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ABSTRACT: This paper aimed to identify the potential means of revaluation of
the acai pulp production waste (APPW) already published, to be used as guidelines for
structuring reverse channels (RC), since the lack of alternatives regarding the reuse of
these waste may result in inadequate disposal. For this research, 52 published papers
from 2010 to September 2021 were analyzed, considering 2010 as the year that National
Solid Waste Policy (NSWP) was established. With the identification of possible APPW
revalorization alternatives, it was possible to prove different destination options for this
waste as well as to guide RC structuring possibilities, which benefits different productive
sectors, such as energy, water treatment, medicine, food, technology, crafts, composites
and substrate. Finally, it was also observed that in 97% of the identified studies there were
Brazilian researchers involved and the most researched alternatives so far are substrate,
composites and energy.
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1 INTRODUCTION

With the increase in population, technological advances, consumption and disposability,
the has been a higher quantity of waste generation in Brazil, reaching 76,756,215 tons
only in 2019 (ABELPRE, 2020), consequently, the concern of parts of society with the
adequate destination of this waste. It is noticed several economic activities generate
considerable amounts of solid waste, which, independently of the volume, if poorly
managed to its destination, cause changes in the environment and require appropriate
Reverse Channels (RC) (MACEDO et al., 2006).

According to Pinsky, Dias and Krugliankas (2013, p. 465), “the increasing importance
of sustainability in recent years has led some companies to consider, as an integral
part of business strategy, the inclusion of business goals compatible with sustainable
development”. However, many challenges need to be overcome in the political, social,
economic and technical fields to address the problems of generation, collection,
transportation and waste treatment (LIAMSANGUAN and GHEEWALA, 2008).

Solid Waste (SW) constitute (BRAZIL, 2016):

Any material, substance, object or disposed good as a result from human activities in society,
to which final destination is made, it is proposed to proceed or it is obliged to proceed, in solid
or semi-solid states, as well as gases confined in containers and liquids whose peculiarities
make infeasible its disposal in the public sewage system or in water bodies, or require infeasible
technically or economically solutions in the face of the best available technology.

If poorly managed, such waste may be subject to be treated as scraps, being transported
directly to final disposal points, environmentally adequate or not, without any possibility
of revalorization, which contributes to the quick capacity exhaustion on these points
and losses of opportunity for economic and social benefits from a more appropriate
management.

Hence, the adequate management of SW has contributed to natural resources
preservation, either through prevention or through recycling and revalorization, which
allows the achievement of environmental objectives. In this sense, the revalorization of
SW has become a prominent issue (SANTOS et al., 2016). Ochba and Lhamby (2016,
p. 920) describe Reverse Logistics (RL) as capable of performing waste revalorization,
reducing their quantity and increasing the competitiveness of companies.

According to Leite (2003), Reverse Channels (RC) are steps, ways or means by which
process waste should be driven, in order to return to productive or business cycles (same,
similar or different), increasing their survival from reuse or revalorization (recycling,
composting, etc.), or from their environmentally appropriate final disposal. A possible
structure of RC with processes and flows can be observed in Figure 1, in which one
can verify that since its generation, when going through the RC processes, the SW go
through successive stages of value aggregation until its adequate revalorization option,
from which only scraps originated from these processes are routed to environmentally
adequate final disposal sites.
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Figure 1: Possible general structure of reverse channels

Acai is an important economic source in the North region of Brazil. According to SEDAP
(2020), the State of Para is the largest producer of pulp, corresponding to 94.41% of all
production in the country. Among the cities in this state with the highest production of
acai pulp, in 2014, the most prominent were Castanhal-PA, in the Metropolitan Region of
Belém (RMB), with 24,258,839 kg, and Belém-PA, the state capital, with 5,773,123 kg. In
2014, the amount of pulp exported was 5,462,534 kg, and its national commercialization
is directed to the states of Sdo Paulo, Rio de Janeiro and Minas Gerais, major domestic
customers, and to other countries such as the United States and Japan, which are the
major importers (VEDOVETO, 2008; TAVARES; HOMMA, 2015). The great issue in this
context is that, to produce this amount of pulp, adopting the proportion proposed by Sagri
(2010), of 15% of pulp to 85% of waste, only in 2014 these cities generated more than
170,000 tons of waste, an average of 460 tons/day.

The waste generated in the acai pulp process is composed of stones and thicker layers of
the acai pulp that were retained in the sieve process (COSTA, 2014). The fibers are present
in the mesocarp coating and in the pulp of the fruit, being a byproduct of the pulp process.
Although they correspond to lignocellulosic materials, these SW are often disposed illegally
in the environment, becoming pollutant when disposed at the margins of water springs, being
responsible for the reduction in dissolved oxygen rates in water and eutrophication (LIMA
JUNIOR, 2007). According to Teixeira et al. (2006, p.21), the acai stone is a rich source of
carbon, with a content above 48%, a feature that makes this residue widely used as an input
in composting or in the production of organic fertilizer.

In this context, the adequate waste revalorization of agricultural by-products, such as
the acai pulp production waste (APPW), becomes imperative, considering that, over the
years, the generation of this waste has become a socio-environmental problem. Moreover,
as the adequate waste revalorization is able to provide new profitable products, such as acai
stone, which can be used as biomass (CARNEIRO et al., 2013), with the appropriate RC
structuring, it will be possible to create or to identify potential opportunities for sustainable
gains, from the capture of SW from the environment and pollution reduction (environmental
benefits), generation of new jobs (social benefits) and, consequently, income generation
(economic benefits) for society.
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In this way, this research identified the alternative means of waste revalorization, already
proposed in the Literature for the sustainable destination, recommended by the National
Solid Waste Policy (NSWP), specifically of APPW, with the perspective to identify potential
guidelines for the structure of RCs towards the environmentally adequate final destination
and risk reduction of final disposal of these SW.

2 RESEARCH METHOD

According to Sampaio and Mancini (2006), the systematic review, as well as other review
methods, consists of the research that uses as data the literature regarding a given topic.
To its development, techniques are applied with the purpose of collecting and obtaining in
sources of the literature information that contributed to the identification of different means
of APPW revalorization, published from 2010 to September 2021.

The initial procedure for the research development was to define the research topic
and afterwards the literature review was performed, considering as selection criteria, the
evaluation and extraction of information in papers published since 2010, the year in which
the NSWP was approved. The assessment of information from the obtained articles was
executed by a thorough reading of their content. Thus, it was identified the current APPW
revalorization means already published in the literature. Consequently, it was performed a
synthesis of the collected information as well as its presentation and discussion, considering
the association of the revalorization means and potential RC structures capable of supporting
them. The research steps were developed in a logical sequence detailed as follows:

a) Definition of Research Guidelines

Following the objective of this study, to characterize the context of the current research
developed in the literature on the revalorization of APPW, as an assistance to guide the
structuring of potential RCs, in this initial stage, the keywords were defined in Portuguese

L] L LT [ ]

(“Revalorization of Waste”, “Acai”, “Acai Waste”, “Reverse Channels”) and English (“Waste
Revalorization or Appreciation”, “Acai Waste”, “Reverse Channels)”, as well as the research
questions (RQ) that guided the review. In Table 1, these RQ are presented and associated

with their research objectives.

Table 1 - Research questions and objectives

Research Questions Research Objectives
What and how many studies were published with Perform the qualitative and quantitative literature
topics related to APPW revalorization between 2010 research related to the current papers on the
and September 20217 APPW revalorization
What are the revalorization What are the revalorization
considered in literature? considered in literature?

Fonte: Enermac (2019)
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b) Literature research

The literature research was performed with the use of keywords defined in the previous
step, considering the search, in renowned databases (See Table 2), for publications related
to the topic. For this purposed, the period of 2010- September 2021 was established as a
criterion for the survey, due to 2010 being the year in which the NSWP was approved in
Brazil. Finally, during this step, the keywords were also combined with words associated to
common revalorization alternatives for agrosilipastoral waste. In Table 2 one can observe
the review protocol which leads this research.

c) Analysis of identified papers and information extraction
The papers were analyzed by means of a complete reading of their contents in order to

ensure that the questions initially proposed were answered with consistency and that they
comply with the studied topic.

Table 2 - Literature Review Protocol

Research Question: “What are the current revalorization alternatives for the acai pulp production waste pre-
sent in literature published between 2010 and 2016 that can be used to structure specific reverse channels?”

Keywords Period Inclusion Criteria Databases
Papers published in journals and conferences .
Waste . ) ) Web of Science
o (national and international)
revalorization
Papers relating the research Keywords to the
o ) Google Scholar
waste destination alternatives (energy, substrate,
Reverse . -
composites, technology, water, food, medicine, etc.),
Channels o SCOPUS
2012 in title, abstract or keywords.
2021 Papers in English or Portuguese CAPES Journals
Acai
Exclusion Criteria PROQUEST
Papers in other languages Scielo
Acai Waste
Duplicated papers Blackwell Synergy

d) Information synthesis and presentation of obtained results

After extracting the required information (answers), these were synthesized and organized
to facilitate the presentation of the answers, i.e., it was verified the alternatives currently
proposed in the selected papers for the APPW destination/revalorization and the origins of
these surveys. For each criteria of analysis (guiding question), it was also identified the most
frequent alternatives. These results were presented in graphs and tables, according to the
information characteristics considered in this research.
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3 CLASSIFICATION AND RESULTS DISCUSSION

This section presents the results from the analysis of papers identified as researches on
the APPW revalorization alternatives published between 2010 and September 2021.

As of 2011, it was possible to observe that, since past decade, there has been greater
concern with the development of studies that propose new alternatives for the APPW
revalorization and, among the possible reasons for this trend, there are probably the impacts
of NSWP approval (Legal Factors) since 2010, or the problems that the inadequate waste
disposal has caused to society (Environmental Factors), especially in regions near to pulp
production sites (waste generation) or in the current waste disposal sites.

With literature research, 90 publications were identified, corresponding to national (36)
and international papers (journals and conferences) (54). Among those papers, there are
publications aimed at a wide variety of APPW revalorization alternatives. As shown in Table
3, the revalorization options Substrate, Energy Generation and Composite led the number of
publications using APPW as input. Although in minor rate, recovery options as using for water
treatment, technology, medicine, handcrafting and food were also identified in literature.

However, it is verified the need for more research directed to these areas since, besides
they already contribute with APPW consumption and in many cases with the reduce in
consumption of natural resources (environmental value), they are important sources of
benefits for society (infrastructure, health, art, etc.). From the results presented in Table 3, it
is clear the predominance of research in Brazil, which is presented in 97% of the identified
papers. It was observed that the most representative Brazilian states in researches related
were Para and Amazonas. In addition, in recent years there has been a lot of research
partnerships between Brazilian universities, as well as international ones.

Table 3 - Classification of selected studies on the APPW revalorization

Keywords Author (Year) — [States] Country

Luczynski et al. (2011); Carneiro et al. (2013); ltai et al. (2014); Kihl et al.
(2014); Souza et al. (2015); Muniz & Rocha (2013); Fragoso et al. (2014);
Gongalves et al. (2015) — [Para]; Virmond et al. (2012); Barbosa Neto et al.

Energy (2014); Rambo, Schmidt & Ferreira (2015); Sganzerla et al. (2021); Ferreira et
Generation al.(2021) - [Sao Paulo]; Santos & Junior (2016); Araujo et al. (2021) — [Ama-
zonas]; Teixeira et al. (2013) — [Rio de Janeiro]; Nagata et al. (2020) - [Minas
Gerais]; Bufalino et al. (2018) - [Minas Gerais e Amapa]; Costa et al. (2020) -
[Minas Gerais e Pard]; Alves et al. (2021) - [Santa Catarina; Parana; Paraibal

BR

Reis et al. (2019) - [Budapest] HN

Pereira et al. (2014) — [Para]; Gongalves Jr. et al. (2016) — [Parana]; Queiroz et
al. (2020) — [Para and Amazonas]; Pess0a et al. (2019) - [Pernambuco; BR

Paraiba]; Gongalves et al. (2019) - [Pernambuco; Parand];
Water

Treatment

Maciel-Silva, FW; Mussatto, S| and Forster - Carneiro, T.

(2019) — [Para; Kongens, Lyngby] BR/IDK

Gongalves et al. (2021) — [Parana; Macul] BR/CH
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Keywords Author (Year) — [States] Country
Maranho & Paiva (2011); Maranhob & Paiva (2012); Maranhoa & Paiva (2012);
Maranho, Paiva, Paula (2013); Paula, Paiva e Maranho (2013); Le&o, Paiva &
Lima (2012); Leéo et al. (2012); Maranho & Paiva (2011) — [Acre]; Soares et al.
(2014) — [Parana; Acre]; Erlacher et al. (2016); Erlachera et al. (2014); Erlacher
et al. (2013); Erlacherb et al. (2014) — [Espirito Santo]; Fonseca, Barroncas & BR
Substrat Teixeira (2014); Weckner et al. (2016); Rodrigues et al. (2016); Santos and Ca-
ubstrate
vallazzi (2017); Sales-Campos et al. (2021) — [Amazonas]; Souza et al. (2019)
— [Para e Amazonas]; Souza et al. (2019) - [Para; Amazonas]; Garcia, Oliveira,
Silva (2012) — [Amapa]; Pires et al. (2012) — [Para]
Albuquereu et al. (2021) — [Santiago of Compostela; Para] SP/BR
Valencia & Jardim (2014) — [Caquetd] CcO
Castro, Dias, Faria (2010) - [Sdo Paulo; Para]; Valencga et al. (2011) — [Ama-
zonas]; Costa et al. (2014); Mares et al. (2021); Guedes et al. (2021) — [Para];
Goes, Moreno & Tavares (2014); Wataya et al. (2015) - [S&o Paulo]; Martins et
al. (2021); Monteiro et al. (2021); Marvila et al. (2020) — [Rio de Janeiro]; Sato BR
et al. (2019) - [Para, Amazonas and Piaui]; Oliveira et al. (2019); Braga et al.
(2021) - [Para, Amapa, Minas Gerais e Sao Paulo]; Dias et al. (2019) -[Para,
Minas Gerais e Amazonas]; Romani et al. (2021) — [Rio de Janeiro; Rio Grande
do Sul]; Ballboni et al. (2019) — [S&o Paulo; Para];
Composite Mesquita et al. (2018) — [Amazonas, Moteria, S&o Paulo; Para] BR/CO
Rocha et al. (2021) — [Rio de Janeiro; Minas gerais; Firenze] BR/IT
Azevedo et al.(2021) — [Rio de Janeiro; Gaza] BR/PL
Nascimento et al. (2020) — [Pernambuco; Porto; Paraiba] BR/PT
Sato et al. (2020) — [Para, Piaui; Parana; Nottingham] BR/UK
Souza et al. (2020) — [Para; Amazonas; Ohio] BR/USA
Bastos, Melo & Soeiro (2012) — [Santa Catarina; Pard]
Alecrim et al. (2015) — [Amazonas]; Bentes et al. (2021) - [Amazonas; BR
Tech. Pernambuco]; Zavarize (2021) — [Maranhao]
Souza et al. (2020) — [S&o Paulo; Amazonas; Ohio] BR/USA
Barros et al. (2015) - [Minas Gerais] PT/SP/BR
Med.
Nascimento et al. (2016) — [Para]; Goncalves, Santos & Srebernich (2011); Melo
et al. (2016) - [S&o Paulo]; Martins et al. (2020) — [Rio de Janeiro; Santa Catarina]
BR
Oliveira et al. (2014); Brandéo et al. (2015); Neu et al. (2016); Gongalves et al.
Handc.

(2012) — [Pard]; Silva, Munhoz & Araujo (2014) — [Amazonas]
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Keywords Author (Year) — [States] Country

Gomes et al. (2012); Lima et al. (2015) — [Para); Zavarize et al. (2021);
Zavarize and Oliveira (2021) — [Maranhao]

BR
Food

Buratto; Cocero and Martin (2021) — [Valladolid] SP

Legend: BR — Brazil; SP-Spain; IT - Italy; USA — United Estates; UK - United Kingdom; PT — Portugal;
PL — Palestine; CL — Colombia; CH — Chile; DN — Denmark; HN - Hungary

In Figure 2 the distribution of the articles identified among the APPW revalorization
options. Hence, 21 (23%) papers proposed Substrate as reuse alternative of APPW; 21
(23%) proposed Energy Generation, and 21 (23%) proposed some Composite acai-waste-
based. Thus, it is possible that APPW research have been oriented to the reuse as an
alternative input in the industry, according to the papers from 2010 to September 2021.
There are evidences in literature that the interest in different ways of revalorization APPW is
growing, though for alternatives such as water treatment, technology, medicine, handcrafting
and food, such growth is still tiny (see Figure 3).

Figure 2: Distribution of selected papers per APPW revalorization alternatives.

Figure 3: APPW revalorization alternatives papers accumulated per year.
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Although it was considered only papers from the defined period, it was possible to
characterize the current context of the research on the APPW revalorization, regarding
potential destination alternatives. Hence, from the identified revalorization options in the
literature it was possible propose a more specific RC structure for each APPW destination
alternative, according to Figure 4.

Figure 4: Reverse Channels for the APPW revalorization.

Thus, knowing all the activities that are part of each APPW revalorization process can
help to identify common and specific steps, resources and agents, i.e., important details that
can make a difference in decision-making to plan and structure more feasible related RC,
including reverse logistics processes.

4 CONCLUSION

Considering the current context of acai pulp production and consumption growth at world
levels, and that the waste generation from this process (stone, fibers and microfibers) has
been reaching proportionally high quantities annually, by means of literature review, this
study identified the potential alternatives, among those already formalized in literature
towards the APPW revalorization, providing potential guidelines for the structure of specific
RCs aimed at the environmentally adequate destination of these wastes, thus reaching their
objectives satisfactorily.

Regarding the alternative APPW revalorization means proposed in the literature, even
though only papers published between 2010 and September 2021 were selected, 90 articles
were identified and organized in the following groups of revalorization alternatives: Food
(5 or 6%), Handcraft (5 or 6%), Composites (21 or 23%), Energy generation (21 or 23%),
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Medicine (5 or 6%), Substrate (21 or 23%), Technology (5 or 6%), and Water Treatment (7
or 8%), which represents a great variety of researches related to this topic, which drives a
similar possibility of RC structures towards the reuse of APPW. Furthermore, it was verified
the dominance of Brazil (97%), as country, and of Para and Amazonas, as Brazilian states,
on the research related to the topic.

In order to identify, explore and disseminate studies on the APPW revalorization means,
this study generated results capable of encourage discussions and assist new researches
referring to the structuring of specific RCs for APPW, from the identification of the current
forms of APPW revalorization proposed in literature (current and potential), considering its
feasibility from economic, technological, logistic, environmental, social, legal, etc. factors
(1) and the NSWP influence (legal component), for the development of studies towards
the proposal of new alternatives for environmentally adequate final destination (2) as well
as for the definition of more viable APPW RCs, considering local or regional specificities
and the current revalorization means already proposed in the literature, jointly identified in
this research (3).
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POSSIVEIS MEIOS DE REVALORIZACAO PARA 0OS
RESIDUOS DA PRODUCAO DE CELAS DE ACAI
COMO DIRETRIZES PARA A ESTRUTURA DE CANAIS

REVERSOS: UMA REVISAO DA LITERATURA

RESUMO: Este trabalho teve como obijetivo identificar os potenciais meios de reavaliagéo
dos residuos da producao de polpa de agai (RPPA) ja publicados, a serem utilizados como
diretrizes para estruturagao de canais reversos (CR), uma vez que a falta de alternativas quanto ao
reaproveitamento desses residuos pode resultar em inadequagao disposicéo. Para esta pesquisa,
foram analisados 52 artigos publicados de 2010 a setembro de 2021, considerando 2010 como
o ano de implantagdo da Politica Nacional de Residuos Sdélidos (PNRS). Com a identificagao
de possiveis alternativas de revalorizacdo de RPPA, foi possivel comprovar diferentes op¢des
de destinacao para esses residuos, bem como orientar possibilidades de estruturacdo da RC,
que beneficia diferentes setores produtivos, como energia, tratamento de agua, medicamentos,
alimentos, tecnologia, artesanato, etc. comp0dsitos e substrato. Por fim, também foi observado que
em 97% dos estudos identificados havia pesquisadores brasileiros envolvidos e as alternativas
mais pesquisadas até o momento s&o substrato, compdsitos e energia.

PALAVRAS-CHAVE: Revalorizagdo de Residuos. Canais reversos. Agai. Residuos da
producgao de celulose de acai.

Originais recebidos em: 20/10/2021
Aceito para publicagdo em: 13/12/2021
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