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Biofuels production in EU
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Interactions

Technical Economical

Logistical Political
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Changing interests in biofuels:.
Fuel ethanol production and crude prices
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Solutions

@ Whole plant utilisation
@ Residual biomass utilisation

@ Multi-product process: Biorefineries
@ Food
Q Feed
Q@ Chemicals
Q@ Energy
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What Is a biorefinery?

Politics Environment

Food

Fertiliser

Food additives

Bio-chemicals Energy

Economy

Social effects Bio-fuel-1 Bio-fuel-2
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Biorefinery definitions

A biorefinery Is a facility that integrates biomass conversion
processes and equipment to produce multiple biofuels and
oroducts (NREL)

A biorefinery is an overall concept of a processing plant,
biomass feedstocks are converted and extracted into a
spectrum of valuable products (US-DOE)

Bioconversion to biomass into a variety of chemicals (Clark &
Deswarte)

@ Phase | Biorefinery (1 feedstock -> 1 product)

@ Phase Il Biorefinery (1 feedstock -> multiple products)

@ Phase lll Biorefinery (multiple feedstocks -> multiple products)
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Utilisation routes for biomass

Existing non- food:
e Animal Feed
 Additives
e Compost
*Energy

New Biobased Products
» Biobased materials
» Bio-based chemicals
* New Biofuels
* New Bioenergy
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Potential products from biomass

Biomass Intermediate Building Secondary Intermediates
Feedstocks  Platforms Blocks Chemicals

TS oo e

Starch

Hemicellulose

Sugars
Glucose
Fruciose
Xylose

Arabinose
Lactose
Sucrose

Protein [~ ) 1s —

Products/Uses

Industrial

Comomon intetiiore . dust cormrol

 boder warter treatment, gas

pumicanon emsson abatement
specialty ubrcants hocas, saals

Transportation

of Fusls, oaygenates anbfreece wiper
fuds moded plesacs. cor seals belts
heas, SuTRENE, SITEREN INhEriers

Taxtiles

o Carpets, Fibers, fatrics. fabic
costngs, fosm custions, uphciserny,
drapes, lycra, spandex

Safe Food Supply
Food packaging, presersatiees
4 fertizers. pesdoites, beverage

botfes, appéarces. beverage can
coatings, viamng

Environment
Vignar chemicas. focoulams,
chellirs, cemens and detsipens

Communication

Moided plasics. computer casngs
¥ optcal fber coatngs, bqud orystal
@Spays. pans, porG. nks dpes,
paper products

cements, coatings, vamshes, flame

Housing
Pants, resink, mding, meudsson,
retardents, adhesres campeting

Recreation

Facigear, protectie squpmert,
camera and film, bcycle parts & tres.
wet suts, apes-C0's-DVD's, goif
BGU AT, GAMpNG gaar hoals

. 9

Health and Hygiene

Plastic spagasees, Cosmencs,

| Setergerts pharmacectosls, worian
ohon, medcaldentsl products
derfecams, atpnn
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Types of biorefineries

9@ Lignocellulosic biorefinery

@ Whole plant biorefinery

@ Green biorefinery

@ Oily biorefinery
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Lignocellulosic biorefinery

Heat Pharmaceuticals

Electricity Methanol
Cellulose

Lignocellu- Packing materials

losic

material Hemicellulose

Cellulose

Derivatives
Fertilisers

Ethanol ilding material

Emulsifiers
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Green biomass

(Grass, Clove,
Lucern)

Green biorefinery

Aminoacids

Protein products

Lactic acid,
1 Ethyl lactate

: SRS BBiocomposites
Fibers

Insulation

Materials

Fiberboards |
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Whole plant =S

Whole crop biorefinery

Pharmaceuticals
Electricity Methanol

Packing materials

Cellulose
Derivatives

Emulsifiers

Fertilisers
Ethanol ilding material
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Liberty — POET
Emmetsburg

Whole plant
Grain + Cubs
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BioRef

Enzymatic
transesterification -

— Qilseeds

Straw

pretreatment _
Bioethanol

membrane

continuous process

Byproducts:

Biodiesel Biopesticides,

(RME or REE) glycerol, fatty acids
animal feed

bioreactor

A 4

Anaerobic
digestion

C5 fermentation
to biohydrogen

\ 4
SSF C6 ,
fermentation in

Biohydrogen
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Key technological improvements for converison of
lighocellulose to biofuels

Pretreatment

Ethanol inhibition
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Hydolysis at high TS content

Effective — low cost process > high solids content in biomass

Preferably > 20% TS in hydrolysed material

Problems with incorporation of enzymes and yeast
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Hydrothermal pre-treatme
| /

Liquid fraction

(inhibitors,
hemicellulose,

and salts

Nt of rapeseed straw

Solid fraction

Cellulose and lignin

Liquid fraction (hydrolysate)

Solid fraction

Characteristics Value® Characteristics Value®
Glucose - g% Cellulose 53.9
Xylose 11.1 Xylan 8.8
Arabinose 15 Arabinan 0.3
Total hemicellulose 12.6 Total Hemicellulose 9.1
TS(g/l) 27.9 Klason lignin 24.2
VS(g/l) 25.6 Ash 2.9
Residual 9.9
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PhyS|caI effect of hydrothermal pretreatment
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Hydrothermal pretreatment of rapeseed straw for bioethanol production

Temperature (160, 180, 190 °C)

REE.B.C'[IOI’] time (0, 5, 7.5, 10, 15 min) ~70% Ethanol
Solid content (5, 10, 15, 20, 30, 50%) yield based on
Use of sulphuric acid as catalyst (0, 0.5, 1%) — >  thesolid phase

- Mixing time of sulfuric acid 280
v’ Maximization of sugar release (hemicellulose solubilization)
v' Minimization of inhibitors formation (furfural, HMF)
v Maximization of ethanol production
Cf:m“’l'l:|y i
e

7
" Hemicellulose

it \':"- Cellulose
lQQOC]{:) molecules
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Efficient mixing of pretreated high TS material with
enzymes
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Flow-diagram sketch - SDU

Hydrolysis product

Enzymes — :
recycle solid

P

Rotorreactor

Hopper

n
»

Ethanol-water mixture

liquid

AN

Rotor press

Membrane-
distillation-

unit /k

Ethanol concentrate

N

Fermentor
Ethanol fermentation
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Ethanol Fermentor with

membrane distillation unit

Storage tank
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Conversion of the liquid hydrolysate (pentoses) to Hydrogen
and Methane in a two stage process

Hydrolysate l
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Converting straw hemicellulose (hydrolysate) to hydrogen and
methane In a 2-stage anaerobic digestion system

Hydrolysate:25-30
%(VIV)

“Mixed Culture” Granule

PO | Mol 5 it N ‘
1 > 4 > Sl -
T e 3
o AT o ALY
2 s S

HRT (day) 1 5.2=A4 /4 =3 0=1.8=10=0.5
Temperature (°C) 70 55
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UASB reactors

A “Mixed Culture” Granule

T

Cultivated in a UASB with Sucrose
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Quantities of biofuels and biochemicals produced by the
BIoREF from 1 ha of rapeseed cultivation

I ha rapeseed (EU 6.06 mio ha)

155 kg glycerol

191000 MJ
Harvest-10x
Seods~3.2% Straw-6,75t
{83000 MJ) (1OS000 MJ)
_______ s 92% ~ DM =90 % ~ 6 DM
3050 kg cellubose DM
1476 kg hemacellulose DM
1160 kg bignin DM
314 kg Ash
s
E High value
| added products Pretreatment
E!hm press Cake 53 wiwte Ol cctvac Separation
| 660 kg proteins 1590 ky o 00% cellulose,
| 819 kg fibre press cake &0 hemiccilulose
{ 11 kgAsh TevOvery
47 wiwie
1410 kg o 2745 kg celtulose DM | 886 kg hemicellulose DM
v ¥ v
155 kg methanol Biodicsel Ethanol process Bichydrogen prosess
23 MYkg 3565 MJ ransesterification (85% eMiciency) {707 cfficaency)

Reswdual DM (Biofenidiser
127 kg cellulose

18R kg hemaceliulose

P160 kg ligmn

314 kg Ash

Biogass provess
(78% efficiency)

364 m' methane
260 kg methane
12955 M)

£99 kg ethano!
23015 MY

1410 kg RME
53298 M)
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Biorefineries

@ Challenges

@ Pre-treatment of lignocellulosic biomass

@ Development of cheap and efficient enzymes

@ New microorganisms for bioconversion of all sugars
Q@ Effluents treatment

Possibilities

Q@ Full utilisation of the biomass

@ New biomass based biochemicals
@ Improved overall economy

@ No-waste generating processes
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