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ABSTRACT

Environmentally friendly options for waste disposal and the need for expansion and
diversification of the national and international energy matrix are relevant issues today. One
technique that supports these goals is anaerobic biodigestion, which generates clean energy
from biomass. Accordingly, our goal was to perform a quantitative and qualitative assessment
of scientific publications on biodigestion in order to understand the evolution of the technique,
which is essential for environmental and economic sustainability. Ninety-nine articles indexed
in the Scientific Electronic Library Online between 1980 and 2015 were evaluated. The results
showed a significant increase in scientific publications since 2000 which addressed, in addition
to environmentally friendly waste management, the energy issue, with the use of biogas. This
increase in the number of publications coincides with increased awareness on natural resource
management and concern about global energy management. Most of the articles involved a
general evaluation of the process, using mainly animal waste from pigs, and emphasizing
biodigestion as waste management, since pig farming produces a large volume of waste and has
a high environmental impact.

Keywords: anaerobic fermentation, biogas, energy, brazilian scientific publications, waste
management.

Gestdo energética: uma sintese dos indicadores quantitativos sobre
biodigestao

RESUMO

Opcdes ambientalmente corretas de destinacdo de residuos e a necessidade de ampliacdo
e diversificacdo da matriz energética nacional e internacional sdo assuntos pertinentes na
atualidade. Uma das técnicas capaz de atender estas premissas é a biodigestao anaerobica, que
gera energia limpa a partir de biomassa. Desta forma, o objetivo deste trabalho foi realizar uma
avaliacdo quanti e qualitativa sobre o tema biodigestdo, entendendo o comportamento cientifico
das publicacdes sobre esta técnica, fundamental para a sustentabilidade ambiental e econdmica.
Foram avaliados 99 artigos da publicacéo cientifica nacional, indexados na Scientific Eletronic
Library Online, entre os anos de 1980 a 2015. Os resultados mostraram um aumento expressivo
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nas publicacdes cientificas a partir de 2000, que abordavam, além da gestdo de residuos
ambientalmente correta, a questdo energética, com o uso do biogas. Este aumento nas
publicacGes coincide com a maior conscientizagéo acerca dos cuidados com 0s recursos naturais
e a preocupacdo com a gestdo energética mundial. A maioria dos artigos discutiu sobre a
avaliacdo geral do processo, empregando dejetos animais, principalmente de suinos,
enfatizando a biodigestdo como gestdo de residuos, visto que a suinocultura gera um grande
volume de dejetos e ocasiona elevado impacto ambiental.

Palavras-chave: biogas, energia, fermentacdo anerdbica, manejo de dejetos, publicacBes cientificas
brasileiras.

1. INTRODUCTION

Considering the search for environmentally friendly waste disposal options and the need
for expansion and diversification of the Brazilian energy matrix, the use of clean energy derived
from biomass is a current and important theme. Anaerobic biodigestion is one of the techniques
capable of meeting these goals.

Several authors (Lucas Junior and Amorim, 2005; EI-Mashad and Zhang, 2010; Orrico et
al., 2016) commented on the need to implement techniques aimed at minimizing environmental
impacts caused by waste and rationalizing energy use, and highlighted the anaerobic
biodigestion, which has the advantages of producing biogas and biofertilizer, and reduces the
pollution of water resources.

The use of biodigesters has shown considerable socio-economic benefits worldwide,
especially the United States, Canada, China, India (Palhares, 2008) and Europe (Raboni and
Urbini, 2014).

An examination of current publications on anaerobic biodigestion will allow a better
understanding of the direction of current research on the subject, as well as the objectives and
the main substrates used. There are several quantitative techniques used to evaluate publications
(Vanti, 2002). In this context, scientometrics enables the analysis of the importance of a subject,
author, and work, and evidences the tendencies and contributions of a certain topic, researcher
or group of researchers, institution or country (Strehl and Santos, 2002). Indices, such as the
frequency of articles and the impact factor of journals and where they are published are also
used as scientiometric tools.

This study therefore used scientiometrics to conduct a quantitative and qualitative
evaluation and an annotated synthesis of publications relating to biodigestion, to promote a
better understanding of this technique, which is important in waste management and energy
production, and is fundamental for environmental and economic sustainability.

2. MATERIAL AND METHODS

This is a scientometric study of the national scientific literature and an annotated synthesis
of publications regarding the use of the biodigestion technique in Brazil. The objects of analysis
were scientific articles published in journals indexed in the databases of the Scientific
Electronic Library Online (SciELO), available in the Virtual Library through the website
http://www.scielo.org. The present research was conducted according to Braun and Schubert
(1988) methodological recommendations for scientometric studies.

The search for the scientific articles was performed from September 2015 to March 2016
with the use of the descriptors: “biodigestor”, “biodigestion”, “biogas” and ‘“anaerobic
digestion”, yielding 33, 31, 82 and 5 articles, respectively. The search process at first allowed
the identification of 151 scientific articles. Next, the scientific papers were selected through the
evaluation of the titles and abstracts and the inclusion criterion related to the use of the
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biodigestion technique in Brazil as a form of waste treatment or as source of biogas, energy
and/or biofertilizer. Thus, of the total of 151 articles, 52 articles were repeated or were
considered to be unrelated to the focus of the research, which resulted in 99 articles.

After evaluation and critical analysis of the 99 articles that met the selection criteria, the
following information was collected: year of publication of the article, allowing an assessment
of the number of articles published per year; the central theme of the research, that is, the
purpose of the work; substrate used in the process; city and state of origin of the main author of
the paper; and the classification of the journal in the area of Environmental Science in 2014
according to WebQualis. Data were tabulated and organized in Microsoft Excel 2010
spreadsheets and a descriptive analysis of the data was performed.

3. RESULTS AND DISCUSSION

The qualitative and qualitative study on biodigestion involved publications from 1985
(Figure 1). These results demonstrated that, from the year 2000, studies on the use of animal
and plant waste for energy production were the focus of Brazilian and world energy
management. The results showed a peak of scientific publications in the period from 2009 to
2015, although the last sampling period did not include the year 2016.

PERCENTAGE (%)
= N w
o o o
—
o
—
I w
-
w
N -
[(o]
I
[e)]

0 A

% a0 © o > % 2 o
K § o S S$ S & &
N N N ‘ . > >
g o S S & & & &
N O N s ~ ~ »
PUBLICATION YEAR

Figure 1. Number and percentage of scientific articles published in Brazil on the

subject of biodigestion between 1985 and 2015.
Source: Capes (2015).

The first work related to biodigestion was carried out by Sawazaki et al. (1985), who
discussed the potential of rice husk for the production of biogas through the action of alkaline
hydrolysis. The 1990s was a transition period, in which the focus came to be biodigestors (Alta
and Frios, 1992; Prada et al., 1998), biogas (Lacerda et al., 1990) and anaerobic biodigestion
(Manfron, 1991). After this period, the number of studies increased sharply.

Considering that “biogas” was the most listed among the descriptors used in the search,
and, associated with this fact, the increasing number of publications in the last decade, it is
believed that these data illustrate, among other points, the current concern with the national
energy issue. Basso et al. (2010) stated that awareness of the importance of the environment
has encouraged the study of new renewable and less-polluting energy sources.
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Following this reasoning, Rocha et al. (2013) stated that the resources currently used for
energy purposes include coal, natural gas and oil, and that, either by depletion of reserves or by
harmful effects on the environment, the search for “energy security” and for renewable energy
sources has become essential.

Raboni and Urbini (2014) analyzed the production and use of biogas in the European
Community and demonstrated that the practice is common, using anaerobic digestion for gas
production, aiming at reducing the use of landfills. The authors stated that Germany is the
country that most produces biogas using this method. The use of this product is mainly for the
production of energy (electricity and heat), or biomethane for use in vehicles. To this end, the
European community has been adopting a series of measures since 2000 to reduce carbon
dioxide emissions by 60% by 2050; measures such as the Green Paper, which will reduce the
use of fossil fuels by 20% per year with the use of renewable energy (Raboni et al., 2015).

According to Oliveira et al. (2010), developed countries employ the generation of
electricity through biogas, as confirmed by Raboni and Urbini (2014) and Raboni et al. (2015).
According to the authors, in Brazil, there is a need for studies and technical and economic
analyses that prove its efficiency. The feasibility of biogas is related to the use of technologies
and research. To this end, incentives and the strengthening of regulations and public policies
may contribute to making biogas a viable alternative (Gomes et al., 2014), following the steps
of the European Community.

The result in relation to the thematic axis showed a large variation in the research
objectives (Table 1). The studies evaluated economic efficiency, the use of the technique testing
different substrates, models of biodigesters, evaluations of the products generated, type,
quantity and quality and even literature reviews. Within these parameters, it is possible to
highlight the articles that evaluated the general biodigestion process, using waste from animal
husbandry such as beef cattle, dairy cows, sheep, goats, broilers, laying hens, horses and pigs,
as well as the use of biodigestion as a form of treatment of effluents and agro-industrial residues,
including effluents from slaughterhouses, dairy plants, starch-manufacturing plants, vinasse,
coffee wastewater, banana farming, rice husk and crude glycerin.

Table 1. Number (N) and percentage (P) of scientific articles on biodigestion published in Brazil,
according to the thematic axis, between 1985 and 2015.

Thematic axis N P (%)

Evaluation of the health aspect, aiming at the elimination of pathogens from

the residues 29 2930
General evaluation of the process, using animal waste 27 27.27
Treatment of effluents and waste from agro-industry 11 12.50
Study of the production of biogas, methane and energy 10 10.10
Use of biofertilizer 8 8.08
Use of effluent 8 8.08
Evaluation of the process of biodigestion and elimination of hydrogen sulfide 4 4.04
Study of the equipment, reactor and/or design of the biodigester 1 1.01
Economic evaluation of biodigestion 1 1.01
Literature review of biogas, biofuels and/or renewable energies 29 29.30
Total 99 100.00
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Kunz and Oliveira (2008) stated that the goal of biodigestors in Brazil is: the treatment of
effluents, use of biogas as an energy alternative, and the use of effluent to improve soil fertility.
The use of these effluents to recover water and improve fertility was also an objective described
by Leal et al. (2010) and Bdcoli et al. (2016).

Silva (2012) concluded that biodigestion of human and swine waste was feasible, reducing
BOD, COD and coliform levels; however, the treated effluent cannot be directly discharged in
water bodies, without prior clearance. These measures are extremely important to maintain
water quality in the environment, reducing environmental impacts, the basis for sustainable
development.

Most of the analyzed articles correspond to the area of biodigestion with animal waste. In
addition, several studies carried out with agro-industrial residues and biogas production are
linked to the animal production chain, as well as its sanitary evaluation. For this reason,
analyzing the biodigestion and animal production chain, the total number of articles (n=61) was
classified according to the animal species and the material used as substrate (Table 2).

Table 2. Number (N) and percentage (P) of scientific articles on biodigestion in Brazil between 1985
and 2015, according to the substrate of animal origin.

Animal Substrate N P (%)
Poultry Broiler waste 3 4.92
Slaughterhouse effluent 1 1.64
Poultry litter 1 1.64
Laying hen waste 2 3.28
Pigs Waste 28 45.90
Beef cattle Waste 12 19.67
Dairy cows Waste 2 3.28
Dairy plant waste 2 3.28
Goats Waste 3 4.92
Goat and sheep waste 1 1.64
Equine Wood shaving with waste 1 1.64
No identification of animal waste or biodigestion carried out with 3 4.92
mixed waste
Total 61 100.00

All productive activity has an impact on the environment and the great challenge is to adapt
animal production to the population’s demand and at the same time to maintain sustainability
(Lucas Janior and Amorim, 2005). This fact became a central point of current discussions in
several production chains, as the studies on composting, vermicomposting and anaerobic
biodigestion techniques demonstrate, as they relate to aspects of sanitation, energy and nutrient
recycling (Orrico Junior et al., 2011; Martins and Oliveira, 2011). The use of biodigestors in
animal production systems is important, because in addition to promoting the treatment of
waste, they generate energy that can keep the production system energetically balanced (Orrico
Junior et al., 2011; Martins and Oliveira, 2011).
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The results highlight a large number of publications involving biodigestion with swine
manure. In fact, national pig farming is well established, and Brazil ranks 4™ in the world in
production and export of pork. According to Rizzoni et al. (2012) and Moraes et al. (2016), pig
farming is considered by environmental control agencies to be the agricultural activity that
results in greater environmental impact.

Lucas Junior and Amorim (2005) reported that pig farming waste is mainly composed of
animal manure, feed residue and water. Ensminger et al. (1990), when considering an animal
unit (450 kg body weight), found that pigs excreted 1.9 times more waste than beef cattle and
1.3 times more waste than dairy cattle, evidencing the high waste generation in the activity; in
comparative terms, it is equivalent to four times that of the human population. The growing
expansion of this activity highlights the need for studies on the proper disposal of waste and
residues from this chain.

In agreement with Esperancini et al. (2007), there are several technological alternatives
that involve the use of biomass for energy generation and the anaerobic biodigestion of animal
waste has attracted great interest, mainly from pig farming.

Industrial pig farming generates large quantities of effluents that require treatment; thus,
the anaerobic biodigestion process is an important, low-cost and efficient treatment for the
reduction of organic matter in wastewater from pig farming (Amaral et al., 2004; Vivian et al.,
2010; Moraes et al., 2016). But the efficiency of anaerobic processes is limited, among other
ways, by the concentration of volatile solids in the biodigester and their capacity to mineralize
organic matter over hydraulic retention time (Amaral et al., 2004).

The use of beef cattle waste as a substrate for biodigestion was 2" in the number of
publications. This result is curious because the amount of material excreted by these animals is
on average 24 kg/day (Ensminger et al., 1990) and the main form of production is widely spread
out (Oliveira et al., 2010), making it difficult to collect and use this material in biodigestion.

Nevertheless, despite the reduced number of articles with dairy cows, biodigestion for
waste of this animal category is more indicated, since the amount of excreted material is greater,
on average, 40 kg/day/cow and most of the production occurs in feedlot systems (Oliveira et
al., 2010). These records evidenced the greater energetic potential of dairy cattle in relation to
beef cattle; also, Orrico et al. (2016) verified that the addition of 4.4 and 6.5% of discarded oil
to substrates containing dairy cattle waste increases the biogas production even further.

Consistent with the need to search for correct disposal, Law 12,305, which instituted the
National Solid Waste Policy (Brasil, 2010), lists as environmentally friendly final disposals:
reuse, recycling, composting, recovery and energy utilization, among others. Therefore,
publications on biodigestion using animal waste, especially from pig and beef cattle, which are
expressively farmed in Brazil, are relevant and necessary at the present time.

Of the total number of publications, it is possible to observe that the State of Sdo Paulo
contributed 34.34% of all published studies; Parana ranks second, with 20.20%, followed by
Minas Gerais, with 13.13%. Five brazilian publications (5% of the total) belong to authors from
Italy (Raboni and Urbini, 2014 and Raboni et al., 2015), Chile (Ortiz et al., 2014), Argentina
(Fuentes et al., 2009) and Colombia (Cafion-Franco et al., 2012). This finding shows that the
Brazilian journals are well-referenced, with a high impact factor and high JCR in the area of
environmental sciences, since outside the country the quality of production is measured by
means of these two indices.

In Brazil, the quality of intellectual production is identified in the Qualis stratum through
the analysis of scientific journals (CAPES, 2011). Considering this evaluation criterion, it was
possible to observe that 87.88% of the published scientific articles come from scientific journals
classified with higher strata, evidencing the high level of the research.
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4, CONCLUSION

The quantitative evaluation showed a reduced number of publications on biodigestion in
the historical series between 1985 and 2015.

Most of the works are recent and the most common theme investigated in recent years is
the energy issue and the production of biogas, in addition to environmentally friendly waste
management.

Many publications dealt with the general evaluation of the process, using mainly pig
manure as substrate.

The State of Sdo Paulo stood out with the largest number of articles published; the majority
in periodicals with high CAPES Quialis in the area of Environmental Sciences.
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