PRETRATAMIENTO

Componente Paja de trigo :arjeatii::ag: Con este pretratamiento se solubiliza el 49,4% de la paja inicial, deduciendo que el 92,2% de las hemicelulosas han pasado a disolucién
mientras que la celulosa sdlo se ha solubilizado un 8,2%.
Celulosa 22,5% 40,8%
Hemicelulosa 31,0% 4,8% 25 mlL/g > mL corriente N°1/g paja inicial
Lignina 16,7% 28,9% 5 % en peso - (g H2S04/g corriente N°1)*100
Contenido celular 25,2% 16,8% 1mL=1cm?
Cenizas 4,6% 8,7%
* H,S0, del 5%, 83 °C, 25 mL/gy 6 horas
N°1
Base de célculo (g/h) 9,65E+07 N1 (g/h)=  3,76E+08
Paja solubilizada 49,4% Cisoani (8/h)=  1,88E+07
Hemicelulosa solubilizada 92,2% Cipona (8/h)=  3,58E+08
Celulosa solubilizada 8,2%
Concentracion H2S04 5%
Densidad H,S0, (g/cm?) 1,84 N°2 PRETRATAM IENT N°3 SEPARACION N°5
Densidad H,0 (g/cma) 1,00 g OHEE i) >
Base himeda R N°5 (g/h)= 6,98E+07
N2 (g/h)= 1,06E+08 Cens (g/h)= 2,00E+07
Humedad inicial 10% C.na (g/h)= 2,17E+07 Cuns (8/h)= 3,67E+06
Eficacia separacion 70% Cunz (8/h)= 2,99E+07 Cins (g/h)= 1,42E+07
Materia Seca Corriente N°3 20% Cyn2 (g/h)= 1,61E+07 Ceens (8/0)= 8,98E+06
Ceon2 (8/0)= 2,43E+07 N°4 Ceons (8/0)= 4,26E+06
ESLfAukAAIE,;ISLiLSNiOR:zfg ;°E3Ac15:;$:/|%os %:E Cunz (8/M)=  4,44E+06 N°4 (g/h)= 4,13E+08 Ciasoans (8/h)= 9,08E+05
20% PESO DE MATERIA SECA Cizonz (8/0)= 9,65E+06 Ccna (8/h)= 1,70E+06 Cizons (8/h)= 1,77E+07

Cuna (g/h)= 2,62E+07
Cina(g/h)=  1,91E+06
Cecna (8/h)= 1,53E+07
Cona(8/h)= 1,82E+05
Crosoana (8/h)=  1,79E+07
Chao,Na (g/h)= 3,50E+08



N°1
N°1(cm’/h)=  3,68E+08 N°1(g/h)=  3,76E+08
Chasoant (cm3/h)= 1,02E+07 Chasoani (8/h)= 1,88E+07
Crzons (cm’/h)=  3,58E+08 Cuzon: (8/h)=  3,58E+08
N°2 | PRETRATAIV'IIIENTO N°5' ~
Base humeda " Separacion o
N2 (g/h)=  1,06E+08 EIEEE N°5' (g/h)=
Ccnz (8/h)=  2,17E+07 Cens (g/h)=
Cunz (8/h)=  2,99E+07 Cyns (8/h)=
Cnz (8/h)=  1,61E+07 Cuns (g/h)=
Ceenz (8/N)=  2,43E+07 N°4' Ceens (8/h)=
Conz (8/h)= 4,44E+06 Cens (8/h)=
Ciizonz (g/h)=  9,65E+06
N°4' (g/h)= 4,34E+08
Cena (8/h)=  1,79E+06 0,413%
Cuna (8/h)=  2,76E+07 6,358%
Cina (8/h)=  2,00E+06 0,462%
Cena (8/M)=  1,61E+07 3,716%
Ceona (8/h)= 1,91E+05 0,044%
Crasoana (8/N)=  1,88E+07 4,339%
Choona (8/h)=  3,67E+08 84,668%

4,88E+07
1,99E+07
2,34E+06
1,41E+07
8,20E+06
4,25E+06

N°5 (g/h)= 6,98E+07
Cens (8/h)= 2,00E+07
Cins (8/h)= 3,67E+06
Cins (g/h)= 1,42E+07
Cecns (8/0)= 8,98E+06
Cerns (8/h)= 4,26E+06
Chzsoans (8/h)= 9,08E+05
Chaons (g/h)= 1,77E+07
N'3 »|  SEPARACION NS
Eficacia 70%
N°3 (g/h)= 4,83E+08
Conz(g/h)=  2,17E+07
Cunz (g/h)= 2,99E+07
Cuns (8/h)= 1,61E+07
Ceens (8/h)= 2,43E+07 N°4 N°4 (g/h)= 4,13E+08
Cons (8/h)=  4,44E+06 Cena (8/)= 1,70E406
Chizsoanz (8/h)= 1,88E+07 Chna (g/h)= 2,62E+07
Ciaons (8/h)=  3,67E+08 Cuna (8/h)= 1,91E+06
Cecna (8/M)= 1,53E+07
Cerna (8/0)= 1,82E+05
Chizsoa,na (g/h)= 1,79E+07
Cizona (8/0)= 3,50E+08



HIDROLISIS ENZIMATICA

pH=4,9

T : 20°C Bajo las condiciones de operacidn propuestas, se representa el modelo hiperbdlico propuesto por Holtzapple obteniendo cémo varia la conversion maxima
emperatura =

de glucosa con la relacién E/S. A partir de E/S = 500 uL/g la conversidn crece poco (curva cercana a la horizontal) y emplea grandes cantidades de enzima.
Tiempo residencia = 24 horas

E/S (UL enzima/g celulosa) 500 » " ) » ., By ) ) )
Con esa relacidn E/S entramos en las graficas que nos determinan la conversién a azucares reductores y glucosa en funcién del tiempo de residencia.
Conversién C - AR 70%
Eficacia separacion 70%
Densidad N°6 (g/cm®) 1,00
Enzimas corriente N°8' 70%

N°9 (g/h)= 3,06E+07

Car,No (g/h)= 9,44E+06

N6 (cma/h): 1,008+07 Cino (g/h)= 2,48E+06

N'6 (g/h)= 1,00E+07 N°6 Ch2soang (g/h)= 6,12E+05

ChaoNo (g/h)= 1,19E+07

Cotrosno (8/h)= 4,05E+06

¥, HiDROLISIS N7 SEPARACION N9 N
ENZIMATICA
N°5 (g/h)= 6,98E+07
Cons (8/h)= 2,00E+07 N8 (g/h)=  4,92E+07
Cuns (8/h)= 3,67E+06 Carng (g/h)= 4,56E+06
Cons (g/h)= 1,428+07 N°8 Cuns (8/h)=  1,20E406
Cocns (&/h)= 8,98E+06 Chzsoans (8/h)= 2,96E+05 0,601%

Cuns (8/h)=  4,26E+06 Conons (g/h)=  5,77E+06
Chasoans (8)= 9,08E+05 Coosns (8/h)= 1,96E+06
Caons (8/h)=  1,77E+07 Coslg/h=  1,42E407
Ceng (8/h)=  8,98E+06
Cons (8/M)=  4,26E+06

Cezng (8/M)=  7,98E+06



N°9' (g/h)=
Carne (8/h)=
Chno (8/0)=
Ciasoang (8/h)=
CH20,N9' (g/h)=
Cotrosno' (8/h)=
CEZ,NQ' (g/h)=
N°9'

N°6 (cm®/h)=  1,00E+07
N°6 (g/h)= 1,00E+07 | N°6
HIDROLISIS
___ N5 | ENZIMATICA
Separacion
N°5 (g/h)=  6,98E+07 perfecta
Cens (8/h)= 2,00E+07
Cuns (8/h)=  3,67E+06
Cins (g/h)= 1,42E+07 N°8'
Cens (8/h)=  8,98E+06
Cons (8/h)= 4,26E+06
Cinsoans (8)=  9,08E+05 N°8' (g/h)= 3,45E+07
Cizons (8/h)=  1,77E+07 Cung (8/h)= 1,42E+07
Cecng (8/h)= 8,98E+06
Cong (8/M)=  4,26E+06
Cezng (8/h)= 7,00E+06

»
»

4,53E+07
1,40E+07
3,67E+06
9,08E+05
1,77E+07
6,00E+06
3,00E+06

30,91%
8,11%
2,00%
39,10%
13,25%
6,62%
N°7
N°7 (g/h)=  7,98E+07
Carny (g/h)= 1,40E+07
Cuny (8/h)=  3,67E+06
Chasoany (8/h)= 9,08E+05
Cionz (8/)= 1,77E+07
Cotrosn7 (8/M)= 6,00E+06
Cunz (8/h)= 1,42E+07
Cenz (8/h)= 8,98E+06
Cony (8/M)=  4,26E+06
Ceznz (g/h)= 1,00E+07

SEPARACION
Eficacia 70%

N°8

N°9 (g/h)= 3,06E+07
Carno (8/h)= 9,44E+06
Cino (g/h)= 2,48E+06
Chzsoa,ne (8/M)= 6,12E+05
ChaoNo (g/h)= 1,19E+07
Cotrosno (8/h)=  4,05E+06
Cezno (g/h)= 2,02E+06
N°9
N°8 (g/h)= 4,92E+07
Carns (8/h)= 4,56E+06
Cuns (8/M)=  1,20E+06
Chzsoa,ns (8/M)= 2,96E+05
Chaons (g/h)= 5,77E+06
Cotrosng (8/h)= 1,96E+06
Cing (g/h)= 1,42E+07
Ceeng (8/h)= 8,98E+06
Cons(8/h)=  4,26E+06

Cezng (g/h)= 7,98E+06



FERMENTACION

Levadura (S. cerevisiae) 10% Sacamos las presiones de vapor con la ecuacion de Antoine (valores de las constantes sacados del archivos "Presiones de vapor"):
Tiempo (horas) 48 B
Temperatura (°C) 37 InP, (kPa) =A— ————
Presién (atm) 1,1 ' ( ) T(K) +C
Pv agua (atm) 0,0614
Pv etanol (atm) 0,1494 N°10 (g/h)= 3,06E+06
Y H20,G 0,056
Y Etanol,G 0,136 N°10
A/G 2 N°9 (g/h)= 3,06E+07 N°11 (g/h)= 2,79E+07

CO, corriente GAS 96% Carno (8/h)=  9,44E+06 Ceranonaz (8/h)=  4,05E+06 14,52%

Etanol corriente GAS 0,5% Cuno (8/0)=  2,48E+06 N°9 N°11 Cunis (8/h)=  2,48E+06 8,88%

n (g etanol/g A.R.) 51,1% Crasoans (8/h)=  6,12E+05 " FERMENTACION > Cinsoanis (8/N)=  6,12E+05 2,19%

n reaccion 100% Chaono (/)= 1,19E+07 Cuonit (8/h)=  1,16E+07 41,69%

Py, Cotrosng (8/h)= 4,05E+06 Cowrosna1 (8/h)=  4,05E+06 14,51%

Yie =5 Cezno (8/h)= 2,02E+06 Cisennn (@/h)=  3,06E+06 10,95%

' Ceznui (8/h)=  2,02E+06 7,26%

N°12 (g/h)= 5,71E+06 N°12
Ceozniz (8/M)=  4,62E+06
Ci2on12 (g/h)= 3,19E+05
Ceranounaz (8/h)= 7,76E+05 N°14 (g/h)= 4,81E+06
P> N°14 _ Ceoania (8/0)= 4,62E+06
LAVADOR - Ceranownis (8/h)= 2,41E+04
N°13 > DI B Cioon14 (g/h)= 1,68E+05
N°13 (g/h)= 9,62E+06 -

N°15 > N°15 (g/h)= 1,05E+07
CeranoLnis (g/h)= 7,52E+05
Ciaonas (8/h)=  9,77E+06

Sacamos una corriente liguida (N°11) que pasa a la etapa de separacién y una corriente gaseosa (N°14) formada por CO, agua/etanol saturados. Para calular la composicién de esta ultima necesitamos conocer
las presiones de vapor a la temperatura de operacién (37 °C).

A continuacidn, la corriente N°14 se lleva a un lavadero de gases donde se separa el CO, del resto de componentes, que seran recirculados.



Levadura (P. stipitis) 10%
Tiempo (horas) 48 DESCARTADA
Temperatura (°C) 37
Presién (atm) 1,1
Pv agua (atm) 0,0614 N°10' (g/h)= 4,13E+07
Pv etanol (atm) 0,1494 N°11' (g/h)= 4,38E+08
Y 0g 0,056 N°10' Ceravounar (8/h)= 1,13E+07 2,57%
Yeunolg 0,136 N4 (g/h)=  4,13E+08 Conar (8/h)=  1,70E+06 0,39%
als 2 Cona (8/h)= 1,70E+06 Conr (g/h)=  1,91E+06 0,44%
€O, corriente GAS 56% Cuna (/h)= 2,62E+07 __ N4 > . N°11' Cpar (8/N)= 1,53E407 3,50%
Etanol corriente GAS 0,5% Cuna (8/0)= 1,91E+06 FERMENTACION > Coprr (&/M)= 1826405 0,045%
n (g etanol/g xilosa) 51,1% Ceena (8/h)=  1,53E+07 Crzsoanir (8/h)=  1,79E+07 4,09%
fLreaccion 100% Cana (/h)=  1,826405 Ciaonar (8/h)=  3,49E+08 79,56%
Crasosna (8/h)= 1,79E+07 Cutovomosniy (8/h)=  4,13E+07 9,42%
Cizona (8/h)=  3,50E+08
N°12' (g/h)= 1,59E+07 N°12'
Ceozniz (8/M)=  1,28E+07
Criooni2 (8/h)= 8,86E+05
Ceranoniz (8/h)= 2,16E+06 N°14' (g/h)= 1,34E+07
> N°14' g Ceoania (g/h)= 1,28E+07
LAVADOR - Ceranouniar (g/h)= 6,68E+04
N°13' DF GASES Cizon1a (g/h)= 4,68E+05
N°13'P (g/h)= 1,82E+06 >
N°15' N°15' (g/h)= 4,33E+06
> Ceranounis' (8/h)= 2,09E+06
Ciones (8/h)=  2,64E+06

El procedimiento es el mismo que en el caso anterior pero ahora el etanol en la corriente N°11' es un 2,57% (en peso) lo que muestra la inviabilidad econémica de llevar a cabo la fermentacién de la corriente
N°4, ya que para ese resultado se requiere una gran inversion.



SEPARACION

CORRIENTE N°11

Etanol corriente N°17 70,0%
Etanol corriente N°18 1,00%
Etanol corriente N°21 99,5%
Etanol corriente N°20 1,00%
Etanol corriente N°19 93,0%
CORRIENTE F2

Etanol corriente N°17" 70%

Etanol corriente N°18' 1,00%
Etanol corriente N°21' 99,5%
Etanol corriente N°20' 1,00%

Etanol corriente N°19'

94,0%




SEPARACION N°11

N°12 (g/h)=  1,05E+07
CeranoLn2 (g/h)=  7,52E+05
Craoniz (8/)=,  9,77E+06
N°12
N°11 N°16
>

N°16 (g/h)= 3,84E+07
CeranoLN"16 (g/h)=  4,80E+06
Cun-1s (8/h)=  2,48E+06
Ci2s04,n16 (g/h)=  6,12E+05
Chaonis (8/h)=  2,14E+07
Cotros,le (g/h)= 4,05E+06
Ciscenis (8/h)=  3,06E+06
Ceznis (g/h)=  2,02E+06

% etanol = 12,50%

COLUMNA
1

N°18
—

N°18 (g/h)=
CETANOL,N18 (g/h)=
Ciinas (8/h)=
Ciizsoa,nis (8/M)=
Chzonis (8/h)=
Cotros,NlS (g/h)=
Ciscenas (8/h)=
CEZ,N18 (g/h)=

TAMIZ

Deshidratacion " 21,
Y N°21 (g/h)=
Ceranonzz (8/h)=
CHzo,N21 (g/h)=
N°17 (g/h)=  6,40E+06 A
CeranoLniz (8/h)= 4,48E+06 N°19
Ci2on17 (g/h)= 1,92E+06 v
N°19 (g/h)= 4,80E+06
CeranoLN1o (g/h)= 4,47E+06
N°17 | coLumNA Chizonio (8/0)= 3,36E+05
g 2
3,20E+07 T \ 4 N°20 N°20 (g/h)=
3,20E+05 1,00% » CeranoLnzo (g/h)=
2,48E+06 7,74% Crizon20 (8/N)=
6,12E+05 1,91%
1,95E+07 60,84%
4,05E+06 12,64%
3,06E+06 9,54%
2,02E+06 6,32%

4,49E+06
4,47E+06
2,24E+04

1,60E+06
1,60E+04
1,58E+06



SEPARACION N°4 DESCARTADA
N°12' (g/h)=  4,33E+06
CeranoLni2 (g/h)=  2,09E+06
Caoniz (8/h)=  2,64E+06
TAM \z : N°21'
Deshidratacion |
N°12' A N°21' (g/h)= 9,06E+06
Ceranounar (8/h)= 9,02E+06
4 Chao a1 (g/h)= 4,53E+04
Y N°17' (g/h)=  1,29E+07 A
CeranoLni7 (8/h)= 9,05E+06 N°19'
Cizon17 (g/h)= 3,88E+06
N°4 N°16' COLUMNA N°19' (g/h)=  9,59E+06
! CetanoL N1 (g/h)= 9,02E+06
N6 (e/h)= HASE+08 N17' COLUMNA Chzon1g (g/h)= 5,75E+05
CetanoLnie (g/h)= 1,33E+07 5
Conie (8/h)= 1,70E+06
Cinie (g/h)= 1,91E+06
Coonts (8/N)=  1,53E+407 Y N°18' |
Cenie (8/h)=  1,82E+405 > I
Crazsoanie (8/h)=  1,79E+07 N°18'(g/h)=  4,30E+08 v N°20' N20' (g/h)=  3,34E+06
Chzonne (8/h)= 3,51E+08 CeranoLnie (8/h)= 4,30E+06 1,00% » Ceranonzo (8/h)= 3,34E+04
Ciesiotrosnae (8/h)=  4,13E+07 Conig (8/h)=  1,70E+06 0,40% Cizonzo (8/h)=  3,30E+06
Cinis (8/h)=  1,91E+06 0,44%
% etanol = 3,02% Cenae (8/M)=  1,53E+07 3,57%
Ceonig (8/M)=  1,82E+05 0,04%
Crososniz (8/)=  1,79E+07 4,17%
Croonis (8/)=  3,47E+08 80,86%
Cipsnig (8/h)=  4,13E+07 9,61%



