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ABSTRACT

The energetic use of biogas from waste contributes to meeting global
energy demand while addressing environmental issues, especially in developing
countries like Brazil. Despite increased biogas production capacity, its utilization
for energy remains below potential indicating the existence of bottlenecks to its
development. This study reviews literature to identify relevant barriers,
categorizing findings by substrate and energy use. High investment costs was
the most common barrier, regardless of substrate. Lack of infrastructure,
technological maturity, and knowledge were also noticeable. The study suggests
decentralizing policies and targeted subsidies, based on regional specifics and
environmental benefits, to enhance biogas’s energy potential in Brazil.

Keywords: Anaerobic digestion; Barrier assessment; Bioenergy; Biomethane;
Policy mix.

INTRODUCTION

Biogas is obtained from the decomposition of organic matter under
anaerobic conditions, such as those that occur naturally in landfills where
municipal solid waste (MSW) is disposed of or when different substrates (food
waste, agricultural residues, manure, and others) are processed in digesters. In
addition to the energetic use (electricity, thermal and mechanical), purified biogas
can also be used as a substitute of natural gas from fossil origin in industrial
process like production of fertilizers and plastics, and as a biofuel in the transport
sector.

Due to the vast possibilities of production and use, biogas exploitation
relates to different administrative sectors, such as energy, transport, sanitation,
environment and agriculture, amongst others [1-3]. As a result, a coherent legal
framework is one of the main institutional barriers for increasing energy use of
biogas in developing countries [4] and the need for bridging this gap is seen as a
necessary step towards realizing its full energy potential [1,3,5].

Brazil is a leading country concerning renewable energy production. In
2022, it was the second largest biofuel producer country [6] and over 89.3% of
the country’s electricity mix in 2023 was from renewable sources, mainly from
hydropower plants (58.9%) [7]. Despite the growth momentum for the exploration
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of biogas observed from 2016 until 2021, when more than a two-fold increase in
the volume of biogas produced was observed and the number of biogas plants in
the country has tripled, it still represents less than 3% of its theoretic production
potential [8].

Given the unexplored potential of biogas in Brazil and the slow
development of the sector, this study addressed the following research question:
what are the relevant constraints, if any, affecting biogas energy exploration in
Brazil? A literature review was conducted to identify the barriers reported in
previous studies. Policy recommendations emerging from the systematization of
the constraints identified were also explored. The results have been
complemented by reports from the Brazilian government and the biogas industry
in order to provide context.

MATERIALS AND METHODS

A literature review was conducted to identify relevant studies discussing the
constraints related to the production and energetic use of biogas in Brazil using
the Web of Science platform. The search strings considered the words “biogas”,
“policy” and “Brazil” from the title, abstract and key words fields. Only articles
were included. Based on the abstracts of the selected studies, only articles that
explicitly mentioned the need for establishing new policies or improving the
existing ones as a possible solution to overcome the identified barrier were
considered. Data from federal government and the Brazilian biogas industry were
used to illustrate recent developments achieved in the energy exploration of
biogas in the country. The selected studies were assessed and the most relevant
barriers affecting the expansion of biogas in Brazil and related policy
recommendations were discussed.

RESULTS AND DISCUSSION

The analysis of the retrieved articles revealed the most relevant hurdles and
policy recommendations to accelerate the implementation of biogas projects in
Brazil. High investment costs is the most frequent barrier identified for the
development of biogas in Brazil. Although the first initiatives for biogas upgrade
to biomethane were implemented more than ten years ago, there is still no
equipment available on the national market [9]. In addition to this, the scale of the
project is a relevant parameter, especially in the waste and sanitation sectors.
Electricity from landfill gas is economically viable only in dense populated cities
[10-12] and the insufficient rate of sewage collection in Brazil makes the
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energetic exploration of biogas in waste water treatment plants (WWTP)
unfeasible [13].

The implementation of the targets for wastewater collection set out in the
New Sanitation Framework Policy may contribute to the expansion of these
energy biogas projects [13]. In this context, there is a consensus policy
recommendation that the creation of municipal consortia should be encouraged
[13-16] and that the recovery of biogas from projects connected to the sanitation
sector in small cities should be subsidized [10,17].

Economic instruments are recommended as means of increasing the
financial attractiveness of biogas projects. The suggested mechanisms include
carbon credits [13,18,19] and methane taxes [20], taxes to finance the
introduction of more advanced waste treatment techniques [14,18], differentiated
electricity tariffs to ensure competitiveness [14,18,19], or to minimise the effects
of the sugarcane off-season on vinasse biogas [21], premium prices for the
energy produced that internalize the positive externalities of producing biogas
[12,22], as well as increasing financing options and implementing different loan
schemes based on the environmental benefits of these activities [22,23].

Little knowledge, lack of support and technological maturity were also
relevant and are linked to frustrated past experiences, mainly related to manure
treatment and incentives from the Kyoto Protocol slowdown [9,22,24,25]. More
recently, researchers observed that the perception of technological risk
associated with biomethane production from vinasse biogas is an important
bottleneck since the technology is still evolving [21,26]. Extending the deadline
for achieving the objectives of the National Biofuels Policy (Renovabio) beyond
2030 and setting different prices for credits from vinasse treatment are proposed
to overcome this obstacle.

Infrastructure bottlenecks were identified as obstacles to the production of
biomethane, not only in terms of distribution - the gas pipeline network is
inadequate [9,12,26] and is concentrated along the coast [27] - but also because
of the lack of filling stations [9]. Since biomethane is a substitute for natural gas,
the policy recommendations related to these barriers consists of improving the
regulation of the natural gas supply chain. In this sense, new policies should focus
on reducing uncertainties related to contracts and competition in the sector [9,12]
- since Petrobras is the major player in the market, and also on promoting
regionalization of policy design [9,12,27], starting with the identification of the
most locally relevant substrates and the most prominent end uses.

Although the energy end use of biogas raises specific policy
recommendations - i.e. tariffs for electricity projects and infrastructure for
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biomethane - the need for policy decentralization and neutrality became clear
when researchers addressed multiple substrates in their research [3,9,28]. If on
the one hand a more targeted policy can contribute to the economic
attractiveness of the projects, on the other hand it creates an imbalance of
incentives between renewable energy sources and ultimately postpone the
adoption of more appropriate techniques recommended by the National Solid
Waste Policy for the treatment of waste, such as biodigestion [3].

CONCLUSION

This research identified key barriers to the development of biogas energy
use in Brazil, with economic viability being the primary constraint, particularly
when compared to other renewable energy sources. To address this, the study
suggests incorporating co-benefits of biogas into policy frameworks through
technology-neutral economic incentives, such as premium prices and carbon
taxes.

Additionally, the analysis revealed significant regional variations in sanitary
conditions and production characteristics, especially within the agricultural sector,
influencing perceived barriers and policy recommendations. The findings
emphasize the need for decentralization and regionalization in policy design, with
a focus on local substrate availability and infrastructure to enhance biogas
development in the coming years.
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