TEKNOLOGISK
INSTITUT

Bioraffinering hvad er det?

Chemicals from Biomass
for future materials and energy

Anne-Belinda Bjerre, senior scientist, ph.d
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State of the art

In 2050, world population will be about
9-11 billion people

with same requireries for
- food
- energy
-and materials

Today, almost all
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State of the art

"10% of the oil we extract is used to make organic
chemicals and related materials.

A remarkable additional 10% is used for energy to
drive the chemical reactions.”
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Sustainabllity - one definition

“Sustainable development is development that meets the needs of
the present without compromising the ability of future
generations to meet their own needs”

Brundtland commission, 1987



A step forward to fulfill this goal is..
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» to replace fossil fuel with renewable fuels and energy

» to replace fossil chemicals with biomass based
chemicals and materials




History of bio-ethanol (fuel ethanol)
production in USA , the driver in biorefinery e

development
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Plants are stored solar energy and (almost) CO,
neutral

Plant production:
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\

CO, (or HCO,) + H,0 + (ehlorophl)  (CH,O)n + O,

Combustion of plants (or plant products):

(CH,O)n + O, +H,0 + CO,

~ O

» Without fossil oil and gas, plants are the ONLY organic substances for future
energy carriers, materials and chemicals
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Recycle (or renewable) times for biomass feedstocks

Feedstocks Recycle time
Algae 1 month
Agricultural crops 3 month — 1 year
Grasses 1 year
Shrubs 1 -5 years
Trees 5 -80 years
Oil, Gas and Coal 200 million years




Replacement of fossil fuel with biomass T srogpou

Fossil Resources E

e crude oll
* natural gas

Biomass

* trees, crops
* grass, clover
* waste

* etc

PETRO-
REFINERY

BIO-
REFINERY

Products

* energy (fuel, etc)

» chemicals (speciality &
commodity)

* materials (plastic, etc)

Products

* energy (fuel, etc)

* chemicals (speciality &
commodity)

* materials (plastic, etc)
* food & feed

Figure 1.2 Comparison of petrorefinery vs. biorefinery
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hemical compositions: biomass and

netroleum

Table 1.4  General chemical compositions of selected biomass components and petroleum (Pun
etal.,, 2007)

Biomass Chemical Petroleum Chemical
Component Composition Component Composition
Cellulose/starch [Ce(H20)5], Gasoline ~CgH14-Ci2H2g
Hemicellulose (C5(H>0)4], Diesel ~Cq10H22-Cq5H35
SW lignin [C10H1204],

Petroleum components: High reactivity with O2 (higher burning value)

High density (small volume)

Biomass components: Low(er) reactivity with O2
Low density = reduction in volume is needed

The most expensive techologies in a biorefinery are
pretreatment and fractionation (  60% of production cost)
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Figure 2 — An Example of a Flow-Chart for Products from Petroleum-based Feedstocks
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Protein :

Arapinose
Lactose
Sucrose
Starch

CS

Cé

a-nyaroxy-
butyrolactone

Aming succinate derivatives (see above)

Hydroxybutyrates, epoxy-r-butyrolactone, butenoic acid

Butanediols, butenols.

Diols, ketone derivatives, indeterminant

Itaconic acid
Furfural above),
Levulinic acid
Many furan gerivatives
Glutamic acid
Ryionic acid s-aminolevulinate, 2-Methyl THE, 1,4-diols, esters, succinate
Xylitol/Arabitol Amina diols. glutaric acid substituted pyrrolidones
Lact . este
[Citric/Aconitic acid ——
5-Hydroxymethyl- EG, PG, glycerol, Isctste, hydroxy furane, sugar scide
1,5-pentanediol, itaconic derivatives, pyriolidones, esters.
Lysine
(Gluconic acid succinate, esters,
Glucaric acid 15
1 Gluconolactones, esters.
Dilactones, monolactones, other products

Giycols (EG, PG}, glyceral, actate, isosorbide

L ]

Polyacrylamides
Polyethers
Polypyrrolidones

Phthalate polyesters

PEIT polymer
Polyhyaroxypolyesters.
Mylons (polyamides)
Polyhyaroxypolysmides
Bisphenol A replacement
Palycarbonstes
Polyurethanes.
Phenol-formaldehyde resins
polyhydroxyalkonoates

polysaccharides

N,
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| cneiators, cieaners ana aetergents

Communication

Molded plastics, computer casings,
optical fiber coatings, liquid crystal
displays, pens, pencils, inks, dyes,
paper products

Housing

Paints, resins, siding, insulation,
cements, coatings, varnishes, flame
retardents, adhesives, carpeting

Recreation
Footgear, protective equipment,

wet suits, tapes-CD's-DVD’s, golf
equipment, camping gear, boats

camera and film, bicycle parts & tires,

Health and Hygiene

Plastic eyeglasses, cosmetics,
detergents, pharmaceuticals, suntan
lotion, medical-dental products,
disinfectants, aspirin

Figure 3 — Analogous Model of a Biobased Product Flow-chart for Biomass Feedstocks



Biorefinery

Definition:
Integrated and combined processes for the conversion of biomass
into a variety of food, feed, chemicals, biomaterials, and energy  — at

the same time maximising the value of the biomass and minimising
the waste



Different types of biorefineries

* Phase | biorefinery : Single feedstock, single process
and single major product

* Phase Il biorefinery : Single feedstock, multiple
processes and multiple products

* Phase Ill biorefinery: Multiple feedstocks, multiple
processes and multiple major products




Phase | biorefinery — the biodiesel

process

oil



Sofiproteol (France)
state of the art: commercial

stakeholders: private equity
fonds, raw mat suppliers,
application developers

Oil crops (Rape
+sunflower seeds)

Pressing
¢ |
Oil
v v
Chem. reactions Estherification

l;

l_l

\_l

A 4

Chemicals +
polymers

Glycerine

Biodiesel

Animal feed

A\




Phase | biorefinery: 1 st generation starch bioethanol

Fermenta- Distillation
tion

Corn » Starch » Sugar
Kernels Conversion 9

o wm/"
N\



Crop energies AG (Germany)
State of the art: Commercial

Owner: Sudzucker Bioethanol GmbH

Sugar crops Starch crops
(Sugar beet) (wheat, barley etc.)
Mechanical fractionation
Enzymatic hydrolysis
|
C6 sugars
Fermentation
I
Bioethanol Animal feed

Classification: C6 sugars refinery

(Phase | BioRef)




Lignocellulose biorefinery: Phase Il



State of the art

Owner

Lignocellulosic
residues (straw)

v

Pretreatment
Hydrolysis
v v I
Lignin C6 sugars C5 sugars
Combustion Fermentation
Separation/
destillation
A\ 4 l A\ 4
icity + ) .
Electricity Bioethanol Animal feed

heat




Lignocellulosic

Starch crops

crops (wheat, barley etc.)
Pretreatment Mechanical fractionation
| L
l A 4
Enzymatic hydrolysis
A 4 A 4 ¢
Lignin C5 sugars C6 sugars
I |
' '
Combustion Chem. conv. to furanics
|
' . v
Electricity + Synthetic Chemicals +
heat biofuels polymers

Aventium Furanics (the
Netherlands)

State of the art: Concept

Owners: Private funds, raw
mat suppliers, aplication
develoopers

Classification: C6/C5 sugars and lignin

refinery (Phase Il BioRef)







Biomasses — starch, crops, forrest residues, algae and waste
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Alger, en ny interessant biomasse ressource




Hvorfor alger

Hgaj veekstrate

Kan optage HCO3 og CO2

Dyrkes i salt-, fersk- og brakvand

Ingen konflikt med produktion af fgdevarer

Kan dyrkes i abne eller lukkede systemer

Kan rense spildevand og recirkulere naeringsstoffer

Indeholder hgjveerdi-produkter

MAKRO-ALGER KAN DYRKES OFF-SHORE




Indholdsstoffer

Mikroalger: Lipider (%) Makroalger: Kulhydrater (%)

Chlorella sp. (28-32) Ulva sp. 60
Crypthecodinium cohnii Laminaria sp. 60
40) Chaetomorpha linum
Cylindrotheca sp. (16-37) 53%

Dunaliella primolecta (23)

Isochrysis sp. (25-33)




Transportbreendstof




The MacroAlgaeBiorefinery : MAB3







MAB3: Financieret af Det Strategiske Forskningsrad




Thank you for your attention












Ethanol produktion fra Makroalgen Chaetomorpha linum




Plant cell walls contain sugars and lignin



