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Our customers and partners

Biofuel, bioelectricity and Waste processors who
biochemical producers who want to offer higher
want a more sustainable recycling rate

feedstock and increased profits

e 4.5 mtonnes -~ Ca. 70 mtonnes

1™ £1350 m  £21 bn

s

Waste producers who
want to decrease their cost
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Expand to

Expand to US rest of the
world
Demonstrate And EU
in the UK
Propfofgoncept Expand
Protected IP: project with CPI product &
3 patents S | feedstock
Fun_dlng or Pilot portfolio
Initial market Project
research
Start Pilot with
Develop Industrial Partner
technology
NOW 0-12 MONTHS 1 YEAR 5 YEARS 10 YEARS



Cellulose

The need for pretreatment Lignin

: @
Pretreatment
L]

—

> Disruption of biomass

Making cellulose accessible
for further conversion

>

Hemicellulose

3 Lignin removal after
fermentation

Traditional

Steam explosion » Large fermentation reactor
Dilute acid

Biomass
harvesting
& storage

- Organosolv. 3 Early removal of lignin

lonoSolv 5 Smaller fermentation
treatment reactor




Pretreatment Process: Lab Scale

Biomass
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Low-cost
lonic Liquid
with 20wt%

water

Cellulose pulp | enzymatic OH
S saccharification
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Pretreatment HO oH
Glucose

Electrodeposition

lonic liquid liquor

Key:
* Cellulose does not dissolve
in IL
* Lignin dissolves in IL
« Lignin precipitates if water is

added



Process Flow Scheme

Lignocellulose
Transport @

Volatiles and

Water
_ Distillation .
& Volatiles Wet IL Liquor
onveyor
vey | e RS,
Storage O Pl |
(Furfural W K A |
Ligno- Ao Atid) H A Precipitation |
cellulose T Water + |
“_ Solution E ReSiduaI ”. |
R . .
(20% Water) Water + Lignin Lighin + Slurry | |
Pulp Residual IL Wash Pumpl |
Pre- Pulp + IL Wash VVVA |
Treatment
Lignin + |
Slurry Residual IL ‘— -
N
SI Wet Filtration
s | — Lignin
Pump g Enzymatic Lignin
W- UI’I’V }O Sacchariﬁcation BO||er IL LIC]UOI’
N

Filtration

vV V.V YV

VVyV

Low pressure
equipment

Mild temperatures
Short residence times
Close to zero waste

By Products

Furfural
Acetic acid
Tall oll



What are ionic liquids

“Green solvents”. Salts melting below 100°C
2 Non volatile
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$60/kg (bulk estimate)



Our lonic Liquids: tuned to be cheap

Made in a one step acid-base reaction between an amine/imidazole and a

mineral acid:

N _R ®
N~ N + H;80, — HN ~ N -R HSO?
N H
N N~
+ H,SOy —> N® HSO?

N,N-dimethylbutylammonium hydrogensulfate: <$1/kg (bulk estimate)



BioFlex Process Economics

Waste wood/ton

Virgin wood/ton

Plant size 20,000 tpa 100,000 tpa
Cellulose £ 90 £ 90
Lignin £94 £94
Hemic/Furfural £ 38 £ 38
Gate fee £54 i
REVENUE £276 £ 222
Solvent £11 £11
Biomass ) £56
Water £4 £4
Capital £ 43 £ 26
Energy £55 £55
COST £113 £ 152
PROFIT £163 £ 70
GROSS MARGIN 59% 32%




Pretreatment of herbaceous biomass
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Miscanthus

Miscanthus
pulp 8h

Dissolved in IL

m Ash
Acid soluble lignin
Acid insoluble
lignin

m Hemicelluloses

m Glucose

Gschwend et al., A low-cost ionic liquid for
lignocellulose pretreatment, in preparation

v Pretreatment under mild conditions (120°C)

v’ Fast Pretreatment (<30 min) at higher
temperature (170°C)

v Up to 99% glucose yield




Pretreatment of Softwoods and Metal Treated Timber

v’ Fast Pretreatment (<30 min) at high
temperature (170°C)

v' Up to 99% glucose yield

v 98-99% extraction of Cr, Cu and As

v Recovery of metals possible




Recycling of lonic Liquid

IL Recovery (%) _
1tuse 99.0 #3.7 Reuse essential for any solvent
2use 979 17 based process
3duse 99.4 18.4*
4hyse 99.3 +0.9

* error due to mixing two replicates
during pulp washing
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B Glucose Xylose Arabinose

B Acid insoluble lignin Acid soluble lignin M Ash Use



Downstream Processing: Opportunities for
Ccollaboration

>
>

vV V¥

Cellulose derived products

Biogas

Cellulosic materials

Sugar platform: Ethanol, PLA, Gas
HMg': P 2D injection

Lignin derived products

Electricity/Heat Biogas:
Binders, adhesives Mature technology
High value products Fast growing market

Incentives

BIO-ELECTRICITY

GAS GRID

LIQUID NATURAL GAS




Summary: Advantages of ionic liquid based fractionation

> High lignin solubility

Very high solvent recovery: low
2 vapour pressure, water tolerant,
thermally stable

Excellent performance for different NN - S
types of lignocellulose o Vs

> Low-cost ionic liquids
> Electrochemically stable $60/kg $1/kg
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