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INTRODUCTION:

The successful adoption of alternative energy feedstocks to optimize ecological benefit as well as energy generation requires the systematic analysis of energy systems. Additionally,
regional analysis has recently been stressed in the assessment of bioenergy sources given their low energy density(1). Our objective is to utilize a multidimensional evaluation(2) to assess the environmental
sustainability of switchgrass as a bioenergy system in southeastern Ontario.
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 Aboveground net primary productivity (ANPP) average of
switchgrass is 11.4 Mg ha-1 in Quebec, despite warmseason photosynthetic pathway (C4) (3)
 ANPP observed in southeastern Ontario between
8-15 Mg ha-1 (Fig. 1)
 Need to consider belowground productivity,
particularly given benefits of root biomass (Fig. 2)
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 Given an energy content of 19 GJ
for switchgrass (4) and average home
heating needs in Canada (1), 100 ha of
land dedicated to switchgrass can heat
over 300 homes
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 Agricultural intensity strongly associated with hydrochemical changes in Great
Lakes region (5)
 Switchgrass management practices (perennial cover, no tillage and minimal
fertilizer due to reduced nutrient requirements of C4 plants) presents possibility
for reduced movement of nutrients to water
bodies (6)
 Issues with increased herbicide application
during establishment period (Fig. 3)
 Reduced water demands due to C4 metabolism
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Figure 4. CO2 emissions from on-site
switchgrass feedstock production
(adopted from (7))

Figure 3. Competition with C3 plants (milkweed,
witchgrass, tufted vetch, wild oats, wheat, giant
foxtail) encourages herbicide application on fields
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Washington, USA
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al.¸ 2010
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Southeastern
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Ontario, Canada al., 2012
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 Need to evaluate total nitrogen (N) and
extractable phosphorous (P) in region –
N and P tend to limit productivity specifically
in eastern North America
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WATER QUALITY & QUANTITY
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 Increases in soil organic carbon (SOC) of 0.38 Mg ha
can be
attributed to (a) time since switchgrass establishment (>5 years)
and (b) prior tillage management
 Establishment of switchgrass shows promise for increasing SOC due
to relatively longer turnover times (Table 1)
 Improvements to bulk density observed if prior soil management
practices resulted in soil compaction (i.e. tillage)

Table 1. Estimates of SOC decomposition rates (k)
for C3-C based on shifts in abundance of δ13C in soils
across a variety of sites/ management regimes.

BIODIVERSITY

AIR QUALITY

 No research conducted to date in Ontario specific
to switchgrass

 Air pollutants of interest (CO, O3, PM
10, PM 2.5) a function of the
combustion process
 Locally sourced biomass (hay, not
switchgrass) used as a co-fuel along
with coke and coal at Lafarge during
biomass testing (Fig. 6)
 Results from trial burn show reduced
air pollutant emissions (Fig. 7) in
concert with combustion trials
conducted by REAP – Canada (2008)

 Research from US suggests that adoption and
management of perennial systems is linked to
abundance and diversity of soil fauna, insects
and avian species (6)
 Biodiversity highly dependent on spatial
configuration of agrolandscape and
heterogeneity of switchgrass stand

GREENHOUSE GAS EMISSIONS
 Net flux of nitrous oxide (N2O) and carbon dioxide (CO2)
recommended approach for estimating contribution of bioenergy
systems to climate change (2)
 Evaluation needed for on-site (Fig. 4) as well as off-site GHG
emissions in full life cycle assessment (LCA)
 Increased N2O flux may negate benefits from increased biomass
production from higher fertilizer application rates (Fig.5)

Figure 7. Differences in emissions
of PM 10, PM 2.5 and CO during baseline
(coke and coal) and biomass testing.
Data compliments of A.J. Chandler &
Associates Ltd.
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Figure 2.
Relationship
between
above- and
belowground
biomass at
four sites in
SE Ontario.

SOIL QUALITY

PRODUCTIVITY

Site

k
Turnover
(yr-1) time (yr)

35

0 lbs/acre

30
25

50 lbs/acre

20

150 lbs/acre

15
10
5
0
172

187

203

216

230

242

258

Julian Day

Figure 5. N2O flux response to fertilization treatments.
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Figure 6. Biomass co-firing demonstrations conducted by
Lafarge, Bath, Ontario 30/09/2010.

CONCLUSION: The environmental sustainability puzzle still has some crucial pieces missing including the integration of water quality and quantity as well as biodiversity.

Our results suggest that many
benefits can be attributed to switchgrass energy systems including: high biomass productivity to maximize fossil fuel offset, increases in SOC, and reduced air pollution. Disadvantages of this systems include
the need for herbicides and difficulty with establishment. Future work will strive to evaluate remaining unknowns including a more robust LCA.
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