Comprovante de experiéncia compativel com as atribuicdes definidas para a vaga

O candidato Sérgio Santos de Jesus, vem atuando na area de producdo de microalgas em
conjunto no desenvolvimento de novos métodos de extracdo de biomoléculas utilizando
solventes verdes. Os estudos de producdo de biomassa algal estd focada principalmente
no projeto de novos biorreatores e na maximizacdo de lipideos e carboidratos para
utiliza¢dao de biocombustiveis de terceira geracao, alinhando os conceitos de bioeconomia
e biorrefinaria. Outros produtos, como alimentos, corantes, biopolimeros ou para
remediagdo ambiental, como retirada de metais pesados, pesticidas, antibioticos de

ambientes aquaticos, poderdo ser estudados e agregados dentro dessa proposta.

O candidato possui experiéncia nessa area que pode ser comprovada através de dois pos-
doutorados realizados na Universidade Estadual de Campinas com bolsa FAPESP e
CAPES, por artigos publicados, na sua maioria com alto fator de impacto e Qualis Capes
Al (Engenharia II, subdrea Engenharia Quimica), participagdo como pesquisador
principal e associado em projetos de auxilio a pesquisa. Cabe mencionar que o candidato,
foi professor visitante no curso de Biotecnologia da Universidade Federal do ABC no
periodo de novembro de 2021 a novembro de 2023, ministrando disciplinas tedricas e
experimentais para o ensino de graduagdo, orientou alunos em Iniciagdo Cientifica e
Trabalho Final de Curso (TCC) e participou como membro da comissdo organizadora da

primeira e segunda Semana de Biotecnologia.
A listagem de documentos anexados para fins comprobatorios inclui:
Pés-Doutorado

1) Poés-doutorado 1: Otimizagdo da producdo de lipideos e carboidratos visando a
produgdo de biocombustiveis utilizando a microalga Chlorella vulgaris crescida
em meio alternativo. Bolsa — CAPES

2) Poés-doutorado 2: Projeto e construgdo de um fotobiorreator airlift agitado para a

producao de lipideos e carboidratos. Bolsa — FAPESP

Artigos cientificos da area proposta

1. de Jesus, Sérgio S.; Maciel Filho, Rubens. Are ionic liquids eco-friendly?. RENEWABLE &
SUSTAINABLE ENERGY REVIEWS. hups.//doi.org/10.1016/j.rser.2021.112039.

2. de Jesus, Sérgio S.; Maciel Filho, Rubens. Recent advances in lipid extraction using green solvents.
RENEWABLE & SUSTAINABLE ENERGY REVIEWS. hitps://doi.org/10.1016/j.rser.2020.110289.



https://doi.org/10.1016/j.rser.2021.112039
https://doi.org/10.1016/j.rser.2020.110289

3. de Jesus, Sérgio S.; et al. Biodiesel production from microalgae by direct transesterification using green
solvents. RENEWABLE ENERGY. hups://doi.org/10.1016/j.renene.2020.07.056.

4. de Jesus, Sérgio S.; et al. Biodiesel purification by column chromatography and liquid-liquid extraction
using green solvents. FUEL. hups://doi.org/10.1016/i.fuel.2018.08.107.

5. de Jesus, Sérgio S.; et al. Comparison of several methods for effective lipid extraction from wet
microalgae using green solvents. RENEWABLE ENERGY. https://doi.org/10.1016/j.renene.2019.04.168.

6. de Jesus, Sérgio S.; et al. Laboratory extraction of microalgal lipids using sugarcane bagasse derived

green  solvents. ALGAL RESEARCH-BIOMASS BIOFUELS AND BIOPRODUCTS.
https.//doi.org/10.1016/j.algal.2018.09.001.

7. de Jesus, Sérgio S.; Maciel Filho, Rubens. Potential of algal biofuel production in a hybrid
photobioreactor. CHEMICAL ENGINEERING SCIENCE. hips.//doi.org/10.1016/j.ces.2017.05.041

8. de Jesus, Sérgio S.; et al. Hydrodynamics and mass transfer in bubble column, conventional airlift,
stirred airlift and stirred tank bioreactors, using viscous fluid: A comparative study. BIOCHEMICAL
ENGINEERING JOURNAL. https://doi.org/10.1016/1.bej.2016.11.019.

9. de Jesus, Sérgio S.; et al. Potential use of vegetable waste for biofuel production. JOURNAL OF
CHEMICAL TECHNOLOGY AND BIOTECHNOLOGY. htps.//doi.org/10.1002/jcth.5002.

10. de Jesus, Sérgio S.; et al. Influence of Impeller Type in Hydrodynamics and Gas-Liquid Mass Transfer
Characteristics in Stirred Airlift Bioreactor. AIChE JOURNAL. hups://doi.org/10.1002/aic. 14871 ]

11. de Jesus, Sérgio S.; et al. Estimation hydrodynamic parameters and mass transfer in a stirred airlift
bioreactor using viscous fluids. NEW BIOTECHNOLOGY . hps.//doi.org/10.1016/i.nbt.2012.08.597.

12. Santana, A.; de Jesus, Sérgio S.; Larrayoz, M.A.; Maciel Filho, R. Supercritical carbon dioxide

extraction of algal lipids for the biodiesel production. PROCEDIA ENGINEERING.
https.//doi.org/10.1016/j.proeng.2012.07.569.

13. Santana, A.; de Jesus, Sérgio S.; Larrayoz, M.A.; Meciel Filho, R. Response surface methodology to
supercritical carbon dioxide extraction of lipids from Botryococcus braunii for biodiesel production. NEW
BIOTECHNOLOGY. https.//doi.org/10.1016/i.nbt.2012.08.101.

14. de Jesus, Sérgio S.; Maciel Filho, Rubens. Modeling growth of microalgae Dunaliella salina under
different nutritional conditions. ~AMERICAN JOURNAL OF BIOCHEMISTRY AND
BIOTECHNOLOGY . hups.//doi.org/10.3844/ajbbsp.2010.279.283.

Projetos de auxilio a pesquisa (pesquisador responsavel e associado)

1) Extra¢ao de lipideos utilizando solventes verdes derivados da cana-de-agucar:
Pesquisador principal

2) Utilizacao de solventes verdes derivados da cana-de-agtcar na extracdo de
lipideos e aplicacao na produgdo de biodiesel e sintese do 2-metiltetrahidrofurano
através do bagaco: Pesquisador associado

3) Desenvolvimento do processo de obtencdo do biodiesel de microalga
Botryococcus braunii por transesterificacdo supercritica: Pesquisador associado

4) Projeto e construcdo de um fotobiorreator airlift agitado para a producdo de
biodiesel: Pesquisador associado


https://doi.org/10.1016/j.renene.2020.07.056
https://doi.org/10.1016/j.fuel.2018.08.107
https://doi.org/10.1016/j.renene.2019.04.168
https://doi.org/10.1016/j.algal.2018.09.001
https://doi.org/10.1016/j.ces.2017.05.041
https://doi.org/10.1016/j.bej.2016.11.019
https://doi.org/10.1002/jctb.5002
https://doi.org/10.1002/aic.14871
https://doi.org/10.1016/j.nbt.2012.08.597
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Atividades de Ensino, Pesquisa e Extensao

1) Comprovante de aulas ministradas

2) Orientagdo aluno de Trabalho Final de Curso

3) Orientacdo de aluno de Iniciagdo Cientifica

4) Certificados de participagdo como membro da comissdo organizadora da primeira

e segunda Semana de Biotecnologia.
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UNICAMP Cidade Universitaria “Zeferino Vaz”, 31 de Marco de 2015.

Faculdade de Engenharia Quimica
Coordenadoria de Pos-Graduacdo

DECLARACAO

Declaro para os devidos fins, que Sérgio Santos de Jesus foi aprovado no processo
seletivo desta Faculdade para recebimento de bolsa de estagio pés-doutoral no dmbito do Programa
Nacional de Pos-Doutorado - (PNPD/CAPES).

Declaro ainda, que o periodo de vigéncia da bolsa ¢ de Fevereiro de 2015 a Janeiro de
2020, renovével a cada ano. Durante a vigéncia da bolsa serdo realizados pagamentos mensais no

valor de R$ 4.100,00 (quatro mil e cem reais).
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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
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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

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
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Documento assinado eletronicamente por Luis Fernando Mercier Franco, PROFESSOR DOUTOR I, em 21/07/2020, as
15:33 horas, conforme Art. 10 § 2° da MP 2.200/2001 e Art. 1° da Resolugdo GR 54/2017.

Documento assinado eletronicamente por Osvaldir Pereira Taranto, PROFESSOR TITULAR, em 21/07/2020, as 15:43
horas, conforme Art. 10 § 2° da MP 2.200/2001 e Art. 1° da Resolugédo GR 54/2017.

Documento assinado eletronicamente por Aline Carvalho da Costa, PROFESSOR ASSOCIADO Il, em 21/07/2020, as
15:58 horas, conforme Art. 10 § 2° da MP 2.200/2001 e Art. 1° da Resolugdo GR 54/2017.

Documento assinado eletronicamente por Everson Alves Miranda, PROFESSOR TITULAR, em 21/07/2020, as 18:00
horas, conforme Art. 10 § 2° da MP 2.200/2001 e Art. 1° da Resolugédo GR 54/2017.

Documento assinado eletronicamente por Savio Souza Venancio Vianna, COORDENADOR DE POS-GRADUAGAO, em
21/07/2020, as 19:06 horas, conforme Art. 10 § 2° da MP 2.200/2001 e Art. 1° da Resolugao GR 54/2017.
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DECLARACAO

) Declaramos para 0s devidos fins que SERGIO SANTOS DE JESUS recebeu auxilio da
FUNDACAO DE AMPARO A PESQUISA DO ESTADO DE SAO PAULO, na(s) categoria(s):

Bolsa no Pais - Regular - Pés-Doutorado

Processo: 2010/03764-3

Titulo: Projeto e construgdo de um fotobiorreator airlift agitado para a produgéo de lipideos e carboidratos
Instituiciio: FAC ENGENHARIA QUIMICA/UNICAMP

Periodo: 01/07/2011 a 31/01/2015

Orientador Prof(a) Dr(a).: RUBENS MACIEL FILHO

As bolsas outorgadas pela FAPESP sio desenvolvidas em regime de dedicag@o exclusiva
e nio correspondem a qualquer espécie de emprego ou vinculo empregaticio, eis que ndo configuram contrato
de trabalho e, em consequéncia, ndo objetivam pagamento de salarios.

Sao Paulo, 21 de Setembro de 2015.
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Projeto e construgao de um fotobiorreator airlift agitado para a produgao de lipideos e carboidratos

Processo: 10/03764-3

Modalidade de apoio: Bolsas no Brasil - Pés-Doutorado

Data de Inicio da vigéncia: 01 de julho de 2011
Data de Término da vigéncia: 31 de janeiro de 2015

Area de conhecimento: Engenharias - Engenharia Quimica - Processos Industriais de Engenharia Quimica

Pesquisador responsavel: Rubens Maciel Filho % *§

Beneficiario: Sergio Santos de Jesus @ o d

Instituicao Sede: Faculdade de Engenharia Quimica (FEQ). Universidade Estadual de Campinas (UNICAMP).

Campinas , SP, Brasil

Vinculado ao auxilio: 08/57860-3 - BIOFABRIS - Instituto de Biofabricagdo, AP.TEM

Assunto(s): Lipideos Processos fermentativos Engenharia bioquimica Carboidratos
Palavra(s)-Chave do Pesquisador: Carboidratos | Engenharia de biorreatores | Fotobiorreator air-lift agitado | Lipideos | processos

fermentativos | Engenharia bioquimica

Resumo

Biorreatores séo utilizados amplamente na industria, na qual podemos citar na produgéo de vacinas, antibidticos, aminoacidos, produtos de alto valor
agregado como carotendides e também na produgéo de biodiesel. Diferentes modelos de fotobiorreatores foram desenvolvidos nos ultimos anos, mas
fotobiorreatores do tipo tubular parece ser mais adequado para a producdo de biomassa algal na escala necesséria para produgéo de produtos de alto valor
agregado. A produgdo de microalgas em fotobiorreatores tubulares com circulagéo de cultura usando um sistema tipo airlift apresenta varias vantagens
como: a circulagdo é realizada sem partes moéveis o que reduz substancialmente problemas como a contaminagdo do meio de cultura. Este trabalho tem
como principal objetivo a construgdo de um fotobiorreator airlift agitado mecanicamente na base do reator e obtengéo de lipideos e carboidratos através da
microalga Chlorella vulgaris. Os estudos de fermentagéo serdo conduzidos em escala de laboratério em um fotobiorreator airlift agitado projetado e
construido neste trabalho, utilizando a microalga C. vulgaris e restos de legumes como meio de cultura. O biorreator projetado serd de vidro e de
recirculagdo interna (de tubos concéntricos) dotado em seu exterior de lampadas LED na qual podera ser operado a um gradiente de intensidade luminosa.
Através de um planejamento experimental sera definido as melhores condi¢des de processo, onde serdo investigados o feito da concentracéo salina,
agitacao, intensidade luminosa e vazao de CO2. A biomassa sera analisada em relagdo a concentracao lipideos, carboidratos e proteinas.
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Are ionic liquids eco-friendly? e

Sérgio S. de Jesus™ ', Rubens Maciel Filho"

2 Center for Natural and Human Sciences, Federal University of ABC, 09210-580, Santo André/Sao Paulo, SP, Brazil
b School of Chemical Engineering, University of Campinas, 13083-852, Campinas/Sao Paulo, SP, Brazil

ARTICLE INFO ABSTRACT

Keywords: Ionic liquids are molten salts that have excellent chemical and thermal stability. Because they have qualities inherent to
BiOfieg'rad.ability some precepts of green chemistry, they are identified as a potential substitute for traditional organic solvents. These
Tonic liquids useful physical and chemical properties have led to several promising applications in renewable energy technologies.
EZEOZE ;y Despite being classified as green solvents, these neoteric solvents present a number of problems related to their synthesis,
Synilhesisg toxicity and biodegradability, making their use questionable environment-wise. In this review, we analyzed the processes
Toxicity of synthesis, recovery and recycling, toxicity and biodegradability of different ionic liquids. A comparative analysis with

some fossil-based solvents and organic-based green solvents was also undertaken. Through the construction of synthesis
trees, it was found that all ionic liquids analyzed presented some problematic stage, mainly due to the use of volatile
compounds containing C, N, S and halogens. On the other hand, several eco-friendly methodologies have been used for
recovery and recycling, such as ultrafiltration and water extraction. One of the main critical points is related to toxicity
and biodegradability, as most ionic liquids currently used are toxic and poorly biodegradable or non-biodegradable. Due
to their infinite combination, computational modeling studies combined with life cycle assessment studies may, in the
future, design new eco-friendly ionic liquids that largely comply with the 12 principles of green chemistry.

Abbreviations: [2-HEAA], 2-hydroxyethylammonium acetate; [2-HEAF], 2-hydroxyethylammonium formate; 2-METHF, 2-methyltetrahydrofuran; [2-TEAA],
Tris(2-hydroxyethyl)ammonium acetate; Aliquat® 336, Methyl trioctyl ammonium chloride; [AMIM] [Cl], 1-allyl-3-methylimidazolium chloride; [APBMIM]
[Glu], 1-(3-aminopropyl)-3-butylimidazolium glutamic acid; [BMBIM] [Br], 1,3-dibutyl-2-methylimidazolium bromide; [BMIM] [Ace], 1-butyl-3-methyl-
imidazolium acesulfamate; [BMIM] [BF,4], 1-butyl-3-methylimidazolium tetrafluoroborate; [BMIM] [Br], 1-butyl-3-methylimidazolium bromide; [BMIM] [Cl], 1-
butyl-3-methylimidazolium chloride; [BMIM] [HSO4], 1-ethyl-3-methylimidazolium hydrogen sulfate; [BMIM] [OAc], 1-butyl-3-methylimidazolium acetate;
[BMIM] [0SO4], 1-butyl-3-methylimidazolium octylsulfate; [BMIM] [N(CN).], 1-butyl-3-methylimdazolium dicyanamide; [BMIM] [NTF,], 1-butyl-3-methyl-
imidazolium bis(trifluoromethylsulfonyl)imide; [BMIM] [PF¢], 1-butyl-3-methylimidazolium hexafluorophosphate; [BMIM] [TfO], 1-butyl-3-methylimidazolium
trifluoromethanesulphonate; [BMPyrr] [NTF.], 1-butyl-1-methylpyrrolidinium bis(trifluoromethylsulfonyl)imide; [BMPz] [N(CN)2], 1-butyl-2-methylpyrazolium
dicyanamide; [BSMIM] [HSO4], 1-(4-sulfobutyl)-3-methylmidazolium hydrosulfate; [BVim] [Br], 1-butyl-3-vinylimidazolium bromide; CH5Cl,, Dichloromethane;
CoH,4Cl,, 1,2-dichloroethane; CH3CCl3, 1,2-dichloroethane.; [C4(m-ABIM),] [PF¢] 2, 1,4-bis(3-(m-aminobenzyl)imidazole-1-yl)butane bis(hexafluorinephosphate);
[C4(MIM).] [(2HSO4)(H2S04)2], 1,1-bis(3-methylimadazoilum-1-yl) butylene hydrogen sulfate-sulfuric acid cluster; [C4Py] [Br], 1-butylpyridinium bromide;
[C4Py] [NTF2], 1-butylpyridinium bis(trifluoromethylsulfonyl)imide; [CsC;IM] [NO3], 3-pentyl-1-methyl imidazolium nitrate; [ChCl] /urea, Choline chloride/
urea; CPME, Cyclopentyl methyl ether; Cyphos® IL 101, Trihexyl(tetradecyl)phosphonium chloride; [DIPEAc], Diisopropylethylammonium acetate; [EAN],
Ethylammonium nitrate; [EIM] [Cl], 1-ethylimidazolium chloride; [EMIM] [BF,4], 1-ethyl-3-methylimidazolium tetrafluoroborate; [EMIM] [Cl], 1-ethyl-3-meth-
ylimidazolium chloride; [EMIM] [EtSO4], 1-ethyl-3-methylimidazolium ethylsulfate; [EMIM] [NTF,], 1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)
imide; [EMIM] [HSO4], 1-ethyl-3-methylimidazolium hydrosulfate; [EMIM] [OAc], 1-ethyl-3-methylimidazolium acetate; [EMIM] [SCN], 1-ethyl-3-methyl-
imidazolium thiocyanate; [EMIM] [TFA], 1-ethyl-3-methylimidazolium trifluoracetate; [EtOHMIM] [PF¢]l, 1-(2-hydroxyethyl)-3-methylimidazolium hexa-
fluorophosphate; [EtsN-SO3H] [Cl], N,N-diethyl-N-sulfoethanammonium chloride (triethylamine-bonded sulfonic acid); [EtAN], Ethanolammonium nitrate;
EtOAc, Ethyl acetate; [Hbet] [NTF,], Betainium bis(trifluoromethylsulfonyl)imide; [HMIM] [C1], 1-hexyl-3-methylimidazolium chloride; [HMIM] [NTF,], 1-
hexyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide; [HMPyrr] [NTF2], 1-hexyl-1-methylpyrrolidinium bis(trifluoromethylsulfonyl)imide; [HSO3-bCPL]
[HSO4], 1-(4-sulfonic group) butylcaprolactamium hydrogen sulfate; MeCN, Acetonitrile; [MMIM] [DMP], 1,3-dimethylimidazolium dimethylphosphate; [MSBP]
[HSO4], 1-methyl-2-(4-sulfobutyl)-pyrazolium hydrogensulfate; [OMIM] [BF,4], 1-octyl-3-methylimidazolium tetrafluoroborate; [OMIM] [Cl], 1-octyl-3-methyl-
imidazolium chloride; [P4444] [OAc], Tetrabutylphosphonium acetate; [PIP14] [Br], 1-butyl-1-methylpiperidinium bromide; [PyBu] [OAc], N-butylpyridinium
acetate; [TBAB], Tetrabutylammonium bromide; [TEA] [HSO4], Triethylammonium hydrogen sulfate; [TETAH] [Lys], Triethylenetetramine i-lysine; THF,
Tetrahydrofuran; [THPC], Tetrakis(hydroxymethyl)phosphonium chloride.
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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
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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).
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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
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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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Keywords: Biodiesel purification through acid-catalyzed in situ transesterification of dry biomass of Chlorella pyrenoidosa
Biodiesel was evaluated by liquid-liquid extraction and column chromatography, using the solvents hexane, 2-methylte-
Green solvent trahydrofuran (2-MeTHF), and cyclopentyl methyl ether (CPME). The purified biodiesel were characterized
Microalgae

through their chemical composition and physicochemical characteristics. The results showed that the purified
biodiesel presented a purity level higher than 96.5%, and the purities obtained with CPME were very close to
those obtained with hexane. Concerning physicochemical characteristics, biodiesel purified with green solvents
showed higher densities and viscosities, but compliant with the European and North American quality standards.
The difficulty to evaporate residual water from biodiesel purified with 2-MeTHF after the liquid-liquid extraction
process required that biodiesel was left in decantation for 24 h, which resulted in a biodiesel with water content
exceeding 0.05%m,ss- Biodiesel purified with green solvents, mainly by column chromatography using CPME as
eluent, show great potential to replace hexane in the biodiesel purification process, and the price of these
solvents is the only factor limiting their large-scale use.

Liquid-liquid extraction
Column chromatography

1. Introduction

The concern regarding the replacement of petroleum-based fuels has
grown considerably in recent years. From the economic point of view,
the threat of shortages and price instability, and from the environ-
mental point of view, the need to reduce climate changes caused also by
the effects of their use and energy sustainability have promoted the
search for alternative renewable fuels that are less harmful to the en-
vironment [1]. As an alternative to fossil fuels, the production and use
of biofuels from plant and animal raw materials has become a priority.
Considered as the best alternative to meet a growing demand, biodiesel
from microalgae cultivation gained wider prominence in research and
government investments, mainly in the United States [2]. However,
large-scale production is still a limiting factor for the use of this biofuel,
mainly because of some technical problems related to the downstream
step. With the aim of reducing some steps of the process in order to
make it cheaper, in situ or direct transesterification of biomass has be-
come a promising and economically viable alternative [3-5]. In direct
transesterification, extraction and transesterification occur simulta-
neously, alcohol acts as extraction solvent and esterification agent
[3-5]. After the process, the biodiesel formed is separated from the
catalyst (acid or base), from the excess alcohol, glycerol and glycerides,
in addition to the residual biomass [4]. The separation of glycerol from
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biodiesel, as well as other impurities, is of great importance for the
production of a fuel that meets the established technical standards,
ensuring higher performance in use, as well as protecting the engine
from possible damage. The most widely used purification procedure is
performed primarily through liquid-liquid extraction or column chro-
matography (at the level of laboratory) and involves the use of large
amounts of solvent, hexane is usually used in this step due to presenting
greater solubility in biodiesel, easy recovery and low-cost [6]. However,
hexane is a solvent of fossil origin, highly toxic, classified as category 2
(in a 1-10 scale) for human health and for the environment, being
strongly recommended its replacement with other less toxic solvent
[6,7]. As an alternative, a new class of solvents that are en-
vironmentally friendly and comply with the principles of “green
chemistry” has emerged recently. In addition to their high potential in
the use of organic syntheses, these solvents present properties that are
very similar to the solvents used in lipid extraction process. 2-methyl-
tetrahydrofuran (2-MeTHF) and cyclopentyl methyl ether (CPME) are
environmentally sustainable organic solvents and showed to be ex-
cellent alternatives as solvents for lipid and protein extraction [8,9].
However, these solvents have not been tested for biodiesel purification
and may present as an environmentally correct alternative, since the
purification process requires a considerable volume of solvent, which
generates a large amount of residue, even if part of the solvent used is
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A comparative study of lipid extraction from microalgae was performed using the Soxhlet, Bligh and
Dyer, Folch, and Hara and Radin methods, with the green solvents 2-methyltetrahydrofuran (2-MeTHF)
and cyclopentyl methyl ether (CPME), which have also been used in previously published studies. Ex-
tractions were performed with the microalgae Chlorella pyrenoidosa at 65.71% moisture. The Bligh and
Dyer methodology, using the solvents 2-MeTHF:isoamyl alcohol (2:1 v/v) and CPME:methanol (1:1.7 v/
v), extracted 95.73 + 0.52 and 89.35 + 7.98 mg lipids/g biomass, respectively. Regarding fatty acids yield,
CPME showed higher selectivity than 2-MeTHF. A brief cost-effectiveness and energy analysis of the

Keywords: . . R
Ecjc;nomic viability extraction process was performed. Based on the calculations, this study concluded that the energy
Extraction required for the evaporation of the solvent and mixture of solvents after the extraction process has no

Green solvent significant economic impact; the largest expense is associated with solvent consumption. To extract 1 kg
Lipids of fatty acids, the Hara and Radin method using hexane:isopropanol (3:2 v/v) proved to be the most cost-
Microalgae effective. Results show that these solvents prices’ are still not competitive when compared to fossil-based

solvents. The price reduction of 2-MeTHF would make it more attractive than CPME, as it requires a lower

amount of biomass.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

The use of organic solvents from fossil resources in the chemical
industry has become an increasingly worry matter due to negative
environment and health impacts. These solvents are used in large
volumes to synthesize, process, and separate products. Many are
classified as volatile organic compounds (VOCs) or hazardous air
pollutants (HAPs), and can be flammable, toxic, or carcinogenic
[1,2].

One of the main applications of organic solvents is related to oil
extraction for biofuel production [3]. Several techniques for lipid
extraction have been proposed, with the most commonly used
being the Soxhlet [4], Folch et al. [5], and Bligh and Dyer [6]
methods, which require the solvents; hexane, chloroform, and
methanol. Although these methods are very effective in the
extraction of total lipids, from a human health and environmental
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point of view, they can be considered hazardous at high levels of
exposure, hexane may have neurotoxic effects. Furthermore, chlo-
roform is a carcinogenic halogenated solvent, meaning that its
extended storage can lead to the formation of phosgene and hy-
drochloric acid. Thus, its use in industrial-scale lipid extraction is
strictly forbidden [7—9]. With the goal of replacing chloroform for
the less toxic solvent and reducing the energy used in the Soxhlet
method, Hara and Radin [10] proposed lipid extraction via the
hexane:isopropanol system. Industrially, the extraction process of
these oils is conducted with hexane, a petrochemical compound
strictly regulated by European Regulation and by the Registration,
Evaluation, Authorization and Restriction of Chemicals (REACH). Its
replacement with a less toxic solvent is highly recommended [11].

Due to increasing environmental issues and the recent stabili-
zation of oil prices, worldwide concern is again encouraging the use
of environmentally friendly fuels, especially microalgae biodiesel.
However, for this biofuel to become competitive in comparison to
fossil diesel, some barriers must be overcome. One of these barriers
is the current method of downstream processing: after harvesting,
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ABSTRACT

Three green solvents were tested for lipid extraction based on the Bligh and Dyer method. Lipids from the
microalgae Chlorella pyrenoidosa were extracted through the tertiary systems 2-methyltetrahydrofur-
an:isoamylalcohol:water (1:3, 1:2, 1:1, 2:1, 3:1 v/v) and 2-methyltetrahydrofuran:ethanol:water (3:1 v/v). For
comparative effect, extractions with chloroform:methanol:water (3:1, 2:1, 1:1, 1:2, 1:3 v/v), with binary systems
2-methyltetrahydrofuran:water, isoamyl alcohol:water, chloroform:water, n-hexane:water, and monophasic
systems 2-methyltetrahydrofuran (2-MeTHF), isoamyl alcohol, chloroform and n-hexane were used. The Bligh
and Dyer method using green solvents was highly efficient, although some undesirable components were ex-
tracted, especially when larger volumes of isoamyl alcohol were used. System 2-MeTHF:ethanol:water formed
only a biphasic system when it was used in a 3:1 (v/v) proportion, obtaining 64% of fatty acids. The chlor-
oform:methanol (1:2v/v) system extracted 122.2 + 1.9mgg~ ", in which 92.4% consisted of fatty acids. In
systems using green solvents, the extractions with the system 2-MeTHF:isoamyl alcohol (2:1 v/v) achieved a 78%
selectivity (99.6 * 7.6 mg g~ 'of fatty acids) and an 88.2% efficiency when compared with the reference system
chloroform:methanol 1:2 (v/v).The fatty acids profile showed that extractions with 2-MeTHF:isoamyl alcohol
had higher percentages of fatty acids with low degree of unsaturation, which is ideal for the production of better
quality biodiesel. The results obtained suggest that2-MeTHF:isoamyl alcohol (2:1 v/v) can replace the chlor-
oform:methanol system currently used. At an industrial level, this system still requires some technical im-
provements related to the energy expenditure for solvent evaporation, and at an economic level, the high price of
the 2-MeTHF makes the process impracticable compared with hexane.

1. Introduction

from environmentalists but also from the scientific community re-
garding the environmental impact of these compounds, since, besides

More than 60% of the world chemical industry uses solvents in its
processes, primarily in the pharmaceutical and fine chemistry fields [1].
Recently, with increasing global demand for fuels and the growth of
greenhouse effects, new studies have focused on microalgae as a po-
tential source of biofuel production (biodiesel and bioethanol) [2,3].
However, to produce biodiesel, microalgal oil needs to be extracted
after its growth and harvest, which requires large amounts of organic
solvents.

The industrial extraction of these oils has been conducted with the
solvent n-hexane due to its low cost, ease of recovery and high solu-
bility in oil [4]. N-hexane is a non-renewable solvent made from pet-
roleum and identified by the U.S. Environmental Protection Agency
(EPA) as a dangerous air pollutant, responsible for causing neurotoxic
effects at high exposure levels [5,6].

The increasing demand for these solvents raised questions not only
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being inflammable, most are highly toxic and harmful to human beings
and to the environment [7]. Recently, new classes of solvents emerged
in the market aiming to minimize environmental impacts; the so-called
“green solvents” intend to replace the ones currently used, since most of
them are toxic. To be considered green, a solvent must originate from
renewable raw materials such as biomass and deemed harmless or ea-
sily reused by the environment [8].

In the bioethanol production process, several byproducts can be
obtained, including a large quantity of solvents that achieve the
minimum requirements to be considered green solvents. Among these
solvents, 2-methyltetrahydrofuran (2-MeTHF) was obtained by cata-
lytic hydrogenation of the furfural from sugarcane bagasse (Fig. 1)
[9,10], and isoamyl alcohol (3-methyl-1-butanol) was obtained from
the residue of the bioethanol purification process (Fig. 1).In labora-
tories, the most common and effective methods for the extraction of oils
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« Hybrid photobioreactor was used to
optimize biofuel production.

« Increasing CO, concentration and
light intensity increased cell
concentration.

« At a rotational speed of 800 rpm
growth was negatively affected.

« Higher percentages of lipids and
carbohydrates were obtained with
low CO, concentrations.

« Rotational speed above 800 rpm
favors lipids and carbohydrates

production.
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bioreactor. Mixotrophic cultivation was carried out using the microalgae Chlorella vulgaris grown in veg-
etable waste. The response surface methodology was used for the experiment optimization. A central
composite rotatable design was used to evaluate the effects of light intensity, CO, concentration and stir-
ring (independent variables) on the lipid and carbohydrate production. The exponential phase of growth
Biofuel occurfed mainly ir{ Fhe first seven days of cultivation, and the stationa}'y phase. was achieved under.all
Experimental design experimental conditions (occurring between the 9th and 14th day). The increase in cellular concentration
Microalgae was obtained mainly in experiments performed with high light intensity and CO, concentration. At a
Hybrid photobioreactor rotational speed of 800 rpm, growth was affected due to excessive shearing forces caused by increased
turbulence. On the other hand, in the absence or at low CO, concentrations there was a considerable
increase in lipid and carbohydrate production. Through response surfaces, we observed that higher per-
centages of these metabolites may be obtained without adding CO, and operating the bioreactor with
high light intensity and with rotation speed higher than 800 rpm or at low rotational speeds as well as
conventional airlift. From an economic point of view, stirring can cause an increase in power consump-
tion; however, if the bioreactor is operated at low rotational speeds, the difference in power consumption
with airlift bioreactors is minimal, while the productivity of lipids and carbohydrates increases, which
makes the use of this equipment very attractive.

Keywords:

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Increased global fuel demand, global warming, and the
possibility of depletion of fossil fuels have put biofuels - among
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The performance of four bioreactors (bubble column, concentric tube airlift, concentric tube stirred air-
lift, and mechanically stirred tank) were evaluated in this study in terms of the hydrodynamics and mass
transfer, using viscous a Newtonian fluid (glycerol 65%) and a non-Newtonian fluid (xanthan 0.25%). The
experimental results showed that the gas holdup and mass transfer coefficient were higher in the stirred
airlift and stirred tank, on the other hand these reactors had high shear rates. In relation to power con-

sumption, lower values were obtained in the bubble column and airlift bioreactors. In a viscous medium
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in which microorganisms or shear-sensitive cells are used, the use of airlift bioreactors may be the best
choice for presenting a low shear environment and a reasonable oxygen transfer rate, in addition to the
low power consumption. On the other hand, if the process involves microorganisms that require high
oxygen rates, a stirred airlift bioreactor may be the best choice.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The oxygen or other gas from a gaseous to liquid form is one
of the main challenges for reactor engineering. Thousands of bio-
logical processes occur in the presence of aerobic microorganisms,
and in the highly viscous medium, which implies a great challenge
for the aeration system, stirring and mixing, with the purpose of
supplying oxygen gas in liquid form for cell growth and mainte-
nance in order to achieve a given product. Studies with different
mediums and microorganisms reported that several factors must
be taken into account for choosing the correct bioreactor. These
factors include their geometry, their stirring and aeration system
and the ease of operation and control, their ability to separate the
product from the medium or from the by-products, energy con-
sumption, and finally, their relative ease of post-process cleaning
[1-3]. Understanding the hydrodynamic behavior of the reactor is
a very important parameter, which is necessary to understand the
transport phenomena involved in their operation; some parame-
ters such as liquid circulation velocity, mixing time, gas holdup,
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bubble diameter, mass transfer (k;a) and shear rate should be
taken into consideration [4]. For proper oxygen transfer from the
gas phase to the liquid phase, the generation of regions of high
shear should be avoided, since these affect the cells and produce
irreversible morphological changes to the microorganism. For this
reason, the stirring effect on the morphology of submerged cultures
must be carefully evaluated. On the other hand, the stirrer velocity
and the mixing intensity have an important role in the rupture of
bubbles. To create greater turbulence in the medium and break the
bubbles, many bioreactors use a set of baffles, which can also lead
to an increased shear rate [5].

In submerged cultures involving aerobic organisms, the stirred
tank bioreactor is the most used. This equipment has impellers for
mechanical stirring of the broth [6,7]. This stirring is intended to
enhance mixing, to break bubbles and to increase the turbulence
of the liquid medium. The main advantage of these bioreactors
is the good uniformity of the medium around the tank, avoiding
the formation of aggregates, being widely used for cultures with
formation of broths with complex rheological characteristics, gen-
erally mediums with non-Newtonian behavior, which require high
speeds of heat and mass transfer, and in these cultures, achieving
a perfect mixture is difficult, causing aeration problems [6]. Fur-
thermore, these reactors have some disadvantages, particularly in
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Abstract

BACKGROUND: In this study, the use of vegetable waste as a potential source of raw material for biofuel production was
investigated. The microalga Chlorella vulgaris was used to maximize the production of lipids and carbohydrates. The culture
medium was prepared with vegetable waste and diluted in the following proportions of medium:water: 1:0, 1:1, 1:2 and 1:3;
the resulting solutions were adjusted for three different pH values (5.5, 7.2, 8.5). For a comparative analysis, modified CHU-10
medium was used.

RESULTS: The initial concentration of carbon in the medium was 279.6 + 3.5 mgL~", while nitrogen was 11.22+ 1.32mgL™".
The growth in heterotrophic conditions was performed for 21 days, during which it was observed that higher concentrations of
biomass and higher productivity of lipids and carbohydrates were obtained in cultures performed in medium without dilution
(1:0) and pH 5.5; however, higher yields of lipids and carbohydrates were obtained when the medium was diluted in the
proportion 1:3 and with alkaline pH.

CONCLUSION: The results of this study should encourage the use of vegetable waste as raw material for the production of

microalgae rich in lipids and carbohydrates for the production of environmentally friendly fuels.

© 2016 Society of Chemical Industry
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INTRODUCTION

Approximately 1.3 billion tonnes of food produced worldwide is
wasted. A study released by the United Kingdom points out that
up to 50% of the food that is produced every year is never ingested
and is destined to the trash. The impact of food waste is not just
financial; food waste also causes the overuse of other resources
that are already in crisis, such as water and energy. According
to a United Nations report, currently, approximately 550 billion
cubic meters of water are wasted every year in the production
of food that goes to waste. ‘Environmentally, food waste leads
to wasteful use of chemicals such as fertilizers and pesticides;
more fuel used for transportation; and more rotting food, creating
more methane - one of the most harmful greenhouse gases that
contributes to climate change’.'™*

The residue of the food waste generated is also little reused,
being destined to landfills, in which decomposition is one of
the main components in the formation of leachate, which, if not
treated properly, can reach groundwater, rivers and streams, lead-
ing to the contamination of these water resources. In this case, fish
may be contaminated and, if the water is used in agricultural irri-
gation, the contamination can enter the food chain, thus restart-
ing the cycle. This waste is considered a potential raw material
to obtain energy (biogas, bioelectricity and biofuels) because its
composition presents a high organic composition that is easily
biodegradable, and it can simply be collected from markets or cen-
tral supplies. These wastes have in their composition high protein,
vitamins and minerals content, among other elements, which is
ideal for fermentation processes or simply for microbial growth.>6

Studies conducted with vegetable waste for the production
of biogas and bioelectricity have demonstrated an economically
viable alternative for it.>~® Recently, studies on the production
of biodiesel were performed with the use of acid catalysis of
vegetable waste oil, and these studies showed great potential
for biodiesel production; however, the catalyst used had com-
pounds that were harmful to the environment, which is a typi-
cal environmental problem at large scale. Studies conducted with
microalgae show it to be a potential source of substrate for bio-
fuel production.**~"" Biofuel (biodiesel and bioethanol) produc-
tion by microalgae using vegetable waste, for the automotive and
aircraft industries, has received little attention; the residue gen-
erated is a true source of clean energy generation, from which
we can reach 100% reuse, which would comprise the production
of biodiesel, bioethanol, biogas, bioelectricity, protein for animal
feed and some high value-added products such as carotenoids.>'?
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The influence of impeller type in a mechanically stirred airlift bioreactor was analyzed in relation to the non-Newtonian
viscous fluids. The agitation was carried out through a marine impeller (axial impeller) and a paddle impeller (radial
impeller) located along with the gas sparger in the region comprised by the riser. The bioreactor was sparged with air
under different velocities (0.036-0.060 m s~ '). Carboxymethylcellulose 1.94% and xanthan 1.80% were used as a fluid
model. The gas holdup and volumetric mass-transfer coefficient increased in up to five and three times, respectively,
when compared to a conventional airlift bioreactor, however, better results were obtained when the straight paddle
impeller type was used. The results suggest that the studied bioreactor can be used successfully in viscous fluid, and it
can be more efficient than conventional airlift bioreactors. The results obtained suggest the use of radial impellers.

© 2015 American Institute of Chemical Engineers AIChE J, 61: 3159-3171, 2015
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Introduction

The influence of viscosity in the oxygen transfer occurring
in fermentation broths with non-Newtonian behavior presents
a considerable challenge in the attainment of an efficient aera-
tion and agitation system.“‘ Unfortunately, high aeration and
agitation can cause increased foaming, which in turn causes
the loss of volatile metabolites and the shear rate increase,
causing cellular damage often resulting in the reduction of cell
growth, and consequently the process yield.” The use of airlift
bioreactors in highly viscous and non-Newtonian processes
demonstrated lower shear rate in relation to the mechanically
stirred bioreactor. However, the volumetric mass-transfer
coefficient decreases with the increasing viscosity of the
medium. The effective interfacial area and the low homogeni-
zation of the cell culture decrease because of the high viscosity
that the medium produces, which may be insufficient when
used at a preindustrial or industrial scale. The low mixing effi-
ciency also limits the homogenization of the medium and the
oxygen transfer.>”'" In industry, the stirred tank reactor is
often preferred for aerobic fermentation when high oxygen
transfer rates are required. The airlift reactor is rather found in
water treatment plants as it offers good mixing and acceptable
oxygen transfer rates at low operating cost. Many studies in
the literature have attempted to mix these two concepts (stirred
and airlift reactors). However, experimental results in this type
of devices are difficult to analyze accurately as many hydrody-
namic parameters are closely linked. This explains why some
studies lead to different interpretation. Pioneer studies con-
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ducted by Pollard et al.,” Chisti and J auregui—Hazag with non-
Newtonian fluids in hybrid bioreactors showed that the agita-
tion significantly increases the gas holdup and the volumetric
oxygen transfer coefficient. Nonetheless, they were unable to
verify the influence of agitation on the shear rate. The proper
choice of the impeller type used in highly viscous and non-
Newtonian fluids have been described in the literaturelzfm;
however, there are no studies regarding the proper choice of
an impeller to be used in non-Newtonian and highly viscous
fluids in a mechanically stirred airlift bioreactors.

The performance of stirred airlift bioreactors has been stud-
ied mainly in terms of volumetric oxygen transfer coefficient.
The effects of the impeller type on the hydrodynamics and
gas-liquid mass transfer in stirred airlift bioreactors need to be
studied. The impact of the impeller type may be directly
related to the process efficiency and output. Studies that show
the performance of these bioreactors in viscous fluid and the
influence of the impeller type in the efficiency of this equip-
ment have been scarce.

The scope of this study is to contribute, through experimen-
tal data, with some aspects of hydrodynamics and oxygen
transfer yet unexplored in studies of hybrid airlift bioreactors
when agitated with radial or axial impellers. Through the
results obtained and discussed in this article, we hope to con-
tribute to a better understanding of these types of bioreactors,
and through the data published in this article we hope it will
contribute to studies of scale up.

The specific objective of this work was to study, through
comparative analysis, the influence of a radial impeller and an
axial impeller agitation on an airlift bioreactor of internal
recirculation and concentric tubes; the stirring system was pro-
moted by the impeller located at the end of the gas sparger, in
the area comprised by the riser. In this study, we used two

October 2015 Vol. 61, No. 10 3159
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Bioreactors airlift have been constructed for use in a variety of the biotechnological process such as
biochemical fermentation and biological wasterwater treatment. The aims of work are the design and
construction of a mechanically agitated bioreactor airlift, as well as, to perform studies with highly
viscous fluids. The stirred airlift bioreactor was designed in glass with internal recirculation (a
concentric draft-tube airlift vessel device); the agitation is carried out through a turbine impeller
located above the gas sparger in the riser region. The gas holdup (¢) and volumetric oxygen transfer
coefficient (k a) were evaluated in order to achieve a better comprehension of the hydrodynamic and
mass transfer. Air under different velocities was sparged inside the bioreactor. Glycerol 25% and CMC
1.94% were used in this work as fluid model to check the efficiency of this bioreactor. The gas holdup
in the riser (eg) and downcomer (ep) for the experiments was successfully correlated with
dimensionless numbers, namely, the Sherwood number (Sh) and Froude number (Fr). The correlations
relating kja to superficial gas velocity (Ugg) and kinematic viscosity (v) agree well with experimental
data. In addition, the results showed that the stirred airlift bioreactor is suitable for handling viscous
liquids such as those frequently used in fermentation process that require good oxygen transfer.
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Biodiesel is considered as a renewable fuel because it can be obtained from the transformation of
vegetable oils, cooking greases or animal fats. Currently, oleaginous plants like rapeseed, sunflower,
palm oil and soybean are the most important sources of biodiesel. However, the productivity of some
of these crops is considered relatively low and they require long extension of lands. In this context,
microalgae has been emerged as a source of natural oil due to its lipids, starch and hydrocarbon
contents. Supercritical carbon dioxide extraction of oil from microalgae was performed in the present
research. Response surface methodology was employed to investigate the effects of operating
conditions and predict the optimal conditions for supercritical carbon dioxide extraction of oil from
Botryococcus Braunii. The ranges of the factors investigated were 50-80°C for the operating
temperature (X1), 250-350bar for the operating pressure (X2), and 8-20min for the extraction time
(X3). The statistical analysis of the experiment indicated that pressure, extraction time, and the
interaction between temperature and pressure (X1X2) had significant effect on oil yield. The central
composite design showed that polynomial regression models were in good agreement with the
experimental results with the coefficients of determination of 0.919 for oil yield. From the response
surface model, an optimal condition for oil content within the range of experimental study was found
to be at 60°C, 275bar, and 15min, which gave the oil yield of 28.4mg/g dry wt.
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Abstract

Biodiesel production from algae is a promising technique. Microalgae are able to accumulate fatty acids up to 50% of
their dry weight when submitted to nitrogen defaults. They are then expected to be a new potential renewable source
of biodiesel. Efficiently extracting algae oil from microalgae plays an important role in the development of
microalgae biofuel. Algae bio-oil is traditionally obtained using thermal liquefaction or pyrolysis, and they may be
obtained after an extraction using organic solvents as hexane. Such methods have some drawbacks like inherent
toxicity, poor selectivity, difficult separation of the contaminants as well as solvents from the desired product, energy
consuming and pollutant. Supercritical carbon dioxide extraction is a promising green technology that can potentially
displace the use of traditional organic solvents for lipid extraction. The supercritical fluid extraction has several
advantages when compared to traditional extraction method (hexane, petroleum ether, chloroform/ethanol) used for
obtaining lipids from algae, in which supercritical extraction provide higher selectivities, shorter extraction time and
do not use toxic organic solvents. This study examines the performace of supercritical carbon dioxide extraction of
lipids from Botryococcus braunii for biodiesel production. The experiments were conducted at temperatures of 50 —
80 °C, pressure from 200 to 250 bar. The evolution of the process was followed by gas chromatography, determining
the concentration of the fatty acids at different reaction times. For supercritical carbon dioxide extraction, lipid yield
was found to decrease with temperature and to increase with pressure. Relatively high recovery of polyunsaturated
fatty acids and essential fatty acids in supercritical fluid extracted algal lipids were observed. The optimum operating
conditions for a supercritical extraction were pressure between 220-250 bar and temperature of S0°C.  This research
is part of a wider experimental project involving the supercritical carbon dioxide extraction of lipids from microalgae
to contribute to the development of algal lipids into a variable energy source by optimizing lipid extraction techniques
for efficiency, sustainability, decreased hazard, and selectivity, focusing on the use of supercritical fluids as
alternative green solvents.
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Modeling Growth of Microalgae Dunaliella Salina
under Different Nutritional Conditions
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Abstract: Problem statement: The aim of this study was to find the empirical model that describes the
growth kinetics of Dunaliella salina, with low production cost and to estimate parameters of this model.
Approach: In this study the strain of D. salina UTEX 200 was cultivated in seawater (0.5 M NaCl) at
room temperature with agitation of 150 rpm and luminous intensity of 60 mmols.m-2.s-1. The synthetic
medium AS100 (0.2 M NaCl) was used in this study for comparison purposes and in order to determine
the optimal growth of the microalgae. Kinetics of growth and -carotene production was determined in a
period of 15 days. Results: After the analysis of the behavior graphic, an unstructured model was used
for describing the cell growth (logistic model). It was observed that the model was well adjusted to
experimental data for the two conditions of analysis. It was observed that alga produces carotenoids under
conditions of stress, in which the cell division are retarded. In the case of cells grown in seawater (higher
salt concentration), the cell growth was lower but the concentration of P-carotene was higher.
Conclusion: In general, these results suggest that D. salina presents higher potential for B-carotene
accumulation and that high salinity decreases cellular concentration (measured by the parameter Xm of
the kinetic model proposed); however there is an increase in 3-carotene production.

Key words: B-carotene, culture medium, Dunaliella salina, kinetic model, initial concentration,
biological functions, natural pigments, salinity decreases, cellular concentration,
synergistic effect, microalgal species

INTRODUCTION

Carotenoids are natural pigments with much
diversified structure-yet similar in their general
chemical structure-and widely spread in nature, where
they fulfill their essential biological functions.
Carotenoids, some of which are provitamin A, have a
range of diverse biological functions and actions,
especially regarding human health. The carotene’s
pigment is of international importance because of its
dual function as vitamin and colorant in the food
industry to pigment salmon, trout and poultry meat, or
to intensify the color of egg yolk (Martelli et al., 1992;
Johnson and Schroeder, 1995). The B-carotene also
present other physiological effects as inhibitor of cancer
and some diseases concerning photosensible skin. It
also increases immunological response to certain types
of infection (Mayne, 1996).

Dunaliella salina, unicellular green microalgae,
halophylic with free wall, is scientifically interesting for
its capacity of producing P-carotene and glycerol. D.
salina can accumulate a very high concentration, (up to
14% ) of cell dry weight of B-carotene under conditions
of high light, high salinity and nutrient deprivation and
it is recognized as the best biological source of this
carotenoid (Borowitzka and Borowitzka, 1990;
Markovits et al., 1993; Lee, 2001). Severe conditions
such as high salinity, low nutrient levels, high
irradiance and high temperature have been claimed to
induce B-carotene production in the cell but, at the same
time, decrease the number of cells per culture volume
by affecting cell division (Tafreshi and Shariati, 2006).
Ben-Amotz and Avron (1983) showed that the salinity
and irradiance have an additive or synergistic effect on
carotenogensis in D. salina.

Corresponding Author: Sergio S. Jesus, Department of Chemical Process, Laboratory of Optimization, Design and Advanced Control,
School of Chemical Engineering, University of Campinas, Unicamp Cidade Universitaria Zeferino Vaz,
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Imediatamente ap6s o vencimento da data-limite para uso dos mesmos.

Xil. A violacdo de qualquer das clausulas do presente termo implicard na suspensdo do Auxilio concedido e/ou, na retirada do matenal

adquirido.
Xill. O presente termo entrard em vigor na data de sua assinatura,

XIV. O Outorgado declara que aceita, sem restrigdes, o presente Auxilio, como esta deferido e se responsabiliza palo fiel cumprimento

€m [odos 0s seus termos, cldusulas e condicées.

Campinas, _I8 de maio de_20IS

‘*:*3@&*53 e Jequn /

Outorgado P '-R‘elrtor de Pesqwsrﬁélo FAEPEX

Fernando Antonio Santos Geelho
Assessor
Pro-Reitona de Pesquisa
UNICAMP



IZ Funcame © FUNDO DE APOIO AO ENSINO, PESQUISA E EXTENSAO
rmsaste en - TERMO DE RECEBIMENTO DE AUXILIO
Convénio n®: 519 202

Solicitagdo n° 2020/15 #
Valor: R$ 4.500,00

1- O auxilio deferido em hipétese alguma devera ser destinado, ainda que parciaimente, a fins diversos dos
indicados na ficha de solicitagao supra. O beneficiario é pessoalmente responsavel pela perfetta aplicagao do

auxilio, de acordo com a sua finalidade e com as normas para realizagao e comprovacgao de despesas fixadas
pela FUNCAMP,

2 - Osrecursos para despesas de custeio serfo liberados pela FUNCAMP, parcial ou totaimente, mediante
solicitagao do beneficiario em impresso padrao da FUNCAMP.,

3 - A prestacao de contas de uso do recurso liberado a titulo de suprimento, deve ser elaborada de acordo
com as "Normas para Utilizagdo dos Recurso Faepex", encaminhada via e-mail ao outorgado. Devendo ser
encaminhado a Funcamp nos prazos estipulados.

4 - O relatdrio técnico devera ser encaminhado para a Pré Reitoria de Pesquisa - Faepex.

5 -Os equipamentos e materiais permanentes adquiridos com recursos deste auxilio ser3o doados 4 UNICAMP.

6 - Fica estabelecido que se as atividades objeto deste termo tiverem como resultados econdmicos, estario
sujeitos as normas vigentes na UNICAMP.

7 - As responsabilidades administrativas e cientificas junto 8 FUNCAMP e ao FAEPEX n3o cessam até a plena
quitacdo das responsabilidades do beneficiario pelas autoridades competentes dessas entidades.

O beneficiario declara que aceita, sem restrigbes, o presente auxilio como esta deferido e se responsabiliza
pelo fiel cumprimento do presente em todos os seus termos e condigdes.

O beneficiario declara estar recebendo, neste ato, os seguintes documentos:
- Normas para utilizagéo dos recursos do FAEPEX. (via e-mail)
- Copia de igual teor deste Termo de Recebimento de Auxilio:

O valor do auxilio € deR$ 4.500,00 Oficio n°® 167/15

Campinas, segunda-feira, 18 de maio de 2015

::L‘-},u‘mulz;xa;m

Sergio Santos De Jesus

Recebi e concordo com as normas para utilizagao dos recursos.



Laboratério de Otimizagdo, Projetos e Controle Avangado
Departamento de Desenvolvimento de Processos e Produtos
Faculdade de Engenharia Quimica

13083-852 — Campinas/SP

Telefone: (19) 3521-3958 / 3521-3909

E-mail: maciel@feqg.unicamp.br
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Campinas, 27 de maio de 2014.

De: Prof. Dr. Rubens Maciel Filho
DECLARACAO

Declaro para os devidos fins que Sérgio Santos de Jesus participa da equipe do projeto
de Auxilio a Pesquisa FAPESP 15/19609-0, intitulado “Utiliza¢do de solventes verdes
derivados da cana-de-acticar na extragdo de lipideos e aplicagdo na produgdao de
biodiesel e sintese do 2-metiltetrahidrofurano através do bagago” com vigéncia de 01 de

julho de 2016 a 30 de jungo de 2018.

V
AL/

fof. Dt Rubehs Maéidl'Filho
PROF DB, RUBENS MACIEL
Matricula 87581

DDPPIFEQUNICAMP




06/03/2020 Auxilio a pesquisa 15/19609-0 - Cana-de-agucar, Extragédo - BV FAPESP

'\ bv-cdi Biblioteca Virtual da FAPESP A FaAPESP

fapesp Fonte referencial de informagao para a Pesquisa Apoiada pela FAPESP

Utilizagao de solventes verdes derivados da cana-de-agucar na extragao de lipideos e aplicagao na
producao de biodiesel e sintese do 2-metiltetrahidrofurano através do bagago

Processo: 15/19609-0
Linha de fomento: Auxilio a Pesquisa - Regular
Vigéncia: 01 de julho de 2016 - 30 de junho de 2018

Area do conhecimento: Engenharias - Engenharia Quimica - Processos Industriais de Engenharia Quimica

Pesquisador responsével: Rubens Maciel Filho § *§
Beneficiario: Rubens Maciel Filho § *§

Instituicao-sede: Faculdade de Engenharia Quimica (FEQ). Universidade Estadual de Campinas (UNICAMP). Campinas , SP, Brasil

Pesq. associados: Aline Santana Scotelari de Souza ; Sergio Santos de Jesus

Assunto(s): Cana-de-acucar Extracdo Biodiesel Engenharia bioquimica Sintese organica

Resumo

Solventes sdo utilizados em processos quimicos para auxiliar na transferéncia de massa e calor, e para facilitar processos de separacao e purificagéo. Eles
também sdo muito importantes e muitas vezes o principal componente de agentes de limpeza, adesivos e revestimentos (tintas, vernizes e manchas). Os
solventes sdo muitas vezes compostos organicos volateis (COVs) e sdo, portanto, uma grande preocupagdo ambiental, pois sdo capazes de formar uma
baixa camada em nivel da camada de 0zénio e poluindo a atmosfera através de processos de oxidagdo do ar em radicais livres. Atualmente milhdes de
toneladas de solventes toxicos sao utilizados na industria de extragao de 6leo, nos quais podemos citar o n-hexano, o que representa um grande problema
ambiental. Muitos solventes podem ser obtidos a partir de fontes renovaveis e podem ser utilizados como alternativas de escape do uso de COVs sem
qualquer necessidade de modificagao do equipamento ou procedimento. A quimica verde foi criada para incentivar a concepgao de produtos e processos
gue minimizem o impacto ambiental. O Brasil € o maior produtor de cana de agtcar no mundo e seu residuo pode ser uma valiosa fonte de matéria prima
para a producdo de solventes verdes. Dentre estes solventes podemos citar o 2-metiltetrahidrofurano que pode ser obtido através do bagaco e o alcool
isoamilico que é um residuo da destilag@o do alcool. Uma das aplicagdes do uso de solventes refere-se aos processos extragao. O mais comum e efetivo
método para extragdo de 6leos inclui o método desenvolvido por Folch (1957) e Bligh & Dyer (1959) na qual utilizam o sistema bifdsico constituido de
cloroférmio que é um solvente orgénico apolar e solventes polares como metanol e dgua. O objetivo deste projeto é selecionar um sistema de solventes
verdes com eficiéncia de extragao similar ao método tradicional de Bligh & Dyer. Com o protocolo de experimental desenvolvido, e com a melhor relagao de
solvente (2-MeTHF:alcool isoamilico:adgua), sera aplicado no processo de produgdo de biodiesel por transesterificagéo in situ da microalga Chlorella
pyrenoidosa. A transesterificagdo ocorrerd a pressao ambiente e em condigdes supercriticas. No final do projeto serd proposto a sintese do 2-MeTHF
utilizando bagaco de cana de acgucar, com a finalidade de diminuir a dependéncia do pais na importacao deste solvente. Neste trabalho serdo utilizadas
sementes de girassol e a microalga Chlorella pyrenoidosa, como materiais para extragao com solventes. Na qual serdo analisados a composigao de acidos
graxos e a eficiéncia de extragao e seletividade. O processo de transesterificagdo in situ serd a pressdao ambiente e em condi¢des supercriticas; o biodiesel
obtido sera analisado em relagdo a composicao dos acidos graxos, reologia e indice de acidez. A sintese do 2-MeTHF sera realizada através da hidrdlise
acida do bagaco de cana de acucar, o furfural obtido sera hidrogenado para obtencao do solvente. Serao realizadas analises espectrométricas de
infravermelho (1V) e de Ressonancia Magnética Nuclear (RMN 1H e 13C). O rendimento do processo também sera avaliado. (AU)

PUBLICAGOES CIENTIFICAS
(Referéncias obtidas automaticamente do Web of Science e do SciELO, por meio da informagao sobre o financiamento pela FAPESP e o nimero do

processo correspondente, incluida na publicacédo pelos autores)

DE JESUS, SERGIO S.; FERREIRA, GABRIELA F.; MOREIRA, LARISSA S.; WOLF MACIEL, MARIA REGINA; MACIEL FILHO, RUBENS. Comparison of
several methods for effective lipid extraction from wet microalgae using green solvents. RENEWABLE ENERGY, v. 143, p. 130-141, DEC 2019.

Citagdes Web of Science: 3.

DE JESUS, SERGIO S.; FERREIRA, GABRIELA F.; WOLF MACIEL, MARIA REGINA; MACIEL FILHO, RUBENS. Biodiesel purification by column
chromatography_ and liquid-liquid extraction using_green solvents. FUEL, v. 235, p. 1123-1130, JAN 1 2019. Citagbes Web of Science: 7.

DE JESUS, SERGIO S.; FERREIRA, GABRIELA F.; FREGOLENTE, V, LEONARDO; MACIEL FILHO, RUBENS. Laboratory extraction of microalgal lipids using
sugarcane bagasse derived green solvents. ALGAL RESEARCH-BIOMASS BIOFUELS AND BIOPRODUCTS, v. 35, p. 292-300, NOV 2018. Citagdes Web
of Science: 5.

Por favor, reporte erros na lista de publicagdes cientificas escrevendo para: cdi@fapesp.br.

https://bv.fapesp.br/pt/auxilios/93615/utilizacao-de-solventes-verdes-derivados-da-cana-de-acucar-na-extracao-de-lipideos-e-aplicacao-na-pr/
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E-mail: maciel@feq.unicamp.br

Campinas, 27 de maio de 2014,

De: Prof. Dr. Rubens Maciel Filho

DECLARACAO

Declaro para os devidos fins que Sérgio Santos de Jesus participa da equipe do projeto
de Auxilio a Pesquisa FAPESP no. 12/05922-0, intitulado “Desenvolvimento do.
processo de obtengdo do biodiesel de microalga Botryococcus braunii  por

transesterificagdo supercritica” com vigéncia de 01 de agosto de 2012 a 31 de julho de

2014. :

y /i

Prof. Dr. Rubens Maciel Filho

b Uboas Maciel i
DOPP:FEQ.E:“' '
Watriculs §754.9
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Desenvolvimento do processo de obteng¢ao do biodiesel de microalga Botryococcus braunii por
transesterificagao supercritica

Processo: 12/05922-0
Linha de fomento: Auxilio a Pesquisa - Regular
Vigéncia: 01 de agosto de 2012 - 31 de julho de 2014

Area do conhecimento: Engenharias - Engenharia Quimica - Processos Industriais de Engenharia Quimica

Pesquisador responsével: Rubens Maciel Filho § *§
Beneficiario: Rubens Maciel Filho § *§

Instituicao-sede: Faculdade de Engenharia Quimica (FEQ). Universidade Estadual de Campinas (UNICAMP). Campinas , SP, Brasil

Pesq. associados: Aline Santana Scotelari de Souza ; Edinara Adelaide Boss ; Sergio Santos de Jesus

Assunto(s): Fontes alternativas de energia Biodiesel Transesterificagdo Microalgas

Resumo

0 uso intensivo de combustiveis fésseis contribui significativamente para o aumento da concentracao de didxido de carbono na atmosfera e contribui
também para as alterag¢des climaticas a nivel mundial. Estudos recentes com objetivo de se obter combustiveis ecologicamente viaveis vém sendo
desenvolvido em todo mundo, com a finalidade de diminuir principalmente o efeito estufa. O Brasil foi um dos pioneiros a desenvolver um combustivel
ecologicamente vidvel utilizando a cana-de-aglicar como matéria prima. Hoje o processo de produgao de bioetanol e biodiesel obtido a partir de
oleaginosas, gordura animal e de cana-de-agucar encontram-se bem desenvolvidos. Por outro lado, a produgao destes biocombustiveis em grandes
quantidades nao é sustentavel. O uso de microalgas para a producao de biodiesel apresenta-se como fonte potencial, pois além de serem extremamente
ricas em 6leo, sdo excelentes captadoras de CO2 e apresentam maior rendimento de 6leo por area cultivada. Estes éleos podem ser transformados em
biodiesel, além disso, estes microorganismos apresentam em sua composic¢ao celular produtos de alto valor agregado. A produ¢ao comercial de biodiesel
através de cultivos microalgais sao realizadas através do método de transterificagdo com catalisador alcalino, que apresentam como inconveniente a
intolerancia a agua no meio reagente, além da dificuldade na separagao dos produtos de saponificagdo. A obtengéo de biodiesel através de um fluido
supercritico é uma alternativa promissora que tem como principal vantagem o incremento da seletividade da reagéo, proporcionando rendimentos elevados
o que melhora ou facilita o processo de separacao dos diversos componentes do sistema. Este trabalho tem como objetivo determinar as condi¢des 6timas
da reacao de transesterificagcao supercritica do éleo da microalga Botryococcus braunii, variando o tempo de reacao, temperatura e a razao molar -
6leo:alcool, para determinar qual dessas variaveis exerce maior influéncia sobre o rendimento da reagao, além de caracterizar os biocombustiveis obtidos.
Para uma avaliagdo mais precisa da influéncia de uma determinada varidvel sobre o rendimento da reagéo, sera realizado um planejamento experimental
estatistico, do tipo fatorial completo de dois niveis com trés parametros (23) e com trés pontos centrais, utilizando o programa Statistica 7.0. Os
biocombustiveis obtidos serdo caracterizados utilizando técnicas de andlise térmica, FTIR e reoldgica. Esses ensaios fisicos e quimicos serao realizados a
fim de especificar a qualidade do biodiesel, tais como: densidade, viscosidade cinematica, calor especifico, ponto de fulgor, indice de saponificagéo e indice
de acidez. E importante pontuar que a principal inovacdo da proposta é a utilizacdo da tecnologia supercritica para a producéo do biodiesel. Pode-se
caracterizar a vantagem dessa tecnologia em dois fatores operacionais: a diminuicao significativa do tempo da reacao, da escala de horas do processo
convencional para a escala de minutos e a ndo necessidade da utilizagao de qualquer tipo de catalisador, que propicia a obtengao de produtos
descontaminados. Também, pode-se pontuar como inovagao a utilizagdo da microalga Botryococcus braunii, como matéria prima. (AU)
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Laboratério de Otimizagdo, Projetos e Controle Avangado
Departamento de Desenvolvimento de Processos e Produtos

\",/ Faculdade de Engenharia Quimica

13083-852 — Campinas/SP

"‘ Telefone: (19) 3521-3958 / 3521-3909
UNICAMP E-mail: maciel@feq.unicamp.br

Campinas, 27 de maio de 2014.

De: Prof. Dr. Rubens Maciel Filho
DECLARACAO

Declaro para os devidos fins que Sérgio Santos de Jesus participou da equipe do projeto
de Auxilio a Pesquisa FAPESP no. 10/04903-7, intitulado “Projeto ¢ construgdo de um
fotobiorreator airlift agitado para a produgdo de biodiesel” com vigéncia de 01 de

setembro de 2010 a 28 de fevereiro de 2013.

Tl

l’rof Dr. Rubens Maciel Filho

Prof. Dr. Rubens Maciel Fitho
Professor Titvlar
DOPP / FEQ - UNICAMP
Matricula 8758-1
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Projeto e constru¢ao de um fotobiorreator airlift agitado para a producgao de biodiesel

Processo: 10/04903-7
Linha de fomento: Auxilio a Pesquisa - Regular
Vigéncia: 01 de setembro de 2010 - 28 de fevereiro de 2013

Area do conhecimento: Engenharias - Engenharia Quimica - Processos Industriais de Engenharia Quimica

Pesquisador responsével: Rubens Maciel Filho % *§
Beneficiario: Rubens Maciel Filho % *4

Instituicdo-sede: Faculdade de Engenharia Quimica (FEQ). Universidade Estadual de Campinas (UNICAMP). Campinas , SP, Brasil

Pesq. associados: Betania Hoss Lunelli ; Maria Regina Wolf Maciel ; Sergio Santos de Jesus

Assunto(s): Fermentacdo Bioquimica Microalgas Biodiesel Diéxido de carbono Bioprocessos Fotobiorreatores

Resumo

0 uso continuado de combustiveis provenientes do petréleo é agora amplamente reconhecido como insustentavel por causa do esgotamento das fontes e
da contribuigdo desses combustiveis para a acumulagao de diéxido de carbono no ambiente. O biodiesel produzido a partir de oleaginosas e o bioetanol
produzido a partir da cana de agulcar estdo sendo produzidos em quantidades crescentes como fonte de biocombustiveis renovaveis, mas sua producao
em grandes quantidades nao é sustentavel. Muitas microalgas sao extremamente ricas em 6leo, que pode ser convertido em biodiesel utilizando a
tecnologia existente. A producao de biodiesel com o uso de microalgas requer grandes quantidades de biomassa algal. Estas microalgas podem ser
cultivadas em grande escala em fotobiorreatores. Diferentes modelos de fotobiorreatores foram desenvolvidos nos ultimos anos, mas fotobiorreatores do
tipo tubular parece ser mais adequado para a producgao de biomassa algal na escala necessaria para produgao de biocombustivel. A producao de biodiesel
em fotobiorreatores tubulares com circulagao de cultura usando um sistema tipo airlift apresenta varias vantagens como: a circulagao é realizada sem
partes méveis o que reduz substancialmente problemas como a contaminagéao do meio de cultura. Biorreatores sao utilizados amplamente na industria, na
qual podemos citar na produgao de vacinas, antibioticos, aminoacidos, produtos de alto valor agregado como carotendides e também na produgéao de
biodiesel. Este trabalho tem como principal objetivo a constru¢do de um fotobiorreator airlift agitado mecanicamente na base do reator e obtencao de
hidrocarbonetos (biodiesel) através da microalga Botryococcus braunii. Os estudos de fermentagao serdo conduzidos em escala de laboratério em um
fotobiorreator airlift agitado projetado e construido neste trabalho, utilizando a microalga B. braunii e agua do mar como meio de cultura. O biorreator
projetado sera de vidro e de recirculagao interna (de tubos concéntricos) dotado em seu exterior de lampadas fluorescentes na qual podera ser operado a
um gradiente de intensidade luminosa. Através de um planejamento experimental sera definido as melhores condi¢des de processo, onde serao
investigados o feito da concentracao salina, agitacao, intensidade luminosa e vazao de CO2. A biomassa sera analisada em relagdo a concentragao
hidrocarbonetos, producao de biodiesel, carotendides, proteinas e lipideos. Pretende-se em estudos futuros utilizar este reator para produgao de outros
produtos de alto valor agregado, como antibiéticos, retro-virais, aminodacidos, entre outros. (AU)

PUBLICAGOES CIENTIFICAS (4)
(Referéncias obtidas automaticamente do Web of Science e do SciELO, por meio da informacao sobre o financiamento pela FAPESP e o nimero do

processo correspondente, incluida na publicacéo pelos autores)

DE JESUS, SERGIO S.; MACIEL FILHO, RUBENS. Potential of algal biofuel production in a hybrid photobioreactor. Chemical Engineering Science, v.
171, p. 282-292, NOV 2 2017. Citagdes Web of Science: 11.

DE JESUS, SERGIO S.; NETO, JOAO MOREIRA; MACIEL FILHO, RUBENS. Hydrodynamics and mass transfer in bubble column, conventional airlift,

stirred airlift and stirred tank bioreactors, using viscous fluid: A comparative study. Biochemical Engineering Journal, v. 118, p. 70-81, FEB 15 2017.

Citacdes Web of Science: 18.

DE JESUS, SERGIO S.; SANTANA, ALINE; PONCE, GUSTAVO H. S. F,; MACIEL FILHO, RUBENS. Potential use of vegetable waste for biofuel production.
JOURNAL OF CHEMICAL TECHNOLOGY AND BIOTECHNOLOGY, v. 92, n. 1, p. 90-99, JAN 2017. Citagdes Web of Science: 5.

DE JESUS, SERGIO S.; MOREIRA NETO, JOAO; SANTANA, ALINE; MACIEL FILHO, RUBENS. Influence of impeller type on hydrodynamics and gas-liquid
mass-transfer in stirred airlift bioreactor. AICHE JOURNAL, v. 61, n. 10, p. 3159-3171, OCT 2015. Citagdes Web of Science: 14.

Por favor, reporte erros na lista de publicagées cientificas escrevendo para: cdi@fapesp.br.

https://bv.fapesp.br/pt/auxilios/27172/projeto-e-construcao-de-um-fotobiorreator-airlift-agitado-para-a-producao-de-biodiesel/
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TECNOLOGIA DE FERMENTACOES NAl'\igéiooz' 2022.2 N NAO 26 2-2-4 48
TECNICAS APLICADAS A PROCESSOS DA1NHZ1081- <
BIOTECNOLOGICOS 13SA 2022.3 b NAQ ° 4-2-4 72
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N° do Protocolo: 23006.001868/2025-39
Santo André-SP, 29 de janeiro de 2025.

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
abaixo discriminado.

Concluido

Inicio da Término da

Discente Programa/Edital RA Orientacdo Orientaco

Fernando Angelo

Alves Franzoni PIBIC 03/2023 [11201920841| 01/09/2023 31/08/2024

(Assinado digitalmente em 29/01/2025 13:55 )
JULIANA CANTARINO MERINO
TECNICO DE LABORATORIO AREA
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Matricula: 3283420
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b4 CERTIFICADO

A Pré-Reitoria de Pesquisa da Universidade Federal do ABC confere o presente certificado a

Fernando Angelo Alves Franzoni

pela apresentacao em poster do trabalho “Producao de biodiesel utilizando pasta de
microalgas por transesterificacao direta na presenca de solventes verdes” no
XIV Encontro de Iniciacac Cientifica, orientado por Sergio Santos de Jesus.

Evento realizado no periodo de 04 a 08 de novernbro de 2024.

Santo André, 08 de novembro de 2024,

il L O Lﬁ Realizacdo

| . g
Prof. Dr. Wagner Alves Carvalho COurage 2o USCS
Pro-Reitor de Pesquisa da UFABC _
Apaoio: ﬂCNFq
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CERTIFICADO

Certificamos que SERGIO SANTOS DE JESUS, SIAPE n° 3255963, participou como
Membro da Comissdo Organizadora no evento "EV040-2022 - PRIMEIRA SEMANA DE
BIOTECNOLOGIA DA UFABC", apoiado pela Pré-reitoria de Extensdo e Cultura da Universidade
Federal do ABC e realizado no periodo de 1 de setembro de 2022 a 21 de outubro de 2022, com carga
horéaria de 2 horas.

Santo André, 27 de outubro de 2022.

EDSON PINHEIRO PIMENTEL MARCUS VINICIUS XAVIER SENRA
Pr6-Reitor de Extenséao e Cultura Coordenador(a)
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informando o numero do documento, data de emissao do documento e o cédigo de verificagao.
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Certificamos que SERGIO SANTOS DE JESUS, SIAPE n° 3255963, participou como
Membro da Comissédo Organizadora no evento "EV040-2023 - II| SEMANA DE BIOTECNOLOGIA DA
UFABC", apoiado pela Pro-reitoria de Extenséo e Cultura da Universidade Federal do ABC e realizado
no periodo de 2 de outubro de 2023 a 6 de outubro de 2023, com carga horaria de 10 horas.

Santo André, 9 de outubro de 2023.

EDSON PINHEIRO PIMENTEL DANILO TRABUCO DO AMARAL
Pro-Reitor(a) de Extensao e Cultura Coordenador(a)
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