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“To conduct applied and adaptive
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technology transfer, and rural
community development. Our vision is
to translate renewable energy science
into sustainable action at the farm
gate for the advancement of the rural
economy”



Our Research Focus

Investigating new techniques, approaches, and applications across the bioeconomy value chain
Working at the nexus of agriculture, bioeconomy, environment

Biomass Crops & Residues Anaerobic Digestion

Pretreatment Technologies Post-Digestion
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4 Phases of Anaerobic Digestion
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4 Phases of Anaerobic Digestion
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Hydrolysis: Rate Limiting Step
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Energy Crops to Biogas

Need:
1.High biomass yield (t DM ha yrt)
2.Compatible harvest, processing, shipping, storage

3.Acceptable biogas yield (m3 CH, t DM-1)

4.Acceptable retention time (# days substrate is In

digester)
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Canadian Biogas Industry
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 Current AD business model in Ontario combines subsidized FIT electrical
rates + tipping fees (off-farm waste)
 What is the “post-FIT” future?
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Canadian Natural Gas

Natural gas: Consumption per capita 2020

G per capita

BP Statistical Review
of World Energy 2021

\
0-20
20-40
B 4060
B 60-80
m >80 v
Natural gas: Consumption in exajoules*
e — Growth rate per annum
UNIVERSITY _ ? Share
o(GUELPH Exajpulas 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2020  F009-19 2020
Canada a3 364 358 381 3497 398 383 397 4159 424 4.05 -4 7% 2 7% 289%
Maxico 238 255 265 280 2584 29 2099 3.0 315 317 in -2 2% 30% 23%
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Canadian Renewable Natural Gas

@ ASSOCIATION EAMABIENNE DU GAZ
Pathways to Net Zero

Currently in Canada, natural gas meets 38% of the country’s energy
needs through the industry’s more than 573,000 kilometres of
world-class infrastructure. It is also the largest source of energy for the
industrial and buildings sectors in Canada.

Canada’s natural gas utilities have set an aspirational

target:

* 5% RNG blended into natural gas streams by 2025

« 10% by 2030

« Nationally, the increased RNG content would result in
24 MT of GHG emission reductions per year by 2030,
equivalent to removing 5.2 million passenger cars from
the road.

ES Table 1I: Net-Zero Gas Buildings Pathway Highlights

Gas Demand

. Scenario
Offsets / Negative

Renewable Gases Reaches Net
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Reductions Emissions
Zero Target
Pathway 1- Efficiency 35 million tonnes (43%) 34 million tonnes (43%) 11 million tonnes (14%) J
Pathway 2 — Hybrid Heating 45 million tonnes (56%) 28 million tonnes (35%) 8 million tonnes (9%) v
Pathway 3 — Renewable Gases 24 million tonnes (30%) 44 million tonnes (55%) 12 million tonnes (15%) ¥

Potential Gas Pathways to Support Net-Zero Buildings in Canada, CGA 2021



On-Farm AD Challenges

1)Scale: *Generally*, too small for RNG production (not enough biogas) but
too big to run solely from on-farm materials (need off-farm waste)

2)Location: off-farm substrate availability; proximity to gas lines

3)Mismatch of policy and business model: are on-farm AD’s waste
management sites, or are they on-farm resource management sites?

4)Market conditions: FIT likely done; RNG pricing uncertain; carbon credits?
Fertilizer?

5)Technology: digester tech in use based on German model (manure + corn

UNIVERSITY

“GUELPH silage)...is that always the right match? CSTR design not a great match for

biomass crops (total solids. retention time)



On-Farm AD Opportunities

1)Policy: Net-Zero 2050; Clean Fuel Standard; Carbon tax

2)On-site energy: size systems based on farm substrates and use energy on-
farm (electrical, heat)

3)Technology: smaller digesters (pre-fab, modular, containerized); semi-dry
digesters; new generator tech and strategies

4)Biorefinery: AD as baseline component of biorefinery targeting high value

products (e.g. hydrogen, platform chemicals); integration with other

. processes (e.g. gasification, power-to-gas)
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Corn Stover Field Trial (2013)
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Corn Stover Field Trial (2013)

« 164.47 Mg stover collected
» Methane potential = 185.5 m3 Mg
« 397 kWh Mg stover

o5 ,; .-{;ﬁ':
AD Size FIT Price ($ Gross Revenue Total Stover Cost | Net Proflt ($ Mg- 1)
kWh-1) %) ($79.84)
< 100 kW 0.263 104.41 79.84 24.57
> 100 kW < 250 kW 0.204 80.99 79.84 1.15
< 500 kW 0.168 66.70 79.84 -13.14
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Cup Plant
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‘ AT AR % Silphium perfoliatum

« Native, perennial, pollinator friendly

6 accessions grown by Jim Todd at Ontario Crops

Tested planting density, nitrogen response,

germination rate

»
Research Centre (Simcoe) !! )

Biogas potential; dairy feed potential
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Co-Digestion of Swine Manure and Biomass Pellets

Initial studies in small scale batch CSTR digesters

Scaled up to 65 L plug-flow reactor

Eventually had to incorporate corn stover as pellets
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Co-Digestion of Swine Manure and Biomass Pellets
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Current and Future Research
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