In this sense, the following recommendations can contribute
to the planning of composting systems in other territories and paths for future research:

Adequate information in the initial phase of the composting practice and an under-
standing of inherent processes is crucial for continuity. In this sense, it is recommended
that the production of materials is oriented to the main operational difficulties identified
for beginner composters and the creation of a collaborative support network for guidance
to clarify doubts. This network can be built in partnership with more experienced com-
posters to act as advisors and provide feedback, given that new practitioners understand
the dynamics of the process.

Due to the sample size limitation, it was impossible to carry out statistical data
treatment. Also, this study is limited to the perceptions of the targeted public that practices
composting. For future research, it is recommended to enlarge the number of interviewees
in quantitative research and to broaden the scope to a general sample of the population in
the territory. In this way, it will be possible to identify who are the potential composters,
what is the level of knowledge of the population, and what are the potential sites and
composting models most suited to the local reality.

Market research and the flow of organic fertilizer and its substitute products in
other territories can clarify the functioning of the current fertilizer logistics system and
contribute to new insights that make the commercialization of PSOW organic compost
economically viable.
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