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e potential benefits and
drawbacks

e what we know — Nordic
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e current Ontario trials
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PERD objectives




Canada's Total Electricity Generation in 2012
=616 TWh

Generation source by % shown

H Coal
B Natural Gas
® Oil / Others
Biomass 1.4
B Nuclear Power
B Hydro
Wind 1.8 M Biomass
Solar 0.1 = Wind
Tidal 0.1 = Solar
Natural Gas 9.8 Tidal

Nuclear Power 14.5 Oil / Others 1.7

Total electricity generation in Canada
Statistics Canada, 2012

“Barbecue again?"

Non-hydro renewable fastest growing
source of generation in Canada

ecoEnergy for renewable power
ecoEnergy for biofuels

Green Energy Act
OPG Coal Phase Out
Forest Sector Prosperity Fund/Loan Guarantee



Biomass/ash in Canada/Ontario

2000 - 5 projects (commercial/institutional/district heating)
2014 - 200 projects

2013 - pulp and paper mills, 39 biomass cogen plants (1600 MW)
- iIndependent producers (540 MW)
- 77 biogas facilities

Atikokan 205 MW, Thunder Bay 60 MW, Hornepayne 15 MW
(Office of Energy Research and Development, 2014)

2002 — 775,000 tons of ash from pulp and paper mills
~ 80% landfilled (Elliot and Mahmood, 2006)

Challenges: Ash storage, disposal, usage, handling, transporting,
spreading (James et al., 2012)
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Biomass boiler ash — high pH (8-13)

Gas Cleaning Eb oy e S Fly ash

Reactive, small grain size,

Tem peratu re = Cool Water
Feedstock o SO High in Ca, Mg, K, Na salts and oxides

Loose vs hardened ash Lowin N and C

i Combustion
Fuel & Alr 1 Chamber

Bottom ash
Less reactive, large grain size,
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Bottom Ash

http://www.esru.strath.ac.uk/

Fly Bottom
As mg/kg 30.4 7.2
Cd mg/kg 23.5 1.9
Cu mg/kg 146.3 87.6
Pb mg/kg 182.6 40.9
Zn mg/kg 4402.8 508.8

Swedish University of Agricultural Sciences wood ash database
http://woodash.slu.se




Potential environmental benefits of ash

e nutrient compensation - “recycling of nutrients
should be a fundamental principle in sustainable
forestry” (Saarsalmi et al., 2001)




Potential environmental benefits of ash

e reduce soll and surface water acidification —

amendment of soils depleted of base cations (Ca,
Mg) due to acid rain, “calcium depletion”
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Northern hardwood forest
Declines in soil pH,
exchangeable Ca, Mg



Potential environmental benefits of ash

e application to whole-tree and biomass harvested
sites - enhance forest productivity - “liming
substitute” = increase soil pH
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Brady and Weil, 2002

Highest nutrient availability pH 6.0-7.5
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e soil pH increase, changes in
soll N production/availability,
Increased N levels in soll
and surface water

* heavy metal contamination

* Impacts on vegetation and
soll biota - caustic




Pre-ash 7-year 16-year
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Fig. 1. Effect of wood ash fertilization on acidity (pHiwaer) in the humus layer and no Increase In heavy metal Or
mineral soil on different sites. Sampling before (1982), 7 years (1989) and 16 nltrate IeaChIng

years (1998) after wood ash application. Standard error of the mean is marked
on the columns by bars.

Saarsalmi et al., 2001
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Ash research in Scandinavia

Exp. 402

u Control

i

Foliage

* increased Ca, K, P and B for
organic and mineral soils, metals
have low bioavailability (increased

PH = decreased availability) ﬂ ﬂ ﬂ

m*ha
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|

m Control
O Ash

m*ha!
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Tree growth
e organic soils - increased pH,

Increased decomposition, .
increased growth, K and P fertilizer -
 mineral soils — N limited (high C:N), E iﬂ ﬂ

no significant effect — N rich sites
(low C:N), increased growth e e g‘ e s

repl cate pl[ M I swnhdfl' [I[[ dﬂ' gnﬁ [ny h
other (p <0.05). Standard error of the mean is marked on the columns by bars.
Results for the first and second 5-year periods have been published earlier
(Saarsalmi et al., 2004).

Saarsalmi et al., 2014
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Recommendations

“ash recycling following forest fuel extraction to counteract the
soil acidifying effect as a result of increased extraction of base
cations, and not to secure short-term site and stand productivity”

(Consequences of an increased extraction of forest biofuel in Sweden, Swedish Energy Agency, 2014)

application to soils depleted in Ca and Mg due to acidification
(site restoration), application to soils low in K (fertilizer for K
deficit foreStS) (Augusto et al., 2008)

“studies showed a wide range of results which does not make it
possible to give general guidelines for wood ash applications to
forests....areas where wood ash application is likely to become a
common practice, there is a need for an early evaluation of the
expeCtEd effects” (Augusto et al., 2008)




Ontario ash trials

e |sland Lake Biomass Harvest Experiment — boreal
forest, near Chapleau - clearcut full-tree biomass
harvest - bottom ash application October 2011, 4
application rates

e Haliburton Forest and Wildlife Reserve - Great Lakes
St. Lawrence forest, near Haliburton - partial harvests,
biomass utilization - fly and bottom ash application
October 2013, 2 application rates

e tree, ground vegetation ,soll, soil water, biodiversity
assessments
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Island Lake — early results

Ca retention (kg ha?)

Island Lake post-treatment Ca retention
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Island Lake — early

Soil pH
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Island Lake — early results

Soil solution 30 cm depth
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Future directions - PERD

Amelioration of biomass harvested sites with wood ash
waste: improving Canadian forest productivity and
sustainability through an alternative approach to bioenergy
waste management

Obijectives:
1. Scientific and guideline/regulation synthesis
2. Economic analysis
3. Network of researchers and knowledge
4. Monitor ongoing and new experiments

Partners: Ontario Power Generation, Wood Pellet Association of Canada, Tembec,
CanFor Pulp, J.D. Irving, Resolute Forest Products, OMNRF, FP
Innovations, Laurentian, Lakehead, UNBC




Questions/Discussion
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