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THE CHALLENGES...

AVAILABILITY / LOGISTICS...
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COMPETITIVENESS IS THE KEY...

YELD / PRODUCTIVITY =) 02

(é FUNCIONALITY
DROP IN x NO DROP IN ﬁ

.

COMMODITIES VS SPECIALTIES

© SENAI-CETIQT INSTIT_UTO S E N A I Pagina 3
DE INOVACAO o

IIIIIIIIIIII



HIGH YELDS... NEED TO DEVELOP APPLICATIONS

S
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PRODUTO ACIDO GLIcoLIcO G I 5
MATERIA PRIMA AGUCAR (VHP EXP)
w&g x°\> x& '»QO x& @'& wQN"o wéé w&
Unidade Valor mmm Volume ——e— Receitas
Capacidade BASE t/a 100,000.0
Investimento para cap base UsS/t 2,500.0
Fator de escala 0.6
Capacidade avaliada t/a 100,000.0 I %
RENDIMENTO TEORICO g prod/g MP 1.18 l Ag %
MP - % TEORICO REACAO % 0.85 ]
Rendimento atingido g prod/g MP 1.00 P\C’\D
CAPEX para cap avaliada uss 250,000,000.0 N\ P\\‘\
TIR % 15%
PERIODO anos 20.0
Valor Prod p/ cobrir investimento UsS/t 399.4
Confeccdo
PRECO ACUCAR VHP (FOB Santos) US$/t 344.0 25%
OUTROS CUSTOS VARIAVEIS USS/t 200.0
CUSTO FIXO ex DEP USS/t 265.3
PRODUCT VALUE USS/t 1,207.7 L.
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HIGH YELDS... NEED MORE PROCESS EFFORTS...

UCARIC ACID 1,16 g/8 pan )
GL ( — ESSES'" /g
D\FFERENT : :\5 N\AT ER\ A,\.'%L.n.ucﬂlN

SpFERENT W -
L 6 @ Ma o
(:\\2?;«“6» ACIp 1138 g/g
EG / PPG GLYCERIN / SUGAR
Putandgd) 0,55
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http://www.rivertop.com/
http://www.rivertop.com/
http://www.rennovia.com/
http://www.rennovia.com/

HOW TO REDUCE SCALE IMPORTANCE...

[ Process Intensification
Y Y
[ Equipment }q— 4»—[ Methods J
¥ Y ¥ L 4 L L d
N . !
: Equipment for
E[EI; megnaf&r Operations Multifunctional Hybrid Alternative Other
Chemical Reactions not Involving Reactors Separations Energy Sources Methods
Chemical Reactions
Examples
Spinning Disk Reactor  Static Mixers Reverse-Flow Membrane Absorption Centrifugal Fields  Supercritical Fluids
Static Mixer Reactor CompactHeat Reactors Membrane Distillation  Ultrasound Dynamic (Periodic)
{SMR) Exchangers Reactive Distillation  Adsorptive Distillation ~ Solar Energy Reactor Operation
Static Mixing Catalysts  Microchannel Heat Reactive Extraction Microwaves
(KATAPAKS) Exchangers Reactive Crystallization Electric Fields
Monaolithic Reactors Rotor/Stator Mixers Chromatographic Plasma Technology
Microreactors Rotating Packed Beds Reactors
Heat Exchange (HEX) Centrifugal Adsorber Periodic Separating R |
Reactors Reactors P:::ak?a% Bed s"é?.’éi'frir
Supersonic Gas/Liguid Membrane Reactors 8
Reactor Reactive Extrusion g == Gtatic Mixer gpinning Disc
. . N 5 eactor
Jet-Impingement Reactive Comminution 2 Pulse _ g
Reactor Fuel Cells 8 Column ’S:"ta‘tic éﬂix:; Oslc Microreactor
. [ ate Exchanger column
Rotating Packed-Bed 2 gLoop
Reactor S Reactor
© SENAI-CETIQT £ e Plate or I:] '4gina 6
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Heat transfer performance



MICROREACTORS...

In Fine Chemicals and Advanced Materials:
‘smaller is beautiful’ because

smaller is more flexible

good for on-site on-demand production

Pharmaceutical chemistry, CPC

Synthacon on a contract basis:

e a commercial multiproduct plant near Leipzig,
by mid-2006, producing ~20 tpa

¢ high added value chemicals (niche
applications) with a range from 1 kg to 100 kg
for pharmaceuticals

- ref: A.Green BHR : Sigma-Aldrich installed a standard Cytos in
CYTOS® Pilot System Buchs. Many catalog products are produced

5 3 developed by CPC, used by under lab conditions in flasks of up to 20 L.
Delocalized pI'Od uctlons, close to Synthacon Of the 2000 compounds in this portfolio, about
inventOrieS... but aISO dek 800 could be produced in microreactors

with little or no process modification.

- Interox: 1 ton/day peroxysulfuric acid (1s in a 20 cm? tubular reactor)
- Kvaerner: phosgene COCl, modular generator, point-of-use, skid-mounted

- hydrogen cyanide, chlorine dioxide, ethylene oxide, ...
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NEW REACTORS...

Process Intensification for Fine Chemicals: example 7
Spinning Tube in Tube reactor Kreido Labs

Couette Flow in a narrow annular gap
between a stationary stator and a
rapidly rotating, concentric, internal
rotor, producing a coherent thin film in
a high shear field

PMRNARY FRFN NCAT

triglyceride + 3 MeOH - glycerol + 3 fatty acid methyl ester
mass transfer limited !

biodiesel at a residence time of 0.5 second
complete pipe-to-pipe biodiesel production unit (STT 30G)
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MEMBRANES...

© SENAI-CETIQT

Traditionally batchwise

= Low product concentrations due to product toxicity
= Low productivity, while high cost of substrates

= High purification costs

Integration with OPV
= Continuous, selg e product withdrawal from
reaction medidgn from 20 g.L-"to >200 g.L*

= Low energy demanding separation technigue

Continuous process

= Productivity enhancement by removal of product inhibition
= Concentrated feedstocks can be fermented

= Energy gains from complementation of distillation with efficient primary work-up step

instituto SENAI
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om 0.36 g.L-".h"to 1.13 g.L-'.h"
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TECHNICAL GAPS IN BRAZIL...

PRETREATMENT

Country
USA

UK

151

Germany [N 107

France
Switzerdand [ 53
Spain | 53
Italy N 47
Japan [ 40
Canada [l 39
China a7
South Korea Jill 28
Netherlands ™ 21
Taiwan [ 18
Denmark | 16
Israel 16
Austria | 14
Sweden | 14

0

74

BIOTE

A Tabela e a Figura mostram os paisej
com o Thonsom Reuters Web of Scie
Mapping the Scientifc Landscape. PL

100 200 300 400 500

Q‘.

. ‘w"
CHNOLO

que mais publicam de acordo

ience. Synthetic Biology:

DS (2012) 7:1-16.

About Tadleau maps: wwaviableausoftware com/mapdata

Number of Records

| |
=+ THE 7™ ANNUAL WORLDVIEW SCORECARD

PROCESS INTENSIFICATION
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SUSTAINABILITY IS FUNDAMENTAL...

ETHANOL MINIMUM SELLING PRICE
uss/t

1000

v" OIL PRICES

v’ CO2 TAXES - I I I I .

Sld\ CH\ C t \Sg ne ItgtdCH\ Integrated Cellulosi \Igtng

v' ALCOHOLS AND A IR SR I e
DIALCOHOLS IN THE LIMIT 4

Reducdo de gases do efeito estufa:

- 94% em comparagéio com dcido
succinico de origem petroquimica;

v FUEL AND CHEMICALS
WILL BE COMPLEMENTARY

- 93% em comparacéo com dcido
adipico de origem petroquimica

0 |
Adido Succinico - Pefro Adido Adipico - Pefro Acido Succinico - Bio  Adido SU- Bio com

v’ PROCESS INTENSIFICATION .
IS KEY .2

kg CO, - eq/kg 4cido succinico
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Thank You!

Paulo Luiz de Andrade Coutinho

pcoutinho@cetigt.senai.br
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