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Current Eucalyptus Value Chain ’

- Pulpwood and sawtimber

- Eucalyptus, Acaciand Pinusspp ¢ 50 million ha

- 20% of wood harvest

- 0.33% of global land area

- Eucalyptuamost planted for pulp production
- Pulp

- 50% of all short fibre traded

- Shipments up 10%

- Demand for BEKP 10.3 million tons (20%)

- World market pulp capacity 52.6 million tons

and Eucalyptugs 10.8 million tons

- Sawtimber
- 6 million m3 ¢ small share




Share of Eucalyptus in International {@\
Trade of Short Fibre Wood Pulp N4
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ROCE of Top 100 Paper Companies

2006 - only 16 companies had ROCE greater than 10%
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Drivers of Change
. ) 9

- Climate Change
- Price, and Security of Fossil Fuels and Chemicals
- Disruptive Technologies




Climate Change and Global Warming
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Potential Impacts on Climate Change
p e Q)

- Declining growth yields and increased mortality
- Catastrophic outbreaks of pests and diseases
- Increased incidence of large scale forest fires

- Forestry ecosystems with 15 to 40% of species
facing extinction

- Supply of water other raw materials and energy

- Decreases In productivity - deaths from disease,
malnutrition and heat stress.




Climate Change and species distribution
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Future Temperature and Precipitation
Fairbanks and Scholes, 1999

Future Temperature

- Using HADCM2 two scenarios modelled
- no change in rainfall
- predicted change in rainfall

- Model predicts general aridification over southern Africa
- Increased annual mean temperatures of 2.5-3.5°C
- E.grandis40 ¢ 80% reduction in area and range




Price and Security of Fossil Fuels {@\
~and Chemicals N4

- The worlds crude oil reserves will not last forever

- Imports constitute 65.5% of the U.S. oil supply -
15% higher than import share in 1973 prior to the
oll crisis and embargo

- Paradoxical situation
- Although petroleum is being consumed faster than ever
- Proven oil reserves at same level for last 30 years

- This week oil prices reached high of $83/barrel
- Political uncertainty
- Adverse environmental conditions




Crude Oil Prices ¢ 2006 Dollars
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Reliance on fossil fuels - Feedstock ‘@'

- 96 % of all organic chemical substances produced in
Europe (including fuel) based upon fossil fuel resources

- US approx. 1 billion barrels of oil equivalents used
annually to produce industrial chemicals and materials

(ACC 2002, EIA AER 2001).

- Includes feedstocks for organic chemicals, plastics,
synthetic rubber, non-cellulosic fibres, and ammonia-
based fertilizers

- > 55% of feedstocks used at refineries for non-fuel
products for production of petrochemicals sold to the
chemical industry as intermediates for plastics and

other products (ia 2001).




Disruptive Technologies

- Focus on e-Technology with respect to:

- Storage
- Communications
- Packaging

What is eTechnology?
Use of new, automated, electronic
delivery channels, to enable more
efficient, effective, economical and
Interactive communication and processing
of information

(Adapted from Cranfield School of Management Information Systems
Research Centre (ISRC), 2001)




Information Storage

Hard Disc Drive Evolution
- 1stCommercial disc drive 1957
- Data density increased 1.2- 1000
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Information Storage _

- "By 2005 we'll be able to store all of the data in
existence on just the hard drives shipped in that
& S NX Parkinj 8&n Rsliow, Stanford)

- Sales of £380 billion in 2006

- Price per megabyte for hard-disk drives
- $11.54in 1988
- $0.04 in 1998
- $0.02 in 2001
- Future $0.003
- Information to knowledge systems
- relational databases
- powerful search engines
- common protocols




Extended internet

"~ Growth and accessibility of the
Internet

- Linking rapidly increasing number of
URLS

- Accessed by increasing variety of
devices

- 3"d generation search engines
- find, customize and purchase articles

- + 500 billion documents on the
Internet

- = 550 million Web searches per day
- Advertising

- worth £%$4 billion a year
- growing at annual rate of 35%

- Indexed Web pages
- Google.com >5 hillion

WWW.miniusa.com
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e Books
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Electrophoretic Displays

- Based on Thin Film Transistor (TFT)
array with electronic ink

- Layer of microencapsulated
electrophoretic ink and polymer
binder coated onto polyester/ITO NP e
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Intelligent and Active Packaging

Intelligent packaging
- Packaging which senses and informs
- Detection of:
- time
- temperature history
- microbial growth indicators
- Thermo and gaseous chromatic inks

Active packaging
e.g. O, scavenging

- matrix polymer, an oxygen scavenging
component and a catalyst that triggers
oxidation.

- active for periods of up to 2 years - adhesive layer on |
- " e bl OUTSIDE wick
protection to O, sensitive products \H 1y "

T ‘ l INSIDE ;I'J

packaging film volatile aminces




Future Eucalyptusvalue chain
. yp ‘@

- Carbon sequestration and trading
- Blo-energy
- Bio-chemicals




Greenhouse Gas Emissions by Source
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Climate change ¢ the Challenge
. ge ¢ 0 ‘@

- Stern Review
- Emissions driven by economic growth

- Strong early action outweighs the cost
- Annual costs of stabilisation

- 500 ¢ 500 ppm CO.e
- 1% of GDP by 2050

- Abatement potential of all economic sectors
- 26 Gt CO.e per year by 2030

- Cost of €40/t CO,e




Emissions from forestry and abatement [
opportunities ~ marginal cost of u40/ton CO, e ’

- Avoided tropical deforestation W
of the 2030 gross deforestation rate of 6.4 G§CO

- Underlying realisation rates are 75% for Latin
merica, 50% for Africa and 25% for Asia

- Forestation of 3.5 GtC{per year
by 2030
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- New forestation mainly in South
merica and Africa
c o c
c .8 .8 Hm o
o =] = k=
> = S gCG 5
=) 49} n 0 . n
z 2 e g5 ¢ =
c
g 8 2 2 2 £
°c § £ %, 8» B_. % ®, ®E BE
N [3) o =2 L =5 20 B8O B .L $ o o =
o N - ™ o = o oo 2o L - il = ®» ©
Q o < Q = I = =Ne) ° 0 o o o2
I3V e Pa) I3V < << — < L o < o < N ©
Global Mapping of Greenhouse Gas Abatement Opportunities up to 2030. Forestry sectalideegattenfall, January 2007




Evolution of the volume of CO, traded
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- In 2006 the value of global carbon market > $30 billion
- EU ETS $24.4 billion in emissions offsets traded
- In 2008 with 2"d Kyoto compliance period - $50 billion




Bio-energy ‘@’

- This is a primary challenge for the future

- Growing consensus that fossil fuels CO2
emissions will have to be controlled

- Bush said in his 2006 State of the Union speech
a! { aKz2dzZ R NBLIX | OS 71 p2
biofuel6 € HNHPpE

- U.S. Dept. of Energy earmarked $375 million to
fund bioenergy research centres

- Biofuels and other forms of renewable energy
alm to be carbon neutral
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Bio-energy - US national vision goals )

Year Current 2010 2020 2030

BioPower (BioEnergy) 2.8% 4% 5% 5%
Biomass share of electricity (2.7 quad) (3.2 quad) (4.0 quad) (5.0 quad)
and heat demand in utilities

and industry

BioFuels 0.5% 4% 10% 20%
Biomass share of demand for(0.15 quad) (1.3 quad) (4.0 quad) (9.5 quad)
transportation fuels

BioProducts 5% 12% 18% 25%
Share of target chemicals
that arebiobased

a) 1 quad=1 quadrillion BTU=1 German billiarde BTU; BTU=British thermal unit; 1 BTU=0.252 kcal, 1 kW=3413 BTU, 1 kcal=4.186 kJ
b) Biomass Technical Advisory Committee




Bio-energy - EU national vision ‘@'

Year 2001 2005 2010 2020¢2050
Bioenergy 7.5% ¢ 12.5% 26% (2030)
Share of wind powephotovoltaics 58% (2050)

biomass and geothermal electricity and
heat demand in utilities and industry

Biofuels 1.4% 2.8% 5.75% 20% (2020)
Biomass share of demand in

transportation fuels (petrol

and diesel fuels)

Biobased Products 8% - - _
Share of target chemicals that
arebiobased

From BioVisionH n o n €




Bio-fuels

- Enzymatic hydrolysis to

convert glucose from cellulose
- Enzymatic fermentation and

distillation sugars (xylose)
from hemicellulose

-  Benefits:

- Petro-Canada and Shell Global
Solutions and logen Corp. build
the first cellulose ethanol plant

Energy efficiency

Raw materials consumption
CO, emissions

Production Costs

(180 klitre)

Ethanol (Billions of galiyr)

S EXISTING EMERGING ADVANCED
30 -
Advanced Sugar Platform Fundamental
Corn Mills - New enzymes advances in
25 - Pretreatment lighocellulose
- Fermentation processing and
fermentation
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Bio-chemicals )

- 180 billion tons renewable biomass produced
annually
- 75% carbohydrates
- 20% lignin
- Remainder fatty acids, proteins, turpenoids, alkaloids
- Only 5% used for conventional purposes e.g., food,
fibre, structural, paper, heat
- Renewed interest in synthesis of chemicals from bio-
resources




Products of a lignocellulose biorefinery
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Bio-chemicals and biotechnology J

- Rapid advances in plant and industrial biotechnology
and convergence with chemo thermo-processes

- Key drivers:
- Technologically feasible
- Growing acceptance by public
- Reduced reliance on fossil fuels

- Long-term developments underway $160 billion
Impact on chemicals by 2010

- Today 5% of sales rely on biotech processes

- Could reach 20% by 2015




Conclusions - Current Value Chain ‘@,

- Most of Eucalyptugdestined for the pulp and paper
sector

- Returns have been lethargic

- Still highly fragmented (top 5 companies £25%
turnover)

- High capital, energy intensive and raw material
demanding

- China?

- Of course there are still opportunities




Conclusions - Future Value Chain ‘@,

- Important Questions
- Is the future and opportunity or threat?
- How responsive will we be in positioning ourselves
- Will we be able to develop the next generation of
processes and products?

- Opportunities
- Emerging CO, market
- Growing bio-energy and bio-chemical market
- New alliances




