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ITS ALWAYS THE SAME THING.........

Produce > Use > Dispose




Something wrong with this?

Produce > Use >  Dispose

© Reduce

To use things with care to reduce the amount
of waste generated

© Reuse
To repeat use of items or parts of items

© Recycle
To use waste as resources
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What do we do?
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BIOREFINERIES

Integrated facilities that can convert a variety of bio-feedstocks into energy,
chemicals and other valuable materials cleanly and efficiently maximising
the value of the biomass and minimizing waste

* Food and feed grain
Feedstock(s) « Ligno-cellulosic biomass

biological raw materials - Waste

* Green Chemical Processes
Environmentally benign * Bio-processes

S R e 1 R  [hermal processes
* Physical processes

Food, chemical products and
energy
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http://www.cb

Green technologies
(e.g. microwaves, extraction, fractionation)

Coatings and unguents Paint additives Biodegradable plastics Other derivatives (chemicals, fuels, etc.)
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Biorefinery: The big picture
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Knowing chemical composition is the
key to success!!!
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Succinic acid as a C4 building block
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From Starch to Starbon® -G’ee“.

Chemistry

Centire of Excellence
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o  With the mighty team
| Starbon at York (UK)

yrF o

lilll'll
i
T T | N

— .

N
iL N .
- R

3 x 10 joules
The volume of enel

f energy released when a kilogramme of co.




ALGAE VALORISATION: FROM HEALTH PRODUCTS TO BIOPOLYMERS
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Gas production (Istr/g)
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Table 1. Biochemical composition (% d.w.) of Gracilaria

gracilis sampled in the Lesina lagoon (Italy).

Total Lipids 1.98
Fatty Acids Methyl Esters 0.47

Proteins 30.93
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2 FOOD WASTE RESIDUES: Vo es”
CORNCOBS, WASTE BREAD, OTHERS 2 VALUABLE PRODUCTS:
t CARBONACEOUS MATERIAL (CATALYST)
WASTE COOKING OILS + 1
BIODIESEL
CaO phase Biodiesel production
Calcined
= gasification o
= residue | _ B
Gasification z 2
residue E l Lmu_h
| JL'_'[L’IL;}; -]l._"::-t;::.—][?] |
b0 40 60 80 J. Natural Gas Chem.

2012, 21, 246
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RISATION (I1)... with

—
FROM SLAUGHTER WASTE TO BIO-HEALING NATURAL POLYMERS (BIO-COLLAGEN)

TREATMENT OF WOUND HEALING IN RATS

35,00

30,00 -
25,00 -

20,00 -

15,00 -
10,00 -
5,00 I I
0,00 -

Control Carbopol Catrix 5% test 10% test 100% test

Tanrery waste

Green Chem. 2012, 14, 308

PCT Patent 2013
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T ChemSusChem, 2012; Energy Env. Sci. 2013
' I — Microwave-assisted
Mi treat t, T<200°C . -
crowave treatmen < eXtraCt|On SEM BJH proflle
| | I Orange peel -simple
2 40 [ 5 ) ] £
il ] -rapid (5-10 min) =
8 o { g i . - g 0.00002
4 % ; s . -efficient :
S
?._g i o H § I B
0 ﬂ [—I l_l [_l Pore diameter, nm
l l l | cellulose 'TE -
\/ R TR :'
5 D-limornene E 0.0001 4
i5s| [334][2] [ :
§ gg :-6' % % % ;!; E n.mo; 10 100 1000
g E 5 - 5 ] E? 8 Pore diameter, nm
z u-terpincol
Surface P?re Pore
semole | 5% | g |
. MW-150°C 2 0.01 35
Unique form of WwAsrC| 6 | oes | 68
MesSoporous mw-200°c| 26 0.38 19
cellulose

Porous materials



Crude Palm Qil E ]SIIIca Immnhlllud( )
Lipase

Packed Bed Reactor
>| Fatty Acid Waste | | Emulsifier |
Residence time: 4.8 - 48 minutes
Refined Conversion: 80-99%
Palm Qil

Green Chem. 2013
ChemSusChem 2013

Table 4. Optimum reaction conditions obtained for immobilized derivatives from Leci-
tase Ultra.”

Immobilized Lecitase

‘;Ln:: i \7L0
U\/J-VUH "'HDJJ\PP' {0.1-1% (w/w)) ED\/L\/D\I("“%
(0]

n  Temperatures: 40-60°

50-100 mM solution 50-250 rpm
Entry T [E] [S] Stirring Conversion [%]
[Cl [%0] [mm] [rpm] CMXAD2 USXAD2 CMXAD4 USXAD4
1 60(+) 1(+) 100(+) 50(-) 536 58.3 28.0 14.9
2 40(—-) 0.1(=) 100(+) 250(+) 29.2 11.7 445 53.1

[a] Higher (+), middle (0), and lower (—) amounts of enzyme ([E]) by total weight of
the system.




BIOMASS &
WASTE

Platform molecules

Biomaterials

Commodity chemicals

|

Biopolymers

CHEMICAL INDUSTRIAL
PRODUCTS

MATERIALS, CHEMICALS &
FUELS

Speciality chemicals




Some food for t

e The synthesis of 1 kg of e ———
Can biotechnology move us

polysty rer!e r_eqUIr es a total of 2.26 toward a sustainable society?
kg Of foss’l OII (1 kg to generate A case study of biodegradable polymer production from agricultural feedstocks

casts doubt on the premise that alternative biological processes always offer

electricity an d 1 . 26 kg to Serve as environmental benefits over conventional manufacturing processes.

Tiliman U, Gerngross

feedstocks for polymer production).

lon findte has taditionally been viewsd inoa negaiiv
light. As a

g scl

* The production of 1 kg of PHAs
requires 2.39 kg of fossil resources.
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A cradie-to-grave analysis
Several Ectoes contribte s 1his

. Washing and centrifugation

E Coll ks

Simply deriving chemical
products from renewable
resources is NOT ENOUGH!

Weighing the alternatives T Crimd

Much has

v lreaumenal
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. conducting a fermantation process by which
glucose s conver ted to PHA [note cells '
¥ containing PHA polymer in the form of Hble 1o estimate thal a FHA lermmentarko
i i i he i

] !
biomass centalning the polymer and washing
it by centrifugation. (E} Drsrupting the cell wal
and releasing the polymer from the celle. [F)
Washing the polymer by centrifugation. (G)
Dirying the polymer shery to a powder that can
be processed to a final consumers product. PHAs reep

Real environmental benefit?
Biodegradability ?

NATURE BIOTECHNOLOGY VDL 17 JUNE 1958 o hiomen nanan com 541

Toxicity?
SAFETY!!! T. U. Gerngross, Nature Biotechnology, 17, (1999), 541 - 544
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