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Thebiofuelsopportunity

Meeting
our
energy
needs

electricity

heat

transport

—_

Often linked to demand for chemical products

BUT

Fuelling transport with biofuels is our
greatest challenge and opportunity 1 flexible,
transportable, clean, sustainable
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Biofuel feedstock options

Ethanol Cellulosicethanol

Biodiesel

(first generation)

Soybean oill
Canola oil
Wastegrease
UCO

Palm oill
Animalfat
others

Transesterification

Drop in
Biodiesel/Biooil
(second generation)

Algae
Woody biomass
Biomass residue

B2, B5, B20, B100

Transesterification
Super Critical
Water Reaction
Pyrolysis

(first generation) | (second generation)

Corn Switchgrass
Sugar Cane  Woody biomass
Sugar Beets  Biomass residue
Sago

<E10, E20, E85

Dry Mills/ Hydrolysis
Wet Mills Gasification
FT
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Limits of (some) sl generationfeedstocks

A Limited ability to meet fuelf
demands

A Competewith land for [ AR =
food crops , ‘

A Low net energy vyield

A Limited greenhouse gas
reductions

A Not a drop in fuel




Supply of biofuels

Biofuelsgrowth path

First generation feedstock  plus Second generation feedstocks

_\- ]7 Limits to resource

2010 2020 2030

A
cﬂ(\

l} I (’)E_]}]_E_ISC.\Y



Meeting thechallenge

A To obtain volume move to
seconagenerationresources

I Blomass
i Algae
A Extend into new planting area:

A Resource$or second
generationbiofuelsare near
unlimited

A First generatiorbiofuels
provide a sound foundation for

(,CGL)

greater uptake obiofuels A
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Why Is New Zealand interested In
second generation biofuels?
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Current New Zealand biodiesel
production

70 million L/yr potential

Key sources:
I Tallow
I Cooking oll
I Rapeseed

Primarily from rapeseed oill
Limited by lack of investors
Developing the confidence biofuelusers

B5B100 available bl ) diesel

New Zealand
Renewable fuel from Solid Energy

BIQENERGY



Current New Zealand bioethanol
production

20 million L/yr production

Key sources: :‘ )
I Whey = '

60% exported
Anchor Bioethanol

)
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Recently available to the public
I Gull Petroleum

AE10 bioethanol blend
ABiodiesel blend



NewZealandcadvantages

A NZ has large areas of under utilised land
suitable for growing and harvestirigees

A Growing and harvesting is well developed

A Canbuild on existing wood processing sector
egpulp and paper mills

A Infrastructure is in place

A Canbe a supplier obiofuelsto Asia

A Economic growth via use of naturalsources

Howeverrequires investors VAL
(%\\
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5 NA @ Shkeals T2 NJ
A Sustainability and environmental positives
A Climate change and emissions reductions
A Transport growth (air, land and sea))
A Oil availability / demand / access
A Security of Supply
A The Green Consumer demand
A New markets

A Ruralgrowth potential / agriculturatiiversity
A Economic growth

A,
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New Zealand Bioenergy Strategy

This Strategy Is designed to realise a future

where bioenergy:

FO2YUNRAOdzISA aidaNRy3Ite i
growth, employment and regional prosperity;

fadzlILX ASa Y2NB GKIFYy Hp:
needs, including 30% of transport fuels, by 2040;
and

iAd O0FAaASR 2y bSg wSItly
wood processing and converting organic by
products to energy.
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New Zealandbiofuelstarget
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m Electric vehicles
H Fossil

CNG, LPC
m Forest/crops
® Residual biomass
m Algae
= Biogas

m Tallow, waste cooking oi

m Canola
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New Zealandvailable land$or
biofuels
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New Zealandinder-utilised land
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fuel cost

Reducingio
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Partnering

A Gaining international knowledge

A Building on international strengths
I Malaysia experience iniofuelsproduction
I Malaysia established markets amdrustructure
I NZ availability of land for growing trees
I NZ experience in growing softwoods

A Avoiding duplication of research
A Focus on core strengths
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The advantages of lignocellulose &
a feedstock
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Lignocellulosi¢eedstocks

AViost abundant form of biomass

ACan be grown on low-value land

Adigh greenhouse gas reductions

Adigh net energy vield Lignocellulose
AGreater yield per hectare

xtractives

Examples:

woody biomass
agricultural residues
perennial grasses

Lignin
(10-29%)

Cellulose
(40-60%)

Hemicellulose
(15-30%)



Feedstock Versatility

Wood feedstock feeds a
range of processes and

products:
MBioethanol
MBiodiesel

Aiochemical products
Adeat fuel

L eads to business
resilience and financial
viability

BIOENERGY

Association of New Zealand Inc



Benefits ofLignocellulosd-eedstock

A Uses resources often wasted

A More efficient in their use of land

| produce more GJ per ha than oil / seed / nut
crops,

| entire plant can be used rather just part.

A Canola to biodiesel = 1265 litres per ha per annum
=43 GJ per ha per annum

A Wood to ethanol = 3640 litres per ha per annu@nzymes)
=77 GJ per ha per annum

A Wood to diesel = 2470 litres per ha per annum (gas +
FT) = 83 GJ per ha pannum
PRAAL,

A Drop-in fuel IR
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Technology Options
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Market Maturity

0.8

ot
()

o
o~

0.2

Emergindgiofueltechnologies

Emerging and
Next Generation Technolbgies

Existing and
First Generation Technologies

l-Waotd Combustion
for Heat

Densification (Wood Chips &
Pellets)

. Starch Bhanol & Bodiesel
Smal Combined Heat & Power

{Combustion)
i Anaerobic Digestion ‘
ning (li ke petro-refining) Biomass Combustionfor
District { Community] Heating
Pyrolysis (Fuels & Chemicds)
1 1 1 1 1
02 04 06 08 1

Technology Maturity
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Technology pathways

Woody Resources Agricultural Plant Resources Elosollds and effiuents
Forests and harvesting resi dus Purpose-grown crops: M unicipal wastes
Municipal wood waste + Comn + Beets D airy factory
Wood processing resid ue + Grass + il seed Wool processing

Horticultural residue Meat works
= Agriculture resikdue: -

Short rotation forestny =
rotation forestry Wheat, oats, barley and =

pea straw Farm waste:

Corn Stover + Piggery
Crop residues * Poulry
Horticulture residues « Dairy

Combustion Gasification Pyrolysis mﬁm;ﬂw ?,. n;:;?:n*:

Heat &

Siomethanal ()///J()
DME {Dimethyl ethen) ()
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Biofuel¢ technology and cost issues

A First generation fuelg feedstock significant component
of overall cost; crop prices highly variable

A Relatively high production costs are a critical barrier to
commercial development although continuous
Improvements are achieved

A Technologies foproductionfrom seedcrops are mature

A Second generation fuels not yet on a commerséille
I Coming competitive as demonstration plant built

A Astechnology improves their role becomes more
Important

A Reduced feedstock costs are a significant advantage

A,
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Biochemical conversion

, Stillage
# waste

// Hydrous ethanol

— Yeast i)
Combustion — >
| Bacteria :
Fermentation

" quuid - glucose

xylose
/|Separation

ENZYMES e N

Hemicellulose

Pretreatment

Size reduction |

Ligno-cellulosic feedstock -
wood, residues, grasses etc.

A
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Biochemical biomas®-biofuels

A Industrial biotechnology

I Lignocellulosic biofuel platforms
I Softwood feedstocks
I Virtual scaleup and bolton

R
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Thermochemical Conversion

. //Filtration
0 ) X Synthetic diesel
Xygen . aviation fuels, etc

[ 1
& Syngas, tars, ash,
Oxygen or air inorganics

Steam _’
Gasifier

Homogenous,
dry particles

¥ |Upgrading

C CBOchains

4

Ligno-cellulosic feedstock -
wood, residues, grasses etc.

l Syngas .
[c:o,H2 + CO,,CH, etc
N t . . . TAAY)
AFr oo 2¥igener ati on Bi ofuel Technol ( eso



Thermochemicabiofuels

A Traditional and emergent technologies
I Woodpellets and boiler conversions
I Densification and stabilisation throudgbrrefaction
I Pyrolysisand gasification
I Supercritical fluid systems




Nonlignocellulosic bioconversion
platforms

A Waste to Energy opportunities
I Algalproduction and harvesting
I Anaerobic digestion
I Oxidative conversion dfiowastes




The future ofbiofuels the 29 generation

I Algae
Athe potential to outperform other potential biodiesel
products such as palm or corn.

Aa 100acre algae biodiesel plant could potentially
produce 10 million gallons of biodiesel in a single year

Aeasy to please; can use waste as a food substrate; higt
yields; proven technology

I Wood Fuel

Athe potential to use wood and agricultural waste
(lignocellulosg; includeaniscanthusand willow

AReadily available; usimyrolysis proven technology

AP,
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The benefits of softwoods

Plant % % % hemi- L/ODT L/ODT Total
lignin cellulose cellulose (cellulose) | (hemicellulose)
Hardwood 20 45 30 270 179 448
(Eucalyptus)
Softwood 28 42 27 249 161 410
(Pinus radiata)
Corn stover 18 35 22 210 140 350
Switch grass 18 31 24 186 144 329
Wheat straw 17 33 23 196 140 336
Rice straw 10 39 15 231 91 322
Sugarcane 24 43 25 256 151 406
bagasse

(,CGL)
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GHG reductions from biofuels
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[ SGQa vy 20 -predudtsH S

A Biomass fuels (straw, husks)
A High protein animal feed; animal bedding

A Crude Glyceri for use in drinks, pharmaceuticals, cosmetics,
toiletries

A Lignin- PVC Additive, Adhesive & Epoxy Resins, Polyurethane,
Carbon Fiber

A Xylose Food AdditivesXylitol, Personal Care Products,
Pharmaceuticals

A Bagasse food containers, paper industry
A palmsoapstock palm acid oil and palm fattv acid distillates (PFAD)




Economic Feedstocks

Residual Biomass to liquid fuels: Cost, risk
and volume

350

300

Municipal
i Processing Wood Waste
-
£ 200 Waste
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o 150 I I
= Agricultural
=il
50 High
|
0 Risk
3.5 Low
Dairy Ethanol - 05 M Waste OF ( .
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Pilot/Demo/Commercial 2néen
| Bifuel Plants
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International policy drivers
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InternationalBiofuelVision

European UniorBy 2030, 25% of road transport fuel franiean
and COz:fficient biofuels

Indonesia- National Energy Policy with 5% target foofuel by
2025

USAc 50%biofuel from agricultural wastes and other non food
sources by 2022

Malaysia- FiveFuel Diversification Policy
New Zealand; 30%transport fuels frombioenergyby 2040

Biofuelsare create opportunities for biomass providernsiofuel
producers and the automotive industry.

AP,
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International Mandates foBiofuels

Countries/regions have established
or intended biofuels mandates...

Canada
5% (e g. ethanol) 2010
2%(e.g. biodiesel) 2012 |

— Rk L ]
/ ey | Eussu |
G E RN France 7%

USA T8 W T Ui | Conmany 575%
P ','*.:'.-
h e | _i._ o 2020

, China
10%% (ethanol) 2020

A\

_4  Mahysia
|5% (bindiesel) 2008
£

“  Queensland
> 5% (ethancl) 2010

20% 2022

e 7 I EUw% [
| - B ¢

Brazil
23% (etharol) 2008|
\ 5% (biodiesel ) 2010

India
2004 2017

Argentina A / / /
.| s%2010 , . A 150073000 km /
T e e O ) S

New Zealand
3.4% 201222
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Implementation driven by Biofuel
Roadmaps
ROADMAP BIOFUEL DEVELOPMENT"

Year 2005-2010 2011-2015 2016-2025
10% of 15% of 20% of
indi diesel fuel consumption diesel fuel consumption diesel fuel consumption |
Biodiesel _ 2.41 million KL > 452 million KL —» 1022 million KL
. 5% of 10% of 15% of
Bloethano' gasoline consumption —> Gasoline consumption | —p Gasoline consumption |
1.48 million KL _ 278 million KL ~_ 628 million KL
Biooil
Utilization of \ Utilization of Utilization of
- Biokerosene tmilon kL _J Ee 18milionkL e 4o7miion KL/
e e oy =527 e e
- PPO for electricity Utilization of - Utilization of o Utilization of
generation 0.4 million KL / 0.74 million KL / 1.69 million KL /

National Standard of Biofuel

Biofuel utilization for Biofuel utilization for Biofuel utilization for
2% of mix energy 3% of mix energy 5% of mix energy
5.29 million KL 9.84 million KL 22.26 million KL

*) As in Strategic Planning on National Energy Development



http://www.asiabiomass.jp/biofuelDB/indonesia/image/cg006.jpg

Biofuel Policieg Typical Areas of Focus

Do To o Do Io Do Io Do

Stimulating demand for biofuels
Capturing environmental benefits

Developing the production and distribution of
biofuels

Expanding feedstock supplies
Enhancing trade opportunities
Supporting developing countries
Supporting research and development
Developing fuel quality standards

A,
(}‘\\
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Biofuel Policieg successes

A Growthin biofuelmarkets and uptake by green
consumers

A Use in transport and as a heating fuel
A Turning waste into new resources; maximising value
A Growth in number obiofuelproducers

A Research assisting growth in feedstock yields,
orocessing techniques

A Research assisting the advance froirtd.2nd
generation technologies (production and use)

A,
(}‘\\
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Obstacles to Growth?

A Technical Challenges
A Resource Limits
A Economic Constraints

A Infrastructure Roadblocks (pumps, pipelines
and people!)
A Consumer Awareness / Mindset

A Securing investment to progress frorfi tb
2"d Generation
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Dealing with the Doubters

A FoodvsFuel debate

i debatestill requires more work and evidence to counteract strongly
held beliefs about the risksthe opportunity

A The motormanufacturers

I blendacceptability varies witmanufacturers
I Dropin fuels the same as mineral fuels

A Fuelusers
I Marketing needs to give users confidence

A Policy makers

I Policies to stimulate demand not create boom bust
situation

AP,
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Commercilalisation of New Zealanc
technologies
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SOll'ay(u ALGAE TO BIOFUEL

ENERGY

A Solray Energy is successfully converting wastewater algae to
renewable biecrude oll

A The algae are subjected to high temperature and pressure in
[2fNFeQa {dzLJISNIJ / NAOGAOFTt 214
A Commercial Viability The plant is capable of producing up to

70,000 litres of crude oil a yea6olray can be scaled to
deliver oil from algae at $US8®O0 a barrel

A Additional benefits:
i Lower cost wastewater treatment
I Nutrient recovery

I GHG abatement by offset fossil fuel use throudiw energy
wastewater treatmendfertilizer recoveryrenewable fuel productl n
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ALGAE to BIOFUEL

sewage
water
output
Encourage
further algae
growth in
racetrack
ponds Harvest 1

Algae

SOUaY.»,

Association of New Zealand |



Aquaflowalgae tobiofuels

A Removing algae from Municipal Wastewater

A Restoring Health of Natural Waterways
A nutrient levels elevated by industrial or agricultural waste

A Upgrading Water Quality

A Sequestering nutrients from certain industrial
waste streams
A Capture CO2 and nutrient laden industrial waste streams

A Producing fine chemicals from wild algae

A Convert wild algae into Green Crude " by processing
with catalyst, temperatures and pressures similar
to natureds own conditions

A Producing biofuels from harvested algae
A refining Green Crude " into various fuel blends

0o% ()

s~

[N OF NERGY




Scion ethanol project

Focuses on the key techvezonomic requirements for softwood
conversion:

I High yield, cost effective recoveries of fermentable sugars
I Minimise enzymatic and fermentative inhibition

I Maximise the downstream value of lignin-pooducts

AGRONOMICS  preTREATMENT ENZYMATIC FERMENTATION DISTILLATION
BIOMASS SACCHARIFICATION W22Y
COLLECTION
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