Capacidade Técnica Obrigatoria

Candidato: Sérgio Santos de Jesus

Area de atuacio: Engenharia IT — Engenharia Quimica: Desenvolvimento de Processos

Biotecnologicos

Documentos (tltimos 5 anos):

1)

2)

3)

4)

5)

Poés-doutorado: Otimiza¢do da produgdo de lipideos e carboidratos visando a
produgdo de biocombustiveis utilizando a microalga Chlorella vulgaris crescida
em meio alternativo.

Atividades: producdo de microalgas em fotobiorreator projetado e construido
pelo candidato visando a maximiza¢do de biomassa rica em lipideos e
carboidratos para produ¢do de biocombustiveis de terceira geragdao. Geracao de
modelos estatistico do processo, além disso esse estudo permitiu o
desenvolvimento de um novo método de extracdo e purificacdo de biodiesel de
microalgas usando solventes verdes em substituicdo aos solventes de origem
fossil.

Artigo Cientifico: Biodiesel production from microalgae by direct
transesterification using green solvents.

Atividades: Produgdo e analise do biodiesel de microalgas produzido por
transesterificacao direta. A produgao, extracao e purificagdo foram realizados com
solventes verdes.

Artigo Cientifico: Recent advances in lipid extraction using green solvents.
Atividades: Este artigo de revisao faz uma compilagdo de diferentes avangos na
extracao e purificacao de lipideos utilizando diferentes metodologias como Bligh
and Dyer, Folch, extracdo com solventes verdes, liquidos i0nicos, extragao
supercritica entre outros, dando maior €nfase a extracdo em microalgas.
Professor de aulas de laboratorio de microbiologia e técnicas aplicadas a
biotecnologia: Professor visitante no curso de Biotecnologia da Universidade
Federal do ABC. Disciplinas teoricas e experimentais, conforme em anexo.
Atividades: Atividade didatica em aulas teoricas e experimentais no curso de
graduacdo em Biotecnologia. As disciplinas abrangeram temas como
fermentagOes industriais, meio ambiente, biorreatores, técnicas de extragdo ¢
purificagdo de bioprodutos. Nas aulas experimentais foram realizados
experimentos como quantificagdo de proteinas, eletroforese, cromatografia,
compostagem, biorremediagdo, entre outras.

Orientacao de aluno de Trabalho Final de Curso — TCC: Analise de extragao
do 6leo de soja com solventes verdes para producao de biodiesel, uma alternativa
para substitui¢cdo do hexano.

Atividades: Orienta¢do e acompanhamento de uma aluna no ultimo periodo do
curso de Quimica. O trabalho final de curso consistiu em realizar extracao de
lipideos de soja pelo método de Soxhlet e posterior analise de proteinas,
composicdo lipidica e carboidratos.



6) Orientacao de aluno de Iniciaciao Cientifica bolsa PIBIC-CNPq: Producao de

biodiesel utilizando pasta de microalgas por transesterificacdo direta na presencga
de solventes verdes.
Atividades: Orientacdo ¢ acompanhamento de um aluno de graduacdo em
Biotecnologia nas atividades de iniciacdo cientifica, na qual foram realizados
estudos de transesterificacdo direta de pasta microalgas para produgdo de
biodiesel, incluindo andlises quimicas e fisicas. Além disso, o candidato orientou
na elaboragdo de relatorios técnicos e apresentagdo em congresso interno de
iniciagdo cientifica.
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PARECER DA COMISSAO PNPD

Interessado: Dr. Sérgio Santos de Jesus
Assunto: Relatorio final de atividades de bolsista PNPD/Capes
Periodo: Fevereiro/2015 a Janeiro/2020

Trata-se de um parecer referente ao relatorio final de atividades do bolsista
PNPD/Capes Dr. Sérgio Santos de Jesus que, sob supervisdo do Prof. Dr. Rubens
Maciel Filho, desenvolveu o projeto "Otimizacao da producdo de lipideos e carboidratos
visando a producdo de biocombustiveis utilizando a microalga Chlorella vulgaris

crescida em meio alternativo".

O relatério do periodo mostra uma atividade constante em termos de pesquisa,
com publicacdes regulares e de numero realistico e apresentacdes de trabalhos em
eventos cientificos, com destaque para um artigo publicado no AIChE Journal.

No primeiro ano de bolsa, o Dr. Sérgio estudou a formulacdo de um meio
alternativo para o cultivo da alga com restos de legumes e frutas, seguido de estudo em
meio sintético como referéncia. Dois artigos foram publicados. No segundo ano do
bolsista, ele se dedicou aos estudos de hidrodindmica e transferéncia de massa em
diferentes tipos de reatores (quatro), selecionando-se o reator airlit com sistema de
fotoperiodo para otimizacdo. Dois artigos foram publicados. Extracdo de 6éleo com
solventes verdes e extracdo de biodiesel apds transesterificagdo in situ da biomassa
foram as atividades do terceiro ano. Novamente dois artigos foram publicados. O quarto
ano também foi dedicado a estudos de extragdo com a adicdo de estudos de analise
econdmica com a publicacdo de mais dois artigos cientificos; no quinto e Gltimo ano da
bolsa, o Dr. Sérgio continuou esta linha geral de estudos de extracdo e analise

econdmica, tendo feito a submisséo de um artigo cientifico.

O Dr. Sérgio relata de forma vaga “Auxilios a Pesquisa 2015-2020”, ndo se
podendo dizer se ele participou da elaboracéo, foi o responsavel ou apenas trabalhou em
temas destes projetos. Nada € relatado com referéncia a outras atividades,

principalmente na area de ensino.

Coordenagéo de P6s-Graduagdo Tel: (19) 35213903
Faculdade de Engenharia Quimica E-mail::secpg@feq.unicamp.br

Documento assinado. Verificar autenticidade em sigad.unicamp.br/verifica
Informar cédigo EE9F027D 2FFE47CE A8C626A6 8COED87A


http://www.feq.unicamp.br/

PARECER CPG/FEQ n° 1/2020

\"i UNIVERSIDADE ESTADUAL DE CAMPINAS ,

\ ’ Faculdade de Engenharia Quimica FACULDADE DE

" "o Av. Albert Einstein, 500 - CEP 13083-852 — Campinas/SP R T
'..\ http://www.feq.unicamp.br/

UNICAMBP secpg@feq.unicamp.br UNICAVIP

Tendo em consideracdo o0 anteriormente exposto, somos de parecer favoravel ao

relatério de atividades do interessado.

Cidade Universitaria Zeferino Vaz, 21 de Julho de 2020

Profé, Dr2, Aline Carvalho da Costa Prof. Dr. Osvaldir Pereira Taranto

Prof. Dr. Everson Alves Miranda Prof. Dr. Luis Fernando Mercier Franco

Prof. Dr. Savio Souza VVenancio Vianna
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This study evaluated the production of biodiesel from the microalgae Chlorella pyrenoidosa by direct
transesterification using 2-methyltetrahydrofuran or cyclopentyl methyl ether co-solvents as an alter-
native to chloroform. Acid-catalyzed transesterification using hydrochloric acid was developed for bio-
diesel production. Biodiesel was purified by column chromatography using one of the two green solvents
as eluents. The highly ecological biodiesel quality was compared to the biodiesel produced using chlo-
roform as co-solvent. A 3 factorial design was conducted to optimize the production of fatty acid methyl
esters, being the independent variables investigated: solvent and catalyst volume, solvent and catalyst
ratio (methanol:co-solvent:hydrochloric acid), and temperature, with a reaction time of 150 min. Bio-
diesel production was mainly influenced by temperature increase. The achieved yields using cyclopentyl
methyl ether, 2-methyltetrahydrofuran, and chloroform were 71—-92%, 67—91%, and 61—76%, respec-
tively. The fatty acid methyl esters profile of biodiesel produced with 2-methyltetrahydrofuran and
cyclopentyl methyl ether consisted of approximately 45% polyunsaturated components. The biodiesel
obtained was within the ASTM D6751 and EN 14214 standards. The replacement of fossil solvents used in
direct transesterification of biomass with a green solvent resulted in a further ecological biodiesel
production process towards a circular bioeconomy.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

For environmentalists and other researchers, the impact of fossil
fuels and their combustion products on the environment is one of
the biggest problems faced by humanity nowadays. Global warm-
ing and climate change, pollution (air, water, and soil) and its
adverse effects on health standout among these negative impacts.
Recently, alternatives have emerged for the production of biofuels
derived from oilseeds, wastewater, sugarcane, and microalgae.
Unfortunately, biodiesel from oilseeds, as well as waste cooking oil
and animal fat, cannot realistically satisfy even a small fraction of
the existing demand for transport fuels [1]. The fact that the pro-
duction of biofuels from oilseeds and sugarcane compete with the
food production disencourage the possibility of producing these
biofuels on a large scale, even to meet the internal demand from
any country. To date, biodiesel from microalgae is the most viable

* Corresponding author.
E-mail address: ssjesus@gmail.com (S.S. de Jesus).

https://doi.org/10.1016/j.renene.2020.07.056
0960-1481/© 2020 Elsevier Ltd. All rights reserved.

alternative to meet the high demand, since it requires less space for
production, in addition to increasing productivity per area of pro-
duction. Thus, biodiesel from microalgae gained scientific and
government support worldwide.

The biodiesel production from microalgae biomass is a recent
technology mainly aimed to generate an ecologic and economically
viable fuel. Recent studies have shown the potential application of
this fuel as a substitute for diesel supply for vehicles, ships, or even
aviation [2—7]. Currently, several tests have been carried out with
different compositions of biodiesel from different microalga species
[2—7]. Companies, such as Solazyme (U.S.) and Euglena (Japan),
have successfully carried out tests with microalgae biodiesel-
powered cars [5—7]. On the other hand, the company Sapphire
Energy (U.S.), along with the Continental Airlines, operated a 2-h
flight using a mixture consisting of 50% petroleum-based jet fuel
and 50% alternative biofuel produced from Jatropha and microalgae
[5,6].

However, large-scale production still lacks a technology
completive with petroleum diesel. One of the biggest challenges to
produce microalgae with a high percentage of lipids is their scaling-
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ABSTRACT

Green solvents are a new class of solvents mostly known for being environmentally friendly. The main green
solvents besides water are organic-based solvents, some ionic liquids (including deep eutectic solvents) and COo,
which is typically used in supercritical conditions (SC-COz2). Recently, organic-based solvents and ionic liquids
have been subjected to laboratory testing to estimate their potential as substitutes for fossil solvents in the
process of lipid extraction. In the last decade, different pure or combined green solvents and different meth-
odologies have been studied and compared with the standard methodology. Cell disruption of animal, vegetable
or microbial samples, dry or wet, is a previous step that has been studied many times in association with
extraction efficiency. Combined techniques of rupture and extraction using ultrasound, microwaves or macer-
ation were also employed in the extraction process with green solvents. Other techniques such as pressurized
liquid extraction and simultaneous distillation and extraction were also applied, sometimes not only with the
objective of extracting more, but also of purifying the obtained product. Lipid extraction was performed mainly
with the organic solvents cyclopentyl methyl ether and 2-methyltetrahydrofuran, while ionic liquid extractions
were performed mainly with imidazolium-based ionic liquids. The advances obtained in this decade in lipid
extraction using these three classes of green solvents were studied and evaluated in this review. Economic
viability and future challenges were also analyzed with a view to using these solvents in extraction processes on

an industrial scale rather than restricted to the extraction of products with high biological value.

1. Introduction

The growing use of chemical solvents in industry has been a subject
of great concern in government sectors and environmental entities.
Solvents are usually volatile organic compounds (VOCs) with countless
properties such as high solubility and volatility, widely employed in the
food, chemical and pharmaceutical industries for being mostly lip-
osoluble. Examples include their use in the extraction of seeds for the
production of edible oils and biodiesel [1].

Due to their high volatility, organic solvents pose a serious problem
for human and environmental health. For humans their inhalation or
absorption through the skin can have immediate negative effects such as
skin and eye irritation, nausea and dizziness, among others, while in the
long term there may be damage to the liver, kidney and central nervous
system [2].

Studies have shown that higher solvent volumes are intended for
extraction processes, with hexane being the most commonly used sol-
vent for this purpose [3]. Authorities have demanded the urgent
replacement of this solvent by a more environmentally suitable

* Corresponding author.
E-mail address: ssjesus@gmail.com (S.S. de Jesus).
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(acceptable) option, since the volume of solvent employed in each
extraction process constitutes a real problem for the environment.

As an alternative, a new class of solvents emerged in the market, less
harmful to human health and especially to the environment. The so-
called “green solvents” originate from renewable and organic/inor-
ganic (ionic liquids) sources, and may even be of fossil origin, providing
they satisfy the criteria of “green chemistry” [4-6].

Recently, laboratory tests have shown that different green solvents
have the potential to replace chloroform and hexane in the extraction of
lipids, mainly in the extraction of oilseeds and microbial fatty acids for
the production of biodiesel and oil with high biological value, such as
tocopherols and terpenes [7-11].

This objective of this review is to describe the main advances ach-
ieved in this decade in the extraction of different classes of lipids with
the three classes of green solvents most commonly used nowadays:
organic-based solvents, ionic liquids (including deep eutectic solvents)
and CO; (supercritical CO3, SC-CO3).

Received 25 September 2019; Received in revised form 15 August 2020; Accepted 17 August 2020

Available online 1 September 2020
1364-0321/© 2020 Elsevier Ltd. All rights reserved.
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DECLARACAO

Declaro para os devidos fins que o(a) Professor(a) da Universidade Federal do ABC Sergio
Santos de Jesus SIAPE 3255963 é o(a) responsavel pela orientacdo dos discentes, conforme
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