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Introduct

»Recently, polymeric membranes have received much attention because of
their excellent performance in gas and vapour separation, especially in
separation of water from organic vapour mixtures in industrial processes,
which include water-ethanol systems (Huang et al., 2003a).

»The SiftekTM polymeric membrane has these properties and was designed
specifically for ethanol-water separation with a higher selectivity for water over
ethanol.

»Distillation and dehydration are responsible for the largest fraction of energy
use in ethanol production. The technology has the potential to reduce this
energy consumption between 35 and 70% when compared with conventional
technology, like molecular sieve or extractive dehydration with cyclohexane

(Coté et al., 2007).
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Siftek™ Refining Membrane

Drying Membranes

Membrane
Processes

Extractive Pervaporation

1
I
I
© : Fusel oil removal
S8 : T .
F=IH I
qé § Beer Column : Rectification Column
o QA [ o ]
O I Distillation
|
I Fuel Grade
. (4
$&Q$‘°%‘§g‘b‘\ o : Ethanol > 99% .
¥ ¥ (o
. | [
| Fermentation | 1 Azeotrope 95.6%
' >
0 20 40 60 80 100
Wt % of Ethanol
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Sittek™ Membranedechnology i fisr, .

Doble layer hollow fiber Micro-porous
membrane sublayer 0.2 mm

e Hydrophilic Polymer
 Thermo resistant

e Solvent resistant
d Va.per ma Patent Integrally skinned @ Ethanol Molecule (0,43nm)
membrane @® Water Molecule (0,30nm)
100-200nm
DEDIENI vaperma
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Membrane Cartridge i

‘1-.

Hollow Fiber Cartridge
. 7 Ethanol
BT -
Ethanol -
+
Water
Water
Hollow fibers housed in a stainless steel cartridge
Feed in vapour form under pressure
Water removed continuously under vacuum
DEDINI vaperma
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Components of the Slftek I\/Iembrane

System A

Hydrous
Beer Vapor Ethanol
8% Ethanol 93% w/w
viv 40 - 85% wiw
Stage 1 Stage 2 Anhydrous
— m—) W —) W == Ethanol
99.5% wiw
Vacuum Vacuum
Pump Pump
Stage 1 Stage 2
Distillation
Permeate Permeate

DEDINI —
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Phas“é“l Pilot’ (Q3/2006 = today)

1.0m3/d Pilot Unit at
GreenField Ethanol Plantin Tiverton
(Ontario, Canada)

Single membrane module testing unit

Vapor feed is a split stream of the
rectification column

Feed pressure: 120-140 kPa (3-6
psig)

Temperature: 105-115°C

75-90 wt% ethanol feed

99.2 wt% fuel grade ethanol product

vaperma
7
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Tlverton Eield Prieotunit™ | R TT A0 PLONaab 1

Long {Term Test! 200 days at >.99% up= tlme f ol

l‘f ;

100.0%

99.5% &> Average = 99.2 wt%

99.0%

Set Point

98.5%

Ethanol Concentration (wt%)

98- 0% I I I I I I I I I I
0 20 40 60 80 100 120 140 160 180 200 220

Time (days)
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8 m3/day Demonstration Unit at GreenField Ethanol Plant
In Chatham (Ontario, Canada)

Two-stages / 8 modules

Vapor feed from beer column with
40-60 wt% ethanol feed

Feed pressure: 160 kPa
Temperature: 105-110°C

99.2 — 99.86 wt% fuel grade ethanol
product

Heat recovery integrated with full-
scale plant

The Siftek™ demo unit is equipped
with real-time monitoring, ethanaol,
heat integration and carbon footprints.

DEDINI S—
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Connectlon Wlth mdustrlal planty 711 o - A e bk

Chatham Field, Demonstratlon Unlt -
GH‘EEHEIELD

> Fuel
> Ethanol
G
e A
Fermentation v _B_ee_:r_
vy :? ‘ Column
—— A
———— To Process Condensate
- | g
Stage 1 Stage 2 Alcool
99.2up :

A\ 4

Filter o ( Siftek™ ) s ( Siftek™ ) 0 99.86% :
A ~ :

@ Permeate { 5 Permeate :

To Beer Column

Demonstration Unit
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DEDINI Demonstratlon Unlt = BraZ|I

Process and Operatlon Condltm‘ns SN

y Operation Conditions
ydrous
Ethanol

42% Dewatering — Col “A”
Beer 93% . MIpn
93% Dehydration— Col 'B
=) ] s Fus_,lel
| 85%  MSU Recycle
XD

Demonstration Plant

e . EE E— O EE EE B B EEE B B S S S EE S B EE S S Ea S B Eae Ea Eee mem .

( \
| Hydrous
42% %—D - Ethanol
JL Stage 1 Stage 2

ek | o= s

|
| Anhydrou
: l 1 Ethanol
85%, » Vacuum @ Vacuum A"
VISU : Pump Pump \\/
|
|
|
|

Recycle
50 - 70%
Permeate
1
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Water
Ethanol
Condensers

Siftek ™
Stage 2
Siftek ™
Stage 1l

Superheater Feed Pressure: 160-190kPa
Temperature: 112°C
100 % Automatic

Ethanol
+

Water

Evaporator vaperma
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DEDINI Demonstrat*ldn Unit - BraZ|I R A

| Results Test: MSU Recycle (85'?) to 99 5% wt EtOH [

‘ tf’mwr ' 85%wt EtOH 99.5%wt EtOH
MSU . R A
Recicle
30— 65 % T g
EtOH -

Liutter

nE vaperma
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DEDINI Demonstration Unit - Brazil

e YYY
&% M Ssio Martinho

Results Testil: MSU Recycle (85%) t0 99. 5% wt EtOH __ Sugar ill §

Acetic Acidity

# Product

Feed x Product Acetic Acidity — Objective

June 1st - July 8th 2009 ¢ Feed

30

28

< 2%
o
£ 24
= 22
el
§ 20 5
2 18
o 16
= 14 N
® L s
Q
12 L

[==TR N RN N ]

20
21
224
23
24
25
256
27
28
29
30

— o T T T T T— T T T

INDUSTRIAS DE BASE

FEATURES

Increase of 2 mg/I
(lower that specification)
Water removal and
organics concentration
Organics stay in the
product

High water selectivity

vaperma
16



DEDINI'Demonstration | Uhlt Braznﬁ

Results Test/1! MSU Recycle (85%)-to 99.5% Wt EtOH) ¢

Conductivity (1S/m)

900
830
800
750
700
650
600
550
500
450
400
3a0
300
250
200
150
100

50

Conductivity

Feed x Product Conductivity — Lg:’.::;e -
June 1 - July 8 2009 ——— Ty Feed
e
i\
of N
[ \° ——

e e e e e e e s e e s e e e i e e e e e e e s e e e e e e e e e )

1
2=
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28-

29-
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Sugar Mill

FEATURES

Water (+ dissolved salts)
removed

Reducing of 55%

Help to reach the

specification

vaperma
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'DEDINI Demonstration umt BrazH ,3*;330,1,,3,,,,,,“,

Results Test 2 Hydrous (93% 1o 99f5% wt) P "

|

99.5%wt EtOH

Beer Hydrous
"A" B
Aparelho par
G G
e
Hydrous
93%
Liquid
93%wt EtOH

DEDINI ——
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Sao Martinho §

Resmts Test, é _Hydrous (93% m ég.é% Wt) @ ? oo

- - < Product
Quality of Fuel Ethanol Product x Time Objective

Jul 8t - Aug 12t 2009 ® Feed

Statistic ) 1
98.9 Average :99.65% 4
0:0.64% 1

Product Concentration (% wiw)
o
[l
Feed Concentration (% wiw)

S

2isTete :.t' e @
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4 1 L1 3+ 31 31 1 i i i3 3333 3F 3 33 3 3 & o3o3oaoaa a4 a4 4 dd d d L
3323232232333 3333333333232332325585992959555
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DEDINI Demonstratlon Unit.- Bra2|l o ey

% M sio Martinho
Results Testiz: Hydrods (93% to 99 5%,Wt) A _ sugar il §

l‘f ;

Acetic Acidity

FEATURES
" Feed x Product Acetic Acidity o Produc
— Objective
34 July 08 - Aug 12 2009 ot No change
32
3: Became lower that

24 specification

High water selectivity

Acetic Acidity (mg/L)
]

[==TN S T S ]
[

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
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DEDINI Demonstratlron Unlt Brazn o vy

m Séo Martinho |
Results Test ; Hydrous (93% to) 99*5% wt) __ Sugar il

)

Conductivity

%00 FEATURES
850 I Eged X Product Conductivity | @ Produst
I | —objective | | <No change
750 oo Vuly8n-Aug1202009 | o reed ||
700 Lower that specification
650
‘S 600
@B 550
= 500
2 150
-
= 400
Q
S 350
2 300
Q
O 250 12
200 \\
150 {8
N\ N
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DEDINIIDemonstration Unit - Brazil . -,

Results TTest 31 Flegma{‘ A% Column; (42%) to 99 5% Wt EtOH

i Flegma __L__ i
Beer Hydrous
—

99.5%wt EtOH

IIAII B
Aparelho Aparelho
G G
—

Flegma

e uz | 42%wt EtOH

Column
"
Flegma *IHII} £
Sample

Liquid Condenser

»The feed sample was condensated to be analyzed, but because of partial
condensation this values was not thrust. Then product and permeate samples were
collected and a mass balance done. Was fond 42% EtOH in the feed.

DEDINI —
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DEDINIDemDnstratlo"ﬂ‘Umt Brazil "

4 Sy sao Martinh
Results ﬂ' est 3; ~Flggma{‘ AY Colum n“'(4>?%) {e) 99 5% Wi EtOH o ;g;.ﬁ

< Product
100.0 Quality of Fuel Ethanol Product X Time ——Objective
99'9 Nov 13 - Dec 7+ 2009 @ Feed
99.8 j‘ =+
Product
99 7 roduct | 5 -
= 995 - l §
2 994 1 o
c 993 EE
2 992 Y 1 o
T 091 Statistic B
S 99.0 Average :99.56% + £
Q 989 _ 0 Average 42%EtOH @
E 988 0:0.46% {Via mass sample balance) Feed T 49 [
O . +40 &
S 986 o O CC}QQ o o =35 3
=]
S 985 —&gﬂ‘ - 2O e 2 0o 030
& 934 Q _ e
98 3 @
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DEDINI Demonstration Unit = BraZ|I S0 e

| WM Sio Martinho
Results Test 3 Flegma ; A"’ Column (42%) t0,99; 5% Wt EtOH __sugar il

Acetic Acidity

o FEATURES
950 Feed x Product Acetic Acidity Lpot}:umie I

900 3 idi | |

o0 Nov 13 - Dec 7 2009 o Feed Feed Acidity is high

800
;gg o A lot water removed
650
600
550
500
450
400
350
300
250
200
150
100
50

Increase Acidity

Organics stay in the

product

Acetic Acidity (mg/L)

High water selectivity

Acidity usually is

corrected in the reservoir

DEDINI —

INDUSTRIAS DE BASE

24



Conductivity (US/m)

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

Conduct|V|ty

DEDINI Demonstratnon‘ Unit - Bra2|l

© FeedxProduct Conductivity ® Product
—— Objective
o Novi1dm-Dec7n2009 ¢ Feed
4
¢ N .

INDUSTRIAS DE BASE
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AL IRAR
5 M Sio Martinho

. 4,
Results Test 31 Flegma A” Column (42%) to 99 5% Wi EtOH ____Sugar Mil

FEATURES

A lot water (+ dissolved
salts) removed
Drastic reducing

Help the specification

vaperma
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DEDINI'Demonstration:unit: - BraZ|I vyy

"‘ Sao Martinho
ColorAspects: Test 2)(9890=/99 50wt EtOH)/ Sugar il §

Hydrous - i) = Anhydrous
93%wt EtOH 1 99.5%wt EtOH

Permeate

Product Product
MSU Siftek

No Color Change
DEDINI ¢ vaperma
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it - Brazil .

'DEDINI Demonstration. U

vy
% M Sio Martinho
Chroma‘tograph Iflesults fl‘est 2; (93% to 99 5%wt EtéH) bt Sugar Mill |
140 -
120 S : ::::Zj::;::::: | %0 S —4—  Methanol Feed |
[/\ 80 —@— Methanol Prod
100 ol
80 // \\\. 60
Eﬁ 50 Py
| o 2 40 —QWW&‘:;V?&, / %g
40 \ A / v \_ v 30 * VP\'
w v | B 2 :
20 * 10 *
G?jul—09 RS 164400 2100 09 309 Sago0d  10ago09 153009 6?1'“"09 LUK 50 ZO 0B AKO  Sap0)  Dapd 1530009
45 600
0 s —&— Acetone Feed —— Ethyl Acetate Feed
35 \ —@— Acetone Prod 500 —@— EthylAcetate Prod []
C) \\ I\ 400 1
. S— A ARV
= 300
g’ 20 \ // s (\M
15 MM t 200
1: i ) 100 A:VW/ \./
(gj”"og 11'1"""09 16'1"""09 21"'“"'09 26"'““'09 31'1'“‘"09 5“"‘9“"09 1°'a;l°'09 15-ago-09 GOjul 09 11 Ju| 09 16 Jul 09 21 qu 09 2% ]ul 09 3l jul 09 5ago 09 10- aéjo 09 15-ago-09
Organics stay in the product
DEDINI High water selectivity
INDUSTRIAS DE BASE vaperma
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Appllcatlon Of the I\/Iembrane Technold)gy

"v.

Dehydratlon Plant G (o0 e Tl

MSU Replacement with Siftek ™ Membrane System
Dehydration at 99.5%

EtoH Liguid

EtOH Siftek™ Modules

YVapor =
el -
Yacuum “ Yacuum

Water Permeate Stream

Wina —}ﬂ

Lb'u'irﬂaaa

A- Wina Column
B- Rectification Column

ToBear Column or Stripping

I » Save 70% l
Molecular Siftek™
Cyclohexane Sieve Membrane
Steam (kg/L ethanol) 1.55 0.65 0.41
I—> Save 35% —f
DEDINI vaperma
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Application of the‘l\/lembrane Technolbgy

Sreatments of: the MSU Recy(‘ﬂe Stream ? J A

Wina —Qﬂ
£
L Virmaa

50-70 % Ethanol
Et2H Liquid

MSU Regeneration

I_ Dehydratation at 99.5%

Increase
Capacity
20%

y T s —
L EtCH Siftek™ Modules

500 = 600 md/day

= 600> 720 m¥/day
Yacuum Yacuum Alf'ltgarrnnu:; \ /
Water Permeats Stream A- Wina Column
Effluamt

B- Rectification Column

Molecular Siftek™
Sieve Membrane
Steam (kg/l ethanol) 0.65 0.55
Electricity (kwh/L) 0.007 0.007
Additional Electricity Generation 24 kWh/m3
DEDINE vaperma
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Appllcatlon of the‘l\/lembrane Technolbgy

I\/ISU Recycle B Partlal B Column Replaciemenf

®
85% wt ® '
Beer W e
8% v/v ’ U : U
I I ) Liquid permeate % Hydrous %I
.

Anhydrous Permeate

> 99.5 %wt T
Vinasse

Distillation & Siftek™
MSU Membrane
Steam (kg/l ethanol) 3.4 1.9
Electricity (kwh/L) 0.0078 0.014
Additional Electricity Generation 60.4 kWh/m?3

DEDINI -
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Conclusmn

. Demonstratlon Res‘ults

The results showed a high membrane performance in water removal,
producing ethanol in acontinuous process with concentration higher
than 99.5 wt% ethanol.

The Dedini system showed a high stability in quality product ethanol
> 99.5wWt% ethanol, with a system flexibility to assimilate variationin the
feed concentration (test 1).

The acidity and conductivity became lower then the needed parameters.

The Siftekw has high selectivity of water over ethanol, with benefits of
no contamination in the product.

Recirculation of ethanolis minimized.

The product has the same quality as the one from MSU.
DEDINI vaperma
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~Gonclusion

Indus‘trial Appllcatldlh

Addltlonal revenue with energy co-gen eratlon

Green House Gases reduction and potential to carbon credits
generation;

Continuous Process:

Flexible and modular system thatallowHydrous and Anhydrous
production;

Several application:
New Plants: Dehydration plant annex the distillery.

Existent Plants: Capacity Increase by dehydration of
molecular sieverecycle or hydrous from B Column.
Molecular Sieve replacement.

Cyclohexane replacement.
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Thank You!

Ethanol Dehydration System by Siftek
Polymeric Membrane

CONTACT

Fernando C. Boscariol
Dedini IndUstrias de Base
fernando.boscariol@dedini.com.br
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