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APRESENTAÇÃO 

Estamos apresentando “Fonte de Biomassa e Potenciais de Uso”. São dezesseis 
capítulos que abordam trabalhos, pesquisas e revisões de forma ampla acerca deste 
conhecimento. A obra reúne trabalhos de diferentes regiões do país, analisando a área 
da Produção de biomassa sob diferentes abordagens. É necessário conhecer esses 
temas sob diversas visões de pesquisadores, a fim de aprimorar conhecimentos, 
relações interespecíficas e desenvolver estratégias para a utilização das fontes 
de biomassa. O esforço contínuo de pesquisadores e instituições de pesquisa tem 
permitido grandes avanços nessa área. Assim, apresentamos neste trabalho uma 
importante compilação de esforços de pesquisadores, acadêmicos, professores e 
também da Atena Editora para produzir e disponibilizar conhecimento neste vasto 
contexto. 

Mônica Jasper
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CAPÍTULO 16

BIODIESEL PRODUCTION FROM WASTE COOKING 
OIL WITH CHARCOAL PYROLIGNEOUS LIQUOR

Marcos Baroncini Proença
UNINTER, Escola Superior Politécnica

Curitiba – PR

Simone Ribeiro Morrone
UFPR, Departamento de Engenharia e Tecnologia 

Florestal
Curitiba – PR

Dimas Agostinho da Silva
UFPR, Departamento de Engenharia e Tecnologia 

Florestal
Curitiba – PR

ABSTRACT: In this article, biodiesel 
production from waste cooking oil with 
charcoal pyroligneous liquor was studied with 
the objective to analyze the viability of this 
environmental pollutant for biofuel production. A 
acid catalysis with H2SO4 followed by a alkali 
catalysis with KOH was performed in order to 
enhance the yield of the transesterification. The 
amount of liquor added varied from 20% to 40% 
(in relation to the volume of acid). It was also 
analyzed if the biofuel produced met the Brazilian 
Fuel, Gas and Petroleum Agency Standards 
(regulation values), in order to be used in Diesel 
engines and ASTM 6751 The obtained results 
showed that the biodiesel produced using these 
residues met the Standards in relation to density, 
kinematic viscosity and acidity (free fatty acids). 
However, water content and flash point were not 

granted.
KEYWORDS: Biodiesel, pyroligneous liquor, 
waste coking oil, transesterification.

1 | 	INTRODUCTION

Due to abrupt retraction on the demand of 
wood charcoal and the increase in production 
costs, there was the need for wood charcoal 
enterprises to adjust themselves to the new 
scenario, mainly on harvest mechanization. 
For these enterprises, labour, fertilizers and 
diesel oil represent 75% of effective operational 
cost (EOC) in Brazil. Therefore, any measure 
that implies on reducing these costs will affect 
positively the EOC (REUMERMAN et all, 
20020). The incorporation of biodiesel on diesel 
oil, used on harvest mechanization, is one of the 
alternatives. In addition, electric generators can 
operate totally with biodiesel and reduce energy 
costs, turning into an income source. 

The objective of this study is the 
proposition of applying two environmental 
pollutants: pyroligneous liquor, liquid phase, 
and waste cooking oil, for biodiesel production 
without any modifications either in process or 
in final product. Pyroligneous liquor has in its 
composition acetic acid, acetone and methanol, 
which are substances that are commonly used 
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for biodiesel transesterification. The produced biodiesel will be analysed in order to 
meet international and national standards. ( PHAN et all, 2008) (MEHER at all, 2006).

2 | 	METHODS AND MATERIALS

Apparatus

The apparatus consists of a glass reactor (500 mL) equipped with around 
bottomed flask coupled with a reflux condenser, a digital thermometer (temperature 
range -50ºC to 300ºC; accuracy +/- 1°C), surrounded by a heating mantle thermostatically 
controlled device. 

Waste cooking oil was provided by the student’s canteen of UFPR campus 
Botânico and it was stored in a 50 L plastic bottle. The physicochemical properties of 
the waste cooking oil are in table 1.

Pyroligneous liquor was produced from Eucalyptus saligna by slow pyrolysis 
[4] (heating rate 2°C per minute, maximum temperature of 450°C, residence time of 
30 minutes), yielding 33.16% vegetal charcoal, 50.4% of liquor and 16.44% of non-
condensing gases (in mass). Table 2 presents the physicochemical properties of the 
liquor.

Figure 1 illustrates the apparatus and the liquor.
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Figure 1 – Experimental apparatus and pyroligneous liquor

•	 Acid transesterification:

400 ml of waste cooking oil was mixed with 400ml of liquor, stirred and heated to 
115°C for 15 minutes. The mixture was cooled to 60°C, the catalyst (2.0 ml of H2SO4 
Alphatec 98.08 % purity) and methanol (112 ml Farmanilquima 99.85 % purity) were 
added. The temperature were held constant during the reaction time (3 hours). This 
process was repeated for three different quantities of liquor (20%, 30% and 40%) and 
the measurements were performed three times for each one. The excessive methanol 
was not washed. 

•	 Alkaline transesterification:

400 ml of food fried oil was mixed with 400ml of liquor, stirred and heated to 
115°C for 15 minutes. The mixture was cooled to 60°C, the catalyst (6.2 g of KOH ) 
and methanol (70 ml Farmanilquima 99.85 % purity) were added. The temperature 
were held constant during the reaction time (1 hour). This process was repeated for 
three different quantities of liquor (20%, 30% and 40%) and the measurements were 
performed three times for each one. 

Table 3 presents the reactants and their quantities.
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The reaction oil obtained by the mixed catalysis (acid and alkaline 
transesterifications) (HO et all, 2014) (BUCZECK,2014)  was transferred to a separated 
funnel: the dense phase is glycerine and the light phase is methyl ester, which was 
washed with water four times, heated to 40°C, washed with water three times and 
finally, washed with salty water. 

The yield was evaluated by the biodiesel volume in relation to the initial food 
fried oil volume. The physical properties of the produced biodiesel were analysed at 
Automotive Fuels Analysis Laboratory (LACAUT - UFPR).

3 | 	RESULTS AND DISCUSSION

Table 4 presents physicochemical properties and compares the values to 
regulations for the samples containing 20% of liquor.

Table 5 presents physicochemical properties and compares the values to 
regulations for the samples containing 30% of liquor.

Table 6 presents physicochemical properties and compares the values to 
regulations for the samples containing 40% of liquor.
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The first three properties (density, kinematic viscosity and acidity) for all 
pyroligneous amounts were within the regulations values.

Several articles recommend acidity and water content under 0.5% and 0.06% 
(KATES et all, 2003), (GERPEN et all, 2004), (FREDMAN et all, 1984), (CANAKCI et 
all, 1999).

The water content, for the biodiesel, was determined only for 20% of liquor and 
presented extremely high values in comparison to the ones of the regulations. This 
behaviour is due to lack of purification processes (drying or filtration) after washing the 
biodiesel.

Only the first measurement of 20% liquor set was accordingly to the regulations. 
Excess quantities of methanol, which were not removed by washing, could reduce the 
flash point. This effect can be avoided by heating the biodiesel after separating the 
glycerine.

In relation to the ester quantity, the samples with 30% of liquor were below the 
expected due to a failure in the magnetic stirrer.

4 | 	CONCLUSIONS

The experimental methodology developed proved to produce biodiesel from 
known processes with pyroligneous liquor additions of 20%, 30% and 40% and the 
final product met the standards for density, kinematic viscosity and acidity. However, 
water quantity, flash point and ester quantity did not replicate the regulations values. 
Further purification processes are needed in order to enhance the yield of biodiesel. 
Nevertheless, the proposal could be a solution for the pollutants used as prime materials.

REFERENCES
- P.J. REUMERMAN, B. FREDERIKS. Charcoal Production With Reduced Emissions. 12th 
European Conference on Biomass for Energy, Industry and Climate Protection, Amsterdam, 2002. 
www.cleanfuels.nl



Fontes de Biomassa e Potenciais de Uso Capítulo 16 130

- A. N. PHAN, T. M. PHAN. Biodiesel production from waste cooking oils. Fuel 2008; 87; 3490-96.

- L.C. MEHER, D. VIDYA SAGAR, S.N. NAIK, Technical aspects of biodiesel production by 
transesterification—a review. Ren. Sust. Ener. Rev. 2006; 10; 248-68.

- M.E. DOUMER, G.G.C. ARIZAGA, D.A. DA SILVA, C.I. YAMAMOTO, A.C. MANGRICH. Slow 
pyrolysis of different Brazilian waste biomasses as sources of soil conditioners and energy, 
and for environmental protection, J.Anal. Appl. Pyrol., 2015, 113, 434-443.

- K.C.HO, C.L.CHEN, P.X.HSIAO, M.S.WU, C.C.HUANG, J.S.CHANG. Biodiesel production from 
waste cooking oil by two-step catalytic conversion , Energy Procedia 2014, 61, 1302 – 1305.

- B. BUCZEK. Diesel Fuel from Used Frying Oil. The Scientific World Journal 2014, 2014, 1-3.

- U.SCHUCHARDTA , R. SERCHELIA , R. M. VARGAS. Transesterification of vegetable oils: a 
review. J. Braz. Chem. Soc.1998; 9; 199-210. 

- M. KATES, Y. ZHANG, M.A. DUBÉ, D.D. MCLEAN.Biodiesel production from waste cooking oil 2. 
Biores. Tech. 2003, 90, 229-240.

- J.V. GERPEN, B. SHANKS, R. PRUSKZO, D. CLEMENTS, G. KNOTHE. Biodiesel production 
technology, NREL, USA, 2004, p.110.

- B. FREEDMAN, E.H. PRYDE, T.L. MOUNTS. Variables affecting the yields of fatty esters from 
transesterified vegetable oils. J. Am. Oil. Chem. Soc.1984, 61, 1638-1642.

- M. CANAKCI, J.V.GERPEN. Biodiesel production via acid catalysis. Trans.Am.Soc.Agric.Eng. 
1999, 42, 1203-1210.



Fontes de Biomassa e Potenciais de Uso 131Sobre a Organizadora

SOBRE A ORGANIZADORA 

MÔNICA JASPER é Doutora em Agronomia pela Universidade Estadual de Ponta Grossa 
(2016), com graduação e Mestrado (2010) na linha de pesquisa Manejo Fitossanitário. 
Professora na Universidade Estadual de Ponta Grossa e no Centro de Ensino Superior dos 
Campos Gerais, atuando principalmente nas disciplinas de Entomologia Geral e Aplicada, 
Manejo de culturas, Morfologia e Fisiologia Vegetal, Fitopatologia Geral e Aplicada, Biologia, 
Genética e Melhoramento Genético e Biotecnologia.



Fontes de Biomassa e Potenciais de Uso 132Índice Remissivo

ÍNDICE REMISSIVO

A

Ácidos graxos livres  1, 2, 9, 96, 97, 98, 99
Agronegócio  68
Álcool  2, 3, 12, 68, 69, 70, 71, 72, 93, 95
Análise química imediata  75, 77, 78, 79
ANOVA  38, 50, 51, 55, 70
Antioxidante  12, 14, 16, 17, 18, 94
Aprendizagem de máquinas  24, 26, 28
Automação  41, 117, 118

B

Biocombustível  50, 51, 57, 68, 69
Biodiesel  1, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 37, 40, 87, 88, 89, 90, 91, 92, 
93, 94, 95, 96, 97, 99, 100, 101, 102, 125, 126, 128, 129, 130
Biodigestor  117, 118, 119
Bioenergia  41, 52, 59, 82, 100, 118, 119
Bioetanol  50, 58
Biogás  19, 20, 41, 45, 46, 49, 117, 118
Biomass  18, 19, 20, 23, 25, 27, 34, 35, 37, 40, 75, 101, 106, 113, 114, 117, 121, 122, 123, 124, 129
Biomassa florestal  24, 75, 118, 119
Biosorbent  121, 122

C

Carbonização da madeira  82
Carvão vegetal  75, 76, 80, 81, 82, 83, 84, 85, 86
Célula fotovoltaica  59, 60
Celulase  50
Cultivo  36, 37, 38, 39, 40, 70, 85, 91, 100

D

Desenvolvimento sustentável  41, 60, 65, 99
Domínio cerrado  103

E

Eficiência energética  61, 82
Energia  13, 41, 43, 44, 46, 47, 48, 49, 59, 60, 62, 64, 65, 66, 72, 75, 80, 82, 86, 87, 88, 90, 
98, 99, 100, 118, 119, 120
Energia da biomassa  75
Energias renováveis  59, 60



Fontes de Biomassa e Potenciais de Uso 133Índice Remissivo

Esterificação  1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 100
Eucalipto  35, 75, 80, 82
Extrato vegetal  12, 14

G

Geoestatística  103, 105, 107, 113, 115
Gestão ambiental  88

H

Híbrido de eucalipto  82

I

Inventário florestal  27, 103, 106

L

Lignina  19, 52, 80
Lipídio  36

M

Macaúba  87, 88, 89, 90, 91, 92, 93, 94, 95, 97, 98, 99, 100, 101, 102
Metano  19, 45, 46, 118
Mudanças climáticas  24, 25, 34, 60

O

Óleo de girassol  1, 4, 5, 6, 9, 11

P

Potencial energético  41, 47, 48, 49, 87, 88, 90
Pyroligneous Liquor  82, 125, 126, 127, 129

R

Rede cooperativa  117
Regressão múltipla  24, 26, 31, 33, 34
Resíduo orgânico  68
Resíduos sólidos  19

S

Sequestro de carbono  24, 25, 108, 114
Sociologia ambiental  88



Fontes de Biomassa e Potenciais de Uso 134Índice Remissivo

Solanum tuberosum L  68, 72

T

Transesterificação enzimática  88, 93, 97, 98, 99, 100
Transesterification  2, 10, 11, 88, 100, 125, 126, 127, 130

W

Waste coking oil  125
Waste management  121
Water and wastewater treatment  121



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




