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1.0 Background

There are unprecedented opportunities in the production of agricultural biomass crops in
Northern Ontario as a result of a number of simultaneously occurring factors. These factors
include the rising cost of oil, natural gas and electricity; the need for energy resource security;
and, climate change. The Ontario agriculture industry has a surplus production capacity to be
more than a food producer. Because of their efficient ability to collect solar energy, high
yielding whole plant perennial bio-energy crops represents a promising opportunity to develop
a sustainable agricultural biomass market and support the rural, agriculture industry.

The need to find alternatives to replace increasingly expensive fossil fuels and reduce
greenhouse gas (GHG) emissions has peaked interest in bio-fuels around the world. The ability
of agricultural plants to capture and store solar energy through photosynthesis holds great
potential as a renewable energy solution for the future. At the same time, the agriculture
industry must maintain its primary energy production role: growing the world’s food supply. A
sustainable agriculture biomass sector must ensure a continuous supply of fairly-priced food for
the people of the world.

To render bio-fuels a more sustainable alternative to fossil fuels, the sector must develop
energy crops that more efficiently capture solar energy to increase the overall energy produced
per hectare. The best options are energy crops that can do this with less fossil energy use and
can be productive on marginal farmland. Currently, cereal grains and oilseeds are being utilized
to produce bio-fuels but these are not the most efficient option available.

Resource-efficient native perennial grasses like switchgrass are much better suited for this
purpose. They have a number of desirable traits, including that they: are adapted to marginal
lands; require minimal fertility and management; are low cost to produce; have moderate to
high yields; and, produce 40 percent more net energy gain per acre than corn. The use of
marginal farmland for bio-energy production also creates fewer conflicts with the global food

supply.

After these more efficient crops are developed, the captured solar energy (known as biomass)
must be efficiently converted into a useful energy form. Scientists now understand that liquid
fuels are the losers in the energy conversion game. It is much more energy efficient to produce
biogas and fuel pellets from biomass to replace fossil fuels. In a race to create energy security
and limit greenhouse gas emissions, whole plant biomass crops converted into pellets or biogas
beat turning seed crops into liquid bio-fuels hands down.

Contrary to the prevailing wisdom that reducing GHG emissions will raise societal energy costs,
pelletized or briquetted bio-fuels can provide consumers with lower and more stable heating




costs while dramatically cutting GHG emissions. Given that agricultural commodity prices are
declining in real dollars, pellet and briquette fuels are likely to become cheaper over time.

By contrast, wood-based pellets have been rising in cost due to growing scarcity as the demand
for wood pellet made from forest residues increases. If we are to avoid whole trees being cut
down to make wood pellets, new solutions like developing fast-growing prairie grasses need to
be realized. The development of a grass pellet bio-fuel industry has great potential to revitalize
rural economies by effectively using marginal farmlands and cutting on-farm fuel costs in
heating intensive sectors like greenhouses.

2.0 Introduction

Global energy use projections predict that biomass will be an important component of primary
energy sources and a main source of renewable energy in the coming decades. Cellulosic crops
will be a major component of this biomass; however, concerns have been raised about the
sustainability of bio-fuel cropping systems.

Bio-fuel production systems based on annual grains are the most straightforward for growers
but may not be the most productive or sustainable in the long term. Understanding the basis
for sustainable bio-fuel production systems is crucial for the long term success of these
systems.

Amongst annual crops, corn and soybeans may be the current crop of choice for producing
ethanol and biodiesel, respectively. The rapid growth, low mineral content and high biomass
yield of cellulosic crops such as miscanthus and switchgrass, and wood perennials such as
poplar make them a favorite choice of bio-fuel crops.

The important question remains of whether or not enough biomass can be produced to sustain
the bio-fuel industry without compromising environmental or food security. The biomass
production potential of these crops is directly linked to concerns related to land-use change,
environmental degradation and food security. Limited studies have been done in the United
States on these potential bio-fuel crops side by side with annual crops in terms of biomass
yields and their environmental impacts. There are several on-going studies in Northern
Ontario, including The Northwestern Biomass Trials by the University of Guelph. Unfortunately,
this study was not available at the time this report was prepared.

While the bio-energy movement has received notable public, government and industrial
attention over the last decade, there are few research studies investigating the potential of
agricultural biomass production in Northern Ontario. The current economic, environmental
and political climate provides significant opportunities in the emerging bio-economy; especially
in Northern Ontario given the abundance of marginal agricultural land in the area.




The Dryden Development Corporation (DDC) is investigating several different economic
development initiatives in the bio-economy, including solar and wood-fired biomass projects.
To ensure all opportunities are explored, the DDC is investigating the possibility of producing
agricultural biomass on fallow land for the purpose of energy production in the Dryden area.
The purpose of the Fallow Land Feedstock Study is to determine if there is an opportunity for
the local agriculture sector to improve the economic sustainability of their industry by
complementing their operations with biomass production.

3.0 Agriculture in Ontario

Agriculture has experienced significant structural change over recent decades as farm size,
intensity, capitalization and specialization have dramatically moved from traditional to
industrial configurations. Agricultural restructuring refers to the adjustments that the farm
community has made in order to cope with the changing and demanding economic,
technological and market environments that have developed in the post-war period.
Adjustments are made at the farm level as operators attempt to remain profitable.

One of the more notable farm changes occurring with restructuring is the fact that many farm
operators have taken off-farm work to supplement the inadequate returns they receive from
commodities to cover the costs of their farm expenses.

At the national level, the 2006 Census of Agriculture revealed that younger farm operators and
operators with a university degree were more likely to be engaged in off-farm work, as were
male operators compared with female operators. The level of gross farm revenue was also a
factor in off-farm work as operators with lower farm revenues were more engaged in off-farm
work categories (Statistics Canada, 2006).

3.1 Agriculture in Dryden and the Kenora District

Data for the analysis of the agriculture sector in the Dryden area were drawn from the Census
of Agriculture, which is conducted every five years. Statistics Canada normally reports on
agricultural data for Census Subdivisions, which generally overlap municipal boundaries. In the
case of the Kenora District, there are too few farms in the individual townships to protect the
confidentiality of the farm operations and Statistics Canada has combined all of the data under
a single geographic designation: Kenora District. A map of the study area is included in
Appendix 1.

Agricultural activity in the Kenora District is concentrated in the southern portion of the District
which features soils that are fair to moderately high in productivity with some limitations on
the range of crops that can be grown. With good soil and crop management practices, a variety
of field crops can be grown in the District, including barley, wheat, oats, corn, soybeans,




potatoes, alfalfa and other hay crops. Local soils and climate conditions also allow for a variety
of vegetable production and some limited fruit production.

The agricultural sector in the Kenora District currently supports approximately 100 on-farm
jobs. Although the census data reveals that the number of farm jobs in the District declined by
about 100 jobs between 2001 and 2006, it is important to recognize that on-farm labour
activity may be underreported as a result of the increased reliance on off-farm employment.
Indeed the proportion of farmers working off the farm in the Kenora District increased from 45
to 58 percent between 1995 and 2005.

Producers often link the need for a second income to a combination of factors, including
stagnant or shrinking commodity prices and rising production costs. The increase in off-farm
work is also having a negative effect on the amount of time that farm leaders are able to
volunteer for organizations and activities that have traditionally helped to promote agriculture
in the region.

It is important to emphasize that the decline in agriculture employment does not reflect trends
in farm productivity in the region. Agriculture in the Kenora District continues to have
competitive advantages and economic opportunities, including a substantial farmland base that
supports the growth of a variety of crops, lower land prices relative to land prices in sourthern
Ontario and access to a large, regional market (Northwestern Ontario).

The Kenora District reported about 36,000 acres of farmland and 92 farms in 2006 that
collectively generated approximately $5.5 million in farm gate sales in 2005. The average net
revenue per farm amounts to almost $9,000, which is just below the average for Northern
Ontario (511,000). The average farm size in the Kenora District is 393 acres, which is close to
the average for Northern Ontario (412 acres) but substantially larger than the provincial
average (233 acres).

In 2006, the agriculture census polled 92 operational farms in the Kenora District that
collectively encompassed the 14,631 hectares of farm land (Agriculture Census 2006). Of these
92 reporting farms, the top land uses are: crops; tame/seeded pasture; natural pasture land;
and, Christmas trees, woodlands and wetland crops (Table 1). Hay was the most cultivated
crop encompassing 3,556 hectares, followed by oat for grain at 122 hectares, barely for grain at
121 hectares and 3 hectares of nursery products (Figure 1).

Livestock is also produced in the Kenora District. A total of 2,782 calves were recorded,
followed by 136 steers, 102 pigs and 192 sheep and lamb. The poultry inventory indicated that
740 chickens and hens were produced in addition to 20 turkeys. Of the 92 operational farms
polled, 44 specified that their farm value was $200,000 to $499,999. In parallel analysis, 38




farming respondents identified their gross farm income to be less than $10,000. A complete
agricultural profile for the Kenora District is included in Appendix 2 (Statistics Canada, 2006).

Table 1. Agricultural landuse in Kenora District

Usage Hectares
Crops 5,575
Tame/Seeded Pasture 1,060
Natural Pasture Land 2,220
Christmas tree, woodlands, 4,925
wetlands
Total 13,780

Source: Census of Agriculture, 2006

Crop Production in the Dryden Area (ha)

|121

122 3

Crops
B Hay M Oat WM Barley M NurseryProducts

Source: Census of Agriculture, 2006

Figure 1. Summary of crop production for the Dryden area.




4.0 Potential Crops

The emergence of bio-fuels into agricultural systems presents new opportunities for farmers to
improve economic return while providing critical ecosystem services. Integrating perennial
crops can help meet food, fuel and fibre needs but will require an understanding of biomass
productivity on specific landscapes and environments. To diversify their operations, farmers
will need to identify crops that will grow in their climatic region and soil types (Science Daily,
2010).

Plant life cycle requirements can vary greatly based on the adaptations and diversity of
different species; however, there are seven general developmental requirements that must be
present to ensure the propagation of life. These requirements are light, water, carbon dioxide,
oxygen, soil minerals, suitable temperatures and soil microbes. Light, water and carbon dioxide
are necessary elements of photosynthesis. The process of photosynthesis allows a plant to
convert carbon dioxide into organic compounds (carbon fixation) for energy and biomass
growth by utilizing solar radiation (Encyclopaedia of Alternative Energy and Sustainable Living,
2010).

There are numerous biomass pellet fuels available on the market. Currently, these bio-fuels are
produced from grass, corn or wood feedstock types. The following section concentrates on
grasses and wood feedstock types and discusses the issues surrounding corn as a biomass crop
in Section 6.0. Possible biomass crops that may be suited to the growing conditions in Dryden
are switchgrass, reed canary grass, miscanthus and woody biomass.

4.1 Miscanthus x giganteus Grass

Originating from Japan, miscanthus is a tall growing, sterile, hybrid perennial C4 grass plant
commonly used in the Europe as a commercial energy crop. As it is a sterile hybrid, it is non-
invasive to naturally occurring ecosystems. It can be harvested every year and can grow in cool
climates. The harvested biomass material can be utilized for heat and electric power
generation (combined with coal), energy fuel pellets or for ethanol products (Oak Ridge
National Laboratory, 2010).

4.1.1 Growth Requirements & Yield

The plant proliferates by way of a rhizome root structure that is planted into fields. Each
growing season, the crop can reach a height over 3 meters tall. Very few trials have been
completed in North America; however, European experience indicates that average required
annual temperatures and rainfall range between 7.5 to 17.5 degrees Celsius and 500 to 1000
millimetres (Oak Ridge National Laboratory, 2010). The plant is an efficient consumer of water,
nutrients and radiation (University of Guelph, 2010), requiring low inputs and maintenance for




optimal lifecycle. The crop is generally left to dry through the fall and winter months, leading to
a yield of 15 t/ha dry weight (Oak Ridge National Laboratory, 2010).

4.1.2 Benefits & Drawbacks

As a species to consider for the emerging Ontario bio-energy industry, miscanthus dry matter
provides 18.4 GJ t-1 (University of Guelph, 2010). Other advantages that make it an attractive
crop are the annual rotation, providing farmers with yearly income while crops such as willow
can take 4 years before harvest. Miscanthus is relatively easy to grow, requires little
maintenance or experience and does not require pesticides or fertilizer. Furthermore, high
yield rates of 15 tonnes per hectare can be sustained for over ten years before new rhizomes
are necessary to perpetuate the field.

Miscanthus provides many promising fuel qualities; however, great uncertainty about the crop
exists at this time. Initial start-up costs for a field can be much more costly than other fuel
crops. The approximate cost to establish one acre of miscanthus is estimated to be $3,423.00
(New Energy Farms, 2010). While Miscanthus use is widely documented in the European
Union, application and crop performance in Canada is widely unknown.

4.1.3 Informative Miscanthus Case Studies and Publications

4.1.3.1 New Energy Farms

The New Energy Farms group of companies was established by Pyramid Farms Ltd. in
Leamington, Ontario to allow farmers to expand and utilize miscanthus in a cost-effective
manner. Pyramid Farms is a 37-acre tomato producer that uses biomass to heat its
greenhouses. They have 400 acres of Micanthus and are Ontario-based experts in its
commercial production. The group successfully fuels their entire farm operation with the crop.
With extensive commercial industry experience, New Energy Farms provides a service that
allows others to replicate their model. While peer reviewed research papers are difficult to
source, growers such as New Energy Farms and Pyramid, are having positive results and
offering an invaluable resource for other interested groups (New Energy Farms, 2010).

4.1.3.2 Miscanthus: A Promising Biomass Crop

It is commonly hypothesized that Miscanthus, a C4 plant, may not be well adapted to thrive in
northern climates. Several research studies suggests that this notion is not accurate.
Miscanthus x giganteus has maintained leaves and a high rate of photosynthetic activity under
climatic temperatures of 6 degrees in comparison to cool climate corn (Heaton, E. A. et al,
2010).

Reasons for the robust nature of miscanthus under cool climates in comparison to corn are the
maintenance of Rubisco and PPDK enzyme levels. It has been demonstrated that the




maintenance of these enzymes allows miscanthus to ensure photosynthesis continues in cool
climatic conditions, where in corn these enzymes are diminished (Heaton, E. A. et al, 2010).

Further evidence states that the rhizome rooting structure may have the ability to survive
subzero temperatures. Miscanthus planted in an lllinois trial and the Chicago Botanical
Gardens have survived winters with temperatures as low as -25°C. The report suggests that
current climatic limitations associated with miscanthus as a C4 plant is debatable. A variety of
research is being conducted to analyze cold hardy qualities of miscanthus (Heaton, E. A. et al,
2010).

4.2 Switchgrass

Switchgrass (Panicum virgatum) is a native North American perennial grass. It is a key species
residing in the tall grass prairies of Canada and the southern and eastern United States. Asitis
a naturally occurring species, it does not threaten existing ecosystems. The perennial grass can
be harvested yearly and flourishes under harsh Canadian climatic conditions. It can be utilized
for cellulosic ethanol fuel, biogas and thermal energy production in the form of pellets
(Wikipedia, 2010).

4.2.1 Growth Requirements and Yields

The growth requirements for switchgrass are well suited to the growing conditions in Ontario.
The establishment of a commercial crop occurs faster on sandy and loam soil types that are
well drained rather than on clay soils. When planted in the appropriate soil type, switchgrass
outgrows its competitors and shows great tolerance to drought, low nutrient soil conditions,
pests and pathogens. For optimal yields, soil pH should be greater than 6.0. After 2 to 3 years,
an established crop can generate 8-12 tonnes/ha of dry matter by fall harvest, producing
approximately 18.5 GJ/tonne or approximately 185 GJ/ha (Samson, 2007).

4.2.2 Benefits and Drawbacks

The production of switchgrass can benefit a variety of interest groups. The plant is a valuable
soil protection cover crop that binds loose soil and provides wildlife habitat. As its physiology
indicates, propagation under drought and nutrient deficient soil types is successful; thus, crop
maintenance for inexperienced farmers would not rely on intensive training or highly
productive sites (AMRC, 2010).

In comparison, there are also some negative aspects to cultivating switchgrass as a bio-fuel.
The first year of crop establishment can be difficult when the crop is most susceptible to
competing vegetation. Concrete peer reviewed studies indicate that yield forecasting is
uncertain and transportation costs can be high due to the bulky size of the crop. Farmers can
purchase square bailing machines, although these are expensive to obtain. Another downfall to




consider is the newly established switchgrass market, which could prove to be unstable in
future years as many other well-established alternatives to switchgrass exist (Kohler et al.).

4.2.3 Informative Ontario Switchgrass Case Studies

4.2.3.1 REAP - Switchgrass Fuel Pellet Production in Eastern Ontario: A Market Study
Resource Efficient Agricultural Production (REAP) is Canada’s most experienced agency in the
development of perennial energy crops. They conducted a market case study in 2001 that
focused on Eastern Ontario to determine the viability of switchgrass as an agro bio-energy crop.

Through surveying, they found that farmers were receptive to the idea of switchgrass farming;
however, farmers also indicated the need for reliable data on pellet prices, heating costs and
market size. Local pellet stove retailers indicated that pellet stove sales had increased between
2000 and 2001; however, retailers were also concerned about ash and pellet residue build up
within stoves. The study indicated that a strong Eurpoean pellet market could allow shipments
of Ontario switchgrass pellets.

Domestic markets could be enhanced by a government mandate to reduce greenhouse gasses,
allowing switchgrass pellet fuel to be favorable for homeowners. REAP also stated that market
pricing is predicted to remain stable unlike other long-term agricultural commodity prices and
fluctuate less than fossil fuel prices. Lastly, heating with switchgrass pellets was found to
reduce carbon dioxide emissions by 86-91% when compared with conventional heating.

While this market study was focused on switchgrass biofuel potential in Eastern Ontario, the
authors supported the suitability of switchgrass growth in the Thunder Bay and Dryden area.
They believe that switchgrass presents an agricultural opportunity due to low land rent costs
and a lack of opportunity with conventional agricultural crops. As switchgrass is native and
widely adapted to Ontario and the great plane regions; tremendous potential exists in
establishing switchgrass crops in northern regions (Jannasch, R., 2001).

4.2.3.2 REAP - Establishing Bio-heat in Eastern Ontario Utilizing Switchgrass and Agricultural
Biomass for Solid Fuel: 2009
A subsequent REAP project was undertaken in 2009 for the Stormont, Dundas and Glengarry
Community Futures Development Corporation. As part of the project, a variety of comparative
crop research was conducted. One comparison demonstrated the fuel quality difference
between hardwood and switchgrass pellets. They found that hardwood pellets on average
generate 19.60 MJ/Kg and switchgrass generates 19.01 MJ/Kg. Overall, combustion testing
indicates that switchgrass will not adversely contribute to environmental pollution; however,
the study also indicates that switchgrass has NOx emissions of 35%, which is approximately 8%
higher than quality wood pellets.




Another aspect of the project was to determine the production costs of switchgrass pellets.
Farmers interviewed for the project stated that crops would cost $90/tonne delivered in
Eastern Ontario. The cost of pelleting in a modest sized plant is estimated at $40-S50/tonne.
Thus, the cost to create one tonne of pellets is estimated to be $130 to $140. At present, wood
pellets are selling for approximately $145 per tonne.

4.2.3.3. Ministry of Agriculture, Food and Rural Affairs - Switchgrass Enterprise Budget

The Ontario Ministry of Agriculture Food and Rural Affairs (OMAFRA) established a budgeting
tool to inform farmers of the estimated costs to establish and annually produce a switchgrass
crop (Table 2 and 3). The information is based on several assumptions and should be utilized as
an estimation tool. Current information suggests that one acre of switchgrass costs $389.61 to
establish and $22.50 (or $73.07/tonne) to annually produce.
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Table 2. Establishment costs of switchgrass as estimated by the Ontario Ministry of
Agriculture, Food and Rural Affairs.

Establishment Costs of Switchgrass $/Acre
Weed Burn Down Spraying 210.00
2L glyphosate at $10/L $20.00

Seedbed Preparation PIovs./lng. - 222.00
Cultivating twice at $11/ac $22.00

Seed (15lbs PLS/ac at $9/Ibs PLS $135.00

Seeding Starter fertilizer (100 Ibs 6-24-24 at $800/tonne) $36.28
Seeding (drill) $19.00

Spraying $8.00

Annual grass herbicide $16.00

Adjuvant $2.00

Weed Control (post- [Annual broadleaf herbicide $9.00
emerg tank mix) |Clipping $17.00
Operating interest (operating cost/2x5%) $7.91

Establishment year land cost (1 yr at $30/yr) $30.00

Establishment failure rate (est costs x 10%) $35.42

Total Establishment Costs| $389.61

Source: Ontario Ministry of Agriculture, Food and Rural Affairs, Switchgrass Enterprise Budget

Table 3. Annual costs of switchgrass crop maintenance as estimated by the Ontario
Ministry of Agriculture, Food and Rural Affairs.

$/tonne
Annual Costs of Switchgrass $/Acre (3.1

tonne/ac)
Establishment costs (amortized over 10 years at 5%) $50.46 $16.28
N fertilizer (60 Ibs/ac N at $.50/Ib) $30.00 $9.68
P & K removal rate fertility costs ($3.80/tonne) $11.78 $3.80
Fertilizer spreading $7.00 S2.26
Swathing $17.00 $5.48
Bailing (S8/bale $59.83 $19.30
Field removal & storage ($6.60/tonne) $20.46 $6.60
Land costs (assumed rental rate) $30.00 $9.68
Total Annual Costs $22.53 $73.07

Source: Ontario Ministry of Agriculture, Food and Rural Affairs, Switchgrass Enterprise Budget

4.3

Reed Canary Grass

Reed canary (Phalaris arundinaccea) grass is a tall, perennial bunchgrass that thrives along

lakes, streams and other wet areas. It is a widely distributed species in Europe, Asia, Northern
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Africa and North America. It can grow between 2 and 9 feet tall and thrives well in cool
environments.

4.3.1 Growth Requirements and Yield

Reed canary grass spreads by rhizomes and has a deep rooting structure to withstand drought
conditions. The grass is extremely adaptable to many soil types and tolerates pH levels from
4.9 to 8.2 (Sheaffer, C.C et al.). At the end of a growing season, canary grass can yield up to 8.5
DM t/ha (Landstrom, S. 1996) and the energy content of reed canary grass pellets is 18.5
GJ/tonne (K. Smart Associates Limited, 2009).

4.3.2 Benefits and Drawbacks

Reed canary grass as a pellet feedstock source provides many benefits. It can readily grow in
wet areas that are generally considered too wet for commercial agricultural use. It has
excellent winter and frost hardiness and disease resistance characteristics. Although the grass
is a good candidate for wet areas, it is also noted to provide reasonable yields on well-drained
or drought prone soils (Baag, 2003).

Alternatively, canary grass is also known to become a strong competitor in some ecosites. The
strong rooting structure allows the plant to aggressively grow in monocultures, which can be
considered a negative impact to biodiversity if the grass exceeds crop yield boundaries (Society
for Ecological Restoration International, 2010). Consequently, strong control measures are
required to prevent the spread of the grass by its rhizome to other neighbouring areas.

Both switchgrass and reed canary grass can be established by utilizing convention seeding
methods unlike other potential agricultural biomass crops. Miscanthus requires the planting of
rhizomes whereas the grasses are seeded just as any other forage crop. Farmers may feel more
comfortable utilizing a perennial biomass crop as opposed to a crop that requires a more
significant investment in initial establishment.

4.3.3. Informative Ontario Reed Canary Grass Case Studies

4.3.3.1 Emo Research Station - Results on Reed Canary Grass

The purpose of this field trial is to collect data on the sustainable establishment of two
perennial grasses for bio-fuel production for the purpose and use with the AbitibiBowater Inc.
biomass boiler and to collect data on the sustainable establishment of those grasses within the
Rainy River District.

For the purpose of this trial, AbitibiBowater Inc., partnering with the Rainy River Future
Development Corporation, will fund a portion of the costs of the trial. The Rainy River District
Soil and Crop Improvement Association and the Emo Agriculture Research Station with the
Ontario Ministry of Agriculture, Food and Rural Affairs have developed the growing protocol,
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the grower log chart and have solicited agriculture producers with available, prepared acreage,
to establish and maintain plots with either reed canary grass or switchgrass, that was planted in
May of 2008.

The Emo Agriculture Research Station has been trialing small plots of six different varieties of
switchgrass along with reed canary grass over a six year period with varying yield results. One
purpose of the trial is to see if a larger, more realistic plot size will produce a better yielding
grass.

AbitibiBowater Inc., a project partner, forecasts that there could be an opportunity to include a
certain percentage of agriculture products to mix with wood wastes for the biomass boiler in
Fort Frances. This will open up opportunities for agriculture producers to diversify their
production if there is adequate reward in revenue generated.

The trial will document producer-costs in order to determine the economic viability of
agriculture biomass as a boiler fuel. In the long term, agricultural products will only be viable as
feed to the biomass boiler if they are competitively priced to other biomass fuel options
available to AbitibiBowater and other industrial users requiring biomass.

Conversion of fallow lands to viable agriculture products for the biomass boiler could create
new revenue opportunities in the district without displacing current crops.

Several attempts were made to acquire the data collected at the Emo Agriculture Research
Station. Unfortunately, these attempts were unsuccessful. The only information that was
provided by the researchers is the yield data included in Table 4.

Table 4. Yield data collected at the Emo Agriculture Research for reed canary grass
and switchgrass.

Yield (kg/ha)
Year Harvested Reed Canary Reed Switch Switch. Grass
Fall Canary Grass Fall Spring
Spring

2006* 2,849 4,494 2,489 4,136
2007* 4,650 144 4,190 726
2008* 3,942 3,348

2009* 3,133 1,695
2009** 2,595 3,537 2,331 2,395
2010** 5,790 353 5,714 823
Average 3,803 2,494 3,283 2,285

*Seeded 2005 **Seeded 2008
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4.4 Woody Biomass

Short rotation forestry (SRF) crops are gaining popularity as a green energy feedstock and an
alternate fibre source for conventional and evolving bio-products. New values can be derived
from the various species and clones used in short rotation wood crop management regimes,
which is driven by regional and national issues and objectives.

For instance:

e Increased demand to capture carbon;

e Increased cost of fibre transportation;

e The open market for power in Alberta;

e Ontario’s decision to begin phasing out coal power generation;

e Increased demand for clean and green power; and,

e More entrepreneurs interested in using wood as the raw material for manufacturing
new value-added.

Coppice cropping has been used in Sweden since the 1970s to produce biomass and it’s now
gaining attention elsewhere in Europe and in places like the United States, New Zealand and
Canada. Intensive willow coppice cropping seems like an efficient way to produce a consistent
supply of purpose-grown fibre. As for any crop, however, there is an abundance of information
concerning best management practices to achieve its economical production.

In addition to the coppice system, the project is evaluating two other systems: an afforestation
regime; and, a hybrid arrangement of modified concentrated biomass and afforestation. The
aim is to compare the productivity and economic efficiency of the methods, as well as of
different species and clones, in the various regions of Canada so that producers can use that
information to make informed decisions. The choice of design could also depend on the final
use objectives.

Wood pellets are a very popular form of thermal energy generation. Proven wood pelletization
technology requires that the raw material is dried and broken down into small compressible
particles. In Northern Ontario, there is a wide variety of softwood and hardwood tree species
that are good candidates for pelletization. Raw material for pellet production is generally wood
residue and waste (branches, chips, sawdust, bark and mill waste).

4.4.1 Growth Requirements and Yield

There are two main crop options when it comes to short-rotation woody crop biomass. The
first is high-yield afforestation and the second is concentrated woody biomass. High-yield
afforestation is planting hybrid poplar or aspen on non-forested lands at 1,100 to 1,600 stems
per hectare (on the prairies) with yield objectives of more than 13.6 cubic metres of average
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volume grown per hectare per year, calculated over the entire life of the plantation and
rotation ages of 12 to 30 years (Hanger, 2009).

The second is concentrated woody biomass, which is the high-density planting of 14,000 to
16,000 stems per hectare of willow or hybrid poplar with yield objectives of 6 to 12 over dry
tonnes (ODT) per hectare per year. These are grown in parallel beds with three- to four-year
harvest cycles and five to seven coppice cycles per root system (Hanger, 2009).

The two approaches can be combined on the same site with the resulting raw materials
dedicated to different uses. Planting and harvesting can also be staggered so that a portion of
the crop can be harvested at more frequent intervals.

The concentrated biomass system produces significant amounts of juvenile wood with a high
ratio of bark to white wood, which could be utilized for bioenergy and possibly pharmaceuticals
or food extracts. In this system, willow or hybrid poplar are grown at very high densities of
about 14,800 to 15,600 stems per hectare and harvested every three or four years for a total of
five to seven harvests (NRCan, 2009).

Afforestation, in contrast, involves growing hybrid poplar or aspen at lower stand densities that
approximate natural densities of about 1,100 stems per hectare. Although there is only a single
harvest of trees after 15 to 20 years, the larger stems and branches give more output value
options such as carbon sequestration and primary forest products, as well as bioenergy.

The hybrid combination is designed to maximize the use of space and allow for some short
term revenue under an afforestation scenario. In this system, hybrid poplar is grown with four
times the number of trees as in afforestation, that is, with an extra row of trees between each
row in the afforestation scenario in both directions. After five years of growth, every other row
is harvested. The remaining trees are left to grow for another 10 to 15 years before the final
harvest (NRCan, 2009).

The energy content of a wood pellet is highly variable based on the characteristics of the wood.
The tree species utilized and the density of the compressed wood particle dictate the BTU
content of a particular wood pellet. Generally, wood pellets contain between 8,000 and 9,000
BTU/lbs (Encyclopaedia of Alternative Energy and Sustainable Living). The Wood Pellet
Association of Canada states that wood pellets can generate 19.7 GJ/tonne.

4.4.2 Benefits and Drawbacks

Short rotation forestry (SRF) plantations have been identified as a possible mitigation strategy
for climate change. Short rotation trees reduce greenhouse gas (GHG) emissions in two direct
ways: by afforestation, which has the potential to increase carbon storage in the landscape
compared to growing agricultural crops; and, by sustainably-produced plantations, which act as
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a closed-loop biofuel to substitute fossil fuels. Indirectly, the end use of the SRF tree
plantations as a fibre source could also reduce GHG emissions by relieving pressure on the
intensity of natural forest harvesting in Canada (Hanger, 2009).

In terms of establishing SRF plantations, the technology to grow SRF trees has advanced rapidly
in the last 15 years in temperate climatic zones. No major production constraints exist for
producing or harvesting hybrid poplar and willow, although further improvements in
agricultural practices can be made. Greater investment in plant breeding may improve
productivity, reduce risks of stand failure and reduce disease and insect problems. One of the
constraints to increasing yields is the high water demand.

Extensive research has been performed on the environmental impacts of SRF systems. When
properly managed, SRF plantations have a positive impact on the environment, compared to
conventional agricultural crops. SRF systems limit soil erosion, decrease pesticide impacts,
fertilizer applications and increase biological diversity. As well, increasing the management
intensity of SRF plantations by establishing large-scale operations, increasing chemical and
irrigation use and the use of genetically engineering crops, may lead to a loss of these positive
impacts.

Potential industrial uses of SRF crops include fibre and energy markets. Most commercial
interest lies in the production of single-stemmed poplars for fibre applications. There is little
commercial interest in coppiced willows as an energy crop with the current market conditions.

As a renewable energy source, willow appears to be uncompetitive in most current
applications. Eastern Canada has the greatest bioenergy opportunity, as fossil fuel energy
prices are generally higher than in other regions of the country. Obstacles to the
commercialization of SRF willow as an energy crops, include low cost forest and agricultural
crop residues and the lower cost of production of perennial grass biomass feedstocks. As well,
there is some farmer preference for agricultural crop residues and herbaceous energy crops.

Liquid fuel and electricity production from SRF tree plantations in large industrial plants are the
least viable option for bioenergy production. The direct heat applications of wood chips
heating and pelleting are the most promising economically viable options and warrant a
comprehensive analysis in individual areas. A large number of small- and medium-sized wood
biomass-fired energy systems could be installed for space and process heat applications such as
district heating systems. The decentralized production and utilization of bioenergy crops is well
adapted to rural energy applications, where fossil fuel energy costs are higher.

A strong commercial interest in the planting of poplars in many regions of Canada exists, as
many industry analysts are concerned about the sustainability of fibre supply. Poplar can be
used for a variety of fibre products, including pulp and paper, oriented strand board, particle
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board, some solid wood products and engineered lumber. Poplar has a strong market potential
in the rapidly evolving engineered lumber industry (NRCan, 2009).

Three factors were identified to develop a successful SRF crop program:

e A perceived need for fibre by industry;

e Requisite talent in the form of silviculturalists and tree breeders with adapted materials;
and,

e Asuitable land use.

No region in Canada has all three components in place at the present time. Currently, the
Dryden area does not have a strong demand for hardwood fibre; however, the area does
possess the requisite talent, both in industry and government, and has suitable land available.

4.4.3 Informative Canadian Case Studies

4.4.3.1 Short Rotation Willow and Poplar Coppice - Canadian Wood Fibre Centre

The Canadian Wood Fibre Center (CWFC) with the Canadian Forest Service is undertaking a
large Canadian research study to evaluate willow and poplar performance as a biomass crop.
Their main objective was “to develop, assess and refine new practices that enhance production
yields, reduce costs and clarify the value-chain variables and options related to purpose grown
woody bioenergy feedstock systems” (NRCan 2009).

To this end, the CWFC began a long term project in 2005 to evaluate the potential of willow and
other woody biomass as intensively managed crops on moderate to high-quality agricultural
land under Canadian growing conditions.

Their research sites were planted using two agro-forestry system designs. The first was an
approach to create high-yield afforestation and the second was concentrated biomass. Under
the afforestation model, hybrid poplar was planted in 3 metre by 3 metre spacing with 900-
1,600 stems per hectares with a 12- to 20-year rotation. The concentrated biomass model
requires that hybrid poplar or willow is planted at 0.6 metre spacing with 15,000-20,000 stems
per hectare on a 3- to 4-year harvesting rotation. Stand establishment costs are estimated to
be $3,500-54,000 per hectare for the afforestation model and $10,000-$12,000 per hectare for
concentrated biomass production (Hanger, 2009).

To establish the concentrated biomass system, a farmer purchases vegetative cuttings of poplar
and willow that are 25cm long and plants them in the ground at a depth of 2-5 centimetres.
Under this system, the farmer harvests the crop in the fall of the first year when the crop is
dormant for winter, leaving 10cm of the initial plant to re-propagate for harvest in another 3-4
years.
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With the afforestation method, hybrid poplar trees are planted in a 3 metre by 3 metre spacing
and after 5 years, every second row is harvested with the last harvest occurring in 10-15 years
(Hanger, 2009).

While these systems are currently being analyzed, there are known benefits, limitations and
lessons that characterize them. Growth requirements of hybrid poplar and willow are diverse,
allowing a variety of sites to be suitable for agro-forestry plantations. High yields are
experienced in short rotations. Afforestation models are expected to deliver 5.0 to 7.8 oven
dry metric tonnes per hectare per year and concentrated biomass models are expected to
generate 6 to 10 oven dry metric tonnes per hectare per year.

Furthermore, the plantations offer benefits such as a carbon sink or offset, biomass and waste
amelioration (will consume liquid and sludge irrigation). Limitations of these cropping systems
are the costly establishment and finding affordable machinery to harvest crops.

4.5 Summary of Ash and Energy Content

Combustion of a biomass feedstock will result in a variety of emissions and energy levels. One
particular area of concern when considering biomass for energy production is the ash content.
When mineral components existing in plant life (such as silica, potassium or alkali metals) are
present during combustion, ash material will form causing a variety of processing problems.
Ash content of biomass feed stocks varies based on crop type, crop growth process, site
growing conditions, age of crop, time of harvesting, transport and storage of feedstock
material, fertilizer and pesticides (The Research Park, 2009).

High ash emissions from a feedstock can result in particulate pollution. Particulate pollution is
very fine particles suspended in a gaseous or liquid substance. Particulate matter when inhaled
can cause many health ailments including respiratory conditions. Ash can also cause slagging,
klinkering or fouling on heat transfer surfaces of combustion equipment.

Slag is a viscous molten material, klinks are solid deposits formed through the melting of
minerals and fouling is when minerals are found on cooler areas of a combustion system. This
occurs when material has vaporized and condensed in cooler areas of the combustions system
(Cornell University, 2006). Ash deposits can reduce efficiency of boilers and corrode metal
combustion surfaces.

Many existing pellet stoves may not be equipped to safely produce energy when high ash levels
are present. For instance, wood pellet stoves are not designed to interchangeably burn corn
pellets. The ash content of 5.6 percent for corn pellets (National Oakridge Laboratory) can
produce klinkers requiring more frequent cleaning. It is not recommended to burn cornin a

18

—
| —



wood pellet stove and there are stoves designed specifically for corn pellets (Encyclopaedia of
Alternative Energy, 2010).

Thus, established wood pellet markets may not embrace pellets with high ash content if it can
damage wood pellet stoves. In addition to corn, switchgrass and miscanthus have high ash
content levels in comparison to wood pellets. Wood pellets have an ash content of less than 1
percent, while switchgrass is 4.5-5 percent and miscanthus is 1.5-4.5% percent (National
Oakridge Laboratory, 2010).

Each agricultural biomass crop also contains varying energy content on a per tonne basis. Itis
important to be cognizant of the energy content to ensure proper comparisons on a per
hectare basis of production can be made. Table 5 lists the energy content of each crop
discussed in the previous sections.

Table 5. Energy content of agricultural biomass crops.

Yeild (oven dry Energy Content
Crop tonne/ha/yr) (gigajoules/tonne)
High Low High Low
7 7

Miscanthus 30" 10°* 19.4' 17.1
Switchgrass 13.0° 6.0° 19.2° 18.5°
Reed Canary Grass 12.0° 7.0° 18.5° 18.5°
Short Rotation Poplar ~ |18.8* 15.7"  [19.0° 19.8°
Short Rotation Willow ~ [12* 10* 19.0° 19.8°

1http://bioenergy.ornl.gov/pa pers/misc/biochar_factsheet.html
*http://www.gov.mb.ca/agriculture/crops/forages/bje01s01.html

3http://www.rea p-canada.com/online_library/agri_fibres_forestry/2%20Research%20and.pdf
4ht'cp://www.bicsa rnia.ca/reports/uwo-report-1_layout-1.pdf

5http://www.city.north-ba y.on.ca/business/presentations/woodPellets

6http://www.rrfch.dyna mic-site-builder.com/f/Feasibility_Study_Report_Final.pdf

5.0 Land Classification in the Dryden Area

The Dryden area has an opportunity to capitalize on the opportunity to grow biomass feedstock
on marginal agricultural land and avoid the many pitfalls of the controversial debate
surrounding food versus energy production on agricultural land. The specifics of the debate
surrounding this controversy are explored in Section 7.0.

There is a limited amount of soils classification data in the Dryden area. In fact, there is a single
swath of data that follows the Trans Canada Highway — Highway 17. The soil classification map
in Appendix 3 displays this area and the varying potential of specific areas in the Dryden area
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for agricultural production. It indicates the classes and subclasses according to the Soil
Capability Classification of Agriculture, which is based on characteristics of the soil as
determined by soil surveys.

The mineral soils are grouped into 7 classes and 13 subclasses according to the potential of
each soil for the production of field crops. Organic soils are not a part of the classification and
are shown as a single separate unit (0). The classes indicate the degree of limitation imposed
by the soil in its use for mechanized agriculture. The 7 different soil classifications in Ontario
include:

e C(lass 1 - Soils in this class have no significant limitations in use for crops;

e C(lass 2 — Soils in this class have moderate limitations that restrict the range of crops or
require moderate conservation practices;

e C(lass 3 —Soils in this class have moderately severe limitations that restrict the range of
crops or require special conservation practices;

e Class 4 — Soils in this class have severe limitations that restrict the range of crops or
require special conservation practices;

e Class 5 —Soils in this class have very severe limitations that restrict their capability in
producing perennial forage crops and improvement practices are feasible;

e Class 6 — Soils in this class are capable only of producing perennial forage crops and
improvement practices are not feasible;

e (Class 7 —Sails in this class have no capacity for arable culture or permanent pasture;
and,

e (Class 0 — Organic soils (not placed in capability classes).

As displayed in Table 6 and Figure 2, the predominant soil classification in the Dryden area is
Class 3 or above, which indicates marginal agricultural land that is not suitable for perennial
crop production without significant and costly interventions. Of the 199,667 hectares of land in
the Dryden area, 121,436 hectares or 61 percent is incapable of supporting perennial crop
production or requires moderately severe interventions. Although a significant amount of the
land in Dryden presents difficulties in the cultivation of traditional agricultural crops, there is
approximately 78,231 hectares that is capable of producing agricultural biomass crops.

Table 6. Summary table of soil classes in the Dryden area.
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Soil Class Hectares %

2 16,433 8%
3 61,798 31%
4 15,685 8%
5 11,179 6%
6 8,102 4%
7 50,059 25%
0 13,090 7%
W 23,321 12%

Total 199,667 100%

Soils Classification for the Dryden Area
(ha)

16,433

13,090

23,321

8,102

11,179

Soil Classes
H2 H3 B4 E5 B B7 (0] W

Figure 2. Soils classification for the Dryden area.

Utilizing the available soil survey class and subclass data, several maps were generated to
identify areas suitable for agricultural biomass crops. While only a small portion of land in the
Kenora District is currently in fruit and vegetable production, increased interest and consumer
demand for local food may well increase the viability of these crops in the future. As soil class 1
and 2 are the most productive soils, they were removed from the land analysis. The least
productive areas, soil class 7, were also removed from the analysis. Soil class 3 presents the
highest percentage of land with 61,798 hectares or 31 percent of the area, with soil class 4, 5, 6

comprising 8 percent, 6 percent and 4 percent, respectively.

Land ownership is another factor to consider when estimating the land available for agricultural
biomass crop production. The only ownership data available to support this study separates
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land into three ownership classes: Crown; private; and, federal lands. There are several issues
that must be investigated with respect to growing agricultural biomass crops on Crown land;
specifically, the Crown Forest Sustainability Act governs the management of these lands
through forest management plans. There may an opportunity to lease land from the Crown to
grow agricultural biomass crops; however, more investigation concerning the provisions of the
CFSA must be examined. For the purposes of this study, the suitable land available for
agricultural biomass crop production only constitutes private land. This area is summarized in
Table 7 below.
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Table 7. Summary table of private land suitable for agricultural biomass crop production.

Soil Class Hectares %
3 34,621 77%
4 7,015 16%
5 1,369 3%
6 2,116 5%
Total 45,121 100%

Appendix 4 through 7 contains maps of soils classes 3 to 6 respectively and the subclasses
contained within these areas. The most suitable subclasses within these four classes were
classified into Good, Potential and Poor areas for agricultural biomass crop production. These
maps will serve as baseline data and rough estimates of the total potential land suitable for
agricultural biomass crop production; however, more detailed soil data is required to refine
these estimates.

The suitability map for agricultural biomass crop production is included in Appendix 8. All
Subclasses within Class 3 and the low fertility Subclass within Class 4 are identified as Good.
The remainder of Class 4 and the low fertility Subclass within Class 5 are depicted as Potential.
The remainder of Class 5 and all of Class 6 are labelled as Poor. The analysis suggests that the
total area suitable for agricultural biomass crop production is 39,481 hectares. Table 8
summarizes the private land area within these 3 categories.

Table 8. Summary table of private land suitable for agricultural biomass crop production
classified by potential.

Soil Class Hectares %
Good 31,805 81%
Potential 5,530 14%
Poor 2,146 5%
Total 39,481 100%

In 2006, 38 percent of the total farmland base in the Kenora District was reported in crop
production. Historically, the District reported a much larger area of farmland in crop
production, which suggests there are opportunities for further expansion of crop production or
the introduction of alternative crops in the District. According to the 2006 census, the total
area of farms in the Kenora District is 14,631 hectares while only 5,575 hectares were in active
crop production.

As a result, there is a significant area that could potentially be converted to agricultural biomass
crop production. More detailed farm activity information from owners would allow for more
precise land use estimates; however, this type of data was not available for this report. An
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agricultural biomass crop survey was distributed to the farming community at the Agricultural
Summit on February 24" 2011 at the Dryden Regional Training and Cultural Centre.

Unfortunately, only 3 completed surveys were submitted. It is inappropriate to make any
conclusions or recommendations based on this small sample size; however, comments offered
during the summit proceedings indicated that there is little appetite in the Dryden area farming
community for agricultural biomass crop production. In fact, only one farmer expressed
interest in converting a portion of his farm to agricultural biomass crop production.

6.0 Food versus Fuel Debate

As the bio-fuel industry has established itself over the last decade, controversy over the use of
food crops for energy production has also risen. The emergence of bio-fuel products provides
another application for food crops. While this is a positive turn of events for farmers, it alters

the supply and demand of commaodity crops.

The rules of supply and demand stipulate that when the supply of a crop is lower than public
demand, the value becomes higher due to its scarcity. While the winning effects of this
scenario can enhance a farmer’s income, it also threatens national and global food security and
limits those who can financially access this necessity of life. The impacts of inaccessibility to
food due to cost increases will be most devastating in under developed countries where
poverty and famine are widespread.

Food prices have been relatively stable for several decades; however, a rapid rise in pricing was
experienced in 2002 (World Bank, 2008). Several contributing factors have been identified,
including the increased production of bio-fuels from food grains and oilseeds, the weak dollar
and the increase in food production costs due to higher energy prices (Mitchell, D. 2008).
Grains showed the highest price increase, followed by fats and oils. Of these, corn (maize),
wheat, soybean and palm oil commodities showed sharp price increases. Bio-fuel is suspected
as the main culprit of increased food prices.

The use of maize for ethanol grew especially rapidly from 2004 to 2007 and utilized 70 percent
of the increase in global maize production. In contrast, feed use of maize, which accounts for
65 percent of global maize use, grew by only 1.5 percent per year from 2004 to 2007 while
ethanol use grew by 36 percent per year. About 7 percent of global vegetable oil supplies were
utilized for biodiesel production in 2007 and about one-third of the increase in consumption
from 2004 to 2007 was due to biodiesel.

Further controversy stemming from the bio-fuel industry is the use of productive cropland to
grow energy crops. Bio-crops grown on productive cropland is ineffective and that it is 36
percent more effective to grow crops for food. It is then a choice to compromise and use
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agricultural wastage for bio-fuel as to not impact food production or grow bio-crops on less
productive land (Science Daily, 2010).

7.0 Pelleting Process

Depending on the location and requirements of the end user of the agricultural biomass,
pelletization may or may not be required. If the agricultural biomass is sold to a local user
within the community (e.g. district energy system or greenhouse operation) pelletization may
not be required; however, if the agricultural biomass must be shipped a considerable distance
to its destination, a pelleting process will be required.

Pellets are the product of a relatively simple mechanical process that relies on pressure to form
wood fibre into a cylindrical shaped pellet.

Agricultural biomass must be prepared to ensure its size is relatively uniform and of suitable
size for the hammer mill. The hammer mill prepares the biomass for the pellet machine by
creating fibres of uniform size. The fibre is moistened with steam and rolled in the pellet
machine through holes in a die, which form the pellets. The pellets are cooled and double-
screened to remove fines. A final vacuum removes any loose dust and the product is then
blown into holding tanks until shipment.

Material enters the pellet press by gravity and is pressed by rollers through a flat die plate to
form dense uniform cylinders. Product densification is varied by adjusting the compression
distance in the die.

The production of wood pellets does not require the addition of chemicals, as the natural lignin
of wood serves as a binder; although sometimes small quantities of maize starch is added in the
production process of agricultural biomass dependent upon the particular species. Due to their
low moisture content (between 6 and 10 percent), pellets have high energy content, similar to
high quality coal. Only minor energy losses are experienced due to the need to burn off the
moisture content.

The following sections describe in detail the process involved with the pelletization of
agricultural biomass.

7.1 Chopping

Herbaceous plant material must be reduced in size prior to grinding. This is typically
accomplished with a tub grinder. Bales or portion of bales are either manually transferred to
the chopper using a loader or are fed in automatically using a conveyor belt. This chopping
process reduces particle size to facilitate feeding and fine grinding. Some method of separating
any metal or stones from the feedstock prior to grinding is advisable. Missing from the
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schematic above is a very significant component of a wood pelleting operation: the drying unit.
Sawdust is typically around 30 percent moisture and must be dried prior to processing. Grass
hay does not require any additional drying before pelleting.

7.2  Grinding

The chopped material is transferred by auger or vacuum system to the hammer mill. A cyclone
mounted above the hammer mill separates air from the chopped material. The hammer mill
grinds agricultural biomass to a size appropriate for pelleting. A combination of beating and
cutting is used to pass the material through a 1/8 inch or smaller mesh screen. Ground material
again needs to be separated from air prior to pelleting; this is accomplished in a second cyclone
mounted above the pelleting unit. Air pressure or augers move the ground material up into the
cyclone.

7.3 Pelleting

Virtually all pellet presses in North America use ring-type dyes, some regions of the world use
flat dyes. By rotating the dye ring, frictional forces turn the roller assembly, and a thin layer of
ground material between the roller and dye is forced through the dye holes. The extruded
pellets are cut to length. Perforation diameter and dye thickness determine pellet size.
Different feedstocks may require different dye specifications for optimum pelleting.

Some moisture may be added to the material if it is too dry for pelletizing. Moisture content
should be approximately 10-15 percent depending on the specific equipment. Steam may be
used at start-up to heat the dye assembly up to a temperature that optimizes pellet formation.
Normally binders have not been utilized with grass to improve pellet hardness and stability. If
process parameters are matched to feedstock properties there should be no need for binders.
There is some concern that short grass pellets may not be structurally stable. A variety of
binders could be used, if required, to improve pellet hardness and stability.

7.4 Pellet Formation

The compaction process begins with mechanical forces bringing individual particles in close
contact. The feedstock is physically crushed to eliminate open spaces from hollow stems to
intercellular space. A combination of temperature, pressure and moisture conditions will cause
some components of the feedstock to soften and become plastic. In this plastic form, materials
become elastic and flow increases the physical contact between particles. A variety of physical
forces act to give strength to the densified particles, from short-range atomic bonding to
mechanical interlocking. Successful pelleting will result in a matrix of plant fibre cemented
together in a stable densified unit.
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7.5 Cleaning, Cooling and Storage

Pellets are very hot and soft following the extruding process. The individual feedstock, the
grinding process and various adjustments to the pelleting process will influence the percentage
of fines in pelleted material. Pellets should be screened to remove these fines. The screenings
are returned to the pelleting unit for reuse. Pellets need to be quickly cooled within a few
degrees of ambient temperature or they will attract moisture. Pellets will lose about two
percentage units of moisture during the cooling process. Pellets can be stored in ground level
silos or in elevated storage bins to facilitate loading for bulk transportation.

8.0 Pellet Technology

Pellet Fuels Institute quality standards for wood pellets require a bulk density of no less than 40
pounds per cubic foot and fines no more than 0.5 percent by weight. Fines are particles that
pass through an 1/8 inch screen. Most pellet mills produce a cylindrical pellet up to 1.5 inches
long with a % to 5/16 inch diameter. Premium wood pellets must be less than 1 percent ash
with a maximum of 300 parts per million chloride. High chloride content will cause increased
corrosion in the heating appliance. The goal is pellets that are free flowing, essentially dust-
free and are relatively compact for storage.

Grasses can be pelleted as easily as wood products and drying of the grass feedstock is not
necessary. There is some concern about plant silica causing wear on equipment, although soil-
contaminated wood residues (bark etc.) would probably have much more significant equipment
wear issues. Overall, grasses probably have slightly less wear on equipment than wood
products. The pelletizing process requires a significant capital investment in equipment that
would not be feasible for small, individual farmers in the Dryden area to invest in; however,
there may be an opportunity for numerous, small farms to develop a Biomass Feedstock
Grower’s Co-operative to collectively purchase and operate the pelletizing equipment.

The product specification and location of the end user of the agricultural biomass will dictate
whether a stationary or mobile pelletizing mill would be appropriate for the Dryden area. As
the markets for agricultural biomass have yet to be confirmed, both types of equipment were
researched. The following sections describe different manufacturers of stationary and mobile
pelletizing equipment. Two of these manufacturers, Kahl and California Pellet Mills, specialize
in stationary equipment while the third, Wood Pellet Innovation, specializes in mobile
configurations.

8.1 Kahl Wood Pelletizing Process
The Kahl policy for the pelletizing of a variety of materials is to adapt the machine to the
product. Pelletizing with Kahl presses is an economic alternative to considerably more
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expensive processes. Optimum design of each pelletizing plant is achieved through different
product tests and analyses conducted in their pilot plant.

The Kahl process technology includes the fabrication of machines, design of plants and turnkey
factories. Due to the versatility of the equipment within a Kahl pelletizing plant, the company
claims to be able to meet the special requirements of each client. Kahl pelletizing plants can be
adapted to pelletize:

e Products with high slipping properties;

e Products with a melting point less than 40° C;

e Products that can only be processed with the addition of inert gas; and,
e Pasty products with high slipping properties and a low melting point.

The Kahl pelletizing process technology can be implemented in a wide spectrum of industrial
sectors. The fields of application of the Kahl pelletizing plants include:

e Conditioning of raw materials;

e Product shaping;

e Blending with filling materials;

e Conditioning of waste products;

e Compacting for utilization, disposal or recycling;
e Production of finished products; and,

e Processing of finished products.

Kahl has designed several presses for a variety of products. Conical pan grinder rollers are
utilized for products having a low melting point, while a press with a hydraulic nut, positive
roller drive and die heating for plastic additives. For thermo-sensitive products, cooled press
cases are utilized. Most of the products are dried and/or cooled after pelletizing. For this
purpose, Kahl offers the belt drier and cooler in modular design.

The central piece of a Kahl pelletizing plant is the flat die press for compacting and shaping
(Figure 3). The variety of Kahl presses range from small-scale production (10 kg/hr) to the
higher capacity presses (35 t/hr). Utilizing feedback received from clients and constant
technical optimizations, Kahl can offer a variety of plant designs. The company has also
developed solutions for the pelletizing of thermo-sensitive and pasty products or products that
have to be processed by adding inert gas.
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Figure 3. The Kahl, gravity-fed flat die pelletizing press.

The Kahl pilot plant at Reinbek, Germany is available for clients to conduct product testing and
optimization. The plants are then designed taking into consideration the test results from the
Reinbek pilot plant and the clients’ specific requirements. Following this procedure, clients can
rely on obtaining a plant that has been technically proven.

In the last few years, more than 5,000 products have been successfully pelletized in the Kahl
pilot plant. These products include:

e C(Catalysts

e Tablets

e Vitamin Cinstant products
e Graphite

e Stearates

e Fertilizers

e Activated carbon

e Sludges

e RDF
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e Vulcanization accelerators
e Pharmaceutical substances
e Pigments

e Plastics powder, waste

e Washing agent additives

e Talc

Although Kahl boasts extensive experience across a variety of industrial sectors, the company
has specific knowledge about the wood pellet industry. The most recent example of this
experience is a wood pellet facility at HoweE in Eberswalde, Germany. The HoweE company
(Holz Werke Eberswalde) placed an order for an entire treatment plant for wood pellet
production in 2007 and the plant was operational in early 2008.

The plant was designed to manufacture 5 tonnes per hour of wood pellets based on an input
composition of 80 percent pine and 20 percent deciduous wood chips, which are pre-chipped
on site. The facility was designed to expand to a productive capacity of 7.5 tonnes per hour;
however, only two flat die pellet presses are installed for the current capacity at start up. An
additional flat die pellet press and the required conveyors need to be installed to expand the
total capacity up to 7.5 tonnes per hour of wood pellets. The two flat die pellet presses are
displayed in Figure 4.
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Figure 4. Two Kahl flat die pellet presses at HoweE, Germany.

The entire HowekE facility is fully automated. The control system is a programmable logic
controller (PLC) made by Siemens including a visualization system. The total connected load of
the plant amounts to approximately 950 kW.

The belt drier unit is the latest version of the equipment featuring several new improvements
(Figure 5). The slotted steel plates of the conveyor were replaced by a heat-resistant fabric belt
combining conveying and filter function. The experience gained from previous installations of
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belt drier units of this new type has shown that there was no need for replacement of the fabric
belt thus far. Wood chips, the input raw materials, contain few contaminants; consequently,
little friction wear and tear is inflicted on the fabric belt. Additionally, the new fabric belt drier
features a skew control and an automatic belt cleaning device consisting of a brush and water

cleaning unit (Figure 6).

Figure 5. The construction of the belt drier, including six fans at HoweE, Germany.




Figure 6. Kahl belt drier with heat resistant fabric belt.

The Howe facility in Eberswalde, Germany is only one example of Kahl’s experience in
designing, fabricating and constructing wood pellet plants.

8.2 California Pellet Mills

The origin of California Pellet Mills is traced back to California’s Napa Valley, where in 1883, the
Toulouse & Delorieux Co. manufactured presses, crushers and stemmers for winemakers. In
1931, the company created the first pellet mill, the 30 HP flat bed with stationary flat die and
the company became California Pellet Mill (CPM).

In the years that followed, the company created more pellet mill models with additional
features. In 1980, the product line was expanded through the creation of Roskamp Champion
with the purchase of the Roskpamp Roller Mill Company and Champion Hammermills.

In 2002, CMP purchased Beta Raven, a leading supplier of feed mill automation and ingredient
scaling systems. Since then, the company added Crown Iron Works, a global leader in thermal,
mechanical and chemical process equipment; Century Extrusion, an industry leader in extrusion
equipment and parts; Wolverine Proctor, world leader in thermal processing applications;
Nanjing Ruiya Polymer Processing Equipment, a leading provider of complete compounding
systems, including twin screw extruders; and, Greenbank Technology Ltd., manufacturer of
high-value thermal process systems, including dryers, ovens, washers, air pollution control and




heat recovery systems. Most recently, CPM acquired the assets of Lauhoff Corporation of
Detroit, Michigan, including all intellectual properties for rotary pressure cookers, flakers, stem
crushers and ancillary equipment.

CPM is one of the world’s largest manufacturers of pellet mills. The company has developed
specialized pellet mills and dies to product pellets from a variety of feedstocks, including
agricultural biomass, both efficiently and economcially.

Extensive field research has proven that the one-piece gearbox can product continuously in
some of the harshest conditions worldwide. Most gearboxes feature pressurized oil lubrication
onto helical gears. They are built for continuous production and driven by up to 800
horsepower, dependent upon feedstock and pellet size. CPM pellet mills offer customers:

e Positive direct gear drive that provides a 98 percent energy transfer;

e Rounded cast gear case with interior ribbing that provides strength and ensure a quiet
operation;

e Segmented die clamps that eliminate alighnment problems and enable quicker die
changes;

e Metal-to-metal seals between components that keep dust and steam inside the
pelleting chamber;

e Modular gearbox design that allows flexibility to increase production with simple
modifications;

e Replaceable quill flange that offers costs savings by protecting the quill;

e Stand-alone oil lubrication system that is more effective in maintaining lubrication and
keeping the bearings from premature wear;

e Stainless steel pellet chamber that resists corrosion;

e Single motor rather than dual motor; and,

e Multi-positioning feeder that enables easier installation and alignment to bins.

Sawdust, shavings, residual chips (if an alternative market cannot be secured) and biomass
generated in harvesting operations are prepared to ensure the moisture content is between 8
and 10 percent and size is relatively uniform and of suitable size for the hammer mill. The
feedstock cannot exceed 1 3/ by 1 3/16n by 38 The hammermill prepares the wood waste for
the pellet machine by creating fibres of uniform size. When selecting a hammermill, it is
important to use the correct equipment based on the size of incoming feedstock. CPM will
design the pellet mill and select the appropriate equipment to fit the available feedstock, which
includes sawdust, shavings and chips.
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The fibre is moistened with steam and rolled in the pellet machine through holes in a die, which
form the pellets. The pellets are cooled and double-screened to remove fines. A final vacuum
removes any loose dust and the product is then blown into holding tanks until shipment.

Material enters the pellet press by gravity and is pressed by rollers through a flat die plate to
form dense uniform cylinders. Product densification is varied by adjusting the compression
distance in the die. Figures 7 and 89 provide vertical and horizontal flows, respectively, of the
feedstock through the pellet mill.
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Figure 7. Vertical flow diagram of wood pellet facility manufactured by California
Pellet Mill.
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Figure 8. Horizontal flow diagram of wood pellet facility manufactured by California
Pellet Mill.

8.3 Wood Pellet Innovation

A family-owned American company, Wood Pellet Innovation has roots in logging and aerospace
manufacturing. The company has developed a uniquely engineered mobile pelleting system
that is capable of producing a high energy pellet product. A single plant is estimated to produce
150,000 tons per year of product from 300,000 green tons of input). The approximate cost of
the mobile plant is $10 to $12 million, which includes $3 to $5 million of working capital.

The Wood Pellet Innovation system boasts a competitive purchase price with lower cost of
installation, as it is skid mounted for quick installation. The system consists of only one moving
part resulting in fewer breakdowns. The process conditions the biomass and results in 40
percent higher density for pelletizing and 15 percent increase in Btu value for pellets.

A system can be customized to various sizes ranging from 1 to 10 green tons per hours and can
accommodate any biomass material. Although Wood Pellet Innovation claims to have
extensive experience in pelletizing wood, their systems can be easily modified to accept
agricultural biomass crops. Figure 9 displays the layout of a 5-ton per hour pellet mill.
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Figure 9. A schematic drawing of a Wood Pellet Innovation 5-ton per hour portable
pellet mill.

9.0 Marketing

A domestic market would offer the most reliable long-term, predictable price for agricultural
biomass pellets produced in the Dryden area. Although Europe appears to be an attractive and
lucrative market, there are several pitfalls to an agricultural biomass pellet business proposal
that depends on European clients. The price for pellets in Europe is alluring; however, the price

is extremely volatile due to local market conditions and a falling euro. In addition, freight costs
to Europe quickly erode the economic viability of a wood pellet facility. Foreign currency
exchange rates add another level of uncertainty to an export market. A strong Canadian dollar
also erodes at the profitability of a facility that depends on exports.

Currently in Canada, wood pellets are utilized as a secondary form of heat only; burned in
outdated, inefficient wood stove-type appliances. User-friendly wood pellet fired appliances
are key in developing substantial growth in the North American wood pellet market.
Unfortunately, a secure and dependable wood pellet supply is required to support such an
advancement of wood pellet appliance technology in Canada. With a dependable supply of
wood pellets, consumers will feel secure in their decision to convert from existing home heat
and water heating sources.




There are several potential agricultural biomass pellet customers in proximity to Dryden. Prior
to the establishment of an agriculture biomass sector, customers must be consulted to
determine their product specifications and forecasted purchase price. The following is a list of
potential customers that must be contacted.

9.1 Ontario Power Generation - Atikokan Generating Station

The Atikokan Generating Station is located near the Town of Atikokan, approximately 200
kilometres from Dryden. Completed in 1985 at a cost of $742 million, it has one coal-fuelled
generating unit that produces up to 230 megawatts (MW) of electricity using low sulphur lignite
coal from Western Canada. Annual electricity production has been as high as 1.5 billion
kilowatt hours (kWh), enough to supply approximately 125,000 households for a year. The
plant currently employs more than 90 people from the Atikokan area.

Looking to the future, Ontario Power Generation (OPG) is testing biomass fuel at Atikokan.
Biomass in the form of wood pellets or agricultural by-products is recognized around the world
as a renewable source of energy. It is considered carbon neutral as burning does not add
greenhouse gases in the atmosphere. OPG’s biomass program will not utilize food crops and
will require fuels to be from sustainable sources. While there is more work to be done test
results have been encouraging.

In 2009-2010, OPG and the Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA)
undertook the following set of further studies on agricultural biomass for co-firing:

e Validate and/or verify agricultural biomass availability;
e Assess economics feasibility:
0 Transportation, storage, processing and handling:
e Assess life-cycle greenhouse gas emissions:
0 Coal versus agricultural biomass; and,
e Process is currently in preliminary stages.

Determining the quantity of biomass required, such as wood or switchgrass pellets, could solve
many problems simultaneously. The government could fulfill its commitment to phase out
coal-fired electricity generation. It could keep a sizeable amount of electricity generation in the
area without having to build new transmission lines or plants, whether nuclear or natural gas.

It could continue to provide much-needed voltage support for the grid, meaning less need to
install expensive gear to compensate for the voltage losses.

Converting the Atikokan Generating Station to biomass could keep local jobs and potentially
create even more. That’s because instead of importing coal, which is a flow of capital out of the
province, OPG’s need for biomass would stimulate a local industry for collecting wood or
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agricultural waste and turning it into fuel pellets. If an energy crop like switchgrass or poplar is
chosen, it would also create economic opportunities for struggling farmers.

Although little information has been made available, OPG has moved forward from the Request
for Expressions of Interest stage to the Request for Proposals to supply and transport solid
biomass fuel to its coal-fired plants. Given Dryden’s proximity to the Atikokan Generating
Station, there is a real opportunity for farmers in the Dryden area to develop a co-operative and
approach OPG for a long term contract.

9.2 Atikokan Renewable Fuels

The primary goal of Atikokan Renewable Fuels is to produce sustainable, clean, renewable
pellet fuel and reducing Ontario’s dependence on fossil fuels. Atikokan Renewable Fuels is a
privately-owned company. Atikokan Renewable Fuels is the base for the Great North Bio
Energy wood pellet supply chain that includes the Rainy Lake Tribal Council, Whitesand First
Nation and Atikokan Renewable Fuels as multiple manufacturing sites. In combination, these
sites will produce up to 400,000 tons of pellets when completed in 2011.

The company has been trying to secure a total wood allocation of 287,000 cubic metres
(including 100,000 cubic metres of wood it already has) of under-utilized tree species (aspen
poplar and white birch) to start up the pellet production facility. The competitive wood process
was introduced by the Ministry of Northern Development, Mines and Forestry (MNDMF) in
November, 2009. The objective of the process is to encourage more innovative forestry
ventures and make the whole sector more economically viable in light of the significant amount
of wood not being utilized by idled mills.

Atikokan Renewable Fuels was not included in the first round of provincial wood supply offers
announced on December 10, 2010. MNDMF, at its website, reported wood supply offers had
been sent on November 23, 2010, giving successful bidders 30 days to respond. It did not
specify how many offers were made (115 applied) and suggested that more offers would be
sent out. Until Atikokan Renewable Fuels secures a reliable fibre supply, it cannot proceed with
its plans. Ongoing delays in the competitive wood process have forced the company to reduce
staff, as there is no more preparatory work that can be done (aside from some site
environmental assessment work related to noise pollution).

There may be an opportunity for the farmers in the Dryden area to form a Biomass Feedstock
Grower’s Co-operative and approach Atikokan Renewable Fuels with a proposal to supply the
facility with agricultural biomass rather than woody biomass. A mutually beneficial business
agreement between the two businesses could allow Atikokan Renewable Fuels to move
forward with its plans.
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9.3 AbitibiBowater Inc. - Fort Frances Condensing Turbine

The AbitibiBowater pulp and paper mill in Fort Frances initiated the operation of a wood
biomass-fueled power-generation facility in April of 2009. The process of converting the
cogeneration plant from a gas-fired turbine with waste heat recovered to drive a steam turbine,
to one that burns biomass to produce steam to drive the existing steam turbine was initiated to
reduce operating costs and render the facility economically viable into the long term.

The biomass-fuelled boiler will produce steam for the steam turbine, which together with the
Kraft mill recovery boiler steam will generate enough electricity to provide approximately two-
thirds of the mill’s power requirements.

The new boiler will be fuelled using ground slash from forestry operations that in the past
would have been burned as waste in the bush. It will also be fed bark generated from the wood
rooms, as well as the fibrous sludge recovered from the paper mill primary clarifier. Previously,
that rejected material would have been landfilled.

John Harrison, previous General Manager of the AbitibiBowater mill in Fort Frances, said in the
future they intend to “apply for a permit to allow us to mine some of the bark and sludge that
was placed in our landfill over the years” and use that to fuel the boiler as well. It is expected
bark will make up about 35 percent of the material they use as fuel for the new generating
facility. Another 25 percent will be recovered slash from forestry operations and the remaining
40 percent will be other wood waste material including bark received from regional sawmills.

The facility requires 350,000 tonnes of dry biomass or 700,000 tonnes of wet product to
generate electricity for the mill. The facility has the capacity to generate approximately 47 MW
of power. The steam turbine will produce 65 percent of the mill’s power requirement. The
AbitibiBowater Fort Frances site is located on the Rainy River on the border with the United
States.

Given the persistent and unrelenting downturn of the forest sector, few regional sawmills are
currently operating. Consequently, the Fort Frances facility will require alternative forms of
biomass to feed their turbine. Agricultural biomass generated in the Dryden area could supply
the needs of AbibitiBowater in Fort Frances.

9.4 District Energy System - Norwill Subdivision

Lambion Energy Solutions (Lambion) and Far North Biomass (Far North) have entered into a
joint venture to establish and operate a District Energy System (DES) within the Norwill
Subdivision in the City of Dryden. The DES will be owned and operated by Lambion and Far
North and will supply heat to businesses in close proximity to the DES.
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The City of Dryden will purchase the heat energy generated by the DES and distribute it to
commercial and industrial customers in the Norwill Subdivision, the Centennial Business Park or
in close proximity to the subdivision. The City will utilize its green energy utility company to
market and administer the delivery of the heat energy to potential customers. The City will
own the utility lines and administration the supply and billing of heat energy to customers.

District heating is accomplished by utilizing a common, central energy source to heat water that
is then distributed through a network of insulated, underground pipes to targeted buildings. A
central energy production centre replaces conventional oil furnaces or electric baseboard
heaters in each individual building. The district heating system also provides a source of hot
water.

The availability of green and cost-effective heat energy can attract additional businesses to the
Norwill Subdivision and the Centennial Business Park. Cost-effective power can significantly
contribute to the economic sustainability of newly established businesses, including the
Aspenware Inc. facility. The experience gained through the implementation of the Lambion and
Far North DES project could allow the City of Dryden to establish additional systems throughout
the municipality, including the proposed waste water treatment plant.

A Biomass Feedstock Grower’s Co-operative could market its product to the proposed DES in
Dryden. The facility is designing its equipment to accept all types of biomass, including
agricultural biomass. The DES system could fulfill its biomass requirements entirely with
agricultural biomass generated by a local, Biomass Feedstock Grower’s Co-operative.

9.5 Remote First Nation Communities

A DHC system can dramatically reduce the heating, electricity and hot water costs in northern
and remote First Nation communities. Electricity, whether generated through diesel generators
or accessed from the power grid, is expense and inefficient as a source of heat. The reliable
and cost-effective energy generated by a DHC system will support economic, business
development and employment opportunities within the community. The energy produced by a
wood pellet-fired DHC will also dramatically reduce the greenhouse gases (GHGs) emissions of
these First Nation communities.

Far North has met with numerous First Nation communities to determine their interest in
constructing and operating pellet-fired DHC systems. Far North has partnered with a European
DHC manufacturer to provide the technology and financing required to realize this proposal.
Lambion Energy Solutions will design unique DHC systems for each interested First Nation
community. These systems will require a feedstock to burn and agricultural biomass pellets
could fulfill this future potential need.
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As with the proposed DES in the Norwill Subdivision, a Biomass Feedstock Grower’s Co-
operative could market its product to these remote First Nation communities. Individual
communities could purchase agricultural biomass pellets generated by a local, Biomass
Feedstock Grower’s Co-operative.

9.6 Hill Wood Products

Hill Wood Products produces wood-joining biscuits for two internationally-branded power tool
manufacturers and, since 1984, have been the sole wood-fuel supplier to a Fortune 500 heavy
industrial corporation using dehydrated sawdust as an alternative to natural gas. They handle
those customers as effectively and efficiently as they do their large number of small accounts
for wood dowel configurations.

As an extension of their sawn veneer business and our manufacturing expertise; they offer Hill
Wood Floors. Quality Solid and Engineered Floor products are being manufactured and
distributed through Hill Wood Products. They specialize in custom engineered flooring, and
also offer an entire array of flooring products. FSC certified flooring is available as they
broadened their commitment to green, environmentally responsible products and processes.

Their manufacturing expertise and unique interest in solving problems through improvements
in process, in tooling design and even product design, has made it possible to hold their prices
for over ten years with their largest customer and to actually reduce prices by 12 percent for
their next largest customer.

Their Fibre Division is dedicated to recycling wood-waste materials into usable and useful end
products. On a regional basis, they solve the landfill and pollution problems of wood-waste
generators by hauling away their waste products for re-processing into wood chips, sawdust
fuel and mulch. Biomass fuels are becoming an increasingly important part of meeting
Minnesota's growing energy needs in an environmentally sound manner and Hill Wood
Products is proud of the environmentally friendly, green corporate image that is a result of this
effort.

Late in 2010, the Fibre Division at Hill Wood Products contacted the Dryden Development
Corporation to ascertain the amount of biomass available in the area. The company was
interested to learn of the types and amounts of biomass available and, from their questions, it
was determined that the biomass could take any form and not necessarily be pelletized.
Contacted with Hill Wood Products should be reinitiated to determine their continued level of
interest.
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10.0 Agricultural Co-operatives

Farmers in the Dryden area cannot individually capitalize on the opportunity to grow
agricultural biomass on their farmland. The capital investment required to harvest and process
agricultural biomass is prohibitive to individual farmers investing in agricultural biomass crop
opportunities. There is an opportunity to grow agricultural biomass on farmland in Dryden if
the local farming community develops and implements a Biomass Feedstock Grower’s Co-
operative.

The emergence of the "New Generation Co-operative" (NGC) is a relatively recent trend in
Ontario. Traditional co-operatives have existed in Ontario for more than 150 years, and the
rural community has been active participants in these organizations.

Current changes in technology, local and international markets, and trading arrangements
present both challenges and opportunities for the agricultural industry and rural communities.
Farmers have responded by diversifying production and developing new opportunities for the
processing and adding value to their products.

Responding to these opportunities, some farmers pooled their resources and now own and
operate processing and value-added businesses. This has the potential of improving incomes,
creating jobs and economic growth for rural communities. This value-added approach was
pioneered by American sugar beet growers in the mid 1970’s.

From that model, New Generation co-operatives have developed which are today processing
diverse commodities such as bison, durum wheat, soybeans, eggs and poultry. Although some
co-operatives have actually increased the price of the raw commodity, the primary economic
benefit to members is the return on investment in the processing activities.

10.1 Traditional versus New Generation Co-operative
New Generation Co-operatives share many of the key attributes of traditional co-operatives,
including:

e Democratic control, based on one member, one vote governance structures;
e Distribution of earnings based on use of service or sales to the co-operative; and,

e Board of Directors is elected by the membership.

There are some operational and governance attributes that make New Generation Co-
operatives different from traditional co-operatives. These include:

e Delivery rights are contracted and tied to the level of investment in the co-operative;
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e Membership is limited to those who purchase delivery rights;
e Higher levels of equity investment by individual members is required; and,
e Shares that provide delivery rights can be transferred and can fluctuate in value.

10.2 Attributes of New Generation Co-operatives

Equity shares in a New Generation Co-operative (NGC) give co-operative members both the
right and obligation to deliver a certain amount of farm product to the co-operative each year.
The use of delivery rights that are purchased by the member means that their investment is
proportional to their use of the co-operative. Any patronage refunds that the co-operative
generates are distributed to members according to the level of product they delivered to the
NGC.

Delivery right shares act as a two-way contract between the producer-members and the co-
operative. They obligate the producer-members to deliver product each year to the co-
operative, and in turn, the co-operative is obligated to accept delivery of the product. This
assures producers of a market for their product and the co-operative of a steady supply of its
primary input. If producers cannot meet the quality or quantity commitments from their own
product, they must purchase the product elsewhere to fulfill the delivery requirements.
Otherwise, the co-operative will purchase the needed product and charge the member the
difference.

In contrast to traditional co-operatives that accept new members on a continual basis,
membership in a New Generation Co-operative is restricted once the targeted amount of
delivery rights shares is sold. New members are allowed only when an existing member wishes
to sell some of their delivery rights shares to another producer, or if the processing capacity of
the facility expands beyond what the current members can supply. This ensures a stable level
of supply of product for the NGC.

Membership may change because producers wish to sell some of their delivery rights shares,
but this does not change the supply of product being delivered to the co-operative. The sale of
shares between producers usually requires approval from the board of directors.

The New Generation Co-operative structure is not the only business structure available to those
interested in value-added business ventures. Partnerships, incorporated companies, and joint
ventures are other structures to consider. While there is no definitive answer there are
circumstances when a New Generation structure may be a better choice than another type of
business structure. These include:

e When equal membership control is important;
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e When a sense of co-operative effort is required;

¢ When members would have a greater comfort level with the co-operative structure and
the co-operative structure is more easily explained and understood; and,

e When community acceptance of the business is important, as co-operatives have a long
standing commitment to education, local control and concern for local community and
therefore may be more attractive to some communities than alternate business models.

Perhaps the most unique feature of the co-operative is the principle of one member, one vote.
This is unlike the corporate structure, where shareholders’ voting power is proportional to
share ownership. For example, a shareholder who owns 51 percent of the shares gets 51
percent of the vote, essentially controlling the corporation. In a NGC regardless of how many
delivery rights a person owns, they only have one vote. For members with a larger percentage
of delivery rights this could be viewed as a disadvantage, while the member with a smaller
percentage of delivery rights would most likely consider it advantageous because it assures
them some control.

11.0 Conclusion and Recommendations

If the farming community in the Kenora District is interested, there is a significant opportunity
to develop agricultural biomass crops in the area. Given the abundance of suitable agricultural
land and potential customers in proximity to the Dryden area, all that would be required to
establish an agricultural biomass sector in Dryden is the willingness of farmers to explore the
opportunity.

The equipment and expertise required to establish and maintain agricultural biomass crops can
be cost prohibitive for an individual farmer to acquire. The development of a Biomass
Feedstock Grower’s Co-operative could facilitate the establishment of an agricultural biomass
sector in the Dryden area. A Biomass Feedstock Grower’s Co-operative could purchase the
necessary equipment and personnel to assist farmers in the establishment and maintenance of
agricultural biomass crops.

There is little empirical data to support investment in agricultural biomass crops in
Northwestern Ontario. Although there are several research projects underway, their findings,
even if preliminary in nature, have not been released. Consequently, it would be prudent for
the farming community in the Dryden area and Kenora District to establish pilot or research
projects to determine if biomass crops will grow in the local conditions and the actual yields of
different species.

There are several sources of funding to support the establishment of pilot projects or test areas
for different agricultural biomass crops. A Biomass Feedstock Grower’s Co-operative could
apply for the necessary funding, design a research project and acquire the equipment necessary
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to process agricultural biomass. A research project could also allow the Kenora District to
acquire the knowledge and capacity required to support an agricultural biomass sector.

Most importantly, the potential markets for agricultural biomass crops in the Dryden area and
Kenora District require further investigation. Several of these potential markets are only in
their infancy. If these markets do not materialize, growing agricultural biomass crops will not
be an economically viable opportunity for farmers in the area.

If interest in the production of agricultural biomass crops warrants, the following next steps
should be implemented:

e Obtain the results of research projects investigating yields of agricultural biomass in
Northern Ontario;

e Determine specific farmers interested in participating in additional research or pilot
projects and identify potential areas;

e Investigate the potential of growing agricultural biomass crops on barren and
scattered or other untreed Crown land in the Dryden area;

e Conduct due diligence on potential markets, including product specification,
estimated volumes required and forecasted purchase prices;

e Dependent upon the required pelletizing equipment (stationary or mobile depending
upon the end user of the product), conduct due diligence on various pelletizing
equipment manufacturers; and,

e Determine interest amongst the farming community for the development of a
Biomass Feedstock Grower’s Co-operative.

46

—
| —



12.0 References
Bagg, J., 2003. Reed Canary Grass. Ontario Ministry of Agriculture Food and Rural Affairs.
http://www.omafra.gov.on.ca/english/crops/facts/info reed canarygrass.htm

Cornell University, 2006. http://grassbioenergy.org/downloads/Bioenergy Info Sheet 5.pdf.

Encyclopaedia of Alternative Energy and Sustainable Living, 2010.
http://www.daviddarling.info/encyclopedia/W/AE wood pellets.html

Hanger, Heather, 2009. Growing Woody Biomass. Biomass Magazine.
http://www.canadianbiomassmagazine.ca/index.php?option=com content&task=view&id=126
5&Itemid=132.

Jannasch, R., Samson, R., Maio, A. and de, Helwig, T., 2001. Switchgrass Fuel Pellet Production
in Eastern Ontario: A Market Study. Resource Efficient Agricultural Production (REAP) —
Canada.

Kohler, B., Pelton, M., Katchova, A., 2009. The Pros and Cons of Switchgrass in Kentucky.
University of Kentucky.
http://www.ca.uky.edu/cmspubsclass/files/adreum/biofuels/Switchgrass%20SWOT.pdf.

K. Smart Associated Limited, 2009. Bio Energy Commercial Agricultural Pellet Proposal
(BECAPP).

Landstrom, S., Lomakka, L., Andersson, S., 1996. Harvest in Spring Improves Yield and Quality
of Reed Canary Grass as a Bioenergy Crop. Department of Agricultural Research for Northern
Sweden. http://www.sciencedirect.com/science.

Mitchell, D., 2008. The World Bank Development Prospects Group, a note on rising food prices.
Policy Research and Working Paper No. 4682.

Natural Resources Canada, 2010. Afforestation and Concentrated Wood Biomass for Energy
Plantations. http://cfs.nrcan.gc.ca/subsite/ecoeti/afforestation.

New Energy Farms, 2010. http://www.newenergyfarms.com/Farm/default.aspx.

Oak Ridge National Laboratory, 2010. Questions and answers about miscanthus. Oak Ridge
National Laboratory. http://bioenergy.ornl.gov/papers/miscanthus/miscanthus.html.

OMAFRA, 2010. Burning Shelled Corn as a Heating Fuel. Ministry of Agriculture, Food & Rural
Affairs (OMAFRA). http://www.omafra.gov.on.ca/english/engineer/facts/93-023.htm

47

—
| —



Ontario Power Generation, 2010. Atikokan Generating Station Biomass Repower Project.
http://www.opg.com/power/thermal/biomass/atikokanrepower.asp

REAP, 2009. Establishing Bioheat in Eastern Ontario Utilizing Switchgrass and Agricultural
Biomass for Solid Fuel — Final Report. Resource Efficient Agricultural Production (REAP) —
Canada.

Research Park, 2009. Bio-industrial Innovation Centre. http://www.bicsarnia.ca/reports/uwo-

report-1 layout-1.pdf

Runge, F.C., 2010. The Case Against Biofuels: The Hidden Costs.
http://e360.yale.edu/content/feature.msp?id=2251

Sheaffer, C.C., Marten, G.C, Rabas, D.L, Martin, N.P, Miller, D.W., 2009. Reed Canary Grass.
Minnesota Agricultural Experiment Station, Station Bulletin.
http://www.extension.umn.edu/distribution/livestocksystems/DI5533.html

Science Daily, 2010. Food versus Fuel: Growing Grain for Food is More Energy Efficient.
http://www.sciencedaily.com/releases/2010/04/100419172855.htm.

Society for Ecological Restoration International, 2010. http://www.ser.org/sernw/rcg info.asp.

Statistics Canada, 2006. Census of Agriculture.

Steward, N., 2008. Forest and Mining Waste to Help Make Biofuel. Northern Ontario Business,
Sudbury. November 4, 2008. http://www.northernontariobusiness.com/Industry-

News/forestry/Forestry-and-mining-waste-to-help-make-biofuel.aspx

Switchgrass Production in Canada: A Management Guide, 2007. Samson, R. REAP Canada.
http://www.reap-canada.com/library/Bioenergy/2007%205SG%20production%20guide-

FINAL.pdf.

University of Guelph, 2010. Carbon, Nutrient and Economic Impact of Miscanthus Production
under Ontario Conditions. University of Guelph.
https://www.uoguelph.ca/research/apps/omafra/omafra project details.cfm?PROJECT NO=2
6598.

Wikipedia, 2010. Panicum virgatum. 2010. Wikipedia.
http://en.wikipedia.org/wiki/Panicum virgatum#Bioenerg.

48

—
| —





