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A B S T R A C T 
The increase in agricultural production generates a large volume 
of waste, which may lead to concerns about its proper destination. 
The main economic activity in Herculândia City, Western region 
of São Paulo State, Brazil, is the production and processing of 
peanuts. In this process, a large volume of peanut shells is 
generated. Following the current movement of using waste for 
energy purposes, in compliance with what was established by the 
Sustainable Development Goals (SDGs), this work aimed to carry 
out a study on the biogas potential generated from peanut shells. 
To this end, a low-cost biodigester prototype was built, which, 
over a period of 108 days, produced biogas and biofertilizer. 
The results showed that there was production of biogas from 
peanut waste; however, the volume produced did not provide 
savings in electricity costs when compared to the production of 
biogas from animal waste. Nevertheless, the work demonstrated 
the importance of providing solutions to the disposal of peanut 
shells, effectively mitigating future environmental problems, and 
serving as an alternative for generating sustainable and low-cost 
energy, especially for small producers.
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R E S U M O
O aumento da produção agrícola gera um grande volume de resíduos, 
podendo levar a preocupações quanto à sua adequada destinação. 
O município de Herculândia, no oeste do estado de São Paulo, tem 
como principal atividade econômica a produção e processamento de 
amendoim. Nesse processo é gerado um grande volume de cascas. 
Seguindo a tendência da utilização de resíduos para fins energéticos, 
atendendo ao estabelecido pelos Objetivos de Desenvolvimento 
Sustentável (ODS), este trabalho teve como objetivo realizar um estudo 
sobre o potencial de geração de biogás a partir da casca do amendoim. 
Para tal, foi construído um protótipo de biodigestor de baixo custo 
que, em um período de 108 dias, produziu biogás e biofertilizante. 
Os resultados demostraram que houve produção de biogás a partir do 
resíduo; entretanto, o volume produzido não propiciou economia no 
custo de energia elétrica, quando comparado à produção de biogás 
oriunda de dejetos animais. No entanto, o trabalho demonstrou a 
importância de prover soluções ao descarte de resíduos da casca de 
amendoim, efetivamente mitigando futuros problemas ambientais e 
servindo como alternativa geradora de energia sustentável e de baixo 
custo, principalmente para pequenos produtores.

Palavras-chave: biogás; casca de amendoim; energia elétrica; resíduo.
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Introduction
Agricultural activities, as well as the processing of agricultural 

products, have been causing several environmental problems relat-
ed to the waste generated during this process (Pelissari et  al., 2010). 
The concern involves slurry, which is a result of decomposition of or-
ganic residues that presents a high contaminating factor. Slurry has the 
following main characteristics: dark color, unpleasant odor, and high 
toxicity (Miyagawa et al., 2016), with potential risk to contaminate the 
subsoil and groundwater with heavy metals and other substances high-
ly harmful to human health (Milhomem Filho et al., 2016).

The use of renewable energy to meet the demands of the country’s 
energy matrix is   urgent and necessary, since the inputs used in agricul-
tural production are finite, and the practice of monoculture exhausts 
the soil. In addition, agricultural residues and by-products, in some 
cases, may have a polluting potential, damaging the environment (Pe-
lissari et al., 2010). Moreover, the use of renewable energy is one of the 
most discussed and globally relevant issues, part of the 2030 Agenda 
for Sustainable Development, proposed by the United Nations (UN), 
seeking to eradicate poverty, protect the planet, and ensure that peo-
ple achieve peace and prosperity (UN, 2015). The restricted space and 
the increasing need to meet the demand for clean energy production, 
water, and food indicate that some paradigms need to be overcome, 
aiming to meet energy and environmental challenges of the global 
community (Brasil, 2018).

In line with the concept of sustainability, the Brazilian National 
Policy on Solid Waste (PNRS, as its acronym in Portuguese) was estab-
lished in 2010, regulated by Law 12.305 / 2010. The PNRS is an import-
ant instrument with the purpose of regulating the management of solid 
waste, thus leading the country to follow paths that aim at improving 
the quality of life and environmental preservation (Brasil, 2010). 

Industries in general, including those inserted in agricultural activ-
ities, are responsible for returning the residues to the productive centers 
and giving them the correct destination (Azevedo, 2014). An example 
of proper destination is in the sugar and alcohol sector, that carries out 
the recycling of straw and sugarcane bagasse, practices which contrib-
ute to sustainable development (Verri et al., 2017). According to Bar-
bieri et al. (2010), the great challenge is to promote organizations that 
innovate efficiently in all three dimensions of sustainability: economic, 
social, and environmental.

For Polachini et  al. (2016), one of the biggest environmental 
concerns is related to the intense use of fossil fuel. For that reason, 
new technologies and renewable sources for producing energy from 
agro-industrial residue are relevant due to its low-cost and avail-
ability, mainly in countries with agricultural potential, like Brazil. 
The increasing generation of residue is a major challenge, especially 
for developing countries that still face difficulties to correctly treat its 
residues (Feil et al., 2015). This problem happens because, in addition 
to leachate, another aspect must be considered about the disposal of 
organic residue when it does not receive the proper treatment: the 

increase in the emission of greenhouse gases (GHG). Zanoni et  al. 
(2015) point out that the decomposition of materials produces main-
ly methane (CH4). According to Chizzotti et al. (2012), this gas can 
pollute 23 to 25 times more than carbon dioxide (CO2), requiring 
from nine to 15 years to be eliminated.

Even when considering specific questions regarding the aggra-
vations caused by organic residue from agricultural production, the 
economic importance of agribusiness in Brazil should not be ignored. 
Agribusiness accounted for 21.4% of the Brazilian Gross Domestic 
Product (GDP) in 2019 (CEPEA/ESALQ; CNA, 2020), in addition to 
being responsible for producing staples and commodities for domestic 
and foreign markets. This leads to a reflection on the potential of such 
residue from countless activities present for its reuse.

Correa et  al. (2019) point out that one use for the residues con-
sists in transforming biomass into energy sources, contributing to 
supply the demands of the country’s energy matrix, which seeks to in-
crease the contribution of renewable energy.

Aziz and Hanafiah (2020), in their study on the production of bio-
gas from solid organic residue in Malaysia, emphasize that this conver-
sion appears as a promising technology, being able to achieve sustain-
able development through clean energy and sustainable consumption, 
in line with the SDGs (UN, 2015). 

Bilotta and Ross (2016) point out that the agribusiness, in gener-
al, is a major source of residue, such as vegetables from the harvest, 
besides the processing residues, shells, straw, bark, and seeds, which 
have properties in their composition that allow them to be reused to 
generate energy. However, in Brazil, less than half of these materials are 
reused for this purpose, with more than 200 million tons of agro-in-
dustrial residue being discarded without reuse (Almeida, 2012).

The processing of peanuts generates a large volume of shells. Seeking to 
better treat residue associated with the use of new technologies, previous at-
tempts were made to use peanut shells for producing bioethanol through the 
decomposition of hemicellulose, which passes in the fermentation process, 
ethanol production and, later, distillation, thus converting agricultural residue 
into biofuels (Polachini et al., 2016). 

Slorach et al. (2019) emphasize the importance of studying anaer-
obic digestion in environmental sustainability. For this, rethinking the 
current development model, adopting sustainable practices, and vi-
sualizing new means of production is needed. Hence, the economic, 
social, and environmental dimensions must be considered, looking for 
new technologies associated with the production of renewable energy 
that causes less impact on the environment (Awasthi et al., 2018).

Based on this, the biodigester emerges as a tool capable of 
transforming residue into renewable energy (Oliveira et al., 2018). 
Biasi  et  al. (2018) mention that the anaerobic digestion carried 
out by biodigesters is a strategy with great potential for treating 
agro-industrial residue, since they do not require large areas for 
their construction and allow the reduction of residue that have 
a predisposition to pollute the environment. Thus, the energy 
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sector, for being capable of providing energy and biofertilizers, 
should consider this (Campos et al., 2011; Kunz et al., 2019).

In this sense, this work sought to study the potential of biogas 
generation from peanut shells. Such residue is generated in large 
amounts in the processing of peanuts and can be applied in several 
ways (Zhao et al., 2012).

The locus of analysis was the Tupã region. Located in the Midwest 
of São Paulo State, it is considered one of the main producing regions 
for peanut crop in Brazil. The great relevance of this production is ev-
ident both in economic and social aspects, since it generates a large 
number of jobs in the agro-industrial system.

Herculândia City, located in the Tupã region, is inserted in this 
pole producer; and peanut crop is the main source of its economy, from 
cultivation to seed processing. According to data from the Brazilian 
Institute of Geography and Statistics (Instituto Brasileiro de Geografia 
e Estatística - IBGE, 2017), 29 farms that produce peanut are locat-
ed within the perimeter of Herculândia, ranging from large to small 
farms. In 2015, the city stood out in the ranking of planted and har-
vested areas in São Paulo State, assuming the first position; in terms of 
volume produced, it ranked third, accounting for an amount of 17.8 
thousand tons of peanuts (IBGE, 2017).

According to Araújo et al. (2014), 30% of all agricultural peanut 
production correspond to shells. Estimates say that 1,350 kg/ha shells 
are generated. Such residue, due to its large volume and difficulty of 
storage, is considered difficult to use for other purposes. Lora and An-
drade (2009) add that, if agricultural residue were destined for energy 
transformation, it could contribute significantly to sustainability and to 
the energy matrix of the country.

Materials and Methods
For research development, three 120-liter containers with remov-

able cover and sealing system were used. The cylindrical containers are 
of opaque blue color to prevent the incidence of sunlight on the mate-
rial stored inside. These cylinders simulate the conditions of the Indian 
and Canadian biodigesters (Bezerra et al., 2014).

To allow the anaerobic fermentation process, the containers were 
interconnected. In addition to the 120-liter containers, 50-liter con-
tainer with removable cover, PVC pipes, connections, glues, sealing 
materials, purifying filter for sulphidic acid (H2S), carbon dioxide 
(CO2) and humidity, thermometer, and container for biogas storage 
were used, as described in Table 1.

After the identification of the materials necessary for the prepara-
tion of the biodigester, construction began as shown in Figure 1. 

Figure 2 shows the prototype of the biodigester that was built at 
Universidade Estadual de São Paulo “Júlio de Mesquita Filho” (UNE-
SP), Campus of Tupã.

The prototype was installed on a farm located in Herculândia City, 
São Paulo State. To speed up the biodigestion process, the prototype 
was buried so that the temperature was kept between 25 and 35°C, 

since the temperature influences the decomposition of organic matter 
and the amount of methane (CH4) present in the biogas (Mota et al., 
2019).

After installing the biodigester, peanut shells were crushed with 
a forage crusher with a gasoline engine, power of 5.5 HP, and a 3 
mm sieve. Crushing is an extremely important step in biodigestion. 
Galbiatti et al. (2011) point out that the difference between the use of 
whole residues and crushed ones can reach an increase of 53% of the 
methane gas present in the biogas produced using peanut shells and 
poultry litter.

Then, the barrels were filled with a ratio of 1 liter of crushed shell to 
3 liters of water. The mixing process was carried out prior to the barrel 
feeding. All the material was stored inside the feeding container; after 
mixing the materials, the valve was opened, and all the compost was 
sent to the first container.

In this way, the volume of 72 liters of crushed peanut shells 
(11.4 kg) was mixed with 216 liters of water. After the feeding process, 
all valves were closed to start the anaerobic fermentation process inside 
the biodigester.

After 45 days of feeding, considering that the minimum period of 
biogas production is between 45 and 60 days (Galbiatti et al., 2011), 
three filters were installed, with the objective of removing hydrogen 

Table 1 – Main materials used to build the prototype

Material Dimension
Quantity 

(Unit/meters)

Drum (plastic drum barrel) 120 liters 3

Drum (plastic drum barrel) 50 liters 2

Flange ½” 1

Flanges 2” 9

45° Curves ½” 1

45° Curves 2” 8

PVC Pipe 2” 5

Valve ½” 1

Valve 2” 2

Quick Connect /  
Quick Connect Connector

½” 10/10

Thread Seal Medium 1

PVC Lid 4” 6

PVC Pipe 4” 2

T PVC ½” 2

Transparent Flexible Hose ½” 2

Pivot ½” 10

Clamp ½” 10

Tap ½” 1



Study of the biogas potential generated from residue: peanut shells

321
RBCIAMB | v.56 | n.2 | Jun 2021 | 318-326  - ISSN 2176-9478

sulphide, carbon dioxide, and the humidity present in the gas, as illus-
trated in Figure 3. 

In the first filter, a steel wool roll was added, with the purpose of 
removing sulfate compounds, such as hydrogen sulfide, which impairs 
the storage of the gas and its burning (Brancoli, 2014). Seeking a func-
tional and accessible technology, the steel wool roll was used due to its 
low-cost acquisition. When the biogas encounters the various layers, 
the H2S reacts with the iron oxide and iron hydroxides, forming the 
iron sulfides that are fixed on the material, causing its oxidation (Ry-
ckebosch et al., 2011).

In the second filter, a mixture of water and chlorine (bleach) with 
an approximate volume of 1.5 liters was added. The second filter has 
different characteristics from the others. The biogas inlet and outlet 
are located at the top, causing the produced gas to pass through the 
mixture and go to the next filter. To avoid degradation of the chlorine 
present in the mixture, after installing the filter, the replacement of the 
compound occurred every 10 days. The main function of the mixture 
is removing carbon dioxide produced from anaerobic biodigestion 
(Brancoli, 2014).

In the third filter, silica gel was placed to remove the moisture present 
in the biogas and increase the calorific value of the compound (Baldacin 
and Pinto, 2015). To assist in the removal process, approximately 1 kg of 
material was introduced into the container. In order to identify whether 
the removal of moisture from the gas was taking place, changes in the 
pigmentation of the silica gel were observed. After that, thread sealant 
was used in the caps, and silicone in the inlets and outlets of the filters, 
seeking to reduce the risk of leakage of the produced biogas (Table 1).

To close the cycle, an air chamber was installed in the last filter to 
store the generated biogas. Two gas valves were used, the first on the 
outlet hose of the last filter, the second on the nozzle of the chamber 
(Table 2). 

1: feeding cylinder; 2: fermentation barrel; 3: fermentation barrel; 4: 
fermentation barrel; 5: steel wool filter rolls; 6: water and chlorine 
filter; 7: silica gel filter; 8: biogas storage tank; 9: disposable cylinder. 

Figure 1 – Sketch of the biodigester prototype

Figure 2 – Biodigester prototype

Table 2 – Summary of the filters used in the biogas purification

Filter Utilized Material Description

Filter 1 Steel Wool
Steel wool filter roll. Objective: to remove sulfate compounds, such as hydrogen sulfide, 

which impairs the storage of the gas and its burning (Brancoli, 2014)

Filter 2 Water and Chlorine
Approximately 1.5-liter mixture. Objective: to remove carbon dioxide produced from 

anaerobic digestion (Brancoli, 2014).

Filter 3 Silica Gel
Packaged Silica gel. Objective: to remove the moisture present in the biogas, thus increasing 

the calorific value of the compound (Baldacin and Pinto, 2015)

Figure 3 – Flowchart of biogas production
Source: adapted from Bonfim et al. (2019).
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For estimating the savings in electricity consumption generat-
ed by biogas production, energy equivalence parameters were used, 
according to Masson et al. (2015), who relate the equivalence of 1 
m3 of biogas produced with the other types of fuels, as shown in 
Table 3.

Results
During the entire process of biodigestion of the residue, tests 

on the barrels and connections were carried out to identify possi-
ble leaks. The first indication of the production of biogas occurred 
72 days after the feeding process, after opening the regulator that 
connected the buried system to the filters. At that moment, the ap-
pearance of bubbles inside the second filter, composed of chlorine 
and water, was seen. 

Subsequently, the regulators were closed to increase the pres-
sure inside the biodigester. For biogas storage, an air chamber with 
an approximate height of 0.22 m, external radius of 0.40 m, and in-
ternal radius of 0.18 m was used. Equation 1 was adopted to identify 
the filling volume of the chamber:

 (1)

Where: 
V = Volume;
π = Pi;
h = Height;
R = External radius;
r = Internal radius.
Likewise, chamber volume was identified according to Equation 2.

 = 0,088 m3 (2)

After knowing the volume of the biogas storage container, regula-
tors were opened, observing the movement of the liquid in the second 
filter. In sequence, the air chamber used to store the produced biogas 
began to inflate. Due to the low pressure of the system and the low re-
sistance of the filters, the regulators were closed when filling the volume 
of a chamber, so that the gas would not return and break the chambers. 
Lastly, the chamber was emptied.

In the following week, steel wool roll of the first filter was ox-
idized, and so, it was replaced. The second opening of the regu-
lators took place 94 days after the feeding process, following the 
same method as before. After 101 days, when opening the regu-
lators, a decrease in biogas production was detected. When ana-
lyzing the air chamber, a volume corresponding to only half of its 
capacity was observed (0.04 m3). After  that, the regulators were 
closed, and the chamber was emptied. Figure 4 shows the first bio-
gas production.

Table 4 shows the number of days on which gas production 
was verified, making up an amount of 0.2 m3 of gas generated 
from the mixture.

Table 3 – Biogas energy equivalence

Fuel 1 m3 Biogas Equivalence

Gasoline 0.6 L

Kerosene 0.57 L

Diesel 0.55 L

Liquefied Petroleum Gas 0.45 kg

Ethanol 0.79 L

Firewood 1. 536 kg

Electric Power 1. 428 kWh

Source: adapted from Almeida (2016).
Figure 4 – Air chamber filled with biogas

Table 4 – Filling the packaging chamber

Number of days Accumulated m3

72 0.08

94 0.16

101 0.04

108 No production

Total 0.2
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Table 5 – Biogas production parameters

Units / Parameters Values

Peanut shells quantity (liters) 72

Peanut shells quantity (kilos) 11.4

Water (liters) 216

Conditioning time (days) 108

Biogas production (m3) 0.2

Biofertilizer outlet temperature (°C) 21

ph 6.4

Odor Yes

Color Light brown

Following the conclusion of the biodigestion process, there was 
no biogas production after 115 days. On this date, the unloading 
barrel was opened and the biofertilizer was accessed to identify its 
properties.

At the end of the process, a volume of 22 liters of biofertilizer was 
produced with the following characteristics: potential hydrogen (pH) 
of 6.4 and temperature of 21°C. According to Santos (1991), the pH of 
the biofertilizer can vary from 7.0 to 8.0 or be lower when fermentation 
is incomplete.

In the sensorial analysis, the presence of odor in the biofertiliz-
er was observed. However, it did not present a putrefaction smell. 
As to its color, it presented light brown pigmentation. The quality 
of the biofertilizer is verified by means of color and odor, which 
is of low quality when it presents a putrefying odor and the foam 
that forms on the surface tends to be black (Gonçalves et al., 2009; 
Oliveira Filho et  al., 2020). In such cases, it is suggested that the 
biofertilizer be discarded.

Table 5 presents a summary of the results obtained regarding 
gas production parameters.

Peanut shells stowed in the digester presented a methanogenic 
potential corresponding to 0.2 m3 produced from 11.4 kg of residue, 
taking into account the 108-day conditioning period and external 
circumstances (rain and temperature).

The last evaluation of the biogas production occurred 108 days 
after the feeding process, and a minimum production was noted 
and considered irrelevant, so the total cycle of biogas production 
with peanut shells is comprised in a period of 108 days. Figure 5 
presents the behavior of biogas production.

In order to carry out the economic analysis calculations of 
energy generated by biogas production, the final residue from 
peanut production is equivalent to approximately 1,275 kg.ha-1. 
The amount of electricity consumption of BRL 0.57202 was also 
used for each 1 kWh employed by CPFL Energia, a non-state-
owned Brazilian group of electric energy generation and distri-
bution (CPFL, 2019). Table 6 presents a series of comparisons 
for producing biogas, taking into account the production per 
hectare.

As to the production of Herculândia City, if all this residue 
were used for producing biogas, 85,000 cylinders and 121,380 Kwh 
would be produced from each harvest.

Regarding biogas production on small farms, the reduction of 
electricity consumption can be equivalent to BRL 16.16 saved per 
hectare in the harvest, in the conditions shown in Table 7.

When compared to studies that estimate the production of bio-
gas from swine residue (Souza et  al., 2004; Martins and Oliveira, 
2011) and cattle residue (Coldebella, 2006), it is evident that the 
amount of biogas generated exclusively from peanut shells is much 
less than that from animal residue. However, based on the results 
presented, these data are close to those generated from acerola 
cherry pulp, which has a volume of 0.1 m3 produced from 52.10 kg 
of pulp (Bonfim et al., 2019).

Vintila et  al. (2019) point out that, in Cameroon, Africa, af-
ter processing avocado, cocoa, and peanut crops, a large amount 
of residue is produced, which, when subjected to experiments, are 
transformed in gaseous (biogas) and liquid (ethanol) biofuels. The 
authors also estimate that if peanut skins are used to produce bio-
gas, a volume of 30,376.960 m³ would be produced from the residue 
generated in the country.

Peanut shells are an abundant and efficient resource for the bio-
technological production of renewable fuels. Dahunsi et al. (2017) 
performed a previous treatment of the residue using the combina-
tion of mechanical and thermo alkaline procedures to optimize the 
retention time by increasing the temperature and pressure on 
the mixture. At the end of the process, a yield of 1739.20 m3/ kg was 
obtained. For Liu et al. (2014), other applications can be developed 
with peanut shells. The authors used a mixture of 1,800 grams of 
fish remains from the local industry and available in large quanti-
ties, with 200 g of peanut shells, and produced an amount of 33.99 L 
in 20 days of biodigestion.

Further evidence suggests that animal residue can increase 
the biogas generating capacity of peanut shells, as suggested by 
Junqueira et  al. (2011) and Paes et  al. (2016). Thus, an amount 
of animal residue can be added next to the barrel, if available on 
the property, with the aim of increasing the biogas generating ca-
pacity. Family farming is characterized by the diversification of 
agricultural activities, which may favor the use of more than one 
residue to produce biogas.

http://kg.ha
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Table 6 – Comparison of residue production with energy resources

Quantity (tonnes) Biogas m3 Number of cylinders Kwh/month

Residue per hectare 1.275 22.3 4 31.84

Residue in Herculândia City 4,845.0 85,000 15,740 121,380

Residue in São Paulo State 168,858,450.0 14,812,145 2,742,989 21,151,742.68

Source: Prepared by the authors, based on the data from the experiment; IBGE (2018); CPFL (2019).

Table 7 – Calculation of the electricity consumption reduction

Residue by hectare 1,250 kg 22.3 m3

Biogas equivalence 1 m3 1.428 kW/h

Energy equivalence (hectare per harvest) 130 days 31.84 kW/h

Price of kWh (CPFL, 2019) 1 kW/h 0.50742

Savings per hectare in the harvest BRL 16.16

Source: Prepared by the authors, based on the data from the experiment; IBGE (2018); CPFL (2019).

Conclusion
The use of biodigesters to produce clean energy is in line with the 

SDGs, which seek to substantially increase the share of renewable en-
ergy in the global energy matrix to achieve sustainability. According 
to the analysis obtained in this work, peanut shells presented a pro-
duction of approximately 0.2 m3 of biogas in a mixture of 11.4 kg of 
ground peanut shells with 216 liters of water. Regarding production per 
hectare, residues have the potential to generate an amount of 22.3 m3 

Figure 5 – Monitoring of biogas production

 
Figure 5 – Monitoring of biogas production 

 

 
 

of biogas, which corresponds to a generated energy of 31.84 Kwh per 
month. 

Even though peanut shells present low potential in the generation of bio-
gas when compared to animal residue, they have the potential to be used in 
small rural properties, since the energy consumption of family farms tends 
to be low. However, the use of peanut shells to produce biogas conveys the 
generation of electric energy from renewable sources in a decentralized 
manner, minimizing the use of energy from the concessionaires.
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