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Projected to grow at a rate of 7% from 2015 to 2020. AQZS}Z;ZZL lg;gssap
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“A reasonable working definition of green chemistry can be formulated as
follows[10]: Green chemistry efficiently utilizes (preferably renewable) raw
materials, eliminates waste and avoids the use of toxic and/or hazardous
reagents and solvents in the manufacture and application of chemical products.
As ..., the guiding principle is the design of environmentally benign products
and processes (benign by design) [4]. This concept is embodied in the 12
Principles of Green Chemistry [1, 4] which can be paraphrased as:

1. Waste prevention instead of remediation

2. Atom efficiency

3. Less hazardous/toxic chemicals -
4. Safer products by design | l-/*
5. Innocuous solvents and auxiliaries” |

Kurt Faber

1 . :
Green Chemistry and Catalysis. |. Arends, R. Sheldon, U. Hanefeld ﬁ,“;}:;:;f,‘c”c“,‘,zt,:::;y

Copyright © 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim ATextbook
ISBN: 978-3-527-30715-9 | 7thEdition

@ Springer




Sintese organica atual: Demanda por sinteses enantiosseletivas:
racematos deveriam ser evitados em quimica farmacéutica e agricola
dificil separacéo / FDA: permite, mas desestimula.

Scheme 1.1. Biological effects of enantiomers
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Exemplos de sinteses envolvendo rea¢oes de hidratagao: um unico produto!

Nitrila hidratases
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Fig. 1.42 Industrial processes employing a nitrile hydratase.




Razoes de necessidade de alternativas ao combustivel fossil:

1) Fonte limitada
2) Emissao de gases poluentes do ambiente
3) Politica internacional (dependéncias & conflitos)

4) Saida: biocombustiveis

Etanol

1. acetileno (gas incolor,C,H,) + H,O = acetaldeideo - etanol
2. Etileno (gés incolor, C,H,) + H,0O = etanol
3. Cana-de acgucar, milho, beterraba, batata, trigo, mandioca e celulose - glucose - etanol

Biodiesel
0leos de origem vegetal e animal 2> TAG - AG - AG-OMe

Topicos atuais de Pesquisa & Desenvolvimento (P&D): impactam vida no planeta
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Alcool: etanol

Brasil e EUA - ~ 85 % do etanol produzido no mundo
Brasil 2 22. maior produtor mundial

Etanol de cana-de-agucar = "the most successful alternative fuel to date”
(dlcool de 19. geracgdo)

2019 Global Fuel Ethanol Production by Country

(Country, million gallons, share of global production)
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Source: RFA analysis of public and private data sources


http://en.wikipedia.org/wiki/Alternative_fuel

Como?
Cana = lavada = picada = espremida = suco (garapa; 10-15% sacarose)

bagaco
1. gqueima para geracdo de bioenergia .
2. celulose = etanol Filtrado
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Fig. 5 - Number of distilleries that use Tailored Yeast Crista Iiza cﬁ (o)
Strains® as starter for ethanol production in Brazil (gray ? . .
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Enzimologia 2020
QBQ-2502, IQ-USP
Aula 12 B - Terésa
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Relacdo direta com o que ja foi estudado na Bioquimica



Enzimologia 2020

Melhorias e alternativas? QBQ-2502, IQ-USP
Aula 12 B - Terésa

Técnicas agronomicas: cultivo, colheita, irrigagdo.

Levedura: modificacao genética de Saccharomyces cerevisiae

Cana-de-agucar: linhagens novas (mais resistentes a doengas, a bactérias,
pesticidas)

Outras fontes: milho (principalmente nos EUA)
celulose (etanol de 29. gerag¢do)

Problemas?

sociais/economicos :
necessidade de areas de plantio enormes #

uso de fertilizantes e pesticidas (muitos baseados no petréleo) = «\F_JK Ex: cinerolone


http://pt.wikipedia.org/wiki/Saccharomyces_cerevisiae

Advanced biofuels are those that are made from biomass feedstock that does not
compete with food.

Such feedstocks include timber (madeira), algae, grasses and agricultural
residues.
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http://biofuelsassociation.com.au/biofuels/ethanol/how-is-ethanol-made/


http://biofuelsassociation.com.au/biofuels-2/biomass/

Digestdo de celulose = etanol de 2¢. geragdio
fonte natural: residuos vegetais: bagacos, folhas e caules de plantas

Pé seco da cana

Tb: Residuos de
renovagao
natural de florestas

| Plantacao de eucalipto




1. Modo seco = moidos = empapados com H,0 + ENZIMAS + NH, = fermentagao

Destilacao
Milho = grdos secos ou umidos do alcool

2. Modo umido - fracionamento das partes em H,SO, = moidas as polfas - dleo

l gluten
Destilagdo do alcool € fermentacdo com levedura €< Amido = amido seco

|

Xarope




ENZIMAS na digestao do amido
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a) Hidrdlise acida (> 70° C)

Hidrélise enzimatica: celulase, celobiase/B-glicosidase (T amb)
w -~

b) Fermentacdo usando levedura: glicose > ETANOL




Biodiesel

Oleos vegetais: alta viscosidade
combustao incompleta
baixa volatilidade
depodsitos em injetores de combustivel

Necessidade de modificagdes = varios tipos de tentativa = Transesterificacdo/Lipases

Oleos vegetais transesterificados = caracteristicas parecidas com as do diesel

Fontes:




Fundamento: transformacao de dleos de origem vegetal e animal (fontes
renovdveis) em ésteres de acidos graxos de cadeia longa

(o) 1?”2 —ZICH - 3?“2 1-Palmitoleoyl-2-linoleoyl-
1 " cl> cl) cl) 3-stearoyl-glycerol
CH>—O—C—R1q C1=0 ;=0 ;=0

1 O c::Hz (::Hz ?IHz
CHZ— OH 2 " E— sz sz sz
2| CH —O—C—Rz sz $H2 ?-lz
(IZH —OH (0 CH; CHp  CHj
" CHy CH, CH>
3CH;—OH  3CH2—0—C—Rs3 VA

I | |
CH, CH, CH»>

Glycerol  Triacylglycerol // G oy o
o CH CH CH,

R: natureza | | |
.~ ree CH CH CH
tamanhos CondicOes especificas i vl v
7 . ° o ~ CHZ CH CH2
variaveis de transesterificagao | Mn2 |
. ?Hz ?H (|:H2
em alcool H, g
// T e T
CH CH CH
l, 16CH3 | 2 I 2
CH, CH;

3 R-COOMe 18CH3 15CH3

Unnumbered figure pg 236b Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons




Processo completo?
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Transesterificacao enzimatica? Lipases de fungos

Figure 2. Hydrolysis and methanolysis reactions.

Hydrolysis
C—OH
?_O_g_R1 LIPASE | @ g
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Methanolysis

g LIPASE @
H—-0—C—R; + CH,OH === cH,0 -C—R; + H,0

Economia de energia elétrica (requer pouco ou nenhum aquecimento)
Minimiza a reac¢ao de hidrolise do éster

Requer menos H,0 e produz menos sal

Ainda é mais caro do que a transesterificacao quimica: lipases sdo caras!



Ex. do que ja foi feito: Enzimologia 2020

£ . . - QBQ-2502, IQ-USP
Células de fungo que produzem lipase imobilizadas em BSPs Aula 12 B — Terésa
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Process Biochemistry, 39 (11), 2004, 1347-1361

Table 1. Comparison of biodiesel fuel production methods that used different whole-cell biocatalysts

Whole-cell biocatalyst il Alcohol Solvent ME (%) Time (h) Temp Refs
BSPs with H. oryzae Soybean Methanol MNone 80-80% 72 32°C [7]

BSPs with R. oryzae Soybean Methanal None 80% 48 350°C [40]
BSPs with R. oryzae Soybean Methanol t-butanol 72% NA 3B°C [30]
BSPs with R. oryzae Jatropha Methanol None 89% B0 30°C [41]
BSPs with H. oryzae Rapeseed (refined) Methanol t-butanol B0% 24 3B°C [28]
BSPs with R. oryzae Rapeseed (crude) Methanal t-butanaol B0 % 24 35°C [28]
BSPs with R. oryzae Rapeseed (acidified) Methanol t-butanol 70% 24 35°C [28]
Mycelium of R. chinensis Soybean Methanol None 86% 72 NA [31]
E. cerevisiae (Intracellular ROL) Soybean Methanol MNone 71% 165 37°C [48]
S. cerevisiae (cell surface ROL) Soybean Methanol Mone 78% 72 37°C [47]

All processes are batch reaction with a stepwise addition of 3 mol methanol.

Muito por fazer!!!


https://www.sciencedirect.com/science/journal/13595113

