





Changes in Greenhouse Gases
from ice-Core and Modern Data
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Mill Closures

ABSK NB ON QG N N
—= Job Loss 10 697 1122 1,524 8,852 11,453 2,669 | 482 200 33
—e—Closures | 67 14 66 89 16

—=Job Loss —e— Closures
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danuary 2. 2009 Updated end of day. Decamber 31, 2008 Updated and of day.
Total Daily Elecronic Volume: 2000 mt CO2

CCX CFI CLOSE CHAMNGE ECX CFI SETTLE CHANGE
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CE1 2010 £1.70 g To view all Inted contracts click here
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Why Forest Bioenergy?

Forest health (e.g. fire, insect, disease)
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Net import
Gross

Biodiesel dependence consumption
policies Ethanol policies

Import

Essentially no Net exporter,
fossil fossil rich




Municipal &
Industrial Waste

Agricultural
Crops & By-products




ForestResidues
1% Black Liquor
1% Wood Industry

Residues
5%

MSW
& Landfill Gas
3%




Sustainable
biomass
potential

(2050)

(v) Agnculiural producivty
mprovement

(i) Energy crops without exchsion

() Energy crops with exdusion

(W) Surplus forest producion

() Agncultural and forest residues
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A bioenergy deployment synthesis model

What lessons come from analysis of drivers, challenges and indicators?

BIOENERGY
DEPLOYMEN

Drivers
SJ9ALI(

Bulioliuo

Indicators

Adaptive framework context
* Policy evolves in response to measures of success or failure
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~3 TWh
Imports

Chipwood By-products
1 TWh 5 TWh

Black liquor, Pine
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— Ethanol
— Wood pellets

— Palm oil &
agricultural
residues

Figure 7: Main international biomass for energy trade routes. Intra-European trade is not displayed for clarity. Source: Junginger and Faaij, 2008.




Bioenergy policies: Targets

Biomass and bioenergy

Mai Biofuel
Country ain strategy e iofuels target
Denmark -
: Double to 415 PJ by 2025
Finiand from 1995
Double power gen. to 25%
Germany by 2020 (CHP)
5.75 % share by 2010
Netherlands | Heat, power, CHP, SIS AN EC A
and/or district from 2006
Norwa heatin Double to 100 PJ by 2020
y < from 2006
Sweden 50% increase to 576 PJ by
2010 from 2006
United 348 PJ future potential
Kingdom (150 PJ present use) 5% share by 2010
Canada None
Ethanol 5% of nation’s power and 13% share by 2010,

United States

(corn and cellulose)

25% chemicals by 2030

30% share by 2030




EU Climate policy

mate Action EU-27 efforts in Renewables
- Emrw fnra Cranging Worl Increase for each Member State

EU’s 20/20/20 targets

Demand for forest biomass has been growing faster than supply in
some areas across Europe

Availability and proper use of harvesting technology to meet the ,,
growing demand
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Assumptions

Forests will continue to be a globally important
bioenergy feedstock... can we get greater penetration?

The public will demand that forests be managed
sustainably... and that bioenergy be sustainable
along the whole supply chain (forest to energy consumer)

Concepts of sustainability along the whole supply
chain involve complexities of:

— scale (management unit, landscape, regional, global)

— direct and indirect Land Use Change

— cross-sectoral impacts and tradeoffs (food vs fuel vs fibre)
— applying C&l for environmental, social and economic values
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Critical Components of Sustainable Bioenergy Production Systems

Environmental
Sustainability

Consumer
Demand

Sustainable Sustainable % F T T -
£ - Manufacturing/
Production of | .. ivees o Forest r . -
= ¥ ¥ Operations g 4418 Enelrgy Production
Products 4&

Product Delivery
Logistics

Rural
Economic
Development

Martin Holmer, 2001 IEA Bioenergy Task 31



Economic

# Sustainable biofuels are economically viable
# Sustainable biofuels contribute to local/rural
economic prosperity and the livelihoods of

local residents

# Supply chains are established and mature
for efficient delivery of raw material and
final product to market

# Feedstock supply is adequately addressed

# Biomass harvest operations are efficient and
cost effective

# Next peneration biofuel technologies are
mature and cost competitive with existing
energy conversation technologies

Social

# Land tenure and rights are clear and
established before biofuel production takes
place

# Biofuel production activities are planned and
executed in a transparent and participatory
manner involving all relevant stakeholders

* Biofuel production contributes to the social
and cultural development of local, rural and
indigenous communities

# Biofuel production dos not impact food
production

7 Workers" wages and working conditions
are protected

# The public supports biofuel development

Environmental

#Biofuel production contributes to a net
reduction in greenhouse gas emissions

# Ecological resistance and resilience at the
landscape level is maintained or enhanced

# Biomass production does not degrade soil and
water resources or the productive capacities of
ecosystems and landscapes

# Biodiversity is maintained or enhanced at
landscape, species and genetic levels

Institutional

* Biomass and hiofuel policies are consistent
with international commitments

# Domestic laws are in place to regulate
sustainable biofuel production

# Forest, agriculture and energy policies
address biofuel production

# Policies are consistent across federal
ministries and do not conflict with
provincial policies and regulations

# Information is available on the status and
use of biofuel resources

# There is the capacity to monitor, repulate
and manage biofuel production and
consumption




Can we ensure whole-tree harvesting at landscape-scales is sustainable?

Northern Maine — early 1980s






Pre-commercial thinning Whole-tree material at roadside

What challenges (technical, non-technical, policy, etc.) must we solve
to develop sustainable forest bioenergy production systems?

Logging slash from final harvest Hybrid poplar
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Logistical character of forestry

Forest industry

Tertiary production

Forest operations & transports
Secondary production

Lines (network flow)

Forest
Primary production

Areas

Points

Source: Bjérheden
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Requires efficient integration

STUMPS
Potential 60 - 80 m® 25-35odt
For energy 50 - 60 m* ., »- oat
ARR Ai‘i
BUNDLING OF FOREST RESIDUES

STAND:
Round wood 250 m® 105 odt

Forest residues 100 m’
42 odt

At least one third

of the logging residues and

stumps will be left in the

forest as a fertiliser 1 hectar p—
/ HARVESTING »e

ROUND WOOD

WITH BARK - TR AN . \

FOREST '«

RESIDUES
R - m
105 odt 40-60m° 47-51 odt

Bark, sawdust and
other wood residues i

IE |

N SAWMILL/PULP MILL 190 - 210 m*  TOTAL WOOD FUELS
E.Alakangas 150-180 m’ = 300 - 360 MWh 63-76 odt

80-90 odt Heat production = 170 - 200 MWh
Electricity production = 85 - 100 ngl1




Pathway Link to Resource Base

Target | DOE/USDA

1+ Billion Tons of Biomass Resources Available for

Bioenergy and Bioproducts Billion Ton
(Excludes conventional Food/Feed/Fiber) . .
7Y Vision Paper
| |
Biomass from Biomass from Other Secondary and
Currently Agricultural Tertiary Biomass from
Forest Lands Collected
Lands Ag. and Forest Lands
and Used
(R 1 1
i Wood and Residues 1.2 i MSW and
: to Pulp & Paper and | 6,7 Grain Crops| *» ! Urban Wood N ical Feasibility
! Forest Product Mills \ ! Waste By <
| |
' | Animal
| Oil Crops \ —
l Fuel Wood P |3 . Manures
’ ;
T T ""}Y""" Food
. Q— Processing
Logging and — Agrlc.ultu?al\ 4 Wastes
Other Removal Residues
Residues
N “Pathway”
Fuel Perennial Identification
Treatments Grasses
Numbers
> 5
Woody : 35
Crops Source: Russo




Forest Sector Biorefinery Pathways

Conversion Pathway
Options Under
Consideration (each has a
B Milestone - cost target )

Program “A”

Biorefinery Pathway Feedstocks Partners Milestones

Pulp
and -
Paper Mills

Wood
Mill
Wastes

Forest
Product —
Mills

Wood
Mill
Wastes

Forest . “““L"

ReS i d u e Treatments

New Fractionation Process for
Hemicellulose Removal
Products from C 5/C6 Sugars
Black Liquor Gasification
Products from BLG Syn Gas

*Georgia-Pacific
*Agenda 2020

Pyrolysis Oil Upgrading

Complete systems level
demonstration and validation of
all technologies to improve
corn wet mill facilities using
corn grain feedstock

*None

Biomass Sugar Production
Products from C 5/C6 Sugars
Products from Lignin
Biomass Gasification
Products from Synthesis Gas
New Fractionation Processes
Products from New Process
Intermediates

Biomass Sugar Production
Products from C 5/C6 Sugars
Products from Lignin
Biomass Gasification
Products from Synthesis Gas
New Fractionation Processes
Products from New Process
Intermediates

Complete systems level
demonstration and validation of
all technologies to improve
corn dry mill facilities using
corn (and other ) grain
feedstock

Complete systems level
demonstration and validation of
all technologies to improve
natural oil processing facilities
using oil crop feedstock

Complete systems level
demonstration and validation of
all technologies to improve
processing facilities using
agricultural residue feedstocks
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Combined
Heat &
Power







dual tree and stand levels
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Precommercial thinning Whole-tree material at roadside

Logging slash from final harvest  Hybrid poplar energy plantations






B Municipal Wastas
B Agriculture
W Forestry

Love,  Robimson, Hoogwik \ BIDCAP /!
1950 1987 st al, 2005 \ 2006




Aarculture
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B Hardwood rcadside residue

m Softwood roadside residue
u Softwood & hardwood mill residues

Units:Million dry tonnes/ year
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74 What might enable deployment of bioenergy
4,,_ productlon systems using forest fuels
k in North America?

Sustainable high rates of biomass productivity

; Competitive biomass procurement and transportation
“e.%  systems

¢ Competitive cost of capitalization

SIAR.
[ ]

Local factors may differ...
e.g. forest growth rates, production costs,
skilled labor, affordable capital, efficient equipment
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Operational Research challenges

Local analysis of fuel assortments and their distribution to
customers with varying demands

Development of new supply structures (e.g. the use of terminals
and their location)

Optimizing the use of machinery depending on different
productivities and varying environmental demands and conditions

Optimizing supply depending on environmental restrictions —
possibility to find consensus for biomass utilization

Optimizing fuel supply to limit competition for fuel resources

Optimization of forest resources and how they can be grown to
optimize the use of forest biomass

Land use planning (optimal use of scarce space to grow e.g.
forests, SRC, SRF and agricultural crops)

46



0O Small scale energy use
m Misc. for energy

@ Stumps for energy

B Stemwood for energy
0O Logging residues for energy
0O Whole trees for energy

m Delimbed trees for energy

@ Industrial roundwood
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Transportation of woodfuel fractions

Forest Energy is local energy. In general,
economically sustainable transportation distance
in less than 100 km

(except pellets)

PELLETS

Bl . " 4

Proportion of solids in forest fuels. All loads have the same solid content. (Modified
after Nilsson 1983).
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Moisture content in long distance transportation

27 tonnes Brittish chip lorry
70 £ per hour, 2 hours per roundtrip

—— R R T e e
.., L ‘ I"I.":.{. A “ Y .. mbi “

o L T L S P T s

- ;'_#-'_":-"'L R FH LN et g e LA R

B 14 tonnes of water [l B oAt e

‘00 '00

32 m3 45 m3
850 kg/m3 600 kg/m3
71 MWh 108 MWh
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Fuel quality improvements through

Optimized supply chains
Optimized storage
management

Right material to the
right customer




Optimized supply chains:

Small scale systems in Central Europe
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Fuel quality improvements through

Optimized supply chain

Optimized storage
management/methods

Right material to the right
customer



i
s

:
-
BEENE - BogEE

»

1

s
=R e =
i e

2| E










long-term Enterprise strategic planning
4

v

mid-term Multi-site centralized SC-S&OP

Mill 1

short-term | | Procurement |_ Production |_ | Transportation|_ Order
scheduling scheduling | | scheduling acceptance

Mill 2

_ Procurement Production Transportation Order
short-term . i A i . -
scheduling scheduling scheduling acceptance

Mill n

Procurement || Production | Transportation|, Order

short-term scheduling scheduling scheduling acceptance

Flow of goods Information flow







Opportunities for collaboration

[EA Bioenergy S, Task 31: Biomass Production for Energy
E SRR from Sustainable Forestry

TASK 43

Biomass Feedstocks for Energy Markets
New Task for
the New Triennium 2010-2012

Supply-chain, Operations and Technological Assessments
 Antti Asikainen and Dominik Rdser,
Finnish Forest Research Institute (METLA), Finland.

» Bruce Talbot, Norwegian Institute of Forest Research and
Danish Centre for Forest, Landscape & Planning.
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COST Action FP0902

Development and harmonisation of new operational research and
assessment procedures for sustainable forest biomass supply

Dominik Roser
Finnish Forest Research Institute, Metla

Objective:

To harmonize forest energy terminology and methodologies of forest
operations research and biomass availability calculations thereby
building the scientific capacity within forest energy research and
supporting the technology transfer of the forest biomass procurement
chain and sustainable forest management.
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COST Action FP0902 linkages

e Biofuels
TECHNOLOGY PLATFORM

Forest-Based Sector "a"

Toehrmnlogy Matform ﬁ

FPInnovations@

The Global Network for
I U F R?)) Forest Science Cooperation

®0c¢

Biomass Energy Europe

. Task 31: Biomass Production for Energy
- from Sustainable Forestry
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Value-Chain
Optimization

ForValueNet

Innovative
Wood Products
Network

SENTINEL
Bioactive

Paper Green
Network Fibre

Network

Biomass
Conversion
Network

Biomaterials
& Chemicals
Network

ArboraNano
BLNCE
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