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Objective

To promote sound bioenergy development that is driven by well-informed
decisions in business, governments and elsewhere. This will be achieved by
providing to relevant actors:
* timely and topical analyses,
* syntheses, and
« conclusions on all fields related to biomass feedstock, including:
* biomass markets and
* the socioeconomic and environmental consequences of feedstock
production.
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Work scope for the Task period 2010-2012

The Task covers all aspects of feedstock, its markets and environmental as
well as socio-economic impacts. It has a global scope and includes
commercial, near-commercial and promising production systems in
agriculture and forestry. The Task will be concerned with issues related to
the linking of sustainable biomass feedstocks to energy markets, explicitly
considering environmental and socioeconomic aspects. Systems analysis
Integrating several disciplines will be used to conduct analyses that allow
evaluation of alternatives across sectors and explicit examination of issues
related to tradeoffs, compatibility and synergies between food, fibre and
energy production systems and related markets.

One central aim is to achieve strong outreach and impacts as a result of
Task activities.
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Work programme -- organized to effectively address the questions:

« How can we further develop and implement feedstock production systems to provide
attractive solutions for energy security, climate change, and sustainable development?

« How can policy and market based instruments effectively promote sustainable development,
and how can science-based sustainability criteria and standards be formulated to take into
account the vast regional variation in conditions for production of different feedstocks?

» What are costs and gains associated with productivity, competitiveness and environmental
performance of feedstock supply systems and how do they impact deployment and market
penetration of the systems?

« What are the motivations, opportunities and capabilities for producers in agriculture and
forestry to change from conventional production systems and deploy or integrate sustainable
bioenergy production systems in response to new demands?

« What are necessary and sufficient conditions for financial investment in developing
feedstock production systems?
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Overall message—

Mobilising Sustainable Bioenergy Supply Chains

The foundation for mobilising sustainable bioenergy supply
chains should be a competitive business case that is efficient
along the whole supply and value chain from the growing side to
energy markets and consumers.

Sustainability criteria can often be viewed as constraints on the
system, but also provide an adaptable framework that provides
an opportunity for all actors to engage and contribute to
sustainable deployment of bioenergy systems.

Challenges to resolve:
 Develop competitive supply and value chains

* Quantify (+/-) sustainability impacts of bioenergy supply chains

« Simplify governance of supply chains



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

Market penetration depends on:
* Energy market development and penetration

» Forest supply chain complexity and cost
» Confidence in feedstock inventory estimates
* Development status of major conversion technologies

 Sustainability considerations



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

Market penetration depends on:
* Energy market development and penetration

Sustainability considerations



THE NATIONAL PICTURE
16% of Canada's electrical power BEHEMOTHS COMPARED

came from coal in 2009 WHERE THEY GET THEIR POWER

ELECTRICITY GENERATION FOR CANADA IN 2009: 542,210 GWh* *J ONTARIO, 2009: 144,400 GWh

Hydra
Other I |'Clther |'Cual 278

renewables 5,450 86,200 GWh
6,660 Gwh Biomass
1% 2,080

>1%

Mote: numbers may not
*GWh= gigawatt hours add up due to rounding.

CREDITS: JOSH WINGROVE, TONIA COWAN, CARRIE COCKEURM/THE GLOBE AND MAIL I PHOTOSTOCK B SOURCES: EPA, ENVIRONMENT CANADA,
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Requires efficient integration

STUMPS
Potential 60 - 80 m® 2°3°0dt

For energy 50 - 60 m® 0.5 oqt
BUNDLING OF FOREST RESIDUES

STAND:
Round wood 250 m?® 105 odt
Forest residues 100 m®

At least one third 2wl
of the logging residues and
stumps will be left in the

forest as a fertiliser 1 hectare

/ HARVESTING

ROUND WOOD
WITH BARK

RESIDUES
250 m?® Forest chips
l 17'25 Odt ; 110 _ 120 m3
105 odlt 40 - 60 47-51 odt

Bark, sawdust and
other wood residues i

-y

vz 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 MWh
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» Confidence in feedstock inventory estimates
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® Hardwood roadside residue
u Softwood roadside residue
u Softwood & hardwood mill residues

Units: Million dry tonnes/year




1980 1991 1992 1993 1984 1995 1986 1997 1998 1909 2000 2001 2002 2003 2004 2005
Year

m—Harvest Total ===—=AAC Total ==Harvest Softwood === AAC Softwood —Harvest Hardwood AAC Hardwood

Figure 5.3a Allowable annual cut versus actual harvest (provincial crown land), 1990—2005 (million m3) (CCFM,
2008).

Criteria and Indicators of Sustainable Forest Management in Canada: National Status 2005

Data updated: January 2008
@ Canadian Council of Forest Ministers




Forest residue availability on a percent basis
under a cut-to-length harvest system

Considering operational, sustainability and conversion technology barriers

Total stand biomass Mill
100% Pulp & paper, id
~—=Bbles (65%)—> saw & panel 4"“*5'4’“35
mills Surplus mill
Crown (35%) residues 0%
Operational
limitation >
-30% of 35%
Recoverableresidues
< 24.5% <
E & %,
s i i a
S 2fg %
SE ] e,
2 3| (A
o& E :ﬂ"; ON
s 35 N
Y SR N
Sustainably Y <
removable residues Sustainably Sustainably
0% remoavable residues removable residues
/ 12.3% 1 24.5% \\
_ / 5
Accepts only o S - fio ~% 1F100% of
1h7a;;|w:toctlsl >384 1k éi,{f? LA feedstock can be
% of tota % j‘: £ -E’/g accepted
= /

Final available
residues
24.5%

Final available Final available
residues residues
12.3% 4.1%

Final available
residues
2.1%

Conversion
arrers

How applicable in major forest regions of Canada?

Source: Smith et al. 20009.
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Market penetration depends on:

* Development status of major conversion technologies

Sustainability considerations



Conversion pathways -

feedstocks to bioenergy and bio-based products

Feedstock?! Conversion routes? ' Heat and/or Power

i c i 3 i ] - -
Oil crops (rape, sunflower, etc.), (Biomass upgrading =) + Combustion LIQUId fUEIS
waste oils, animal fats

Transesterification or hydrogenation 'l/ Biodiesel

Sugar and starch crops
’ (Hydrolysis) + Fermentation // ‘..-
-
Lignocellulosic biomass (wood, —_ ‘ e “ A .
straw, energy crop, MSW, etc.) Gasification (+ secondary process) ’ Sl D IRCues el

Bioethanol

Biodegradable MSW, sewage <] yrolysis (+ secondary process)
sludge, manure, wet wastes B2 \ Other fuels and fuel additives

(farm and food wastes), ; AD?(+ biogas upgrading)

macro-algae

Gaseous fuels

Other biological / chemical routes Bi h

Photosynthetic micro-organisms, lomethane
e.g microalgae and bacteria B )

8 g Bio-photochemical routes Hydrogen

1 Parts of each feedstock, e.g. crop residues, could also be used in other routes
? Each route also gives co-products
3 Biomass upgrading includes any one of the densification processes (pelletisation, pyrolysis, torrefaction, etc.)

4 AD = Anaerobic Digestion

Source: E4tech 2009

IEA Bioenergy: ExCo:
2009:05
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Densification S MAIN REPORT |

Biomass to Heat

Combustion

Gasification

Co-firing

Anaerobic
Digestion (AD)

[ Biomass densification techniques [ Biomass-to-heat [ Biomass-to-power or CHP

THydrothermal upgrading; 2 Organic Ranking Cycle: 3 Integrated gasification fuel cell: % Integrated gasification combined cycle (CC) f gas turbine {GT
pgrading g Y g g g 9 cycl g
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Forests will continue to be a globally important
bioenergy feedstock... can we get greater penetration?

Market penetration depends on:
* Energy market development and penetration

» Forest supply chain complexity and cost
» Confidence in feedstock inventory estimates

* Development status of major conversion technologies

 Sustainability considerations
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esign low-impact systems
 ldentify risks to soils, water, biodiversity,
GHG balances
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+3 g e Develop standards and C&l for SFM
o e o « Environmental
£ o 8 « incl. LCA
e Economic
e Social

TN

,@ Commit to certification of whole

e @ value chain

T, | @ // \'\f

Graphics source:
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Classify sites by management intensity

Bioenergy production Silvicultural system
Minimal fUnmanaged
Conservation, w Salvage,
wildlife, © Improvement cuts
Aesthetics etc C>) Selection
Incidental objective = 8 N\

PI2)

a = 8 -
Conventional v O Selecion
Industrial wood % — gﬁeﬂ lee :
Incidental objective s— CIC) Cl B erv;/tt_)o
Incidental O = earcutting

— & \_
T S5
c C
Conventional plus @®© @ Clearcutting
Industrial + bioenergy c = Seed tree
Secondary objective g 0p) (including thinning)
L B
m
: Clearcutting
Bioenergy crops )
Short-rotation crops Lopiice system;
Intensive wood-fuels (wood-fuel collection)
Primary objective

Mead & Smith, in press



Classify sites by site quality

[ Quality of site? ]

\ 4

f Survey & |
L classify J
\ 4 \ 4
Very High High to moderate Marginal Low Very Low
No limitations Fertile to average / Infertile / moderate Infertile / known Very low fertility /
small to moderate limitations deficiencies / major shallow <25 cm /
limitations limitations major limitations
\ 4 \ 4
Full tree Full tree No bioenergy
harvesting? harvesting? production
Intensive Intensive
4 bioenergy? bioenergy? Y
Limited or no Limited production
monitoring, despite y No bioenergy
harvesting intensity No No Yes
\ 4 A 4
Long-term Regular monitoring Intensive
monitoring Limited fertilizer monitoring
Fertilizer inputs inputs Regular fertilizer
unlikely inputs

Mead & Smith, in press



Various intensities of approaches o
to classifying remote forest cover B
and soils ]

Jack Pine - Mixedwood Sequence on Sandy o Coarse Loamy Soil

Po— Fj— Sb-Bw Sb—Fj Sb—Bw-Bf

- @ 4 a

Mixedwood Sequence on Coarse Loan

Pa Po - Pj - Bf — Bw

Site type 3b

Sources: OMNR 1997, CFS 2006
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Soil Order Map of Canada
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Many studies only through crown closure

~ —_ < Soil Nutrients
~
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Microclimate

\

Stand Development Stage

Stand Stem Exclusion Canopy
Initiation Transition

Fleming et al. in prep




Extraction

Disposal Processing
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GHG emission (MtCO,eq)
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A few points about certification systems...
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Overall message—

Mobilising Sustainable Bioenergy Supply Chains

Mobilize sustainable bioenergy systems by developing a
competitive value chain from the forest to energy markets and
consumers.

Sustainability criteria provide an adaptable framework to
deploy sustainable bioenergy systems.

Challenges to resolve:
 Develop competitive supply and value chains

* Quantify (+/-) sustainability impacts of bioenergy supply chains

« Simplify governance of supply chains
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