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MASIVA DEPENDENCIA DE LAS FUENTES FOSILES
IMPORTANTES REPERCUSIONES ECONOMICA, SOCIALES Y AMBIENTALES

¢PUEDE LOGRARSE UN DESARROLLO SOSTENIBLE? EDIO AMBIENTE
MEJORANDO LAS TECNOLOGIAS ACTUALES o

MAXIMIZANDO LOS RENDIMIENTOS DE CONVERSION PREVENCION DE LA
RECONSIDERANDO EL CONSUMO DE MATERIAS PRIMAS CONTAMINACION

MINIMIZANDO LA GENERACION DE RESIDUOS JEIO RECIGE0E ATURALES

USO DE RECURSOS ALTERNATIVOS (Sol, viento, mareas,
biomasa, ...)
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dol Pale v Gt erko PRODUCTOS QUIMICOS: Tamano actual del mercado

Productos quimicos en base a fuentes foésiles:
330 millones de toneladas

Principales moléculas:
metanol, etileno, propileno, butadieno, benceno,
tolueno y xileno

Productos quimicos y Materiales de base bioldgica:
50 millones de toneladas

Principales moléculas:
Almiddon no-alimentario, fibras/derivados de la
celulosa, acidos grasos y productos de fermentacion,...

[lio Refimery Processes
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dol Pals Vaso  Unibertstarea. LOS BIOPLASTICOS: Tamaiio del mercado actual

Global production capacities of bioplastics

3,000

in metric kTan

ERE
HES

2010 2011 2012 - 2017

Biodegradable @ Biobased/non-biodegradable @ Total capacity
Forecast

Sowrce: Evropean Biaplestics | (nstitute for Bioplastios and Oiscamposites (Decermber 2013)

bidpltstics IfBB,_ .

Bionp

Bio Refinery Processes

Los bioplasticos se utilizan en:

v’ embalaje,

v’ abastecimiento de productos,
v"automdviles,

v’ productos electrénicos de
consumo,
v'agricultura/horticultura

v’ juguetes

v textiles

v’ otros segmentos



dolPals Vasco  Uberstatea CAPACIDAD DE PRODUCCION DE BIOPOLIMEROS

Biopolymers production capacity 2015 (by type)

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

Bio-PE 450.000 26 %

Bio-PET 290.000 17 %

PLA 216.000 13 %
PHA 147.100 9%
@ Biodegradable Polyesters 143.500 8%
Biodegradable Starch Blends 124.800 7%

in metric tons Bio-PVC 120.000 7%
@ Bio-PA 75.000 5%

@ Regenerated Cellulose’ 36.000 2%

PLA-Blends 35.000 2%

Bio-PP 30.000 2%

Bio-PC 20.000 1%

Others 22.300 1%

Total 1.709.700 100 %

Tonly hydrated cellulose foils

Plastics Europe anticipated biopolymer production capacity (tonnes) by 2015

PE: Polietileno, PET: Polietileno Tereftalato, PLA: Polilactico Acido, PHA: Polyhydroxyalkanoates, PVC: Cloruro de
polivinilo, PA: Poliamida

IORP
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COMPOSICION Y ADECUADA EXPLOTACION
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BIOMASA LIGNOCELULOSICA

dol Pals Vaso  Unibertstatea. BIOMASA LIGNOCELULOSICA: UNA POSIBLE SOLUCION

FUENTES DE LA BIOMASA
CELULOSICA:

CELLILOSA HEMICELLILOSA,

LIGNINA OTROS COMPLUIESTOS

[proteinas, lipidos,..)

PROS ...

<

PLATAFORMAS DE PRODUCTOS QUIMICOS

Fenal, productos oxidantes,
gas de sintesis

Furfural, xilitol, orbital,
gliceral

Macromoléculas

Acidod) [Eckico, succinico,
levulinica, maléico, ...

<

PRODUCTOS QUIMICDS A GRANEL ¥ BIOPRODUCTOS

Protectores de la madera
Anticxidantes, Adhesivos,
Aditivos para alimentos y pienso

THF, DRSO, acido acético y farmico,
Cresoles, ciclohexanos, acido purinico,
Acido acrdice, lactonas

BTX, vainillina, aldehidos, quinonas,
Acidos aromaticos, alifaticos

Fiksras de carbana,
composites,
termorrigidos,....

MATERIAS PRIMAS RENOVABLES
DISPONIBLE EN TODO EL MUNDO
MINIMIZAR/REUTILIZAR RESIDUOS

(agricola, industrial, forestal)

UE (300 millions ha)

industrial

fruittrees,
vineyard

1,1%

forest
59,2%

cereal
grain
19,6%



dol Pals Vasco  Uniberiatea Paises que han publicado patentes

Primer trimestre de 2016

Nimero NQ referencias
de orden

1 China 1337
2 PCT (solicitudes internac.) 156
3 EE.UU. 113
4 Corea 68
5 Japon 37
6 Alemania 34
7 India 17
8 Rusia 7
Espaina 7

(Fuente: http://www.oepm.es/)
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W S ¢BIORREFINERIA CONCEPTO VIEJO O NUEVO?

Example: Perstorp

The origin of the chemicals manufacturer Perstorp, in the south of Sweden, was a
company established in the 1880°s with the intention to produce acetic acid, tar,
charcoal and wood alcohol. The products were successively developed into new
product lines. In 1907, formalin production started and formed the basis of a long line
of products. Formalin based products are still produced by Perstorp, but now with
natural gas as the feedstock basis (Perstorp 2012).

Tar distillate
—Grade A 1:3*‘

—Char I
—Crude turpentine oil
—Acetone
Wood —|—Distillate —— Acetic acid——
—Acetates
—Acetone
. Icium acetate—
Ln y I I—Wnnd acid — Acetone oils
gases —Methyl acetone
—Crmude methanol ———Methanol —Formald
TMP
L Allyl chloride
—Grade B tar
Figure 2. Historic production lines of Perstorp. Redrawn and translated from (Rex

2012).

@ IORP
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Investigacion & Invencién

Los procesos de investigacidn e invencion son
limitados v a menudo se encuentran con barreras
financieras

Con frecuencia la fabricacion de un producto o
servicio tienen dificultades para penetrar en el
mercado

En consecuencia a la investigacion le cuesta penetrar
en el mercado

Fabricacion

Problemas con el producto
Mejores productos
Efectos innovadores
Rendimientos mas elevados

Desafios
Productos inferiores, oportunidades, costes fijos
Tasas de produccion mas rapidas
Productos mas sostenibles

Las fases de la innovacion

Ideas Desarrollo Ensayos Pruebasde  Validacién de Capacidad  Validacién de | Validacion de Produccion
basicas del preliminares validacionen  |a escala del del la capacidad | la capacidad de
concepto el laboratorio proceso de proceso de gestidn produccion
fabricacion validado economica
THE VALLEY OF DEATH

IORP
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Wi Jksd Disefio de procesos

Idea basica

Sintesis detallada
del proceso -
Métodos
algoritmicos

Desarrollo de un Evaluacion de

—p caso base > controlabilidad en

4 |
(creacién del proceso) toda la planta

_

|\ —/—/

Diseio detallado,
dimensionamiento de
equipos. Estimacion de
costos, analisis de
rentabilidad, optimizacion

Herramientas: simulacion de procesos, Analisis de Ciclo de Vida

LFORP

o Fefineey Processes
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Produccion de nano-celulosa
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dol Pverded  Buskal Hertka Nanowhiskers celulosa

Fibra de . _
Arbol Fibras celulosa Haz de fibrillas ':"C“*If'?f“'ﬂﬂ Moleculas de
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Espesor 20-30 pum Espesor »15 nm  Espesor <3 nm Espesor 0,4 nm
Longitud 1-3 mm longitud >2pm  Longitud > 500 nm

Cristalinidad 70-90%

Fig. | Hierarchical structure of wood cellulose, forming cristalline celluloss microfibrils. Some photos are used from the Web site of Forestry
and Forest Products Research Institute

IORP
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Nanowhiskers celulosa

Dimensiones de los materiales de celulosa aislados de las fibras naturales micro -y

nano-escala

Tipo Diametrod [nm] LongitudL [um] Relacién aspecto (L/d)
MCC >1,000 >1 ~1
Microfibrillas 2-10 >10 >1,000
MFC/NFC 4-40 5-10 100-150

CNC 3-5 0.1-0.6 10-100

» Rofinery Processes

BFORP
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dol Pals Vasas  Urivarstores Nano fibras de Celulosa (NF)

Magnify the
20m 2 Ilr- image of
the surface
of wood fiber
A wood fiber is Magnify the surface of a wood

— approximately 20pm wide. fiber and you wil find that it
1000 consists of a bundle of
Logging and countiess nanofibers
chipping

| 1 | Wood fibers(pulp)
Wood chips s e Wood fibers(pulp)
1000

Pulping Obtaining
wood fibers

20mm

Manofibrillation
(miniaturization)
Fibrillation of a bundle
of wood fibers

14
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Bleaching

i

|

I Soaking in
A
Pretreaments  miaed
I
I

Purification

mixing

my Fiber suspension

Repeated | I N
unti gel | | Refining
formation; ' (grinding)

v
Isolation process

:
seat  slurry !

Esquema de  un g Nanofiber suspension ik
homogenizador  de

dos etapas a alta
presion

BFORP
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Homogenizador Molino



dol Pals Vaso  Unibertstarea. Producciéon de CNC

TEMPO-0xidized celulose
fer dispersion in water

in r

Highly viscous and transparent
TOCN / water dispersion

Fig. 3 Preqarason of TEMPO-oxidized cellakse nmofibrils (TOCNs) from woad cellulose and the caresponding stactural model of TOCN

IORP 16
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Filter and Wash

pH>7

pH=7

Proceso de produccion de la celulosa

Filter and Wash
pH>7 pH=7

First alkaline treatment

At room temperature for 14 h

Filter and Wash
pH=6.5 pH<86.5

e

ﬁ Chlorine Dioxide treatment
At 70 °C for 1h and pH near 4.0

€

Filter and Wash

il

pH=>7

pH=7
[

]

[}

L1

Cellulose

IORP
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v Demineralization treatment
At80°Cfor2h

Second alkaline treatment
At room temperature for 14 h
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Cellulose nanofiber (UBP)

Process plan:Reference quantities

LCIA preview: CML2001 - Nov, 2010, Global Warming Potentizl (GWP 100 years)
The names of the basic processes are shown,

'CO: Blectridity grid mix 1"
(estimated from Brazi) g, 3 9,

LCA del proceso de produccion de NF de celulosa

RER: potassium f’ y
hydroxide, at regional; > 0 |5.97 M] EU-27: Process water PE [IF*’ 7
.v'h : 4% £y-27: Process water PE IF* . . EU-27; Process water PE I [, potagsium
=g 11,1kg 37% BR: Thermal energy from [ ! 0,3%
EU-27: Process water PE natural gas PE 27% 255kg h
0,5% 1,53E003 kg k r |125kg |38k
1189 ka 'CO: Blectricity grid mix ~ ®| EU-27: Process water PE IF*" 729M) 'CO: Electricity grid mix @1 'CO: Electricity arid mix ~ [@1"
'CO: Electricity grid mix @' (estmated from Brazil 4,5 o 0,3% (estimated from Brazi) 3,5 o, (estimated from Brazi) 5, 5
(estimated from Brazi) g, 4 o, 1250 MJ 1126 kg l l 155-5 M l 134,9 MJ l
4+ Jdssamy 4
ico: Akaline extraction  #* " {Akaline extraction &' {co: Sodium chlorite &' ico: Filter and wash of  #*" iCO: Second akaline #°
(CNF) <u-so> filtration and washing (CNF) *delignification <u-so> the materials produced extraction <u-so>
<u-s0> during the delignification
N — S —
203kg 1,7kg 130 kg 1,43 kg
40,0638 kg 41,18kg 134kg
DE: Acetic acid PE B’ | RER: sodium #'
0,0 % hypochlorite, 15% in Ha% o,
ico: Filtration and #° 1 D . f A B . .
e ico: Add & iCO: Filtration and &+ iCO: Mechanical & CO: Microfibrillated X IE¥
e — EP demineralization <u-so> washing of the add Homogenization <u-so> cellulose (MFC) [Organic
demineralization <u-so> intermediate products]
—
1,26kg 129kg 1,09 kg 1kg o>
T TZ?& M T 1164 M
203 M) 10,1 M2 0 = = . . = 3 .
g — o = . = - - CO: Electricity grid mix @ CO: Electricity grid mix @
CO.AEIednth grid mix CO.lEednuty grid m!x = (estimated from Brazl} 5 g o, (estimated from Brazi) g 5 o,
(estimated from Brazil} 1 7 9 (estimated from Brazil) g g * 4
I3 ik |1,7‘9EDD3kg [53.:4ko
1,28E003 kg ) - —~ EU-27: Process water PE " EU-27: Process water PE [IF*
EU-27: Process water PE I DE: Hydrochloric add 43% 0,1%
ot (32%) PE Lo% l124kg "
: EU-27: Process water PE ¥’
0,3%
I 100 M)
BR: Thermal energy from =
natural gas PE 3,8%

IORP
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hydroxide, at regional g 3 =,
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LCA del proceso de produccion de NF de celulosa

Cargas ambientales relativas asociadas con la produccion de 1 kg

Nanofibras de celulosa

IORP
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10_Mech-
02_filtrat- 05_Second 08_Acid |09_Filtra- [anical
01_Alkaline [ion 03_deligni{04_Filter |alkaline |O7_Filtration|deminer-|tion and |Homo-

Primary energy Total extraction |washing |[fication |and wash|extraction |and washing |alisation |washing [genisat-ion
Primary energy demand from ren. and non ren. resources (net cal. value) [%] 100] 12,82 18,41 3, 3,90 10,35 15,03 5, 20,53 9,89
Primary energy from non renewable resources (net cal. value) [%] 100] 20,53 14,19 5,92 2,86| 14,78| 11,64 8,03 15,98 6,
Primary energy from renewable resources (net cal. value) [%)] 100§ 26 24,19 531 4,30] 19, 26,76 15,1
ReCiPe 1.08 (H)
Agricultural land occupation [%] 100} 36, 8,59 53 I 24,40 7,11 4,97 9,85| 2,04
Climate change, default, excl. biogenic carbon [%] 100 13,32 18,00 4, ﬁ 10,65 14,71 5 20,08 9,
Climate change, incl. biogenic carbon [%] 100 13,22 18,10 82 10,57 14,79 5 20,21 9,
Freshwater eutrophication [%] 1 37,
Ozone depletion [%] 1 ! 8,92
Photochemical oxidant formation [%] 100] 16,71 16,71 4, 3, 12,63 13,67 18,71 8,1
Terrestrial acidification [%] 100 13,43 19,09 2200 400 1094 15,57] 21,24 108
Water |
Blue water consumption [%] 100| 25,61 [ 5,07| 62 ;&ﬂ 28,98 9,79
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Agrowastes (A)

Pretreatment (B)

1 ATP-H
g Aurbo-hydralysis (H) : PS.
.l“tp'FﬂF." tree pn.lning | wearter, 180 *C, 50 min
7 a@ﬂm _ATP-S
26.T% lignin s *Sl‘m (8)
50.0% hemicelisoses 7 A vefwy, aim F5-5
5% BElrRcthes | Exiling. 50 min

2.5% inorganica

Organosolv (OA)

1 N
e - - -
L Liguid stream
corhaEing lignin and
31.1% calbubics iR

Pea slalks (PS)
16 7% lignin
26.0% hemicluloses

5.5% axiractves
7.3% inorpanics

Garcia et al. “Cellulose, 24, 2017”

IORP
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e B0 CHACOO0H viv, 180 ¥ .
L *Z, B0 min . PS-QA : |

Bleaching (C)

| 2% MaDH wh, room

Esquema para la produccion de NCC a partir de residuos agricolas

NANOCELLULOSE BIOREFINERY concept

/" Nanocrystals =
production (D)

NCC's

Slep repested 2.3

™ o ™ s P ' P ey ®

Acid by drolysis Mangpartiches with diffenent
1 549 H.80, wiv solid o moephology, sirface charge
. }' { B ratio of 1,30, 45°C, and reactivity
. 45 min
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Aplicaciones de la nanocelulosa




Universidad

En Espaifa no
existe ninguna
iniciativa similar

Canada
-CelluFarce

UsA
~FMC BicFolymer

MNaorth America

(FPInnowvations & Domtar)

i old CENTROS DE DESARROLLO DE NANOCELULOSA EN EUROPA

Los pioneros en el desarrollo industrial de la nanocelulosa

Finland Sweden

-Stora Enso -Innwentia

-UPM-Eymmene -5CA

-Kemira Morwvay

VT -Bomregaard
Mordic countries -FFI

m Europe and

L]
Middle East .

Japan
.—. -Asahi Kasei
-Daicel

-Several others

IORP

Bio Refinery Processes

Germany
;-Eﬂdﬁ:zﬂm China and
Latin America Africa R e
Ciceania

Company Country Unit Type of CN Capacity
FP Innovation Canada Pilot plant CMNC 10 kg/week
US Forest Service's Forest Products Laboratory |USA Pilot plant CHC 35- 50 kg/day
Alberta Innovates—Technology Futures Canada Pilot plant CMNC 100 kg/week
Celluforce Inc. Canada Demonstration plant |CMC 1tonne/day
Biovision Technologies Inc. USA Pilot plant CMNC 4 tonnes/year
Inventia Sweden Demonstration plant |CNF 100 kg/day
The Us Forest Service USA Demonstration plant |CNF 500 kg/day

Aplicaciones de la celulosa

22



ity [VIERCADO POTENCIAL

LOW VOLUME | NOVEL and Emerging APPLICATIONS

Senso

Cement Wallboard Facing I )
industrial
Automotive Body Insulation Reinforcement fiber - construction
Automotive Interior Aerospace Structure Water filtration
Packaging Coatings Aerospace Interiors Air filtration

Aerogels for the Oil and

Paper Coatings Gas Industry

Viscosity modifiers

Paper Filler Paint-Architectural Purification

Packaging Filler Paint-Special Purpose Cosmetics

Replacement -Plastic Packaging Paint -OEM Applications Excipients

Plastic Film Replacement Organic LED
Hygiene and Absorbent Products Flexible Electronics
Textiles for Clothing Photovoltaics

Recyclable Electronics

3D printing

Fuente: Vireo Advisors S.L:

?‘ Photonic Films
‘ [} O Rp Aplicaciones de la celulosa 23
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La lignina




dolPais Vasoo  Uibertsiaies LA LIGNINA
APLICACIONES ACTUALES Y POTENCIALES DE LA LIGNINA

Aplicaciones de |
bajo valor j
afiadido



dolPals Vesso  Uniborstores Resumen de los procesos de conversion de la lignina

Oxidant: Oxidation Types of Lignin:

0,, H,0, Cat: Organometallics .
Metal-free organocatalytics

acid, air Metal salts

Liquid Phase Reforming

Cat: Group VIl metals
Neutral
Base Catalyzed
Depolymerization
Cat: NaOH, KOH, organic bases
Reducing Hydroprocessing
agent: Cat: Platinum group cata
H Iron group catalysts (Ni, Co, Fe)
2 Mo, W-based catalysts
hydrogen B | catalysts
AGEE Bimetallic catalysts
0 100 200 300 400
Temperature (°C)

500

Pyrolysis

Cat: None, Zeolites

600

lignin model compounds, kraft Lignin, lignosulfonate,
] klason lignin, organosolv lignin, milled wood lignin,
Peracetic Rl s Bt cellulolytic enzyme lignin, ionic liquid lignin,
mechanocatalytic Lignin, steam explosion lignin

700

Products:
Phenols

Lignin monomers
BTX
Syringaldehyde
Vanillin

Keto acids
Vanillic acid
Aromatic diacids
Quinones

Syngas

DME
Cyclohexanes
Fuel additives
Methane, Ethane and Propane
Alcohols

Olefins

(1) Catalytic Transformation of Lignin for the Production of Chemicals and Fuels. Changzhi Li et all. Chemical reviews (2015)

IORP
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Productos potenciales de lignina

Comparacion entre varios posibles productos de la lignina en términos de volumen de mercado, el
precio y el maximo rendimiento gravimétrico de lignina, suponiendo un polimero lineal de unidades de
mondmero de G en 196 g mol-1. Aunque los precios de mercado estan en constante fluctuacion, los
datos sin embargo sirven para comparar tamafios aproximados y rendimientos de las industrias
potenciales de la lignina. Cualquier carbdn residual se supone que se utiliza para reformar al

hidrégeno.
Compuesto Volume Precio Rendimiento H2 producido CO2 producido
(103 kg y?) (S kg)[al maximo tedrico de prodggtk p% Scotrol)(
lignina (wt %)
Benceno 1.49 40 % 0.181 2.254
Tolueno 80 000 000 1.38 47 % 0.088 1.433
(combined)

Xileno 1.36 54 % 0.019 0.829

Fenol 8000 000 1.54 48 % 0.172 1.871

Vanillina 20 000 10-15 78 % 0.066 0.579

4-Propylguaiacol none no (current) market 85 % -0.036 0.000[b]

[a] benceno, tolueno, xileno y fenol los precios son FOB U.S. Gulf as of 30th October 2012. La referencia, el precio del petrdleo
(WTI futuro para entrega diciembre) era $85,66 por barril en esa fecha. [b] excepto fuentes de carbdn necesarias para producir
hidrégeno externo.

Angew. Chem. Int. Ed. 2016, 55, 8164 —8215

coRP
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Gribretaree Ejemplos de tecnologias existantes

Universidad
del Pais Vasco

cycloheiane cyclohexanol

o\ OH
ihend Xk cyclohexanone

©QH i \ T ﬂ\\n
) KU
(-~ /

styrene caprolactam
HO,C
C

O,H

f_.-"‘m,.
7\/ RS adipic acid

1.6-diaminchexane

cumene

dinitrotoluene diaminotoluene

benzoic acid toluene diisocyanate

Examples of Toluene Derived Chemicals

/©/CDZH

isophthalic acid terephthalic acid

Examples of Benzene Derived Chemicals

BFORP

Bio Refinery Processes

Examples of Xylene Derived Chemicals*

28



dol Pais Vasoo  Unibertstatea. Derivados del fenol

bisphenol A
nitrophenols

J T o
HO OH

ND
cyclohexanol \ o 2
m/DH OH /
amlnophenois
cyclohexanone
/ \"“*-L
H““l"o 2

pigments, dies, resol resins, amtox;datntsurea resins,
formaldehyde resins, alkyl phosphites and others

BioRP

Bio Refinery Processes
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* Caudal: 100 kg/h.

Proceso de conversion de la lignina por catalisis homogénea

* Modelos de los compuestos (Celulosa, hemicelulosa, Lignina) Base de datos del National Renewable Energy

Laboratory (NREL).
* Modelo termodinamico: NRTL-RK (Non-Random, Two Liquids-Redlich-Kwong)

*Extraccion liquido-liquido:  UNIQUAC

Experimental data

@ Aspen Plus model

........................................................................................................................
¢¢¢¢¢
o g

NaOH solution

FRACTIONATION o l
Lignin BCD

: Biomass
—
; Organosolv processes

Carbohydrates OH  OH

aspen



in-alvetwindl Fraccionamiento de la biomasa

Water
Filtrate

CONDENSER
Condensates

PRECIP

TANK
Black liquor ﬁ FILTER 2
Biomass Washing .
liquor Washing Washing
solvent water
COOLER FILTER 1

>

WASH 2 Lignin
Cellulose
| Pup
Waste water

1) Cellulose(s)————————= Cellulose(d)

2) Cellulose(d) + H,0—————> Glucose(d)

3) Hemicelluloses(s) —————=Hemicelluloses(d)

4) Xylan(d) + H,0—~ Xylose(d)

5) Lignin(s)———————>a Ligninl(d) + b Lignin2(s)

6) Extractives(s)———————> Extractives(d)
;ORP 7) Ash(s) ————> Ash(d)

[lio Refimery Processes
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Proceso de despolimerizacidn de la lignina

L
NaOH
golution CONDENSER 1
Condenasates 1
MIXER REACTOR
HEATER
Lignin > FLASH 1 CONDENSER 2
g%sates 2
FLASH 2
ACID
1) Lignin(d)—>a 0il(d) + b Catechol(d) + ¢ Tar(d) + d CH,0H + e H,0 + f Loss(d)* ‘ COOLER PRECIP
2) Cellulose(d) + 3H,0——> 4CH,0H + 2CO, 3 G > o
Depolymerisation

3) Hemicelluloses(d) + 2H,O——>3CH;0H + CO, + CO

products

IORP

Bio Refinery Processes
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Separacion de productos

CONDENSER 1
Ethyl acetate residue 1
o
Depol isatio CONDENSER 2
;p&lu);tr;ensa " FILTER FLASH 1 - Ethyl acetate residue 2
P L/L EXTRACT > &
N Organic
- phase
Ethyl acetate FLASH 2
DIST COLUMN 1
Solid residue PUMP 1 Water residue
Aqueous phase COOLER 1
DIST COLUMN 2 PUMP 2 < 0 Catechol o
COOLER 2

PUMP 3

IORP
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Sin reciclado

1200
~ 1000
<
o0
é 800 m Acetosolv
% 600 ® Formosolv
i
% 400 B Acetosolv/Formosolv
< 500
= = Ethanol g
200 =
0 .5 400
Water* Solvent NaOH  HCl  Ethyl g
* The mass-flow was divided by 10. acetate a 300
=]
. Q
Con reciclado °
& 200
1200 g
] =]
=
1000 ~ 100
VS
5 i
é‘) 800 - m Acetosolv
& 1 0
2 600 - B Formosolv
é T H Acetosolv/Formosolv
¢ 400 -
% i H Ethanol
E 200 -
0 - = .

Water* Solvent NaOH  HCI Ethyl

;G‘Rxpﬂow was divided by 10. acetate

Bio Refinery Processes

Consumos de reactivos y de energia

Cold utilities Cold utilities

H Acetosolv
® Formosolv
B Acetosolv/Formoso!

H Ethanol
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Simulacion de procesos de fermentacion
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Diseno de

= —

HYDROLYSIS, SACCHARIFICATION and CULTURE

RStoic SEED
35 °C, 1 bar
1000 kg/h of lignocellulosic
feedstock CeHy06+ @ NHz + b Oy = ¢ CH, 40gsNg ; + d CO, + e H,0
45% cellulose Floash F1
20% hemicelluloses 190 °C, 12 bar CsHy0s + @ NHz + b O, = ¢ CHy 5005Ng, + d CO, + e H0
30% lignin tion heat of 187300 kJ/kmol
5% acetate groups solvent ndenser HX1 reaction heat o mo
Jroup HYDROLYSIS ?Ea?e se excess of oxygen/nitrogen source (air, NH;)
(1% wiw of H,S0,) in a solid condensates
to liquid ratio of 1:6 D—» |—*ﬁ-—D : as 0.3 £0.01% of
cellulosic HX1 . ""t'r: ::f_) {1l 0 9 microorganisms in the
fraction . final inoculated
_ SACCHARIFICATION SEDD hydrolysate
RStoic HYDROLYZER ‘ o (DesignSpec)
190 °C, 12 bar
water D— J—DG—-» 0>
HYDROLYSIS STEP HX2 ingbculated
CELLULOSE(s)~ GLUCAN(s) 0.07 Hydrolysate
GLUCAM(s)+ H20 - GLUCOSE({d) 0.90 Total solids 30 +
o)
:EﬂﬁELL”:%SEi:}L;:;T”m it (Des?éll/gp ecy  RStoic SACCHARIFICATION STEP
LIGNINEST I.EIEI';;N{dJ 54 E':: SACCHARIFIER CELLULOSE(s)—~ GLUCAN(s) 0.95
)= L
° GLUCAN(s) + HzO - GLUCOSE(d 0.20
ACETATE(s) ~ ACETIC(d) 1.00 Heater HX2 65 °C, 1 bar il e ©
GLUCAN(s) = HMF + 2 H:O 0.05 65°C
XYLAN(g) ~ FURFURAL + 2 H:0 0.05 Garcia A., Egues |, Sanchez C., Barta Z., Labidi J., 2013, Study of different bio-processing pathways in a

lignocellulosic biorefinery by process simulation, Chemical Engineering Transactions, 35, 505-510
DOI:10.3303/CET1335084
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gl ETHANOL PRODUCTION

FERMENTATION REACTIONS

CeH120s = C:HsO + 2 CO: 0.95

3 GsH10s =+ 5 C:HeO + 5 CO: 0.80

RStoic Heater HX1

FERMENTOR 9as (boiling point)

35 °C, 1 bar =
LN @
ETHA |1y

_ biomass
innoculated

hydrolysate  Separator

F1
(10% of
liquid in
biomass
stream)

Bc‘oRP

Bio Refinery Processes

Column COLUMN

(DesignSpec)
20 stages
1 bar
mass reflux ratio 3
C°":)‘zgser 116 KW in the reboiler
(dew point) ethanol
HXZ >
__.0____, COLUMN
STRIP
g I
‘_D water

unreacted sugars
and secondary
products

Column STRIP
(DesignSpec)

8 stages

1 bar

116 kW in the reboiler



STl XYLITOL PRODUCTION

Evaporation EX1+EF1 (50 °C)
EX1 (DesignSpec): 206 kW
for 50% concentration

0.11 bar Ovapour

water

| Cooler HX1 Q’

gas
EX1
ﬁ} | ”0 b 25°C 7 Separator
| \, CRYST CRYST
el 157 -sz = | water removal
4 I (component
& Separator separator)
Pump P1 A
innoculated (10% 1 bF;r xylitol
RStoic hydrolysate b'OmaSS liquid in
FERMENTOR biomass
35 °C, 1 bar stream)
FERMENTATION REACTIONS

CsH100s54 Hz20 = CsHi205+05C0O2 0.6

BFORP

» Rofinery Processes




s | ACTIC ACID PRODUCTION

Ca(OH),

_?_ —~o—{]
I_{.O_.. CRYS

-r- PREC

water

LACT . ‘Q f ltrate

mnoculated bomass I
hydrolysate 200"
Separators F1, F2 d)
and F3 10% of liquid in ’
biomass stream Wﬁ:'u;gg

(Design Spec)

i l

ﬁ

fresh
water

ﬁ lactic acid

V“{

- | *, Caso,

{1

fresh water

Washers W1, W2 and W3 less than 1% solids in the liquid part

(Design Spec)

RStoic FERMENTOR
30 °C, 1 bar

FERMENTATION REACTIONS
CeH1206 — 2 CaHsO3
3 CsH1g0s = & CaHeOa

0.80
0.60

Rstoic PREC

15:85 w/w lime-water
(DesignSpec)

95 °C, 1 bar

PRECIPITATION REACTIONS

2 CaHeO3 + Ca(OH)2 — Ca(CsHsOs)2 + 2 H:O  1.00

Rstoic DISS

15:85 w/w sulfuric-water
(DesignSpec)

20 °C, 1 bar

REDISSOLVING REACTIONS
Ca(CsHsOs)z + H2804 — 2 C:HsO3 + CaS0y

1.00

Evaporation EX1+EF1 (60 °C). EX1 (DesignSpec): 1043 kW for 50% concentration. 0.17 bar

Pump P1: 1 bar
Cooler HX1: 25 °C

& Separator CRYST
B IORP
Bic

» Rofinery Processes
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HYDROLYSIS, SACCHARIFICATION and CULTURE YIELDS

26 % of raw material was hydrolized

AN (7% of cellulose, 100% of hemicellulose,
,' A 5% of lignin and 100% of acetate)
I 177 A YDROLYSIS o 95% of cellulose was dissolved into
v -s\,’ condensates \ glucose during saccharification
\ D—A- = A 12.1% of glucose and xylose
\\ fcr:gilgi\ \ X J == Bkl B TN gas consumed during culture step
-7 2 - / \
SACCHARIEICATION | S0 ]
Qe L4 _‘9_("\ E AN 1000 kg/h lignocellulosic
== H2 \~__ ,’ \\Lydrolllysale ,’ feedstock
S=— 6000 kg/h solvent
181 kg/h water for stream
4633 kW for heating during hydrolysis
4063 kW for condensation OUTPUT STREAMS
4 kW for cooling in HX2 6413 kg/h condensates
1 kW for heating during saccharification (recovery of 99 % of furfural and acetic acid and 20% of
8 kW for cooling during culture HMF)

753 kg/h of innoculated hydrolysate
(for subsequent bio-transformation steps)
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ety ETHANOL PRODUCTION PROCESS

gas HX2

-O— >

unreacted sugars
i and secondary
biomass products

innoculated
hydrolysate

OUTPUT STREAMS

310 kg/h xylitol (14.3% purity)
340 kg/h biomass
790 kg/h of condensate vapour
310 kg/h of water from crystallyzer

ENERGY

543 KW for heating
489 kW for cooling

[YiorP

OUTPUT STREAMS

ethanol 133 kg/h ethanol (92.5% purity)

242 kg/h biomass

COLUMN 1088 kg/h of syrup

(24.6 kg/h of unreacted sugars)
181 kg/h of water from column

water E N E RGY

164 KW for neating
314 kW for cooling

XYLITOL PRODUCTION PROCESS

‘? AR water
gas
EX1
fP 5 G =0 EF1
CRYST

XYLIT . E1 HX 1" wr
#370K
- J}

xylitol
U biomass

innoculated
hydrolysate



de.‘.’:'!.{v:%:‘;‘é =t | ACTIC ACID PRODUCTION PROCESS

448 kg/h lime 15%
593 kg/h sulphuric acid 15%
898 kg/h water for washing

vapor
water

EF1 ? OUTPUT STREAMS

O

')

i—cla

S
-0

— PREC ex vs 162 kglh lactic acid (94% purity)
=N 3 rate P Hxi 264 kg/h biomass
o | |—1:> 1686 kg/h of filtrates
s . (90% of unreacted sugars)
‘ T 122 kg/h of washing liquid
L—l F3
oo bm{tss L DIIS: l 235 kg/h of sulphate
hydrolysate DAL g NS i T : 1079 kg/h condensed vapour
J} $ é i caso, 162 kg/h of water from crystallyzer
washing  fresh S &

liquid water
fresh water

ENERGY

763 KW for neating
655 kW for cooling

[YiorP
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