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Why Liquid Biofuels?

Two Drivers for the move to renewable liquid
biofuels:

 Dwindling petroleum reserves

* Impact of human activity on the global
environment
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Producing Biofuels Within the
Carbon Cycle (carbon-neutral)
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Liquid biofuels

First generation biofuels-  those we can
produce now using food materials

e Biodiesel

e Bioethanol or butanol produced from sugars or
starch

Second generation biofuels-  Those made
from non-food plant biomass

* Bioethanol or butanol produced from plant
biomass (lignocellulose)

* more sustainable
* not yet a fully commercial reality
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“Biofuel demand makes
food expensive " BBC,
March 2007

“*Growing demand for
biofuels 'could lead to
food shortages”

Telegraph, April 2007

“The looming food crisis”
Land that was once used
to grow food Is
Increasingly being turned
over to biofuels-
Guardian, Aug. 2007
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Fossil Energy Ratfio
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biorefinery Taken from: US Department of Energy Document
"Breaking the barriers tocellulosic ethanol”, 2006
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Plant biomass is mostly made of polysaccharides
(sugar polymers), but these are hard to convert
Into sugars for fermentation

Hemicellulose
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The cost of Saccharification currently
makes lignocellulose-based ethanol
uncompetitive

e Lignocellulose is hard to digest

* Insoluble and complex mix of
polysaccharides and lignin

* Avallable enzymes only work following
expensive pretreatment (acid, or steam
explosion)
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Technology Development
Requirements

Improve Raw Material Quality- produce more digestible
lignocellulose in specialised crops, reduce 5-carbon
sugar content

Improve Pretreatments- reduce chemical and heat
Inputs by using novel biochemical and chemical
approaches

Improve Enzymes- Better, cheaper and more efficient

Improve Fermentation- More robust organisms able to
deal with 5-carbon sugars and substrate heterogeneity
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CNAP approaches to the problem of converting

biomass to sugar

Improving the biomass raw materials to make them more
amenable to saccharification

— modification of crops with selected genes
— crop breeding

Discovery of novel enzymes that open up the structur e of
lignocellulose and overcome the need for high-input
pretreatments

- both proteomic and metagenomic approaches are being
followed on novel species

Development of novel, cost-effective and environmen tally
benign pretreatments

— lonic liquids are being evaluated through a spin-out
company, Bionigs

Professors McQueen Mason, Graham, Bruce & Bowles THE UNIVERSITYW
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RENEWALL

« EU/US Consortium cooperating to tackle
the major barriers to efficient lignocellulose
saccharification

e 12 European academic institutions
5 European industrial partners
5 US Research labs (USDA-funded)

e Coordinated by Simon McQueen-Mason
(University of York)
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Lignin modification affects pulping
properties and saccharification

reducing sugars (% of wt)
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CAD and OMT antisense trees- Pilate et al.
Nature Biotechnology 20, 607 - 612 (2002)
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Wood Lignocellulose-
degrading :
organism Active Enzyme
L " Discovery
Programme
Metagenomics Proteomics

Protein
production
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Cost of 2"d generation biofuel

* Processing costs ~50% of total
 Enzyme costs ~20%
 Raw materials (feedstock) ~30%

Market value currently ~30 p/litre
Cost of production currently ~33p/litre
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Second generation biofuel production

Paper and cardboard

Segregated green waste

\

W,/Q\STE » FUEL
A
Food waste

Biomass crops

Agricultural waste _ _
eg willow, miscanthus
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Opportunity for 2"d Generation
Liquid Biofuels Now

The costs of producing 2" generation can
be made competitive now by minimising
feedstock costs, which include:

e Cost of materials
e Cost of collection and transportation

THE UNIVERSITYW



Municipal Waste as Feedstock

The costs of landfill and drive towards lowering
environmental impact mean that more of our waste
IS sorted for appropriate disposal.

Last year:

* 90,000 metric tonnes of green waste was collected
for compost (releases CO,) in York and N. Yorkshire

e ~3,000 metric tonnes of paper and cardboard were
collected for recycling in York (shipped to China)

« These potentially convert to ~30 million litres of
ethanol
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Waste-based fuels versus Biofuels

e Using green waste to make
biofuels Is equivalent to growing
~9,000 Ha of biomass crops!

* No Inputs (agricultural), no
competition with food!
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Yorkshire waste-based biorefinery,
long term vision

e Cardboard

« Green waste

o Autoclave residues
 Food waste

 Food processing waste
e Agricultural waste
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Refuel Yorkshire

Currently in CNAP we are:

e Evaluating the carbohydrate content of
waste materials provided locally

e Optimising enzymatic conversion to
produce sugars for fermentation

 Comparing a range of fermentation
organisms and strains
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The Vision

Process regional waste to produce
carbon-neutral, cost-effective

2"d generation biofuels
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